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ABSTRACT

This report is one product of the project "Field Evaluation
of the NSF-MIT Hypercube Patrol Sector Design Methods," funded by
the National Science Foundation, Grant Number APR75-~17472. The
hypercube system is a computerized planning tool used to evaluate
alternative police beat structures and patrol deployment policies.
The study was conducted by The Institute for Public Program Analysis
in cooperation with the California Innovation Group (an NSF-funded
consortium of cities active in technology transfer) and police
departments in St. Louis County, Missouri, and the California cities
of Burbank, Fresno, Garden Grove, Huntington Beach, Pasadena, San
Diego, San Jose, Santa Ana, and Santa Clara.

This report has been designed for use as a handbook for a
short training program for police planners about the use of the
hypercube computer programs for the design and analysis of police
patrol operations. Principal topics covered include: a review of
concepts applicable to planning police field operations; criteria
used to compare alternative patrol district designs; the advantages,
limitations, and basic assumptions of the hypercube method; a de-
scription of the input data required for use of the hypercube com-
puter programs, and of methods for obtaining it; operation of the
computer programs using a time-share computer service accessed via
telephone by an electronic data terminal, including how to input
the data, how to interpret the output statistics, and how to modify
a district design to obtain a "better" configuration; and use of
the hypercube programs to resolve policy issues more complex than
location of patrol district boundaries (e.g., how to compare field
performance when patrol cars are assigned to specific districts with
that when they are not).



PREFACE

This report has been designed for use as a handbook for a

short training program for police planners about the use of the

hypercube computer programs for the design and analysis of police

patrol

(¢}

operations. Principal topics covered include:

a review of concepts applicable to planning police
field operations;

criteria used to compare alternative patrol district
designs;

the advantages, limitations, and basic assumptions
of the hypercube method;

~a description of the input data required for use of

the hypercube computer programs, and of methods for
obtaining it; :

operation of the computer programs using a time-share
computer service accessed via telephone by an electronic
data terminal, including how to input the data, how to
interpret the output statistics, and how to modify a
district design to obtain a "better" c.unfiguration;

and

use of the hypercube programs to resolve policy issues
more complex than location of patrol district boundaries
(e.g., how to compare field performance when patrol cars
are assigned to specific districts with that when they
are not).

The text includes a series of district design exercises designed

to provide each trainee with experience in the use of the data

terminal and the hypercube computer programs. Also included are

reference charts and tables which summarize hypercube's command

terminology and briefly outline the required procedures for running

the programs. Once familiar with the text users will find this

reference material handy for routine use of the programs.

Some of the material presented in this text is in outline

form, and is intended to be supplemented during each training program
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session with detailed discussions led by an instructor knowledge-
able in police resource allocation methods and in the use of the
hypercube programs.

In addition to this text, it is suggested that trainees obtain
the following related documents:

(1) "Hypercube Queuing Model: Executive Summary," R-1688/
1-HUD

(2) "Hypercube Queuing Model: User's Manual," R-1688/2-HUD

(3) "Field Evaluation of the Hypercube Programs For Analysis
of Police Patrol “perations: Final Report”

(4) "How To Set Up Shop For Use of the Hypercube System," and

(5) "Criminal Justice Models: An Overview," R-1859-DOJ.
Items (1), (2), and (5) are available from the Rand Corporation,
Publications Department, 1700 Main Street, Santa Monica, California,
90406. Items (3) and (4) are available from The Institute ﬁor
Public Program Analysis, 230 South Bemiston Avenue, Suite 914,
St. Louis, Missouri, 63105. A considerable amount of additional
documentation on the hYpercpbe model and programs is available
from the M. I. T. project team_which developed hypercube. A list
of these reports is given in the bibliography at the end of the
text. 1Inquiries regarding thése reports should be directed to
Dr. Richard Larson, Laboratory for Architecture and Planning,
Massachusetts Institute of Teéhnology, Cambridge, Massachusetts,
02139. Much of‘the material in this text draws on iﬁformation
contained in these reports. Additional useful material has been
adapted from "A Training Course in Deployment of Emefgency Services:
Instructor's Manual," by Chaiken, Ignall, and>Walker.

Throughout this report, detailed, step-by-step procedures for
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Performing basic computer operations have been included, (e.qg,,
accessing the computef progréms via the data ﬁerminal and creating
the necessary input files). These procedures reflect data process-
ing conventions in effect at the time-share computer service

selected for the initial presentation of this training program in
June 1976. This service, supplied by National CSS, Inc.,* of Norwalk
Connecticut, was selected by The Institute for Public Program Analysis
after a comprehensive review of the cost and convenience of operating
the hypercube programs on a number of time-share systems. Users
wishing to operate the programs on a time-share service other than
National CSS will have to substitute appropriate data processing
conventions and procedures in place of many of those given here.

In the discussions which follow, and in other reports produced for
this project, the time-share computer service is sometimes referred
to as the "central site data processing service." This is because
the actual calculations performed by the hypercube programs take
place at the service's centrally located computer facilities, with
only input and output being performed at the data terminal.

The training program is designed to take advantage of the
tutorial and error-correcting capabilities offered by the “inter-
active" version of the hypercube programs. In this version the
user is led by the computer through a step-by-step question and
answer procedure for inputting data and obtaining the results of

hypercube analyses. This version of the programs can only be

*CSS, always abbreviated in the corporate title, stands for
Conversational Software System.
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operated using data terminals and time-shared data processing. Once
trained in use of the hypercube beat design method, some planners
may prefer to use another version of the hypercube programs, called
the "batch" version, which does not utilize a data terminal for
input and output. Although the batch version consequently lacks

the tutorial and error-correcting capabilities of the interactive
version, it can be installed on some of the computers now used by
police departments -- a capability not now available with the intexr-
active program (most such police computers support neither the time-
share nor the data terminal operations required). Users of the batch
program will find complete instructions for its operation in items
(1) and (2) listed above.

The hypercube queuing model of police field operations was
first formulated by Dr. Larson about 1969 in connection with his
doctoral dissertation research. In subsequent research projects
headed by Dr. Larson, funded by the Department of Housing and
Urban Development and by the National Science Foundation (Research
Applied to National Needs Program), the capabilities of the model
were expanded and the initial hypercube computer programs were
written. Since these first computer programs were developed,
numerous improvements have been incorporated into them, including
many made by The Institute for Public Program Analysis based on its
field tests of earlier versions. The software documented in this
text embodies all the capabilities available and tested at the
time the text was prepared (December 1976). Other, more powerful
versions of the software are likely to emerge from current research

on the hypercube model, which includes study of:
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o procedures for automatic sequential improvement of
a district plan by selection and transfer of reporting
areas among districts;

o an improved technique for accounting for patrol-initiated
(non-called-for-service) work performed by patrol units;

o a method for computing travel times when barriers such as
rivers or expressways lead to detours of considerable
length; and :

o a procedure for modeling two priority classes of incoming
calls-for-service (e.g., "now" or emergency calls, and
routine calls), rather than treating all calls as if
they were the same priority.

Users seeking information on recent software improvements should
direct their inquiries to Dr. Larson at the address given above.
The terminology used to describe police patrol operations
varies considerably among police departments. For this reason,
a glossary of police terms has been included in Appendix A. To
clarify the discussions which follow, some of the most essential
definitions are repeated here:
district - an area in which one patrol unit has (usually exclusive)
preventive patrol responsibility. When districts overlap, such
responsibility is no longer exclusive, but each car's district is
the area in which it is expected to perform preventive patrol.
region - a group of districts administered as an autonomous field
operations territory (i.e., cars in one region are rarely dispatched
to respond to calls in another regionj. '
reporting area - a subarea within a district, sometimes no more
than a few city blocks in size, that is used as the smallest
geographical unit for aggregating statistics on the spatial
distributions of calls for service and preventive patrol coverage.

Reporting areas are the geographic building blocks with which dis-
tricts are constructed.

These terms are used throughout this text. Since many synonyms for
them exist, readers should carefully relate "district," "region,"
and "reporting area" to the corresponding terms used in their own

police departments before reading the rest of this document.
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I. Introduction to Planning Police Field Operations

1. Police Patrol Operations

This text is concerned with methods of planning the deploy-
ment of police patrol units which have responsibility for responding
to calls for service, and for preventive patrol (or routine sur-
Veillance) when they are not otherwise occupied handling calls.
Figure I-1 diagrams the major event sequences in the activities
of these patrol units and of the dispatchers who give them their

12

assignments. Another view of the event sequence involved in the

arrival and servicing of calls for police service is shown in

12

Figure I-2. Both figures provide a convenient framework for

discussing police patrol operations in general, and for highlighting
the features of these operations which can be studied with the

hypercube gqueuing model.

2. Features of Patrol Allocation Plans

A complete plan for allocating or deploying patrol units to
"cover" a specified jurisdiction usuaily deals with the following
issues:ll

o -number of men on duty

-- variation by day of week and/or season
-- variation by time of day
o mode of patrol
-- one-man cars
-- two-man cars
== gcooters or motorcycles
-- foot patrols

-- other (e.g., canine, evidence collection)

-l- ’ “
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number of units in each geographical region
design of patrol districts for each unit
when calls are queued (stacked, backlogged)
-- variation with type (priority) of call
number of units dispatched

-- variation with location

-- variation with type (priority) of call
which units dispatched

-- type- |

-- closest unit?

~- district car?

-~across region boundaries?

redeployment as unavailabilities occur
manpower scheduling

scheduling of "other" unavailabilities

alternative uses of priorities assigned to calls for

service

-- 1if gueuve forms, dispatch free unit to oldest
high priority call (The average delay for all
calls remains unchanged, but the average delay

for priority calls is decreased.)

-- hold one or two units (regular or special units)
in reserve for high priority calls (The average

delay for all calls is increased.)

-- screen out low priority calls when busy (an

"adaptive" dispatch policy)

-— schedule low priority calls for handling at a

more convenient time
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3. Criteria Used in Assessing Patrol Allocations

Police administrators, police patrol officers, and members
of the public use a wide range of criteria in assessing patrol
allocations. The most commonly used include:

o length of time a caller must wait until a unit is
dispatched

o travel time to the scene of the incident
o dispatches of patrol units out of their éssigned areas
0. balance of workload among units
o time available to patrol units for other patrol activities
-- preventive patrol
-- meals and personal breaks
-- patrol-initiated investigation
~-- traffic
-- maintenance of vehicle
—- interaction with citizens
o cost
-- labor costs including salaries and overtime
-- equipment costs (e.g., vehicles)
¢ ability to supervise patrol manpower
-— unity of command
-- neighborhood integrity
-- simplicity of geographic deployments
-- simplicity of work schedules
o officer safety considerations

-= availability of backup assistance

-5-



-- ease of communication with dispatchers
—-- availability of vehicle location information
o officer morale considerations

o adequacy of patrol coverage of "hot spots" and areas
having special crime problems

0 citizen expectations regarding speed and level of
‘police response

o impact of the patrol allocation on other services required l
of the police department (e.g., investigations, records,
etc.)

o relation to radio communication system
-- number of channels
-—- voice or digital

o relation to services demanded by active public interest
groups and influential citizens

4. Problems With Manual Allocation of Police Manpower

Decades ago important advances in the allocation of police
patrol manpower were made as many police departments initiated
routine procedures for compiling information on where and when
calls for service and crimes were occurring. This information
made possible the assignment of patrols to districts and watches
in proportion to the anticipated workload br crime hazard. Two
popular allocation pfocedures used ﬁhen, and still used by many
departments today, are based on a "hazard formula" and a "work-
load‘formula."ll

o description of hazard formula

- Fj = jth factor

-- examples of factors:

Number of outside Violent crimes
Number of other Part I crimes

-6-




Number of street miles

Number of arrests

Number of commercial establishments
Number of emergency calls

£, .

amount of factor j in region i

i3
. = .+ .+ A T & .
Fj = Fpg * fp5 + L3y N3
wj = "importance" of factor j
f. £. f.
il i2 iM
H, = Wy 5= + W, 55— + ... + Wy, =
i 1 Fl 2 F2 M FM

manpower proportional to Hi

description of workload formula

i

Wy

H, = Wlfil + w2fi2 S R waiM

<

number of man-hours associated with factor j

manpower proportional to Hi

mathematically the same as hazard formula with
different weights

problems

apples and oranges
interrelated
proportional increase for emergency calls

no way to determine "correct" weights for hazard
formula

workload formula accomplishes only one objective:
equalizing workload

hazard formula does not do what it appears to do

example: assume regions with high numbers of out-
side crimes have proportionately more unimportant
calls. Then increasing ws; for outside crime

decreases manpower assignéd to high-crime regions.

no credit for good performance

may be useful for manpower needs other than patrol

-7



Workload and hazard formulas have been popular, not only be-
cause they take into account where and when police services are
needed, but also because all the needed calculations can be per-
formed by hand or with a desk calculator. Such manual allocation
procedures, however, have a number of drawbacks (in addition to
those already listed):

o the calculations can be very tedious and time consuming
(and therefore expensive) :

o 1if several alternate deployment plans are under con-
sideration, the time (cost) required to make the
needed calculations is correspondingly increased

o only a limited number of performance criteria can be
estimated manually

o practically speaking, only a limited amount of field
operations performance data can be utilized in a
manual analysis, even if much more is available

o the development of charts and figurec summarizing the
results of a manual analysis is also time consuming

o only a limited number of deployment constraints can be
accounted for in a manual analysis.

