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ABSTRACT - | :

This report’is one product of the project "Field Evaluation™
of the NSF-MIT Hypercube Patrol Sector Design Methods,"cfunded*gf{
the National Science Foundation, Grant Number APR75-17472. The
study was conducted by The Institute for Public,ProgramfAnalpsis
in cooperation with the California Innovation Group (an ﬁSF-funded
consortium of cities active in’technologpdtransfer) and police
departments in St. Louis County¢:Missouri, and the Califqrniav
cities of Burbank, Fresno, Garden Grove, Huntington Beach, Pasadena,
San Diego, San Jose, Santa Ana, and Santa Clara.

The report summarizes the objectives of theoproject,‘describesu
the field test act1v1t1es that took place, and dlscusses the
results and products of these activities. Spe01f1c topics 1nclﬁde:
an overview of the hypercube system--a computerized planning £oolf‘

used to”evaluate-alternative police beat structures and,patrolaqpn

deployment policies; case studies describing the field test

e e

experiences of 10 oarticinafipn pﬂliCﬂ-department"- a drscussron"or"

the costs associated with using hypercube,'assessments of the

hypercube software and its performance estimates; a descrlptlon

fal

of technology transfer efforts; recommendatlons for 1mprovement,

dissemination, and 1nst1tut10nallzatlon of the hypercube system,

andsprocedures for obtalnlng hypercube programs, documentatlon,

e

training, and technical assistance. R
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'PREFACE

This report summarizes the principal activities undertaken,

and the major results obtained during the project "Field Evalu- -

»
0

This project was funded by the National Science Foundation (grant
number APR75-17472) through its program of.Research Applied to
Nat10na1 Needs (RANN), D1v1s1on of ' Advanced groduct1v1ty Research
and Technology. The study was conducted by The Instltute 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

i

transfer). Police departments in St. Louls Lounty Missouri, and

the California cities of Burbank Fresno, Garden‘Grove, Huntington

@

‘Beach, Pasadéna, San Dlego, San Jose, Santa Ana, and Santa Clara

participated in “the project.
Other products of the study include the reports: e

‘& How to Set Up Shop for Use of ‘the Hypercube System =
a report designed to help police planners and other °
potentlal users assess the benefits and costs of
»using the hypercube system,

o Field Evaluation of the Hypercube System for the
Analysis of Police Patrol, Operations: Executive

5 R s i

L

Summary - a brief,. non=technical summary of the - - wirenimimm

project; and
o

& @ Instructional Materials for Learning to Use the

< - Hypercube Programs for Analysis of Police Patrol

Operations - a handbook descrlblng use of hyper- : S e o

cube computer programs, for the de51gn and analysis .
of police patrol operatlons.f , . ot

These documents are avallable from TueﬁInstltute for Publlc Program

)

o Analysls.f A number of serv1ces have also been prOV1ded or 1n1t1ated

?i§§_E§£$$Q£S$h%S#Pr03ect.' These serv1ces are documented in thlS report.

o

‘ .
v o . . K
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CHAPTER I

INTRODUCTION

A. Historical Background and Overview of the Hypercube System

Development of the hypercube system began at the Massachusetts
Institute of Technology in 1965 when Dr. Richard Larson formulated
his hypercube queuing model for representing urban emergency ser-
vice systems such as police patrol operations. This model was |
refined, computerized, and, to a limited extent, field teSted}as
part of the Innovative Resource Planning project. That project was
funded in 1973 by the National Science Foundation's program of Re-
search Applied to National Needs, and was 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 subsequently re-
flned documented, and field tested in New Haven, Connectlcut, by
the New York City-Rand Institute as part of 'a 1974 project, funded
by the Department of Housing and Urban Development' s Office of
Poliecy Development and Research. A e :

The fesults of thesemresearch,effotts and the project docu~
mented in this report‘is a‘refined system of computer programs' :
which use information based on police patrol operations and the
geographic distribution of calls for police seruice to estimate .
police patrol performance:statistics; The performance Sfatistics
that are estimated by the model include the-following:

i

e 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 region;*

*Associated with each patrol unit is an area termed a beat or
district in which that unit has preventive patroi responsibility. A
reporting area is a subarea within a beat that is used as the smallest
geographlcal unit for aggregating statlstlcs dn calls for service
and preventive patrol coverage. A region is a droup of beats ad-
ministered as an autonomous field operatlons terrltory. :

1



average travel times to calls for service throughout
the region, in each beat, and in each reportlng area,
and to calls handled by each unlt,

average fraction of dispatches 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 throu@hout 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 configurations, in-

sights to many questions of interest {0 department planners and

field commanders can be obtained. For example:

Is one set of beat boundaries "better" than another:
set in terms of the major objectlves of field patrol
operations?

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

Will significant improvements in field performance
be realized if automatic vehicle 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
avallable.



Conceptual use of the hypercube system is depicted in‘FigureAl-l,
which illustrates the model's role as a pianningqtool, and the
integral rele of the planner as the decision-maker in the design
process. >

Several/ver51ons of the hypercube software now exist whlch‘
permit the system to be implemented and accessed in a variety of
ways. For example, one version is designed for interaetive use
en;a time-share system. With this version, a. poll e planner
can describe the patrol policy and beat configuration to be analy;ed
in a "conversational" manner by responding, via a teletypewriter
data terminal, to a series of questions posed by a computer nrogram.

The program analyzes the planner's response to eklch guestion to o

ensure that it is consistent with previously suppfied information,

performs other error—checklng functlons, and reformats the infor-

4]
mation for processing by another component of the hypercube system.

, : |
Other versions of the hypercube system, designed for non-interactive V
use, are more sultable for implementation on data processing sys- i
tems maintained by police departments.

B. Objectives and Activities of the Field Test Progect

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

explored by police departments in New York Clty and New Haven,

o PR \\‘":&
Connectlcut, and it had been 1mp1emented for the redeployment of ?

patrol resources in the Massachusetts cities of Boston, Qulncy,

and Arlington. Hypercube implementation in these departments
revealed a number of unresolved guestions. Among these were:

e How accurate are the field performance estimates
computed by the hypercube programs’

e What tosts will be incurred by a pollce department
u51ng the hypercube: programs to review and rede51gn
. its patrol beats?

¢ o
¢ Ty . i ) o
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e How much technical assistance will police users of the
hypercube system require in collecting.input data,-
procuring data procé551ng services and equlpment,
operating the computer. -progranms, and interpreting™
hypercube output?

® 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?

Resolution of these four questions was the primary objeptiﬁé
of the field test project begun in 1975 by The Institute for Public
Program'Analysis with fuhding through NSF's program of Research
Applied to National Needs. The primary activities ththe project
are summarized in this section. More detailed disgussions of each
‘activity are presented throughout the ;émainder of this report.

The field test project was cﬁrried out in two phases: a
six-month planning phase, and an eighteen-month field test phase.
During the planning phase of the project, police departments in 10
cities belonging to the Caiifornia Innovation Grbup,7an‘NSF—funded
consortium of cities involved in technology transfer, were surveyed
to identify thése departments interested in participating %Q_the

. 7
field}test program, and to gather‘detailed information Zbout each
department. The results of the survey were used to design the
freld test 'phase, and 1dent1fy the departments that would part1c1-
pate. “

\Sources of data processing services suitable fo;,uée during
the field test were also surveyed during thé‘planning Study. Afgefr
extéﬁsive benchmafk testing of the hypercubewS§Stem on tﬁree _
commercial*time—share systems, Natidhal css, Inc:*wasfsélecﬁed for

use during the remalnder of the project. : . D

3

" The planning phase also enabled members of the TIPPA research'

*CSS is always abbrev1ated in the corporatq\t1+le. It stands
for Conversational.Software System. - ; > T

s
Lo

S



°

N

team to familiarize themselves with the hYpercube software and

documentation, identify needed changes and additions,’ and formulate
plagswgggwegeluating the software and assessing the accuracy of
the model. ” B

The field test phase of the progect was structured around

@

the following act1v1t1es'

e Meetlngsanuiworkshops - Representatlves of the TIPPA
research team, the participating depar+ments, and”
consultants to the project participated in an
orientation meeting, a training workshop, and a
policy analysis workshop. The orientation meeting
was held to discuss project activities and affirm
éach department's commitment to continued participa-
tion. The training workshop was held to familiarize
department represenfatlves with the use of the hyper-
cube system. #The policy analysis workshop, held near the
end of the project, was used to discuss use. of the hyper-
cube system for patrol policy analysis, and to review
the experiences of each department in analyzing, de-

signing, and implementing new beat configurations/ 1In
addition, the TIPPA research team and the pro;ect”
adv1sory board met twice to dlscuss and plan progect
activities. ”

Data collectlon and analysis - Pr;or to the tra1n¢ng
workshop, members of the TIPPK research team assisted
the staffs of the police depa ~tments in collecting,
tabulating, and analyzing department data to produce
the input®information required for the hypercube pro—
grams ; and to prov1de the basis for subsequent assess—
ment of the hypercube estlmates. s

a
[

i
‘I,[

e Data processing - Followxng the tralnlng workshop,
representatives of the participating departments used
the hypercube system to analyze and redesign their
patrol plans with data terminals, data processing.
services, and cver-the-phone technical &#ssistance pro-=
vided by TIPPA. -Several of the patrol plans des1gned =
' 'in this way were ‘subsequently implemented.

f}ssessment-ofgthelhypercube system - The hypercube soft-

| fate was evaluated in terms of both ‘its usability by

) ~pollce department personnel . ‘without prlor experience in

., using computers, and the accuracy of the hypercube per-
formance estimates. Based on suggestions by department
representatlves, a number of changes were 1ncorporated
into the system to improve 1ts usablllty.

4

e Informatlon dlssemanatlon - Many prOJect act1v1t1es were‘f
é‘dlrected at Jnformlnq potentlal users in the law enforce—

6



ment community of hypercube's availability and the .
potential benefits that can result from its use. - S
These activities included direct contact with-

interested organlzatlons, publication of articles

and announcements in numerous journals, and hypercube
presentatlons at feveral meetings and conferences.

Instrtutlonallzatlon of the hypercube system - To
ensure the future avallablllty of the hypercube soft-
ware and documentation, training in the use “of the
system, and technical assistance when required, several
alternative methods for institutionalizing the hyper-
cube system were investigated, and a recommended course
of action was formulated. - L S

C. Project Results and Products

=y The field test project produced the follow1ng answers to the

quest{ons 1dent1f1ed above:

* when an interactive version of the software 1mp1emented : ERE St
“on a commercial time-share system was used Technical

- ment personnel with computer models. Departments
;man-days of tralnlng and technical ass1stance.

‘How much’ techn1ca1 a551stance w111 users re'u1re° Users

(s

How accurate are the field performance estimates
computed- by the hypercube programs7 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
meets 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 gencral,,hyper—
cube estimates do not duplicate empirical data in.an
absolute sense because of s1mpllfy1ng assumptlons incor-
porated in the model, and inaccuracies in the raw data
input to the programs.

How much w1ll a pollce department s use of the hyper-
cube system cost? The major costs to a department
using the hypercube system are personnel, data proces-

' sing,” and training and technical dssistance.’” A com- .

plete beat design effort from initial planning to final ;
implementation requires a minimum of two man-months of . . . o
effort. The effort required for a department using . . i
hypércube for the first time may run as high as four ’ e '
man-months of full-time work. Data processing costs

incurred by individual departments ranged from

approximately $600 to $5000 during the field test

assistance costs depend on the experience of depart— 

in the field test project received an average of 10 .

K

H o i
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who have familiarized themselves with the hypercube system
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through self- study, or by attending hypércube tralnlng
workshops, will requlre 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.

e How can the future dissemination and utilization of
- the hypercube system be accompllished? Dissemination

of information to the law enforcement 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-
sentaticns 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 technical assistance, as well as copies of the
software, will be available in the future.

In the™ process of answerlng these questlons, +the hypercube
field test project has produced severaL)useful reports. These

included ch oliowing:

M

& How to Set Up Shop for Use of the Hypercube System - i
a report intended to help police planners and other
potential hypercube users: assess the beneflts and
costs of using the hypercube system;

e Field Evaluation of the Hypercube System for the y

- Analysis of Police Patrol Operations: Executive

Summary - a brief, non—technlcal summary of the
prOJect- and

e T e

T —— et +rtotlcnaéwmuce;r315mror*ﬁe rriﬁg_to*Use the

e

'ect 1nc1uded.

-Hypercube Programs for Analysis of Police Patrol
Operations - a handbook describing use of hyper-
cube computer programs for the de51gn and analysis
of pollce patrol operations.

These documents are available from The Instltute for Public Program

i

Analys1s.

Services provided or initiated as part of the field. test proj—
l] . R 3

&
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e 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 beat 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 hypeércube 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 sympogium, mailed hypercube information
to hundreds of state and local agencies, presented
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 software-was improved as
a result of changes and additions to the hypercube
programs identified during the field tests.

e An interactive version of the hypercube system was .o
implemented on National CSS, 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 3
police departments without existing in-house data Al
processing capabllltles, and by planners without prlor
data processing experlence or knowledge of the NCSS
time-share system.

D. Structure of the Report

Q

Chapter II contalns a brief review of the experlences of the

,pollce departments which oartscsp ed in the fleld test project.;”w,iu;;;;ﬁ

For each department, the data COl1eCthu plocedures utlllzed, the
types of hypercube analyses performed and,the klnds of problems
encountered are'discussed.r The results of each department 5 .

- :
1nvolvement in the field test pIOjeCt, and the factors contrlbutlng
‘to these results, are summarized. ChapterfII concludes w1th a‘ft

brief dlscu551on of key elements 1n the successful use of the - -

hypercube system based on the - fleld test prOJect and a. survey of

9 .
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other hypercube users. :

Chapter III discusses data collection, data précessing; pér-
sonnel, and technical assistance’coéts associated with use of '
the hypercube system. In addition to summarizing the costs expéri-
enced during the field test by the individual departments, proce-
dures fof estimating the cost of using the hypercube system are
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
recommendations are presented for additional changes in current
versions of the software.

Chapter V reviews tﬁe technology transfer efforts accomplished

TN . - :
during the project, ideqfifi%s the need for additional technology

_transfer activities, and pressits several alternatives for meeting

these needs.. Topics discussed include information and software
dissemination, technicalrassistgnce,~and training.

Chapter VI draws upon the field test results to make recom-
mendations for improvements in, and dissemination and institutionali-

zation of the hypercube system. A plan for implementing the techn%logy

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

if implemented, would Signiﬁicantly increésekthé number of police

‘agencies that would have access to the hypercube System.

Appendix A contains detailed descriptions of the field test.

activities in Burbank, Fresno, and St: Louis County. The implementa-
- tion of revised beat plans and patrol policies in these departments

~are also discussed. Key projéctﬁparticipants are>listed in Appendix

10 f/? : #
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B; and the current sources of hypercube software, documentation, :

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

FIELD IMPLEMENTATION OF THE HYPERCUBE PROGRAMS .

A. Introduction

The field testing of the hypercube programs was condueted 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 cteated to help localkgovernments develop an
effective process of technologywtransfer and to institutionalize
this process within the participating cities. A science advisor
is assigned to each city manager to provide active léadéréhip
and guldance in the" nromotlon “of technology utlllzatlon. ‘The CIG
program is governed by a policy board consisting of the managers
~and administrative officers from each city with day~to-day manage-
Jsment and coordination provided by the CTIG executive staff.k The
CIG cities are shown in Figure 2-1. ~ o o

g The 10 police departments partieipating in the project are

listed in Table 2-1, along with 1nformat10n summarizing thelr . : Er
respedtiye_jurisdictions.ﬁ‘This many agencies were included in order
to Study the performanee of the hyperchbe system under a wide
range of cohditions.‘:(The departments serve 01t1es w1th popula-
tlons from 85,000 to 766, ng and utlllze patrol plans reqalrlnq
from 5 to 96 beats at any one time.) A m

The hypercube programs have attracted COnsiderable attention

among law enforcement agencies, and they‘have been‘utilized‘to

‘some. extent by pgllce denartments in New Haven - (Connecticut), New *j”fﬁ“*fi

o

York Clty, Boston, Qulncy (Massachusetts), and Arllngton (Massachusetts)

S
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1
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1. Anaheim

2. Burbank

3. Fresno .
4. Garden Grove-:~

\ 5. Huntington Beach

6. Pasadena

7. San Diego

8. San dJose

9. Santa Ana
10. Santa Clara

Figure 2-1

 LOCATIONS OF CALIFORNIA INNOVATION GROUP CITIES
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Table 2-1

BASIC INFORMATION ON FIELD TEST POLICE AGENCIES

o
Number

Population Size of Number of
of Jurisdiction of Statistical
Department ' Jurisdiction® (Square Miles)?® BeatsP ' Reporting Areas®’®

Burbank 85,000 T 17.1 14 - il
Fresno 175,900 51.0 16 367
Garden Grove 119,600 17.5 6-8 110
Huntington Beach 146,400 25.8 12 127
Pasadena 112,000 22.7 7 150
St. Louis County (Mo.) 350,000 360.0 41-73 476
San Diego 766,100 310.1 96 2Q0
San Jose 547,500 147.4 40 -
Santa Ana 174,800 27.6 8 127
Santa Clara 90,200‘ 18.5 7 50

3pased on 1975 estimates supplied by CIG and the S

b

NS

As of 1975, prior to commencement of field test program.

t. Louis County Police Department.

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

the field test program.
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In addition, they have been the subject of training sessions for
police planners at M. I. T. and at Northwestern University's
Traffic Institute. The field test program waé.aimed at resolving
some of the guestions left unanswered by these preﬁious users of

the hypercube programs. Among these are:

e How accurate are the’field operations performance
characteristics estimated by the computer programs?
(Can they be relied upon in planning patrol deploy-
ments?)

® What costs will be incurred by a police department
which employs the hypercube programs to review and
redesign its patrol beats?

® How much technical assistance will police users of
the hypercube programs require, taking into account
aid required ir-connection with the collection of
input data;,  the procurement of data processing services
and eqguipment, the operation of the programs themselves,
and the interpretation of output?

e 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 docgcumenta-
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 ﬁo‘aﬂéwer the
fi;st three guestions and contribute to the development of
alternatives for assﬁfinq the future a&ailability of the system.
Also, the experienceé of the 10 departmgnts helped demonstrate
how the hypercube programs may or may ﬂgt be of value to depart-

~ments in making key resource allocation decisions. Another
product of the effort has been a set of field~tested tréining
materials suitable for use by police planners legfning to use
the system. 7
The following sections describe the activities that comprised
"ghe field ;Tplementagﬁqupoygipn‘of the project and summarize the 

. - 16 S
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experiences of the 10 departments involved in the project. ., More
detailed case studies on three of the departments -- Bufbank; Fresno,

and St. Louis County —-- are contained in Appendix A. Informatioh

3

on the evaluation of the«hyPerCube software and validation of hyper-
cube output is contained in other chapters &F this report.

B. Overview of Field Implementation Activities

The field implementation and testing of thelhypercubquxo-
» grams were structured around the following,acti&ities: ’
| e planning survey,

® orientatiohwand data collection,

e training-design workshop, -

e police department use of the hypercube spftware
with technical assistance from TIPPA, and ’

® policy analysis workshop.
It was hoped that all 10 participating departments would be in- . -
volved in all field test activities, but two departments withdrew
during the course of the project and others missed the final

workshop due to sched ile confllcts.

&

Planning Survey -

it

During the planning phase of the fleld test pr01ect TIPPA
staff conducted a field survey* o Qhe pollce departments in the
10 CIG cities and St. Louls‘County. “The field survey ad two
principal bbiectives. The first was to explain and demonstrate
the interad?ive version of fhe hypercube sysﬁem to Bolice |
planners in! each city to determine which departments were 1nterested
in partlclpqtlng 1n the fle%@ test program. The second objectlve w
was to gathei detalled information about each department to
serve as - a buSlS for de51gn1ng the fleld test and selectlng the
spec1f1c c1t§§s to be 1ncluded. The information collec;ed‘from ,gé

: 17
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each departﬁenteincluded descriptions of both past and current
beat design methods, identification of deployment and dispatching
policies, the availability of data required for the hypercube
model, and the_planning capability of each department. Based

upon the survey findings and other prellmznary act1v1tLes,

* detailed plans were developed for subsequent phases . of the field

Orientation and Data Collection o o>

;,,(

}1
On Max[l4 1976 an "orientation meeting" of field test partic-

rA A

ipants was held in Pasadenaw‘Callfornla. In attendance were

chiefs -of police, department planners, CIG science advisors4a§d
o & s“\?’(

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

= - A

~ Louis County Police Department, members of the TIPPA research

team, executives of CiG, consultants, and Dr. Richaxd Larson,

noriginal developer of the hypercube model. The purpose of the

meeting was to explain the,project‘s objectives to all participants,

to prov1de a detalled 1ntroductlon to the hypercube methods and

the data requlred, and to reafflrm the cbmmltment of the partic-
rf
ipating pollce departments.

Ry

© Following the orlentatlon meetlng arid prior to the Training-

)
L

De51gn Workshop, TIPPA staff revisited each partlclpatlng police C g

departmcnt to assist them in developlng a planfror collecting .

~data needed as input to hypersube, and to assess the avallabllltv

L/

‘of other data needed to valldate the hypercube output ’Follow—

ing these’ v131ts,,technlca1 a351stance was. prov1dgd by telephone - .

from TIPEA =3 offlce. "The tabulatlon and analys1s of raw data gf

3
..,r)__._....z S S

were prov;Lded by T}LPPA 1f the.- dep'az:j; nexi
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1 this task for themselves.‘ echnlcpl assistance from TIPPP durlngf L
f the data collectlon effort appeared to be am important ‘factor™ 1n”ﬁ?“9;“'

the successful completlon of this work in most departments.

Training-Design Workshop

Planners from nine pollce departments attended a one—week |

3

! "Training~Design Workshop" presented by TIPPA in Pasadena, on June
21-25, 1976 (one department had declined to participate furthér).

(fz\\\iiior‘to the workshop, a handbpok was developed for the partfbi:r

N\ : ;
pants> use, derived in part from existing documentation“on the

hypercube programs and in part from .other pollce ‘resource alloca-'

tion and evaluation literature. vPa£t1c1pants completed a'serles

a SN o

of simplified beat design exercises 1llustratlng use of the hy—

percube programs, and then proceeded to examine their own depdrt-.

‘fhents' beat plans using input data previously compiled for this

purpose. ) B ‘ = L )w;;

et

Police Department Use of Hypercube
. Following the Training-Design Workshop, participants took
the portanle data termlnals to their own departments to begin

the next phase of the«progect. This 1nvolvedwuse of the termlnals'

_ ; £ )
and the NCSS time-share system to complete anaiysis of their’

2}' current field operations and to study possible beat plan revi-

sions. TIPPA provided over-the-phone technical a551stance to the

: planners as needed ° -
{‘ - Two of the original departments did not participatepin,this
E

o . R N

,,phase“of,the,pr_ ect. One departmen nt. W*tbdre’ due tL;theaamcuntwmwavwﬁ%:waa

og effort that Would have been‘réqulred.tq collect the 1nput data

]

~ “féeded to use the hypercubefprograms; ’Thelother de01ded to drop

. : | 19 ERRRE P
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 out of the project following the training workshop since the = - ' g

dgpartmentis"pattglebéatsehadereaentlywhnen%real&gneéyﬁand:t

4
people who would have been using hypercube were occupied with
e —implementing a new team policing program. -
Three departments which completed analyses of their patrol

deployments implemented new beat plans de31gned with hypercube

assistance. The plan developed by the Burbank Police Department
‘ 1ncluded a reallgnment of the department's two command sectors

and the development of a new configuration w1th 10 beats. In

Presno, new beat plans were developed and 1mplemented for each of

\C—/

four shifts. Hypercube-designed beats have been implemented
o in two of the five prec1ncts in St. Louis County:

= © The remaining five departments ‘made varying degrees of progress

in their hypercube analyses. Table 2-2 shows the;extent of hyper-
| cube usage4by the 10 departments involved in the project;

brief summaries of the departments’ experienc%s are contained in
theffollowing section of this chapter. The appendix to this
repprt contains more detailed case summaries on the use of the
hprrcube software by the three departments which implemented. ’ :g

hypercube~designed beat configurations.

Pol;;y Analysis Workshop

3 .
e vThe Policy Analysis Workshop, held in December 1976, was the

fﬁhal act1v1ty involving the part1c1pat1ng departments. The

agenpa(for “this two—day workshopxlncluded the followirg: distri- - -

%
R

. but;un and discussion of rev1sed and.expanded training 1 materials, . . ==
E] ?i . . :
o sharung of feedback from part1c1pat1ng departments regardlng use
[ .
I
of thercube, and a brief presentation on use of the Goftware for

l
patn

2

1 pollcy analy51s.‘
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Table 2-2

.
G

USE BY THE TEN PARTIéIPATING POLICE DEPARTMENTS

]

N EXTENT OF HYPERCUBE
Areas/Times Examination of Alternative New Beat New Beat
L Selected for Current Beats Structures Structure Structure
Department Analysis Completed? Examined? Proposed? Implemented?
Burbank city-wide yves yes* ves yeé
all times S
Fresno city-wide yves - yes yes ~ yes
' 5 time periods :
Garden Grove city-wide partial no no no
‘ 5 time periods :
Huntington city-wide partial no no no
o Beach 3 time periods :
= ' o : g
Pasadena city-wide . partial yes no no
N 3 time periods ‘
St. Louis 5 precincts yes yes yes partlal
County 3 watches o : (2 prec1ncts)
San Diego 1)c1ty-w1de . yes no no no |
(ambulance dlstrlcts)
2)downtown no no no no
patrol beats
'San Jose . 2 districts yes v ves no no
: 4 time periods ' ; : ) 5
Santa Ana city-wide yes ? no ' ;po. no ‘ |
. ‘ | | ; & 3" . . o . R . N
Santa Clara Séity-wide no | no ' no . no ks

R,
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C. Police Departments': Experience With Hypercube

This section contains a summary of each participating depart-

13
Cad

ment'skexperienceﬂin using the hypexcube programs. The intent
is not to provide a thorough accounting of what happened, but
rather to highlight progressvmade‘ﬁnd‘major problemS'encountered>
in each department. Problems common to several departmenﬁs are
not detailed in each department's summary; thus, the fact that

a specific problem is mentioned in connection with only one or two
departmenté does not necessarily mean thét 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 mosﬁ departmeﬁts. Problems inherent in the hypercube software,
technical assistance needs of hyéercube users, and costs of hyper-
cube usage are discussed in detail in other chapters of this
report.
Buibank

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 signifiéantly. Stdrage'of police data on the city's

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

structure and data collection procedures should be examined before

computerized recordekeeging’was initiated. Also, it was felt
--. _that department personnel could gain valuable expertise through

~the training involved in the project. -
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/day and

Data collection presented a major obstacle,'and there was
considerable doubt about whether the data could be gathered}at a‘ﬂ
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 activityklogs. The amount of effort involved seemed

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

i
benefits to‘the department.

l

Members of the re search team met with department personnel

who would be 1nvolved in the project to discuss data collection

efforts. Based on the plan developed, administrative aides in

the department devised a reporting area system and collected

sample data from dispatch tickets, as51gn1ng 1nc1dent addresses

to appropriate reporting areas. The research team had the data

keypunched and processed for 1nput 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 ease> of administration the department would
#

continue to use a 51ng1e beat plan for all watches and days of the
week. It was known, however, that current patrol strength was

usually insufficient to allow one car per beat under'tneyl4—beat

plan. An'average of lOkpatrol units were being fielded during the

w*ﬁg shift? (8;00 a«M. £o 4:00-p;m:f**‘=4=00~p;m. O

v ln:x

mldnlght) and even fewer unlts were belng flelded on the nlght Shlft

(midnight to 8:00 a.m.) . Therefore, it was dec1ded that the new

o
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beat plan should contain 10 beats divided equally between the
two command sectors.
Based upon hypercube analysis of the l4-be@t plan and | : )
approx1mate workload balancing, two alfernatlvé’blans were devel-
oped for each sector.d Thé;;\lnltlal plans also. attempted to
encompass distinct neighborhoods within the beat bou?darles. Eéch
plan was analyzed using the hypercube programs, with ﬁartlcular
attention given to workload balancing and minimizing cross-beat =
dispatching. Based uponhanalysis of hypercube output, a new beat
%plan for each sector was presented to field commanders and approved

for implementation.

Several factors helped make the Burbank experience a positive

one:
® 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.

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

ol i

e The department was 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. The use
of a static beat plan and the stability of the city's population
‘ahd crime patterns mean thét major beat revisions will probébly
not be necessary in the near future. The reporting area system
devised for the hypercube‘study'will probably not be used for on-
goihg data colleétion by the department, and the pldnner trained in
hypercube opération has left the department. Therefore, the |

_amount of effort involved in implementing another hypercube study
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would be difficult to justify in view of the limited additional

‘benefits of such a study to the'department. (More detailed infor-

mation on the Burbank Police Department's use of hypercube is

contained in Appéndix;ﬁ.)
Fresno |
Prior to the hypercube study, the Fresno Police 5epartment
had used the same 1l6-beat configuration for over 10 years. This
plan was used on all sﬁiftS'and all days of the week. ApproXi—
mately the same number of officers were deployed on each ‘of the
three working shifts (7:00 a.m. t6'3:00 p.m., 3:00 p.m. to 11:00
p.m., and 11:00 p.m. to 7:00 a.m.), and_additiénal 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 assistapce'for the .
reqular beat cars. ] R
The limitationé of this ﬁanpowgr allocation plan had 1on§
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 city's data processing
center have worked together to-improve the department's data
collection capabilities.- The. city has been divided into 249 "zones"
with areas of approximately 025 square miles, and workload data have bee;
captured by hour and zone. 'Workload_igférmétion gathered E;g%gﬁeS;Ciﬁﬁf |
tions, offenses, arrests, court appearances, offense clearances,
disposifions, and accidents. The availability of these datavhgs

greatly enhanced the department's ability to analyze,patgq; oper- .

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

—through the-data-processing center.

25



Hypercube was especially appealing because of its ability
to éhow the inter-relationships between workloads, responée 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
beﬁpre final CAD implementation. Thus, the use of hypercube coin-
cided withw;Qisting department priorities.

The old i6-bq§t configuration and possible alternatives were
examined for five different time periods. It was found that there
were sufficient personnel assigned to the patrol divisién 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 guite
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 tﬁe 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.

26 .



® There was a recognized need for rev131on in patrol
allocation and beat structure.

® Many of the data items needed were readily available.

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

e The administrative services bureau.had the necessary

: personnel to carry out the data collectnon 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 beat plans to be_gdministratively
unacceptable, but such a reallocation of patrol reséurces was Seen.
as necessary to reduce the excessively high patrol unit Workloads
previously common to some times of the day. N
{(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.:divisionm Plans
had been made for examining the performance of the department's beat
plans, which called forkglx to eight beats, during four different
time periods, but very llttle of thlS work was actually accompllshed.
The department uses a reportlng;ﬁreaksystem, whlchkd1v1des the
city into 91 areas. Serious crimes are tabglated by reporting area,
but patrol activities are not. As a result, sampie data'from dis-
patch records had to be collected to provide reporting area workloads,

incident rates, and service times. Ten percent of all calls for
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service and officer-initiated incidents from December 1975 through
May 1976wereaha1yzed, Response speed data was éatﬁered by field
observation. ‘

The patrol division w&s reorganized and new beats were imple-
mented in July 1976 following the app01ntment of a new pollce
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 maae on possible team policing deployments, and
the,rasglﬁs may later:'be used invthe final planning for the team
polidéng program.

The Garden Grove exPe;ience 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 priorities 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 o

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’aata, and other department-
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. examin-

ing the ex1st1ng beat structure and one p0551b1e alternative plan.

fHowever, the data producedluumanot been used in making any deci- -

sions about field patrol operatlons.
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The department has used a Vaniety of sophisticated maﬁagement
tools, and there was interest in exploring the potential uses of
hypercube. The department has implemented a CAD system, has
detailed computerized date available on patrol operations, and is
currently implementing an automatic vehicle locator (AVL) system.
But despite the interest in hyPercube,kthe commitment to a hyper-
cuﬁe study at the time was marginal for several reasons:

e There was no preSblng need for rev1s1ng the current
beat structure.

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

e Major emphasis was being placed upon AVIL implementa-

tion and development of management reports associated

® Future AVL use would diminish the need for well—
7 defined beat boundarles.

It was hoped that computerized management reports would

| provide most of the hypercube input data with little data collec-

tion effort. However, it wee found that much of the data prodﬁeed

was not compatible with hypercube requirements. Rather thep emgékk 3
upon a2 time-consuming data collection effort, existing data were

used with some modifications. For instance, citationsﬁand.incidents g
regulting in the writing of a department report are tabulated by
reporting area, but total patrol workload is not. Thevdistribution

of the former was used as the distribution of total patrol work- - 4
load, on the assumption that the two distributions would be equiva:

lent. 43 , "

The shortcominés of the input data added to the doubts about

hypercube's usefulness to the department. The planner working on
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the hyperd%ﬁeastudy was ‘also developingxmanagementdteperts tovuse“
CAD and AVL information,'and the hypercube study Qes eventually -
set aside in favor of these other projeécts.

| The Huntﬁﬁgton Beach experience shows thejdanger of emEarking
upon a hypefcupe study as a low priority project, presuming that

little data collection effort will be required. An eérly”assessﬂ

ment  of hypercube data requirements and avallable department datajww
' “can»yield a fairly clear picture of the amount of effort required
té preduce the desired level of reliability.
Pasadena“
. Thé hypercube beat design study in the Pasadena Police Depart-
ment accompl%shed only a portion of what was originalty plammed.
Plans had been made to examine the performance of the existing

seven-beat plan and possible alternative plans ‘during three separate

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

'ﬁati'é'bé ééﬁfiqﬁf&tién were proposed for 1mplementat10n. Rea-

sons fo; the slow progress of the study included the following:

@ The current beat plan was implemented in 1975, and.
neither field nor command personnel had 1dent1f1ed
a pressing need for change.

‘# Planning resources in the department are limited; the :
small Administrative Services Bureau has handled the P S
hypercube stfudy, but it has other duties such as
budgeting and the management of federal programs.

s
o

k e Field and command personnel have e_general mistrust of‘; i

computers based on past ehperiences, and even the planner
using the system had misgivings about the input data
used and’the ways in which _the system models the
department s operatlon. : ) fd

"~ The department has no computerlzed data,iso workload data for

: ipercube had to be collected from a sample of dlspatch tickets.
I The orlglnal sample usLd 20n51sted of all dlspatch tlckets flom G

@ BT
o K G
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-~ 5 May 12, 1576, through May 27, 1976. This sample was later
expanded to inciude Julyvcalls, so that the final sample consisted
©f '35 days (five of each day of the week). Data were coded by ' e
clerks in the department and sent to TIPPA for processing prigi
to the Training-Design Workshop. Approximately 6,300 1nc1dents
were included in the sample, but some types of 1nc1dents were 5

" exciuded as not‘being part of patrol force workload; among those 0
incidents excluded were those handled by station personnel‘and,
those handled by des%gnated\"report cars," which respond only to
routine report—takino calls. |

‘Difficulties were encountéred in modeling some departmegt
operations and estimating some~input data items. Thesé diffi-

- cult ‘osvstem from operatlonal practices which cannot be modeled
by the system, and the fact that the system calls for data not -

,routlnely collected by most departments. Fof example, the Pasa-

dena Police Department_uses,priority dispatching~and~callista0kiﬁgm;mzfr“‘

- at the ‘beat level, rather than having the dlspafcher hold calls.
B IURP e . ’/ o
‘ These practlces make it dlfflcult to estimate erv1ce ‘and travel

times. Also, there were,po data avallable on #heﬁtlme spent by . .
. i o g ] - .
patrol units for various administrative duties (vehicle maintenance,
. @ g - O
warrants, transporting prisoners, briefings, etc.). Subjective

r‘estimates were used for thése data items,. diminishing the confi—
dence that could be placed upon hypercube performance estlmates,
Field personnel were not 1nv01ved in the hypercube study,
but the study was dlscussed at unlform d1v151on meetings. No task :

force was formed to con51der the 1mp11catlons of hypercube output

)

or’ propose alternatlve beat: plans, any beat plan changes whlch
; : B o
* 31 o w R _ c e




might haﬁe been recommended by the planner would have been
presented to watch commanders for consideration. Selling a new
beat plan to fleld personnel would have been difficult because of
) their mistrust of computers and the lack. of serious proble%s with
the present plan. The main beat design criterion used in the past
has been unit workload which dispatchers have tended to informally
"‘gf © balance. Hypercuﬁe output allows examination of a broad range of
" performance measures, and there is some doubt that field personnel
iare prepared to consider data of such amounts and complexity.

Future use of hypercube in Pasadena is doubtful. The study

‘seemed very much dependent .upon the data collection assistance

18
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‘brovided by TIPPA. Continued use of hypercube would mean continu-
in& the data collection effort and the use-of costly outside data
processing, neither of which seem likely in view of its limited
usefulness to the department.

The experlence of the Pasadena Pollce Department is valuable
1n that it 111ustrates several points which may affect the ‘use
‘of the system .in other departments:

e Hypercube analysis 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 pZrsonnel.

® Much of the required hypercube input data is not ‘

routinely collected in many departments, so that
cextra time must be spent on collecting data and/or
\1arr1v1ng at subjective estlmates.

