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ABSTRACT

This report presents a series of exercigses designed to demon-
strate the capabilities of POLICE/PLAN, an easy-to-use police
resource allocation planning system developed for the Apple 1I
microcomputer. The exercises deal with an analysis of patrol
operations in the hypothetical community of Law City utilizing
all three of the system's components~-PATROL/PLAN, BEAT/PLAN, and
DATA/PLAN. All necessary background information and input data
are specified in the report. The exercises assume that the
user is familiar with the procedures for using POLICE/PLAN on an
Apple II microcomputer.

This report is one of the products of the project "Easy-to-
Use Police Resource Allocation Planning Tools--Practical Deriva-
tives of Sophisticated Computer-Based Planning Models." The
project was conducted by The Institute for Public Program Analysis,
with funding from the National Institute of Law Enforcement and
Criminal Justice of the Law Enforcement Assistance Administration
(grant #78NI-AX-0015). POLICE/PLAN has been field tested in
three police departments, and prototype versions have been obtained
by 29 additional agencies. Field experience has shown that POLICE/
PLAN can be used by persons with no prior data processing exper-
ience and can bring sophisticated planning capabilities within
the reach of small and medium~sized police departments.

Preceding page blank

iii




>~

|

P )

b S Gt |

B i S
el

p—

5 EEE =

5

e

7
5

I

B oy

P2

O

o

T

o= eomcs 4

t

3

Pl csiomn

f,\

g

—

PREFACE

This report is one of the products of the project "Easy-to-Use
Police Resource Allocation Planning Tools--Practical Derivatives of
Sophisticated Computer-Based Planning Models." The project was
conducted by The Institute for Public Program Analysis, a private
non-profit research firm located in St. Louis, Missouri. The project
was funded by the National Institute of Law Enforcement and Criminal
Justice of the Law Enforcement Assistance Administration (grant
#78NI-AX-0015).

The primary product of the project is POLICE/PLAN, a police
resource allocation planning system used with low cost ($300-53800)
microcomputers or programmable calculators. The findings and pro-
ducts cf the study are presented in five reports:

® POLICE/PLAN--An Easy-to-Use Resource Allocation Sys-

tem: Executive Summary, Richard A. Kolde, William W.
Stenzel, Allen D. Gill, and Nelson B. Heller, St.

Louis: The Institute for Public Program Analysis,
October 1979;

e POLICE/PLAN--An Easy-to-Use Resource Allocation Sys-
tem: User's Manual and Training Materials for PATROL/
PLAN Software on TI Programmable 59 Calculator, Richard A.
Kolde, Nelson B. Heller, William W. Stenzel, and Allen
D. Gill, St. Louis: The Institute for Public Program
Analysis, October 1979;

e POLICE/PLAN--An Easy-to-Use Resource Allocation Sys-
tem: User's Manual and Training Materials for PATROL/
PLAN Software on TRS-80 Microcomputer, William W.
Stenzel, Richard A. Kolde, Allen D. Gill, and Nelson B.
Heller, St. Louis: The Institute for Public Progran
Analysis, October 1979;

- e POLICE/PLAN--An Easy-to-Use Resource Allocation Sys-
tem: User's Manual for PATROL/PLAN, BEAT/PLAN, and
DATA/PLAN Software on Apple II Microcomputer, Richard
A. Kolde, William W. Stenzel, Allen D. Gill, and Nelson
B. Heller, St. Louis: The Institute for Public Program
Analysis, October 1979; and

e POLICE/PLAN--An Easy-to-Use Resource Allocation Sys-
tem: Training Materials for PATROL/PLAN, BEAT/PLAN,
and DATA/PLAN Software on Apple II Microcomputer,
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n g i
(0
. . { @ Mr. Harold Spice
William W. Stenzel, Richard A. Kolde, Allen D. Gill, and : - Loy Mr. David Yaﬁada
Nelson B. Heller, St. Louis: The Institute for Pub- J ' i Stéckto 'CA) Police Department
lic Programming Analysis, Octoher 1979. 4 . n (CA) P
! ) . . .
. . B z The authors also extend their appreciation to the many other
The authors gratefully acknowledge the cooperation, assis- lj | pp 4
. ' ; ersons with whom they corresponded during the project and to
tance and support of Dr. David Farmer, Ms. Kay Monte, and Mr. E: P 4 p g proj
, . . , . 5 . the many law enforcement training institutions which permitted
George Shollenberger of the Police Division, National Institute ! N Y g P
-, . \ R 2T roject staff to make presentations on prototype versions of
of Law Enforcement and Criminal Justice, Law Enforcement Assis- g S proj P p yp
_— . . . . ol - POLICE/PLAN, and to collect valuable feedback from police pro-
tance Administration; the assistance of the project's advisory . / ! P
board s | ' FT ﬁ E fessionals attending regularly scheduled training programs.
. - P Finall a special note of thanks is extended to Mrs. Vicki
® Dr. Jan Chaiken e s a atly, p
The Rand Corporation; !ﬁ] S O0'Dell and Mrs. Nancy McCloud, who typed most of the material
Wi | 3 . | )
® Chief James Damos : . . ' ™ ; i
. : . . - he oject's reports and ably supervised the typin
University City (MO) Police Department; %W contained in the proj p y sup yping
® Chief Kenneth Matulia H; ? ’ of the remainder.
Aickory (NC) Police Department; . %E% éﬁii ‘Information about how to obtain the POLICE/PLAN software and
¢ Dr. George Kelling v - Ei' } i i i le from:
The Police Foundation; . % t documentation is availab :
® Mr. Calvin Clawson il ;! ® Executive Director
. - ; = P i ic Program Analysis
Seattle (WA) Police Department; ‘ 3 The Institute for Public Prog Yy

1328 Baur Boulevard
St. Loulis, Missouri 63132

=
m——

® Mr. James Gardner

St. Louis County (MO) Police Department; and ' ' 4

’ % or

Beorers |
T
it . o

® Cpl. Darrell McCloud 1l 3 Director
Maricopa County (AZ) Sheriff's Department; ‘ ' . Police Division

National Institute of Law Enforcement
and Criminal Justice

Washington, D.C. 20531

§
°

=

and the contributions made by the following individuals:

® Mr. Richard P. Grassie : 1
Westinghouse National Issues Center;

=3

® Mr. Robert Heck | &
Office of Criminal Justice Programs, LEAA; j 3

Er B NG T

=

® Mr. Albert Banwell
Patn. Thomas O'Reilly :
" Norfolk (VA) Police Department; 1

® Lt. Ira Copeland Lo g
Ms. Sue Schoffield , ; « 5
Mr. Edward Craig ' i
Springfield (MO) Police Department; and,

foeg
==

==

st
LN

vii

SRS
o

vi I ’




l
l

4
e

T

- ==y

SIS gmmry
B »

N

M:A“L:?*‘:t.:r

"
'

e 4
1

-

.7
==

1
¥

£

Py I

o

FEEED O OETTH b

b

A
]

e

oy
L -

RS

ABSTRACT . .

PREFACE . . . .

TABLE OF CONTENTS

TABLE OF CONTENTS . .+ v &t ¢ 4 v 4 ¢ ¢ v v v o o a o e w e o

LIST OF FIGURES

LIST OF TABLES

CHAPTER TI.

CHAPTER II.

CHAPTER III.

CHAPTER IV.

CHAPTER V.

APPENDIX A.

APPENDIX B.

”
» . . . - . - . . . . . - . . . - . - . . . .