5. Mathematical Models of Patrol Operations

Beginning around 1960 mathematicians and police planners began

to work together to construct analytical methods for studying police

patrol operations., These methods made use of "modeling" technigues

long used in other areas of science.ll

o definition of model: abstraction of reality. Used
to gain insight into, and answer questions about, the
real world. Easier, safer, and less costly to use
than manipulating real world

o empirical models

-- fit to data
.. May have no explanation
.. May be mathematically complicated

-8~



-- examples

.. smooth fit to call rate by time of day

.. how long to travel a given distance

.. relationship between fraction of time cars
are unavailable and number of calls for
service

descriptive analytical models

using simplified assumptions, some kind of mathe-
matical formula is derived to permit estimating some
performance characteristic(s)

the numbers that go into such a model may come from
empirical models

examples

.. knowing number of units on duty, estimate
average travel time to an incident

.. knowing number of units on duty, estimate
fraction of serious emergencies encountering
a delay before dispatch

.. knowing the patrol area of each unit and
location of incidents, estimate workload and
fraction of out-of-district dispatches for
each unit

(the hypercube model is a descriptive analytic model)

optimization models (prescriptive)

tell how to achieve the most or the least of something

examples
.. how should districts be designed to minimize
average travel time to incidents? T
.« how should a fixed total number of man-hours
be distributed amoung tours so as to minimize
the chances that a caller will have to wait
before dispatch of a patrol car?

simulation models

imitate patrol operations step by step

collect all kinds of statistics

can be extremely accurate

don't tell you what to do

things you try will be suggested by other models

likely not to be useful until close to the end of
analysis; but have to start early to collect data
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o why police deployment models often do not include
explicit consideration of crime deterrence, arrests,
property recovery, or community sense of security

-- hard to measure

~— relationship to allocation not known precisely enough

-- wWe use proxy measures

-~ administrators can tell what changes in performance
measures (up or down) are desirable, even if they

don't know the exact benefit

6. Computer-Based Models of Patrol Operations

The hypercube queuing model is one of a number of computer-
based models of patrol operations developed in the last decade.
The reliance on computers to perform the mathematical calculations
needed to use these models has occurred because:

o «computers can solve complex mathematical problems
with great speed

o modern computers have exceedingly large storage capac-
ities and can therefore utilize enormous amounts of
pertinent data

o many of the calculations required by the patrol models
are too compl:x and time consuming to be made manually

© many police departments now have routine access to data
processing services .

o computer printouts can serve as charts, tables, or
maps without additional work

0 many more alternate deployments can be analyzed than
when working by hand

o computer-based analyses sometimes are considered more
reliable than those done manually (the reverse is some-
times also true), and

o many computer programs may be useful even if the user
does not have a comprehensive understanding of how their
calculations are performed.

a. Batch vs. interactive models

Most computer-hased models are embodied in computer programs
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run in a "batch mode," which involves inserting the program and
related data in a job queue at the data processing facility. The
jobs are then run as time permits, and results are normally recorded
on standard computer printout paper. Some models, howevér, have
the useful capability of being operable in an "interactive mode" in
which the user communicates directly with the computé? via a remote
teletypewriter terminal. These models often include tutorial and
error correcting features which assist the user in their operation.
Also, results of analyses may be obtained iﬁstantaneously,-being
printed out at the terminal, and modified analyses may be easily
submitted upon review of an earlier printout.

b. Prescriptive vs. descriptive models

If a computer-based model is designed to evaluate a police
field operations plan without suggesting any alternate improved
plans, it is said to be "descriptive" (i.e., it describes the field
performance characteristics which can be expected from use of the
plan). If, however, the model is designed to find improved resource
allocations it is called "prescriptive" (i.e., it prescribes
alternate plans which should result in improved field performance.)

c. Types of field operations models now available

Reference 13 presents a comprehensive review of the types of
computer-based police field operations models which have béen

developed. Those most relevant to learning to use the hypercube

programs are: 13

o Patrol car allocation mcdels. These analytical models
specify the number of patrol cars that should be on duty in each
geographical region of a city at various times of day on each day
of the week. They can be used to analyze policy issues of the follow-
ing types: (1) determining the total number of patrol officers
a department should have, (2) allocating a fixed number of officers

-11-



among geographical regions, (3) determining how many officers in a
region should work each tour or shift, and (4) determining the hours
at which tours or shifts should begin.

¢ District design models. These analytical models are used
for evaluating alternate district boundaries, car assignments to
districts, and dispatching policies. They are most readily used
when the number of patreol units to be fielded for each day of the
week, region, and shift have already been determined by some other
method, but it is also possible to use them as patrol car allocation
models. /The hypercube model is the only well-documented, generally
available model of this type.)

o Manpower scheduling models. These analytical models are
used to determine which days of the week each officer shculd work,
which days he should be off duty, and when he should rotate.from
one shift to another. These are especially useful in planning work
schedules when the number of on-duty officers needed varies by day
of the week and shift, but can also yield improved schedule charac-
teristics when manning levels are uniform.
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II. General Principles of Police Patrol Allocation

1. Introduction

Although the analytical models upon which the hyper-
cube computer programs and the other field operations models
are based are quite complex, there are a number of useful,
general principles of police patrol allocation which can be
understood without having to understand very much about
these models. Any police planner who understands these
principles will find use of the computer-based models sim-
plified, and will also be able to check some of their re-
sults himself to verify the correctness of his input data.
The following sections, adapted from reference 11, outline
these principles.

2. Average Number of Units Busy Handling Calls for Service

AVERAGE NUMBER] AVERAGE
= OF CALLS X |UNIT-HOURS
PER HOUR PER CALL J

o example:

2 calls per hour, average
1 car handles each
Average length of time to handle call,
30 minutes
On the average, 1 car is bhusy
If 2 cars on duty each is busy % the time
If 4 cars on duty, each is busy % the time

o Number of units on duty must at least equal average
number busy
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3. Emergencies Do Not Occur At Orderly Predictable Times And

Service Times Are Not the Same For All Calls

0 example:

-~ calls
every

1 car

occur exactly on the hour and half-hour -
call takes exactly 30 minutes

can handle--nobody waits
--but car is always busy

-~ but, when average number of calls is 2 per hour

14%
27%
27%
183

9%

-- considering the usual spread of service times around

of
of
of
of
of
of

of

hours
hours
hours
hours
hours
hours

hours

30 minutes

have
have
have
have
have
have

have

no calls

1

5

6

call

calls

calls

calls

calls

or more calls

with 1 car on duty, every caller waits

with 2 cars on duty,
1/3 of calls wait

1/3 of time no.car is on patrol

average wait until a car can be dispatched is 10
minutes (including no wait)

17% of callers wait more than 20 minutes

o conclusion:

Number of units on duty must be considerably

more than average number busy

4. A Minimal Standard for Adequate Performance Is That No More Than

15 Percent of Calls are Queued

o many departments don't achieve this (especially during
peak hours)

o a goal set by some departments is: No more than 5% of
important calls are queued

o a few departments routinely have less than 1% of important

calls queued
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o

impossible to guarantee that no calls will be queued

5. Cars Are Unavailable for Dispatch for Reasons Other Than Response

to Previous Calls

o

what are these activities?
meals, personal
patrol-initiated crime or vehicle check
notifications, warrants
process arrestee
supervisioﬂ - field
supervision - station
waiting

travel to assigned beat
transport (something)
assigned to fixed location
maintenance, auto

ordinarily, at least 30 percent of each unit's time spent
on such unavailabilities

in San Fernando Valley area of Los Angeles, average unavaila-
bilities vary among divisions from 44% to 62% of total time
on duty. In one New York precinct, 58 percent

for gueuing purposes, effective number of units on duty may
be less than half the number assigned

6. Number of Units Needed to Meet Desired Level of Queuing Does

Not Increase Proprotionately With Number of Calls

o

when the number of calls per hour is doubled, the number
of cars needed is less than double (for the same proportion
of queuing) -- see Figure II-1l.

example
A region with 2 calls per hour needs 7 units. This is

not twice the number needed in a region with 1 call per hour
(namely, 5 units) -- see Figure II-1.
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Number of patrol units needed

~N
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O — N W b O8Ny O o

| i 1 i ] ! 1 1 !

Assumptions:

2 3 4 5 6 7 8 9 10

Number of calls per hour

30 minute service time per call
50 % of each car's time spent
unavailable for reasons other than dispatch to a call

Figure II-1

NUMBER OF PATROL UNITS NEEDED SO
THAT AT MOST 10% OF CALLS ARE DELAYED
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7. Average Number of Minutes Between Passings of A Random Point
By A Unit on Patrol

0 1is approximately equal to

NUMBER OF STREET MILES IN BEAT
FRACTION OF TIME AVAILABLE

o used as a measure of amount of preventive patrol or
routine surveillance

6 x

o 1incorporates results of studies of average patrol
speeds and average number of street miles per square
mile of patrol area

8. Approximate Formula For Average Travel Time

o formula

2 min+1/AREA (in square miles)
NO. UNITS AVAILABLE

o example:

area of region is 6 square miles
5 patrol cars on duty
each available 60% of time

average travel time = 2 min 6/5 = 2.83 min
o why this is a general principle
o total response time =

(dispatching delay)
+ (queuing delay)
+ (travel time)

o reducing response time is often assumed to increase
probability of apprehending offender at the scene, but
the effect is important only if very short response times
can be achieved (and no conclusive evidence yet exists)

o reducing travel time can help to reduce response time
into the useful range if queuing delays are short. It
makes no sense to reduce travel times when gueuing delays
are long. '

9. Burden of Central Location

o used in estimating each patrol car's workload of
called-for-service assignments

o if the numbers of hours of work required to handle the
calls arriving in all districts are equal, then cars
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assigned to centrally located districts will have higher
workloads than those assigned to peripheral districts

10. Cross-District Dispatching

o

police administrators often prefer patrol units to
handle calls in their own districts as much as possible

unless all incoming calls in each district are queued
until the district car becomes available, it is not
possible to eliminate cross-beat dispatching entirely

the fraction of calls for service which are assigned
to cars from a district other than that in which the
call originated is approximately equal to

-- (if the average car workload is low) the average
car workload, expressed as the fraction of time
spent handling calls ‘

-—- (i1f the average car workload is high) one minus
one divided by the number of patrol cars (i.e.,
1-1/N) -

-- (1f the average car workload is intermediate) a
value between the two given above
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ITII. Introduction to the Hypercube Queuing Model and Computer
Programs

1. Basic Features of the Model and Programs

o mainly used for district design, but can
also be used as a patrol car allocation
model

o types of questions which can be answered

-~ is one set of district boundaries better
than another (see Figures III-1 and III-2)7?

-~ what improvements can be expected from
automatic vehicle location equipment?

-~ how do alternate dispatching policies
affect field operations?