° &?he system may not easily model all operatlons poli- @k
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. = : Y
e Departments with a small planning and analysis staff
~ may be unable to allocate an uninterrupted span of time

to work with the hypercube. Other high priority tasks

W
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-ences also exist within the approximately 350 square miles served

i T R i

" may interrupt hypercube operations for a suff1c1ently
long time that the planner must take time to reacquaint
himself with hypercube. N

® The hypercube analy51s may indicate that only a very minor
1mprovement could be made inthe beat plan. The value of a
.minor improvement - -has to be compared to the cost involved
in training personnel and changing procedures to accommo-
date a different beat plan. - The intangible cost of
resistance to change must\also be evaluated.

e Some departments may not have any funds budgeted for
unanticipated data collection or data processing. Fur-~ ,
thermore, such/special projects must generally be planned
months before %he actual expendltures occur since funds,
can be requested or obtained. only at certain times of
the year. The only practical alternative 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. ) j

b

St. Louis County

Designing patrol beats for the St. Louis County Police i

Department is & difficult task. Each of the‘department's five

prebinc$s operates a5 a separate command area, so each requirgs

(-‘:,?(

separateﬁbeat plans. In addition, all. of the pre ne_smiaryﬁbeat e

boundarles by watch. Consequently, a #otal redesign of patrol

beats requires 15 separate plans. Significant worklead differ=

by the department 51nce the jurlsdlctlon contalns densely popu-
lated urban areas and sparsely populated ‘rural areas.

When glven the opportunity to part1c1pate in the field
test project, the response within the St. Louis County Pollce
Departuent s Plannlng and Research Bureau was 1mmed1ately affirma- ‘
tive.’ Much of the data needed for hype;cube input was:readlly

available in computerized form, and the bureau had already been

given ‘a difective from the police superihtendent to prqduce~a>new.:'
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‘aCCdrdihg‘to shiftrworkloads,wand deéign of beat plans for each

beat design and manpower allocation plan by the end of 1975.

The only obétacle to the department's participation was the

. project's timetable. The actual work of designing new beats was

not scheduled to begin unt}l after the January 1, 1976, deadline

facing the bureau. HoweVei, since the department could éasily
. . i )

I

produce most of the necesséary input data and was located near
the Institute's offices, arrangements were made forVa police
planner to use TIPPA's data terminal during November and December
(1575) forvéhé‘purpose of analyzing proposed beat plans using the
hypercubefprégrams. | ,

The Superintendent wanted the fedesign to be conducted by the
planning and resea%ch’bureau without the input offpreéinct command-
ers. Unit wOrkloaas were to be equalized in each precinct on each
wéfch, so the entire effort consisted of three steps: allocation
of department manpower to precincts according to precinc% work~.
lpads, allocation of eéch‘precinct's‘manpow?r to the three shif;s
watch in each’précinct. A total of 15 separage plahs were pro—’*
duced using hypercube.

'The five érgcinct commanders objected strenuously when the

new plans were presented, and as a result, none was implemented.

The main objection was that the commanders had not been involved

inkthe fOrmulation of the manpower allocation pian upon whigh

the new beat designs were based. Also, workload equalization was
qdestioned as a suitable mahpower allocatioﬁ and beat design objec-
tive,vand,ques£4ons were raised about thé data used to measure |
workload, |

paS

"The 1975 effort did show that the first precinct was under-
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menned,vand in the,Spring of 1976, additional patrol manpower was
allocated to that area. 'Consequently, new patrol beats were
‘negded and the planning and research bureau was again called upon
to develop the plans. This redesign effort{jhowever,ywas'accom-
plished through a joint effort by a plannerAEndathe precinCt

commander; in fact, it was the commander who drew the tentetive

plans which were analyzed/using the hypercube programs. New beats

were agreed upon and were implemented in April 1976.

The 1975 study had also shown the fifth pupinet to be
undermanned, and the construction of a large shdppping‘center in a
previousiy undeveloped area promisedAto further increase the.
precinct's workload. In the fall of 1976, additional manpower
was allocated to,_he'fifth precinct, nedeSsitating the develop-

ment of a ‘new allocation of manpower by shift, and new beat plans
: , : ‘ » o
for each shift. As in the case of the first precinct, this rede-

sign effort was_based on cooperation heﬁWeen,therplanningfendrrmmWTML

research bureau and precinct personnel. Specifically, 4 planner
worked closely with a lieutenant designated as liaison by the

precinct commander, responsible for securing the necessary input
from prec1nct offlcers. The use of the hypercube programs was. o
fully explalned, and hypercube output was shared with the lleutenant, .

who explalned the flndlngs +to other precinct personnel.

There was considerable discussion concerning the number of

beats to'bermanned during each'shift. - Two alternative alloca+

o e

tions were proposed and alternatlve beat plans were drawn for each

‘allocation. Hypercube output was used in +he process of de01d1ng

[

upon the alternative whlch seemed to- offer the most equltable

balance in utilization and response tlmes. ,Based upon these

SRR ¥ e 1)
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discussions, one of the proposed allocations and beat plans was
chosen for implementation.
Several of the tentative guidelines suggested during the

planning stage of the field test project have been va;idated in

" the expériencé of the St. Louis County Police Department. These
0

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
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.

o, . cy e a4l . o
Field commanders having responsibility for implsa-- .

s

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

More detailed information on the St.. Louis County Police
Department's use of hypercube is contained in Appendix A.

San . Diago

L .8an... :

The San Diego Police Department entered the field test project
in hopes of testing the application of hypercube to a limited area

of the city. Based upon this test application, a decision could

‘be made on hypercubé's future usefulness to the depaitment; There

s

was no pressure to revise £he current beat structure. The depart- &
ment has a sizable research and planning unit and considerable
amounﬁs of computerized manageméﬁt data, but even so, the hypercube
study turned out 'to be more complicated than originallymantici-
pated. Qs a result, most of«the~initiai plahs were not carried out;

7 N . . :
ggveral difficulties hindered the progress of the hypercube

{
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study. First, San Diego is so large (310 square miles, 253
reporting areas, and up to 96 beats)kthat modeling the entire
,éity in a single hypercube‘run would be prohibitively expensive.
However, the eity is difficult to partition into areas that can
be modeled separately. The patrol force is divided into three
divisions, each of which has "1ieutenant's zones" and "sergeant's
zones." Also, four radio frequencieé'are:USed. Patrol data are
collected by census tracts, which are too few in number for !
detailed beat analysis (e.g., thereware only two tracts per

beat in many areas). Because the city contains large undevglopéd‘
areas with few roads and significant natural travei barriers, hypeﬁ-
cube's method of computing travel times was considered to be less
‘than reliable; however, alternatives were no% considered feasible
in terms of the data available and the effort required.

Data wercholLected for an area in the central part of thé
:citQ(‘but no analysis was”eyggaé-xfgrmed=,.lnsteadrwsevera}»~*éw»%“f*%%ﬁi
’city—wide analyses were made for the city'S‘ambulance service,iWhichi
is operated by the police department. Fifteen ambulances are
operaéed, and each has a designated ;esponse‘aféa. Hypercube
was used to‘examine‘tﬁe performance characteristics of these

,ambulance districts.

) 5:'7(‘}
In terms of

patrol operationg, it was decided that analysis
of thevalloéation»of patrol units by watch,‘by day of the week,
and by command area was the most urgent neéd, This ahaiysis
would,bé‘very;tedious to perform with hypercube,fgﬁdéaould‘be s Al ;;3
‘more'easily accbmplisged With Randfs Patrol Car Allocatioﬁ Model |
(PCAM). Hypercube_COuld then;bé USed‘to "fine tuneﬁrthe beat .

' structures fgr’each”érea and t%me.'Lﬁitﬁiéﬁiébihnﬁiga:;éﬂé?ééﬁéfg;;
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ment set aside the hypercube study and concentrated on 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 yield a fairly accu-

rate assessment of the amount of work that will be required and
the suitability of the model for use by a particular department.
Also demonstrated is the need for a commitment to hypercube use
on the part of the fielqﬁand command staff; this commitment should
be based upon.an informed assessment that hypercube can assist
department 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 use of hypercube, with a decision to be

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

The reasons for this limited participation were several:

@ The departmeht 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.

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

e A grant application had been made for a project (Patrol
Emphasis Program) to evaluate various patrol strategies.

e Although a reporting area system was devised for the
' 1974 beat redesign, incident data have not been routinely
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. collected By reporting area; to con;truct such a s
déta base f9r the entire city would have been very:
time-consuming.

Despite these limitations, the department's planﬁing and
research division was interested in the ﬂypercube system because
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 uséiful and attractive to police plannersc
if it had some of the mapping andAdisplay capabilities'of‘GADsfk
There:is‘a possibility that tﬁe Patrol Emphasis Pfogrambmay explore
ways.of linking the two systems.

The 1974 beat redesign effort included partitioning the city
into 280 Beat Building Blocks (BBBs), but incident ‘data.is not
routinely collected by BBB. However, sample data from l974ywere

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

the data collection effort required. This sample consisted of

incident data from 28 days between May 1 and December 31, 1974. = .. _._

It was initially decided that only the Second District would be

~ examined, so that the areas and center coordinates would have to

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

60 BBBs, was also examined during the project.

W

Mithin each @istrict, beat plans were examined for four

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

&

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

<

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

manningylevels increase due_ to shift overlap.‘aExisfing beat

plars were analyzed, and some additibnalyfuns were madé”with'_ ;

various high-workload beats split in half. The only field opéf§—°

tions ;hange ﬁeing>cdnsiaer;d‘as aréﬁﬁlt‘of this ana;yéis"i57$he i
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possibility of adding an additional car to some beats.
The purpose of these \

The planning and research division arranged two hypercube

demonstrations for field commanders.
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
These sessions lasted between one and:

adding an additional car.
two hours, and involved a total of 20 field personnel.
The reactions of field personnel were mixed. Most had seen

GADS being used and some had difficulty distinguishing between

the capabilities of the two systems and the new computer-aided
Some seemed to have a good appreciation of

the output statistics; Others said they knew their areas and
The inability of hyper-

dispatching system.

people better than any computer could.
cube to model prioritized dispatching of calls was seen as a

rt involved in

major.shortcoming, since this is fairly common in San Jose.
San Jose Police Department is as an adjunct to the Patrol Emphasis

The main possibility for continued use of hypercube in the

. I
|

Due to the amount of time, money, and effo
city-wide data base for hypercube, revising the CAD

creating a

Program.
programs, and creating new beat maps, serious defects in present
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,

wﬁich enabled the department to make a realistic assessment of
‘themamount of effort that could be devoted to the hypercube study.
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Also, the misgivings of some patrol personnel about hypercube show
the importance of involving patrol representatives in “planning and

supervising the design effort.

Santa Ana ! X

At the time the Santa Ana Police Department was approaéhed

&

 about participating in the field test project, the department
was preparing to implement team policing.//P?eviously,Athe depart-
ment had been divided into eight patrg}/éistricts, with four or
five beats in each district. The téig policing plan did away ;
with beats and allowed each team to design igsfown patrol plan.
Despite the implementation of team polidgnqgfhere was some
interest in using hypercube to compare the performance of the
new system with the old. A good computerized data base was
available for the oldkbeat system, so Saﬂta Ana was selected to
make trial hypercube runskduring the planning phaSe of the,field
test project. Two days' efforts by a department planner, Qgrhing, T
with teéhnical éssistance from the TIPPA staff, produced usable |
performance data for the department, and ailowed the TIPPA»stafﬁ
to observe the use of the hypercube programs with actual police
department data. This experience was a valuable pait of the
study's planning phase. | N
The department did'not,’however,'get to the point of analyZing
the new team poliéing plan. A department representative atteﬁded‘ﬁ
the’Training—Design'Workshopj'but did not have sufficiéht data
to complete the team policing analysis. ,Short&y thereafter; the
department withdrew from further parﬁicipatiohain the projégt“for

the following reasons: 'f ' | 0-23:’ 

Lo
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e 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 s

dispatching, it was felt that only a city-wide hypercube
analysis would be appropriate, involving a minimum of

30 cars; runs of this size would 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 changes 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 projéct was therefore based upon an assessment of
other department priorities and problems in applying hypercube
to the department's needs. This assessment was based in part
upon the limited use of hyperdube ﬁy a department planner during
the planning phase, but it illustrates the importance of this
kind of assessment to a department considering the use of hyper-
cube.

Santa Clara

The Santa Clara Police Department was quite interested in
participat:ing in the field testing of the hypercube programs,
but dataléollection 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 was some enthusiasm about using the zone
system for the first time as a means of structuring patrol beats.
A new amusement park was being‘builg in a previously low-workload

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

_patrol policies. However, gathering the necessary data on patrol o
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activities proved to be more difficult than originally anticipated.

2D

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 sheets. 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. e

An alternative plan was to have dispatchers immediately begin
assigning a zone number to all calls received. Since the city has
a civilian police-fire dispatching center, such a change would
have required the eity manager's approval. After much discussion, .
the police chief and patrol commander decided that-the effort
involved was more than the potential benefits to tlie department
could justify. Instead, efforts were to be concentrated in
improving some of the data collection weaknesses brought to llght
during the department's brlef 1nvolvement in the field test
project.

.The éeeessment of the effort required for hypercube implementa-
tion was carried out with the assistance of TIPPA staff, but this |
same assessment can be accomplished through\a thorough rev1ew of
hypercube llterature. This assessment can surface issues such ‘ : j
as thos@f&hich caused the Santa Clara Police Department to with- g
draw freﬁwéhe field test project.

D. Survey of Hypercube Owners = ° ©

3

effort was made to 1dent1fy and ccntact pexsgnseand,organlzatlbhs

%

==

~.which had purchasedmthewhyperqube progremsmﬁer their{@wn'useé




=

e ddEELonTttes,  lack of a “/T compiler‘necessar; to 1mp1ement ‘the

Twenty-four hypercube owners wereAidentifiedL, of these,'nine‘were
pollce agenc1es, four were oth r municipal or ¢riminal Justlce
planning agencies, and 11 were other organizations, inclqding'
research andrconsulting firms and upiversity-affiliated'organi~
zations. Six had obtained the programs from the Rand Corporation
and the other 18 had obtalned them from M. I. T.; 124had inter-
active versions of hypercube, and 12 had non-%nteractlve versions.

cDA brlefaquestlonnalme was drawn up by TIEPA and sent to the
24 hypefcube,owners.' Twelve responses were received. Of those

responding, six stated that theyrhad purchased the programs for

1mplementatlon if local police agencies or criminal justice

o \ \

cplanning'agencies; four were intending to use the program as
part of research and consulting efforts;.one intended to use
the;programs as a teaching tool and one did not respond to that

question.

Iy

M/

Only six respondents had actually implemented the programs,’k
and only two had actually completed any analy51s of police fleld
operations. None of the respondents had received;anyﬁtraining
in hypercube use, althocgh one mentioned being introduqeﬁ;%o
hypercube at an M. I. T.'short course. Those who had not used 1

the programs mentioned several reasons for not doing so: diffi-

culty in selllng services to police de@artments, data collection

P
et o T ST,

- S

software, and the existence @f other priority progects. C L . ¢
Elgh* respondents mentloned the use of other pollce resource

allocatlon software. Seven of these had PCAM, and one had both

PCAM and programs: for de51gn1ng work schedules. Ore person

commented ~that PCAM had been too complicated to use, and dnother

& 4 B T t
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commerited that hypercube was the easiest resource allocation R
model to use; P R
When asked about future plans for hypercube usage, .four ‘E: - e

.7

., Yespondents stated their intention to proceed with the 1mp1ementa-5
wtlon of the model in local pollce agencies, and four stated an .
intention to use hypercube in thefcourse of;research or consulting
efforts. One intended to use hypercube as a teaching tgol. One
respondent was not sure how hypercube would be used, and two |
Vstated that the model would not be used by them in ‘the future.
‘Additional comments were made that financial constraints and reé Y

sistance to changes in patrol allocation would hamper the use of

4\"’

hypercube. .
o3 R ‘ ‘ When asked if they would récommend hypercube to others, five : f%

=] O

respondents said they would, although one of these persons warned

that he would recommend the model only for those seriously 1nterested

=

in using it. The other seven respondents elther dld not respond nis

o \

= to that questlon or stated that they could not judge at “this

| -
time whether or not to recommend the model to others. ° :

F
& 5

E. Summary of Field Test Observations

Several observations have been made in preceding sections .,
regarding the use of théﬁhYpercube programs in the police depart-,,_

ments partlclpatlng in the:field test progect. As prev1ously

s e = n

noted these do not 1nclude observatlons about the hypercube

[ Lol . B ’ . w:‘

software itself, the technlcal a551stance requlrements of hyper-

] 2

cubé users, or usage costs, as these are dlscussed elsewhere in G -
O s : . ag
ﬂthiS'report. These’observatiOns are reiterated here to summarize ; £

. - the collective experiences of the 10 participating departments

and other hypercube users.

i
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1. Lack of agreement on a manpower allocation plan can endanger
the success of the beat design effort.

The design of geographical patrol beats is based upon a manpower
allocation scheme which determines the number of patrol units to

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

Adverse reactions to new beat plans may be based upon the numser
of beats as well as their structure. Thefhypercube'programs may
Qeyused to examine alternative allocations of patrol manpower, but

such analyses can be tedious and expensive. If manpower alloca-

tion by watch, day, and ¢ommand is an important issue, the use of

&

PCAM mey bexappropriate‘pricr to hypercube analysis.

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

‘The hypercube's iterative design method assumes the planner
has a set of goals and priorities with which to trade off con-
flicbing objectives. Hypercube allows consideration of a much
broader range of objectives than other design methods, which may
lead to the emergence of priorities previously ignored for lack

of data. ﬁithout agreement on beat design objectives, the amount

'ofAhypercube output data can overwhelm the user and disagreements

can arise during the design and implementation‘process.

3. Thexe must be a recognlzed 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 p1anner must

spend learning to operate the system, collectingythe input data,

‘and analy21ng alternatlve plans, time must be spent with command

and patrol operatlons ‘personnel to acqualnt them with the system,

review alternatlve configurations, and 1mplement the new plan. The

i &) 46
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~ of effort that will be requlredmln terms of data,collectlon, ' : b

commitment of the time necessary is not 1ike1y unless'it is agreed

that the effort is important to the department. ; o C:'

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

5

Hypercube calls for input data not routinely collected in
most departments, so a special effort will have to -be made to . T
collect or estimate some items; in departments with no computerized
data, this effcrt can be considerable. Also, hypercube may‘noi
easily model some patrol operatioms commoh to many departments;
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‘analysig experiencéﬁmay be re-
quired. In departments with smallfplanniﬂg and research staffs, .
it may be difficult to allocate an uninterrupted span of ﬁime to .
the hypercube study; other tasks may interrupt hypercube use

so that the planner may have to occasionally reacquaint himself

with the system. This further increases the amount of tlme

xrequlred to complete the rede51gn process.

5. An assessment should be made prior to hypercube implementation
to determine whether the amount of effort required 1s appro-
priate for the potent1a1 benefits of the studzi

Before the dec151on is made to- proceed with. hypercube 1mp1e-
mentatlon, an assessment should be made to determlne the amount
number of distinct“blané to be produced, etc. The an}icipated
level of effort can then be;weighed against the need for beat SN
redeS1gn and: the ex1stence of other department prlorltles."ﬁypereﬂ
cube ana1y51s may 1nd1cate that only minor 1mprovements can be

) s A
made, in whlch case the effort 1nvolved in the study mlght not$‘

L
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be justified; on the other hand, if extensive changes are indi-

cated,.additional effort may be required in the implementation

process.

6. Field operations personnel need to be involved in the beatJ

design and review process. Y

Field commanders are responsible for the implementation and

‘supervision of patrol operations. There is likely to be some

resentment if they are called upon to implement beat plans which
. -

. they have had no part in desigﬁing. 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,énd priorities different from the

planner's. Also, their involvement may help overcome any mis-/:

givings about the use of a computer in designing patrol beats.



 CHAPTER III

DATA PROCESSING AND OTHER COSTS OF
USING THE HYPERCUBE SYSTEM

The purpose of thie,chapter is: (1) to identify the typee of
costs associated with using the hypercube system, (2) to quantify
the magnltude of the various costs by summarizing the expenses in-
curred by each department partlclpatlng in the hypercu - field te ts,
and (3) to provide guidelines which will enable potential hypercube
users in the future to estimate the costs they will incur in using
the hypercube system to design police patrol beats for their own
department. Costs are classified as follows%

1

e data processing costs - the costs associated with setting
up, maintaining, and using the hypercube system;

e data collection costs - the costs associated with
collecting raw data from department records (e.g.,
inciderit reports, duty logs, officer activity records,
etc.) and converting these data into the form required
for input to the hypercube software (e.g., workload

s distribution by reportlng ‘area, beat conflguratlons,

dispatch policies, etc )s:

i o

{ [ personnel costs - the manpower costs associated with o

i data collection, hypercube.data.nprocessing. analyesis ‘ T
! of hypercube output, and implementation of revised @ .

; beat configurations-and/or revised patrol policies; and

® technical assistance costs - the costs associated with
; obtaining both initial training in the use of the Hyper-
P ; cube system and continuing technical assistance for
P ~ system usage, lnterpretatlon of output, etc.

A. Data Proce551ng Costs

R,

i The only data proce551ng costs dlscussed in thlS sectlon are

those dlrectly related tthhe use of the hypercube system.‘ TheSe

costs include preparatlon of hypercube 1nput flles, use of the

£

hypercube programs to compute performance statlstlcs assoc1ated
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with the beat configuration described in these input files, and
retrieval of hypercubekoutput.

Types of Data Processing Costs

The types of data processing costs:.that may be required to
use the hypercube system include the cost of equipment, set-up
charges, communications costs, storage charges, and computer

usage charges. Each type of change is discussed below.

Equipment. When the hypercube system being accessed is imple-

mented in a time-share or other remote-access environment, a tele-

typewriter or remote job entry-type terminal éépable of both data

input and output is required. In addition to the cost of renting
or purchasing such a terminal, supplies (such as printer paperf

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

additional insurance may be needed, and shipping charges associated

with obtaining and returning rented equipmenéywill 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 bf set-up costs
will be incurred before the software can be used. These costs
include the following:

1

e obtaining a copy of the source programs for the
version of the hypercube system to be used;

e compiling (trénslating)vthesekprograms into an
executable form and testing the programs; and

e developing and testing supporting procedures to facilitate
'~ data input, system usage, and output retrieval. :

= k o 50,



If a commercial data proCessing system is used, a minimum monthly
charge may be imposed by the vendor even if no processing is per— @

- formed.

Communications costs. When an interactive version of the hyper—
cube system is used on a commercial time-share system, the softiware |
and support procedures are usually stored on on-line disk storage
devices. In addition, 1nput data used by the hypercube\programs p
are also stored on-line, and in some cases, program 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 o
or in-house computer system),_the version of the hypercube system
being used (e.g., interactive or non-interactive ver51on), and
existing department resources (e.g., terminals;. |

Users of commercial time-share services are billed for the
‘famount‘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 -0of input records read or output llnes prlnted)
Slmllar charges may - also ‘be ;ncurred when data proce551ng is done

1n a non-tlme—share environment. ‘ ‘ ‘ "3““

Data Proce551nq Costs _Experienced Durlngfthe Field Tests*

Throughout the hypercube fleld tests, TIPPA monltored the’

*Costs quoted in thlS chapter are based on the prlce schedules o [
of the suppllers of equipment, data processing servmces, etc. which . %
were in effect in: January 1977. y oo o o : ) p
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types and amounts of hypercube data processing performed'by each ~

k. e,
=

of the eight participating departments. The costs experienced
by each department are reported in “this section, as are costs
experienced by TIPPA in making the equipment and softwdre avail-~
able to each department. The discussion of these costs is pre-
sented ih two parts. The first describes costs which:depend~§n
amount of usage and the size of thé problem pfocessed. The
'second deald with 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 eighﬁ field test cities.* In this table, the regions** that
were anai&zed are classified as small (100 reporting areas or
less), medium (101 to 200 reporting areas), or large (more than
206 reporﬁing areas). Similarly, beat-configurations are classi-
fied as small (10 response units or less), medium (11 to 20
response 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 of the chapter,

the eight field test cities that used the hypercube system are
~.referred. to-using-alphabetic=designators=(ergs; "city &E").

* ! \ "
: **A region is defined to be a group of districts (beats) -
administered as an autonoinous field operations territory. Each
‘watch that is analyzed separately with the hypercube software
is treated as a separate region. (Thus, if the day, afternoon, -
and midnight watches are analyzed in one field operations terri-
tory, these constitute three analyzed regions.)
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" mable 3-1

(4

USAGE-DEPENDENT DATA PROCESSING COSTS DURING THE FIELD TESTS

large

Size of Size of Beat ‘Number of Number of Storage ,; Usage , Total
Regions Configurations Regions Analyzed Iterations Costs Costs | Costs
large medium 1 2 $592 $142 $734
small small 3 15 " $360 $297 | se57
small medium - large 1 4 $360 $358 $718
medium | small - medium 1 2 $234 $379 | s613
small small 2 1% $164 $451 $615
small small - medium 7 22 $360 $638 $998
medium medium 3 19 $360 \ $1232 § $1592

medium - large 4 36 sas7 | s3a16 | s3s63
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The cost data inYTable 3-1 may not accurately reflect the

cost of analyzing and deéigning beat configyrations in allscities

“of)ccmparable size. Some reasons for cost differences are:

e

LR

Most data processing costs during the field tests were
borne by TIPPA rather than by the participating depart-
ments. As a result, the hypercube 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 costs of overnight runs were only 40 to 50
percent of on-line runs, only cities B and F made exten-
sive use of the overnight capability. Storage costs
could also have been significantly reduced by copying
data files to tape and releasing the more. expen51ve
on=line disk storage during periods of pﬁolonged in-
activity. If, for example, this procedure had been

used whenever the software was not to be used for two
weeks or more, the potential savings in storage charges
would have been between 44 percent: (01ty G) and 83 pexr-
cent (city A).

Initially, certain operating probleﬁé;were experienced

.in using the hypercube software on the National 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 disk-storage space caused operations to terminate
abnormally Wlthout producing useful results. Prov1d1ﬂj
excessive amounts of core storage led to unnecessarily
large charges for terminal connect time (a component of
the computer usage charges directly affected by the core
size). These operating problems were corrected during
the field tes\s and should not affect future users.

During the fleld tests, each department's usage of the
hypercube softwiare was monitored, and duplicate copies
of all hypercubﬁ output were printed for TIPPA use.
Such monltorlng produced some overhead costs which will
not be incurred by. futire 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 program which interactively creates

fad
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the input file describlng the beat configuration.
This may cause an increase in the cost of terminal
connect time.

® All departments participating in the field tests used
an interactive version of the hypercube, software imple-
mented on a commercial time-share system. This is -
probably the most ezxpensive environment in which the
software can be used. Less expensive (and usually less
convenlent) methods for performing certain hypercube -
operations, such as ‘he creation of 1nput files, were
developed and documented during the field tests, but
no cost data for their usage are available. 1In addltlon,
non-interactive versions of the hypercube software are
available which some police departments may be able to
1mplement and use on their own data processing systems
for a fraction of the cost of u51ng a commercial system.

e Some features of the hypercube .system were not available
to the field test participants and, as a result, the
costs assopciated with using these features are not known.
These features include variable unit service times, dis-.
patching using automatic vehicle locator systems, and
exact ,compntation of performance statistics, (The hyper-
cube model used during the field tests utilized an
approximation procedure capable of producing results
within a few pergent of the exact procedure.) Future
hypercube users who utilize any of these features in
analyzing medium or large beat configurations can expect
to experience 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 analyses for
$1950, or 50 percent less than the actual cost. A police depart-
ment faced with the same beat de51gn problem in a cmty of com-

parable size would probably incur data processing costs between

the two costs ci ted above {i.e., between $1950 and $3863).

il

Usageeindegendent costs. The portable teletypewriter

terminals used by the eight departments throughout the fleld

test program were rented for a montly cost of $150 \non—pdrtable

termlnals ‘are avallable for approx;mately‘$75 to $125 Rer month

a
4
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Table 3-2
POTLNTIAL COoSsT REDUCTIONS IN CITY H' S HYPERCUBE ANALYSES DURING THE FIELD TEST
- ~ Cost Incurred During Minimal Cost of Performing
Hypercube Field Test -the bame Hypercube Analyses
On-line computation of performance statistics c $1089 s : | i $490a
. ‘ . ) i o i 5
Storage of on-line data files o 457 _ (ﬁ 202°
Abnormally terminated hypercube*eperatiqns ‘ 407 T 0
Unﬂ%cessary terminal connect charges 100 0¢
QTIPPA monitoring of data prqdessing : ) . 175 o~ ' . B 0
= E ,
18 N
Dupllcate coples of hype rcube output o . 170 o g 0
n~0peﬁatlons not required 1n?1atest versions S : 207 . ' 0 s .
. o N “ : . : : o I
Other usage-dependent dgta processing costs . - 1258 ' o o 1258
- TOTAL o . W e . $3863 . $1950
aAssumes that 33 hypercube analyses/are run,overnlght, rather than on-line. ‘ , ‘ B
2 a - Rt S ;' . e
bAssumes that all data f;les are erased and,cn—llne uibk ctorag space ‘i3 ré&leased when :all 8
analyses are completed. ) : . R ‘ e
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depending on the features included and the length of the renfal

period. Non-portable terminals were not used in the fieid tests

because the terminals were shared among the participating depart-

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

a‘mihimum 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 service center, terminal service was pro-

vided at no additional cost as part of thg rental agreement.. Users”
7 A

TN S
X Pz

. 4 ' \ s . ' “e . P
in other areas were usually required to” ship a terminal needinyg

repair to the nearest service center, 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 rerminals required no servree and the fourth required two
seréice calls:) The only terminal $upplies required during the
field tests was printer paper costing $6&hper case of 12

300 foot rolls. A single case of‘paperéﬁas sufficient for the ..

combined data processing of the eight departments.

The cost of obtaining a tape copy of themhypercube‘systém,was_m

sl

$40.3 The cost of program compllatlons on the Natlonal Ccss-

tlme—share system was approxrmately $375 Mlnlmum monthly .

O

charges were not a factor durlng the fleld tests becaUSe abl data :

G
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procesging was done on a single account, and monthly billings
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 incurred any minimum charges. All ofkthe
field teét departments except Fresno were able to access the
National €SS systém through either a local or toll-free telephone
number. Hypercube users in Fresno accessed the system by tele-
phoning Sunnyvale, California, incurring long distance communica-
tions costs améunting to approximately $600 over the life of

the projebt.’ (Fresno was connected to NCSS by telephone for

approximately 40 hours during the field tests.)

Bl The cost of storing the hypercube programs and all support

procedures facilitating 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/iﬁles (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 from 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 departménts analyzing medium

and large‘regibns and beat plans required»storage that averaged

' $66 and $110 per month, xeSPectively.
B \

' Usage—i@@epen@ent dé%a processing costs incurred during the

3
field tests are summarized in Table 3-3. | i

/7
s

Estimating the Data Processing Costs of Using the Hypercube System

.. To estimate the data processing costs associated with use of

¥ %
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Table 3-3

USAGE-INDEPENDENT DATA PROCESSING COSTS

1. Equipment costs
a. Terminal purchase

b. Terminal rental

c. Shippiﬁg
d. Terminal service
e. Terminal supplies
2. Set-up costs
a. Copy of hypercube sgftware
. \,{}9
b. Program compilationf

c. Development of facilitating
procedures

- d. Testing
e. Monthly minimum charges
3. Communications costs
4.  Storage
a; Hypercube software

b. Input and outpuﬁ”files

BN

(o

$1500 - $3500

$75 - $150 per month e
$40 - $60 |
$30 per servicing

$55 —‘$70

$50 - $200 PP
$400 (maximum) * /

$50 - $150 /

$50 - $100 /
$100 per month*

Depends onuser's location

/

;

$88 per month*

$44 - $110 per month*

i
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- the hyperqubeisystem, the following information must be obtained:

e Number of regions to be analyzed - the number of auto-
- nomous field operations areas and watches to be analyzed.,

® Size of each region and the corresponding beat confi-
guration - the number, K of reporting areas in the region,
and the numbﬁr of response units to be represented in
tle region's beat conflguratlon.

@ Maximum number of iterations to be attempted for each
region ~ the number of different sets of patrol policies
e and beat configurations to be analyzed with the hypercube
system. This number should include one iteration to cali-
brate the hypercube model, and one iteration for analyzing
the current patrol policy and beat 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 _gystem to be used and method of

. operation - whether the software is to be used in a
stime-share or in-house environment, whether it is to
be used 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 procedures will be required, and whether
overnight or immediate turnaround will be required.

Once this information is available, the usage-indepéndent
data processing costs can be estimated by identifying those costs
(use Table 3-3) that will be applicablez For example, a depart-
Hment planning to use a portable téletypewriéer terminal rented for
a two mOnth’period from a supplier with a local service center to
"access the hypércubeisoﬁtware toll-free through the NCSS system £
would estlmate its usage~-independent data proce551ng costs as
$876 by summlng items 1-b (two months), l-c, l—e, 2-a, 4-a
; (two months), and 4-b (two months):
ﬁ 2'x (150) + 603% 70 + 50 + 2 x (88) + 2 x (110) = $87é.

Estimation of cqmputer usage costs is more difficult. Depend-

o B - ‘i <A
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ing on the version of the software to be used, computer usage Will»ia

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 - such a file must be
created for each region to be analyzed. , e

° Creation of an igput 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.

e Computation of performance statistics corresponding to a’
specific region and district plan file - such computations
are required for each hypercube iteration in each regien.

® Retrieval of hypercube 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 involved in a Single appli~-

cation of each of these phases have been derived In general the

'costs depena on the qnumber of reporting areas in the region, the

number of units represented in the district plan, and the number
of different workload levels (call rates) for which performance
statistics are computed. These estimates are sumgarized“in Tables
3-4 through 3-7 . |

Table 3-4 contains the estimated cost’of creatihg a region

file by entering both geographic and workload data for each

reporting area in the region. Table 3=5 can be used to estimate .

bl

o

the cost of creating a region file by modifying the workload data -

in an existihg“region file without changing the geographic data.k
The costs of creating a- district plan file, computing performance
Statistics, and retrieving output have been combined- into a Single

a

estimate described in,Tables 3=6 and 3-7. The cost estimates in

=




Table 3-4 <.\\V

"ESTIMATED COST OF CREATING AN INPUT FILE
DESCRIBING REGION' GEOGRAPHY AND WORKLOAD?*

i i 1 185 Lam 1F5 AR R N
ML ER 1, B LTLEE SR, 08 2EL8E Do, 8l o 115 RO S TN 12 B 5 B AR

*For example, the cost of creating a region file with 125
reporting areas is approximately $20.

Table 3-5

ESTIMATED COST OF MODIFYING AN EXISTING INFUT FILE
DESCRIBING REGION GEOGRAPHY AND WORKLOAD¥*

] el el

o ) .. g S
- £ FRSIEAY o1 i ok [l
- | =

ils H
e » ' ’ ; " s o o
S LE B L1.8a . ma D38 14008 15,608 e 55 19,88 19008 20,08

- *For example, the cost of modifying an existing region file
with 125 reporting areas is approximately $12.
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Table 3-6 ’
ESTIMATED COST OF ONE ON-LINE HYPERCUBE ITERATION
(ONE WORKLOAD LEVEIL)*

5 Sin, FE LS, EE LR SILE0 20,00 30,00 DF.AEH 41,00 45,06 DRLeE S5, 59
o PRog| 17,00 210 e, 50 30, D8 T 08 D9, 00 44,00 2, 80 0D 00 LT,
e U, B0 PR SR DL Dl PR, 00 BRER 3P0 S8, 00 460 S8 SE5080 59,09
_ ‘ 4 SN
PELEE RO S, BE R, 0 TEL O g, B
j SRLED D400 0T, 00 BB 30,00 42,00 47,00 51,00 9. 08 Em,@@uﬁ4.éﬁ
175 SELEEOETLMR RLL 00 RO, GO0 49, B0 40,05 54,00 59080 62000 6F.88
NI 01 B I 1123 T K 1 DR I 1 S TR 15 B S 55 B R Fi SELGEE ST RE S5, 00 29, 09
EOLEE BT, EG S, EE 41, 8E 45 R DE.0E B4, 80 BT A0 A3, B3 &7, 898 TR Ol
] G GE 3400 .00 43,00 48, 20 52,00 57,08 61,00 55,50 FO.00 T4 00
CEEILEE ETLEE 4108 S8, 05 B8 BHOHE 5900 S, 00 SR, 08 TELe0 T8
e HELOE CEDLEE 44, GE 48,08 BI08 5F.00 62,00 0508 TR, EE TS0 TROA8
@7
*For example, the cost of one cn-line hypercube iteration
~for a region with 150 reportlng areas and 10 units is approxlmately °.
$29.




Table 3-7

ESTTMATED COST OF ONE BATCH HYPERCI'JBE' ITERATION '
(ONE WORKILOAD LEVEL)*
LR OF LTS
B 5 iz 1 i i ] e o St
S IS S G 1411 TS I CONRE 1 S P R 1 B G R i B 115 IR D 5 13 16 R 3 e L1 2 L e R 11
i Pl.ood 1, @@ 1700 00, 08 25000 D56.80 20, 05 31,3 34,088 20,008 A48, 89
1 S RCP Tt s N R 16 1 B R 1 BRE S 315 R 0 < 25 O %15 BT TSR 1 3 QD b O 1115 RS Rt 1 %i.&@
s TR DELER DR, EE SRR AL EE PR 0E 3. 8E S MmE TS BE D0 0E T, e
1A IR 2% S SRS 1 A IR Qb R s N oo G 3 AR O 15 TS 2 £ B T D St B Y5 O 1 R S U I
] S Bt NCPRE 1 TR B3 SRt SO &1 S G {1 RS o B IR 1 T £ B O 1| I O 1 A O ]
kLS SN0 O A O s B 1175 BB 5 B 1 5 D R £ N 1 O 45 B g 31 B N i 11 R R b SR A B 5
= GRS Bl v v 1 S W s Bed - s B I i BRI & I e
s PO, T LR S GE ST OE R EE AT, B e AT e
o S CEHLOE RELED RS, ol RELGE 31,08 04,580 3T B3 S5, 5 B, 00 55, mE S0 nn
s I B B Nt B e B o i O = Bt = St R R T %%.ﬁ@ LA
*For example, the costrof one batch hypercube iteration .
for a region with 150 reporting areas and 10 units is approximately
$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

o

when performance statistics are computed off-line (1 e., overnlght)

The follow1ng items should be con51dered when attemptlng to

]

use these cost estimates to predict the data processing costs for‘

future hypercube analyses:

As an example in estimating usage-dependeni

costs,

ing 150 reporting areas. Suppose a&lso that the- department has

performance statistics are computed using the approxi- -

v
The 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 gizes reported in the tables, !
although the estimates appear to be slightly low for ’
the smaller problems and slightly high for the larger
problems (i.e., in the upper left and lower right portions!
of the tables, respectively): i

The estimates assume that all district plan files are
created using the interactive monitor program, that

mate model, and that only region, unit, and district
performance measures are listed. -

The estimates were based on the rate, schedule in effect ﬁ
i January 1977 on the National CSS time-share system.
Costs based on different time-share systems are not /
predictable with the estimates shown in Tables 3-4
through 3-7.