INTRODUCTION . . . & v & & v v & v v« o o o o &

A. Purpose of the Training Exercises . . . . .
B. Overview of the Training Exercises . . . .

BACKGROUND INFORMATION . . . + « & & v o o o &

A. Description of Law City . . . . . . . . .
B. Police Operations in Law City . . . . . . .
C. Sample Data . . . . . . « . ¢ ¢ v v o . .

DATA PREPARATION USING DATA/PLAN . . . . . . .

PATROL CAR DEPLOYMENT ANALYSIS USING PATROL/
PLAN . . ¢ ¢ v ¢ v ittt d e e e e e e e e

BEAT DESIGN AND ANALYSIS USING BEAT/PLAN . . .
SAMPLE LAW CITY DISPATCH DATA . . . v « « o« .

DETERMINATION OF POLICE/PLAN INPUT ITEMS FROM
DISPATCH DATA . . v v ¢ v « o o o o o o o o =

Adjusting Input Values to Account for Sampling

and Missing Data . . . . ¢« + « . v . v 4 o4 . .
Selection Percent . . . . . . . . . . .
Missing Percent . . . . . . .+ . . « « . .
Sampling Percent . . . . . . .

Estimating POLICE/PLAN Input Items . . . . . .
Average Call Rate . . . . . . . + « « . .
Percent of Calls that Require Exactly N
Units « . v v v vt v e e e e e e
Average Service Time for the Nth Unit
Dispatched . . . . . . . . . . . . . ..
Average Non-CFS Minutes Per Hour Per Unit
Percent of CFS in Each Priority Level . .

Precedi~g page blank X

ix
xi

xi

11

15
19

25

39

42
42
42
42
44
44

46

47

47
49




APPENDIX C.

APPENDIX D.

APPENDIX E.

Average Response Speed . . . . . . . .
Number of Calls for Service in Each
Reporting Area . . . . « v v v « « .+ .
Total Service Minutes in Each Reporting
BYea .+ . v v v v e w e e e e e e

SOLUTIONS TO DATA PREPRARATION EXERCISES . .
SOLUTIONS TO PATROL CAR DEPLOYMENT EXERCISES

SOLUTIONS TO BEAT DESIGN EXERCISES . . .

“

Page
49
49
50
51
67

107

T |

3

b

— S e e e e

FIGURE

2-1
2-2

B-1

LIST OF FIGURES

Page
Map of Law City « « « « « o o « o = o o o « « o« & 6
Four-Beat Structure for Law City . . . . . . . . 8

Formulas Used to Estimate POLICE/PLAN Input
Items from Dispatch Data . « . « & ¢ « &« +« - o - 43

LIST OF TABLES

Page
Summary of Data Items Used in Law City Dispatch
Data Files e
PATROL/PLAN Inputs Based on Sample Data for Law
CitY & v ¢ o o o o o o & m e e e s e e e e e e 16
Reporting Area Data Used in BEAT/PLAN Analysis
20

Of Law City « o o o o o o o o o o o o o o o o o o
Reporting Area Adjacency Data for Law city . . . 22
Geographic Data for Reporting Areas in Law City . 2

Results of Tabulating Dispatch Data in Appendix

A . . . - . w » - . © - . - L] . . - . . . . .

xi




i e T,

F%Q

RS
I v
| Y CHAPTER I
r INTRODUCTION
E This document presents training exercises designed to give
%  b a hands-on introduction to the use of POLICE/PLAN software for
%;vf the Apple II microcomputer. POLICE/PLAN is an easy-to-use police
1 k

resource allocation system developed by The Institute for Public
.j: Program Analysis as part of the project "Easy~to-Use Police
f - Resource Allocation Planning Tools——Practical.Derifatives of
Sophisticated Computer-Based Planning Models." The project was
funded by the National Institute of Law Enforcement and Criminal

Justice of the Law Enforcement Assistance Administration (grant

i number 78NI-AX-0015).

POLICE/PLAN supplies estimates of field operations perfor-

‘ mance characteristics such as: average workload and travel time

for each beat car, percent of dispatches that are cross-beat,

minimum patrol interval, and the percent of time the entire

patrol force is busy (i.e., no cars are available to accept

dispatch assignments). In addition, POLICE/PLAN will calculate

%
giE ' the minimum number of cars needed to achieve user-specified
¥U$ values for these variables. Thus, POLICE/PLAN can help a police
H department determine how manyupatrol cars are needed and when
zag and where they should be deployed. With this information,

| departments can more easily assess or substantiate existing or

a
=%

.

proposed field operations budgets.

3

The system has been field tested in three police departments,
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and prototype versions have been obtained by 29 additional agencies. _
eéxercise. Chapter III deals with data collection and preparation,

ey
FS—

Field experience has shown that POLICE/PLAN can be used by persons

o~ and requires use of the DATA/PLA

with no prior data processing experience and can bring sophisticated L iﬁ [PEAN progzam. in chapter 1V, TR/
. PLAN is used to examine several i

planning capabilities within the reach of small and medium~sized - ! : patrol deployment questions. 1In

1 b Chapter V, BEAT/PLAN is used to i i
police departments. For more information, refer to POLICE/PLAN-- L ﬁg ' analyze and design alternative

, . (e beat plans.

An Easy-to-Use Resource Allocation System: Executive Summary. e P : '

L ‘Q; a Appendix A lists the dispatch data which serves as the basis

A. Purpose of the Training Exercises

x|
Ty

for many of the exercises. Appendix B discusses the derivation

These training exercises were developed in the process of . of POLICE/PLAN input items from dispatch data and other sources

e |

Appendixes C, D, and E show the solutions to the DATA/PLAN,

I

field testing the POLICE/PLAN system. Personnel in three field

£
L3
A s e g e,
T e

test police departments completed a set of much more comprehensive e PATROL/PLAN, and BEAT/PLAN exercises

oot
e

The one prerequisite for completing the exercises is famil-

exercises than those described here. The field test exercises

required the use of both microccuputer and calculator versions of iarity with the POLICE/PLAN system and procedures for using th
A \ g the

o
POLICE/PLAN, whereas the exercises in this document deal exclusive- ?‘ﬁ Apple II microcomputer.* It is assumed that the reader has
ly with the Apple II microcomputer. The experiences of field test 9@ thoroughly reviewed the POLICE/PLAN user's manual.
participants. were instrumental in the development of the final ﬁj %%
version of POLICE/PLAN. it f‘§
o
. The exercises outlined in this document are designed to give m fg"
POLICE/PLAN users an introduction to the capabilities of three = ;%&
POLICE/PLAN software components--PATROL/PLAN, BEAT/PLAN, and’ B% ;ﬁﬂ
DATA/PLAN. Not all of the system's capabilities, however, will be .”P i?h( i
utilized in the course of completing the exercises. @} ?éw
B. Overview of the Training Exercises gi ’ﬁg
; f

The training exercises in chapters III, IV, and V deal with [;

several police resource allocation problems for a hypothetical

community called Law City. Background information on Law City is

contained in Chapter II. r A1l data needed to complete the exercises

- *POLICE/PLAN is designed for use on an Apple II microcomputer

is presented in Chapter II, Appendix A, or the description of each
ﬂ with 32K RAM, one disk drive, and APPLESOFT BASIC.
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CHAPTER II

BACKGROUND INFORMATION

A. Description of Law City

These training exercises deal with several pdlice resource
allocation problems for a hypothetical community called Law City.
A suburb in a large metropolitan area, Law City has a population
of approximately 35,000, an area of 15.3 square miles, and a total
of 323.4 miles of pdtrollable streets and alleys. For data gather-
ing purposes, the city is divided into 29 reporting areas numbered
from 100 to 128 (see Figure 2-1). The commercial portion of the
city is concentrated in an area covered by reporting areas 109, 110,
112, 113, and 119. Areas 10l through 105 contain the residential
portion of the city while reporting areas 120 through 128 contain
older parts of the community that include both residential and
commercial establishments. Reporting areas 100, 106, and 107 are

undeveloped portions of the city.