-~ how will the distribution of preventive
patrol effort be affected by car
deployment changes?
o field performance measures estimated
-~ workloads (by region, district, car, reporting area)

-~ travel times (by region, district, car, reporting area)

-- cross-district dispatching (by region, district, car,
reporting area)

-- preventive patrol passings (by region, reporting
area)

-- probability of queuing for incoming calls (saturation)
o types of input data required

-- geographic (reporting area locations, areas)

-- called-for-service activity ‘.c¢lume, distribution by
reporting area, service time)

-- non~-called-for service activity (per car)

~-- travel speeds {(call response, patrol)

-- dispatch policies {(queue discipline, car assignments
t0 reporting areas, dispatchers' rules, multiple car
dispatching)

-- preventive patrol effort (distribution by reporting

area)

~-19~



Miles

1.0

PLAN "A"

i
;

~

3l

0.5 1.0 1.5
Miles -

Figure IT11-1

MAP OF SAMPLE JURISDICTION

-20-

e ————



Miles

0.

PLAN "B"

U

2

0.5 1.0 1.5
Miles -

Figure ITI-2

MAP OF SAMPLE JURISDICTION

-21-"




-—- local terminology for regidn, district, car,
reporting area

-- type of output required

0 interactive (conversational, tutorial, error correcting)
and batch versions of computer programs are available

o descriptive model

What the Hypercube Computer Programs Are Not

0 prescriptive
o msnagement information system
o real‘time,inquiry system like NCIC
o0 computer essisted dispatching system
o automatic Vehicle location system
o day—to—dafhplannipg/er evaluation tool
0 - other resourge: allocatlon planning tools
(e.g., patrol car, allocation models, patrol simulation

models, work schedule design models)

History of Development:of Hypercube

o doctoral dissertation of Br. Richard Larson
(Massachusetts Institute of Technology)

o additional research at M I.T. and New York City Rand
Institute, funded by Natlonal Science Fcundation,
Dept. of Housing and Urban Development

o use of intermediate versions of programs
-- Arlington, Quincy - Massachusetts
~- New York City PD
-- New Haven - Connecticut
-- National Research Council - Canadian Police
-- Rotterdam PD - Netherlands
-- Arlington, Garland - Texas

o field test program conducted by The Institute for Public
Program Analysis

-—- see Table III-1

-~ studied accuracy, costs, technical assistance needs
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Table III-1

POLICE DEFPARTMENTS PARTICIPATING
IN THE HYPERCUBE FIELD TEST PROGRAM

Population Size of Numbex Number of
of Jurisdiction of Statistical
Department Jurisdiction (Square Miles) Beats Reporting Areas

Burbank 85,000 17.1 . 14 -~
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
Saint Louis County (Mo.)
(unincorporated areas) 350,000 360.0 41-73 476
San Diego 766,100 310.1 96 200
San Jose 547,500 147.4 40 -

Santa Ana 174,800 27.6 8 127



Table III~-1

POLICE DEPARTMENTS PARTICIPATING
IN THE HYPERCUBE FIELD TEST PROGRAM

_EZ_

Population Size of Number Number of
of Jurisdiction of Statistical
Department Jurisdiction (Square Miles) Beats Reporting Areas

Burbank 185,000 17.1 14 . -
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
Saint Louis County (Mo.)
(unincorporated areas) 350,000 360.0 41-73 476
San Diego 766,100 310.1 96 200
San Jose 547,500 _ 147.4 40 -

Santa Ana 174,800 27.6 B 127
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.

Advantages of Use of Hypercube Programs

o]

easy to use - interactive version provides tutorial
assistance for the novice user; data processing
experience is not a prerequisite for using the
programs

built-in error checking features (interactive
version only) - data and command errors are revaaled
as soon as they are input

allows changes in the performance measures to be
estimated without actual changes in patrol operations -
avoids costly and disruptive field experimentation

unnecessary to own either a computer or the programs
(interactive version only)

(efficient) use can reduce planning costs

automates all the calculations used in manual district
design methods

powerful training tool for learning how to plan field

operations

aids in creating a continuing data base for field
operations planning, evaluation

allows incorporation of constraints and objectives not
explicitly included in the model; uses expertise of
police planner to suggest alternatives

Costs/Disadvantages of Use of Hypercube Programs

(o}

requires commitment of chief and others to support
planning effort through field implementation

data collection is sometimes costly and time consuming;
some data may not be available

results may be rejected by field operations personnel
because they're computer-based or ignore 1mportant
considerations

if the batch version is used, it lacks the conversatlonal
tutorial, and error correcting features of the inter-
active version

use of the interactive version requires a budget for
commercial time-share data processing service (can't be -
done on most PD's computers)

data processing costs can be high, especially if used
carelessly
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o requires investment in training the program user, which
may be lost if he is transferred or leaves PD

o changes in patrol district boundaries may require costly
changes in other police operations (e.g., communications,
computer assisted dispatching systems, records)

o most departments will use hypercube infrequently (e.g.,
every 6 months to a year)

o technical assistance in use of the programs may not be
free, if needed

6. Criteria By Which District Plans Are Judged and Compared

Chapter I included a discussion of the criteria used in
assessing patrol allocations: In this section, the criteria
specifically used in asseésing district plans are identified. The
relative importance of these criteria varies among police depart-
ments, and is dependent upon local policies and concerns. Also,
some objectives may conflict with other objectives (i.e., the
optimization of one performance measure may cause a degradation in
one or more other measures). As a result, an important, prelimi-
nary step in district design (or redesign) is the specification of
an acceptable level of each performance measure and identification
of the "most important" characteristic of a district plan from
among the following attributes:

o workload balance - the equalization over the patrol units

of the work performed by each unit. A variety of

workload measures have been used for district plans
including: the number of major crimes handled by each
unit, the total number of calls responded to by each

unit, and the total amount of time spent in answering

calls by each unit. (This last measure is used by the
hypercube programs.) Equalization of time worked by

patrol units in handling calls for service further implies
tha* 'he amount of time available for activities other

tha;. calls for service (e.g., preventive patrol, conducting

patrol-initiated investigations, or interacting with the
community) is also balanced.

o accessibility to police service - the equalization, to the
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extent permitted by geographic factors, of average
travel time to incidents in all areas of the
jurisdiction. This requires accounting for natural
barriers to travel such as rivers, canyons, and free-
ways.

minimization of the number of cross-district dispatches-
preserving each officer’s district identity, and taking
fullest advantage of his knowledge about the people and
problems in his district.

minimization of response time -~ the length of time a
citizen initiating a call for service has to wait before

a patrol unit arrives, due to any temporary unavailability
of units and to travel time. (Hypercube does not compute
the total response time, only the travel time, but a
simple manual calculation with other hypercube output
yields response time.)

officer safety considerations - deploying patrol units in
such a way that any car can receive prompt assistance from
other cars in an emergency. .

extra coverage of "hot spots" - placement of district
boundaries so that they pass through locations having a
history of a high volume of crimes and calls for service,
assuming that these areas will then be patrolled by more
than one patrol unit. ’

political impact - assessment of the reception likely to
be given to a district plan by influential individuals
and groups, both within the police department and the
community.

span of supervision - the extent to which patrol sergeants
will be able to observe, assist, or conveniently deploy
patrol units under their command.

preservation of neighborhood integrity - avoiding the
splitting of a homogeneous neighborhood between two
or more districts.

minimization of change from an existing district plan -
reduces the time required by officers and dispatchers
to familiarize themselves with a new plan, reduces the
effort required to update an existing computer-aided
dispatching system (if one is in use), and reduces the
impact on other police operations whose deployment
plans are based on the existing beat plan (e.g.,
tactical units, ambulance service, detective operations,
communications, records)

use of main streets and natural barriers as district
boundaries
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7. Assumptions On Which the Hypercube Programs Are Based

In order to model the very complex operations involved in
police patrol and response to calls for service, the designers
of the hypercube programs chose to make a number of simplifying
assumptions. Users of the programs should be aware of these
assumptions and of their impact on the patrol performance factors
estimated by the programs. Many of these assumptions are not
unique to the hypercube programs, having been used in other police
operations analyses to reduce their mathematical procedures to
managable dimensions. Available experimental evidence tends to
indicate that these assumptions are generally reasonable, but
corrective procedures may be needed in situations where actual
operations differ considerably from the assumed circumstances.
The following paragraphs diséuss the most important of these
assumptions and situations in which corrective procedures may be
needed.

a. . Occurrence of calls for service

o  assumptions

(1) Arrival of calls is random.

(2) Average number of calls originating in any district
during a watch can be reliably predicted using
historical data.

(3) The time intervals between the arrivals of consecu-
tive calls, although random, can be accounted for
mathematically using probability theory.

(4) The variation in number of calls arriving per hour
in any beat is described by the Poisson distribution
(see Figure III-3).

© problem situations

(1) Some unusual events, like storms, can cause signifi-
cant increases in the numbers of calls received
during a watch.
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Average call rate
= 10.calls/hour

Probability 0.08 |—
of
Occurrence

Example:
Probability of receiving

exactly 14 calls in one hour
is 0.052 (approximately 1

out of 20).

| I

14 16 18 20

6 8 10 12

Numbexr of Calls Received Per Hour

Figure ITT-3

VARIATIONS IN THE TOTAL NUMBER OF CALLS FOR. SERVICE
: RECEIVED IN ONE HOUR BASED ON A POISSON
DISTRIBUTION WITH AN AVERAGE RATE OF 10 CALLS PER HOUR



(2) Some calls for service occur regularly, not
randomly. Some police departments treat
school crossing duties as calls for service.

b. Officer-initiated and administrative work

o assumptions

(1) Occurrence is random. ‘

(2) Incidents can be modelled in the same way as
calls for service.

(3) Workload for officer-initiated and administrative
work should be added to that of called-for—services.

0 problem situations

(1) The volume of officer-initiated and administrative
work may depend on the volume of called for service
work (e.g., as called for service work increases
non-called-for-service work decreases).

(2) Officer-initiated and administrative work may not be
distributed geographically in the same way as calls
for service.

(3) Some of this work occurs at scheduled intervals, not
at random (e.g., school crossing coverage).

c. Time required to service a call

o assumptions

(1) Service time includes travel time and time at the

scene.
(2) Travel time accounts for a small portion of service
time.

(3) Service tiines are random and are described by the
negative exponential probability distribution
(see Figure III-4).

(4) Average service times may be predicted from
historical data.

(5) Average service times may vary from car to car, but
(strictly speaking) not from district to district.

o problem situations

(1) Service times for consecutive dispatches may be
related, not random (e.g., if the second is an
assist car for the first).

(2) Average service times may vary among reporting
areas due to differences in the types of caills
received.

(3) For large rural or semi-rural beats travel time

~ may not be a small part of service time.

(4) Service times for officer-initiated and administrative
work may depend on the called-for-service volume.
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Average service time

0.12 |—

Probability
of
Occurrence

0.06 |—

0.04 j—

30 minutes

Example:

Probability that the service
time will be between 10 and
15 minutes is 0.112 (approxi-
mately 1 out of 9).

*Note: 1In the hypercube model,
"service time" includes the
total time that a unit is not
available to answer another call
(i.e., service time includes
travel, on-scene duties, and
administrative functions).

5- 10~ 15- 20~ 25- 30- 35- 40- 45- 50~ 55—

10 15 20 25 30 35 40 45 50 55 60

Total Service Time in Minutes

Figure III-4

VARIATIONS IN THE TOTAL SERVICE TIME* BASED ON A
NEGATIVE EXPONENTIAL DISTRIBUTION WITH AN
AVERAGE SERVICE TIME OF 30 MINUTES

60-
65



d. Dispatch policy {&ssignment of calls to cars)

o assumptions

(1)

(2)

(3)

(4)

(5)

(7)

(8)

Strictly speaking only one patrol unit is
dispatched to any call for service (multiple
dispatches occur sufficiently infrequently

to be ignored).

Calls for service received when all units in

a district are unavailable are either queued

by the dispatcher, or assigned to a"backup

unit" (e.g., sergeant, canine) not explicitly
represented in the model.

Cars are never reassigned to another (perhaps
more serious) call once given a first assign-
ment (i.e., not until the first assignment is
completed).

Jueued calls are serviced on a first-in, first-
out basis, regardless of the relative priorities
of the calls. .

Dispatches taking a car across a region boundary
occur sufficiently infrequently to be ignored.
The procedures used by dispatchers to assign in-
coming calls to cars are the same for all
dispatchers. The assignments depend mainly on
how well the dispatchers know the locations of
the incidents and the locations of the available
cars. For the interactive version of the pro-
grams, one of five availablie dispatch policies
will be a good model for any police department
(other policies cannot be substituted). Some
special rules are, however, allowed.