S

The estimates liave not been adijusted to include any
overhead associated with using the hypercube system
(e.g., inefficient use of the system, or runs ‘aborted
due ‘'to the user's error). The experlehces of the fleld
test participants suggest that this overhead can be

substantial. ‘ L It

?Q-.;::

= i

i
data processmng
\

suppose that a department uses the 1nteract1ve version of

|

the hypercube software 1mplemented on NCSS téxdeﬁlgn a new beﬁt

plan with 10 units for each of three watches in A regmon contaln—

three alternative beat conflguratlons to be analv\ed for ea

watch «in addition to the current plan, that the a&€r0x1ma9e

23
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.7hyperCUbe modei is used, and that the department is interested in
only one workload 19ve£: Since one calibration run will also be
[required, a total of 15 hypercube iterations will be made (i.e.,
five for‘each watch). According to Table 3—6,‘eachkite£ation
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 performanéé 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 tbﬁ cherwtwe~watc*es at a cqgt of .

2 x 13 = $26. |
(see Table 3-5). Thus, the total estimated cost for usage-dependent

, data;processing when performance statistics are computed on-line

would‘be :
435 + 23 + 26 = $484.
Applying‘an ovefhead factor ofstay, 1.5 would increase this estimate
to | |
| 1.5 x 484 = §$726.
Combining this wiﬁh the preéious sample estimate of usage-indepen-
o dEnt’data‘brOCessing costs gives an overall cost estimate of

876 + 726 = $1,602. Uy

N

R =

66 .,
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B. Personnel Costs

I
L

The results of the hypercube field test project indicaﬁe that
departments may require up to six months to design and impieﬁeat
a beat plan using the hypercube system. Duringvthisfperiod,'one
or more persons will have to spend considerable time plannlng prOJ—*

ect activities, learning to use the hypercube system, monltorlng

data collection efforts, performing hypercube analyses”fcoord}nating

7 i
in-house review and approval of new plans, and initiating appropri-

ate implementation procedures.*
The actual time required to design and implement a new beat
plan depends on:

e familiarity and experience of key personnel with com-
puterized design or decision models;

e accessibility of data requlred to use the hypercube
model;

e accessibility of data processiné services; and

® extent of cooperationyand'cdmmunicatioh between
personnel responsible for the'design, approval, and
implementation of the new beat plans.

Table 3-8 presents estimates of elapsed time forueach of the
major tasks in a beat design project. The tlme estlmates for each
task are based on esults reported by eight freld test departments.
The table indicates that total elapsed time may range from 8 to 28
weeks for a complete beat design effort.f It should be noted,, |
however, that the lower estimate is very optimiStie. It assumesgA

that at” least one person is worklng full-t'me'h *the prOJect, and

is. onlv appllcable to departmeqts with tralned,personnel“ spec;ally

S
} j.

i
o

*Most of these act1v1t1es are not pecullar to a hypercube

- beat design analysis, but are present for most. manual and computérazed

design procedures. s ‘ ‘ PR . T e R R 1

-
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Table 3-8

ESTIMATED NUIMBER OF WEEKS
REQUIRED TO COMPLETE THE MAJOR TASKS
OF A HYPERCUBE BEAT DESIGN PROJECTa

. Number of
b Task . Activities Weeks

1. Training ; Study hypercube docu- 2 - 4

; : mentationy learn the
assumptions of the model, ;
the data required, and .
how to use the computer
programs.

2. Planning Assess department oper- 2 - 4
ations,; data sources,
and data processing
capabilities; organize
project task force.

3. Data Collection Plan and coordinate the 1 -8
collection of data
required by the hyper-
cube programs.

4. Data Analysis Prepare the input data, 1 - 8
run the hypercube pro-
grams;,; and analyze the
output.

5. Beat Plan Coordinate in-house re- 2 - 4
== Implementation ) view of proposed plans,
and of all documentation,
operations, and policy
changes required to
accommodate the approved
plan.

Total Beat Design Effort 8 - 28

AThe elapsed time estimétés.aré baéed“Oh;tQé experience of
o elght pollce departments which part1c1pated in the fltld test .

B , bThe lower estlmate for each task assumes that at least one
. person works full-time on the project. The higher estimate for
each task assumes that the project coordinator devotes only one-.
third or ‘one- half time to the project..
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designed data sources, and readily accessible data pro%éssing‘

services.
The ‘higher time estimate is applicable to departments using
the hypercube system for the first time. This estimate assumes

o]

that the prOJect coordinator devotes only part of his time to

ect encounters delays familiar to every police planner: +training
materials are delayed, special data collection efforts are requir
data processing turnaround is slow, in—heuse,review of new beaf
plans is cumbersome, and new design criteria.are introduced in a
manner which requires several cycles before final approval is
obtained.

It should be noted that despite their involvement in the

the project (e.g., one-third or one-half tlme), and that the proj- -

ed,

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 characterized as more or less advanced than most other

" police agencies in the United States. As such, the personnel

tive estimates for most police departments.

C. Data Collection Costs

The~experiehce of the field test project indicates that

'eStimating the time required for data collection is often a

difficult task. The ability to obtain accufate time estimat@s

can be 51gn1ficantly enhanced lf a data assessment is made during

costs identified for the field test agencies should be representa-

o

0

the 1n1t1al planning vtages of the pro;ect. This assessment should

yanswer the following questions for each data 1tem requlred‘bykthei

X

1; ﬁypercube program: ‘ , 5 : B R ,fly,%
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e What source documents contain the data item?

e How accessible are those documents? ﬁ

® What procedure will be needed to obtain and translate
each data item from source document into hypercube-
usable form (e.g., sample size, collection 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 departmentshrequiring more than

0 i

four man-weeks utilized several coders for twé 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 noted for the field test agenéfes.
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
B 9 - 10 : 1

 Average = 4.6 man-weeks
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s

' may require considerable personnel time and data processing activi<'

1
n’

workload over several precincts or districts, these are, very

often, the same departments that_have~access to more sophisticated
data processing facilities to help in the collection and preparation ‘
of the -input data. ‘

vIt should also be noted that data collection involves not only

extracting raw data from department files, but also traﬁslating

this raw data into hypercube-usable form. This additional procesSiggd&;w,

ties. The Institute for Public Program Analysis helped several
of the field test departments with data preparation during thé,
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 careful
use of any one of a number of widely distribuﬁed‘staéisticalr~ |
packages such as SPSS, SAS, BMD, and OSIRIS can appreciably-reduéé
the timé and effort required to aggregate, screen, and summarize -

large amqunts of raw data into useful input data sets.

D. Technical Assistance Costs

_ Technical assistance costs include all costs incurréd for’
documentation and training materials, training seminars'or work—
shbps(gand cgnsylting services used to supporf'agency personnel
duriﬁé the beat»design project. A considerable amount of»documenta;: 
tién is available which describes the basic éssumptﬁons and
theoretical foundations of the model, use of therhypercube,pr09xamslj
data Edllection procedures for the hypercube SYStem, and ahaiygisb,f_
énd interpretation of hypercube results;  A«1ié£?of’these dbéumenti%% ‘;Rf
is presented‘in Appghdixmc. Départments should be;ablejtoipﬁrchaSé

\\V: : _ : : i —
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 a11 relevant 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 hypercube system is a prerequisite to efficient use of the

model.* 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—déy introduction in the use of the system. Tuition for these

courses is usually between $300 and $600 per person. Contracts

= with private consulting firms to provide individualized training

sessions can run as high as $300 per day. Althocugh the initial
cost of such training may seém 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 dependént
on the experience and technical expeitise of the person responsible
for running the hypercube program and interpreting the results.
Extensive self-instruction using hypercube documentation and
training materials should be possible for personé with experience
in using computer models. Agencies should find self-training éh
acceptable alternative to formalized training as more documentafion

of the hypercube system becomes available.

Some departments may want to usé,knowledgeable persons fromﬂ

- outside the department to assist in some of the major tasks of aii

4

~*At least one person from each department in the field test

,+ project attended a five-~day workshop on the use of the hypercube !

.model. Most participants felt that five days of training repre-

sented a minimum level of instruction. Several participants
suggested that future workshops.be expanded to 10 days.
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beat design prdject. Agencies‘frOm which such technicﬁl assistance

i

can be obtained .are identified in Appendix C.w Agﬁhcieé’sﬁch as -

The Institute fo} Public Program Analysis provide a limited amount
of technical assistance as part of their”training programs . .Otﬁer
agencies may prov%ge assistance only on a contractual basis. Fees
vchargéd vary considérably from agency to agency, and departments ¢
seeking such technical assistance should solicit estimates from
‘several sources.

As with training, the amount of téchnical assistandecthat
will be needed is highly dépgndent on the experience and background
of department personnel, and%to a lesser extent on the complexity
of the beat design problem. ThéQamount of training and technical
assistance provided to the eight ﬁepartments in the field test’,

project is summarized in Table 3-10.

oY

j
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Table 3-10

R

AMOUNT OF “TRAINING AND TECHNICAL ASSISTANCE
PROVIDED: TO INDIVIDUAL DEPARTMENTS BY
THE INSTITURE FOR PUBLIC PROGRAM ANALYSIS
DURING THE FIELD TEST PROJECT?

s ; Man-Days
Activity ‘\\ B Per Department
Initial Planning (orlentatlon and 1

data collection guidelines '~ May

1976) \
Orientation Meeting (May 1976)nf ‘ 1
Data Collection Meeting and Follow-up

Support (May-August 1976) 5 - 3
Tréining Workshop (June 1976) 5
Telephone Contactsn(average of 10 contacts 1

per department - June-October 1976)
Implementatlon Meeting (September 1976) 1 -
Summary
Training _ .- 5
Technical Assistance ) ) 4 - 7

) o
Total Man-Days 9 - 12

@poes not include a two-day advanced tralnlng and progect
evaluation workshop held in December 19,6
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CHAPTER IV o

ASSESSMEﬂT’OF’THE HYPERCUBE PROGRAMS AND MODEL e

® |
The purpose of this chapter is to assess (1) the usabilitw

, , ‘ \
of the hypercube software, (2) the content and format of the |

i B

hypercube output, and (3) the accuracy of the performahce

|
|
!

estimates produced by the hypercube model. 'Improvements ‘made

to the hypercube programs by TIPPA and the M. I. T. research
T
team during the field test project are summarized, and recom- X

mendations for additional changes to the software are identified.

Y
A. Assessment  of the Software ) !

%
The hypercube software has undergone a pumber of major %

revisions during the field test project. Iungy 1975, the e 3 E

hypercube system consisted of:
B &
® 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

configuration;
® a program "HYPOPT" used to'compute region, unit, and
. district performance statistics associated with the
district plan file created by the "MONITOR" and a

second input file (termed the region file) contaln-
ing certain geographic data; and

e a program "HYPERCUBE" used to compute region; unit,
~and district performance measures, as_well as
numerous other statistics, associated’ with a single
1nput file contalnlng district plan and region data.

The "MONITOR“ and "HYPOPW" programs were prlglnally developed
as training tools for introducing new hypercube users to‘the
input data required fo:Vgomputerized,beat,designhagdwtheﬂinte;r
pretatlon of hypercube output. The"HYPERCUBE“ pregram with its : "j;%ﬁ’

advanced features was intended for users knowledgeable 1n 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

e 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

e the "HYPERCUBE" program for computing performance
statigtics.

Changes identified by TIPPA during previous tésfé of the
M. I. T. hypercube system were incorporated into these programs,
and procedures for facilitating theirﬁﬁse, the creation of region
files, and the retrieval of output were developed for the NCSS
t;me?share system.

Coincidentally, the M.VI. T. research team developed an
advanced hypercubei%ystem featuring:

© an interacﬁive:“MONITOR" program supporting most
. advanced features of the "HYPERCUBE" program; and

n advanced W@YFERCUEEP program capable of using a
region file: and @ district plan file created by the

By
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"MONITOR" as input, and supporting additional

features of patrol operations (notably dispatching

with automatic vehlele locators).
This version of the hypercube system was subsequently tested by
TIPPA, changes were suggested to the M. I. T. research team, and
a modified version incorporating many of the changes was imple-
mented on NCSS.

As a result of these continuing software revisions, many
problems were identified and corrected, numerous improvements
were made, and several new features were 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 team, and M. I. T. personnel
working as consultants to TIPPA include:

o A number of limitations on the size of problems that
could be analyzed with the ‘hypercube software have
been relaxed. For example, beat confyguratlons with
up to 34 units can now be analyzed (tlie previous

limit was 15), and all restrictions on the number of
reportlng areas in a region (prev1ously llmlted to

f
i

200) have been e;eveu
©® Restrictions on lnput data have been eased. ' For
example, reporting areas need not be: sequentially
numbered, reporting area identifiers can contain
up to six digits (rather than three), and the (x, y)
coordinates of reporting area centers can be speci-
fied using any convenient unit of measure (rather
than units of 100 feet) /

i
o
!

o} Termlnology used in the original "MONITOR" program has
been modified for clarity and compatlblllty with
MHYPERCUBE"™ documentation and output. For example,
the terms "patrol unit speed" and | mpatrol speed" have
been replaced by "response speed" | land "preventive
patrol speed;" the input file conéalnlng geographlc

7

data is now referred +0 as the "reglon fide,; " rather
than "“city file;™ and patrol areas are now termed
"districts" rather than "sect@rs” or "beats." In

addition, an optional explanatlon of the term;nology
. used in the "MONITOR" to refer to response units,

i
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calls for service, etc. can be printed at the
user's terminal; and, the user can modify the
terminology used in the hypercube output.

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.

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-
tain 80 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 sequential
numbering, dre now printed in the table showing the
distribution of calls for service by reporting area.

The user has more “flexibility in specifying the
amounts and types of output produced. The user

can specify which tables, if any, are to be pro-
duced in addition to those containing region, unit,
and district performance measures. Alternatively,
users of the hypercube system implemented on NCSS

can specify that all output tables are 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 were
somewhat inconvenient to use when the districts to
be specified overlapped and there were many report-
ing areas in the region. This resulted because

(L) to define a district which overlaid two 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
"MONITOR" program's error-checking capabilities,
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

V 78
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of the overlap. In the latest versions of. the

hypercube system, overlay districts can be specified

by simply inputting the numbers of the overlaid

districts--not the identifiers of their reporting

areas. If districts overlap, the user is still & ST e
notified, but the listing of reporting areas 1n
more than one district is now optlonal

Addltlonal error-checking capabilities have been

included. Individual data items entered by the =
user are checked to ensure that they are valid K
within acceptable ranges, and are c¢ross- checked

against previously input data items to ensure that
conflicting or inconsistent features are not

specified in the district plan. In some cases,

the user is simply notified of the conflict. 1In 7
other cases, the conflict is resolved internally i
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 /
either variable unit service times or AVL (automatch
vehicle locatoer) dlspatchlng is used; first, last,

or middle dispatch prefereqfék cannot be specified
for particular units in seyecteu gporting areas '
when AVL dispatching 1c@gsed, \\the combination

of the number of units, average sfrvice time, and
call arrival rate cannot be such that utilization
(i.e., the fraction of time, on the average, -that
units are busy handling calls for service) 15,,
greater than 1.0 if arriving calls are queued when

no unit is available. While not an error, a warn-
ing is also printed whenever the user specifies

.that the exact hypercube model is to be used in. . g on
performing the computations because of the greatly =

increased cost and core storage reguirements.

No currently available versions of the hypercube 2/4‘

system adequately model multiple car dispatching.

or non-call~for-service,workloads. Consegquently,

users wanting to account for this workload in ‘com-

puting performance statistics can dpo sg only by

inflating the call -arrival rate. A prbcedure has, .
been added to the "MONITOR" program which will - . .
~.compute the approprlate inflated call rate from , e
user-supplied data on the fraction of calls . o
requiring two (or more) units, the avérage service-

time for the second (and subsequent) dispatched .

unit(s), and the -average ‘amount of time per hour

unlts bpend on non—call for-servlce ‘activities. e
= ST :

Intermedlate dlstrlct plan files can now be saved . . .. s e
before they are completely specified. This pro- . ' ’
vides a safeguard against, any abnormal termination B
of the "MONITOR" program which would otherwise '
cause all data prevxously entered,lnto the file to

©
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be lost. These'intermediate files are alsoc :
periodically saved during a termindl session with
no explicit action on the part of) the uSer required.

: © Previous versions of the "HVPnRCUBE" program
/o requlred that reporting areas referenced internally
- in the input file be designated by a sequential

numbering scheme. The latest version uses actual
reportlng area identifiers to specify most features

A 1nternally in the file. While this change is

i o transparent +to users who create this file using the

! o "MONITOR" program, it greatly facilitates

S independent file creation and modification.

AT The result of these many changes is a hypercube syetem that
) | is quite flexible and usable within the following constraints:

© While basic features of a district configuration and
~patrol policy can be specified by novice users relying
on the interactive "MONITOR" 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 output 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 storage.

® The hypercube system can be expensive to use, especially
when 1mplemented in a commercial data processing environ-
ment” (cost factors are discussed in Chapter ITT).

ﬂ " To make the software more usable, the follow1ng changes
are recommended for incorporation in future revisions of the

software:

® Additional output statistics could be produced from
~available data without greatly increasing the total
. amount of calculations. These statistics include
.o the sverage .length of time queued calls for service
are held by the dispatcher in waiting for a response
unit to become available (gueuing delay), the average
o S response time (i.e., the sum of gueuing 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 dlStrlCt.

Some hypercube output tables would be more useful
if they were reformatted. For &xample, the tables
containing reporting area specific performance
measures would be easier to use if all reportlng
areas contained in the same district Wére groupod
together, with reportlng areas in more than- one" R e
district flagged in somé way, rather than/ hav1ng the ' ‘ :

-reportlng areas listed in numerlcal order. = . ' {lés”c

4

,;Better labelllng of hypercube output tables is also,
"+ Yecommended. Specifically, the title of the run

- should appear on every table, and all input parameters

(e.y., response speeds, the scaling.factor uged to
adjust coordinate data, and the constant of propor-
tionality used to compute 1ntra—report1ng area travel
times) should appear in the output. s

A glossary capablllty, whereby the user of the "MONITOR"
program could spe01fy the terminology to be used during
the"terminal session %o refer to Tresponse units, calls-
for service, etc., could be added.  In addition, some

' technical terms appearing in the hypercube output (e.g., .

"infinite’ line capacity," "spatlal allocation," and ,
"probability of saturation") should ‘be replaced by Gl

"~ terminology more familiar to police users.

Tutorial capabllltles of the "MONITOR" program should

be expanded. At a minimum, some information should

be available to users of advanced:hypercube . features, -
describing command formats and the use of each feature.

This would reduce the need to refer to user's manuals e
during a terminal se551on {(an expensive process). :
These capabllltles ‘could be further expanded by allOW1ng
Vheﬂuser to determine the amount of detall .to be

1ncluded 1n prlnted explanatlons. :

Addltlonal options for speclfylng the relatlve amounts -

-of preventive patrol in each reporting area could be - -

implemented.. (Currently, the user must pec1fy either
that preventlve patrol in each reportlngwarea is pro-
portional to that reportlng area's workload or a..
preventive patrol factor’ for each reporting area in
tile district.). For example, optlons could be included
to specify ‘that preventive patrol is uniform among

-the reportlng areas of the district, or is proportlonal

to worklocad except.in a specified list of reporting:

areas which would have user-supplied preventive patrol
factors' AlSOy*the Juser should be able:to request a '
listing oﬁfthe preventlve patrol.- factors used when _
patrol factors proportlonal to workload are. sp901f1ed.‘p'j'
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Current:-versions of the "HYPERCUBE" program require
that call volume data appear in fixed positions
(columns) of each record of the reglon file. By
allowing the--user-to - specify where this-data item — -
appears in the file, up to six different sets of o
call volume data could be included in a single
region file with 80 character records. This

~would eliminate the need to store separate region

files containing identical geographic data and
d1Fferen+=call volume data.

In the current version of the "HYPERCUBE" 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 dependénce

" of the statistics on the order in which districts
‘are defined.

The "HYPERCUBE" prggram should be changed to
accept actuel reporting area identifiers, rather
than an arbitrary (i.e., sequential) numberlng

“YWHenever reporting areas are referted 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-forsservice workloads
should be developed and incorporated into the
hypercube software.

« 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.

kPrescriptive capabilities, whereby the "HYPERCUBE"

program would suggest alternative district config-
urations o improve or "optimize" a particular

performance measure {(e.g., to reduce workload

imbalances, 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 crlterlon.

7
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These capabilltles, however; would also be of use . e e
to users in general 51nce they would enable a B ‘
formance measures att alnable 1n»the region belng

[y analyzed. The designer could then compare thése

optimal values to those for his own plans and

decide, for example, whether further 1mprovements
are p0351b1e., R ;

B. Assessment of the Hypercube Performance EstimateS‘_ _ ¥ _“; y

Introduction

--The u erurness ot the hypercube model as an ald in evaluatlng
alternative patrol plans and policies depends upon its ability to
accurately forecast patrel performance characteristics W}th user-
supplied data. Accordingly, one objective of the field test
project was an assessment of the accuracy and usefulness of'field‘

performance estimates generated by the model. This section‘deewm

scribes the assessment activities and results.

The major questlons addressed by the assessment 1nclude the

following:

e 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?

e How much input data are needed to adegquately describe 'f%mw%;
Lhe geographic and operational characteristics of a , :
region and patrol plan?

e What type of planning qtestlons can the model best
answer'>

In addltlon to prov1d1ng a framework in whlch the strengths
and weaknesses of the model could be 1dent1fled, assessment aCthif
ties also prov1ded addltlonal insights 1nto- - ROTRI
"o‘ data collectlon problems and strategles, |

5 -

g Lo
> @ ~input data modlflcatlons to compen ate for model llml— o T —
tations, and . } _ e i ST
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© the appropriate use of the model for ev aluatlnq alternatlve
patro] pOllCleS.r

The ass eesment consisted of two klnds of investigation: a
technical assessment based on a comparison of hypercube- - estimates
with empirical data collected from police departments participating
ih the field test projecﬁ, and an implementation asgessment based

on the use of the hypereube model by planners in the test agencies.

,_,Comparlson VarJables

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

time, and cross-beat dispatching at the region, unit, beat, and
.rebOrting area levels {(see Table 4-1). The field test project did
not attempt to validate all of these estimates. Rﬁther, the

assessment was directed at verifying the_aqcuréc??df:eight,hYperqube

estimates of workload, travel time, and cross-beat dispatching at
the region;_beatTZEHa/E;;: levels (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 examined because the volume of field data required
to obtain reliable empirical statistics could not be
obtained from any field test agency with the resources
of the project.

k) _Hypercube 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.

e Reglonw1de utilization was not examined because both
s empirical and hypercube estimates of utilization are A
R determined in the same manner from the call rate, service
time, and number of patrol units input by the user. . L e
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Workload
Estimates

Travel Time

Estimates

Cross—-beat
Dispatching

%

Table 4-1

rLevel

PATROL PERFORMANCE STATISTICS ESTIMATED BY THE HYPERCUBE MODEL

Region

Unit

Beat

Reporting Area

Estimates

Avg. unilization/

unit

Avg. workload/
unit

Stan. dev. of
the unit work-
loads

Max, unit work- "

lead imbalance

@ Probability of

saturation

Avg. travel time/

call

Avg. travel time/

queued call -

Fraction of calls .
requiring cross-
. beat response

“g: Workload/unit

@ Pct. of the avg.
workload/unit

[

e Avg. travel time/
call/unit

omFracEion‘of cross-—
beat calls/unit

® Pct. of avg. c¢ross- e Pct. of avg. cross-
beat fraction/beat

beat fraction/
“nit

® Workload/beat
e Pct. of the avg.
workload/beat

PP

( Workload/r.é.
e Workload/r.a./
unit

)

® Avg. travel time/
call/beat

° Fraction of érdss;
 beat calls/beat

!

e Avg. travel

~ time/call/r.a.

® Avg. travel
time/call/
unit/r.a.

¢ Avg. inter-r.a.
travel =
time/call
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Level

e Region

e Unit

® Beat

; *Travel tlmes for each unit and beat are calculated using response speeds callbraﬂed
so that region travel time estimates produced by the hypercube

Table 4-2

HYPERCUBE PERFORMANCE ESTIMATES EXAMINED FOR THE FIELD TEST PROJECT

Performance Estimate

Avg. workload/unit
Fraction of call requiring
cross—beat respornse
Probability of saturation

Workload/unit
Avg. travel time/call/unit*

Fraction of cross~beat calls/

unit

- Avg. travel time/call/beat*
Fraction of cross~beat calls/
:Deat

travel times based on empirical data.

FRRIO TIPSR )

ASSESSMENT

Comparison Measures

model equal average region

Difference
Percent difference

igbz

Average absolute
difference

Average absolute percent
difference

Sum of the absolute rank
dlfferences

\\
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Comparison Measures

=

The measures that were used to Quantify the differences

I

‘ . ‘ : éﬁ/
between each hypercube estimate and the corregponding empirical /

I .
h “

statistic for each variable identified abowve are also shown in

Table 4-2. Two sets of measures were used: one for comparing

. . | . ;
regional estimates, and another for ¢Comparing beat and unit level

i
if

estimates. |

0

Measures at the region level we%e compared by calculating the
I '

q?solute and percent differences bet%een corresponding hypercube

and empirical values. "As an examplég sample hypercube and empirical
data for three region level variablé%_are shown in Table 4-3. The

absolute and percent differences for leach variable indicate excellent

o~

It e

agieement (in this example) betweenj%he hypercube and empirical results.

- Unit and beat level measures were compared>b§ aggregating the

i
i

hypercube and empirical results for each unit or.beat_into.cumulative

Table 4—§

A SAMPLE COMPARISON Ob REGION LEVEL
HYPERCUBE ESTIMATES AND EMPIRICAL STATISTICS

Comparison Empirical Hypercube v percent
Variable Statistic Estimate Difference Difference

Average Work- ‘ i : »
load/Unit i 0.570 | 0.564 0.0060 1.05 ¥

Probability of ¢ / . | ; '
Saturation i 0.0588 i 0.0573 0.0015 2.55

Fraction of Cross+ : ‘ ‘ ,
Beat Dispatches 0.493 1 0.483 0.0100 .. 2.03

&

<
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measures. Three aggregate measures were used:

e the average absolute difference between each hypercube and
empirical measure, ‘

e the average absolute percent difference between each
hypercube and empirical measure, and

e the sum of the absolute rank differences between each
‘hypercube and empirical measure.

N

balculat%gn of eacﬁ measure for sample travel time data for a
nine—unié 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 tha£4some units may have more calls for
service than others). Unit workloads could have been used to
weilght the travel time estimates for each unit. Weighting beat
and unit comparison measures for trave;btime and cross-beat
dispatching by unit workload was not uééd for the assessment for

the following reasons:

e 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, workload estimates 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 questionable.

e Assessment activities indicated that for most empirical
o beat configurations and workload distributions
weighting the unit or beat differences produces
only slight changes.
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Table 4-4 !
SAMPLE COMPARISQON OF HYPERCUBRE ESTIMATES AND EMPI‘RfCAL STATISTICS o
FOR UNIT TRAVEL TIMES BASED ON A NINE~UNIT PATROL PLAN ™~
| | )
Empirical Hypercube
#Travel Travel Absolute Absolute
o Time ' Time* Difference Empirical Hypercube Rank o
Unit (min.) (min.) (min.) . Rank _Rank i Différence
T 3.810 ©9.049 0.761 . 2.0 2.0 0.0
2 | 5.440 7.060 1.620 9.0 | 4.0 5.0
3 5.550 7.586 2.036 80 3.0 5.0
4 © 11.620 ° 9.842 1.778 - 1.0 1.0 0.0
5 5.680 T 5.684 0.004 6.5 6.0 0.5
8 6  5.680 5.680 0.000 . 6.5 7 7.0 0.5 V
7 0 6.500 5.647  ° 0.853 3.5 8.0 © 4.5
8 . 6.500 . 5.640 0.860 - - 9.0 . 5.5 :
9 6.290 6.880 0.590 V 5.0 5.0 0.0.
Total 63.070 . 63.069 o 7.812 . a © . J21v0] \
Average 7.008 7.008 '~10.868: = 52.08 seconds ' S ‘ O
Average absélute;percent difference = (0.868 + '7.008) x 109, = 12.386] v “f
V S e | CU e
’ Ea { 4 # i
- xi’ {g q W *
’QB§§ed<on,a pqtfbl‘respoﬁée speed calibrated to match tHe‘gmpirical?region'travél"time. | kfé
o1y . i 5{
/{} "y v 9 ‘j
Ay _ s EOR e |
&g B .



Empirical and hypercube values for the nine-unit travel times
are ranked in Table 4-4 from highest (rank=1l) to lowest (rank=9). .
The absolute difference between the two ranks for each unit is
shown in tﬁeqrightmost column of the table. The sum of these

sd) .
absolute rank differences is 21. The rank sum feasure is used

to test the ability of the hypercube model to estimate the travel
time of each unit feléti%é 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 m@gnitudes of unit and beat variables can be valuable for
planning studies even if the absolute accuracy of the unit or beat
estimatés is in doubt.

The sum of the absolpte\;ank 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 S are given by

N2/2, if N is even
< N2-1) /2, if N is odd
where N is the number of units or beats. Table 4-5 contains criti-
‘cél ﬁalués of S for testing the null hypothesis that the‘hypercube
i and empirical estim%kes are not drawn from the same distribution
'(i.e., 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 accepted since S=21 is not less than or equalwto the critical,

,vélue SC(S,.OS) 14. (If'sS<l4, the hull hypothesis would be rejected
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Table 4-5

CRITICAL VALUES* 5,(N,a) FOR THE SUM OF THE
ABSOLUTE RANK DIFFERENCES STATISTIC

N Significance Lewel (a)
(no. of units , o
or beats) o = .01 a = .05 o =,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 = B
10 14 18 22 ‘ o
11 20 24 28

12 24 30 34

*If S < So(N,a), the null hypethesis that the set
of ranks for the hypercube estimates is not drawn from
the same distribution as the set of empirical rankings
is rejected at the a~level of significance.

P

3
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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 éqﬁal to the critical value at the 10 percent

level, it is labeled as "not significant").

- Empirical Data Collection

To carry out the assessment activities, it was necessary to
collect, in addition to the data required as input to the model,
the following data from the field test agencies:

e additional data about empirical worklcad and performance
characteristics at the beat and unit level;

® aggregated data based on tours with the same number of
patrol units, the same beat configuration, and the same
time of the day; and

e increased amounts of data to obtain accurate estimates
of patrol performance and workload diﬁtri@utions.

Despite considerable data collection efforts-in several agen-

cies, adegquate empirical data for the assessment could only be

e

obtained from the St. Louis County and Pasadena departments. Fail-
ure to obtaln adequate data from the other field test departments
occurred for the following reasons:

e Small data base - Huntington Beach and San Jose participated

in the field test project without initiating extensive data collec-'
tion activiities. 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.

e Lack of unit and beat information - Although Fresno used
the hypercube model to redesign their beat plan during the field

*The level éf significance associated with each critical value
indicates the probability of making a wrong 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 percent significance level will yleld correct dec151ons 95 per-
cent of the time.
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test project, detailed performance data at the unit level,
not routinely maintained in their management information system,
could not be ea51ly obtained from other department records.

e DAbsence of consistent data sets - Burbank and Garden

Grove obtained their data for the hypercube model by sampling L
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 conflqur—
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 have produced N
data bases that were too small for meaningful assessment comparisons.

e Inappropriate data collection base - San Diego, the largest
city to participate 1n 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
.collection efforts. :

Assessment Comparisons

The following sectilons describe the asseSsment m\mpar:Lsons
. 1 S

St. Louis County. The data base for the assessment combax&sens R

for St. Louis County was derived from 1975 radio tapes. These tapes
contain over 685,000 individual records, documented all-~maior com-
munications between patrol units in the field and the department's

dispatching center. The major types of records on the tape are:

Type of Communication Number . Percent - . “”V:NNJJ;§$;;g;
e administrative activities 271,000  39.6 o
o calls for service,. 163,000 23.8

¢ duty logs | 100,000 146 R

® se'lf-ini{"‘iated calis . © 45,000 e

® other : ' 106, ooo | is"s | e

i :
To obtain a“cons1stent emplrlcal data b sSe for the assessment,vthe

follow1ng requlrements were used to deflne the comparlson data base
// “p LT fi g
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for St. Louis County:

e First Precinct - To obtain a consistent geographic base,
only records from the First Precinct were included. The First
~ Precinct was selected because it is the largest and busiest pre-
cinct in St. Louis 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 day than would be found on either the afternoon or
night watches.

. ® Middle six hours of the day watch - To minimize the effects
of unit 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.).

e 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
" 76f units ranged from a low of 7 to a high of 16. The operational
vlan for the Precinct called for 11 units every day. A breakdown
of the number of units fielded is shown below: C

Number of Number of: Times
Patrol Units During 1975
7 - 1
8 8
9 18
10 : 65
11 81
12 91
13 63
14 27
15 5
16 2
Unknown 4
Total 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 Fwélfth
unit in the ll-beat configuration of the Precinct tended to vary
frqm tour to tour.

~5 The effect of theée requirements oh the sizé of the data base is

summarized below:
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Number of Records

Requirement in 1975
® St. Louis Couhty 685,475
e First Precinct 122,125
e CFS, self—initiated; and,
administrative calls only 99,944
® Day watch (7 a.m.-3 p.m.) 31,554
‘e Middle six hours
(8 a.m.-2 p.m.) 24,638
-® Eleven-unit tours 5,362

All of the comparisons discussed below for St. Louis County are
based on the 5,362 records that satisfied all of the screening

requirements. These records plus other information obtained from

Q

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 geographlc data - The same 1l-
beat configuration (gsee Figure 4

The coordinates, areéa, and beat assignment for each of the 114
reporting areas in the First Precinct were supplled by the Planning
and Research Bureau.

resultlng beat sizes are indicated below:

: Number of Size -

Beat " Reporting Areas (8g. Miles) .

101 | 12 8.61

102 9 17.89

103 . 7 3.94

104 7 7.33 .
.105 16 o 5.95 N
106 9 4. 3]
107 19 Ae-18

108 6 16.03

109 6 9.55

110 R 3.47

111 ; 13 11.83

Total o 114

120.09

e Service time ~ Based on 5,183 records (96.7 pércent of

the total number of records). theaveraqe service time per call was

24.62 minutes (see Table 4-6): Service time was determined for

each record by taking the difference between tlmefcleared and time

W

v¥95

-1) was used for all comparisons.

“The number of reporting areas in each beat and
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Figure 4-1

ELEVEN-UNIT BEAT CONFIGURATION ’

 FIRST PRECINCT, ST. LOUIS COUNIY;=1BT5 wmmmmn
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Table 4-6

EMPIRICAL PATROL DATA FOR ST. LOUIS COUNTY

Type of Call
Dispatched and

Self—Ipitiated Administrative Total
e Number of
Incidents 2,836 2,526 5,362 -
(52.9%) (47.1%) (100.0%)
e Number of Service
Minutes/Bour 164.1 120.5 284.6
(57.7%) (42.3%) {100.0%)
® Service Time/ ;
Call (minutes) 26.95 22.00 24.62
e Call Rate? 6.09 5.48 . 11.56
e Travel Time/ 7.27 b 7.27
Call (minutes) (N=1,464) , (N=1,464)

v 8call rate equals the number of service-minutes per hour
divided by the average service time per call.

brocation and arrival time are not routinely recorded for admini-
strative calls. “
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dispatched. Calls for whicheither 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.

e Call rate - The call rate for the ll-unit configuration
was determined by dividing the avérage number of service minutes
per hour for the 11 units by the average service time per call. The
value obtained was 11.56 calls per hour (see Table 4-6). Diwviding
the total number of calls received by the total number of hours
should yield the same result under ideal conditiohs. With this
method, the St. Louis County data produced:

(number of calls)/(total hours)

call rate

(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

times 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 hour, 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.)

e Travel speed ~ The St. Louis County Police Department
had no reliable data on the average speed of patrol units responding
to dispatched assignments. Inplaceof 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 administrative
calls, (2) many CFS records did not include the unit
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.

e 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.

**Fbr an explanation of the dispatching options avgilable in the
hypercube model, see Instructional Materials for Learnigguto Use the
Hypercube Programs for Analysis of Police Patrol Operations.