B. Police Operations in Law City

The Law City Police Department operates three 8-hour shifts
per day: the Night shift (midnight to 8:00 a.m.), the Day shift
(8:00 a.m. to 4:00 p.m.), and the Afternoon shift (4:00 p.m. to
midnight). The patrol function of the department is based on the
concept of individual beats for each patrol unit with a centralized
communications center which receives calls for service (CFS), and
dispatches patrol units. The department currently fields four

patrol units on each shift using the beat structure shown in Figure

Preceding Page blank
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MAP OF LAW CITY
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All calls received by the communications center are dispatched
immediately if a patrol unit is available. If all patrol units
are busy, the call for service is queued or "stacked" at the
dispatching desk until a unit becomes available for another assign-
ment. Queued calls are dispatched according to their importance
using a three-level priority system. Calls that require immediate
attention are classified as priority 1. Priority 1 calls in the
queue are always dispatched before any priority 2 or 3 call.

Priority 2 designates calls which regquire immediate pqlice attention,
but are not life-threatening or emergency situations. Priority

2 calls in the queue are always dispatched before any priority 3
calls, which represent work which can be delayed (e.g., completing

a follow-up report). These calls are only dispatched when all
priority 1 and 2 calls have been assigned.

Priority 1 calls for service are rarely stacked on the Day shift
because of the availability of numerous backup units (e.g., detective
and traffic units). As a result, when a priority 1 call is received
on the Day shift and all patrol units are occupied, it is always
poséible to assign the call to a non-patrol unit. Other Day shift
calls (i.e., priority 2 and 3) may be queued. On the Night and
Afternoon shifts, backup units are usually not available and calls
are queued if all patrol units are busy, regardless of the call's
priority. Dispatchers at the communication center determine how
many units to dispatch to each call based on the nature of the

incident and the number of available units.




102

z: 100

103

v
» 107

Figure 2-2

FOUR-BEAT STRUCTURE FOR LAW CITY
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When units are not handling CFS or non-CFS assignments, they
are directed to patrol within their assigned beats. A recent
department study indicates that average patrol speéds differ con-
siderably by shift. The study estimates that average patrol speed
is 6.1 miles per hour on the Day shift, 8.2 miles per hour on the

Afternoon shift, and 10.7 miles per hour on the Night shift.

C. Sample Data

To use BEAT/PLAN and PATROL/PLAN to analyze alternative pa-
‘trol deployments in Law City, information must be collected about
the size and workload of each reporting area, the dispatching poli-
cies of the department, and the‘average time spent on CFS and non-
CFS.work by patrol units. Some of the needed information is pre-
sented in the description of police operations in Section B.

The remaining information needed to complete the exercises can
be obtained from dispatch tickets created for each CFS and non-CFS
incident in Law City. A sample data set consisting of 390 dispatch
tickets has been collected (see Appendix A). The 390 tickets
represent a 10 percent sample (i.e., 1 out of every 10 tickets was
included) selected during a 70-day (560 hours) period. The 70-day
sample was obtained by randomly choosing 10 Mondays, 10 Tuesdays,
etc. from 1978.

The specific aata items collected from each dispatch ticket
were:

1. Complaint number--a five digit number used to identify
the incident.

2. Priority level--zero (0) indicates a non-CFS incident.
All CFS incidents are identified with a 1, 2, or 3 entry.

3. Number of units dispatched-~-either 1, 2, or 3 units are
dispatched to every incident.




4. Reporting area--identifies the location of the incident.

5. Time dispatched--time in military notation that the inci-
dent was assigned to the primary patrol unit. Missing
times are denoted by a dash in Appendix A.

6. Time arrived--time in military notation that the primary
patrol unit reported that it had arrived at the scene
of the incident.

7. Time cleared~-time in military notation that the primary
patrol unit reported that it was available for another
assignment. '

8. Service time (2nd unit)--service time in minutes of the
second unit dispatched. In Appendix A, a dash indicates
either a missing time, or that a second unit was not dis-
patched. »

9. Service time (3rd unit)--service time in minutes of the
third unit dispatched to the incident. A dash indicates
either a missing time, or that a third unit was not dis-
patched.

The procedures for deriving estimates of POLICE/PLAN inputs from a
sample of dispatch data such as that shown in Appendix A are des-

cribed in Appendix B.
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CHAPTER IIT

DATA PREPARATION USING DATA/PLAN

A key element in the successful use of both PATROL/PLAN and
BEAT/PLAN is the determination of input data items. For some data
items, this may be a simple and straightforward process. For
others, however, the extraction of reliable‘estimates from police
records can be a major undertaking that requires a thorough under-
standing of the primary data sources available and the input data
items required. A detailed discussion of the definition and use
of these input data items can be found in the POLICE/PLAN user's
manual. The exercises in this chapter illustrate the use of the
DATA/PLAN program in determining some of these input data items.
These exercises require the analysis of data files created using
DATA/PLAN from the dispatch data in Appendix A. While not all
program capabilities are utilized, the exercises do provide an
introduction to the procedures involved in using DATA/PLAN.

The data in Appendix A consists of 390 dispatch tickets,
representing a 10 percent sample of all such tickets generated
during a 70-day period in 1978 (see Chapter II). Each dispatch
record contains eight data items, plus an idéntifying number (the
RECORD ID) used to refer to the record. The name assigned to each
of the eight data items, and their minimum and maximum values are
listed in Table 3-1. The complaint number shown in Appendix A

is used as the RECCRD ID.

11




Table 3-1

SUMMARY OF DATA ITEMS USED IN ILAW CITY
DISPATCH DATA FILES

Ttem Number Item Name Minimum Value Maximum Value
1 PRIORITY 0 3
2 NO OF UNITS 1 3
3 AREA ID 100 128
4 DISP. TIME 0 2359
5 | ARVD. TIME 0 2359
6 CLEAR TIME 0 2359
7 SRVC TIME-2 0 59
8 'SRVC TIME-3 0 59

A

Several of the exercises below deal with the creation of
data files from the dispatch data in Appendix A. Such files have
been created previously, and are stored on the diskette containing
the DATA/PLAN program.* Those parts of the exercises which deal
with the creation of these files can therefore be bypassed by

the user if desired.

*Records 1 through 20 in Appendix A are storgd in thg file
named FILE #1. Records 21 through 94 are stored in the file
named FILE #2. The files File #3, FILE #4, and FILE #5 contain

records 95 through 233, 234 through 372, and 373 through 390,
respectively.
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Exercise 1:

Use the DATA/PLAN program to create a data file
containing the data items listed in Table 3-1 for
records 1 through 20 in Appendix A. Verify that

the data has been correctly entered, and save the
file on disk.

Exercilse 2:

Use the DATA/PLAN program to create a data file
containing records 21 through 94 listed in Appendix
A. Verify that the data has been correctly entered,
and save the file on disk. Based on the data in
this file, tabulate the average travel time (i.e., -
the time interval between the time dispatched and
the time arrived) for all calls (CFS and non-CFS).

Exercise 3:

Based on records 1 through 94 (i.e., the data in

the two files created in exercises 1 and 2), use
DATA/PLAN to tabulate the average service time
(i.e., the time interval between the time dispatched

and the time cleared) by priority for calls on the
Day shift.