Time spent in processing incoming calls for
service at headquarters, by telephone operators,
or by dispatchers prior to attempting to locate
an available car, is insignificant compared to
call service time.

Only cars dispatched to an incident will respond
to that incident.

o problem situations

(1)

(2)
(3)

(4)

Department policy may require the dispatching of

of more than one car to some types of incidents.
These incidents may occur frequently enough to
warrant inclusion in the analysis.

Cars may sometimes be preempted from a low priority
assignment.

Queued calls for service may be dispatched on a
priority basis, higher priority calls being
dispatched before lower priority calls.

Cross region dispatches may not be infrequent.
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(5)

(6)
(7)

Dispatchers may vary in their procedures for
assigning calls to cars, and may not follow
any of the five policies available in the
interactive program.

Time spent processing calls at headquarters
may be considerable. .

Available patrol cars not assigned to an
incident may decide to respond to ("roll by")
the ir.=»ident. ' ‘

e. Travel time and travel distance

o assumptions

(1)

(2)

(3)

(4)

(5)

Travel speed can be approximated by two values --

one for response to calls for sexrvice, and the

other for preventive patrol.

Travel distances between reporting areas are
calculated using the "Manhattan metric" assuming

a grid of rectangular city blocks (see Figure III-5j.
The travel distance for a car responding to a call in the
reporting area it is patrolling is calculated using the
formula distance = Cvsize (in square miles) of reporting area
where C is a constant of proportionality.

The average travel distance (or time) for a car
assigned tc a given district responding to specified
reporting area depends on the preventive patrol

policy in use, and is estimated using a formula based
on the Manhattan metric.

When a patrol unit is not assigned to a call for
service it patrols among the reporting areas in its
district. The fraction of time spent in each
reporting area is dependent on either the called-
for-service workloads in the reporting areas, Or on
the preventive patrol factors assigned to the
reporting areas.

o problem situations

(1)
(2)

(3)

(4)

Travel speed may vary with traffic conditions and with
the urgency of the call.

The Manhattan metric may not be an adequate formula
for estimating travel distances between reporting
areas. For example, the streets may cross at angles
that are not right angles. Also, barriers such as
freeways, rivers, or canyons, may significantly
increase travel distances between some points.

None c¢¥ the formulas for travel distances associated
with the five alternate dispatch policies available

in the interactive program may be accurate.

Cars not assigned to a call for service may not patrol
their districts in the manner assumed (e.g., they may
visit another district or be asked to meet with their
sergeant) .
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Figure III-5

MANHATTAN METRIC METHOD OF DISTANCE MEASUREMENT



does not accept a grounded plug, an adapter will also be
necessary) . ‘

b. Prior to telephoning the computer, check the paper supply in
the terminal, connect the terminal to the electrical outlet,
and turn on the terminal's power switch.

c. Control switches and/or keys on the terminal should be set as
follows:

o 'Parity - . 1f the terminal has a parity switch, it should be
set to "EVEN".

o Duplex - terminals with a switch should be set to "HALF";
on terminals with a "HALF DUP" key, this key should be in
its depressed position.

o Operating speed - teletypewriter terminals can often be
operated at a user-selectable speed of 10, 15, or 30
characters per second*; the operating speed is specified
hy setting a switch on some terminals, or by placing a
"LOW SPEED" key in its depressed (10 CPS) or non-depressed
(30CPS) position.

0 Operating mode - teletypewriter terminals can also be
operated "on line" or in "local" mode; in order to access
a time-share system, the terminal should be "on line"; to
specify this operating mode, set the mode switch to
"LINE", or place the "ON LINE" key in its depressed
position, depending on the type of terminal being used.

0 Interface - if the terminal being used has an internal
acoustic coupler and an interface switch, this switch
should be set to "INT."

2. Accessing the NCSS Data Processing System

a. Information required

Information required to access the NCSS system includes the
following:

0o A one to eight character user identifier, referred to as
the "userid" in the following discussion.

*Higher-operating speeds correspond to faster printing of
data transmitted from the computer to the terminal, and to higher
hourly connect charges.



o A one to eight character password used to prevent
unauthorized use of a user's account and access to
his data files.

o The telephone number of the nearest NCSS access point.

These items are obtained from NCSS administrative per-
sonnel when an account is established on the NCSS system.
(See the report "How to Set-up Shop for Use of the Hypercube
System" for a discussion of how to arrange for data processing
services and equipment.) Both the userid and password should
be treated as confidential information. Telephone numbers for
accessing the NCSS system from other locations can be obtained
by logging on and typing

INFO PHONLIST location

where "location" is the city or state for which you want a
listing of telephone numbers. For reference, the telephone
number of NCSS's national business office is 203-853-7200;
users who require information on access points, and cannot
conveniently obtain it by logging on to the system should
phone the business office.

b. Operating conventions during terminal sessions

The following general conventions apply to operations in-
volving the use of a teletypewriter terminal to communicate
with the NCSS system:

(1) All communications from the NCSS computer to the terminal
are printed using uppercase alphabetic characters. Communi-
cations from the terminal to the NC3S computer can use
either uppercase or lowercase alphabetic characters (or
both), unless the terminal employed does not provide this
capability, in which case only uppercase letters are used.
Sample terminal sessions in this report always use lowercase
characters to represent user input typed at the terminal.*

(2) Whenever a ">" is printed on the terminal, the computer is
waiting for additional user input. If the "=" is preceded
by the time-of-day, the computer expects the user to enter
an NCSS/hypercube command (see Table D-1). Otherwise, it
is waiting for the user to enter data or respond to its
previous question.

*Note that a slightly different convention is used through-
out the text. Specifically, uppercase characters are used to
represent system responses or user input that must be typed exactly
as shown. Lowercase characters are used to represent generic names
for which the user can substitute other names.
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(3)

(4)

(5)

(6)

(7)

The letters "Y" and "N" are acceptable ébbreviations for
"YES" and "NO".

Commands and data typed at the terminal are transmitted to
the computer only when the "RETURN" key (the "CR" key on
some terminals) is depressed. Therefore, each line of
input to the computer should be followed by a carriage
return, even if this operation is not explicitly stated in
the instructions in this and following chapters.

Since user input is not transmitted until the "RETURN" key
is depressed, typing errors can be corrected. The "@" key
is used to delete the last character typed. Multiple
characters are deleted by depressing the "@" key the
appropriate number of times. The "¢" key (or the "[" key on
some terminals) is used to delete the entire line.
Characters or lines entered prior to the last time the
"RETURN" key was depressed cannot be deleted.

During some operations (e.g., program execution), a "§"
is printed for every four ARU's of computer usage (i.e.,
after approximately $0.80 of processing).

The execution of a previously entered command can be
terminated using the following procedure:

(a) Depress the "BREAK" key
(b) The computer shouid respond
VP
~
In reply, depress the "BREAK" key a second time.
(c) The computer should respond
>
In reply, key in
KL
(d) The computer should respond
KILLED!

Css.301 10/23/76
time-of-day>

(e) At this point, execution of the previous command has

been terminated, and any new command can be entered.
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c. Logging on to the NCSS system

The following procedure is used to log-on the NCSS
system:

(1) Dial the telephone number of the nearest access point.

(2) When you hear the high pitched tone, place the telephone
handset in the receptacles at the rear of the terminal,
with the earpiece in the right most receptacle. The word
"cord" appears on some terminals adjacent to the re-
ceptacle which receives the handset mouthpiece, since
the telephone cord is at this end of the handset. (On
some terminals, the two receptacles are on the lefthand
side. For these models, the telephone earpiece should

be placed in the rear receptacle.) At this point, the
"ready" light on the front of the terminal should be
dilluminated.

(3) Key in the speed identification character which corresponds
to the terminal operating speed that you have selected,
and depress the "RETURN" key. Speed identification
characters are shown in Figure IV-1.
(4) At this point, the computer should respond
CSS ONLINE -
™

In reply, key in

LINK M168 userid

Operating Speed Speed Identification Hourly Connect
(Characters Per Second) Character Charge*
10 - $10.00
15 Y $10.00
30 o $13.00

*Rates in effect in January 1977

Figure IV-1

TERMINAL OPERATING SPEEDS
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(5) At this point, the computer should respond

PASSWORD:
EERBEHER

In reply, key in your password.
(6) At this point, the computer should respond

A/C INFO:

Y

In reply, key in up to 16 non-blank characters of account
information in two eight character fields separated by a
blank. This information can be used to provide a separate
accounting of data processing charges for separate tasks,
since the NCSS invoices provide a breakdown of charges

for each unique identifier specified as "A/C INFO" during
the billing period.

(7) At this point, the computer should respond by printing

system messages

M168 READY AT time-of-day ON date
CSS.301 10/23/76

time-of-day >

(8) At this point, the process of logging—on is complete, and
any NCSS/hypercube command may be entered. (See Figure E-1
for a guide to the operations that can be performed at this
point.)

d. Logging-off of the NCSS system

The following procedure is used to log-off of the NCSS
system:

(1) After the computer has printed
time-of-day >
key in
LOGOFF
(2) The computer should respond

XX.XX ARU's, %.xx CONNECT HRS
LOGGED QFF AT time-of-day ON date

and the "ready" light on the terminal should go out.
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(3) At this point, the telephone can be disconnected from
the terminal. Approximate session charges can be com-
puted by multiplying the number of ARU's by $0.20, the
connect hours by the hourly connect charge corresponding
to the operating speed being used (see Figure IV-1),
and summing the results. (Rates given were those in
effect in January 1977.)

Figure IV-2 contains a sample terminal session in which a user
with userid "HERCULES" logs on and off the NCSS system using a
terminal with an operating speed of 30 characters per second.
Approximate session charges are

(0.2)x(2.42) + (13.00)x(.01) = $0.62

Figure IV-3 contains a sample log for recording computer
usage.

e. Dealing with routine problems

Following is a partial list of problems that may occur
during terminal sessions, and procedures that should be followed
when these problems arise:

(1)  Logging on

(a) Telephone access number busy - Occasionally, a "busy signal"
1s received when the NCSS access number is dialed. This in-
dicates that all telephone lines into the computer are
currently in use. This is most likely to occur during
mid-morning or mid-afternoon when system usage is heaviest.

When this occurs, dial an alternate access number if there
is one for your location, or else hang up and wait several
minutes before redialing.

(b) NCSS system "down" - Periodically, the NCSS system may be
unavailable because of equipment failure, or because the
system has been shut down for the day. (This latter
condition is rare, however, since the current (January 1977)
schedule calls for system operations at all times except
4:00 a.m. - 5:00 a.m., Eastern time, daily.) Depending on
your location, this may cause the computer to not answer
when the NCSS access number is dialed, or to respond

M168 UNAVAILABLE

LINK
N

after the LINK command has been entered. In either case,
hang up and wait several minutes before redialing.

-40-



i3
Comm OMLTHE ~ CHITE

BT A O T T R R Tl T I (I

AR

S Y 2] e | 1)
A THFO
FEEPITILE HESE TN
Mica R

el

R S W b T D

PRSI

IR T o

O A o R o {6 I £ B B

IO S ER I BN AR b O 3= T I S et o e

Figure IV-2

LOGGING-ON AND OFF THE NCSS SYSTEM

-41-



DATE

LOG-ON

LOG~OFF

SAMPLE LOG FOR RECORDING COMPUTER USAGE

ACTIVITY

Figure IV-3
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(c) Entering the "LINK" command during the log-on process
If an error is made while keying in the "LINK" command
when logging-on, the computer may respond

HOST NOT VALID
LINK

-3

or

INVALID ID
LINK

CSS ONLINE -
N

depending on the error made. When this occurs, reenter
the entire "LINK" command.

(d) Entering your password - If an error is made in entering
the password, the computer will respond

PASSWORD INCORRECT
PASSWORD:

When this occurs, reenter the password. If an error is
made in reentering the password, the computer will respond

LOGGED OFF AT time-of-day ON date

and the telephone line will be disconnected. When this
occurs, the entire log-on process must be repeated.