]
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{3) MCM selection procedure. To verify the beat car first and

infinite capacity queue policies, a manual simulation of the Lo
dlspatching operation based on 12 hours of records was performed ’
During the simulation, as each call was 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., all units were 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 gueue were not always assigned to the
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, hypercube results
indicated low saturation rates (i.e., less than two percent) ~ The .
appropriateness of the MCM unit selection policy is discussed below. W

® Preventive patrol poliCy - Other than the general require- B
ment that each unit remain in its assigned beat while on preventlve N
patrol, the St. Louis County Police Department had no: Lfixed pre- .
ventive patrol pollcy, and maintained no records on’ th& locatiion 5
of field units that were not on an administrative or dlspatched . o
assignment. Department personnel felt that, in general, beat units %
did patrol the higher workload reportwng areas in their meats more o
frequently, and recommended that, £for the hypercube - analyrls, pre=
ventive patrol activity in each reporting area be treated las pWopor—
tional to the workload distribution. , A

9]

® Geographic workload d;strlbutlon « Determination of an
appropriate workload distribution for the First Precinct was diffi-
cult because (1) department records did " indicate either the
beat or reporting area for administrative calls, and (2) there was
considerable variation in the average service time among the 11
beats. The absence of geographic data for administrative calls was
significant since administrative workload represented 47 pexcent
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 areas for
the entire precinct in the same proportion as dispatched and self-
initiated workload,* (2) distribute a&ministratiqe 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 reporting areas 1n _the-beat, and (3) place all administra- = ©
tlve calls for each unlt in an artificial reporting area located s

ko

_*Since this option merely inflates the.number of dlspatched - %g

“and self~initiated calls in each reporting area by a constant factor, o

the dispatched and, self-initiated call dlstxlbutlon could be used
without modlflcatlon. ; R : @ i o
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in the center of the unit's assignedvbeat.r*The second ‘option was
used for the assessment comparisons. The effects of using each
option are discussed below. '

Since the hypercube model usesi/ the-same’ “service tlme dlstrlbu—
tion for every call, the model hases the relative workload for each
beat on the total number of calls listed for each reporting area
in the input data file. If, however, empirical service times vary
.considerably from one bea%. to another, the hypercube model will over-
estimate the workload for beats with lower than average service
times and underestimate the workload for beats with higher than
average service times. In St. Louis County, average service times
for the 11 beats in the First Precinct varied from a low of 24.95
to a high of 32.90 minutes. To-‘avoid the estlmatlna difficulties
introduced by the dlfferent beat service times, total service time

ffor each reportlng area was 1nput 1nstead of total number of calls,

The empirical results and correspondlng hypercube estlmates

\
based on the baseline 1nput<data are shown in tables 4—7 and 4-~8.
Comparison measures for these results and estlmates are shown in

Table 4-9. Examlnatlon of the results and compdrigson measures

indicate reasonable agreement between the hypercube estimates ‘and

°’empirieal results. Detailed inspection of the comparison also,

reveals the following:

e Workload - The hypercuae estimates for utilization, average
workload, and beat workloads are in almost perfect agreement with
the corresponding empirical values. This is not surprising, however,
since the same procedures are used to calculate both the empirical
arid hypercube wvalues based on the same input data. Utlllzatlon
and average : workload are simple functions of the call rate, Lhe,

- average service time per call, and the number of units. Beat

workloads are obtained by summing the workoads for the reporting
areas in each beat:. Comparison of the hypercube and’empirical unit
workloads indicates an average error.of 9.53 percent. The rank sum
of 16 is significant at the 1 percent'level Examination of the
individual unit workloads indicates that the largest errors occur
for units 1109 and 1110. In_ fact, the hypercube and emplrlcal
results for these units appear to be reversed. Detailed examini-
natlon of the input data, ‘and discussions with départment personnel
falled to identify any reasons for. these errors.

® °“Cross—-beat dlspatchlng - At the region, beat, and unit levels,
tie errors between the hypercube cross-beat estimates and the empiri-
.cal results are large. 17.39 percent at the region level, 25.07

kpercent 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

Dercentﬂlevel suggestlng that the model is able to predlct the
relative: ranklngs of the units despite large errors in the absolute
estlmates.) Two factors Wthh may have- serlously affected the
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BASELINE EMPIRICAL DATA FOR ST. LOUIS COUNTY,

Tabié 4~-7

FIRST PRECINCT, DAY WATCH 1975

Regional Data

i

o v

Number of reportlng ‘areas

Number of units

Beat configuration

.Call rate (calls/hour)

Service time (minutes/call)
Average utilization
Region-wide average workload
Probability of sdturation

v. of unit workKIoads.

-Stan. de

Max. workload ‘imbalance

Region-wide travel time (;}n /call)
Fraction of cross-beat dispatches

' Unit Data

%orkload

Beat Data

“Unit
1101 0.445
1102 0.404
1103~ 0.558
1104 .0.456
1105 0.446
1106 0.389
1107 0.362
1108 0.406
1109 0.505
1110 0.399
1111 0.373
Beat Workloz
' 101, 0.548
102 0.345
103 0.490
104 0.477
105 .0.395
106 0.425
lQ7 0.366
108 0.456
109 0.414
110 0.474
111 0.353

4Based on 81l tours for “the hours 8:00 a.m.

&

X

114

11

.See Figure 4-~1

112.7

78.7
111.1

108.1
92.1

. 86.6
.67.0,

"111.1
101.3

T101.6

Cross-
B beat
103.2 '0.2677
93.7 0.4603
129.4 . 0.4120
105.7 0.3775
103.4 0.4573
90.2 0.2143
83.9 0.3911
94.1 0.2819
117.2 o 0.4494
92.5 0.3250
86.3 .0.4000
Cross=-
2 beat
127.1 0.4127
80.0 0.2917
113.7 0.4120
110.7 0:4009
91.6 0.3415
98.6 0.3210
84.9 0.2483
105.8 0.4121
96.0 0.3758
+110:0 073769
81.9 0.4043

109.0

byot .determined fromﬁthe.empricalsdata.7

<)

o101

<3

tb‘2:00 p.m.

11.56
24.62

0.431
0.431
b
0.0591
0.196
7.27
0.3709

Travel
Time

6.96
6.42
6.66
7.7L
6.63
7.93
9.10
9.20
7.11
5.95
7.92

Travel
Time.
7.70
7.30
6.33
s 1.92 o
6.15 : ‘
7.46
9.14 .
. 8.89
6.90
5,20
8.57 '

i CTER
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Table 4-8

. HYPERCUBE ESTIMATES FOR THE ST. LOUIS COUNTY _a ,
’ BASELINE ASSESSMENT DATE, FIRST PRECINCT, DAY WATCH, 1975

Régional Data

Number of reporting -areas 114

Number of units 11
Beat configuration See Figure 4-1
Dispatching policy Beat unit first,

infinite capacity
~ gueue, MCM
Preventive patrol policy Proportional to

O - reporting area workload
Mb@ll rate (calls/hour) 11.56
Service time (minutes/call) ; 24.62
" Average utilization 0.431
Region-wide average workload 0.431
‘Probability of saturation ‘ 0.0105
Stan. dev. of unit workloads » c.059
Max. worklcad imbalance , 0.195 .
Region-wide travel time (minutes/call)b 7.27 R
Fraction of cross-beat dispatches ; 0.4354
Unit Data
' Cross- Travel
Unit Workload % Beat % Time
1101 0.460 106.7 0.3557 81l.7 7.01
21102 0.416 - 9 6.4 0.5152 118.3 6.40
1103 0.518 120.2 0.5464 125.5 6.62
1104 0.477 =+ 110.7 0.4758 109.3 8.03
" 1105 0.469 108.7 0.5517 126.7 . 8.26
1106 0.350 81.3 0.2118 48,7 v 7.92
1107 0.402 93.3 0.4554 104.6 % 9.30
1108 0.429 99.6 0.3937 90.4 . 7.51
1109 0.408 94.5 70,3969 91.2 "6.85
1110 0.491 113.7 0.5071 116.5 5.64 ;
1111 0.323 74.9 0.2569 59.0 6.59 ’
Beat Data ‘
» . . Cross-— Travel
Unit Worklocad = % Beat % Time
101 0.549 ° 127.3 0.4596 105.6 7.13
102 0.345 . 79.9 = 0.4153 95.4 6.78
103 0.488 @113.%%5 0.5176 118.9 5.58
s 104 0.478 110.8 0.4763 109.4 7.58
., 105 0.395 91£5§ 0.4681 107.5 6.46
106 . 0.425 98.6 0.3501 80.4 10.42
107 0.367 85;0 0.4018 92.3 9.01
e 108 - 0.456 C X057 00,4287 98.5 - 7.71
109 ..0.414 96.1 0.4073 93.6 6.55
- 110 0.474 110.0 - 0.4900 112.5 5.50
111 .0.353 81l.9 0.3225 74,1 . 7.76

3Based on data from 81 tours for the hours 8:00 a.m. to 2:00 §im.

e } bBased'on:a;travel speéd calibrated to yield a region—Wide travel
' time of 7.27 minutes.. \ S 102
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| Table 4-9
COMPARISON STATISTICS FOR THE BASELINE :
HYPERCUBE AND EMPIRICAIL ESTIMATES2 FOR
ST. LOUIS COUNTY

. , ‘ o Percent
Region Level Empirical Hypercube = Difference  Difference
Avg. Workload 0.431 0.431 ° 0.00 . 0.00 -
Probablllty of R ‘ e ‘ ' ‘~¢ﬁ |

Saturation b 0.0105 - R
Cross-beat Dispatches 0.3709 0.4354 -0.0645 ~17.39
“avg. Abs.  Avg. abs. " hbs. Rmank
Unit Level Difference % Difference Difference Sum
Workload 0.041 - 9.53 16 (sig., 1%)
Cross-beat Dispatches 0.093 : 25.07 ‘ 22 (sig., 5%)
Travel Time—min.\(sec;) : 0.442(26.52) 6.08 ; 22 (sig., 5%)
Beat Level
Cross-beat Dispatches 0.082 - 22, 11 o 34 (not sig.)
Travel Time-min. (gec.) 0.747(44.82)  10. 28 12 (sig.,\i%)?*ﬁ%
4See Tables 4-7 and 4-8. R . .

byo emplrlcal values for the probablllty of saturatlon were
determlned from the St. Louis data. ,
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empirical results used for these comparisons are: (1) the un-
availability of cross-beat data for administrative calls, and {(2) -
the impact of calls in which more than one unit is assigned.*

e P GG EEO e Ven— I the-tocationof “eachadministrative call 'is ~—

known, the unit assignment rules used in the hypercube model
may not be applicable since many administrative activities are
unit rather than location dependent.

e 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) wor
beat times. Both sum rankings are statistically significant.‘

In addition to the baseline comparisons discussed abové,
additional hypercube estimates and empirical results were obtained

q for the St. Louis data to examine the effects of (1) the geographic

e |

placement'of adminiétfaﬁiﬁe'ééiié, (é) the type of”unit.sélection
rule used“to model . dispatcher behavior, (3) data sample size onw

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 calls - 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 reporting areas in his
beat in the same proportion as the dispatched and self-initiated
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 precinct-wide option 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 4-1C

COMPARISON STATISTICS FOR THREE GEOGRAPHIC
PLACEMENTS OF ADMINISTRATIVE CALLS,
ST. LOUIS COUNTY

Region Level P
. U TPercent

Empirical  Hypercube Difference Difference
Avg. Workload ' ; —— —

1. Baseline@ 0.431 ¢.431 0.00 0.00
2. Precinct-WideP 0.431 0.431 0.00 . 0.00
3. ArtificialC 0.431 0.431 0.00 0.00 ;
Y . . R S

Cross—-Beat DiSpatches : , R
1. Baseline 0.3709 0.4354 -0.0645 -17.39
2. Precinct-Wide 0.3709 0.4416 =0.0707 -19.06
3. Artificial 0.3709 0.4367 -0.0658 -17.74
Unit Level , : o o

' Avg. Abs. Avg. Abs. Abs. Rank
Workload Difference _ - % Difference Difference Sum
1. Baselirie 0.041 ' 9.53 16 (sig., 1%)
2. Precinct-Wide 0.049 11.37 “ 20 (sig., 1%)
3. Art1f1c1al ©0.046 - 10.67 .~ - 22 (51q., 5%). e
Cross-Beat Dispatches 4 ! ; Sy
1. Baseline - 0.093 i 25.07 22 (sig., 5%)
2. Precinct-Wide 0.088 i 23.73 20 (sig., 1%) .
3. Artificial 0.104 . 28.04 | 30 (not sig.)  .°
Travel Time-min. (sec.) ; . ‘
1. Baseline 0.442(26.52) 6.08 | 22 (sig., 5%)
2. Precinct-Wide ., 0.545(32.70) 7.50 20 (sig., 1%)
3. Artificial 0.809(48.54) 11.13 30 (not sig.)

Beat Level

Cross~Beat Dispatches : o
1. Baseline 0.082 22.11 ‘ 34 (not sig.)

2. Precinct-Wide 0.086 23.19 30 (not sig.)’
3. Artificial 0.083 22.38 ' 28 (not sig.)

Travei Time-min. (sec.) |

1. Baseline 0.747(44.82) - 10.28 ' 12 (sig., 1%)

2. Precinct-Wide 0.679 (40.74) 9.34 ‘ 12 (sig., 1%)

3. Artificial 0.734(44.04 10.10 ‘ 20 (sig., 1%)

aBasellne? administrative calls for each unlt are distributed
entirely within that unit's beat in the same distribution as dispatched
and self—lnltlated calls.

bPrec1nct—W1de. admlnlstfatlve calls are distributed throughout
the prec1nct in the same proportlon as dlspatched and self—lnltlated calls.

CArt1f1c1al administrative ‘calls for each un1t are placed in an

" artificial reporting area located in the geographic- center of each beat. =
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at the-unit level. The artificial reporting area option proadcéé
larger estimating errors for cross=beat dispatching and travel
times at the unit level.

- g;_ﬂgLL*sg]econn rule - _Hypercube runs were made for each_
uf the fixed preference dispatching rules for utnit selection
_available in the hypercube model. The comparison measures .for "each
~run are shown in Table 4-11. 1In general, the effects of the
different unit 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 forrunit and beat travel times are consistently better than model
estlmates for the fraction of beat and unit cross-beat dispatches.
All of the hypercuhe estimates,; except cross-beat dispatches at
" the beat level, produce unit and beat rankings that are very close
to the emplrlcal results.

e Effect of data sampling on input data and hypercube accuracy -
The baseline comparisons for St. Louis County are based on a 100
percent sample 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

==k Qporeent of the call populatlon. 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. #ven the 10 percent sample (only
4.7 calls per reporting area) produces relatively good results:

Data Population 10 Percent Percent

Ttem value* Estimate Error
Service min./hr. 1 284.6 281.4 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.

Except for cross- beat dispatching, all of the estimates baséﬁ on the 10
percent sample are within 5 percent of population values. To
investigate the effects of the data samples on the workload distri-
bution over the reporting areas, hypercube estimates were determined
using the corresponding workload 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-
siderable stability for the 50 and 25 percent sample and only slight
Qegradation for’the 10 percent sample. These results suggest that
hypercube results obtained with worklocad 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—ll

COMPARTSON STATISTICS FOR FOUR DISPATCHER UNIT SELECTION RULES
ST, LOUIS COUNTY

Région Level A : .
' “Percent
) - Empirical Hypercube Difference . Difference
Avg. Workload ' ' . S , '
1. Baseline-MCM 0.431 0.431 . 0.00 - -8.00.
2. EMCM . 0.431 0.431 1 0.00 ‘ 0.00
3. SCM 0.431 0.431 - 0.00 ‘ 0.00
4. ESCM 0.431 0.431 0.00 0.00
Cross-beat Dispatches B : :
1. Baseline- MCM 0.3709 0.4354 s ~-0.0645 -17.39
2. ~EMCM 0.3709 0.4355 ~0.0646 =-17.42
3. SCM -0.3709 0.4353 -~0.0644 - =17.36
4. ESCM : ~ 0.3709 . 0-4365 —-0.0656 -17.69
Unit Level o ‘ . : -
Avg. Abs. Avg. Abs. Abs. Rank
Workload Difference % Difference . Difference Sum
1. Baseline-MCM 0.041 ~ 9.53 " T 16 (sig., 1%)
2. EMCM . 0.038 : 8.82 - | 18 (sig., 1%)

=3, BCM - 0.049 - 11.37 . 22 (sig., 5%)

4. ESCM 0.049 ©11.37 20 (sig., 1%)
Cross-beat Dispatches : . ‘ } .
1. ‘Baseline-MCM ©0.093 25.07 - 22 (sig., 5%)

2. EMCM 0.091 24.53 24 (sig., 5%)

3. SCM 0.100 26.96 26 (sig., 10%)

4. ESCM 0.121 32,62 28 (sig., 10%)
Travel- -Time-min. (sec.) o ‘

. 1. Baseline-MCM ~~ 0.442(26.52) 6.08 22 (51g., 5%)

2. EMCM ©70.3987(23.88) SUAT e e B L g e B R ) e e
3. scM ~ 0.609(36.54) 8.38 , . 22 (sig.,-5%) et
4. ESCM 0.637(38.22) 8.76 | 28 (sig., 10%).

Beat <

Cross-beat Dispatches : ) Ny

‘1. Baseline~MCM 0.082 . f 22.11 34 (not sig.)

2. EMCM 0.082 - = 22,11 34 (not sig.)

3. SsCcM 0.080 21.57 : ~ 34 (not sig.)

4. ESCM - 0.087 23.46 . 32 (not sig.)

Travel Time-min. (sec.) : ' _ : R :

1. Baseline-MCM = 0.747(44.82) 10.28: 12 (sig., 1%)- g
2. EMCM N O 660(39.60) 9.08 o 12 . (sig., . 1%) o
3. sCM o 0.734(44.04) - 10.10 : 18 (sig., 1%) =~ T
4.  ESCM ’ 0.732(43.92) 10.07 16 (sig., 1%)
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Table 4-12

- EMPIRICAL STATISTICS BASED ON 100, 50, 25, AND
‘10 PERCENT SAMPLES OF THE ST. LOUIS COUNTY BASELINE- DATA

| Co : Empirical Data Base
Sample size (%) 100.0 50.0 25.0 10.0

[k

No. of Calls 5,362 2,681 1,341 536
Calls/Beat (11) : 487.5 243.7 121.9 48.7
Calls/Reporting. Area (Li4) e 47.0 23.5 11.8 4.7
e Number of Incidents
Dispatched & Self-Initiated 2,836 2,830 2,708 2,817
Adnministrative 2,526 2,532 2,654 2,545
Total 5,362 5,362 5,362 5,362
- @ Number of Service-Minutes/
Hour "
Dispatched & Self-Initiated 164.1 163.9 158.8 153.3
Administrative 120.5 120.5 136.2 128.1
Total , 284.6 284.4 295.0 281.4
® Service Time/Call
Dispatched & Self-Initiated 26.95 27.17 27.39 26.62
Administrative ‘ 22.00 21.22 22.60 24.43
Total (weighted) 24.62 24 .37 25.03 25.58
e Call Rate@ -
Dispatched & Self-Initiated 6.09 6.03 5.80 5.76
Administrative 5.48 5.68 6.03 5.24
Total (weighted) 11.56 11.67 11.79 11.00
e Travel Time (minutes/
call)
Dispatched & Self-Initiated 7.27 7.22 7.59 7.60
Administrative ' b b b b
Tobai'1%e1guccé) SRRt 7.27 7.22 7.59 7.60
® Cross beat DlSpatchlng T S R Lt st L sl o s
“Fraction (regionwide)
. Dispatched & Self—Inltlated - 0.3709 0.3560 0.3984 0.4279
" Administrative : b b b b
Total (weighted) 0.3709 0.3560 0.3984 0.4279

dcall rate equals the number of service minutes per hour
divided by the average service time per call.

, ¥ bAsslgnment locations and arrival times were not available for
‘administrative calls.
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Table 4-13

COMPARISON STATISTICS FOR FOUR WORKLOAD

" DISTRIBUTIONS BASED ON SAMPLES OF 100, 50

Arhe 1nput data used for each hypercube run was
line data set except for the geographlc distribution of workload. i

'’ 25, AND 10 PERCENT OF THE ST. LOUIS COUNTY BASELINE DATAZ

Reglon Level : Percent
Empirical Hypercube Difference Difference

Avg. Workload :
I, 1G0%” 0.431 0.431 0.00 0.00
2. 50 0.431 0.431 0.00 0.00
3. 25 0.431 0.431 0.00 0.00
4. 10 0.431 0.431 0.00 0.00
Cross—-beat Dispatches
1. 100% 0.3709 0.4359 -0.0650 -17.52
2. 50 0.3709 0.4389 -0.0680 -18.33
3. 25 0.3709 0.4410 ~0.0701 -18.90
4. 10 0.3709 0.4474 ~0.0765 -20.63
Unit Level . : :

; Average Abs. Average Abs. Bbs. Rank.
Workload Difference % Difference Difference Sum
l. 100% 0.041 9.53 21(sig., 5%)
2. 507 0.045 10.44 22 (sig., 5%)
3. 25 0.043 9.97 16(sig., 1%)
4. 10 0.052 12.06 28(sig., 10%)
Cross-beat Dispatches
1. 100% 0.096 - 25.88 26 (sig., 10%)
2. 50 0.088 ' 23.73 24 (sig., 5%)
3. 25 0.097 26.15 30 (not sig.)
4. 10 0.084 22.65 20 (sig., 1%)
Travel Tlme—mln {sec.) ~ ;

1. 100% 0.460(27.6) 6.33 22 (sig.; 5%)
2. 500 0.485(29.1) 6.67 18(sig., 1%)
3. 25 0.395(23.7) 5.43 16 (sig., 1%)
4. 10 0.694(41.6) 9.95 ‘24 (sig., 5%)
_Beat Level L o
Cross—beat Dlspatches ' o
1. 100% ' 0.081 ¢ 21.84 34 (not: 51g )
2. 50 0.083 22.38 30 (not 51g N
3. 25 ~0.083 : 22.38 " 28(not sig.)
4. 10 0.099 - 26.69 o ,38(not’51g )
Travel Time-min. (sec.) | o
1. 100% . 0.675(40. 5) . 9.28 . lé(sig.,: 1%)
2. /50 1 0.703(42.2) 9.67 = l4(sig., 1%)
3. .25 0.730(43.8) 10.04 s "16(sig., 1%)
4./ 10 0.725(43.5) = 9.97 .. - -I4(sigu, 1%}

£

ba11 four workload distributions were based on unwplghted 1nc1dent

fcounts for each reportlng area.

sults shown in Table " 4-9 to determine the effects of using total serv1ce
time versus 1nc1dent counts for workload dlstrlbutlons. W -/ e

W

Ina R g L
mﬁ \ ‘ \ A 7 .
\ . p AR . . o

N RN e L
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/1

1dentlcal”to tHe base—

C};

'As a result, the comparison statistics for .
/ the 100 percent sample presented in this table can be compared wrth the re- -
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vary significantly from estimates based on 100 percent samples.

. ® Call rate variatiohs - To test the effects of inaccliracies
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 constant 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 activities was Pasadena, California. This city differs in many
ways from St. Louis County. Although Pasadena encompasses an

area of only 21 square miles--less 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

“Police Department uses a geographic reporting system based on 134

reporting areas. The average reporting area in Pasadena covers

- 0.16 square miles compared to an average area of 1.05 square miles

"in St. Louis County.

Also in cepntrast 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 data was the card filled

out by dispatchers at the time of each radio assignment. Approximately

160,000 dispatch records are produced each-year. - Po obtain the data
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COMPARISON STATISTICS FOR FOUR CALL

Table 4-<14

RATES WITH THE ST. LOUIS COUNTY BASELINE DATA

Region Level

Avg. Workload

1. Baseline-11.56 calls/hr.

2. 10.75
3. 9.94
40 9.,.13

Cross-beat Dispatches

1. 11.56 calls/hr.

2. .10.75

3. Y9.94-

4. 9.13

Unit Level
Workload

1. 11.56 calls/hr.
2. 10.75

3. 9.94

4, 9,13

Ctoss~beat Dispatches

v Percent

Empirical Hypercube Difference Difference
0.431 0.431 0.000 0.00
0.431 0.401 0.030 ¢ 6.96
0.431 0.371 0.060 13.92
0.431 0.341 0.090 20.88
0.3709 0.4354 -0.0645 -17.39
0.3709 0.4054 =0.0345 -9, 30
0.3709 0.3752 ~0.0043 ~1.16
0.3709 0.3449 0.0260 7.01

Average ABs.
Dif ference

1. 11.56 calls/hr.

2. 10.75

3. 9.94

4. 9.13

Travel Time-min. (g2c.)
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

Travél Time-min. (sec.)

1. 11.56 calls/hr.’
2. 10.75

3. 9.94

4

. 9.13

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
0.05%
0.051
0.0495

0.747(44.8
0.743(44.6)
0.735(44.1).

0.735(44.1)

e ke
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Average Abs.
% Difference

Abs. Rank
Diffefence Sum

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

16
17
20
20

22
24
24
24

22
22
24
28

34
34
34
34

12
12
" 16
- 16

(sig., 1%)
(sig., 1%) °
(sig., 1%)
(sig., 1%)

(sig., 5%)
(sig., 5%)
(sig., 5%)
(sig., 5%)

(sig., 5%)
(sig., 5%)
(sig., 5%)
(sig., 10%)

(not sig.
(not sig.)
(not sig.)
(not sig.)

(sig., 1%)

(sig., 1%)
(sig., 1%)
(sig., 1%)

'{\l )



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:

e 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
citizens at police headquarters. These dispatch cards were elimi-

nated since they represented work that was not handled by field
patrol units.

e Time of day - The dispatch data were divided into three
watches reflecting the night, day, and afternoon tours which varied
considerably in workload intensity.

e Middle six hours of each watch - The Pasadeha Police Depart-
ment uses three 1l0-hour watches per day. To eliminate the effects
of the six hours of overlap between watches and watch changeovers,
only the middle six hours of each watch were used to obtain empirical
statistics. The three subtours 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 requirements on the size of the final data base

are summarized below:

No. of

Requirement Records
Original 38 days 6,892
Field units only 6,253
Middle six hours 4,611
1:30 a.m. - 7:30 a.m. 787
9:30 a.m. - 3.30 p.m. 1,521
5:30 p.m. - 11:30 p.m. 2,303

Of the 4,611 field unit incidents, 4,001 were hahdled‘by beat uwnits
and 610 were handled by supervisors, uniform agents, meter maids,
and other field units.

The daily assignment sheets for the department were

used to determine the number of units and beat configuration for .
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each watch over the 38 days of interest.

in Table 4—15;

varies from 6 to 15.

Even moré variation exists in the number of k
different configurations uged within each watch. Over the 38 days?
examined, 15 configurations were used on the night watch, 22 j
configurations were used on the day watch

and 21 configurations
were used on the

afternoon watch.

The most frequently used con': |
figurations appear on the night watch where one configuration

\‘1, i
\

o
A «f‘,

I\

9

for eight units, and another for nine units were each used on nine\
of the 38 days examined.

it

i

i
j
:
(i
Despite the small 1nc1dent count for thé\

night watch, these two conflguratlons were used to obtain the basew
line empilrical data.
With the dispatch records discussed above, plus additional

information obtained from the department's Planning and Research

Office, empirical results and input data for the hypercube model wer
produced. These results are summarized below.

e Geographic data - Regardless of the number of units flelde&ﬂ
the Pasadena Police Department always uses the same seven geoqraphlw“
beats (see Figure 4-2). Units are assigned to two or more beats, !
or doubled wup LnSlnglebeats as needed. The geographic coordinates: |
and area fom each reporting area were supplied by the Planning. and i
Research Offlce. The number of reporting areas in each beat and
resulting héat sizes are given belDw-

. Number of Repo ~ting Slze " 3 K
Beat Areas (square mlles) B
1 22 | 6.57 |
2 18 . ; 2.23
3 18 2.73 !
4 18 ‘ 3.54
E-!‘ 20 : E 1154
& 14 | 1.57
7. 24 p | 2.79 :
134 C 20,97
113

The results are summariﬁed
Over the 114 watch-days, the number of units fleldEd

i

»
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Table 4-15

NUMBER OF BEAT UNITS FIELDED AND BEAT CONFIGURATIONS
USED DURING THE 38 DAYS COVERED
BY THE PASADENA EMPIRICAIL DAT#H

Watch
No. of I II IIT
Units Night Day Afternoon Total

6 5% 0 0 5

7 7 2 0 9

8 il 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 BReat

Configurations 15 22 21 58

*Entry i~dicates that on five occasions there were
exactly six units fielded on the night watch.
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SEVEN-BEAT CONFIGURATION, - PASADENA, CALIFORNIA, 1975
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e 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 appearantes, 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, administrative workload
included some activities which were defined as dispatched assign-

* fments 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

7 assignments. For both configurations, the non-CFS workload repre-

sented over two-thirds of all unit workload.

o Serv1ce time ~ The definition used to determine 'service
times in Pasadena was identical to that used for St. Louis County
(i.e., the difference between 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-unit configurations.

e Travel speed - Like St. Louis County, Pasadena had no
reliable data on average travel speed. Accordingly, an estimate
of regionwide travel time based on empirical data was used to
obtain a calibrated travel speed. Data based on the eight-unit
configuration produced a travel time of 4.65 minutes which yielded
a calibrated travel 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.

e Dispatch policy -~ Based on discussions with department

'Vpersonnel, the 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. No 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,
dispatchers in Pasadena routinely assign incidents to non-beat units
(e.g., supervisory unlts, detectlves, and in some 1nstances, meter
maids).

o=l

® DPreventive patrol policy - The Pasadena Police Department

allows .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,

16—



Table 4-16
ESTIMATED NON-CFS WORKLOAD FOR FIELD PATROL UNITS, ~cm%mg
PASADENA ASSESSMENT DATA ‘ :
Total Minutes/ Minutes/Unit/
Time Unit Hour
Night Watch
23:30-1:30 8l.4 40.7
1:30-7:30 147.8 24.6%
7:30-9:30 55.7 27.9
TOTAL ° ‘ 284.9 28. 4
Day Watch
7:30~ 9:30 91.5 45.8 ) SRR
9:30-15:30 203.3 33.9 B
15:30-17:30 70.2 | 35.1
TOTAL 365.0 : 36.5
Afternoon Watch » ‘ e
15:30-17:30  89.7 44.9 -
17:30-23:30 193.3 . 32.2
v 23:30- 1:30 __67.0 ' ' 33.5
TOTAL 350.0 C 35.5°
*Used for the baseline data for Pasadena.
o .y W : . ) RRRL T
L‘”’ ‘ . fex] ’ o 1']/:7A o L . ’ : ‘ : :° _— ; | ’ \ . '?“-“*”“”*‘—~“‘,‘%“~4i
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Table 4-17

EMPIRICAL PATROL DATA FOR PASADENA
NIGHT WATCH, 1976

Configuration
Eight-Unit Nine-Unit
Number of
Incidents 165 157
Number of CFS
Service~Minutes/
Hour@d 96.6 85.8
(N=136) (N=136)
Number of Non=CFS
Service-Minutes/
Hourb %.196.8 221.4
Total Service-
Minutes/Hour 293.4 307.2
Service Time/ .
Call (minutes) 22.3 21.8
(N=113) (N=92)
13.2
Call RateC
Travel Time/
Call (minutes) 4.65 3.65
(N=97) (N=73)

aadjusted for multiple car assignments

bpased on a fixed administrative tlme/unlt for 1:30 a.m. to
:30 a.m. (See Table 4-16).

Crotal service-minutes/hour divided by service-time/call.
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" the probability of saturation for the comp051te result appears to

b

o
<

‘beat units tend to patrol higher workload areas more frequently. | s .
Consequently, the preventive patrol factors for the hypercube runs «
were set according to the workload distribution by reporting area.

® Geographic workload distribution - Description of the

geographic distribution of field workload was hampered by (1)
small data samples for each configuration, (2) a lack of depart-
ment records documenting the location of administrative workload,
‘and (3) service times. 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.
Louls County were also considered in Pasadena. Placement o6f 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 proflle based on the hypercube
results for each conflguratlon,

X

The empirical results and corresponding hypercube estimates
for both the eight- and nine-~unit configurations are shown in
tables 4-18 through 4-21. Comparison measures for each configur-

ation and composite results are shown in Table 4-22.

by

The following obseryations are based on the comparison
statistics in Table 4-22.

e Workload - The regionwide average workload estimates o=
produced by the hypercube model are reasonably close to the empiri= TeE
cal results despite the small data base for each comparison.. It ;
is believed that the errors between the emplrlcal and hypercube ’ e
results are due primarily to the fact that department dlspatchers ;
do not always call non-beat units when every beat unit is busy.h -

As a result, the zero capac1ty giietie option used 111thlsihypercube

analysis only approx1mates actual dispatcher behavior. Hypercubey
estimates for unit workloads are as accurate as-those derived w1th\

the St. Louis County data, The agreementﬁbetween hypercube and Y
empirical unit workloads is not surprising in view of the relative \§‘
volume of administrative work that was added to each unit's work-

load. The administrative workloads vhlchAnere based on Department \Xy
estimates, are not considered as rellable as“phe dispatch records | '
that were used to obtain CFS workload. The hypercube estlmate for
be reasonably accurate desplte the large errors\for the 1nd1v1dual
conflguratlons g 3, : .

e Cro s-beat dispatching - At every level of\comparlson, the‘

hypercube m@del produces very poor estimates of crass—beat dlspatchlng.
T . K o e 113 : ’ ,,X"‘i = 7 x'f’
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Table 4-18

BASELINE“ﬁﬂﬁiRTCAL'DATA FOR PASADENA,
~BEIGHT-UNIT CONFIGURATION,
NIGHT WATCH, NINE TOURS

Region Data

Number of reporting areas 134
Number of units v 8
Beat configuration 1112111%
Call rate (calls/hour) 13.16
Service time (minutes/call) 22.3
Average utilization 0.611
Region-wide average workload . 0.585
Probability of saturation 0.0433
Stan. dev. of unit workloads 0.0897
Max. workload imbalarice 0.276
Region~-wide travel time (min./call) 4.65
Fraction of cross-beat dispatches 0.5200
Unit Data
' _ Cross— Travel
Unit Workload % beat % Time
1 0.503 86.0 0.6667 128.2 4.22
2 0.534 91.3 0.5556 106.8 8.56
3 0.577 ' 98.6 0.6667 . 128.2 3.00
41 0.514 87.9 0.4286 82.4 3.86
42 0.514 - 87.9 0.4286 82.4 3.86
.5 0.779 133.2 “.5172 Q2.5 4.5%
) 6 0.670 114.5 .4000 76.9 3.88
! 7 0.586 100.1 0.5333 102.6 4.88
Beat Data ‘
Cross-— Travel
Beat Workload % beat % Time
1 0.579 94.8 0.7273 139.9 7.45
2 0.623 102.0 0.7500 144.2 6.00
3 0.497 81.3. 5 0.5714 109.9 3.43
41 1.008 165.0 0.2000 3R.5 4.20
42 ‘1.008 165.0 0.2000 38.5 4.20
5 0.735 , 120.3 0.3636 69.9 5.05
6 0.756 123.7 0.5714 109.9 2.90
7 0.692 113.3 0.4615 88.8 . 4.00

- *Configuration 1112111 indicates the number of units assigned
to each of the seven beats (i.e., one unit to Beats 1,2,3,5,6, and
7, and two unlts to Beat 4). ,
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BASELINE EMPIRILAL DATA FOR PASADENA,
NINE~UNIT \CONFIGURATION,

NIGHT WATCH NINE TOURS ‘ e
Region Data
Number of reporting areps 134~
Number of units : 9
Beat configuration B : 1112121
Call rate (calls/hour) 14.07
Service time (minutes/call) ¥ o 21.83
Average utilizatdon o 0.569
Region-wide average .workload : 0. 519
Probability of saturation 0. 0857
Stan. dev. of unit’'workloads = . 0. 0500
Max. workload imbalance 0.163 -
Region-wide travel time (min./call) 3.65 )
Fraction of crass-beat dispatches 0.5205
Unit 'Data
Cross- _ Travel :
Unit Workload % beat % Time : \;‘
1 - 0.434 83.6 0.3333 64.0 3.33
2 0.597 115.0 0.5455 104.8 4.08
3 0.559 107.7 0.5385 103.4 32.62
41 0.470 90.6 0.3333 64.0 2,00 .
42 - 0.470 50.6  ©.3333 64.0 2,00 T =
5 ~ 0.537 103.5 0.3333 64.0 4.07 o ,
61 0.518 99.8 0.8667 = 166.5 3.00 e
~62 -.0.518. --99.,8 Q8667 X665 .7 3,00 ¢ T
7 0.569 109.6 0.4000 76.8 4.60
Beat Data ; ) )
Cross- Travel
Beat Workload % beat % Time -
1 .700 123.0 ..0.8182 157.2 4.09
2 .591 103.9 0.2857, 54.9 4.14
3 .535 J94,0 0.0000 © 0.0 . 2.33° :
41 .946 166.3 0.3333 64.0 3.83 -
42 i .946 - l66.3 0.3333 64.0 - 3.83
5 .687 - 120.7 0 0.4444 85.4 3.39
61 .993 174.5 Nn.6000 115.3 - 8.20
62 .993 174.5 0.6000 115.3 - 8.20
7 .669 117.6 _0.7000 - 134.5 2.65
: : : . ) . ) - “‘
121, - ' s e = =
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' Table 4-

20

HYPERCUBE ESTIMATES FOR THE PASADENA EIGHT-
UNIT BASELINE DATA, NIGHT WATCH,
. NINE TOURS

Region Data

Unit

%

Beat

@

Number of reporting areas
Number of units

Beat configuration
Dispatching policies

Preventive patrol policy

1412

.8

1112111

Beat first, zero
capacity queue, EMCM

Proportional to report-
ing area workload

.
unit

Call rate (calls/hour) 13.16
Service time {minutes/call) 22.30
Average utilization 0.611
Region~-wide average workload 0.572
Probability of saturation 0.0650
Stan. dev. of unit workloads 0.072
Max. workload imbalance 0.186
Region-wide travel time (minutes/call) 4.65b
Fraction of cross—beat dispatches 0.4354
Data .
Cross- Travel
Unit Workload % beat % Time
1 0.507 88.7 0.4295 85.0 6.40
2 0.578 101.1 0.5439 107.7 4.05
3 0.555 97.0 0.6G79 120.4 4.78
41 0.498 87.1 0.2729 54.0 5.15
42 0.498 87.1 0.2729 54.4 _» 5.17
5 0.661 115.6 0.6148 121.7 3.73
6 0.683 119.5 0.6469 128.1 3.99
7 0.594 103.9 0.5389 106.7 4.53
Data
1 0.588 96.2 0.4733 93.7 6.35
2 0.625 102.3 0.5488 108.6 4.53
3 0.488 79.8 0.5240 103.7 4.35
41 1.001 163.7 0-.2296 45.4 4.69
42 1.001 163.7 0.2296 45.4 4.69
5 0.751 122.8 0.6368 126.1 4.03
6 , 0.763 124.8 0.6612 130.9 3.95
7 0.676 11¢.5 0.5662 112.1 4.90

aOne hundred thirty-four reportlng areas plus one artificial

area for each of the seven geographic beats.

bpased on a travel speed calibrated to yleld a region-wide
travel time of 4.65 minutes.
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Table 4-21

HYPERCUBE ESTIMATES FOR THE PASADENA NINE-
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

Starn. dev. of unit workloads

Max. workleocad imbalance
Region~wide travel time (minutes/c
Fraction of cross-beat dispatches

1412 °
9 " :

1112121

Beat unit first, zero

capacity gqueue, EMCM

Proportional to report-

ing area wprkload __

Unit Data

Cross-

Unit Workload % beat

1 0.490 89.8 0.2759

2 ' 0.537 98.5 0.4848

3 0.512 193.8  0.4990

41 0.453 83.0 0.2096

N 42 0.453 - 83.0 0.2110
N 5 0.623 114.3 0.5750 -
| 61 0.647 118.7 0.5726
62 0.647 118.7 0.5728
7 0.547 100.3 0.4423

~"Beat Data

Cross-

Beat Workload % beat

1 0.695 122.1 0.4680

2 0.598 105.2 . 0.5173

3 0.524 92.1 0.4910

41 0.930 163.5 0.2008

42 0.930 163.5 0.2008

5 0.705 124.0 0.6073
51 0.994 174.7 0.4181

62 0.994 174.7  0.4181

7 0.673 118.4 0.5277

area for each of: the seven geographic beats.