Solutions to exercises 1, 2, and 3 are illustrated in Appendix C.
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CHAPTER TV

PATROL CAR DEPLOYMENT ANALYS IS
USTING PATROL/PLAN

This chapter describes several exercises designed to give
an introduction to the PATROL/PLAN Program. Completion of the
PATROL/PLAN eéxercises requires the use of many of the program's
capabilities. It ig assumed that the user is familiar with the
pProcedures for using the Program on an Apple IT microcomputer,
as described in the POLICE/PLAN user's manual.

Input data items needed to complete the PATROL/PLAN exer-
cises are listed in Table 4-1, * This data way derived from the
description of Law City in Chapter II and the sample dispatch
data listed in Appendix A. Appendix B describes the prdcedures

used to derive PATROL/®LAN input data for Law City.

*Response speeds listed in Table 4-1 have been calibrated
with the PATROL/PLAN program, using the average travel times
extracted from the sample dispatch data. The response speed

calibration procedure is described in the POLICE/PLAN user's
manual.

Preceding page hlank 15




Exercise 4: Use PATROL/PLAN and the input data in Table 4-1

|

f
1 1‘ to estimate the following performance characteris-
Table 4-1 _ s

tics for each shift in Law City.

PATROL/PLAN INPUTS BASED ON ﬁ; ) e average number of units dispatched per CFS;
SAMPLE DATA FOR LAW CITY | ,[

® average service time per CFS per unit;

. Night Day Afte;noon ﬁ? E?! ® average service time per CFS;
Data Item Shift Shift shift & -
| ® incoming work per unit;
i : .
No. of Response Units 4 4 ! b \bg ® actual work per unit;
call Rate (CFS/Hour) 1.14 1.52 2.77 .

uncommitted time per unit;

=)
[
®

No. of Units Dispatched

. ‘ ‘ . ® average number of free units;
£ lls): o 1
(20 ca.t ) 50.98 38.24 ig‘gg %ﬁ §@ ® probability of saturation or percent of time
% gﬁits 41.18 i%.é;‘ 15-33 8 . T backup units are used;
L 7.84 it a : TN : .
3 Units 100.00 100.00 100.00 &}» ?lﬁ ® average patrol interval;
. : b -0 Ll ‘
Avg. Service Times (min.): 1.71 41.89 39.78 Y i ® average gueue delay for priority 1, 2, and 3 calls;
lst Unit 15.75 17.02 16.48 i i :
2nd Unit . 8.42 i (0 e average travel time; and
3rd Unit 6.75 6.71 {4 :

® average response time for priority 1, 2, and 3
calls.

A . : 6.86 » | &
Non-CFS Time (min./hour/unit) 2.02 3.16 | Ti g

.
i
peey

Dispatch Policy: -

Option 1 (Backup Units
For All CFS):
Option 2 (Backup For Prior-
ity 1 Only):

Exercise 5: Suppose that a study has been released, claiming that
adequate police protection cannot be provided unless
a department can meet the following hypothetical

»
o
| s |

. X : 35.- standards for patrol operations:
Option 3 (No Backup Units): X iﬁ §‘&
' . ' 3‘ ® Each unit has a minimum of 20 minutes per hour
priority Levels (% of calls): 3.53 16.18 24.19 . i ' of uncommitted time.
priority 2 62.75 72.06 70.16 ﬁ*i il .
Priority 2: 62- 11.76 5.65 ~3§ i ® The probability that a call for service must be
Priority 3: T%%L%% 100'00 100.00 ; i queued or assigned to a non-patrol unit is less
. : g o than five percent.
5 i -
. e miles) 15.3 15.3 15.3 & ih L
Region Area (square miles, , e The patrol force can pass every location in its
7 22.7 ; 3 region at least once during each eight-hour shift.
Response Speed (calibrated) 18.6 13. "3. | |
323.4 323.4 T ® The average response time is less than five minutes.
patrolled Streets (miles) 323.4 . -
6.1 8.2 a) Use PATROL/PLAN to determine how many additional
Patrol Speed (mph) 10.7 : | patrol units would be needed on each shift to meet
| all of the standards specified above.
@E : ‘ﬁ b) Identify which standard was the most difficult to
ol satisfy on each shift.
§ ! c) Determine how many additional units would be needed

on the Day shift if no backup units are used.

16
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Exercise 6:

The crime analysis team foxr the Law City Police
Department has projected an 11.8 perxrcent increase

in the CFS rate for each shift due primarily to
increased population in new subdivisions. A PATROL/
PLAN analysis has shown that one additional patrol
unit will be needed on each shift to,maintain exist-
ing performance levels (i.e., the same uncommitted
time, patrol interval, saturation probability, and
average response time found in Exercise 4). This
analysis also indicated that assigning an equal
number of units to each shift results in an unequal
distribution of work. In anticipation of a directive
from the Chief's office to recommend new allocations
by shift, perform the following analysis using PATROL/
PLAN:

a) Allocate the 15 units over the three shifts based
on the data shown in Table 4-1 and the increased
call rates, using patrol interval time as the
allocation variable. Allocate the units to mini-
mize the patrol interval on each shift. Assume
that no shift can lose units in the reallocation
(i.e., units can only be added to the current
levels). } '

b) Repeat the analysis described above, but assume
that units can be added to or subtracted from
current shift levels.

c¢) Repeat the analysis described in (b), but mini-
mize overall average patrol interval.

The solutions to exercises 4, 5, and 6 are illustrated in

Appendix D.
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CHAPTER V

BEAT DESIGN AND ANALYSIS
USING BEAT/PLAN

This chapter describes several exercises designed to give an
introduction to the BEAT/PLAN program. It is assumed that the
user is familiar with the procedures for using the program on an
Apple II microcomputer, as described in the POLICE/PLAN user's
manual.

The first step in analyzing alternative beat plans is to
identify the beat-level statistics to be used in comparing alter-~
native ways of combining reporting areas into patrol beats. In
Law City, the following statistics are of interest:

® beat workload measured in terms of the total number of
unit-minutes expended in responding to CFS incidents;

® beat size measured in square miles; and
e number of miles of paﬁrolled streets in a beat.
In order to compute these beat-level statistics, the follow-
ing data items are required for each reporting area:
e number of unit-minutes expended on each shift in
responding to calls for service during the period of
time represented in the data sample;
® square mile area; and
e number of miles of patrolled streets.
The values of these data items in each reporting area are sﬁmmar-
ized in Table 5-1.
In addition, use pf BEAT/PLAN to suggest modifications to a
specified beat plan and to compute non-additive performance

characteristics requires input data identifying reporting area

adjacencies and other geographic information. These inputs are

19




Table 5 L

REPORTING AREA DATA USED IN BEAT/PLAN ANALYSIS OF LAW CITY

S

Unit-Minutes Spent Responding

Patrolled to Calls for Service
Reporting Area Streets .

Area (Sg. Miles) (Miles)} Night Shift Day Shift Afternoon Shift
100 3.83 31.7 99 106.2 200.8
101 0.54 18.6 66 159.3 150.6
102 0.25 9.1 33 106.2 200.8
103 0.60 21.2 165 371.7 602.4
104 0.29 10.2 33 106.2 100.4
105 0.48 13.1 0 159.3 50.2
106 2.83 25.5 0 106.2 50.2
107 1.72 21.0 0 0 200.8
108 0.40 17.7 0 0 200.8
109 0.21 6.0 0 212.4 301.2
110 0.22 8.0 165 53.1 301.2
111 0.27 7.9 33 0 351.4
112 0.35 13.6 0 212.4 251.0
113 0.17 5.7 66 265.5 301.2
114 0.24 10.8 132 106.2 100.4
115 0.29 7.6 66 53.1 50.2
116 0.25 11.0 66 212.4 150.6
117 0.22 6.0 66 106.2 150.6
118 0.06 2.5 99 53.1 200.8
119 0.17 5.9 66 265.5 200.8
120 0.19 8.6 66 212.4 150.6
121 0.21 6.9 33 - 318.6 351.4
122 0.19 8.3 0 53.1 100.4
123 0.16 4.6 66 53.1 150.6
124 0.11 4.1 66 0 100.4
125 0.37 10.3 0 53.1 0
126 0.17 6.3 231 159.3 401.6
127 0.13 4.4 33 53.1 351.4
128 0.38 16.8 53.1 502.0

33
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discussed in detail in the BEAT/PLAN user's manual, and summar-

ized in tables 5~2 and 5-3.