(2) During a terminal session

(a) Disconnected communication line - When terminal operations
are interrupted by a disconnected telephone line, the user
is not automatically logged-off the system for 10 minutes.
This is significant for two reasons. First, the user is
charged for the additional 10 minutes of connect time. More
importantly, the interrupted activity can be resumed if the
user reconnects his terminal to the NCSS system within 10
minutes; otherwise, the results of the interrupted operation
are lost. The following procedure is used to reconnect to
the system:

(i) Repeat the logging-~on process.
(ii) = The computer should respond

USER ON BUT DISCONNECTED
HIT RETURN OR ENTER 'CONNECT' OR 'KILL'
p-S
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(iii) In reply, key in
CONNECT
to resume previous operation, or
KILL
to terminate the previous operation.

NCSS system failure - if the computer goes down in the
middle of an operation, the results of all activities
since the last time the computer printed the time-of-day
are lost and cannot be recovered. This condition is
distinguished from a communication failure in that one
of the computer responses described in (1) (b) above will
result when you attempt to reconnect.
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V. Input Data

1. Data Requirements

In order to use the hypercube programs to design police
patrol beats (referred to as "districts" in the remainder of
this report) three types of input data are specified: geo-
gréphic/call volume data describing the jurisdiction of interest
(referred to below as a "region"), data describing the various
important features of patrol operations (termed the "district
plan") in the region, and supplementary items used to modify
other input data, as well as hypercube output. Each type of
data can be further categorized as "required" or "optional."
Required data must be measured or estimated by the user, and
supplied to the programs in an appropriate format. (Data input
is discussed in Chapter VI.) On the other hand, the user need
not provide any or all of the optional data items. In some
cases, failure to specify a particular data item will mean that
certain hypercube outputf statistics will not be calculated. In
other cases, the computer will assume a value for omitted data
items and calculate various performance measures as if the user
had explicitly specified that value. Such assumed values are
termed "defaults." Users should be aware of the hypercube
defaults and assumptions being made to ensure that they are
realistic in light of actual patrol operations. The various
input data items are briefly discussed below. Table D-3
classifies each item according to whether it is required or

optional. Units of measure, applicable defaults and assumptions,
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and restrictions on the data items are also summarized.

a. Geographic/call volume data

For any given beat design problem, the geographic/call

volume data are independent of the particular district con-

figuration and patrol operations specified. Consequently,

they need not be modified when new beat designs are examined.

Geographic/call volume data include the following:

0

Reporting area - the jurisdiction of interest must be
partitioned into reporting areas smaller than a district
(ideally, there should be between 6 and 12 reporting
areas for each district); these areas are given unique
numeric identifiers. If a police department does not
have reporting areas, other existing geographic systems
such as census blocks or tax districts can be used.

Location of the geographic center of each reporting
area~ (x,y) coordinates for each area can be measured
by superimposing a rectangular coordinate system on
a city .~p.

Size of each reporting area in square milegs -~ can be
estimated using a system of grid lines superimposed on
a city map.

Relative volume of calls for service in each reporting
area - The expected proportion of calls for service in
each reporting area during the watch, days of the week,
and season of year for which the new district plan will
be used. Either proportions or actual numbers of calls
expected can be used.

Patrolled street miles in each reporting area -~ if
actual data is unavailable, the number of street miles
can be approximated by multiplying the size of each
reporting area by 35, for most cities.

b. Data describing patrol operations, dispatch policies,

district configuration, etc.

The following data items are used to describe the patrol

operations in the region:.
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Travel speeds - separate travel speeds can be specified
for units on preventive patrol and for units responding
to calls for service. 1In addition, separate response
speeds can be specified for units travelling in the
direction of the X- and Y-coordinate axes used to measure
the geographic centers of reporting areas. Travel speeds
can usually be estimated using data on the distance
travelled and the time from dispatch to arrival. Re-
sponse speeds can also be used to calibrate the model

so that the hypercube program's travel time estimates
agree fairly well with department estimates of the
average time between the dispatch of a unit and that
unit's arrival at the incident location. To use the
response speed to calibrate the model to reproduce the
department's estimate of region-wide travel time, the
hypercube program must be run once for the current
district configuration using an arbitrary response
speed, say 10 m.p.h. Region-wide average travel time
will be calculated as part of the program's perfor-
mance statistics. If the hypercube is rerun using a
response speed of

10 x (region-wide average travel time) / (empirical
average travel time)

then the program's estimate of region-wide average
travel time should agree with the department's
empirical estimate of the average travel time.

Dispatch policy - the dispatch policy is defined by
specifying how accurately a dispatcher knows the loca-
tion of each response unit and each call, whether the
district car is preferred over a closer available unit,
and whether calls are queued when no units are avail-
able. This information must be obtained by interviewing
dispatchers and other field operations personnel, and

by studving dispatchers' decisions when confronted with
various field situations. Specification of the dispatch
policy is discussed in more detail in Chapter VI.

District configuration - a listing of the reporting
areas included in each district.

Preventive patrol factors - the relative distribution
of each unit's preventive patrol time among the re-
porting areas in its district.

Average service time - average amount of time required
to complete a call for service, including travel time,
time spent on-scene, and administrative follow-up time
(e.g., report writing) in minutes. Separate service
times for each unit can be specified.
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o Average call for service rate (in calls/hour).

o Non-call-for-service (non-cfs) workload - the average
number of minutes per hour that units spend on non-
call-for-service work which makes them unavailable for
dispatch to calls for service.

c. Supplementary data used to modify hypercube input and output

The following items are used by the hypercube programs to
modify geographic and patrol input data, to modify the programs'
output, and to perform internal calculations (e.g., travel times):

o Proportionality constant used in computing intra-
reporting area travel times -~ see Section TTI.7.

o Inter-reporting area travel times - the average time
required to travel between pairs of reporting areas.

0 Scaling factor used to convert x,y coordinates to
miles. '

o Title of the district plan - a descriptive title used
as heading information in the hypercube output.

o Glossary - terms to be used in hypercube output to
refer to response units, districts, calls for service,
reporting areas, and travel times.

2. Storage of Input Data

In time-sharing operations, data are stored in on-line
disk storage units for later retrieval by both the user and by
computer programs which use the data as input. Disk storage
"compartments" which contain collections of data are termed
"files." Hypercube input data are stored in two types of
files: region files and district plan files. Region files
contain the geographic and call volume data for a single
jurisdiction, while district plan files contain both the data

describing patrol operations and the supplementary data described

above. Each file is referred to by a unique, user-defined name
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which can be any combination of one to eight non-blank characters.
Descriptive file names which give an indication of the file's
contents (e.g., "PRECNTl"'fortthe>region file for the first
precinct, or "DAY1l" for the district plan file for the day watch
in precinct 1) are recommended. In addition, users should

keep a log showing the names and contents of their files since
eight character names tend to be somewhat cryptic. (See

Figure D-2 for a sample file log.)

3. Format of Region and District Plan Files

a. Region files

Region files are comprised of individual lines or "“records"
which are 80 characters in length. The first such record con-
tains the number, R, of reporting areas in the region, right
justified in the first seven columns. This is followed by R
records (one for each reporting area) which can contain a
reporting area identifier (right-justified in columns 1-7},
the x—~coordinate of the reporting area's geographic center
(right~justified in columns 8-14), it's y~-coordinate (right-
justified in columns 15-21), the size of the reporting area in
square miles (right-justified in columns 22-28), a measure of
the reporting area's relative workload (right-justified in
columns 29-35), and the number of patrolled street miles in
the reporting area {(right justified in columns 36-42). A
sample region file is shown in Figure V=-1.

b. District plan files

District plan files are much less "regular" in their format
than are region files. Their contents depend heavily on the
features specified in the district plan. 1In general, the format
is similar to that used for the data decks described in
"Hypercube Queuing Model: User's Manual" (R-1688/2~HUD) although
differences do exist. These differences are discussed in
Chapter VI. A sample district plan file is shown in Figure V-2.

4. NCSS Commands Used for Managing Region and District Plan
Files '

This section discusses commands that can bé used on the

NCSS system to perform certain management functions associated
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Travel speeds - separate travel speeds can be specified
for units on preventive patrol and for units responding
to calls for service. In addition, separate response
speeds can be specified for units travelling in the
direction of the X- and Y-coordinate axes used to measure
the geographic centers of reporting areas. Travel speeds
can usually be estimated using data on the distance
travelled and the time from dispatch to arrival. Re-
sponse speeds can also be used to calibrate the model

so that the hypercube program's travel time estimates
agree fairly well with department estimates of the
average time between the dispatch of a unit and that
unit's arrival at the incident location. To use the
response speed to calibrate the model to reproduce the
department's estimate of region-wide travel time, the
hypercube program must be run once for the current
district configuration using an arbitrary response
speed, say 10 m.p.h. Region-wide average travel time
will be calculated as part of the program's perfor-
mance statistics. If the hypercube is rerun using a
response speed of

10 x (region~wide average travel time) / (empirical
average travel time)

then the program's estimate of region-wide average
travel time should agree with the department's
empirical estimate of the average travel time.

Dispatch policy - the dispatch policy is defined by
specifying how accurately a dispatcher knows the loca-
tion of each response unit and each call, whether the
district car is preferred over a closer available unit,
and whether calls are queued when no units are avail-
able. This information must be obtained by interviewing
dispatchers and other field operations personnel, and

by studying dispatchers' decisions when confronted with
various field situations. Specification of the dispatch
policy is discussed in more detail in Chapter VI.

District configuration - a listing of the reporting
areas included in each district.

Preventive patrol factors - the relative distribution
of each unit's preventive patrol time among the re-
porting areas in its district.

Average service time ~ average amount of time required
to complete a call for service, including travel time,
time spent on-scene, and administrative follow-up time
(e.g., report writing) in minutes. Separate service

times for each unit can be specified.
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with files. Commands for creating and modifying region and
district plan files are discussed in the next chapter.

a. Listing the names of files

In order to obtain a listing of the names of your stored
files, enter the command
LISTF
after the computer has printed
time-of-day>
To list only the names of region and district plan files, enter
LISTF * DATA

and to list only the names of output files (discussed in Chapter
VIII), enter

LISTF * LISTING

Figure V-3 illustrates the usage of the "LISTF" command. The
computer responds to the "LISTF" command by listing file names,
file types (i.e., "data" for region and district plan files,
and "listing" for output files), file modes ("P" for region,
district plan, and output files), and the number of items
(i.e., the number of 80 character reccrds).

b. Changing the name of a file

To change the name of a region or district plan file,
enter the command

ALTER oldname DATA P newname * *
To change the name of an output file, enter
ALTER oldname LISTING P newname * *

In both cases, the computer will respond by printing the time-
of-day. :

c. Listing the contents of a file

To list the contents of a region or district plan file,
enter the command

PRINTF filename DATA
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Listing of output files is discussed in Chapter VIII. Note that
the listings of the sample region and district plan files in
Figures V-l and V-2 were produced using the "PRINTF" command.

d. Deleting files

Files are erased using the "DELETE" command. Unlike the
commands discussed previously, the user enters only the command
name after the computer prints the time-of-day. The computer
then prompts the user for the additional information it needs
to identify the files to be deleted. The "DELETE" command is
therefore an example of "interactive" data processing in which
the user and the computer converse in the English language
rather than in a highly technical programming language. Similar
interaction characterizes much of the hypercube system. An
example of how the "DELETE" command is used is shown in Figure
v-4.
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Figure v-4

SAMPLE PRINTOUT ILLUSTRATING THE USE OF THE "DELETE" COMMAND
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VI. Creating and Modifying Region and District Plan Files

This dﬁapter discusses procedures for creating and modify-
ing region and district plan files, and describes various commands
which facilitate these procedures.

1. Region Files

Region files are created and/or modified using the "NEWREG,"
"MODREG, " and "CORREG" commands* described below. These commands
can be entered whenever the computer prints the time-of-day.

a. "NEWREG" command - the "NEWREG" command is used to create
a new region file. Use of the "NEWREG" command involves
the inputting of geographic and (optionally) call volume
data in the format described in Chapter V. To invoke the
command, enter

NEWREG

after the computer prints the time-of-day. The computer
will then ask the user to supply a name to be given to the
region file being created. After this information has
been entered, the computer will respond

EDIT
NEW FILE.
INPUT:

-y

In reply, key in the number of reporting areas in the
region, right justified in columns 1-7 following the ">",
On the next line, the user can** key in the numeric identifier

*Users familiar with the "editor" facilities of the time-
share system may wish to substitute the "EDIT" command for the
commands described in this section.