Ppased on a travel speed calibrated ‘to yleld a reglon—w1de travel

time of 3.65 minutes.

5w
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Q0ne hundred. thirty-four reportlng areas plus ane drtlflClal

14.07
i /
0.569
0.545 ~
0.0413
0.078 oo :
0.195 e
3.650
0.4446 . A
- Travel .
2 Tlme
62.0 5,15 e
109.0 3.26
112.2 3,72
47.1 4,17
47.4 4,17 . , ;
~129.3 e N
128.8 i 3.22
128.8 [ 3,22
99.5 / 3.53°
/ i
g Travel
J
.. 105.3 | 5.18
I16.3 | 3.59
110.4 , 3.48
45.2 q 3.98
45.2 1 3.98
136.6 ﬁ 3.07
94.0 | 2.74
94.0 | 2,74
118.7 | 3\74
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Table 4-

22

COMPARISON STATISTICS FOR THE

PASADENA BASELINE DATA

HYPERCUBE AND EMPIRICAL ESTIMATES BASED ON THE

Region Level ;. Percent
Empirical Hypercube Difference Difference
Avg. Workload ‘ -
Eight-unit 0.585 0.572 0.013 2.22
Nine-unit 0.519 0.545 -0.026 -5.01
Composite® 0.552 0.559 -0.007 -1.27
Probability of Saturation
Eight-unit 0.0433 0.0650 -0.0217 -50.12
Nine-unit 0.0857 0.0413 0.0444 51.81
Composite 0.0645 0.0532 0.0113 17.52
Cross~beat Dispatches
Eight-unit 0.5200 0.4354 0.0846 16.27
Nine-unit 0.5205 0.4446 0.0759 14.58 ~
Composite 0.5203 0.4400 0.0803 15.43
Unit Level
Avg. Abs. Avg. Abs. Abs. Rank
Workload Difference % Difference Difference Sum
Eight-unit 0.030 5.12 8 (sig., 5%)
Nine-unit 0.063 12.14 22 (not sig.)
Composite 0.0465 8.42 15 {(not sigqg.)
Cross-beat Dispatches
Eight-unit 0-121 23.27 20 (not sig.)
Nine-unit 0.142 27.28 17 (not sig.)
Composite 0.1315 25.28 18.5 (not sig.)
Travel Time-min. (sec.)
Eight-unit 1.55(93.0) 22.33 30 (not sig.)
Nine=unit 1.08(64.8) 29.59 29 (not sig.)
Composite 1.315(78.9) 31.69 29.5 (not sig.)
Beat LevelC®
Cross—-beat Dispatches :
Eight-unit 0.143 27.50 .17 (not sig.)
Nine-unit 0.246 47.26 18 (not sig.)
‘" Composite 0.1945 37.39 17.5 (not sig.)
Travel Time-min. (sec.)
Eight-unit 0.99(59.4) 23.86 10 (sig., 5%)
Nine-unit 1.40(84.0) 33.73 18 (not sig.)
Composite 1.195(71.7) 128.80 14 (not sig.)

Comp051te values for all hypercube and empirical estimates on the
region level, and for average absolute differences and.absolute rank

../ difference sums on the beat and unit levels are computed as the weighted
average of the values for the eight- and nine-unit conflguratlons.

bSLgnlflcance test for the composite rank difference sum is based
on thecritical value for an eight-unit configuration.

“Beat data comparisons are calculated on the basis of seven

geogxaphlc beats.
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In most instances, the average absolute per&ent 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 1nd1v1dual
beat or unit estimates.

e Travel time - At both the unit and beat level, the hypercube
#ravel time estimates are sionificantly different from the empirical
values. The average absolute differences between individual hyper-
cube "and empirical estimates usually exceed one minute.

__In general, the baseline comparisons for Pasadena offer little
support for the accuracy or usefulness of the hypercube model. Tt
is important to note, however, that these resﬁlts are bhased on vefy'”
small data sets.* Further work is needed to identify more clearly |

what size data base is needed to obtain useful results, and what

-, dopartment characteristics should be: used to determine how much data

is needed. The answers to these questions~meywyield important

‘7,

insights into the number of police agencies. that can profltably use
the hypercube model for beat design. .

Additional COmparisons were performed with the Pasadena data
to investigate the effects on hypelcube accuracy when the size of
the data base is 1ncreased oy 1ncludlng data from tours whlch con-
tain dlfferent numpers of units or different beat configurations.
Both of these comparisons are dlscussed below. |

e Number of units -~ The baseline Pasadena comparlsons use
data describing field- pexrormance statigtics for tours with the .
same number of units deployed in the same beat conflguratlon. Addi~- .
tional comparisons were made to examine the effects of using input
data based on tours with the same number of units, but not necesg~
sarily the same beat configuration. On the night watch, for example,
the elght—ungt‘basellne configuration for Pasadena is based on nine *
tours. Includiqg all eight-unit tours on the night watch, regard—“
less of configuration, adds two tours. Similarly, using all nine-
unit tours on the night watch increases the number of tours from 9

. to 13. As a result, composite hypercube estimates, based on all

eight- and nine-unit tours on the night watch, are based on 24
rather than 18 tours.: ° : , .

o . j 51
*The compoS$ite Pasadena results are based on‘dhly 322 inci- .
dents, an average of* 2.4 calls per reporting area. In contrast, “the'

1¢ percent sample discussed, above for St. Louis.County contalned B A

.536 incidents, an average of 4.7 calls per reporﬁ\ng area. <

, EL ’ v ' ; kfi
] '3") ; . . @
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_units and a variety of beat conflguratlons.

‘ are identified as the configuratidn leyeliunder the night watch

e All watch data - The second variation examined expanded ,
.the data base to include all tours for each watch. With this’ optlon,
hypercube estimates based on a fixed number of units and conflguratlon
are compared with data reflecting tours with dlfferenct numbers of

The number of tours and 1n01dents used in each comparison with

A

o

’these optlons are shown in Table 4-23. The basellne Pasadena data

&

] %

g N
7

|

(nine “*ours with the eight-unit conﬁiguration arid nine tours with

.nine-unit configuration). At the unit level, the night watch e
’ ’ = ; £ o .

o

~results are based on 11 efgthunit tours and 13 nine-unit tours

(459 incidents); the day watch results are based on 7 nine-unit
& ] ’ .
tours, 6 ten-unit tours, and 7 eleven:gnit tours (815 incidents);

and results for the a terhoon watch are based on 12 eleven-unit
tours and 12 twelve—unrt tours (1, 401 1nc1dents) Watch level
results 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.
The follow1ng observations are based on these cdomparisons:
e Workload - Both the regionwide average workload and unit o
workload estimates become less accurate as the overall workload /
level of the watch increases (in order of inc¢reasing workload, the
watches are night, day, and afternoon), and there appears to be no )
infprovement in workload estimates with larger.sample sizes. Dis- /

cussions with ‘department staff indicated that less accurate workload
estimates for the busier watches may reflect the "unofficial"

_ practice of stacking calls at the beat level. The assessment com- ~

parisons’ for the probability of saturation seem to support this

_suggestion.~ Despite threefold increases in the hypercube estimate

of the probability of saturation from the night to aftérnoon watch _ﬂaxﬁiﬁt

iy

-unit levels is wvery bad. Increasing sample size appears to have

(the afternioon watch workload was approx1mately three times greater j
than the night watch workload), the empirical values for the proba- [
bility of saturation remain almost the same. Q.

e Cross-beat dispatching - In general, the accuracy of hyper-
cube cross-beat dispatching estimates ,at the regionwide, beat, and B (2

little effectyon accuracy except for the rank difference sums for
beat level estlmates. A ’ . . R =

.8 _ Travel time - At both #he beat and unit level, the hynercube
estimates become more acgurate ‘as, sample size 1ncreases. ,
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’ ! Table 4-23 . .
L ’ NUMBER OF TOURS AND INCIDENTS BY COMPOSITE LEVEL AND WATCH,
0 : PASADENA‘ASSESSMENT’DATA
Watch
Night - Day Afternaon
Number of Units. Number of Units o Number of Units s

Composite Level ] 9 Composite ] 10 L1l Composite 11 12 Comp051te’ij
{}Beat configurétion) (lilZill) (1112121) - (1111221) (1111222) (1112222) - (1211321) (1211331) -
“Configuration SF . o _

Number of tours 9 9 18 - - - - - 5 -

Number of incidents 165 157 322 - - = - - -

Incidents/reporting area ©1.23 1.17 2.40 "

: b . o @
Unit

| : 24

Number of tours 11 13 24 7 6 7 20 12 12

Numbér of incidents ~ 225 234 459 274 . 253 288 815 739 7 662 1,401 '

Incidents/reporting area . 1.70 1.75 3.43 2,04 1.89 2.15 ‘§.08 5.51 4.94 v10.46

c . . : . to

Watch : 7

Number of  tours 38 38 38 38 38 38 38 .38 .38 : 38

Number of incidents 785 785 785 1,522 1,522 1,522 1,522 . 2,299 ‘2,299’ 2,299

5.86 5.86 % 5.86 11.36 11.36 11.36 11.36 17.16 17.16

Incidents/reporting area

aComposites at the configuration level are based on the weil
piled for tours with the same number of .units:and beat configura

bComposites at the unit level are based on the weighted average (number of tours)
tours with the same number of units but not necessarily the same beat configuration.

CComposites at the watch level are basedfpn the weighted a
statistics compiled@ for each beat configuratioh over all 38 tou

@

3

S

ghted average (number of tours) of fielé\sfatgstics com-
tion. . R K

N

N
of field statistics compiled for

.

verage (number of tours used at the'unit-ievel) of field -
rs for -that watch. ) ‘

.

e




- Table 4-24

COMPARISON STATISTICS FOR THE PASADENA ASSESSMENT

o DATA AT THE CONFIGURATION,
NIGHT WATCH, EIGHT-

UNIT, AND WATCH LEVEL,
AND NINE-UNIT COMPOSITES

Region Level : ‘ Percent
Empirical Hypercube ‘Difference Difference
Avg. Workload .
Configuration® 0.552 0.559 =0.007 -1.27
Unit 0.568 0.568 0.00 0.00
Watch 0.585 0.577 0.008 1.37
~ Probability of Saturation §
Configuration 0.0645 0.0532 0.0113 17.52
Unit '0.0588 0.0573 0.0015 2.55
Watch 0.0476 00606 -0.0130, -27.31
Cross-beat Dispatches i, .
Configuration 0.5203 0.4758 0.0445 8.55
Unit 0.4934 0.4833 0.0101 2.05
Watch 0.4790 0.4889 -0.0099 -2.07
Unit Level
Avg. Abs. Avg. Abs. Abs. Rank
Workload Difference ¢ Difference Difference Sum
Configuration 0.0465 8.42 15 (not sig. ﬂ)
Unit 0.053 9.33 14.3 (not sig.)
Watch 0.0461 7.88 11.4 (sig., 10%)
Cross—-beat Dispatches ,
Configuration 0.1315 25.28 18.5 (not sig.)
Unit 0.1278 25.90 15.5 (not sig.)
Watch 0.1206 25.18 16.2 (not sig.)
Travel Time-min. (sec.) . ;
Configuration 1.315(78.9) 31.69 29.5 (not sig.)
Unit 1.302(78.1) 29.86 28.9 (not sig.)
Watch 1.087(65.7) 23.38 25.1 (not sig.)
Beat Level
Cross-beat Dispatches ; .
Configuration 0.1945 37.39 17.5 (not sig.)
Unit 0.1527 30.95 15.1 (not sig.)
Watch 0.1244 25.97 - 13.2 (not sig.)
Travel Time-min. {sec.) : :
Configuration 1.195(71.7) 28.80 14 (not sig.)
Unit ' 1.254(72.2) - 28.76 15.0 (not sig.)
Watch 1.139(68.3) 24 49 18 (not sig.)

aSee the footnotes to Table 4- 23\for’an explanation of how the com-
posite estimates are computed.

pre significance levels are based on crltlcal values for eight

‘units.

© 128



R

Table 4-25

i)

COMPARISON STATISTICS FOR THE PASADENA ASSESSMENT DATA
AT THE UNIT AND WATCH REVEL, DAY WATCH,
NINE-, TEN-, AND ELEVEN-UNIT COMPOSITES

Region Level Percent
] T Empirical Hypercube Difference Difference
Avg. Workload , ¢ e s
Unite 0.852 . 0.754 0.098 ©11.50 ., .
Watch 0.841 . -/ 0.758 0.083 . 9.87 ¢

i ey B R B B S B T R

Probability of Saturation

Unit 0.0688 ! 0.1755" ' =0.1067 ~155.09

Watch 0.0902 f 0.1797 . 00,0895 -99.22
Cross—beat Dispatches ? ' o 7 ;

Unit : 0.3816 1 0.6030 -.2214 -58.02

Watch 0.3801 2 0.6036 -.2235 -58.80 .
Unit Level R .

' : Avg. Abs. Avg. Abs. % Abs. Rank

Workload ‘ Difference % Difference Difference. Sum

“Unit 0.100 11.74 _26.7 ‘(not 519-)b

Watch , , 0.083 9.87 34 4 (not sig.)
Cross- beat Dispatches ) : o

Unit 0.232 : 60.80 16.8 (sig., 5%)

Watch - . 0.230 60.51 16.0 (sig., 5%)
Travel Time-min. (sec.) N

Unit ’ 0.985(59.1) 16.01 17.2 (sig., 5%)

Watch: 0.362(21.7) 5.86 10.5 (sig., l%),‘

Beat Level -
4

Cross-beat Dispatches , . , ;

Unit 0.239 : 62.63 15.3 (sig., 5%)

Watch 0.240 - 63.14 . 14 (sig., 1%)
Travel Time-min. (sec.) e o :

Unit o 0.924(55.4) - 15.02 S - 7.5 (sig., 1%)

Watch 0.379(22.7) ' 6.13 o . 4 (sig.; l%),

aSee the footnotes to Table 4-23. for an. explanatlon of how the :

comp051te estlmates are computed :
i

b'I'he 51gn1flcance levels are based on critical values for 10 qutS..

o
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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

Bégion Level , Percent
' Empirical Hypercube Difference Difference -

Avg. Workload

Unitd ~ 0.916 0.789 0.127 13.86
Watch 0.922 0.789 . 0.133 14.43
Probablllty of Saturation
‘ Unit 0.0610 0.1905 -0.1295 -212.30
Watch - ‘ 0.0536 0.1903 -0.1367 ~255.04
Cross~beat Dispatches O
Unit "0.3906 0.5993 -0.2087 -53.43"
Watch 0.3749 0.5968 -N.2219 -59.19
Unit Level z
Y Avg. Abs. Avg. Abs. Abs. Rank
Workload Difference % Difference - Difference Sum
Unit : 0.1265 13.82 39 (not sig.)P
o Watch 0.1330 14.42 49 (not sig.)
~.Cross=-beat Dispatches e
o Unit 0.207 = 53.00 33 (not sig.)
5 Watch < 0.218 58.15 ) 28.5 (not sigN&
Travel Time-min. (sec.)
Unit 0.607(36.4) 10.18 14.5 (sig., 1%)
Watch 0.376(22.6) ~ 6.68 8.5 (sig., 1%)
- Beat Level |

Cross—-beat Dispatches

Unit 0.2225 : 56.97 10 (sig., 1%)

Watch 0.236 62.95 8 (sig., 1%)
Travel Time-min. (sec.) _ bt

Unit : '0.821(49.3). . 13.76 o 5 (sig., 1%)

Watch 0.624(37.4) 11.08 2 (sig., %)

Asee the footnotes to Table 4-23 for an explanation of how the
composite estimates are computed.

Prne sigﬁificance levels are based on critical values for 11 units.
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Assessment Conclusions

o

The following observations about the accuracy and‘usefulness‘
of the hypercube model are based on the comparisons'aescribed abQVe
and the data collection experiences of‘the’field test |
agencies. The assessment activities reported abovemprovide some/
insights into the strengths and weaknesses of the hypercube model

8]

and highlight features of the model that need further developmeni

and evaluation.

o

‘In general, the assessment indicates thatyuithysufficient '

amounts of data,'collected and aggregatedéinto appropriate dafaf%‘

sets, the hypercube model can provide reasonably accurate'estimateér

(i.e;, within 10 percent) for some fieldcperformance'measures;

The results of the assessment act1v1t1es also indicate, . however,

that the hypercube model is cons1stently more accurate in estlmatlng

some performance characteristics than others. - In order of decrea51nq

“%ccuracy, these are workload, travel times) and cross-beat dlspatch«

ing. Each of these estimates is dlscussed below.

e Workload - Both the St. Louis County and Pasadena data sets
were used to estimate unit workloads, and for each set, the average.
absolute difference is less than 10 percent. The relatlve rankings .
of both  sets of estimates are significant (St. Louis County at the ol
1 percent level, and Pasadena at the 10 percent level). Despite : 7
a very small data base, the Pasadena estimate of workload for the
baseline configuration differs by less-than two percent from the
empirical value. The estimate of saturation probability, however,
differs by 17.6 percent. Other runs based on the Pasadena data
indicate that as the workload 1evel increases, hypercube estimates
for both regionwide workload and the probability of saturation '
become less accurate. Discussions with department personnel indi-
cated that as the call rate 1ncreases, the practice of stacklng -
calls at the beat level also 1ncreases.

: e Travel times - Travel time estlmates for St. LouLs County :
were quite good for both the unit (6.08 average absolute percents
dlfference) and beat (10.28 percent) levels. In contrast, errors R
in travel time estimates for Pasadena were much higher: = 31.69 oy
percent at the unit level and 28.80 percent at the beat unit.
Subsequent Pasadena runs based on higher workload levels produced
travel time estimates comparable 'in‘-acenracy to those for St. Louig~ 3
County. It can be argued that Pasadena travel tlme estlmates for ST U
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_ .the hlgher call rates are more mednlngful since the ratio of £
', dispatched to administrative workload is higher and, as a result,
‘the empirical data base is less 1nfluenced by the estlmated location
of administrative work. For both; the St. Louis County data and
the higher-call-rate Pasadena dat@, the ‘relative rankings of the
unit and beat travel time estimates were always 51gn1flcant at
either the five or one percent 1evel

‘@ Cross-beat dispatching - The hypercube estimates for the
fraction of cross-beat dlspatche at the regionwide, beat, and
unit levels were generally 1naccurate. On the regionwide level,
the error for St. Louis County wan 17.38 percent, and for the
“higher-call-rate Pasadena runs, even large# errors occurred. At
the beat ‘and unit level, the average absolute errors usually
dexceeded 25 percent. Based on these results, it appears that
" even with relatively "clean" data, hypercube estimates for cross-
‘beat dispatching are not adequite for design or planning purposes.
A number of factors may have “accounted for these large .errors:
(1) discrepancies 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 either department to adequately describe the location
of patrol unlts when they are on preventlve patrol or administrative
a531gnments.

Both the assessment activities and tﬂe experiences of the
field test agencies raise serious questiaﬂs about the ultimate
usefulness of the‘model to the law enforcement community. These
questions are: (1) Is the effort required to collect the appgo—
priate input data to run the model both feasible and acceptable
to most pollce agenc'les'p (2) Can present model limitations with
regard to admlnlstratlve (or non~CFS) workload, multiple unit
dlspatches, priority calls, and travel barriers be eliminated with-
out.significaﬁtly increasing the amount of input data required?

>

and (3) DQ hypercube dispatching policies accurately reflect the

operational dispatching practices of m09t~p6i%€e”aqeﬁéié§?ﬁ
/ Drawing together all of the assessment findings discussed -

'fellowing general observations appear to be most

e o Model “accuracy - The relatively hlgh accuracy of hypercube
o estimates for workload and travel times is noted above. Although
hypercube estlmates of cross- —beat dlspatchlng were: found to be
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- likely, superior to the kinds of results.-that.will be obtalned by

data,‘adequately screened and prepared is avallable ,
fications placed on the input data, however, may represent a serious
defect of the model. The assessment data used for both St. Louis
County and Pasadena were carefully collected, screened, and prepared
in order to have as good a data base as possible from which to make
reliable assessment judgements. It is not unreasonable to sudggest
that the effort expended to sanlflze the input data for the. assess-_
ment activities was far greater 'thaff most police agencies will =
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

(U

future users of the model. To date, little evidence is available
to indicate what kind of accuracy loss can be expected as the input
data become less reliable. The additional Pasadena 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 units and beat configuration of the corresponding hypercube runs.
Observation of the field test agencies strongly suggests that few :
departments will be willing to do more than segregate the data.by S o
time of day, particularly if the data screenlng process involves - hoas
more data preparation and additional hypercube Funs. « ”lﬂ*

e Data collection effort - Few pollre aaen01es have all oF the , X{e
data required for the hypercube model in an easily accessible and A
useful format. This is particularly true if an attempt is made to .
use; the model to design beat conflguratlons with congigtent data

sets (i.e., data drawn from tours with the same hours, the same

number of units, and the same beat configuration). The field. test e e
prOJect clearly demonstrates .that data collection activities can ‘
require days and weeks of effort. The questionable accuracy of the

model used under the conditions discussed above, and the considerable

data epllection effort required, raises the issue of whether the

benefits of the model justify Lhe cost of uSan ity

e Model limitations = The- assessment act1v1t1es uncovered many i)'%

~dimitarions—-in the current version of the hypercube model. Some of .

these have been cited by other investigators, and in other parts of

this report. Others, however, have been largely ignored-:to date . _ - .
because their 1mp11cat10ns were not clear. The results of the e e L
assessment in particular, and the field.test project in general

rated inta.the.. mr\ﬂc'l-

&

indicate that the following operatlonal features- chould be incorpo-

° eXpllClt modelllng of admlnlstratlve or nonJCFS workload.

o,fmultlple unit assrgnments for 51ngle calls, o ‘i\;
0 : :

e <call priorities, and G ; "

LN
W

¥ call stacking at‘the beat>1evel>\&



Implementation Assessment

Implementation validity refers to an assessment of the overall
~ response of the réal world to the solution suggested by a model
under investigation. In this section, the implementation walidity
of the hypercube model is examined in terms of the following ques;

tions:

e What did each‘fi%ld test agency do with the hypercube
model during the field test project? and

e What results have been achieved by departments which
implemented a beat configuration based on a hypercube
analysis?

o

Both of these questions arg discussed below.

Field test activities. '~ Use of the hypercube model by each of

the field test agencies is deécribed in the case studies in Chapter
;::;:n;ﬁizi'of this report; and a summary of the participation level of each
| department is presented in Table 2-2. All but one of the field‘
test departments examined all or part of their current beat con-
figuratiéns. 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 design new beat configurations for their departménts, the follow-

v

ing reasons were identified: for limited use éf the hypercube model:

~o——Gifficulty “in obtaining the required input data, and "~
the effort required to collect and prepare the data;

e . absence of any perceived need to change the ex1st1ng
- beat configuration; and

% o ® a belief that in its present state, the hypercube model

' cannot adequately model real patrol operations; the most
‘commonly cited limitations were (1) no call priority system,
-(2) assumption of ornly one 'unit per call,  (3) no exp11c1t
treatment of non-CFS workload, and (4) procedure used to

Co L : compute travel times. r

‘\\ ) ) “‘ 4V134



Field test implementations. As indicated in Table 2-2, three

departments implemented beat plans designed with the hypercube system.

Although none of the departments initiated 51gn1flcant follow—up

[

evaluation activities to assess the advantages of the new plans, some
post-implementation results are available. Each of the three depart—'k

ments is 'discussed below. (A detailed description of the beat design

activities in these departments during the field test project is
presented in AppendixiA.)

Fresno, California - Preliminary results from Fresno give several
indications that the new beat plan, implemented on November 3, 1976, .
has improved several aieas of pat;ol operation. These _igprovements are:

e The fraction of calls #or service held by dispatchers
for more than three minutes decreased from 62.0 percent
in October 1976 to 45.2 percent in November 1976.

e The number of calls held over at the%end of the busiest
shift decreased 31gn1f1cantly. Unde¥r the old plan as
many as 45 calls for service were berng held. Under the ?
new plan,; the number held over aeldom\exceeds five. '

e Average travel time to calls for service decreased
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 implementatisic of the new beat plan. e

e 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 frlnge
benefits were $200,000 a year

Despite these impressive results, it is dlfflcult to know what

portion of these benefits are directly attrlbutable to the hypercube »
model. It can be argued that the conditions in Fresno prior to B
the hypercube analyses were such that almost any reasonable change o
in manpower allocation by time and geography would have produced

some beneficial results. In_addition, paralleling—implementatdon

of the new beat plan, the department initiated use of a sophlstlcated

CAD system for dispatching patrol units. The interaction effects .

of this system and the new-beat plan are v1rtually 1mp0551b1e to

1dent1fy. R : ,

Burbank, California - The department 1mplemented a new-beat
plan based on:a hypercube analy51s in October 1976. This change'
represented the first major revision in the beat structure in 15
years. A comparison of several patrol and dispatchina measures
based on the old and new beat plans is presented in ‘Table 4-27.

. 0
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Table 4-27

COMPARISON OF PRE- AND POST-IMPLEMENTATION
PATROL AND DISPATCH PERFORMANCE STATISTICS,
BURBANK, 'CALIFORNIA

[}

Pexrformance 0ld Beat New Beat

Measure Plan (N=1,457)2 Plan (Nzl,772)b o
e Dispatch ti@e (min.) é.3(N=1,098) 9.0(N=1,062)
e Travel timeA(min,) ‘ 5.7(N=948) 5.7 (N=893)
@ Service time (min.) 31.1(N=925) 28.2(N=988)

e Fraction of cross-
beat dispatches (%) 46 .7 (N=1,380) 42.2(N=1,447)

aBased on a five percent sample of all dispatched incidents in
Burbank from May 1, 1975 through February 10, 1976.
: I
o 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 travel time remained

- the same, the fraction of cross-beat dispatches declined from 46.7 N
percent to 42.2 percent. During the same time that the new beat °
plan was implemented, the department also began using civilian -+ 6 -
dispatchers. This change may have accounted for the significant

increase in dispatch time. Despite use of the model to design new

beats, personnel at the Burbank department indicated that it is un- =~ =
likely that the department will use the model again in the near

future. The reasons for this decigion are: (1) the stable workload on
pattern in Burbank does not requlre frequent beat changes, and (2)

the civilian who was trained in the use of the model left the . de-
partment shortly after completing the hypercube aqaly31s i A

St. Louis County - The St. Louis County Pollce Department i
implemented new beat plans based on hypercube analyses in two! J
precincts in April 1976. Favorable reactiong to the beat plans
led the department to obtain copies of the hypercube programs fon s N
installation on their own computer system. The department has ‘
used these programs to analyze its manpower allocation policies :
and beat configurations in all five precincts; and based on these ©
analyses, new beat plans are scheduled for implementation incall o
~precincts in January 1978.

k]

Conclusions Use of the hypercube model by the field test

agencies highlighted many 1mD1ementatlon difficulties. Technical |

@ g

limitations of the model which may limit it's w1de—spread use

‘t/ B "‘
are: . . e
A

‘® the unavailability or inaccessibility of input data. o T
required to obtain reasonably accurate hypercube =
estimates; 7

e the effort required to collect enough input data :
to yield reliable results, X ‘ S
e° the amount of training required to run a model which =
may be used infrequentlyé and

%\g ‘a lack of confidence in the model due to its Limi-
“utations incmodelling non-CFS work priorities,
multlple unit assignments, and in computlng travel °

times.
= Bl

a
e Ay e g B it e e A

Other 1mplementatlon barrlers related to the cost and use oF a .com-

puter model as large and complicated as the hypercube system are

discussed 1in theﬁfollowinqwchapter.

0
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. “ | , i CHAPTER V , e -

. , TECHNOLOGY TRANSFER (jﬁw\ 7 v ;;s

\

R ‘ o A. Introdﬁbtion

This chapter reviews the technology transfer aocomplish* -
Q ! &N % ! o ) : s ’ . :
e ments of the research team. Topics discussed include-the

\ k)
g R

following: o ‘ L | I °

o © information dissemination - creation of an awareness
~within the law enforcement community of hypercube's-
“er_»avallahlll+*"uud_oapablleeles;:and—o@mtheﬂpo tentiak=—"""""_

R R T benefits which can result from its use;

o software dissemination - developmént'of'avenues for . e
) assuring the future availability of the hypercube . TR
.computer programs, and for encouraglng pollce depart- L

ments to use them; » p

: o technical assistance - iden 1flcat10n of the need
Taept for expert assistance amon pollce users of hyper— , .
cube, and potentlal sources’ for obtaining such * ° =
i St ass1stance in the future, and ey

. © ‘training - identification of the need for and o ‘
L G0 potentlal sources of tralnlng in use of the hyper- . ‘
cube programs. S , e

YD ' R, . . o ] L3 v 2 N » i 1
Each section rncludesflnformathn on accomplishments to date,

@ o
g

’tﬁé need for additional %echnology transfér?effortsd and ' 'gr;

1

prom151ng alternatlves for meetlng these needs.

N =R o
o I o

’ " B. Informatlon Dlssemlna+1on T

Rt

v Informing potentlal users of the,aVallablllty\and capa- o ;?,
& < : : :
» blrltles of the nypercube programs, and ‘of the poﬂentlal e
R .beneflts which can result from their use, is a fi:ipore ’
Ce DY ! ) ’ ‘ ¢ 2] S . e s .
difficylt task tnan may be perceived at Ilrst glance. If LT
o " hypercube were a proprletary, commerc1al product, such e {{f@jjé
B g 0 e - e e Y
COmmunicatlon‘WO@ld be an essentlal part of the marketlng : ;;w«§3éfx
se o effort. fAlthougﬁ "lnformat;onédlssemlnatlon" 1s;xess%.’ I :
e . 2 ) : 7 N . ' . L « L 5 9
= r ' # o b ;O o g R
. ’ S P 1323 : R
1 B 5 ; . 7 N
= - ‘ f o o
. sy % 8 oo SN T L S *




: assertive and iess well funded in the realm of pubtic technology

' transfer, the problems are the same. The right infcrmation must
g reach the rlght people and organlzatlcns at the.right times, and
adequate follow-up must be available to respond to the result-
ing sparks of interest before they di¢. A small number of
journal articles and conference papers are clearly’inadequate.

With this perspective in mind, the TIPPA refearch’team

undertook the task of informatior dessemination during the
project through direct contact with interested organizations,
publication QfAjournal articles and announcements, and pre—
sentations about hfnercube at meetings and conferences. These

act1v1t1es are outlined below.

Sile ) “Instltutlons, Organlzatlons, and Proqrams Rece1VLng Informa-
: Elon on. Hggércube

: 1. Organlzatlons represented on Progect Advisory “Board"

’ Through the part1c1patlon of their representatlves on the
Prcject Advisory Board for this study, the follow1ng organiza-
tions were apprised of hypercube's capabilities and had an
opportunity to offer suggeStionsqregarding technology transfer:

-~ California Innovation Greoup (CIG) | M
s Internatlonal A§50c1atlon of Chiefs of Police (IACP)

International Conference of Police Assoc1atlons (ICPA)
Police Foundatlon

af, < 2. Publlc technology transfer orqanrzatlons and proqrams
f’?‘ o . ” o

Buildlng on the research team s ravorable experlence in work—

~ing with CIG durlng the field test, and on the expandlng capa«v

B An'f bilities and number of cther publlc technclogy transfer organl-

o

zations, the team made‘contact with the organlzathns andk

s)

Q)h~programs listed in Table"S—l.J Each organization received

. ;:T‘V - 1403

oo

i’z_,::.” 3



. ' | Table 5-1 .
PUBLIC PECHNOLOGY TRANSFER ORGANIZATIONS CONTACTED

New hngtand Innovation Group ' e C s
National Governor's Conference ~ Sciénce and Technology o
Project e
National Conference of State Leglslatures - Offlce of
‘Science ‘and Technology | f
Public Technology Incorporated (PTI) - Urban Technology g e
Zystem - S
Natlgnal Conference of State Criminal Justice.Planning
@ Administrators -~ technology transfer program
Law Enforcement Assistance Administration (LEAA) - Office
of Technology Transfer: w
International City Management Association’ (ICMA) -
innovations evaluation and dissemination program
Other organizations listed in "Directory of Federal
Technology Transfer" :
Rand Corporation - crlmlnal justice plannlng models dlssemlna—
tion program

basic information about. hypercube and rélevant mateiials

presently available or being‘completed, B

Sae
3. _Law enfortement operating, planning and service organ:iZtlons‘

) \/ i
. A wide range of law enforcement operatlng, plannlng, and

a9

service organizations were sent information about hypercube.

- These are listed on Table 5-2.
- e

4. Persons having obtained copies of the hypercube proérams"

" TIPPA obtained a complete list of persons whofhave obtalned
/ o

AR A
coples of the hypercube programs from the two dlssemlnatlon e Tl

. : sources 1n{gperatlon at the time of thlS pro;ect- M. I T and
the Rand Corporation. Informatlon about hypercube's expanded ‘fj:
‘capabzlltles and the 1mp1ementatlon alds to be'bfoduced by theb
present pro;ect was sent to all along w;thkakquestlonnalre J;”,fj

about user eXperlence to date. The persons reached°inﬂthis e g

0

"manner were malnly pollce departments, consultlng flrms, ugl- e

A - @ L = e
ver51ty—based 1nd1v1duals, and crlmlnal justlce plannlng T QEE RGN

&y

(T agcn01os.‘
: P L .

X N L w‘ o SR ‘ ' . o ¢ v P " §
@ ‘ ) : : v ; ]:1?1]} ; : Len
; _ , : ‘ . , S



Table 5-2

LAW ENFORCEMENT ORGANIZATIONS CONTACTED

S
S

LEAA state planning agencies

Police chiefs' associations

Police officers' associations

Police officer standards and tralnlng comm3581ons

LEAA regional offices

Police departments other than field test agencies: Brea,
Orange County, and San Diego Sheriff's Office, California
(participants in project orlentatlon meeting or training
program) ~

\

t

5. Persons requesting copies of TIPPA research reports on
Yhypercube

TIPPA'preSEnteéigegearch papers on the hypercube field
test project at three,national professional society meetings,
discussed below. 1In response, numerous requests for infor-

mation about hypercube were received from police organizations

in the United States unﬁ awroad publishers of pollce perlodlcals,

prlvate 1ndustry, unlver51ty rese?rch programs, government
I
agenCLes concerned. with emergency services other than law en-
oy 4
forcement, and consulting firms. Coples of the research papers

" were sent to all.

6. Information dissemination services

P Contact was made with the National Criminal Justice Reference

&

“SerV1ce, Natlonal Referral Center of the Libxary of Congress,

fand Natlonal Technology Information Servmce rﬁgardlng proce—

\J

i “dareb for dlssemlnatlon of documentation produced by the field

ftest»prOJect. In each case such dissemination is fea51ble and
can be accomplished with a;minimum of effort when thé* documents

are available. - . ~ - ) - ’

142



o ' € . : .
7. Software dlssemln&tion brograms (see section below) .

8. Technlcal lagsistance programs (see sectlon below)
\«.

9. Training prqg;ams (see section below)

Publica’tion of Armlcles, Announcements, and‘Other CommunicationsJ‘
About Hypercube | ‘

TIPPA distributed two typés of ‘information. to appropriate
pr%nted media-outlets: material sﬁ%table for articles about - T

hypercube, and material about a test presentation of the hyper—

L)

cube training seminar open to outside participation. Additionally,
: b ‘ :

TIPPA researched the possibility of future articles about

2

hypercube when the field test is~comple£ed.