Several of the exercises which follow deal with the creation
of data files containing the information described above.
files have been created previously, and are stored on the diskette
containing the BEAT/PLAN progran. ¥
below which deal with the creation of these files can therefore

be bypassed by the user if desired.

*The file containing the reporting area data shown in Table

The file containing the reporting area
adjacencies shown in Table 5-2 is named LAWCITY ADJ.
containing the geographic data shown in Table 5-3 is name LAWCITY
GEO DATA. The four-~beat plan shown in Figure 2-2 is stored in the

5-1 is named LAWCITY DATA.

file named LAWCITY PLAN.

21
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Table 5~2

REPORTING AREA ADJACENCY DATA
FOR LAW CITY ’

Reporting Adjacent Reporting Areas

Area

100 101 102 104 106

101 100 102 103 105

102 100 101 103 104

103 101 102 105 110

104 100 102

105 101 103 106 108 110
106 100 105 107 108 115
107 106 116 117 128

-108 105 106 110 114 115
109 110 112 113 114

110 103 105 1

111 112 °e 109

112 109 111 113 120 121
113 109 112 116 119 -
114 108 109 115 116

115 106 108 114 116

116 107 113 114 115 117 118
117 107 116 118 128

118 116 117 119 127

119 113 118 120 125 126
120 112 119 121 122

, 124 12

121 112 120 122 °
122 120 121 123

123 122 124

124 120 123 125

125 119 120 124 126

126 119 125 127

127 118 126 128

128 107 117 127
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GEOGRAPHIC DATA FOR REPORTING AREAS

IN LAW CITY

Reporting Calls for Area Miles of
Area Service X-Coordinate Y-Coordinate (Square Miles) Patrolled Streets
100 3 2.3485 1.3200 3.83 31.7
101 2 2.0020 1.5840 0.54 18.6
102 1 1.7655 1.1990 0.25 9.1
103 5 1.5675 1.8315 0.60 21.2
104 1 1.5675 0.8800 0.29 10.2
105 0 2.0515 2.1340 0.48 13.1
106 0 2.8545 2.5630 2.83 25.5
107 0 2.8490 3.5090 1.72 21.0
108 0 2.0790 2.5245 0.40 17.7
109 0 1.5675 2.9370 0.21 6.0
110 5 1.6390 2.5685 0.22 8,0
111 1 0.9790 2.8600 0.27 7.9
112 0 1.2320 2.9975 0.35 13.6
113 2 1.5895 3.1955 0.17 3.7
114 4 2.0295 2.9040 0.24 10.8
115 2 2.4255 2.8545 0.29 7.6
116 2 2.1945 3.2010 0.25 11.0
117 2 2.3210 3.4540 0.22 6.0
118 3 1.8865 3.4430 0.06 2.5
119 2 1.5895 3.4155 0.17 5.9
120 2 1.2155 3.6575 0.19 8.6
121. 1 0.9790 3.4925 0.21 6.9
122 0 0.7975 3.8060 0.19 8.3
123 2 0.7370 4.0755 0.16 4.6
124 2 1.0395 4.1140 0.11 4.1
125 0 1.3640 3.8720 0.37 10.3
126 7 1.6335 3.7400 0.17 6.3
127 1 1.8590 3.7290 0.13 4.4
128 1 2.2660 3.7290 0.38 16.8
23




e lentmes-
CEp——

= ey

Exercise 7: Use the BEAT/PLAN program to create a data file
containing the area, patrolled streets, and unit-
minutes expended on calls for service on each shift
for the 29 reporting areas in Law City (see Table 7T
5-1). Verify that the data has been correctly i
entered and save the file on disk.

s
-

Exexcise 8: Use the BEAT/PLAN program to define the current four-
beat configuration for Law City (see Figure 2-2). ] i 4
Display the four-beat plan and verify that no report-
ing areas have been omitted or assigned to more than
one beat. Save the beat plan on disk.

APPENDIX A

Exercise 9: Use the data file created in Exercise 7 and the : A | SAMPLE LAW CITY DISPATCH DATA
beat plan specified in Exercise 8 to compute additive Loy
beat characteristics for the current four-beat plan.

Exercise 10: Enter reporting area adjacency data from the file -3 ”%
LAWCITY ADJ. List the data and verify that it agrees {
with the adjacency data in Table 5-2. Use BEAT/PLAN's -
prescriptive capabilities to suggest modifications to
the current four-beat plan to balance CFS workload by ] ﬁ
beat on the night shift. Display the additive beat 2 ]
characteristics for the new plan suggested by BEAT/ i
PLAN. 2 ‘g

Exercise 1ll: Enter the geographic data from the file LAWCITY GEO { i
DATA. List the data and verify that it agrees with - |
the data shown in Table 5-3. Use BEAT/PLAN to com- ‘ :
pute non-additive performance characteristics for
the city, and for each unit and beat with the new i
beat plan produced in Exercise 10. Assume that the %
call rate is 1.1l4 calls per hour, that the average
service time per call is 33 minutes, and that the
average number of non—-CFS minutes per hour per unit
is 12 minutes. Assume also that calls arriving when
all units are busy are queued, and that the unit
assigned to the beat in which a call occurs is always
dispatched if available. The average response speed N
and patrol speed are 18.6 and 10.7 miles per hour, QR }
respectively. :

o
[
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e sz e
[ — .
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The solutions of exercises 7 through 11 are illustrated in Appendix i
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FILE #3 ‘ FILE #3 (CONTINUED)
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To use PATROL/PLAN, the following data must be obtained from
dispatch data for each time period and region of interest:

e average call rate--the average number of calls for
service per hour;

e percent of calls that require exactly one unit,
exactly two units, and so on;

® averade service time in minutes for the first unit
dispatched, the second unit dispatched, and so on;

e average number of minutes of non-CFS activity per
hour for each patrol unit;

® percent of calls for service that are classified as
priority 1, 2, and 3; and

® average speed of the patrol units when responding to
a call for service.

To use BEAT/PLAN, dispatch data is used to determine the
relative CFS workload in each reporting area in the region for
the time period of interest. Two measures of relative reporting
‘area workload that can be used are:

e number of calls for service in each reporting area; and

® total service minutes spent on calls for service in

each reporting area.

This appendix discusses how these data items for PATROL/PLAN
and BEAT/PLAN can be obtained from typical dispatch data such as

that shown in Appendix A.*

*Other data items needed to use PATROL/PLAN and BEAT/PLAN
(e.g., number of units, dispatch option, square-mile area of the
region and each reporting area, number of miles of patrolled
streets, and patrol speed) must be obtained from sources other
than dispatch data (see the POLICE/PLAN user's manual).

Preceding page blank 1



Adjusting Input Values to Account for Sampling and Missing Data

When the dispatch data being used to estimate POLICE/PLAN
input items represents a sample of all such data, or when entries
for some items in the dispatch records are missing, adjustments

must be made to some input values to account for this sampling

and missing data. These adjustments are based on (1) the selection

percent (2) the missing percent, and (3) the sampling percent.