**Recall that the square mile area and patrolled street miles
are optional (see Figure D-3). If these data items are not to be
entered in the region file, blanks must be entered instead. The
call volume data can also be omitted and added using the "MODREG"
command described below.
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the first reporting area (right justified in columns 1-7),

the x-coordinate (in columns 8-14), the y-coordinate (columns
15-21), the area in square miles (columns 22-28), the call
volume (columns 29-35), and the number of patrolled street
miles (columns 36-42), and depress the "RETURN" key. Continue
keying in the data in the same manner for each of the
remaining reporting areas. After all data have been entered
depress the "RETURN" key after the computer has printed

"s" without entering any characters on the line. The
computer will respond

EDIT:
} r

In reply, key in
FILE

At this point, the computer should print a listing of the
region file that has been created. See Figure VI-1 for an
example of the use of the "NEWREG" command.

"MODREG" command - the "MODREG" command is used to modify

an existing region file by changing or adding call vclume

data without having to reenter the geographic data. After
the user has entered

MODREG

the computer will prompt him for the name of the existing region
file that is to be modified, and the name of the new region

file being created. After this information has been entered,
the computer will respond

ENTER WORKLOAD DATA FOR THE FOLLOWING
REPORTING AREAS:

and will list the identifier of each reporting area in the
region file. Following the ">" printed after each reporting
area, key in the appropriate call volume, right justified in
the first seven columns following the ">", After the data
have been entered, the user can specify that the new region
file is to be listed. See Figure VI-2 for an example of how
the "MODREG" command is used.

"CORREG" command - the "COKREG" command is used to correct
data that have been erroneously entered or typed in the
wrong columns in the line. After the "CORREG" command has
been entered, the computer prompts the user for the

A



) R ISR T B 1 oo ] it

EFTES MHEME TO S GIVEM 10 THE REGICOM FILE BEIRG CREATED:rEsziam]
P FILE. - A

THPLIT =
# 15 R
11
=1
e

(XA
12
. =

TR RN
—

WO T T

— 4
1t

iy
t

[
PRIRALIER
X X% -rl -.!.':L
.
0y
—
XX

1
A RN

2
—

YRS

LIRS

XSS i)
et fde B

[

R Y

]

i

.
T Fa PO e E

!

N el PR AT T
T e T

B

“H oo

DCERH

[ TR R T e
R T N S e
ot
S
DX

°7

ETTT:
PETILE

i

11 e S P, b 1=
il i L 15
=l o 1.5 ¥
i B who i B
iR H Fia i i
17 B S &
1 B D5 e
e TEL 5 Fad £
i .= L5 g
RN} IRE 11.8 b
itd 2.5 RGO o
1l 1, e 11.6 i
13 g, & et d 1
S 1¥.1 1.8 i
FNE } HAREE T .
el PR FI i

Figure VI-1

SAMPLE PRINTOUT ILLUSTRATING THE USE OF THE "NEWREG" COMMAND
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name of the region file being corrected. After the file name
has been entered, the computer will respond

EDIT:
=

Corrections are then made to individual lines in the region
file using the following subcommands:

o "LOCATE" -~ the "LOCATE" subcommand {(which can be
abbreviated "L") is used to locate the next line in
the file which contains a specified sequence of
characters. The reporting area identifier in the
line to be corrected is a convenient character se-
quence to use. (Note, however, that the reporting
area identifier should be specified as it appears in
the region file, even if the identifier is currently
incorrect.) The "LOCATE" subcommand is invoked by
keying in

LOCATE S$character sequence$
The computer should respond by printing the first

line found with the specified sequence of characters,
or EOF if no such line is found.

o "REPLACE" - the "REPLACE" subcommand (abbreviated
"R") is used to replace the previously located line.
It is invoked by keying in

REPLACE newline

where "newline" is the replacement line, properly
spaced and separated from the command by a single
space. To list the new line, enter

PRINT

o MINSERT" - the "INSERT" subcommand (abbreviated "I")
is used to insert a new line of data immediately
following the previously located line. To use the
"INSERT" subcommand, enter

- INSERT newline

where "newline" is the insertion line properly spaced
and sepvarated from the command by a single space.

o "DELETE" - the "DELETE" subcommand (abbreviated "DE")
is used to delete the previously located line. To use
the "DELETE" subcommand enter

DELETE
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o "TOP" - the "TOP" subcommand is used to move to the
top of the file. The "“TOP" command, invoked simply
by entering

TOP
must be used prior to attempting to locate a line in
the file which precedes the last line located, since
the "LOCATE" subcommand searches only those lines
between the last line located and end of the file.
After all corrections have been made, key in

FILE

to terminate the "CORREG" command. An example of the "CORREG"
command is shown in Figure VI-3.

The procedure for creating, modifying, and correcting region
files is schematically summarized in Figure E-2.

2. District Plan Files

Unlike region files, district plan files are somewhat
irregular in that several different formats must be used to
represent individual data items within the file. While the
exact columns in which the data are placed are unimportant
the order in which the data are entered is crucial, as is
the placement of delimiters such as quotes, blanks, and
semicolons. In addition, certain combinations of input data
items are not allowed; and for some items, only certain
values or ranges of values are permitted.

In order to facilitate the creation of district plan
files, the developers of the hypercube software have produced
a companion program, referred to as the "monitor," which
allows the user to create or modify district plan files in
a conversational way. The menitor -- not the user -~ formats
the file. 1In addition, warnings are printed to alert the user
when he specifies an invalid data value or combination of
values. The monitor is also capable of providing novice
users with tutorial explanations of features available and
user input that is being requested, either by printing the
explanation at the user's terminal, or by referring him to
an appropriate explanation in the hypercube user's manual.*
The disadvantage of using the monitor to create or modify
district plan files is that for users who thoroughly under-
stand the format of district plan files, it is relatively
expensive. For this reason, users have the option of creating

*The user's manual referenced is "Hypercube Queuing Model:
User's Manual," R-1688/2-HUD, July 1975.
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and modifying district plan files with or without the assistance
of the monitor.

a. Creating and modifying district plan files using the monitor

In order to use the monitor program to create or modify a
a district plan file, the amount of available core storage
(i.e., the area in which programs are loaded, variables and
intermediate results are stored, and calculations are per-
formed} must be increased. This is done by entering the command

SET CORE 384

after the cmnmputer prints the time-~of-day. The computer should
respond

CSs.301 11/03/76
time-of~day>

At this point, one of the following commands can be entered to
invoke the monitor program:

o "MONITNEW" command - the "MONITNEW" command is used to
create a new district plan file. Use of this command
will require the user to specify all required data
items (see Figure D-3) including patrol and dispatch
policies and a district configuration (i.e., an assign-
ment of each reporting area in the region to one or more
districts). This is in contrast to the "MONITOLD"
command described below which enables the user to
retain features contained in an existing district plan
file without having to reenter all of the information.
After the "MONITNEW" command has been entered, the
user is asked to supply the name of an existing
region file containing geographic and call volume data
for the jurisdiction of interest, and a name to be
given to the district plan file being created. When
this information has been entered, the computer should
respond

EXECUTION:

NSF/RANN INTERACTIVE HYPERCUBE SYSTEM
MONITOR HERE. WHEN IN DOUBT, TYPE rer.
explanatory information

ENTER COMMAND:

Y

At this point, any of the monitor subcommands discussed
beiow can be entered.
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o "MONITOLD" command - the "MONITOLD" command is used
to create a new district plan file by modifying the
contents of an existing district plan file. After
the command has been entered, the user is asked to
supply the name of the existing district plan file
being modified, as well as the names of the appropriate
region file and the new district plan file to be
created. After this information has been entered,
the computer responds as described above for the
"MONITNEW" command. Any monitor subcommand can then
be entered.

Once the point at which the computer prints

ENTER COMMAND:

-3

is reached, the user begins communicating with the monitor,
rather than with the NCSS system. Until the user terminates
execution of the monitor program by entering the "KL" command
(described in ChapterIV) or the appropriate monitor subcom-
mand, NCSS/hypercube commands are not recognized by the com-
puter. Rather, the user must enter one of the following when
the computer prompts him for a response (by printing ">"):

0 a monitor subcommand if the computer's last request
was "ENTER COMMAND:";

0 the data item(s) requested by the computer;

o "?" to obtain a more detailed explanation of the
information that the computer has requested; or

o "Q" to terminate the last command entered. (In
some cases, "Q" is not a valid response, and the
computer will so inform the user.)

The monitor subcommands are briefly discussed below.* These
subcommands have been grouped according to the functions they
perform. .

(1) Subcommands used to describe patrol and response
activities

*Emphasis is placed on describing the uses of each sub-
command, and on providing information not readily available as
part of the monitor's tutorial capabilities. The use of many of
the subcommands is illustrated in the sample terminal session in

Appendix B.
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"CONFIG" subcommand - the "CONFIG" subcommand is used
to specify or modify the district configuration. Dis-
tricts are created by assigning a numeric identifier
(32767 or less) to the district, and listing the re-
porting areas in the district. Since terminal input

is limited to 80 characters, all reporting areas must
be listed on a single line if possible. If this is not
possible, only as many reporting areas as can be speci-
fied in 80 characters should be listed initially, with
the remainder added later (also using the "CONFIG"
command). To create an overlay district (i.e., a dis-
trict that completely overlaps one or more previously
created districts), assign a unique numeric identifier
to the new district and when the computer prompts the
user with

REPORTING AREAS:
enter
OVERLAY list

(which can be abbreviated "OV") where "list" is a list
of the existing districts that are to be overlaid.

The district configuration can also be modified using
the "CONFIG" subcommand by adding, deleting, or com-
bining districts, adding or deleting reporting areas
from a district, and transferring reporting areas from
one district to another. Preventive patrol factors
can also be modified.

"SPEED" subcommand - the "SPEED" subcommand is used to
specify or modify the speed of patrol units when respon-
ding to calls for service. Separate speeds can be
specified for travel in the direction of the X- and

Y- coordinate axes used to measure the geographic
centers of reporting areas. If the user enters

SPEED X

or

SPEED Y

the computer prompts him for an x-directional or y-
directional response speed, respectively. If the

user enters

SPEED XY
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(2)

o

he is prompted for a response speed to apply to travel
in both the x and y direction. If the user enters

SPEED

he is prompted for both an x- and y-directional response
speed if an individual x-speed has previously been
specified, or for a gingle response speed otherwise.

YPATROL" subcommand - the "PATROL" subcommand is used

‘to specify or modify the speed of response units when

on preventive patrol. The patrol speed is used to
calculate the frequency of preventive patrol passings.
A patrol speed should be specified only if data on
patrolled street miles have been included in the region
file. To specify a patrol speed, enter

PATROL patrol-speed
where "patrol-speed" is the effective patrol speed in
miles per hour. To remove the specification of a

patrol speed in the district plan file, enter

PATROL O

Subcommands used to specify unit workloads

"WORKLOAD" subcommand - the "WORKLOAD" subcommand is
used to specify or modify the average number of calls
for service per hour and the average service time, in
minutes, per call. After the subcommand has been enter-
ed, the computer prompts the user for the number of
workload levels for which the hypercube program is to
compute performance measures, the average service time,
the (lowest) number of calls per hour for which perform-
ance measures are to be computed, and, if more than one
workload level is specified, an incremental call ar-
rival rate used to compute the second and subsequent
workload levels.

"VST" subcommand - the "VST" subcommand is used to
specify or modify average service times for the indi-
vidual response units. In addition, it is used to list
existing variable service times. After the subcommand
has been entered, the computer prompts the user for

an option number: option 1 is used to list the service
times, and option 2 is used to enter or modify the var-
iable service times. When option 2 is specified, the
the user is further prompted for the service times
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(one for each unit). Depressing the "RETURN" key at
this point without entering any service times elimin-
ates all variable service times. Note that when vari-
able service times are specified or modified, the aver-
age service time is recalculated as the average of the
variable service times. Similarly, when variable ser-
vice times have been specified and the "WORKLOAD" com-
mand is used to modify the average service time,

the variable service times are scaled such that their
average is the same as the specified average service
time.

o "ADJUST" subcommand - the "ADJUST" subcommand is used
to adjust the call rate to account for multiple unit
dispatches and/or non-call-for-service workload which
causes units to be unavailable for dispatch to a call
for service. If the user wants to adjust for multiple
unit dispatches, he is prompted for the fraction of
calls requiring two or more units and the average ser-
vice time for the first, second, etc. dispatched unit.
If the user wants to adjust the call rate to account
for non-call-for-service workload, he is prompted for
the average number of minutes a response unit spends on
non-call-for-service work per hour. Note that the ad-
justments made depend on the number of units, the call
rate, and the average service time. Therefore, these
variables should not be changed after the "ADJUST"
command has been used.