A . : B

1. TARGET (ICMA) | A - .

This publication deals with innovative criminal juSticeD

. . B N i

programs, reaching 30,000 law enforcement and criminal Eustice
professionals .each issue.: The lead story of the March, 1977.

issue concerned the sﬁccessful¢use of hypercube by the Fresno

Police Department in cpnjunction with the field test project.
: \

TIPQ? proposed the artiple to TARGET and supplied the informa—p : %%

tion onlwhich;it was ba%ed. - yﬁu ,'lirirrrrpgj;éuwmm ;;
2. Law_enforcement neWsletters'D ; 'xé | .

Informatlon about hypercube\and rhe hypercube tralniﬂg a . ;

‘ program appeared 1n Crime Controi Dlgest (Octegfr 25, 1976), ; , b
Tralnlng Alds Dlgest (Decemoer 1976), Laernforcement hews & ;

(December 21, lB?g), and Crlmlnal\Justlce Newsletter (Dece%Per~' . |
;1976),:as,a result of news releases 1esuedjby_TIPPA, ‘ ,‘: 7 | '0prtj 
3. Police Chief ot S | |

7



&

A

‘Norman Darwick, IACP executive and hypercube project

<D

advisory board member, has indicatead that the Pollce Chief

will accept an artlcle on the hypercube field test project.

A good 1ssue for publication:would be the October 1977 issue

;I
l[

which will focus on innovative technology, and which will
receive maximum dissemination since it is the IACP's annual
meeting issue..

4. The Law Officer e e o ‘ =

\\

Robert Kliesmet, ICPA vice president and hypercube prOJe

a?visory board member, has indicated that The Law Officer will
aecept an article on the hypercube field test project, with
emphasis on its implicatione for police unions ahd police
officers"associations. The magazine reaches 56;r 180,000

officers in the United States.

5. Newspaper articles

Two newspaper articles were published in Fresno describing

the use of hypercube there: e

+ "A New Beat For Police By Computer", The Fresno Bee,
. October 28, 1976 ‘
"Fresno Ploneers New System to Improve Pollce Services"
The Fresno Guide, November 3, 1976

fé:wwlnternal report of the F °sno PolieevDepeftmenty

A report summarlzlng paltlclpatlon in the field test prog—‘

«

ect and discussing the benefits derived from use of hypercube

was written{bg staff of the Fresno quide Department. Entitled,

"Beat Design and Manpowcr Deployment System," bnyeputy Chief

JameslRgckard;ﬁthebreport was distributed within Fresno and to~=

~other police departments requesting information about the

hypercube project.
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“Newslefter 'of October 1976.

~10. - IACP annual equipment dlrectory o s , g o

o '. ; . . - o N

7. Natlonal Criminal Justice Reference Serv1ce announcements | s

TIPPA assisted Dr. Jan Chaiken of the Rand Corporatlon in,

arranging publication of &‘Selectlve NOtlflCatlon of Informatlon : -

(SNI) announcement of the availability of 'Rand reports on the

hypercube model and- program {about 18,000 persons recelved hhb S N

;SNI). TIPPA also arranged for publication of -an- SNI on its
. N

one—week hypercube seminar held January 31 - February 4, 1977
9
(about 38 000 persons received thig SNI),

8. Offlce of Criminal Justlce Educatlon and Tralnlng, LEAA T

This organization coordlnates tralnlng and personnel o

development for LEAA. In response to a TIPPA request; its

~director issued a memorandum in November 1976 on hYpercubefs'

availability and related training materials to all LEAA federal
AR R L RGBTk xé‘n( it f‘“‘*‘“’“‘x‘l’“‘ B
Ll

regional offices. “TIPPA has since been ﬂontucted ror addl—

k3 o

tional information on hypercube by a number of the memorandumls o S

recipients.

9. Urban Regional Information Systems Association (URISA) ‘ ,
Newsletter | - ; Lo :

A TIPPA press release on the hypercube programs and

related training resulted in a short article 1n the URISA R .

: S S ‘ ‘ . B3

S e 7*“ X

J . , 9 0.
TIPPA prepared and submitted a product announcement to, be: i

published‘iéﬁthe first issue;of‘the IACP Equlpment Technology g

Center's annual equipment'directory The announcement descrlb—
©ing hypercube and explalnlng how to obtaln related materlals,

5 QI S g
should reach admlnlstrators and purcha51ng agents in 3 OOW L R gl

u.s. law enforcement ageneles. ‘ /7l f‘ . “A - T e e
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11. Mathematica, Inc. article on hypercube

= An article on the=hypercubeprogramspaimed at city manage-

ment personnel, has been written by Mathematica, Inc, under

‘contract to NSF's RANN office, as part of a program to publi-

cize resultéﬁof RANN projects. The article is intended for

3

inclusion in. a RANN magazine whose publication is now under

con51deratlon\at NSF. If the RANN magazine is notvpubllshed,

Mathematica has indicated to Tlﬂfizthat it would welcome use of
i .

: : . TN s ;
the article in any future hypercube dissemination program;

i

it appears apﬁropriate for ICMA's Public Management magazine.

12. Publlcatlons related to software, technical assistance,

o

and-: tralnlnq

~ Many of the organizations identified for the distribution

of hypercube software, provision of:technical assistance, and

training, phblish periodicals, bulletins, and training

!

announcements which reach thousands of potentlal hypercube

users.

effort ;3
7

zations;

Thls dlssemlnatlon channel can be actlvated 1f additional

//

devoted to promoting the cooperatlon of these organi-

Dlssemlnatlon of Information at Meetings, Conferences, and

;,r._,.Jl"ra ini n% Programs

R

1.’ RANN 2 Symp051um

TIPPA de51gned and operated an exhlblt on the hypercube

fleld test prOJect at the RANN 2 Symp051um held in Washlngton,

: D.C. in November 1976. Over 1,000 government, unlver31ty,

and private indnstry personnel attended. TIPPA produced a six-

,‘minqte film o% the project which, along with the rest of the

exhibit,

is

available for use at future meetings. A summary of

B8y, ' ; 14 6 ';;'”:5? v G,“ s
: (




S %

the project appeared in the program guide, and will be pub—
llshed in the proceedings. To fac111§aue communication with 'g' i

Washington-based organizations to whom TIéPA\had been directingk

information on hypercube, numerous organlzatlons were telephoned

.
- Sy k
o Ny 7
%,

by TIPPA in advance of the meeting and invited to send repre- '\
: N
sentatives to the exXhibit (see Table 5-3 for a list of those - *
contacted). Many subsequently attended. %

2. ICPA annual meeting

A member of the TIPPA research team presented a talk on |

the hypercube programs and their possible impglications for police g
“ : OLEe :
unionism at the July 1976 annual meeting of the International

Conference of Police Associations in Palm Springs, California.

Q;

Officers of polige assOciations,ﬁepresenting 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 ‘ &

- National Lzague of Cities, Criminal Justice ‘Project
NTIS Computer Products Division : &
Office of Policy Development and Research, HUD 2
Office of Criminal Justice Education and Tralulng, LEAA
“1V151on -of-Technology Transter, LEAA 7 R !

Police Foundation “
University of Maryland, law enforcement programs
American University, Natlonal Institute on LanEnforcement

Management : . : ;
: IACP Police Management and Operatlono Division | p————— EE
- i National Conference of State Crlmlnal Justlce Plannlng o g @,
Administrators ' T RS i e
Training D;v151on, LEAA ’ i ST S f“‘ ,
Crime Control Digest = " ' - S a
Police Division, LEAA o o L e s
Public Technology, . Inc.,‘software exchange @ PR v

ICMA Tnnovation's Program, and Pollce Research Program
ICPA National Headquarters e ,
Public Admlnlstratlon Service, Techn;cal Asslstance Project

&

[

N a7 L
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3. Papers on the hypercube field test;presented at profes-
sional 9001ety meetings

\ , The follow1ng three papers were presented by TIPPA staff

) AN memberS4af meetings of the Operations Research Society of

America and The Institute of Management Sciences:

o

"Evaluation of Police Sector Design Procedures,"
Las Vegas, November 1975

N | "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 and Regional Informatlon Systems Association (URISA)
Workshop, August 1976 .

o . URISAkpfesented a workshop on Law Enforcement and Criminal
J&stice Information Systems at its annual mee&ing in Atlanta.
»TIPPM/Qorked with the workshop coordinator to secure inelusion of
hypercubeij1the progrem. The presentation was made by Dr. Roger
Elliot of Texas A&M Univer51ty, who has headed an LEAA-funded
project which translated the hypercube program fiom PL/I to

COBOL to make it more accessible to Texas police agencies.

5. - IACP annual meetings

Efforts were made«to\arrangevfor a demonstration of the

hypercube programs and a portable\éeta termii;lfat the annual

Q meeting of the Internatiqnal Associa%ﬁoﬁ of Chiefs of Police

? in Miami (September 25-30, 1976). Unfortunately, IACé’s plans
for exhibits and presentations at the meetinq hegan early and
no exhiblt space or presentation openings remained by May 1976
when TIPPA began its inguiries. Despite assistance from Norman
Darwick, it was nothossible to make satisfacfory arrangements
and,tpe project was temporarily droﬁped. ~Up to 7,000 pglice

e . :

N\
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executives have attended previous annual meetings, viSiting;the
exhibits of hundreds of vendors. The next annual meet 1ng will be
held in Los Angeles in October 1977, at which time it is hoped -

that an exhibit will be provided.

6. Association of Police Planners and Research Officers (APPRO) ﬂ
annual meetings . 3

B

This organization brings together from 150 to 200 police /
planning and research personnel for three-day annual meetings. 7 )
The March 1977 meeting included a presentation on law enforce- f*
ment technology transfer by Gerald.Miller, former cIG science |
advisor for San Diego and participant in the hypercube field
test project. TIPPA supplied him with material on hypercube

for inclusion in his presentatlon.

S

& .

7. Pollce‘planners tralningfprograms

During the course of> the proyect Nelson Heller presented
introductory material on hypercube to approx;matelyfzoo police
planners‘and executives attending management short courses at

the Traffic Institute, Northwestern University. Independentu

of the TIPPA project, Dr. Richard Larson presented material bnn

hypercube at M. I. T.'s annual "Analysis of Urban Service
Systems" short course,whoee participants included police

planners and executives. ‘ o U

C. Software Dissemination T
-t =2 - o . ; |

I

Project activities reiated to software dissemlnatLon are nk
Summarlzea belowq Potentlal 1mped1ments to succerfulpfuture \

i o .
I 4

dissemlnation are“al 1dent111ed.h ] , ' P

| Ln ERET :
Identiflcatlon oquofﬁWare Eychanges and Other rograms For

I
“Dissemindtion oﬁfﬁhe Hypercube Software q

i T il y
o i ) “w i

§it 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 projects. For about
$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

periodieally 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 inguiry,

NTIS has indicated that it would be pleased to add the inter-
. active software from the field test project ‘to thlS library.

C 2w National Clearlnghouse for Criminal Justlce Informatlon
Systems (NCCJIS)

. This pEAA—funded project, operated by Search Group, Inc. of
Sacramento, California, became operational in the Fall of 1976.
) It 1e:1ntended to serve as a software dissemination service for
~programs relevant to law enforcement and criminal‘justice oper-
. ations, and expects to publish a newsletteg and offer technical
\ - assistance as well. Awmember of the TIPPA research teem'visited
NCCJIé‘in‘Januery 1977 to present a talk on hypercube to the
professional'staff. The project director expressed a keen

i
< 1nterest in adding hypercube to thelr dlssemlnatlon program.

£

“@ Certer for Advanced Fomputatlon (CAC)

The Center for Advanced Computatlon is located at the

e I 4

Unlver51ty of Illinois at Champalgn—Urbaua.f It is presently

RE ) o
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supplying remote access time-shared .data processing services = ° . .

to LEAA's National Center for Criminal Justice Information and

Statistics, and with thls organlzatlon, is studylng the

feas1b111ty of operating a natlonalicomputer—based data and ' 1qﬁ
software archive. Such an archive could make programs such 7
as hypercube available to law enforcement agen01es v1a remote "
access time sharlng in the same manner as the_Natlonal Css ”k'y
system implemented by TIPPA. The CAC also envisions‘conduCting |
training programs in software usage and publishing a>newsletter.
Preliminary estimates of CAC data processing costs indicate

that they might be considerably lower than commercial systemsl'

Indﬁebruary 1977 TIPPA's executive director visited the

AV S
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 Manaqement and Informatlon Center L e ;

i SCOSMIC) , - s
TR T ‘ , AR B0 e
One of the nation's largest software libraries of engineer=-. S S

ing analyses and other programs is maintained by NASA at COSMiC,
located at the University of Georgia. Programs develooéd by"
other government agencies, as well as by NASA, are 1ncluded
COSMIC serves as a clearinghouse for the transfer of these

programs to . industrial and other users. Some of the 1600 pro-

TrEny I

o

grams how aKallable deal w1th law enforcement and other puhllcl °.

\
¥

=

service operatlons. To announce hew programs NASA publlsth a.

quarterly catalog called the Computer Programs Abstract Journal

o

= Wthh is available by subscrlptlon through the U. S Government

s

. Prlntlng Offlce.“
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5. TMational CSS, Inc.

The interaetive*hygercube software paékage developed by
TIPPA for the field tesﬁ project includes supportivevsoftware
for data and program manipulations which will operate only on
theé National CSS systeﬁ. This interactive package will be avail—
able on tapé from TIPPA and possibly from other sources.
Futurefusersqsill mail a copy of the tape to National C85 to
have it put on the system for the period of ugige. If suffi-
cieﬁ% deﬁand for the package materializes, National CSS may
decide to make it a "local product.” 1In that case, the software
would ke 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

PTT 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. PTI publications announce new software
acquis%tions. In response to a TIPPA inquiry, PTI has expressed

interest in adding the'hyperéube software to its library.

8. ' Private management consulting-firms

 Some of the present owners of the hypercube software are

- . private managément consulting firms which have uSed hypercube

for work with client policefagencies (e.g., Urban Sciences, Inc.




/s

. of Wellesley, Massachusetts working:with'the Newark, New Jersey

Police Department; Public Manaééﬁéht Services, Inc. of 'McLean,
Virginia working with the Toledo, Ohio Police Department; and .
Public Systems Evaluation, Inc. of Cambridge, Massachusetts‘
working with the WilmingtonfiDelayare Police Department). These
firms may implemeﬁt 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.thé client
agency.

9. Regional criminal justice information systems

Some regional information systems may choose to implement
the hypercube software at the request of one 6f éheir partici-
pating police departments. For example, as a result of partici-
pati&h in the field test project, the St. Louis Céﬁnty 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 progrém. None of the fegional systems

known to TIPPA supportsPL/I or remote access time sharirng of the
nature required by the monitor program; consequently, inter-
active features of the hypercube software cannot be used.

10. Urban Information Systeis Interagéndy 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'in7197O/£deevelop

transferable information system moddiés. The Law,Enf&écément

Subsystem - Municipal COBOL Computer Programs Module was de@e%oped-v“?ﬁﬁwé

i

from NTIS, This .

by Wichita Falls, Texas, and is now ayailéé 3
N . . g‘;‘l "

module is basically a management informatign?SYStem tied to
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monitoring routine police operations. Conceivably, the hyPercube
software could be made compatible with this module, thereby makiné
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.
1i. TIPPA

'Thé Institute for Publié'Program Analysis will maintain the
hypercube software in its program library and provide tape copies
for sale at cost. %% will also 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 Sofcware to Facilitate
Dissemination

During éhe-field test a number of problems and related
potential improvements were identified. rThose'problems which could
seriqusly;hindér dissemination of the hypercubé softwaré are
briefly discussed here. See Chapter IV for a more detailed
discussion. |

1. PL/I is not supported by poliée data processing centers.

The interactive monitor program and mest versions of the:

hl

" non-interactive hypercube program are available only in PL/I, a

programming language not supported by most police data processing

centers. PL/I is used mainly for. scientific applications not

~normally needed by local governments. Additionally, the PL/I

compiler iS'éfﬁfbpfiétaryfproduct of IBM which must be rented from

154
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it. Consequently, the PL/I hypercube software can only be run
for pollce users on non-owned eguipmeént such as mlght be avail-

able at a local university or commertcial vendor of data proces~

51ng services.

2} - COBOL hypercube software has llmlted capabilities.

Many police data processing fa0111t1es support COBOL and
should be able to 1mplement the COBOL hypercube software prov1d1ng

sufficient core storage is avallab;e. Such 1mplementa tion has

"the significant benefit of being 0ost—free or relatlvely

. inexpensive for most police departments when compared -to the cost

of commercial services. The COBOL prdgram includes only the
approximate hypercube model and, therefore, omits,capabilities,
requiring the exact model, such as AVL (automatic vehicles
location) and VST (variable patrol unlt serv1ce tlmes)

3. Most police departments have no budget for outside data
process1ng

Police agencies customarily obtain needed'data processing o

services from an in-house computer, a regional infdrmation system,

or a city-owned computer. Obtaining funds ﬁorythe purchase of

S

other data processing services, such as commercial .time-share data

processing, usually inVolves considerable selling and red tape,
/. o , - R
and in some casds,vmay not be possible. This circumstance‘will‘

J
severely llm;t future usage of the Natlonal CSB 1nteract1ve hyper-

cube package by police departments. Unfortunately, thls 1mp11es

‘that the beneflts ‘of the interactive monltor and supportlve sof<“»~

e

&t

ware w1ll be avallable to few users.'

4. Preparatlon of input for the non—rnteractlve hypercube
o software 1s‘dlfficult for: persons not famlllar w1th data

) process:n.ng o

B e s e T e L
O el s e R L
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Police planners participating 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

“uwse of the interactive system over non=interactive systems. The

interactive system offers tutorial and error correction capabili-=

,ties, as well as immediate results and easier management of program

rug s - The non-interactive program requires rigidly formatted input,
as“described in a program user's manual not ea51ly understood by
pdlice planners (especially those without prior data processing
egperience)n« One consequence is that the non-interactive program
is less uSefql-than the interactive one for teaching purposes.

5. J"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 thevmodule
can compile hypercube input data easily they will have additional
motivation to implement hypercube. A study will be reéuired to
determine the feaSibility of using the USAC 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, '

V?olicejplqnners participating in the field test found that
field operations personnel were concerned that hypercube does not

account adequately for travel barriers, call priorities, and non-

a

calledfforeserv1ce work. Some of the planners themselves felt that
without incorporation of these factors intO'hypercube s calculations,

hypercube output would not be reliable. The methodology. for

°
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"including these considerdtions into hypercube has been developed .

; by the M. I. T. researcﬂ team, but has yet to be programmed.

- 7. Hypercube needs to’ ‘be fled“ln with Patrol Car Allocation
 Model (PCAM)

=y

Field test results suggest that most of the police departmehts
which can benefit from using hypercube, can use it'most'effectiveiy
in conjunction with PCAM. PCAM has the following features lacking

?r in hypercube: (1) it treats all days of the week, waﬁches, and

f . geographic regions simultanecusly, (2) it is prescriptive, pro- -
viding optimal allocations of patrol resources by time and plece
according”to any of a set of available objective functions, (3) it
is very'inexpensive'to\run, and (4) it readily accounts for Hon
cfs work, and for up to three classes of call priorities. Con—w"J
sequently, patrol district redesmgn can be accompllshed at'lower'
cost and in less time if PCAM is used first to derermine the o
number of cars required by time and place,ﬁand then hypercube is
used™to lay out‘fhe patrol district boundaries. Although the 7
entire jOb can be done with hypercube, it is a more cumbersome,
costly, and tlme consuming process.varoper mating of PCAM and
hypercubeawill require:a planning and programming effort, parti-

cularly if common input data are to be accessed by both programs.

Need for Supportive Services to:Eromote Software‘Dissemination
The dissemination of the hypercube software into the nation's

law enforcement community will be severely limited if adequate

training, technical assistance, and information dissemination are

not available. Field test experience confirms the need for .com~

prehensive training (qebbﬁke theqavailability of Prograhbuser?s
manuals and other documentation), a minimal level of technical
‘assistance for data collection and use of the software (such as

& . o

@

by
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».the over—the—phone service offered by TIPPA during the field

teét), and an active information dissemination program involving
the interest groups and government programs which influence police
plann;ng. This suggests the need for continuing coordlnatlon and
support efforts, particularly during the next two to three years
when adegquate materials for software, training, technical
assistance, and infprmétion dissemination will be available for
the first time.

D. Technical Assistance

This section identifies potential sources of hypercube
technical assistance, as well as related nseded improvements in tﬁe
hypercube system, and supportive services which would facilitate
the future availability of technical assistance.

Identification of Potentlal Sources of Technical Assistance for
Hypercube Users

1. Natlonal Clear:ngbouse for Crlmlnal Justice Information Systems
(NCCJLS)

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 prévide referral information regarxding other

O
sources of technical assistance.

2. Center for Advanced Computation (CAC)

CAC is another potential disseminator of the hypercube soft-
ware which could conceivably offer technical assistance to usexs
of the interactive softwaref(if CAC implements this on its com-

puters and markets it to the law enforcement community). If

"”pfésent planning comes to fruition, CAC might be partially

supported by LEAA in such an endeavor.
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3. LEAA technical assistance programs’

LEAA currently supports at least three technical assistance
programs which might be of.use to police departments employing‘
the hypercube programs: . FI ' . /

R
National Center for CriminalﬁJuﬁtice Planning and’' Architec=

ture (NCCJPA). This program based aL the University of Irlln01s

at Champaign-Urbana develops and phbilshes plannlng guldellnes,

J

and provides technical ass1stanw ,to criminal justlce agencies.
Since inception over 300 iaw emforcement agencies in 40 statef/
have been aided.  In response to a TIPPA inguiry, the. Center/

director has expressed 1nter@st in 1nclud1ng hypercube in

their program. NCCJPA also has an actlve information dlSSEml—

o

national program whlch could benefit hypercube, 1nclud1ng/an

Y

annual national symposrum, tmalnlng workghops, and publ[catlons 2

(e.g., technology transfer reports summarizing useful lnnovatlons

or widely applicable plans) | //

Westinghouse Corpoﬂatlon and Public Admlnlstrailon Serv1ce
0

These two firms supply cerlnal justice’ management/and planning

technical assistance ¢t no cost to clrent agen01/s. Agencies

desrrlng their serv1ces must have thelr request/approved by their

A

state law enforcement plannlng agency. " To reﬁbond to a request

Anvolving use of the hypercube software, it/ﬂs llkely that thesei

. firms would seek outside consultants with the approprlate

experrise rather than develop and support/such expertise within ‘ S ?
Vi

their own staffs. = i ' o ;_' Lo T

Science Advisor Program. The National Instltute of Law .

/
Enforcement and Crlmlnal Justice's Offlce of . Technology Transfer




is presently oper;ting’this program on an experimental basis,
having plaéeé 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 aﬁd 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
Pubhlic Management Services, Inc. have already used hypercube in
work with client police agencies, and could 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 when needed.

5. Public technology transfer organizations

As part of its technology transfer program, NASA has
established technology applications teams at the Stanford

Resezarch Institute and at Public Technology, Inc. These groups

- visit agencies in the public sector to determine what significant

problems might be solved by the applicationtof 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 drgaﬁi—
zations exist (e.g., California Innovation Group, New 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 assistande
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 departments, on a cost basis.

To minimize this cost, clients will be encouraged to participate”e

in the one-week hypercube training program, making it.possible-. ..o
for them to later rely mainly on over-the-phone technical .
assistance.

Need for ImproVements to the Hypercube System to Facilitate
Technical Assistance , s

During the field test a number of pbtential improvements to
the hypercube system were identified which would simplify and
lower the cost of‘providing\technical assistance tO'hypetcube E—
users. These are discuseea here. " ‘ ' ;
1. Improv1ng the 1nput format for the non‘lnteractlve program

The field test 1nd1cates that most future pollce users of

W

hypercube will employ ;he non—lnteractlve CQ@OL version. Since
this excludes the interactive capabilities of the monitor pfogram

A{e.g., tutorlal and”error correctln atLres), users can be
g
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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
uee 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 assistance costs can be reduced significantly if
they can be shared by hypercube users rather than purchased
individualiy. Results of the field test suggeét,that once graduated
from the one-week hypercube training program, police planners
might assemble needed input data in their own departments and then
reconvene for a one-week workshop. ‘Operators of the workshop
would provide computer terminals, soféware, and technical assist—
ance. Because a small number of we}kshop staff members could
assist several police planners simultaneously, this could reduce
technlcal assistance costs considerably. Alsoc it could“speed\up
the hypercube analyses compared to the time which would be needed

by the planners working alone.

Need for Supportive Serv1ces to Facilitate the Avallablllty of
Technical Assistance ,

Few of the potential sources of technical assistance for

hypercube users presently possese 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

z
gx

the field test suggest that the fol1ow1ng supportlve services,/
if implemented, could alleviate these problems. ‘ A

1. Training program for technical assistance personnel

The dissemination and use of hypercube could be given,a’°’
significant boost if a no-cost training program could”ﬁe‘offered
to representatives of organizations commirted to providing <;
technical assistance. For relatively’l}tfie cost such a program
would provide a cadre of hypercube eﬁgerts in the organizations

likely to be most effective in disseminafing hypercube.

2. Reglstratlon of technical a551stance sources with referral
services

The National Referral Center (NRC) of the Library of

Congress provides a free referral service to members of the publlc

N

o
seeking sources of expertise in any area of science or technoloqy :

Sources of technical assistance for hypercube can register at no - 0 "

. 5 . , . " A i SO, Y

cost with the NRC. Since many police departments will -be unaware } »

VAR

of the NRC, the sources must also make themselves known to local,~”

- 57 \ o o @
state, and federal law enforcemenﬁfplanning agencies. For exémple,
the state law enforcement planning agency in Kansas publishes a

catalog of technical gssistance sources classified by type of

service. ; ) - -
3. Tie-in of technical assistance with tralnlng and software P @
dlssemlnatlon programs ‘i B ) \ .

Technlcal ass:stance LOStS can be reduced if the suppllers§ é

are also involved 1n tralnlng and sofgware dlsseglnatlon. For »ﬂ

'—) \ e A
hyper@ﬁbe, traifiing is a ﬁorm’of teqhn%cal a551stance--the better_
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trained the user, the less his need for agsistance. Similarly,
effective software dissemination will require at least a mini-

mum level of technical suppbft,

E. Training

Potential sources of hypercube training are identified below.

Additional needs‘gn the areas of support and development are also. -

outlihed.

Identification of Potential Sources of Training for Hypercube
Users

1. Criminal justice training programs

The "Law Enforcement and Criminal Justice Education
.Directbry“ published by IACP lists hundreds of university~based
‘criminal justice training programs. Law enforcemént periodicals

o . '\,
such as Traihing Aids Digest, Law Enforcement News, and NCJRS'

Selective Notification of Information 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-
‘coming availability of the hypeicube training handbook* and a
request that'h§percube be considered for inclusion in current
or future police training programs. “The orgahizations contacted
are listed in Table 5-4. .

Realizing that theré are organizations which do not them-
‘selves provide training but exert considerable influence over
Ehdse thgt‘do, TIPPA_also‘directed information on hypefcube to

’

such organizations (see Table 5-5).
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Table 5-4
CRIMINAL JUSTICE TRAINING PROGRAMS CONTACTED

Center for Criminal Justlce, Callfornla State University,
Long Beach :
- ¥BI National Academy
Federal Law Enforcement Training Center ;
Criminal Justice Department, Washburn University of Topeka ~ o o
Law Enforcement Programs, Pniversity of Maryland - R L o
Police Executive Development Instltute, Pennsylvania State
Univers 1ty N e s o
Sc¢hool of Police Administration, Unlver51ty of Loulsv1lle )
Regional Criminal Justice Training Center, Modesto,
California
Annual National Institute on Law Enforcement Management,
American University
Center for Criminal Justice Training, Indiana University
Criminal Justice Training Center, University of Wisconsin-~--
Milwaukee
Florida Institute for Law Enforcement, St Petersburg,
Florida
Administration of Justice Bureau, San Jose State Un1vers¢ty
Criminal Justice.Center, John Jay College of" Crlmlnal
Justice g
Institute for Criminal Justice Planning and Evaluation, /ﬁ .
Florida State University i
/ , &

cj

Criminal Justice Planning Institute, University of Southern

California
Police Sciences Division, University of Georgia
Center for Criminal Justice, Case Western Reserve University

Law School

e
-

\
M
x
|

o

e

Table 5-5

ORGANIZATIONS INFLUENCING TRAINING PROGRAMS

Division of Technology Transfer, Training Programs, LEAA
Office of Criminal Justice Education and Tralnlng, LEAA
Police Executive Program, Police Foundation I
National Conference of State Crlmlnal Justice Plannlng i )
Administrators RN o : '{‘ ~
Training Division, LEAA : R : ‘ 3 f } ,
Southwestern Association of Crlmlnal Justlce Educators, | }

Fort Worth, Texas

£
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2. ©Professional society meetings =

Some professional societies offer training workshops in con-

e
—

junction witﬂ annual meetings and other conferences. In response
to inquiries from TIPPA, the following indicated that a workshop

Qn“hypercube could conceivably be offered in this manner: ICMA,

IACP, and ICfA.

3. LEAA's Executive Training Program 1n Advanced Criminal
Justice Practices

This recently funded program being conducted by the
University Reseérch Corporation of Washington, D.C., will be
conducting a national training program on managing patrol. In
response to a reqﬁest frém the project director, TIPPA has

|

sunplled the project with material on hypercube and on the hyper-

cube training handbook.

4. M. I. T.'s "Analysis of Urban Service Systems"

As mentioned earlier, this one-week seminar conducted by
Dr. RiChardkLarson is offered each summer by M. I. T. One
day of the program is devoted to an ihtroduction to hypercube.

5. The Traffic Institute

Approximately 100 pblice planners’and executives .are intro-
duced to hypercube annually in three courses offered by The
Trafflc Instltute at Northwestern University: Traffic Police
Administration Training Program, Principles of Police Management,
and Law Enforcement Planning Officers Seminar. .

6. IACP training /programs

IACP offers a number of training programs for polide planners

and /executives each year, including ones dealing with management,
i

,'pyénninq,.andddata processing. These programs. are. gffg_gdwat

Y
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;adequate'it will be repeated periodically. Materials developed

different sites throughout the country and attract a Large number

of participants. Through Norman Darwick, IACP executive and mem-

i

ber of the hypercube project advisory board, and mail‘andApersonal‘

contact with other IACP field operations andwtraining personnel,

cube in some of these programs.

7. Center for Advanced Computation (CAC)

As described earlier, CAC is studying the feasibility of
providing time-share data processing servicesifor criminal
justice planning models such as hypercube; and of runninc trainé
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

‘{ﬁanuary 31 - February 4, l977.k’If:demand for the seminar is

Vi

I/

for the seminar, including the training handbook and‘agenda, wibﬁ

be made available to other criminal justice training programs

:‘upon requsst. These materlals can also be used for self—study

o

by indiViduals who cannotvattend a hypercube tralnlng program.

Need for Development of Additional Tralnlng Resources
o

The follow1ng needs for development of addltlonal tralnlng

Vs SL

resources were identified durlng the~f1eld test.

1. 'Use of the non-interactive COBOL program

The present trainingihandbook Emphasizes‘use of the intgr—

actlve hypercube software in tralnlng because of 1ts conversa-«‘

T MY L g T

|

CESRS S e e -

’tlonal, tutorlal, and- error correctlng features. Oncewfamlllar :

&

TIPPA has explored the possibility of including material on hyper-



with the,in£erag£ive syétem the studént is instructed in the use
of the non—integaqtive program. Use of the interactive software
in training increases the cost of the training program, and can
be superfluous for users who will{;ork only with non—interactivé
versions of the hypercube software. A manual alternative to the
interactive system is recommended in the next chapter. The
training handbook shculd‘be revised accordingly.

2. Training materials for PCAM e

\\\:/ ’
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 readily understood by police planners

unfamiliar with cémputgfs and rudimentary algebra. Also, the
same formatting prob;emgkﬁssociated with preparing input for the
non;inﬁeractivg:ﬂype:cgbe program apply to the preparation of
PCAM input. The methods used to develbp the hypercube training
handbook could easily be applied to development of a similar

resourxce for PCAM

3. Continuing evolutlon of the hypercube software
: 3
As addltlonal capabllltles——such as: those recommended Biwu«
this project or proposed by Dr. Richard Larson--are added to
current veréions’of the hYpercube sofﬁﬁare) it will be necessary

to update the traininguﬁaterials accordingly.

Supportive Activities Required to Facilitate the Availability

of Tralnlng 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

168

ES
I
#
‘
H
]
i
i

W A b

H
i




criminal justice professionals as part of annual blpck‘grants;
Much of the training of police planners in recentfyears has been

paid for in this manner. Usually the lnleldual desiring to

attend a training program submits information about the program f»

along ‘with a request for funds to his state agency. ConsequentIy, p‘

Q
the state agency exerts con51derable 1nfluence over the type of

spe01alized training received For this reason TIPPA distributed

a package of 1nformatlon on hypercube and hypercube training +o

s

\\/

all such state*agencies. ‘ o S e
. ) . , | _ v

Police Offiger Standards and Training (POST) commissions
operating in 46 states also exert considerable influence on

in~service training received by police personnel. In most

£l

instances police officers accumulate educational credit for

POST—oertified programs, and promotions or eﬁﬁéﬁ&iéﬁai”Séiary
incentives may be tied to the credits earned. Many PO ST commis~
sions reimburse tuition and subSistence expenses for approved g . !ﬁg
courses that are successfully completed. Funds fqr{fhis purpo?e
are derived from subgrants of the state's LEAA bloct grant, or =’
from income derived from the collection'of certain typesyof‘fines
and penalties (as provided for by state law). %ince POST ap;roval
of training programsﬁisaso important toitheir snccess,'TlPPA'séng
each of the 46 commissions inforﬁation on hypercube and’requestggsgyr72§t
that hypercube training be approved. | |

In order to facilitate future training, a eontinuing,effort'
should be.devoted to promoting the’cooperation o% the state 1aw~‘
enforcement planning agencies and the POST cOmmissionsQf ’

2. Memo on hypercube from LEAA“s Office of Criminal Justice ’kfa
Education and Training (OCJET)" S




As mentioned earl}ér, in response to a request from TIPPA
for gssistance in the ﬁraining phase of the technology transfer
effort; the director-of QCJET‘issued a memo on hypercube to
all federal regional LEAA agencies. As a fesult, the Denver

~“regioﬁal office requested material from TIPPA for use in e
assessiné theufeasipility of a regional conference on hyper-= |
cube, and the Virginigtggency asked for material in connection

*g%i o with possible follow—up in that state.

3. Information dissemination regarding TIPPA's hvypercube
- seminar held January 31 - February 4, 1977

i As a result of press releases and other information dissemi-
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. A side benefit of such

publications is an increased awareness of hypercube by law

enforcement personnel nationwide.
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‘Operated in batch mode, lacks many of the deSirable features of

" advanced PL/I versions, and requires a rigid input format'not

CHAPTER VI - ' .

RECOMMENDATIOWS FOR IMPROVEMENT, DISSEMINATION,
AND INSTITUTIONALIZATION OF THE HYPERCUBE SYSTEM

A. Introduction L 5

This chapter draws on the field test results presented'in the

LN

preceding chapters to make- recommendations for improvement, dis-

.semination, and institutlonalization of the hypercube System.

o)

These recommendations are predicated on the researcheteam's over-
ridingkconclusion that the hypercube queuing model is a useéul~
and suitably reliable field operations planning tool which can be
successfully employed by police planners to analyze and 1mprove
field operations. Not all pollce departments can benefit from'iji‘a ?‘ﬁif

I

hypercube, but procedures for identifying those which can have éﬁ

been identified, and the resulting "market" for thé system appears -

large enough to suggest a potentially promislng‘ﬁuture for hyper- :
. e - ' U
cube. ’ : . . »

on the other hand, a number of problems have been uncovefeaa %

"which, if uncorrected, will greatly diminish hypercuhe S pros—'

pects and the potentlal benefits which can arise from 1ts use. °

The very attractive features of the 1nteract1ve hypercube software
will almost certalnly be available to few pollce departments due

to its relatlvely nlgh data proce551ng costs. The ver51on of the

oftWare which most users ‘could employ, wrltten in COBOu and S =

nearly as ea51ly understood as that of the 1nteract1ve program.“

Even the PL/I versions lack the ablllty to model certaln aspects o

of field operatidons seen asﬂessentlal by pollce hsers, although '
. i3

4

1R
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the methodology for including‘these features has been developed
by Df. Larson and his associates. Also, another ﬁowerful soft-
ware package, PCAM, complements hypercube so well in most situa-
tions that the two should be used together. PCAM, however, ladks'
validation and‘training materials comﬁaxablé to those ﬁow avail=-
able® for hypercube.

Although an improved COBCL version 0f the hypercube software
will greatly expand the number of law enforcement agencies which
can utilize hypercube on their own data processing equipment, the
majority of the agencieé.in the United States 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 ité 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 systen wquld ;ecessarily
béwi;5i;ed in its capabiiities, it appears that many of the con-
cept; of police resource allocation derived from the hypercube model
(e.g., the burden Qf central location) could be utilized in a
manual planning computational procedure. This type of génual
field operations élanning aid would be an ideal trainihg resource
for in-service management training programs.

Thié projecﬁ has drawn 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 actiﬁl—

ties can be carried out, the number of police agencies which can

use and benefit from hypercube will be significantly increased.




e -

If not, hypercubev%ill probably be used by only a small number-of
larger police deéartmen*s and, unless championed by private firms'
or government dgen01es, will fall into eventual disuse.

\S
~B. . Information lesemlnatlon

An lnformal canvas of 100 pollce ﬁlanners and executlves
attendlng tLalnlng programs at the Trafflc Institute during 1976
revealed that only a handful had ever heard oi hypercube. This
finding was just one of many during the fiela test project which
indicated that a considerable effort will be requiredwto increase
the law enforcementtcommunity's awareness of hypercube. The
following are recommended to assist in accomﬁiishing this objec-

tive.