Selection percent. The selection percent is the percent of

the dispatch records which were selected in the sample. For
example, the selection percent for the dispatch data in Appendix A

is 10 since one of every 10 records was included in the sample.

Missing percent. The missing percent is the percent of

records in the sample which are missing one or more necessary
digpatch data items. For example, the shift indicator is a
necessary data item in determining the average call rate by
shift.. If the shift cannot be determined for one of every 10
records, the missing percent used in computing average call rates
is 10. Necessary dispatéh data items for each POLICE/PLAN input

value are identified below.*

Sampling percent. The sampling percent for a set of data is

based on the selection percent and the missing percent, and is

computed using formula (B-1).** For example, if the selection

*Note that since the necessary dispatch data items are
different for each POLICE/PLAN input value, the missing percent
will, in general, also be different. Since the sampling percent
depends on the missing percent, it too will be different for each
POLICE/PLAN input wvalue.

**Formulas used in this appendix are summarized in Figure B-1.
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total
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non~-CFS minutes| = : CFS minutes
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non-CFS minutes =

t

S average
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p ‘hour per uni <number of units>
r
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number of
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: ; number
priority level p (of CFS)

total
travel time
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travel time number of CFS
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FORMULAS USED TO ESTIMATE POLICE/PLAN INPUT
ITEMS FROM DISPATCH DATA
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percent is 10 and the missing percent is 10, the sampling percent

sampling) = (10) x (100 - 10)
percent 100

9.0 percent.

Estimating POLICE/PLAN Input Item.,

The procedure for estimating each POLICE/PLAN input item from
dispatch data is discussed below and' illustrated for the data in
Appendix A. Table B~1 summarizes the results of tabulating the
390 dispatch tickets (e.g., using DATA/PLAN) .

Average call rate. The average number of calls for service

per hour for each block can be estimated by (1) counting the total
number of CFS incidents (i.e., excluding all non-CFS incidents)
recéived for each block in the sample data, (2) dividing this count
by the total number of hours representéd in the sample, and

(3) inflating the result based on the sampling percent discussed
above (see formula (B-2)). For example, of 304 (F5%) CFS incidents
in the sample, 51 (F1l) occurred on the Night shift. Since the data
item used to indicate the shift (i.e., time dispatched) is missing

for 61 (F4) incidents, the missing percent is:

missing) _ 100 x F4
percent F5
- 100 x 61
304

= 20.07 percent

*The notation used refers to labels used to identify entries
in Table B-l.
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Table B-1

RESULTS OF TABULATING DISPATCH DATA IN APPENDIX A

Priority Level:

Number of Calls for Service
Night Shift
Day Shift
Afternoon Shift

Priority 1  Prioxity 2 Priority 3 Total

[

Number of Units Dispatched:

Numbexr of Calls for Service
Night Shift
Day Shift
Afternoon Shift

o anapemen)

Lot

e
Fora

Unit Dispatched:

Night Shift
bay Shift
Afternoon Shift

e vz,

[oa—-

(VPRSP

Shift:

Number of Calls for Service
Total Travel Time

Shift:

Number of Calls for Service

Al: 12 A2: A3: 7 Ad: 51
11 8 68
30 7 124
1l Unit Unit 2 Unit 3 Total
Bl: 26 B2: B3: 4 B4: 51
26 7 68
55 19 124
1st Unit 2nd Unit 3rd Unit
Number Service Number Service Number Service
of CFS Time of CFS Time of CFS Time
Cl: 42 C2:1038 378 4 27
56 2346 698 7 47
104 4137 1104 1¢ 160
Night shift Day Shift Afternoon Shift
Dl: 42 54 101
D2:209 413 649
Night bay Afternoon Missing Total
Fl: 51 F2: 68 124 F4: 61 F5:304

|

i)
| prena]

e

Night Shift

bay Shift
Afternoon Shift
Missing

Non-CFS Incidents with

One Unit Dispatched

Non-CFS Incidents with
Two Units Dispatched

Number of Number of

Number of Nunmber of Number of Minutes ~ Minutes -
Incidents Minutes Incidents Unit 1 Unit 2
Gl: 11 Hl: 305 G5: 0 H4: O H5:
G2: 19 H2: 451 G6: 1 H6: 16 H7:
G3: 26 H3: 961 G7: 1 H8: 33 H9:
G4: 27 G8: 1
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the sampling percent is:

sampling | _ 10 x (100 - 20.07)
percent 100

il

7.99 percent,

and the average call rate for the Night shift is:

average - 100 x 51
call rate 7.99 x 560

= 1.14 calls per hour.

Percent of calls that require exactly N units. The percent

of calls that require exactly N units can be estimated by
(1) counting the number of CFS incidents to which exactly N units
were dispatched, (2) dividing by the total number of CFS incidents
in the sample for the block, and (3) multiplying by 100 ksee
formula (B-3)). No adjustment to the result is needed to account
for sampling or missing data.* For example, one unit was dispatched
to 26 (Bl) of 51 (B4) CFS incidents on the Night shift. Therefore,
the percent of calls that require exactly one unit is:

percent of

calls requiring
exactly 1 unit

100 x Bl_
B4

100 x 2§
51

= 50.98 percent.

*In general, adjustments to account for sampling or missing
data are not necessary when estimating percentages of incidents

Oor averages per innident, but are required when estimatin
- Y averages
per hour or block. J 7
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Average service time for the Nth unit dispatched. The average

service time for the Nth unit dispatched to a CFS incident for a
block can be estimated by (1) summing the total service times for
the Nth unit for that block and dividing by the number of CFS
records for the block for which the Nth unit's service time is

known (see formula (B-4)). No adjustment to the result is needed

to account for sampling or missing data. For example, a service
time could be determined for the first unit dispatched (i.e., N = 1)
in 42 (Cl) CFS records for the Night shift. The sum of these 42
service times is 1,038 (C2) minutes. Therefore, the average sefvice

time for the first unit dispatched is:

average c2
service time = &7

for first unit c
_lo3s

- 42

= 24.71 minutes.

Average non-CFS minutes per hour per unit. The average number

of non-CFS minutes pexr hour for a block can be estimated by

(1) summing the total time consumed in the block by all units for
non-CFS activities, (2) dividing by the number of hours in the
sample, and (3) adjusting the result to account for sampling and
missing data (see formula (B-5)). The missing percent used to
calculate the sampling percent is based on the number of records
for which one or more of the data items used to determine the

block of the incident, whether the record was a CFS or non-CFS
imcident, or the service time of each unit assigned to the incident,

is missing. For example, one or more of these data items is

47
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i L
missing in 28 (G4 + G8) of 86 (Gl + G2 + ...+ G8) non-CFS incidents. ﬂi Percent of CFS in each priority level. The percent of CFS
i3
Therefore, the missing percent is: - in each priority level for a block can be estimated by (1) counting
{
i )
4 : the number of CFS in each priority level for that block, (2) multi-
missing) _ 100 x 28 |
percent/ 86 g ' plying by 100, and (3) dividing by the total number of CFS for the
= 32.56 percent, - f block (see formula (B—7)). No adjustment is needed to account for
% 3 sampling or missing data.’ On the Night shift, for example, 12 (Al)
and the sampling percent is: : . o
o : f of 51 (A4) CFS incidents were priority 1. Therefore, the percent
sampling) _ 10 x (100 - 32.56) L f ! of CFS in priority level 1 is:
percent | 100 ?
I f percent of
= 6.74 percent. } SR f : CFS which - 1005§ 12
L are priority 1
The total non-CFS minutes for the remaining records for the Night é | ! = 23.53 percent.