If calls arriving when all units are busy are queued, care
must be taken in specifying workload data. In particular, if
the highest call arrival rate and average service time speci-
fied as a result of using the "WORKLOAD," "VST," and "ADJUST"
commands are such that¥

(highest call rate)x(average service time)* (number
of units)

the queue is said to be "saturated." In such cases, the hy-
percube program is unable to compute performance measures.
Consequently, when the monitor prints a warning indicating
that the queue will be saturated, the user should increase

the number of units by defining additional districts, decrease
the highest call arrival rate or average service time, or
specify that calls are not to be queued.

*The symbol "=" is read "is greater than."
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Subcommands used to specify the dispatch policy

"POLICY" subcommand ~ the "POLICY" subcommand is

used to specify which of five dispatch policies
available in the hypercube model most accurately
describes the selection process used by dispatchers
in assigning a response unit to a call for service.
The dispatcher's selection process usually depends
heavily on which unit he "perceives" to be closest
to the call for service. This perception depends

on how accurately he knows the location of calls and
cars and how he estimates travel times. Conseguent-
ly, the five available dispatch policies differ ac-
cording to the dispatcher's knowledge of car and
call locations:

-~ SCM (Strict Center of Mass) - the SCM policy assumes
that the dispatcher has minimal knowledge of both
car and call locations. Regarding the call, the
dispatcher assumes that it is located exactly in the
center of the district from which it has originated,
where "center" is defined in terms of the geographic
distribution of arriving calls. Regarding the car,
the dispatcher assumes that it too is centrally
located in its district, where "center" in this case
is defined by the car's preventive patrol habits.
Travel distance is measured from car center to call
center.

~-—-ESCM (Expected Strict Center of Mass) - the ESCM
policy assumes that the dispatcher 1is slightly more
familiar than under SCM with the geographic distribu-
tion of incoming calls in each district, and with
the district cars' patrol patterns when on preven-
tive patrol. While the dispatcher knows neither
the call or car locations exactly, he is able to use
his knowledge of their usual locations to estimate
more accurately the average travel distance (or
travel time) for each car when responding to calls
in each of the districts. He does this by intuitive-
ly averaging travel distances from each reporting
area in which the car may be located, when it gets
the assignment, to each reporting area from which
the call might originate.
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-- MCM (Modified Center of Mass) - the MCM policy as-
sumes that the dispatcher always imagines an avail-
able response unit to be located exactly at the center
of its district; where center is defined by the car's
preventive patrol habits. Regarding the call loca-
tion, however, the dispatcher knows its reporting
area (he assumes that the scene of the incident is
at the center of the reporting area). Because most
dispatchers become familiar with street addresses
in their dispatching areas, but have little location
information about cars on patrol, MCM is probably
the best model of a manual dispatch operation manned
by reasonably experienced dispatchers.

-~ EMCM (Expected Modified Center of Mass) - The EMCM pol-
icy assumes even more knowledgeable and capable dis-
patchers than are assumed under MCM. Like MCM, a
dispatcher knows the reporting area from which each
call originates. Regarding the car's location, how-
ever, the dispatcher uses his knowledge of its preven-
tive patrol patterns to average the travel distance
(or time) from each reporting area in which the car
might be patrolling to the call's reporting area.

This gives the most accurate travel distance (or

time) estimate of the four policies thus far described
for selecting the car best able to respond to the

call at hand. Consequently, EMCM represents the most
sophisticated type of manual dispatching operation
when the true positions of the patrol units are un-
known., ‘

~—AVL (Automatic Vehicle Location) - The AVL policy
assumes that the dispatcher knows not only the re-
porting area from which each call originates, but
also the reporting area in which each car is located.
The exact travel distance can then be calculated from

the center of the car's reporting area to the center
of the call's reporting area.

Eigure VI-4 summarizes the dispatch policies in terms of
the dispatcher's knowledge of call and car locations.

o '"COMPARE" subcommand - the "COMPARE" subcommand is
also gsed.to spegify AVL dispatching. When AVI dis-
patching is specified using the "COMPARE" subcommand,




dispatch error preobabilities (i.e., the fraction of
calls to which other than the closest available unit
would be dispatched) are also computed assuming the
dispatch policy specified using the "POLICY" sub-
command. - To cancel the effect of the "COMPARE" sub-
command, "COMPARE" is entered a second time.

"QUEUE" subcommand - the "QUEUE" subcommand is used
to specify the procedure used for handling calls for
service which arrive when all units are unavailable.
Users may specify one of two alternatives: calls
may be gqueued until a response unit becomes available,
or calls may be assigned to a backup unit (e.g.,
detectives, traffic car, etc.) not explicitly rep-
resented in the district plan other than by noting
their presence. (Procedures in which some calls

are queued and others are assigned to backup units
are not representable.) If calls are queued, they
are dispatched to response units on a first-arrived,
first-served basis with no consideration given to
call priority. If calls are assigned to backup units,
it is assumed that enough backup units are available
to avoid all queuing of calls for service, and that
backup units never .turn over an assigned call to a
response unit. Use of backup units have the effect
of decreasing the workload of district cars. Data
on the workload of backup units, other than the
fraction of calls they handle, are not available.

"FRST" subcommand - the "FRST" subcommand is used

to specify whether the district car is to be dis-
patched to calls for service in its district whenever
it is available, regardless of whether the dispatcher
perceives another unit to be closer to the call.
Specification that the district car is to be given
first preference for dispatch to calls in its district
is ignored when the AVL dispatch policy is used.

If district car first is specified, and districts
overlap, it is the lowest numbered unit (i.e., the
one specified first in the district plan file) whose
district contains the call that is given first dis-
patch preference.
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"FRONT" subcommand - the "FRONT" subcommand is sim-
ilar to the "FRST" subcommand in that it is used to
specify that a particular unit is to be assigned
first dispatch preference in certain reporting areas.
Unlike the "FRST" subcommand, the user is prompted
for the unit identifier and a list of reporting areas
which must be entered in 80 characters or less. If
all reporting areas to which the unit is to be dis-
patched first cannot be entered in 80 characters,
then the "FRONT" subcommand must be reused to enter
additional reporting areas. Assignments of first
dispatch preferences to a unit are removed by using
the "FRONT" subcommand and depressing the "RETURN"
key when prompted for the list of reporting areas.
Note that if district car first is specified, and the
"FRONT" subcommand is used to assign first dispatch
preference to a non-district car in some reporting
areas, then two or more cars will be equally preferred
by the dispatcher in these reporting areas. In this
case, calls in these reporting areas are split evenly
among these units when more than one are available.
The "FRONT" subcommand should not be used if AVL
dispatching is to be used.

"BACK" subcormand - the "BACK" subcommand is used

to assign laist dispatch preference to a particular
unit in certain reporting areas (i.e., to specify
that the unit is to be dispatched to calls in those
reporting areas only if it is the only unit available).
After entering the subcommand, the uzer is prompted
for the unit identifier and a list of reporting areas
which must be entered in 80 characters or less.
Assignments of last dispatch preference to a unit

are removed by using the "BACK" subcommand and de-
pressing the "RETURN" key when prompted for the list
of reporting areas. The "BACK" subcommand should

not be used if AVL dispatching is to be used.

"MIDDLE" subcommand - the hypercube program computes
a "cost" associated with dispatching each unit to
<alls for service in each reporting area. These
costs are related to expected travel times from car
to call locations, and depend on the user specified
dispatch policy and preventive patrol factors. The
"MIDDLE" subcommand is used to replace selected com-
puted costs with user specified costs which must be
between 0 and 999. (Dispatch costs are set to 0
when first dispatch preferences are specified using
the "FRST" or "FRONT" subcommands, and to 999 when
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last dispatch preferences are specified using the
"BACK" subcommand.) After entering the command, the
user is prompted for the unit identifier, a dispatch
cost, and a list of reporting areas (80 characters

or less) to which the specified cost of dispatching
that unit is to apply. To cancel all previous speci-
fications of dispatch costs for a unit, depress the
"RETURN" key when prompted for the list of reporting
areas. The "MIDDLE" subcommand can be used to speci-
fy arbitrary fixed preference dispatch policies.

It should not be used if AVL dispatching is to be
used. :

The monitor places no restrictions on the reporting areas
specified when using the "FRONT," "BACK," and "MIDDLE" sub-
commands. As a result, conflicting specifications can re-
sult (e.g., a unit might be assigned both first and last

dispatch preference in a reporting area). When this occurs
specifications from the "MIDDLE" subcommand take precedence
over those from the "BACK," "FRONT," and "FRST" subcommands,

while specifications from the "BACK" subcommand take prece-
dence over those from the "FRONT" and "FRST" subcommands.

(4) Subcommands used to modify hypercube input, output,
and assumptions

o "D_SCALE" subcommand - in order to use the x, y
coordinates of reporting area centers, the hyper-
cube program must convert the coordinates in the
region file to miles. The "D_SCALE" subcommand is
used to specify the scaling factor by which the
coordinates must be multiplied to convert them to
miles. To specify this factor, enter the subcommand
followed by the scaling factor. For example, if the
coordinates in the region file are measured in units
of one~tenth mile, enter

D_SCALE 0.10

If the coordinates in the region file are already
measured in miles, the "D SCALE" subcommand need
not be used.

o IM'TXOV" subcommand - as discussed in Chapter III, the
X,y coordinates of reporting area centers are used
in computing inter-reporting area travel times using
the manhattan distance metric. If, because of bar-
riers to travel, the use of the manhattan metric
produces unrealistic estimates of the travel time
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between selected pairs of reporting areas, the "TXOV"
subcommand can be used to specify actual travel times
directly. After entering the subcommand, the user

is prompted to

ENTER TRIPLETS:

To specify the travel time from reporting area 14
to reporting area 211, for example, enter

14 211 travel-time

where "travel-time" is the user's estimate of the
travel time in minutes. Note that the hypercube
program does not assume that the travel time from
area 211 to area 14 is the same as the travel time
from area 14 to area 211. To specify travel times
for both directions, enter 1

14 211 travel-time 211 14 travel-time

To modify a previously entered travel time estimate,
reuse the "TXOV" subcommand specifying the appro-
priate pair of reporting areas and the new travel time.
To remove all travel times previously specified using
the "TXOV" subcommand, enter

TXOV DELETE
or
TXOV D

"CORTM" subcommand - the "CORTM" subcommand is used
to specify the constant of proportionality used by
the hypercube program to compute intra-reporting
area travel times (see Chapter III). To specify a
constant, enter

CORTM constant

If the user does not specify a constant using the
"CORTM" subcommand, zero is assumed (i.e., all intra-
reporting area travel times will be zero). If the
region file does not contain data on the size of re-
porting areas, the "CORTM" subcommand should not be
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used. A commonly specified value of CORTM is 0.667;
for increased values of intra-reporting area travel
times use a larger value for CORTM {(and, correspond-
ingly, a lower value for decreased times.)

o "TITLE" subcommand - the "TITLE" subcommand is used
to specify up to 50 characters of information to be
printed as heading information in the hypercube out-
put. Suggested information items to include in the
title are the region and watch being analyzed, the
date, distinguishing features of the district plan,
etc. Ncte that the title specified is completely
independent of the names given to the region and
district plan files.

o "GLOSSARY" subcommand - the "GLOSSARY" subcommand
can be used to specify terminology to be used in the
hypercube output to refer to districts, reporting '
areas, response units, travel times, and calls for
service. TFor example, a user may specify that the
output is to refer to "beats" rather than "districts."
After entering the subcommand, the user is prompted
for the number of the option he wants to use. Options
are available for listing the glossary, terminating
the "GLOSSARY" subcommand, and entering or changing
'R_DIST,' 'ATOM,' 'R _UNIT,' 'T COST,' 'CFS,' 'NM DIST,'
and 'NM UNIT' which are used in the subcommand as
generic names for referring to the various terms
that can be modified. These options are summarized
in Figure VI-5. ©Note that both 'R UNIT' and 'NM UNIT'
refer to "response units," and both 'R DIST' and
'"NM DIST' refer to "district." The difference is that
terms specified for 'NM UNIT' and 'NM DIST' are used
to refer to particular units and districts in the
hypercube output and are limited to eight characters
or less, whereas 'R UNIT' and 'R DIST' are used to
refer to units and districts in general and are limit-
ed to 18 and 8 characters or less, respectively.
Figure VI-6 illustrates how the terms specified in
the glossary affect the hypercube output.