1. Technology transfer programs

| TiPPA staff has made initial contacts and supplied prelimi-‘w
nary field test information to.the technology transfer@progré;e
discussed earlier (see Table 6-1 for a recap). Experience indi-,
cates that unless there 1s active follow-up of such contacts the

likelihood of continued interest w1ll dlmlnlsh considerably.

[

2. Profes51ona1 associations and organlzatlons

Similar follow-up contacts are suggested £or the profe551onal

a55001atlons and organlzatlonsk;den.lﬁled lntchapter V (see Table

6-2 for a composite list).

3. Crlmlnal justice planning agen01es'

Results of the field test program and 1nformat10n about the

availablllty of field test products should be communlcated,to.LEAA

i




Table 6—-1
TECHNOLOGY TRANSFER PROGRAMS FOR FOLLOW~UP CONTACTS

“ : [
National Center for Criminal Justice Planning and

Architecture v

National Clearinghouse for Criminal Justice Information |,
Systems

National -Governcors Confersance

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, HUD

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 -




; local, state, regional, and national offices and to specific LEAA
programs concerned with police resource allocation or training.

4, Software dissemination programs (see section below)

- 5. Technical assistance programs (see section below)

6. Training programs (see section below)

Publish Announcements, Artlcles, and Reports on_Hypercube and
Field Test Results P , ;

1. National Technical Information Service (NTISY
Reports produced during the field test should be submnitted 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

Notlflcatlon of Informatlon" Another announcemeﬁt should be made

regarding the 1nteract1ve hypercube software.

3. . Law enforcement newspapers and magazines

Brief press releases which summarize the field test results, ' f
potential benefits of hypercube use, and how to oﬁtain reportéghnd S
softwafe,‘should‘be issued to these publlcatlons.“ Releases should
be sent to editors of bulletlno publlshed by state police chiefs'
and police officers' assocmatlons, and of publlcatlons of national‘

scope, such as Crime Control Digest, Law Enforcement News, Crimi=- ©

nal Justice Newsletter, Police Chief, The‘Law Offioer, etc.

4, Public administiation newspapers and magazines i

Press releases should also be sent to state gssociations of
P i

public administrators, and to the publlcatlons of national

)

o
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ass¢ciations such és ICMA (TARGET, Nuts and Bolts, Pubiic

Management) and the National League of Cities (Nation's Cities). B ﬁ
If available, the Mathematica, Inc. article on hypercube should

be submitted to one of the national magazines.

53 IACP equipment directory

\ An updated description of the hypercube software and how to
obtain it should be 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 Officers).

The exhibit booth designed for the RANN 2 Symposium is ideal for

this type of use, and is available from TIPPA. It measures about
o ‘ :

30 x 10_feet,vgnd includes ehlérged 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:

@ salaries, travel, and subsistence for exhibit
personnel,

e booth rental ($100—600),

e ﬁshippihg expenses for exhibit,

® rental of portable teletypewriter equipment; and
e data processing costs for demonstrations.

If a market for technical assistance services involving hypercube

176
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-, endorse hypercube, it would distribute a technology transfer packet

bear these expenses in connection with promoting new business. R

of 1nqu1r1es about hypercube which 1s expected to contlnue for

W

can be created, it is possible that some consulfing firms might

Initially, howe@er” NSF or cther government technology transferi k!
funds will be reduired. L w,p ‘ ﬁ .

ddltlonal Development Work Requlred to Facilitate Information
Dlssemlnatlon ‘ 5

1. Improved COBOﬁ program | ” | \
\

- As described below in the section on software, developmept of

- f}

an 1mproved COBOL program 1is recommended If deveioped, an efforj,

should be undertaken to disseminate 1nformatron on yts avallablll

and benefits. ; Ay

2. ICMA innovations project

This project could be very effective in communlcatrng the /f
potential beneflts of hypercube to city management personnel. For "ﬂ
each 1nnovatlon evaluated, a users committee is establlshed and

results of fleld tests or other evaluations are careiully reV1ewed

Cons1der1ng the scope of the hypercube fleld test and thQ amount

“

of information generated, some TIPPA assistance to ;he ACMA com-

mittee imay be required. Should the committee subsequently
A

on it to ICMA's S,OOO members.

o

3. Centralized information dissemination program .

,‘(\:% J

During the& field test project TIPPA_ has served as ‘a coordi- /

nator of iniormation dissemination for h&percube, as outlinéd in /!

the previous chapter. This work has resulted in a steady streamy/
] a0

some time. Provision should be made for adequate response toff/

these ingquiries, either by TIPPA or some other organiéatioﬁg

e = s
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Additionally, the dissemination program recommended in this
chapter should ‘be centrally coordinated until hypercube is
suitably establlshed in the 1nsu1tutlons recommended for software

dlssemlnatlon, technical ass1stance, and training.

B 4. ImproVed PL/I programs

Alsé outlined in the section on software belowbis a recom-'
mendation for incorporating additional modeling capabilities in
the PL/I programs. Such changes should be adequately documented

f§=:%\ by upd&ting appropriate reports, and should be suitably announced.
C. Software
T Software recommendations relate to needed improvements to the

computer programs, dissemination efforts, and supportive services.

¥

Recommended Changes to the Hypercubz-Software to Facilitate
‘Dissemination

1. Programs should be modified to account for travel barriers,
o priorities, and non-cfs work.

An appropriate organization should be funded by NSF to make
these modifications 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
theyhyperCube software. Both files can be easily c0nst£ucted -
A with the interactive”s§§témi but users of non—interactive systems
must construct them unassisted except for a user's manual not
Aeasilyaused by persons unfamiliar with cbmputers_ Difficulties

include (1) rigid requirements for locating data items within

prespecified card fields, (2) use of data identificaion codes and
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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:

® 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;

olicits numbers oOr names required for each step;

a@
un

o performs limited error checking and notifies the
user of errors identified; and

e 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-

fits as the monitor user. The final product resulting from use of the

input handbook would be a set of coded forms ready for keypunching.

The resulting cards would form either a complete input deck or

modifications to a?previously produced deck. Input formatting
with the handbook would éompletely eliminate computer costs
associated with the moﬁifbr, 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,

180 ‘
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simple alternative to dissemination of the monitof software. If
successful, the experimental handbook could serve as a model for
input formatting guides for numerous public service resource
allocation progrems now in existence.

Once developed, the handbook should beafield tested and
revised before final disseminatien. Field test police departmente
like San Diego, Fresno, and San Jose would be ideal sites fot |
testing the handbook since they plan to 1mplement the COBOL hyper—
cube program and are familiar with the 1nteract1ve monitor.

3. Improved COBOL program

Since the COBOL hypercube softwaze is virtually the only
version which police departments can run on their own computers,
this program should be modified as follows:

® incorporate features available in PL/I versions
which are not now aval%able in the COBOL version;

® reduce core storage requirements;

®» make the program more'compatible with PCAM
‘ (see item 4 below); and

e make the program compatible with the programmed
insgtruction guide descrlbed above and with the
additional capabllltles of the interactive
software.

Once medifie&, the pregram»should be field-tested before final

digssemination.

4. Creatlon of a PCAM—Hypercube package

1

The fleld test flndlng that police departments can cut the
cost and time required for hypercube,analyses by'also employlngey

PCAM, suggests that a PCAM—Qypercube’software package be created.

- PCAM' s benefiﬁs inc¢lude a more global perspective than hypercube e



(i.e., all watches and patrol regions can be considered simulta-
neously), prescriptive capabilities regarding optimal car alloca-
tions, and explicit modeling of call priorities and non-cfs work.
Development of the PCAM—hypercube package would involve:

@ redesign of input formats to allow both programs
to access the same data file so that common
elements are input only once;

o limited wvalidation to verify the accuracy of PCAM-~
this could be readily accomplished with the data
, ¢ollected by TIPPA for the hypercube field test;

o development of a programmed instruction handbook
for formatting PCAM input, or expansion of the
hypercube handbook to include additional items
required for PCAM;

. preparation of a COBOL version of the PCAM
software whlch 1s currently written in FORTRAN; and

e limited fleld testlng of the package before
dlssemlnatlon.\: 5

T

5. Study the feasibility of adapting hypercube to be compatible
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 upgradiug from manual to computerized
‘record keeping, and incorporates Eecord formats and data collec-
tion forms to facilitate input tobtheksystem. It is one of the
few standard police data management packages available and was
designed‘for ease of impiementatidn. It is likely to be used by
many more pollce departments in the future. A study should be

€£§ Mmade to determine whethew hypercube input data can be derlved from
| the USAC module, and, if so, a USAC-compatible version of hyper-
; cube should be deVeloped.‘ |

Pt

6. Feasibility study of a completely manual planning tool based
on_the hypercube model




dl}

e

A - derived from runs of the hypercube and PCAM

As explained in the introduction to this chapter, improvemént
of the hypercube software w1ll only enhance its availability to
pollce agencies hav1ng access to adequate computer fa0111t1es,

either in-house or time-shared. However, this will still leave

the majority of the nation’s police departments effectively with-

out access to hypercube because of the large number lacking access
to and experience 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 hypeicube model.
Such a tool would be baseg‘on.the principles of police patrol'
allocation deriued from hypercube and other allocation modeils.

It could, with a reasonable amount of effort, aid a policeuplannet
in assessing and improving field operations. While it wouid‘not

reproduce the detail and accuracy of the hypefcube software, it

o

could probably yield most of the important insights at a fraction

of the cost. Documented in a handbook or workbook, it would be an

) i
ideal training aid.

A very preliminary examination of the feasibility of this

type of toel suggests that it COuld be based on the follow1ng.
/ i) queulng curves relatlng number of patrol unlts, -
/..-===yorkload, and response delay (thése would be

software),

) rules for approkimating the level of cross~
district dispatching as a function of the

number of patrol units .and-workdcads:; e S SR A S T

® a procedure employing the "burden of central
location" concept for estimation of the
workloads of individual patrol units; .

o the SO~ calledg)square root law" for approx1mat1ng th"

average travel time as a function of area
wwpg;gg&&&deérdhaverage car-availability; -
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o formulas for estimating the volume of non-
called-for-service work as a functlon of the
called-for-service workload;

® development of a set of tabulated, standardized
hypercube printouts for appropriate sets of
‘input parameters among which a planner would be
likely 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 Dis mlnatlon
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 1n1t1al contacts made by TIPPA regarding hypercube, it will =~

require enough to warrant .specific provision for this project.

' This is an important final step in the dissemination of hypercube

which should not be left to chance.’ Responsibility for following

through should be assigned to a single organlzatlon which can, at

the same tlme, help coordinate the dlssemlnatlon act1v1t1es 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 f °

' SOFTWARE LIBRARIES AND DISSEMINATION
- PROGRAMS FOR FOLLOW-UP CONTACTS

National Clearlnghouse for Crlmlnal 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 % N o
Urban Information Systems Interagency A
Committee (USAC) o
Regional criminal justice information : . :
SYStems 7 ) . ) . et e e
TIPPA ‘ ‘

‘Private management consulting firms o SRR

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 s
4 . ) :

(V Because hypercube is a complex software package designed for -

(L ; ; ;

use ih a spec1allzed area of law enfOrcement piannlng, and is

documented in a number of very téechnical reports, many software

fdlssemlnatlon programs will be reluctant 4o include hypercube wrth—

out an arrangement.K for needed technical ass1stance. Creatlon of
the necessary expertlséﬁthhln the staff of a dlssemlnatlon pro— _]p@%»
gram can bchostly and unproductlve-unless the demand for the

software péckége is great. 'Consequently, such organizationswoften

prefer to act as brokers between users and technlcal as51stance e SEr

i
N
3

Ll .
sources, llmltlng thelr own services to the dlstrlbutlon of coples
ad : : :

of the computer programs and related documentatlon.’
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D. Technical Assistance

Technical assistance requested of TIPPA by the field test
polise departments mainly concerned data collection prior to the
training workshop, and telephone consultations 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 sampleldistrict 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 availability is essential to the success of the exercise.

- Without the training and assistance that TIPPA provided, it is

doﬁRtful that any of the field test participants would have even
appm%ached the levels of accomplishment actually ach;eved.

The following recommendations 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.

“

,ﬂDeveIOPment»of Sources of Technical Assistance for Hypercube Users

1. Software dissemination programs

ey

<
e

The most llkely sources of hypercube expertlse will be soft—

ware dlee Fnatiocn pfaqfaﬁs. rrograms Wthh cannot themselves

prov1de this type of assistance will probably refer user inquiries
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to another source. A previous section of this chapter identified
i :

the organizations which appear best suited for dissemination of
the hypercube‘software and provision of technical assistance; A
follow-up program should be implemented to carry on the initial
efforts of the field test project to install hypercube in these
organizations, and to assist them in developing the necessary-

expertise. . o

2. LEAA-funded technical assistance programs

Most law enforcement agencies -have llmlted funds for purchas—
ing technical assistance services, and are very reluctant to use

outside consultants. Since the early 1970's, LEAA has funded a

number of technical assistance programs which offer free serV1ces

in certain areas. As descrlbed in the previous chapter, thes#

I
programs are promising candidates’ for prov151on of technlcal }

a551stance services to hypercube users, or for providing referral
services. A follow-up program should be implemented to assist

these programs in developing exﬁértise in hypercube. The organf-
zatlons are: -

National Center for Criminal Justlce Plannlng and
Architecture

Westinghouse Corporation
Public Administration Service

Sc1ence ‘Advisor Program (Offlce of Technology Transfer)

" 3. Publlc technology transfer organlzatlons

A follow—up program should also be 1mplemented,for the teéh—iﬁr%

ety SN

nology transfer“organlzatlons preV1ousry*1aentIr1ea. e

Publlc Technology, Inc. (non-NASA programs) ng‘r“»'%
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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 consultinglservices to police departments should be

encouraged to utilize hypercube and offer technical assistance to
client departments. A follow-up program should be instituted to
appriée such organizationstﬁf the results of the field test project
and of the'ngwly developed software and documentation. Such
organizations identified during the field test include:

Urban Sciences, Inc.

- ;;£1;¢Véys£ems Evaiuation, 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
assistance services.

Recommended Modifications to 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

w-neadas.for techhical assistance:

A

e development of a programmed instruction guide to
formatting input as a substitute for the
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The value of these modifications cannot be overemphasized.

/’//

Q
1

interactive msnitor 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;

experimentation with field operations de51gn
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;

development of an improved version of the’
COBOL software by incorporating features
presently limited to PL/I versions; and

adaptation of hypercube for compatibility
with the USAC law enforcement module.

Each

can contribute significantly to the ability of future users to

understand and use the hypercube software, and the;eby re@uce the

need for outside assistance and the cost of whatever assistance

is still required.

Information_Dissemination Regarding Technical Assistance

il

technlcal a551stance to hypercube users.

if potential users do not know of their availability.

Available technical assistance resources will be of no value

report, "How toiSet Up Shop for Use of the Hypercube System,"

includes a section on obtaining technical assistance.

Techni-

cal assistance sources should also be registered with orgaﬁi-

' zations such as the National Referral Service and - the Kansas

[> I

state law enforcement planning agency,~whigh publish catalbgs

&

for representatlves of organizations commltted to prov1d1ng E

It 1s also recommended that a tra1 ln

e

¢

The companion

~of technical ass 1etaﬁce~ree©urée9f‘”“”“v S
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' E. Training
Police planners who participated in the field test training
seminar agd later utilized hypercube indicated that the training
was extreﬁely helpful, and that without it most 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 suggest 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 wifh representatives of numerous
criminal justice training programs during the field test, as de-
scribed in the previous chgpter. A follow-up program should be
undertaken to supply these ﬁraining programs with the final

products of the field test and to assist those interested in

¢ including hypercube in training. - Follow-up should include:

N

T University=based programs
Conference-based programs (e.g., national meetings)

Special-purpose LEAA programs (especially those of
naticnal scope)
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2. Identifieation,of additional traiﬂipg progﬁamsiﬁ N

Additional training. programs should be identified by review

of the "Criminal Justice Education and Training Directory" and - e

. _ ‘ 1
of law enforcement publications. Information on hypercube traini

ing should ‘be sent to those identified as potential users.

3. Software dissemination programs which can includectraining

The software dlssemlnatlon programs identified in the fJeld

t

test which can include training (e. g., Center for Advanced ﬁiﬁ%g_ %

tation, Center for Criminal Justice Information and

Statistics, and M. I. T.'s Urban Systems Ahalysis course) repre-

sent promising sources of hypercube training singe +they-a iready

have or are likely to develop expertise in hypercube in*drder to
support the software. Because they may also offer technical
assistance, a follow-up-effort should be made to encourage and’

5

4. TIPPA hypercube seminar

An effort should be. made to assure the presentation of the
/ / ’ )
TIPPA seminar at regular Jntervals, either by TIPPA or another

¥

appropriate organlzatlon.&

§eufrequency of presentatlon shouldAQ\

be adjusted to keep the claises large enough to cover expenses.

HE R

This semlnar is also 1dea1 “for tralnlng persons 1nvolved in hyper—
cube dissemination programs themselves (i.e.;, information dlsseml-

nation, software dissemination, technical assigtance, and”trayniﬁg) 
b ) 4
and should be used initially to aid in the initiation of the%e_ R >

&4 n

services. JmkrdwﬁwW”ﬁwi~ SR ““w””””“? , g

5. Fa0111tate funding and approval of hypercube tralnlng

L@ 3 i A

Additional effort should be dlrected towards tralnlng course

e |
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-input Eor tlng procedures and of the modellng capabllltles of

-the COBOL program. If these are carried out, the training hand—

approval and funding activities of state law enforcement planning

agenciés and Pclice Officer Standards and Training (POST) commis-

‘sions. Without this type of support, wide-scale participation

by Taw enfgrcement personnel in hypercube training will be severeéely, -

if not fatally, handicapped.

6. Publish articles on the hypercube training materials

Newsletters such as Training Aids Digest reach hundreds of

=

law enforcement training administrators and thousands of police
officers seeking useful ineservice traiﬁﬁng. Articles describing
the beneflts of hypercube and the availability of the hypercube
tralnlng materlals should be submltted to a number of these publi-

cations.

7. LEAA's Office of Crlmlnal Justice Educatlon and Training
(OCJET)

The announcement of hypercube and related training materials

by the director of OCJET to all LEAA regional offices will continue

to generate inquiries from these agencies for some time. Resources

ﬁshoﬁld be available to reSpond to these&inquiries, including some

staff a551stance for’ plannlng state or regional training conferencese

(e.g., such as proposed to TIPPA by the Denver regional office).

- Major expenses should be borne by LEAA, but initial 'response

‘efforts will not be easily supported by that agency.

Deveiopment of Additional Training Resources
)T 5 ) ’\j_'/\'

1. Use of the COBOL program

Previous recommendations have suggested improvement of the

C/

book should be revised accordingly.' This should be a high
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tor can be dropped. S ' ) | y~<€$N

R

L

priority task, since thetimproved COBOL software will be the only °

Ny -
=

hypercube system most police departments can“bperate on their own
computers. 'Alsd, use of the revised handbook in training pfograms

will cut the cost of training because use of the interactive moni- T Tt

2. Training materials for PCAM

If the recommended PCAM-hypercube software(bébkage is devel- <>”

oped, it will be essential to inclﬁde inforﬁation on the PCAM

C TS

COﬁpohent in the training handbook. A “ :: N

2

3. Continuing evolution -of the hypercube software

Resources should belprovided for updating théntraining hand- i
book as additional capabilities are incorporated in the hYpercube
softQare, For example, incorporation of travel_barriers, nén-cts
work, aqd cail priofities into the model shoula be documentedkfér

the handbook.

4. Field testing new training materials

Before dissemination, new training materials should be
(k -

) \.\&~ . L S ] 1 . fs:a )
reviewed by police plaﬁﬁers familiar~with hypercube, then revised, o

based on their feedback. Planners from San Diego, Fresno, and

San Jose who pa:ticipated in the presentkpré§ect are:Sﬁggested.
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APPENDIX A

THREE CASE STUDIES OF

HYPERCUBE IMPLEMENTATION
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This ;ection detaiié’thé experiénce of the three police
‘departments which participated in the field testing of the hyper-
cube programs and subsequently completed the implementaﬁidn of o
hypercube-designed patrol beaté: _Bp;bahk, Fresno, and St. Louis
County. These three accounts provide an overview of the types
of situations in which hypercube is likely to be ﬁsed and poteﬁtialbs\,
difficulties which hypercube users are likely to encounter.

Each study is an attempt to convey the most salient features

of hypercube use in the respective departments. The activities

and events which comprised the field test program are discusseéd

in Chapter II, and are mentioned only briefly in the following ‘%\%;

narr;tives. Likewise, routine procedures involved in hypercube ‘ ‘mg
use aﬂé model-specific problems which'are.likély to be faced by. J
most‘users aré nqt discussed in detail. a

ﬁach case st§3§§§ﬁpha5izes a different aspect of hypercube
use. HIn Burbank, a\§5g$£lﬁe§1 of effort had to be devoted to the : J‘{

cnllection of input data:

In Fresno, hypercube was used to ‘help
justify a shift in manpower éilocation from a static (24—h0ur)

’bea£ plan to one usiﬁg five different beat élanS'aﬁ various times

of the day. The St. Louis County experience’illusgratéslimplementatidn
pitfallé involved and ways in which tﬂéseﬁCén be[oyercdme. FOilOW5 }

ing each narrative, brief conclusions are drawn regarding the ‘use '

of hypercube in otker departments. =

B

A. Burbank, Caiifornia

Background =~

The City of Burbank is located in Los Angeles Countj;in the e
northern portion of the Los Angeles metropolitan area. It adjoins
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'the Clty of Los AngeLes along its northern, western‘wapd s0 Atbc:n,a-lw—, w“
b ; — L
boundar¢es, and the Wlty of Glendale on the east. The city has a .

populatlon of approximately 85,000 and haa a total area of 17. 1
square mlles. Located within the city are several major television
and motion picture studios, the Hollywood-Burbank Air Términal,

and numerous manufacturing and commercial establishments. The
Golden State Freéway 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 devel-
opment.

Crime pafterns have rémaihed stable in Burbank for many years,
with tq§ 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 éity}into two command sectors, with five beats in.
Sectpr 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-1.

Although the‘1961 beat plan was designed for 14 patrol units,
thé actual numbers of units in service each watch varied consider-
ably. Each sector sergeanéuused his discretion to combine beats
When ménpowet shortages occurred. When more than 14 units were
fielded, the extra manpower was used as back-up sectorwide or’to
,prévide_double coverage in busy beats.v During 1975. manning.
normally consisted of 10 to 12 units on the day shift (8:00 a.m.

to 4: 00 p-m. ), 12 or 13 -units on both the swing shift (4:00 p.m.

198



i : *Sector -1 contained

LOS ANGELES ey BOUNDARY
; LR o .
/\ Seo (% » :
! .
) ! Q,(
) ! A
) ! \
" E R ':,U G OL
kY ~ ) "‘q\ ! NPEEN .
P -
T e e i o X
z £
IV (S TSR i
/(. 2 ;
-;"V*--*
1] I .
R D At
o ='§ T
U q48 WYy, V-
n .t R
gE'I! & s Ly y
£ ﬁ-‘ 2, B a3
‘l“.t‘ +°
o W Y ISR
Gk v % 114
% [ =ﬁ ¥
AR ] v,
%
% i
5 b ~ R,
1 o« B
17144, \ 3.
EEEN e P :
LEE HIE HE,
. 24
5 o b 2o “qqu
. ’ N {wﬂ,’_,,.
m N ol
: Tiiapeh B 1 3
12 A 3 X <t 4 $ 3 hgﬂi
- T EE ¢ 13 NTRE
) Koy =Y al q & 'ﬂ
s i S T I o
13 = e ‘1:;"*$' X
¢ it s
d = 4 {3 .
I e L ARANS
] HE
-4 2 3 &
3 \QE 3
'L_: o é
-"-4;'
s Q
. =
sanoeiw
-n SPAE Cut

39
20
—:I
2 I
et it VE of ' ) ot"%ﬁz - .
2 Ll CITY OF BURBANK. 2
LOS ANGELES COUNTY - CALIF .
- B B
'FC.BUTCHER 5
3 PUBLIC WORNS PIRECTOR ¢ .
...23\ - L i *‘,‘1@
L.\ i-"/ e e
24, :.:: . © +
. et ‘

@

“contained beats E, F, G, H, I, J, X, L, and M.

Figure'A—lu

OLD BEAT PLAN USED BY THE SRR
BURBANK POLICE DEPARTMENT* ' :

199




L
to midnight) and graveyard shift (midnight to 8:00 a.m.), and fourﬂ
units on the overlay shift~i7:00 p.m. to 3:00 a.m.). Thus,
scheduled , patrol strength varied regularly f\pm lO to 17 units. » P
When a four—day work week w1th 10-hour shlfts.was initiated in )
the fall of 1975, additional variation in patrol strength resulted

during periods of shift overlap. Abgences at times reduced patrol

strength to six units.

Participation in Project

From the time thecBurbank,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

AL

changed significantly. Storage of police data on the city's com- -
puter was belng considered, and it was felt that the beat strucE/re
and data collectlon procedures should be examlned before computer-
’ized recOrd—keeping was initiated. Also, it was felt that depart-
ment personnelvcould gain valuable espertise through the training
1nvolved in the prOJect -

Data collectlon, however, presented a major obstacle, and
there wa% considerable doubt about whether‘the'data could be
»‘gatherediat a reasonable cost within tne time available. The
department had no computerlzed data and no establlshed system of
geographical reportlng areas. Before u51ng the hypercube programs,
the department had to design a reporting area system for the city
_.and construct a data baseeby_samplingfdispatgh,tigkets and.

officers' daily activity'logs. There was considerable concern

that the project would require more involvement by command and
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"by the project seemed much more reaso ble when it ‘was found that

supervisory personnel than could be justified in terms of potential'

benefits to the department. However, the level of effortcfequired

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 collectien
plans. Subsequently, éaministrative 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 data keypunchéd and

processed as needed for input to the hypercube programs.

Collectlon of Input Data .- e
The first task facing the department in obtaining input data

wae the creation of a reporting -area system for the city. Follow-

ing guidelines suggested by the research team, the department”staff

used a large city map toadesign an initial set of reporting areas.

Thls effort resulted in the creatlon of 45 reportlng areas.

Additional reportlng areas were subsequently added by mubd1v1d1ng

the initial ones, following a meeting between department staff and

members of the research team. The resulting set of loz‘fe%orting

areas included 50 in Sector 1 and 52 in Sector 2 o 3
The guidelines distributed by the research team suggested that

//
reporting areas be compact, unlformly sized, encompass areas of

emoge“ecas-cr*meepatf‘fﬁey“an&‘ﬁavé’ﬁéﬁﬁaﬁfTéELﬁﬁieﬁ"diéﬂnot cut
. . @ ‘ .

across major thoroughfares or natural boundaries. The resulting

system of reporting areas followed these guidelines, and at the

201

B e ke



same time avoided cutting census tract beundaries.and current

beat boundaries. Major studios and similar establishments were

kept within single reporting areas. Once the reperting areas were.

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 sexvice,

and the average service time for all calls for service. None of
these items were routinely collected by the Burbank Police‘Depart—
ment, necessitating the construction of this data base by examin-
ing'depertmeﬂt 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 officer’s activities during a watch; and the "officer's

patrol record," which lists the amount of time spent by each officer
for self~initiated activities, report-writing, etc. Samples of

these documents are shown in Figures A—2 A—3, and A—4

Carl for service data were gathered from complalnt 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 from 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 the address 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=5,

i

4

R

The dispatch complaint recordeiidnot prdﬁide a complete pic-
ture of total patrol workload for tWo:reasoné: self-initiated
actiyit& is n&t shown on these cards, and report-writing ﬁime*is
not necessarily included in the service times stamped on the cards.
In computing the relative patrol workload levels for individual
reporting areas,‘iétWas‘éssumed that self-initiated activity and
repért—Wiiting would be distributed among the reporting areas in

the sgmewpggpgggiqgfas‘galls 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 patrol 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
dispaﬁqhed calls’for service angrcalculate 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 timés that resulted from this analysis were 33 minutes

7

for Sector 1 and 29 minutes for Sector 2. j

The arrival rate of all calls for service was estimated in

“
c N . . .
th@\same manner as the average service times. The sample complaint

reqprd data yielded an average dispatch rate of 2.078 calls per

hour for Sector 1 and 1.626 calls‘ber hour for Sectbr 2. A separate

study by théUQ¢partment‘staff‘of dispatch records £rom January

S : e ‘ o . ‘206i[ s
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athgough March 1976 resulted in estimates of 2.072 calls per hour

. for Sector 1l and 1.703 calls per hour for Sector 2. These call

Rt

rgﬁésﬁygre ﬁhenzadjuéied by'department staff to account for self-
initiateaﬁéﬁtivity, administrative duties, multiple car dispatches,
and other out—of~éervice 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, thexe was an
.awareness in the Burbank Police Department that changes in beat
§§ructure were needed. For instance, patrol strength was usually

iﬂéufficient'to allow one car per beat under the lA{féat plan.

‘An earlier patrol work%Qad study undertaken by the départment had
:shown that an average ocf 10 patrol units were géing fielded during
the day and swing shifts (8:00 a.m. to 4:00 p.m. and 4:00 p.m. to
m%dnight). Even fewer units wera being fielded for the night shift
(midnight to 8:00Aa.m.). “Since a singlé beat plan for use around

- the clock was to be produced, the plan was primarily geared to the
day%and swing shifts. This administrative decisién dictated that

' the new plan would contain 10 beats.

It was glso known priorvto the hypercube analysis that thé
citywide WOfkl?ad wés not évenly divided between the two sectors.
This was conﬁi;med by the sample data collected for the study. A
10 percent difference existed between the workloads in Sectors 1
and 2. Before’élternative beat stfuctures were examined, a new

ksectOr'qundary_was established which reduced the workload

/imbalance to two percent.

208



Burbank patrol units are rarely dispatched acrossithe sector
boundary. On each watch, separate'commanders direct the patrol

activities in each sector. If a call arrives from a beat adjoin- 4

oy
4

ing the sector boundary while the beat car is unavailable, anothen,
car from the same Sector‘ishdispatched 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.

[P

Each of the newly—drawn sectors was to be d1v1ded into five S

beats. Based upon hypercube analys1s of the l4-beat plan and ‘ N

approximate workload balancing, two alternatlve plans were drawn %\
for each sector. These initial plans also attempted to-enpompass”
distinct neighborhoods within the beat boundaries. Each plan was

analyzed uSing-the hypercube programs,,with particular attention

»given to balancing workloads and minimizing cross-beat‘diSpatching.

esponse time was not of major 1mportance in, the analy51s, 51nce

response times belng experlenced in- the fleld have been well w1th1n

acceptable limits and any significant reductions in response times

would requlre additional patrol unlts.k
v o

Bas sed upon the hypercube output for the lnltlal alternatlves,

.o further iterations were deemed necessary. For:each sector,

one of the original alternatives was recommended for implementation.
Additional' runs were‘made, however, to demonstrate~whiéh beats )

could best be combined when less than flve patrol units were avall—ﬁ

able in either sector. The new beat plan ls shown in Flgure A6~ 7
None of the” pollce staff partlclpatlng 1n\the study had any ey

prlor experlence w1th‘computers, and for most, it was their flrst [ fﬂ'ﬁ

o B e e st e B s
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NEW BEAT PLAN USED BY THE =
E BURBANK POLICE DEPARTMENT* '
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exposure to the sophisticated analysis of patrol deployment. The

training and materials provided as part of the project were suffi-
cient to enable them to complete their analyses. The technical
assistance which was provided bydtelephone following the training
workshop was considered essential as a supplement to the formal
training.

Application of Hypercube Results

Once the new beat plans had been selected ﬁorreachueegtor;h#m“,wx_ww

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

was a willingness to accept the model's performance estimates as
73
rellable, -and the new beats were readily approved for implemen-
L)

tation.

Future Use of Hypercube , , o ) ,,‘;bu,.r;gi,_
In spite of the good results obtalned by the department,
continued use of hyperxube 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 probably not

@

{/e necessary in the near future. The reporting area systemﬁdeviged

for the hypeggube study will probably not be used forpon-going
) T
data collection by the department.. The planner trained in hyper_r

cube operation has left the department- Therefore, the amount of

effort involved in 1mplement1ng anothcr hypercube study'would be

difficult to justlfy in view of the llmrted addltlonal beneflts
B R 3 ) &

of such a study to the department; , \ "
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Conclusions

Several factors helped make the Burbank experience a positive

one:

® 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 construct the reguired .-
hypercube data base, using statistical methods not
previously attempted.

B. PFresno, California

Background

The City of Fresno is located in the middle of central
California's San Jdoaquin Valley, one of the nation's leadingtagri-
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, with 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 allfshifts and all days of the week. Approximately
the same numbers of officers were deployed on each of the three
orking 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.), with additional manpower deployed
wi@glzi

e
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on a "lap" shift (7:00 p.m. to 3:00 a.m.), The units assigned to
this lap shift provided back-up assistance for the regular beat
cars. “ . | 5
The limitations of this manpower allocation plan had long
been recognized. A 1965 study of the department by the Inter-
national Association of Chiefs of Police recommended change; in

the methods of beat design and patro%/deployment. In trying to

'implement the IACP recommen ndationg thW@vnr, the department found -

/7
that its data were not sufficient for the- task.

The police department and the city data processing;gente;
worked toéether to improﬁe the department's égka collection'capa—
bilities. The city was divided into 249 zones with areas of approxl-
mately 0.25 square miles, and workload data were captured by % B
and by zone. Workload information gathexedwinclgdes citations; - _
offenses, arrests, éourt appearances,’ offense clearances, disposi-“
tions, and accidents. The availability of this data has greatly; s
enhanced the departmené's ability to analyze patrol operations.

Partidipationvin Field Test Project

o

The Fresno Policéxbepartment was first informed of the field
test project by the city's CIG science advisor and details of the
p;ojgct were supplied during a visit by members of the TIPPA
résearch team in'Jﬁly 1975. The head of the department's Adminis-

- . )

trative Services Bureau expressed a deflnlte 1nterest in part1c1—

‘pating in the project. Hypercube was espe01ally appeallng bec use

\¥_—

of its ability to show the 1nter—re1at10nsh1ps between workloa@s,

E

TN

D

response times, preventive patro%/levels,”and‘interbeat'diSpatch—
N B Lo “\‘)_'7 .

ing. The data processing center could provide data on each Qf, ‘_“,'

these variables, but could not combine them into an integrated



\

analysis of alternative beat designs. The department was also pre-
paring to implement a computer-aided dispatching system (CAD), and
wanted a beat design study completed before final CAD implementation. .

Thus, participation in 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 assistanoe 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 1576.

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.

Collection of Input Data
‘Most of the basic hypercube input data was available through
the data processihg 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 noted workload

data for 1975 was avallable by zone, but the zone areas and x, Y

*"Beat Design and Manpower Deployment System,! Fresno Police
Department Administrative Services Bureau (James L. Packard,
Deputy Chler), November 1, 1976.
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Alebeat configuration could expect to service one call per hour.

. 7.37 minutes of back-up timewper call were added to the 32.05

|
| {
'overall dlstrlbutlon of workloaa among the zones was used for each ~ é

o)

coordinates for the zone centers had to be meas&red. :Actual
travel time data were collected by field observathn.

Department data indicated that calls for service requlred an “
average of 32.05 m1nutes~to complete. Adjustment of thls figure
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 admlnlstratlve lee per unit averaged 11.25

minutes per hour and that an average of ©7.37 minutes were expended
It

on each call by back-up units. Data/from 1975 showed that an

AR

average of 15.52 calls per hour were received, so each unit in the

Therefore, the 11.25 minutee per hour administrative time and the ;

minutes service time per call to obtain an adjusted average service
: i

time of 50.67 minutes. . . . L = .
S 0 =7y
It should be notpd~that dj’s:ihg the average‘service time to
”* S , e S
account for admlnlstrjtlve duties has the disa dvantage of maklng

T,
Sm,

the amount of administrative time computed for each watch cependent
upon the pumber of calls received during each watch Admlnlstratlve
time, however, may not have such a relationship to the numberuofh.
callS'received. A more accurate methdd%of accountlng for admin-
istrative tlme may be through adjustments to the arrlval rate of .
calls for service. | ‘

'Since the. department uses three' regular ;hlfts plus an overlay
shift, fice separate time'periods were to be°analyzed.‘ Therefore,
workload data had to be complled for each tlme perlod.k The sam'a

_(-

. ‘. [y . E \

&
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o s ’ ) . Beats (014 - Call Call
K “Time Period S ~Plan) Rate Rate
7:00 a.m.~3:00 p.m. (Day Shift) BT 16 -~  15.1  16.0
e 300 prmT=71 00 pum. (Ist Half of Swing Shift)y L6 T o TT2IV9 T
7:00 p.m.-11:00 p.m. (lst Half of Lap Shift) 22 @ 21.2 22.4
11:00 p.m~3:00 a.m. (Las® Half of Lap Shift) 22 "14.8 - 13.9
3:00 a.m.-7:00 a.m. (Last Half of Midnight Shift)1l6 ; 6.3
o |
L .

L

time period. However, separate call rates wetre computed for each
ﬁime périod based upon 19753data. Table A-1 shows the five ‘time
P . . L
periods examined, the number of beats previously used, and the

average call rates experienced.

*Analysis of 0ld and New Beat Plaﬁé

Once trained to operate the hypercube programs, the planners
inDthe:Admiﬁistrative é@rvibes Bureau analyzed the performance of

the l6-beat configuration. This beat plan is shown in Figure A-7.