shift is 305 minutes (H1 + H4 + H5) and the number of sample hours

. f'l Average response speed. Average travel time estimates for a

is 560. Therefore, the average non-CFS minutes per hour is: block can be used to estimate average response speeds (see the

average 100 x 305 ' ;5{ PATROL/PLAN user's manual). Average travel time can be estimated
non;gishgtﬁutes ) 6.74 x 560 : | ; by (1) summing travel times to each CFS incident for a block, and
- 8.08 minutes. | 31 (2) dividing by the number of CFS incidents for that block for
| _
To determine the average non-CFS minutes per hour per unit, this k'i which a travel time can be determined (see formula (B-8)). No
result is divided by the average number of units fielded per hour - 5 adjustment for sampling or missing data is needed. For example,
(see formula (B-6)). The -latter can be determined by summing the . i ! i the travel times to 42 (Dl1l) CFS incidents on the Night shift

. . PR totalled 209 (D2) minutes. Therefore, the average travel time is:
number of units fielded per hour in the sample period and dividing (D2) , g '

by the total number of hours. In Law City, for example, four

It

( average ) 209

units were fielded at all times, and the average non-CFS minutes travel time 42

Yoo

it i 4.98 minutes .
per hour per unit is:

TR
IS

average 3.08

|

|

!
_ ] Number of calls for service in each reporting area. CFS totals

non-CFS minutes |= —5—

|

|

J

|

|

o |

per hour per unit 1 for each reporting area can be obtained by counting the number of

e

==

i

2-02 minutes. CFS incidents in each vrsorting area for each block. No adjustment

i

i I for sampling or missing data is needed since only the relative
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Qictribution of calls by reporting area is of interest. This
measure of relative workload is recommended when the number of
CFS incidents per reporting area is small.

Total service minutes in each reporting area. Relative

reporting area workloads'based on total service minutes can be
estiméted by determining the total number of service minutes for
CFs incidents in each reporting area for each block. No adjust-
ment for sampling or missing data is needed since only the relative
distribution of service minutes by reporting area is of interest
This measure of relative workload should not be used unless a

significant number of CFS records are available for each report-

ing area.*

*Note that the number of service minutes for each reporting
area used in the example for BEAT/PLAN is determined by multi-
plying the number of CFS incidents by the average service time
per CFS. This method was only used in order to illustrate the

use of service time as a measure of relative reporting area work-
load.
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APPENDIX C

SOLUTIONS TO DATA PREPARATION EXERCISES
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Exercise 1l: Use the DATA/PLAN program to create a data
file containing the data items listed in
Table 3-1 for records 1 through 20 in
Appendix A. Verify that the data has been
correctly entered, and save the file on disk.

The solution to Exercise 1 is illustrated in Displays 1
through 75 in Section C of Chapter III in the DATA/PLAN user's
manual.* The contents of each display are explained in Section

B of that chapter.

[N

[

Exercise 2: Use the DATA/PLAN program to create a data
file containing records 21 through 94 listed
in Appendix A. Verify that the data has been
correctly entered, and save the file on disk.
Based on the data in this file, tabulate the
average travel time (i.e., the time interval
between the time dispatched and the time
arrived) for all calls (CFS and non-CFS).

o T A iy e

>

The procedure for creating a data file containing records
21 through 94 is identical to that used in Exercise 1 and
illustrated in Displays 1 through 75 of the DATA/PLAN user's
manual. The tabulation of the average travel time for these
records is illustrated in Displays 1 through 11 at the end of
this appendix. The steps illustrated include the following:
e The DATA/PLAN analysis is initiated by entering the
command RUN DATA/PLAN. The title page is displayed
(Display 1), a print option is selected (Display 2),
and the table of contents is displayed (Display 3).
Page 2 is selected.
e The data in records 21 through 94 are entered from

the data file previously saved on disk with the
name FILE #2 (Displays 4 and 5).

*See POLICE/PLAN-~-An Easy-to-Use Resource Allocation System:
User's Manual for PATROL/PLAN, BEAT/PLAN, and DATA/PLAN Soft-
ware on Apple II Microcomputer.
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Page 4 is selected. The option for tabulating data
previously entered into the Apple's memory is specified
(Display 6). Tabulation option 4 is used to review

the record selection criteria in effect to verify that
all records will be processed (Displays 7 and 8).

The average travel time is computed using tabulation
option 1 (Displays 9, 10, and 11).

Exercise 3:

Based on records 1 through 94 (i.e., the

data in the two files created in exercises

1 and 2), use DATA/PLAN to tabulate the
average service. time (i.e., the time inter-
val between the time dispatched and the time

cleared) by priority for calls on the Day "
shift.

The solution to Exercise 3 is illustrated in Displays 12

through 23 at the end of this appendix. The steps illustrated

include the following:

Tabulation option 5 is used to specify the names of
the two data files containing the 94 records to be
tabulated (Displays 12 and 13).

Tabulation option 6 is used to specify record selection
criteria to tabulate only those records for calls on

the Day shift (Displays 14 through 17).
Tabulation option 3 is used to compute average service

time by priority level for calls on the Day shift
(Displays 18 through 23).
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CFS;

and 3 calls;

and 3 calls.

Exercise 4: Use PATROL/PLAN and the input data in Table
4-1 to estimate the following performance
characteristics for each shift in Law City.

® average number of units dispatched per

e average service time per CFS per unit;
® average service time per CFS;

® incoming work per unit;

e actual work per unit;

e uncommitted time per unit;

e average number of free units;

e probability of saturation or percent of
time backup units are used;

® average patrol interval;

e average queue delay for priority 1, 2,

® average travel time; and

® average response time for priority 1,

The solution to Exercise 4 is illustrated in Displays 1

through 32 at the end of this appendix.

include the following:

The steps illustrated

e The PATROL/PLAN analysis is initiated by entering the
command RUN PATROL/PLAN. The title page is displayed

and the printing of selected pages is requested (Display

1). The table of contents is displayed (Display 2).

Page 2 is selected.

e Three blocks are specified, corresponding to the Night,
Day, and Afternoon shifts in Law City (Display 3).

e Al. input data items are specified for Block 1 (i.e.,
the Night shift) using the data in Table 4-1 (Displays
4 through 9*), a summary of the input data is displayed

*Note that the complete input process is not illustrated

in the displays.
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(Displays 10 and 11), and the performance characteristics
for the Night shift are displayed (Displays 12, 13, and 14).

P

[

mipimum patrol interval, and average response time
(Displays 33 through 36).

e Input data items are specified (Displays 15 through 18),

3
et

an input summary is displayed (Displays 19 and 20), and H ® The number of patrol units required to meet these
ggrforgagg? ;harzgtegistiggf:re displayed (Displays 21, .ﬁ‘ fggzpiggsgg?lnt;isg thgtNight shif? ig ietermined
a r e Day shift. ; . units are require o
, an o Y . Q5 : specified constraints on both migimum patrgiegntgi—
e Input data items are specified (Displays 24 through 27), £l val and average response time.
an input summary is displayed (Displays 28 and 29), and ; i .
performance characteristics are displayed (Displays 30, it ® The number of units required to meet these same con-

31, and 32) for the Afternoon shift.

il j s?raint§ on the Day shift is determined (Display 38).
¢ j Nine units are required to provide a patrol interval

, N of eight hours or less.
Exercise 5: Suppose that a study has been released, claiming iy

that adequate police protection cannot be pro- 1;& ' ® The number of units required on the afternoon shift is
vided unless a department can meet the following ; determined (Display 39). Nine units are required to
hypothetical standards for patrol operations: ﬁ{; By satisfy the imposed constraint on patrol interval.
; i J :
e Each unit has a minimum of 20 minutes per } ® The dispatch option is modified for the Day shift
hour of uncommitted time. i ! (PlSplays 40 and 41), the four constraints are respeci-
n i fied (Displays 42 through 45), and the number of units
e The probability that a call for service - = required to meet the constraints on the Day shift when
must be queued or assigned to a non-patrol . no backgp units are used is determined (Display 46).
unit is less than five percent. 5{‘ g Nine units are required.

® The patrol force can pass every location
in its region at least once during each
eight-hour shift.

=]

2
trime
———

e The average response time is less than d
five minutes. i f

a) Use PATROL/PLAN to determine how many addi-
tional patrol units would be needed on each
shift to meet all of the standards specified
above.

ez
H

e

b) Identify which standard was the most difficult
to satisfy on each shift.

==

¢c) Determine how many additional units would be
needed on the Day shift if no backup units

are used.
i1
I

The solution to Exercise 5 is illustrated in Displays 33 RB
i 1

through 46 at the end of this appendix. The steps illustrated

include the following:

@ Constraints are specified for uncommitted time, the .
percent of calls occurring when &all units are busy, [

70 [[
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Exercise 6: The crime analysis team for the Law City Police
Department has projected an 11.8 percent increase
in the CPS rate for each shift due primarily to § ® The 15 units are reallocated among the shifts in a way
increased population in new subdivisions. A , that minimizes the overall average patrol interval
PATROL/PLAN a-alysis has shown that one addition- ’ (Display 60).
al patrol ur. . will be needed on each shift to ,
maintain existing performance levels (i.e., the b
same uncommitted time, patrol interval, satura-
tion probability, and average respcrg2 time found
in Exerc.se 4). This analysis also indicated
that ass:gning an equal number of units to each
shift results in an unequal distribution of work.
In anticipation of a directive from the Chief's
office to recommend new allocations by shift,
perform the following analysis using PATROL/PLAN: O |

i
RN N e

£

e

[ v |

FoRmEEY
[oovisiany |

| 2

gy
R soas |

a) Allocate the 15 units over the three shifts
based on the data shown in Table 4-1 and the , k
increased call rates, using patrol interval | . X
time as the allocation variable. Allocate - an
the units to minimize the patrol interval ) D
on each shift. Assume that no shift can = Do
lose units in the reallocation (i.e., units L 5;{
can only be added to the current levels). A

b) Repeat the analysis described above, but & iR
assume that units can be added to or sub- 19
tracted from current shift levels.

el ¥

P

c) Repeat the analysis described in (b), but
minimize overall average patrol interval.

s
[ Eonnerec ]

The solution to Exercise 6 is illustrated in Displays 47

JE——

through 60 at the end of this appendix. The steps illustrated

include the following:

oy
e ]

i

e The call rates for the three shifts are modified to ) i
reflect the projected increase (Displays 47 through 53). |
The dispatch option for the Day shift is nodlfled to use
backup units for priority 1 calls.

gt |

i;:.t‘::’:‘

e The 15 available units are allocated among the three
shifts in a way that minimizes the maximum patrol
interval occurring on any shift (Displays 54, 55, and 56).
Note that a minimum of four units is specified for each
shift to ensure that no shift loses units in the reallo-

[ o e
Yooy

cation.
® The 15 units ars reallocated among the shifts (Displays T
57, 58 und 59), with units allowed to be subtracted from B

the current shift levels (i.e., a minimum of zero units
is specified for each shift).

7 1
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APPENDIX E

SOLUTIONS TO BEAT DESIGN EXERCISES
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Exerxcise 7: Use .the BEAT/PLAN program to create a data
file containing the area, patrolled streets,
and unit-minutes expended on calls for ser-
vice on each shift for the 29 reporting areas
in Law City (see Table 5-1). Verify that the

data has been correctly entered and save the
file on disk.

The solution to Exercise 7 is illustrated in Displays 1
through 80 in Section C of Chapter III in the BEAT/PLAN user's

manual. The contents of each display are explained in Section

B of that chapter.

Exercise 8: Use the BEAT/PLAN Program to define the cur-
' rent four-beat configuration for Law City
(see Figure 2-2). Display the four-beat plan
and verify that no reporting areas have been
omitted or assigned to more than one beat.
Save the beat plan on disk. ' :

The solution to Exercise 8 is illustrated in Displays 81
through 105 in the BEAT/PLAN user's manual. (Note that in
these displays, some errors were intentionally made in entering

the beat plan to illustrate features for modifying a plan.)

BExercise 9: Use the data file created in Exercise 7 and
: the beat plan specified in Exercise 8 to

compute additive beat characteristics for the
current four-beat plan.

The solution to Exercise 9 is illustrated in Displays 1

through 15 at the end of this appendix. The steps illustrated

include the‘following:

e The BEAT/PLAN analysis is initiated by entering the
command RUN BEAT/PLAN. The title page is displayed
(Display 1), a print option is selected (Display 2),
and the table of contents is displayed (Display 3).
Page 2 is selected.

e The reporting area data is entered from the file
created in Exercise 7 (Displays 4 and 5). Page 4 is
selected.

~ Preceding page h%ank
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® The current four-beat plan is entered from the file
created in Exercise 8 (Displays 6, 7, and 8).

® Page 5 is selected (Display 9) and additive beat
characteristics are computed and displayed for the
current four-beat plan (Displays 10 through 15).

P

]

o

Exercise 11:

PR
%

Exercise 10: Enter reporting area adjacency data from
the file LAWCITY ADJ. List the data and
verify that it agrees with the adjacency
data in Table 5-2. Use BEAT/PLAN'S pre-
scriptive capabilities to suggest modifi-
cations to the current four-beat plan to
balance CFS workload by beat on the night
shift. Display the additive beat charac-
teristics based on data items 1, 2, and 3
for the new plan suggested by BEAT/PLAN.

el

Enter the geographic data from the file
LAWCITY GEO DATA. List the data and verify
that it agrees with the data shown in Table
5~3. Use BEAT/PLAN to compute non-additive
performance characteristics for the city, and
for each unit and beat with the new beat plan
produced in Exercise 10. Assume that the call
rate is 1.14 calls per hour, that the average
service time per call is 33 minutes, and that
the average number of non-~CFS minutes per hour
per unit is 12 minutes. Assume also that calls
arriving when all units are busy are queued,
and that the unit assigned to the beat in which
a call occurs is always dispatched if available.
The average response speed and patrol speed

are 18.6 and 10.7 miles per hour, respectively.

-
]

The solution to Exercise 10 is illustrated in Displays 16

through 37 at the end of this appendix. The steps illustrated

include the following:

® Reporting area adjacency data is entered from the file
LAWCITY ADJ using option 1 on page 7 (Displays 16, 17,
and 18).

e The adjacency data is listed using option 2 on page 7
(Displays 19 through 25).

e Option 5 is used to modify the beat plan to balance CFS
workload on the Night shift among the four beats (Displays

26 through 30).

e The resulting beat plan is displaYed using option 4
(Displays 31 through 32).

® Page 5 is selected (Display 33) and additive beat

characteristics are displayed for the modified beat plan

(Displays 34 through 37).
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The solution to Exercise 11 is illustrated in Displays 38

through 48 at the end of this appendix. The steps in the solution

include the following:

Geographic data is entered from the file LAWCITY GEO
DATA using option 2 on page 2 (Display 38 and 39).

This data can be listed using option 1 or 2 on page
(This step is not illustrated in the displays.)

Input data describing workload and patrol operations
are entered (Display 40), and non-additive performance
- characteristics are computed and displayed for the
region (Displays 41 and 42), for each beat (Displays
and 45), and for each unit (Displays 46, 47,
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