The conclusioné reached from this analeis included the following:

W ® Ah ove?gll utilization factor of 0.818 (or 81.8‘peré$nt)

was computed for the l6-beat configuration, from which
the planner concluded that there were sufficient personnel

“ assigned to the patrol division to handle the total '
generated workload.

e There was a considerable discrepancy between the workloads
of certain patrol units and the workloads generated by
the beats to which those units were assigned; three of the
16 beats generated workloads that were much lower than\the
workloads of the unlts assigned. . <

%] -
Table A-1 ‘
CALL RATES AND NUMBERS OF BEATS T

FOR THE FIYE TIME PERIODS EXAMINED
0 BY THE FRESNO POLICE DEPARTMENT * 7

o , ” ' ' ' No. ofyw 1975 Projected .
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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. ‘ .

e Several of the beats were generating more work than could"
possibly be handled by the units assigned to 'those beats,
so that calls from those beats were con51stently serviced
by a unit from other beats.

® The average utilization factors computed for the various
time periods ranged from 0.33 in the 3:00 - 7:00 a.m. period
top over 1.00 in the‘3\00 - 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 time periods being

.studied. A relief factor of 1.6 was used to calculate the number
" of men needed for each position. Table A-2 shows the manpo%ér

assigned to each shift, and Table A-3 shéws the resulting distribu-

tion of officers and beats among the five time periods.
Several alternative beat designs were examined for each time

period;'hecessitétihg 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 swing
shift are drastically reduced.

ﬁOne problem encountered in designing the new beat pléﬁs was
caused by several zones which generate excessively high workloads.
As a result, the beats to which they were assiéned sﬁowed signi-

ficantly greater-than-average workloads. To reduce the problem,v
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Table A-2

ALLOCATION OF PATROL MANPOWER
BY SHIFT IN FRESNO

b

Day Shift (7:00 a.m.-3:00 p.m.) R 4.

Beats 23 x l.é = 37 Regulars
Second men in Westside Cars 2 Regulars (Extra)

Wagons - ! 2 Mall Officers
Per Day . ] (Walking Béat)
& ; 41 Total Assigned
to shift.
Swing Shift (3:00 p.m.-11:00 p.m.)
Beats ‘ 31 x 1.6 = 50 Regulars

Second men in Westside Cars _2_Recruits (Extra)

Westside Walking Beat 52 Total AsSigned

Wagons g . to Shift
Per Day f '
‘ ‘ ’ N : e
Lap Shift (7:00 p.m.-3:00 a.m.) - - s
Beats R V 7 x 1.6 = 11 Regulars
Second Man in Westside Cars _2 Recruits (Extra)
Per Day . ‘ L e 13 Total Assigned-
to Shift
Midnight Shift (11:00 p.m.-7:00 a.m.,)
Beats . ' 18 x 1.6 = 29 Regulars
Second Men in Westside Cars 2 Recruits (Extra)
wagons 31 Total Assigned

Per Day : ‘ to shift

TOTAL (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 for the five time periods,

a departmental tésk force %as formed to review them. THis task

force included members of the administrative services bureau,

. representatives of the patrbl division (including watch commanders),

a communications representative, and a representative from the

police officers' association. Initial hypercube output was presented

to patrol division representatives, and several meetings of the 'task

force were held.

The beat‘plaps.were\generally well-received, pri-

marily because of the prospect for more equalized workloads and

FRESNO POLICE DEPARTMENT

Table A-3

PATROL STRENGTH AND NUMBER OF BEATS -

BY TIME OF THE DAY

O

No. of Meﬁ No. of.
Assigned  Beats -
7500 a.m.-3:00 p.m. 41 ;v 18
3:00 p.m.=7:00 p.m. 52 23
7:00 p.m.~11:00 p.m. 65 29
11:00 p.m.=3:00 a.m. 44 19
3:00 4.m.-7:00 a.m. 31 13
»b%v
. g E:; k : ' / T e
;f-’:/' . ‘ {i‘ :
a \ ‘ 17
‘ o 225 : \\ - '\1\ o
o ) = | 5 - “ :

<>




response times. Reassignment of some officers’ to different shifts

was not seen as a major problem.

Since a total of 102 beats 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 numbérs were retained, but dispatchers had to familiarigze

themsef%es with a different set of beats for each shift. To assist

- them, assignment cards showing the beat number for each address in

the city now show the beat numbers associated with each time period,
ana separate beat maps were designed for each dispatch console.

The change in the numbering system necessitated changing 20
computer-produced management reports which had been designed to
&g}ow only two-digit beat identifiers. The department's CADvsystem
which, when fully operational, will indicate the beat car for any
incident address in the city élsoihad to be revised to reflect the
new beats at a cost of $900. )

Providing sufficient vehicles during peak hours presented én
unaﬁticipated problem. At 3:00 p.m., 23 cars are needed, éhd\29
are needed at 7:00 p.m. I@provéd Echeduling of vehicle'maint%—
nénde may be needed- to ensure‘thaththe cars are available wheﬁ
needed. /(;:;‘ I i

Thel;atrol division assumed the réspdnsibilityjof impléﬁénting ///‘

' \. 7 /

the new beat plans. Beat maps were distributed to patrol officers

W

in Séptember, so they would have at least six weeks to-become familiar

.

~
)

with the new plans before the November 3 implementation date. The:
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actual implementation proceeded smoothly. The news media was

informed of the change, and two newspaper erticles 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 pro~ .
‘grams t? periodically assess bedt performance. ~Plenning for the ﬁ‘
CAD sys%em now being implemented reguired management data similer

to that needed for hypercube. As a result, the input data needed

for use of the hypercube programs is readily acceeEible.

AR Conclusions

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

0 There was a recognlzed need to revise the department‘

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 affected by the project.

e ) The Administrative Services Bureau had,the necessary

personnel to parry out the data collectlon and analysis
phases of the progect. E

The success of the Fresno effort is particulgrly noteworthy;

because of the drastic change made from a beat plan used around—

) @
ot

he-clock to plans wh1Ch vary nearlv every four hOurs. Many de~

partments flnd such v«rlatlon in beat plans to be admlnlstratlvely

‘unacceptable, but such a reallocatlon of patrol resources was

q . :
o
fnecessary in Fresno in order to reduce the exce551vely hlgh patrol

“unit workloadsuprev1ously common to' ome tlmes of the day.
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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 densely populated suburban communities; the
degree of development gradually diminishes to the west, and the

PP

extreme western portions of the countyvare(malnly rural and agri-
cultural. There are over 90 1ncorporatea/ﬁun1c1pa11t1es within
St. Louis County, most of which are clustered near the City of St.
Louis. The county also contains large unincorporated areas, both
developed and undevelopedg |

The St. Louis County'Police Department provides police services
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 980,000; the unlncorporated area conslsts of
i B Pquare miles with a popu]atTon of 360,000,  The area served by
the County Pollce Department encompasses bOLh densely populated
‘1nner suburbs and the rural west county The area is d1v1ded 1nto
five precincts whlch are patrolled by 41 to 73 units, dependlng on

the time of day

y:

De51gn1ng patrol beats for the St Louis County PQl;ge;Qemquﬁpjﬂ_wua;

ment is a difficult task. Each of the flve prehlncts operates as a
separate command area 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 geo-
graphically large beats in the west'county, resulting in unaccept—

228 | '




*ably high response times. One 50- -square mlle area produces 30% of

thh department's calls for service, whlle another area of 150

\

squaxe miles produces less than 10% of the calls. One rural west | e
county beat is larger than the entire City of St Louls.

To ald in the design of patrol beats, the department has a
Bureau of Plannlng and Research with access to largetamounts of

data. The county is partitioned into 476 geographical\reporting

o

ateas termed "COGIS" areas (COunty Geographical ;nformation,§ystema,
and incident data are collected by COGIS area.. These areas are -
aggregated iht0~precincts andybeats by planning and fesearch per-—
sonnel in cooperation withfpredinct commanders. ,
Patrol beats are not tevised on a regular basis, but they have
i ~ been redesigned three times in approximately three years, with;the ‘
most‘recent redesign of patrol beats takihg,place in July‘1974;

Redesign efforts are authorized by‘thé7shpefintendent_of,Police,

v

yho assigns manpower tc the precincts in termsof the number of /;'

eight-hour beats that can be manned. (An eightlﬁour‘beat i% one /

AN

beat manned eight hours a day; seven days a week.) <Prec1nct co-

manders are authorized to dlstrlbute these elght—hour beats among
. /' z, .
9] = . T A
the three shifts to best handle the workload in thelr prec1ncts.

(S

The prec1nct commanders -and the plannlng and researth{bureau

A - 12“33&11%

though the commanders can veto any révisionszin“thEirlbeat plans |

.- " which they find\unacceptable, N ' i

o The'department's primary objectiﬁefin redesig§ih§”patrol beats

is to balance beat workloads, on the theory that each beat should

have an approx1mately equal share of the department ‘s total workload

1l . . P [ R RERE
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regardless of ehiftﬁor geographical area. However, this cbjec-
tive has never‘been'fuliy realized, due to the marked differences
in response timess that would befproduced by such workload
balancing because of differences in population and workload
within the department's jurisdiction. Thus, response times,

p&rticularly in the west county beats, is also an important

design consideration.

Redesigning all of the beats for 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
time spent by field and data processing personnel, secretaries,

and map makers.

Participetion inJ%ield‘Test Project

Whenigiven7;he opportﬁnity to participate in the field test
project, the response within the planning and research bureau was
immediately afflrmatlve. Members of the research team met with
two representatlves of the plannlng and research bureau in July
1975 to demonstrate the use of tle hypercube programs, explain
the fleld test project, and obtaln 1nformatlon needed for com-

pletlon of the project s‘plannlng phase. Much of the data neeed

L 4%
g

auputerized fodm,
and the planning and resee;ch‘bureau had already been given a
directive from the Superintendent toaprqduce a new beat design
and manpower éllocation‘olanxby"the end of the year.

The. only obstacleto the department s part1c1patlon was' the

project's timetable. Tbe actual work of de51gn1ng new beats in the
230
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field test project was not scheduled to begin until after thg
January 1, 1976, deadline facing the plann%ﬁé and research bureau
However, since the depértment*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 December for the purpose of analyzing proposed
beat plans using the hypercube programs. This helped thébglanning
and research bureaun meet:its deadline and benefitted the field '
test project in several ways:
e the research team wés able to obge;ve the operation of
the hypercube programs using actual police department
data; ’
® existing software and documentation werewtsed by the
police planner, and many useful comments and suggestlons

were obtained;

e the research team was able to closely follow the beat.
design and review process; and

e 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
1mplemented, the\department contlnued to participate in the field

\

test progect by sendlng representatlves‘to both the orientation

meeting and training-design workshop. 1In the spring and f%;; of

AT UER £ W WO A

'i'- e =~

the first and fifth precincts, respéétively, and these beat plans
were subsequently 1mplemented The desxgn and 1mplementation cf
the new beat plans in these two pre01nctsax€:also descrlbed in.

later sections of this report.

°

)
S
N
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, 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

e 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
dééighxwere taken from regﬁlar 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 eaéh of the‘476 COGIS areas. Computerized
data on service. times, response times, and called-for and self-
initiated work were available by COGIS area. The only drawback
to ;he‘data.usedwasthattheydid not reflect workload seasonality
in some areas of the county. The use of a nine-month sample, in-

cluding all of the summer months, ignored the effect of these

Data collection proved to be a time-consuming task, even

though the workload data were computer-generated. A draftsman was
utilized to[obtain the (x, y) .coordinates for the center of each
reporting area, and a plénimeter was used to obtain each area in

squére miles; approximately five man-days wefe'Tequired to obtain
SR | . 232
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this information for the five precincts. Approximately two
additionei 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, pebu—
lation, shape, and 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 egual workloads or equal areas. Also, patrol commanders
- tend to intuitively overestimate the actual workload of these “hot
spotsg," allocating more patrol units,tqhtheSe‘areas than necessary
to handle arriving calls for service. - : o '

Contrary to péstwpractice, the new manpowet allocation an§
beat design effort did not involve the precinct eommanders until
a meeting was held to present the new plan to them. At that time;
they were not told about fhe use of computeriéed beat design tech-

D

- niques, because it was felt that there would-be a negative reaction_

° 4
Y

to "mathematical management. Nevertheless, there was a strongly

negative reaction to the plan presented. The primary objections

[t

to the plan included the following:

i the pre01nct commanders had no’ lnput in the formulatlon

T e e (oS e HeTs “p,r;m ’“upan*wn:x.crr“tge_peat
- plans were.based;

EW]

e workload equalization was questioned by some commanders
as a suiltable allocation and beat design obiective::'

® guestions were raised about the data used to measure
workload; and S . ’ !

o : 2 o O 5 ) B
. @ there were objections to the actual structure of some. Y
' beats. o ‘ s : C :
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' some. minimum number of units in service.

i

mye fact that precinct commanders had not been involved in

the formulation of the manpower allocation plans was particularly

oy

5

objectionable to those commanders whose precincts would have lost
manpower under the new plan. This was a sensltLveissue,since some
precincts were scheduled to lose manpower despite increases in
reported crimes. ;

The beat design goals of some precinct commanders conflicted
withrequalized workloads. Equalizing workload by beat produces
geographiCally large beats in‘low workload areas, which in turn .
-produce greater respohse,times. Some'commanders felt that it was
necessary to have some low workload areas to which certain officers

could be assigned, because of varying levels of performance among

' officers. Some commanders also felt that no matter now low  the

workload is in a given precinct on a given watch, there should be

o

The planning and research staff had used total service time

~required by calls for service and self-initiated work as the measure

of patrol workload but some commanders did not see thls as an

(e

“adequate indicator of future workload. The klnds of cdlls ser-

Vlced vary considerably by time of day; and long servicehtimes
for minor incidents durlng the day tend to overshadow nlghttlme

calls whlch, although shorter 1n duratlon, often ‘deal with more

&

serlous types of crimes and frequently lead to arrests. Includ- .

L e : U UL R , :
ing self-initiated calls along with radio-dispatched calls was
2 s

e

felt’ to blas woréload data in reportlng areas. served by hlghly—

m,motlvated officers. BAlso, the commanders doubted:the valldlty of

using past data to determine the distribution of futureﬁworklOad.

234 e
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¢ The actual structure of some beats was also questioned.y Some
beats were said to be too isolated-éﬁthat is, cut off from the rest o
of the precinct by physical barriers or limited access hi§hways—~ . | s
making it very difficnlt to provide rapid back-up assistance to |
units assigned to those beats:q égme commanders objected’t@ the
fact that the beat plans were deoigned lndependently for each ’ _
watch. They preferred that the beat plans for busier shifts be’ o
obtained by subdividing the beats used for the less busy shifts,
with for example, a beat planufirstdesigned for the midnight shift;
and the resulting beats subdividedato obtain the beatkplans/Epr
the day and afternoon shifts. Although‘this process 43;mit; the
“ least amount of flexibility in designing beats for theabuSiest
shift, the resulting beat plans are seen as easier to administer..
As a result of these objections,ﬂthe new»manpower allocation
plans and beat designs were_not)imnlemented. However, since the
hypercube analyses showed two prec1ncts to be inadequately manned
duexto recent workload 1ncreases, a plan was formulated to find
ways of increaSing the patrol strength in these preCinc_s w,thout
\\cutting the patrol strength in the other precincts. The bureau
of pla ning and research continued to work with the commanders of
these two pieCants as described below.
Although the 1975 manpower allocation plan and beat de51gnfm
ware not 1mplemented the wolkload data gathered ;n the process
did sheow that the first prec1nct was undermanned. As a result,

, :\addltional eight—hour beats were allocated to that prec1nct in f B
Ty S

the spring of 1976, w1th new. recruits prov1ding the additlonal .

\\ S

manpower so that ex1st1ng ﬁanning levels were maintained 1n the«v =

other pxec1ncts., | R : |
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The hypercube programs were again used in the redeeign of beats
for the first precinct. The same'geographical data were used,

but the wdxkload data were changed to include all of 1975. Ini-
tially, no adjustment was made in the workload data to account

for administrative time—-tneitime'during which patrol units

are out of service foégédministrative duties such as briefings,
warrant appllcatlons, vehicle maintenance, etc. The primary
effect this produced was an unreallstlcally low utilization factor
calculated by the hypercune programs. However, since it was
assumed that administrative time was equally distributed among the
COGIS 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 planning and

" research bureau without consultinthhe 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

ueing the hypércube programs. New beats were agreed upon and

implemented in April 1976.
The final beat plans for the first precinct were later re-
analyzed, with the call rate adjusted to account for administrative

Eime, It was found that patrol units spent 20 percent of their

~time on administrative dutles, 60 percent on patrol 18 percent

on call-for-service work, and 2 percent for self-initiated work.
Sincedthe amount of tine spent onkadministrative‘duties was equal

to the combined time spent on called-for-service and self~initiated

WOrk;'the call rate input to ﬁyPercube‘waSJdbubled to nge a more

Rxscs g
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realistic picture of patrol workload. The resulting analysis dld

PR SN S
N

not, however, show a need to further revise the beat‘plan.
P

The 1975 manpower allocatloﬁ/study had also shown the fifth

. precinct to be undermanned, and a further workload increase was
expected to result fromdthe construction of a largn‘shopplng center
in the west county area. Consequently, the pre01nct was axlocated

K

three additional eight-hour beats in the fall of 1976, necess1tat1ng “'&

the design of new beat plans.

As in the case of the first prec1nct, planning and research

bureau and precinct personnel cooperated in tne redes1gn effort.

i

Spec1f1cally, a planner worked closely w1th a lleutenant de51gnated
as liaison by the precinct commander, and respon31ble’f0r securlng
vthe necessaryuinput from’precinct officers. The use of thé.hYper—‘
cube programs was fully explained, and hypercube‘output was shared
with the lieutepant, who then explained the findings to other .
precinct personnel as needed. ) | s o ';u
One of the problems entountered in designing fifth precinct ¢ |
beat plans was predlctlng E%e workload that would be gencrated by
’the new shopplng center. The development was 1n a predomlnantly
rural area, which made the problemaeven more,dlfflcult, 51nce the
potentlal workload generated by the center could be much hlgheriy
”than the'area 1mmed1ately surrounding it. Other 51m11ar develop-:
ments in the countyphad produced considerableHworkloadsr1n yery
% ‘ small areas. ‘Since there w&s n6 way'tO‘predf%t the:future‘work;"
| load of the centel, 1t was de01ded that the best course of actloh'f‘toq B

&)

ras to design a plan based on current data in Wthh the btat conw‘ptff o

5 g [

g talnlng the new shopplng center had s1gn1f1cantly lower utllmzatlon:'l

) 1 than other beatS.V4Awmﬁf “3Q;m;
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There was considerable discussion surrouding possible methods
of allocating the three additional eight—hour beats. The precinct.
had previously been allocated a total of 18 eight-hour beats, five
of which were allocated to the midnight shift, =ix 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 personnei
favored allocating -one additional beat to each shift, to obtain a
6-7-8 distribution, and thegfproposed two alternative beat plans
for each watch, based upon this allocation. The planner, howeyer,

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 glve the most equltable balance in utili-—
zation and response tlme. The hypercube output for the three sets
of plans was examined, and therdecision was made to implement the

beat plans based on the 5-7-9 allocation.

o

Future Use of Hypercube

The St. Louis County Police Department has benefitted from
using the hypercube programs and would llke to contlnue using them.
The beneflts derlved by the department from part1c1patlon in the

fleld test project have 1ncluded the ablllty to ‘use hypercube to

o

'show the trade—offs between the confllctlng objectlves of balanced

workloads ‘and balanced response tlmes. This has been a difficult

task for the department in the past, since it Serves both high-

workload urban areas and low—wOrkloadfrural areas. Also the system

has g;ven planners the capablllty to con51der the effects of the

3 beatzpl%n on 1nterbeat dispatching.
R S )
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Although the 1nteract1ve version of the programs is attfactlve,

e

the cost of renting a data terminal and purchas1ng computer time~” ~
from a commer01al;tlmefshare'company may prove,tqggg;mgre,thanfthe |
department is willingktb iﬁ&est in deSigning patrol beats. Anv
alternative wouldﬁbe to implement the hypercube programs on the

computer facilities of the Regional JuStiee Information System, an

agency which provides data‘processing services for cr}minal justice
agencies in the St. Louis area. However, this would require =
additionalrtraining in using a nonfinteractiVé‘yefsion of the soft-

. ' G
ware. The departure of the planner trained to operate the system

might Seriously jeopardize plans for continued hypercube‘use.

Conclusions

Several of the tentative guidelines suggested during the
planning stage of the field test project have been validated in the ~
experience of the_§5t. Louis County‘PclicenDeparement. These are as
follows:

e There is a need for agreement on the objectives to be

used in designing beats. The hypercube programs assume _ L
that in the iterative design process the planner has LR e

“ a set of goals and preferences with which to trade off
confl;ctlng objectlves. : .

e 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 test various ways oOf -
dlstrlbutlng manpower to precincts and worklng shifts,
but this is tedious and: tlme—consumlng.v The design process
-is greatly enhanced if there is- prior agreement on . the : :
number of beats to be- de51gned. . :

'r:
s

e Field. commanders: having the respon51blllty for 1mp1ement1ng
and supervising patrol Qperatlons need to be 1nvolved in- , R
the beat de51gn~process;,s P R . ,;fg ‘ ,"i e

e Advancegglannlngfand an assessment of the data needed can-
produce reasonable estimates. of the time and resources LR
1nvolvcd in beat: de51gn.- It s very 1mportant to-review - - o=

srerie « i mpm (s i L EE L s
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/@, . . all of the data, procedures, and time that will be
ST el required. Data collection can be especially time-
’f .%w-.. consuming. An accurate appraisal of how many plans
/u . " are needed, the time-frame within whjch the job must

J o : " be compl@ted, and the turnaround Capabllltles of the
/ i " computer can be invaluable in estimating the total
P time and resources required.
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National Science Foundation, Program Managers s /

Dr. Neil Dumas
Ms. Lynn Preston ' L
Dr. David Seidman ‘ .

Project Advisory Board .

Norman Darwick, Director, Police Management and Operations
Divisions, International Association of Chiefs of Police

Del Delabarre, Executive Director, California Innovation
Group :

Dr. George Kelling, Police Foundation

Col. Gilbert Kleinknecht, Superintendent, St. Louis County
Police Department ' L e

Robert Kleismet, Vice President, International Conference
of Police Associations

'Dr. Michael Maltz, Department of Criminal Justice, Unlver51ty

of Illinois at Chicago Circle
Richard Valdez, Bureau of Planning and Research, St. Louis.
County Police Department

Callfornla Innovation Groupr\Sc1ence Adv1sors

Nick Davis and Warren Deué;ch, Santa Clara
Acey Floyd, Burbank N

Owen Griffith, Anaheim

Mathew King, Garden Grove, Huntington Beach, and Santa Ana

Michael Licciardello and Dennis -Megrditchian, Fresno SR g
Gerald Miller and Allen Sjoholm, San Diego : R .,
Forrest Warren, Pasadena ' :
Jerome Welss and Robert Rosenberg, San Jose

Massachusetts Instltute of Technology, Research Team

Dr. James J. Jarvis
Dr. Richard C. Larson B
Richard W. Weissberg

Participating Police Departments

a.waBurbahk; California

Chrﬁs Dosewvski v

Bud Giles, Records Supervisor ' T
“: Capt. Robert Heins LT -
- Frank Taylor- o ‘ : ‘

b. Fresno, California

Sgt. Max Downs o - . BRI DU IR
Sgt. Earl Kaundart LT e e T T
Deputy Chlef James. Packard , : : S e




c. Garden Grove, California
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 KXern

Lt. John McQueeney
Lt. David Spisak °
Sgt. Peter Zadorozny

h. San Jose, California

Lt. Robert Bradshaw -
Capt. Stanley Horton
Sgt. Tom Johnson ‘
Ms. Elba Lu

i'; Santa Ana, California

Lt. James Picco
Sgt. Rodney Quallsg

3. Santa Clara, California

Chief, Donald Ferguson
Capt. Loren Pierce

Other Pax cticipants

Russell Arend, Director of Tralnlng, Traffic Instltute,
Northwestern University
Lee Johnston, San Dlego Comprehensive Planning Organlzatlon
Palmer Stinson, Project Consultant
John Cochran, San Diego Sheriff's Department
4
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APPENDIX C

OBTAINING HYPERCUBE PROGRAMS, DOCUMENTATION,

TRAINING, AND TECHNICAL ASSISTANCE
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Currently, there are four versions of theihypercube software

R

“available. They are:

e M.I.T./Rand hypercube system - this is the original
hypercube system developed through grants from the’
National Science Foundation and the U.S. Department
of Housing and Urban Development, and to date is the
most widely distributed version. o

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

® TIPPA advanced hypercube system - this is an adaptation e
of M.I.T.'s advanced system that has evolved during L
TIPPA's field testing of the hypercdube model. It con-
tains several features lacking in the M.I.T. system
(e.g., the utilization of user—supplled terminology) ,
and incorporates many improvements suggested by police
planners durlng the field tests. This version of the
software is especially suitable for implementation on
the National CSS time~share system.

e Texas A&M police officer deployment system (PODS) -
this system was «developed through a grant from the
Criminal Justice Division,; Office of the Governor of
Texas. A version of the hypercube model forms one
component of this system. ~ P

W

The major differences between these four versions of the

hypercube system occur with respéct to the following system

\\ . ) j‘?‘x

[ 2 : / Y o :
SN attributes: ol \ ‘

"\ ; ¥4

\\ " ® Interactive or non-interactive - does the system include °
\ * an interactive component which enables a police planner
3\ to describe the patrol pollcy and beat configuration
RY ‘belng analyzed in a "convérsational way by respondlng,
e via a teletypewriter-type data terminal, to questlons -
posed by a computer? . el

® Computer programming language used - .is the software w
: written in PL/I or in COBOL? (This is an important =~ 7" "4,

o difference since some computer systems may not accept =

programs wrltten in one'or both of these languages )

& @

e Approximate or exact hynercube model - does the sys€em
* support the exact model, the approximate model, or both?

{The approxxmate model utilizes some approximations 1p
its computatlons which greatly simplify the calculatlons

D B
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and reduce costs,'and which generall% produce results

within a few percent of those obtained using the exact . ¢
model. The exact model, on +the other hand, supports -
- several advanced hypercube features, such as variable

unit service times and dlspatchlng based on automatic
vehicle locators.)

e Limitations on problem size - what limitations are placed

o on the size of reglons (i.e., on the number of reporting

- areas) and on the size of beat plans (i.e., on the number
of beats) that can be analyzed° : Lo

These’differences am0ng the four hypercube systems are summarized
in Tabie c-1.

The prlmapy sources of these four versions of the hypercube
computer programs, aocumentatlon, tralnlng, and technlcal ass1s—

. i
tance enuithe materials and services obtalnable from each source,

o are 1dent1f1ed,below. Inquiries regarding the cost and availability

Sy | Coples of all four ver31ons of the hypercubefsoftware can be

'source listed.

A. The Institute for Public Program.- Analysis

' tlme—share data proceSSan systam, is also ava:labl The TIPPA

: . . : : !

of the materials and services identified should be directed to thé'u

230 S. Bemiston Avenue, Suite 914"
St. Liouis, Missouri 63105
Attention: Dr. Nelson Heller
(314) 862-8272

¥ A
obtained from The Instltute for Publlc Program Analy51s (TIPPA)

The- TIPPA version, written in the: DL/I programmlng language, contalns
all features and capabllltles added durlng the field test project.

/A

Related software facilitating the use of the hypercube system onk

&

[y

Natlonal CSS (NCSS), an 1nternat10nally accessible, commercial

//

&

tx:r51on and the NCSS software are documented in the report-'

“Instructlonal Materlals for Learning to Use the Hypercube
- <Programs for Analysls of Pollce_PatrolvOperatlons

“t
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Table C—l
y CHARACTERISTICS OF CURRENTLY AVAILABLE VERSIONS ‘OF THE HYPERCUBE SOFTWARE
‘ __ o Software Option o
M.I.T./Rand . °M.I.T. TIPPA Texas A&M
Interactive or nonéihteractive non-interactive non-interactive  interactive nén-interactive
Programming language ‘ ~ PL/I : ; PL/I ‘ APL/I : ER COBOL
Approximate or exact model . " both 5 both both “approximate?only
Limitations on pfoblem size*'hf;CQOO reporting - 200 reporting wfunlimited 125 reportlng areas
o ' : areas and 15 areas and 15 number. of and 25 beats i
N beats beats reporting N
£ . R : ( , .~ areasg=sand- 34 e s
o S : beatsj R T e T
*Size limitations apply only to the approx1mate hypercube model. All versions of the exact fe, "QCM

hypercube model limit the number of beats to 15. In most cases, the limits spec1f1ed can be relaxed
~through internal programming changes. L »
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The following TIPPA;feportggaré also available to persons inter—b
ested in the,results’of‘the field test project, or in using the a
o :hypercube‘model td analyze their own department's patrol opera—
| tions: ” ’
® ﬁHow to Set Up Shop for Use of the Hypercube Sysaémh; and

. e "Field Evalpatﬁén of the Hypercube System for the Analysis
s ; of Police Patrol Cperations: Executive Summary"

TIPPA provides training for new hypercube users during a é¢;¢%/

vmnsiseses PER AL cally-hald-one~week-seminar entitled "Computerized Polig

Patrol Management Using the Hypercube Programs.”" This seminar

. features a thorough discussion of police patrol allocation, use
R :
= of interactive and non-interactive versions of the hypercube soff- ... loed

\\using a data terminal and
S :

'operating the software implemented on the NCSS time-share system.

ware, and "hands-on" experience in\

Technical assistance is available in the areas of "setting
i
Bl

"

‘up shop," data collection, using the software, and the interpre-

- tation and analysis of hypercube output.
Finally, TIPPA provides training and technical assistance in
the use of‘other computer-based police field operations models—-
i notably patrol car allocation andimanpower scheduling.
- B. The Rand Corporation
1700 Main Street ~
Santa Monica, California 90406 o

Attention: Dr. Jan Chaiken
(213) 393-0411

" Copies of the M.I.T./Rand”and Texas A&M versions of the
hypercube software can be obtainedhfrom The Rand Corporation

o (Rand). The M.I.T./Rand version of the software, written in PL/I,

o is documented in the report:




lV'Hypercube*Queu:’mq‘Model-" User S, Manual," R—1688/2 HUD.
Other related reports avallable from Rand include:

) .
® '"Hypercube Queulng Model~ Executive Summary,"
R-1688/1-HUD; T

° "Hyperdube Queuing Model: Program Description,”
R-1688/3-HUD; o ’ o

o ’"The Deployment of Emeréenoy Services: A Gulde to
Selected Methods and Models,™® R-1867 ~HUD;” nd

e '"Patrol Allocatlon Methodology for Police Departments;" e
R-1852-HUD. TN e | T

I,

- Rand also dlstrlbutes software and documentatlon for its
Patrol Car Allocation Model ‘(PCAM), used for determining the number

‘of patrol cars_ that should be on duty in-each geographlcal reglon

& of a Clty at various tlmes of the day on each day of the weeky

a

Nelther technical assistance nor tralnlng are offered.

€. Massachusetts Institute of Technology
Operations Research Center . : o ‘
Room 24~-215 : : i

Cambridge, Massachusetts 02139 , s f%,;j”f.‘ o
Attention: Dr. Richard Larsgn S ‘ - oo

i /” (617) 253—3601 - ; o = e :*?

Cop1ess0ﬁ all four.versions- ofe+he*hjporcuuemsortware are

'avallablexfrom M.I.T. The M.I.T. version is documented,ln the ‘ﬁo, }';5,

S

user's manual: - ' : : SRRt ( e

e "Computer Program for Calculating the Performance of \=e\;« RS
: Urban Emergencv Serv1ce Systems- User's Manual,”"” - Uiso-o
; ; TR—14 75. ° ; e ST e ; T \

| Other reports avallable from M. I. T., whlch descrlbe varlous

aspects of pollce.patrol pollcy analy31s and beat de31gn, 1nclude

the follow1ng.v‘% j \ ‘ﬁﬂ ; ot
e "Urban Public Safety Systems - Volume I i Dr. Rlchard - L
. Larson, et al., Lexlngton Books,.Lex1ngton, Massacﬁusetts, ‘*‘1%575

1977; . °

. \‘f\
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S | ° “Optlmal Dispatch Policies for Urban Service Syqtems,
TR~-02-73;

® "Optimization in Stochastic Service Systems with Dis-
tinguishable Servers,f TR-19-75;

e "The Hypercube Model: An Introduction to Its Structure
and Utility," TR-20-75; ,

o “Dispatéhing the Units of Emergency Service Systems Using
" Automatic Vehicle Location: A Computer-Based Markov '
© Hypercube Model," TR=-21-76;

- o "Merging Interest Group Preferences for Emergency Services
' with Applications to Police Sector Design," TR-22-76;

e "A Hypercube Queuing Model for Facility Location and
‘ Redistricting in Urban Emergency Services," JR-06-74;

O e "Illustrative Police Sector4Rede51gn in District 4 in
"Boston," JR-08-74; '

° "Approximating the Performance of Urban Emergency
v .- Service Systems," JR-12-75;

e "An Interactive Approach to Police Sector Design,"
"WP-03-74; and

) "Data Collection and Computer Analysis for Police
Manpower AllOCations," WpP-14-74.

g2l

- M.I. .T. offers a one~week seminar annually, entltled “Analysia

Y

)
of Urban Service Systems," in which one day is devoted to the

hypércube SYStem. Only limited technical assistance is offered
by M.I.T. It is locally available, however, from Pﬁblic Systems

Evaluatlon, Inc. and Urban Sciences, Inc. (see below).
D..  Texas A&M Unlver51tz
Center for Urban Programs
Department of Industrial Engineering
~College Station, Texas 77843
Attention: * Dr. Roger Elliot oo
(713) 845-5531 : : T

It

Copies of the Patrol Officer,DeplOymentfSystem (PODS) soft-

‘ware package are available from the Center for Urban Programs.f
- - : . 2 : ,

These computer programs, written in the COBOL 1anguage; were




deﬁeloped’thrqgghle‘grant from the Criminal Justice Division,‘

Office of tne Governor of Texas. The p%bkage contains, in addition

to the Texas A&M version of the hypercube software, other prodrmns
which automatically modify an initial,district'design‘inzorder to
balance beat workloads or travel times; forecast the number of e

calls for service of a specified type during future watches in
# c & . o .

each district, and produce maps on a line printer showing district‘

boundarles. The gystem is documented in- the followxng reports-
e "Police Officer Deployment System (PODS) ," TEES 1056- 76 l~

@ "Police Officer Deployment System: User's Manual,"
TEES 1056~ 76 2;

® "Pollce Officer Deployment System. Long Range DeploYment
Subsystem Programmer's Manual"; and ' ‘ ‘

e "Police Officer Deployment System: Tactical Deployment
Subsystem Programmer's Manual". - '

E. « Traffic Institute
Northwestern University
405 Church Street - R . . e
Evanston, Illinois 60204
Attention: Mr. Russell Arend
(312) 492-5222 '

An introduction to the hypercnbe system is inclndeg in-the
curriculum of thzee police management training courses offered

annually by the Traffic Institute;ﬁl"Trafflc Pollce Admlnlstratlon

Training frogram," "Principles of Pollce'Management, and "Law

Enforcement PlanningwOffioersisemlnar.“ Nelth*“»technibal assis-
tancézun*softwate‘ére aVailable.‘ o
F. National Technlcal Informatlon Serv1ce ; .
' Computer Products Division . :
Department of Commerce - e I »
5285 Port Royal Road = . .o R o .
Springfield,’ Vlrglnla 22161 . , o e T ! r
(703) 321- 8500 PR R £ !
B i v / ’ ‘: B o S . e Uy )



Copies of the M.I.T./Rand version of*the Eypercuﬂe software
are available from the National Technical Information Service (NTIS

Order Number PB 259 882). Software documentation is also available.

- No training or technical assistance are offered. .

G. Management Consulting Firms

The following management consulting firms have copies of
various'Versions of the hypercube software, ahd, in the past, have
provided technical assistance in their use and in the evaluation
and design of patrol policles:

Urban Sciences; Inc. ‘
177 Worchester Street s
Wellesley, Massachusetts 02181
Attention: Mr. Lloyd Howells
(617) 237-5410

Public Managememt%Services,'Inc.
7600 0l1d Springhouse Road

iMcLean, Virginia 22101
Attention: Dr. Thomas McEwen

(703) 893-1830

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

While no formal classroom training is offered by these firms, in

 some instances'they have tréined individual clients to operate the

software.

H. Dr. Ernst Nilsson
T. O. S. M
Baggensgatan 19 ‘
11l 31 Stockholm, Sweden

Dr. Nllsson has developed an adaptatlon of the M.I.T. /Rand

“verSlon of hypercube software for use by pollce departments in

less urbanlzed areas such as many of those in Sweden. His ;f'f:

254 . |
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software, written in the FORTRAN programming 1anguége, produces
@ o '

many of the performance statistics generated by the original .

AN

hypercube sYstemfﬁrTechnical assistance and training are available.
: ; f ,. :

DeKalb County Police Department
Data Processing Department
Court House Square
Decatur, Georgia
Attention:

I.

30030
Mr. William Gastoan

The DeKalb County Police Department has developed a‘computer?
based mapping system which, while independent of the hypercube
software, could enable hypercube users to produce maps on a line
printer showing, for example, the’size»and location of police - |
patrol districts, the workload distributioh among repog%ing areas,,
and the distribution of preventive patrolAamong reporting areas._
The software is documented in the report:

"Instruction Manual, The DeKalb County Computer Mapping
System". ;

0

Neither technical assistance nor “training are available.
J. International Association of Chiefs of Police
Technical Research Services Division

11 Firstfield Road
Gaithersburg, ‘Maryland 20760
Attention: Mr. Sampson Chang
(301) 948-0922 ~ W%

©

“Some of the poliée management training programs ,cffered by

‘IACP present an introduction”to computer-based police resource
N B =

all

allocation planning tools including hjpercube.‘ f
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