(5) Subcommands used to specify which of the available
hypercube output tahles are to be generated

The hypercube program is capable of generating voluminous
amounts of output. Some of the tables produced may not be
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Option Generic Name Maximum Length Default
Modified (No. of Characters) Definition

2 'R_DIST' 8 DISTRICT
3 'ATOM' 8 ATOM
4 'R_UNIT' 18 RESPONSE UNIT
5 'T_COsT' 18 TRAVEL TIME
6 'CFs! 18 CALLS FOR SERVICE
7 'NM_UNIT' 8 UNIT
8 'NM_DIST' 8 DIST
1 Option used to list the current glossary
9 Option used to terminate the “GLOSSARY" subcommand

Figure VI-5

OPTIONS OF THE "GLOSSARY"
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position of the terms in the output.

Figure VI-6

SAMPLE HYPERCUBE OUTPUT SHOWING THE USE OF GLOSSARY TERMS*
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of interest to many users. Other tables will not change

from one run to the next unless certain features of the
district plan are changed. For this reason, several subcom-
mands are available for specifying whether the various tables
are to be produced. These subcommands are summarized in
Table VI-1. '

Conceptually, the production of each table can be viewed
as being controlled by a switch: when the switch is "on,"
the table is produced, and when the switch is "off," the
table is not produced. The subcommands shown in Table VI-1
have the effect of "flipping" the appropriate switch. For
example, if the district plan specifies that the table oif
dispatch costs is not to pe prlnted when the "PRNT COST"
subcommand is used, the plan is changed to specify that the
table ii to be prlnted.

In addition, the following subcommands can be used to modify
several switches simultaneously:

o "PRNT,ALL" subcommand - the "PRNT_ALL" subcommand is
used to turn all switches "on" except the one control-
ling the printing of the table of inter-reporting area
travel times.

o "NO_PRNT" subcommand - the "“NO-PRNT" subcommand is
used to turn all switches “off" except the one control-
ling the printing of the table of inter-reporting
area travel times.

Note that until the user specifies otherwise, all switches
are off. 1In this case, only tables showing region, unit,
and district performance measures are generated. (These
tables are always produced and cannot be suppressed.)

(6) Subcommands used to list information contained in the
district plan file

o "PRINTDIST" subcommand -~ the "PRINTDIST" subcommand
is used to list the district configuration specified
in the plan (i.e., a list is prlnted showing which
reporting areas are contained in each district).
Preventive patrol factors can also be listed.

o "INSPECT" subcommand - the "INSPECT" subcommand is
used to list reporting areas in the region file that
have not been assigned to any district, and to list
reporting areas contained in more than one district.
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Table VI-1

SUBCOMMANDS USED TO CONTROL THE PRINTING OF HYPERCUBE OUTPUT

Subcommand *

"PRNT_ATOM"

"PRNT_CFS"

"PRNT COST"

"PRNT PATROL

"PRNT SP ALC"

"PRNT TR

"PRNT TT"

"PRNT VST"

Tables Affected

Tables showing performance
measures specific to each
reporting area

Table showing the distribu-
tion of calls for service
by reporting area

Table showing the estimat-
ed cost of dispatching each
response unit to each re-
porting area

Table shnwing the number of
patrolled street miles in
each reporting area

Table showing fraction of
available time each re-
sponse unit spends in each
reporting area

Takle showing inter-report-
ing area travel times

Table showing mean travel
times of each response unit
to each reporting area.

Table showing each response
unit's service time

Sample Table

Figures VIII-10,
VIII-11, and
VIII-16

Figure VIII-3

Figure VIII-7

Figure VIII-4

Figure VIII-8

Figure VIII-5

Figure VIII-6

Figure VIII-12

*Note that the "underscore" symbol used in these names,
such as in PRNT ATOM, is a required character and may not be
replaced with a blank space.



"SUMMARY" subcommand - the "SUMMARY" subcommand is
used to 1list all other features of the district plan.
Figure VI-7 shows a sample "summary" listing. The
format used to represent the basic data items in the
district plan (e.g., number of units, number of re-
porting areas, title, etc.) is self~explanatory.

Most other features of the district plan are usually
summarized by listing the subcommand used to specify
them (e.g., 'PRNT CFS', °‘PATROL' 7.5, '"COMPARE') .
Features specified as a result of the "FRONT," "BACK,"
YMIDDLE, " "VST," and “"TXOV" subcommands are displayed
using the format for the analagous data cards de-
scribed in "Hypercube Queuing Model: User's Manual."

"TYPOUT" subcommand - the "TYPOUT" subcommand is

used to print the contents of the district plan file
exactly as it will be stored. The subcommand is equiva-
lent to the "PRINTF" command described in Chapter

V, except that it is used within the monitor.

(7) Miscellaneous subcommands

O

"STATISTICS" subcommand — certain calculations with-
in the hypercube program can be made "exactly" or they
can be made using certain mathematical approximations
which greatly simplify the procedure and produce
results which are generally within two percent and
almost always within five percent of those produced

by the exact model. The "STATISTICS" subcommand is
used to specify which model is to be used. The
following should be considered in selecting the model:

© The exact model is much more expensive, and re-
guires much more core storage (see Chapter VII)
than the approximate model;

o The exact model cannot be used if more than 15
districts are specified; and

0 The approximate model cannot be used if AVL dis-
patching or variable service times are specified.
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Figure VI-7

SAMPLE LISTING PRODUCED BY THE "SUMMARY" SUBCOMMAND
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o "CREATE" subcommand - use of the "CREATE" subcommand
is a convenient way of specifying the basic data
required in a new district plan file. The "CREATE"
subcommand is equivalent to successive uses of the
"TITLE," "SPEED," "POLICY," "FRST," "QUEUE," "STATIS-
TICS," "CONFIG," "WORKLOAD," "SUMMARY," and "INSPECT"
subcommands. Note that the "CREATE" subcommand also
resets all default features of the district plan
(see Figure D-3).

o "MODIFY" subcommand - use of the "MODIFY" subcommand
is a convenient way of making many changes in the
basic data in an existing district plan file. It is
equivalent to successive uses of the commands listed
in the description of the "CREATE" subcommand. De-
faults are not reset when the "MODIFY" subcommand
is used.

o "STORE" subcommard - the "STORE" subcommand is used
to store a created or modified district plan file on
disk without terminating the monitor program. This
provides a safeguard against the loss of previously
input data or modifications in the event of an inter-
rupted terminal session. Should such an interruption
occur, the stored district plan will reflect all
input up to the last time the "STORE" subcommand was
used or the last time the district configuration
was changed (at which time the district plan file
is automatically stored).

o "LISTCMDS" subcommand - the "LISTCMDS" subcommand
1s used to list a brief description of the commands
available for entering or modifying basic features
of a district plan.

o "LISTADVCMDS" subcommand - the "LISTADVCMDS" subcom-
mand is used to list a brief description of the sub-
commands available for specifying more advanced
features of the district plan.

(8) Subcommands used to terminate the monitor program

o 'SAVE" subcommand - the "SAVE" subcommand is ased to
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terminate the monitor program after first storing
the district plan on disk. The district plan file
thus created will contain all modifications made
during the terminal session.

o "EXIT" subcommand -~ the "EXIT" subcommand is used
to terminate the monitor program without storing
the district plan. Note, however, that a district
plan file (possibly incomplete) will have been created
if the "STORE" subcommand was used or the district
configuration was modified during the terminal session.

b. Creating and modifying district plan files without using
~the monitor

Users w1sh1ng to create or modify district plan files withont
using the monitor program can do sc using the commands des-
cribed in this section. Since the user must ensure that the
resulting district plan file is properly formatted, and that
no constraints are violated (i.e., no error checking facil-
ities such as those provided by the monitor are available),
the procedures described in this section should be attempted
only by users thoroughly familiar with the format of district
plan files, and with hypercube restrictions on the features
they can contain. The latter are summarized in Figure D-3.
The former can be gained by referring to "Hypercube Queuing
Model: User's Manual." The format of district plan files
is the same as the format of the data decks described in
the user's manual with the following exceptions:

o 'ATOM NO' instruction - if reporting area identifiers
are non-sequential, the "ATOM NO" instruction is en-
tered into the district plan file but the reporting
areas are not since they are in the region file.

0o 'BACK' instruction - if the 'BACK' instruction is used,
the actual reporting area identifiers in the region
file should be entered.

c 'CORTM' instruction - if the 'CORTM' instruction
is to be used, enter the constant of proportionality,
but not the sizes of the reporting areas since these
data are in the region file.

o ‘'FRONT' instruction - the actual reporting area identi-
fiers in the region file should be used in the 'FRONT'
instruction.
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'GLOSSARY' instruction - the names given to indivi-
dual units (i.e., to 'NM UNIT(I)') should be the same
for all units if the district plan file is to be
modified using the monitor. Similarly the names given
to individual districts 'NM DIST(I)' should be the
same.

'LAM' instruction - reporting area workloads should
not be entered following the 'LAM' instruction since
these data are in the region file.

'MIDDLE' instruction - the actual reporting area
identifiers in the region file should be used in the
'MIDDLE' instruction.

'PATROL' instruction - the patrolled street miles
should not be included in the 'PATROL' instruction
since these data are in the region file.

'RERUN' instruction - the 'RERUN' instruction should
not be used in any district plan file that will be
modified using the monitor.

'S' instruction - the actual reporting area identi-
fiers in the region file should be used in the 'S'
instruction.

'SS' instruction - the actual reporting area identi-
fiers in the region file should be used in the 'ss'
instruction.

"TX' instruction - X,y coordinates of reporting area
centers should not be entered following the 'TX'
instruction since these data are in the region file.

The following instructions can also be entered:

o

'"ALLOCATE' instruction -~ the 'ALLOCATE' instruction
should be used if more than one workload level is
specified.

'"AVL' instruction - the 'AVL' instruction is used
to specify the AVL dispatching policy.

'COMPARE' instruction - the 'COMPARE' instruction is

used to specify that dispatch error probabilities
are to be computed.
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'D_SCALE' instruction - the 'D SCALE' instruction
should be entered followed by a scaling factor to
specify a constant multiplier required to convert
X,y coordinates in the region file to miles.

'PRNT_CFS', 'PRNT_COST', '"PRNT_PATROL', 'PRNT SP ALC',
'"PRNT TT', and 'PRNT VST' instructions - these in-
structions are used to request the printing of in-
dividual hypercube tables.

" The ordering of all instructions is summarized in Table VI-2.

(1)

"NEWPLAN" command - the "NEWPLAN" command is used to
create a new district plan file. To invoke the command,
enter

NEWPLAN

after the computer prints the time-of-day. The computer
will then request a name to be given to the district
plan file being created. After .this information has
been entered, the computer will respond

EDIT
NEW FILE.

INPUT:
N

In reply key in the instructions to be included in the
district plan file in the order and format described
above and in "Hypercube Queuing Model: User's Manual."
After all instructions have been entered, depress the
"RETURN" key after the computer has printed ">", without
entering any characters on the line. The computer will
respond

EDIT:

~
In reply, key in
FILE

At this point, the computer should print a listing of
the district plan file that has been created. See
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Table VI-2

ORDERING OF INSTRUCTIONS IN DISTRICT PLAN FILES

L Basic program specifications

2. 'GLOSSARY'

3. "TITLE'

4, 'PRNT_CFS,' 'PRNT_COST,' 'PRNT_PATROL,' 'PRNT_SP_ALC,'
"PRNT_TR,' 'PRNT TT,' and/or 'PRNT VST’

5.  '"NO_PRNT AT'

6. 'ATOM NO'

7 '"LAM'

8. 's' and/or 'Ss’

9.  'D SCALE'

10. 'SPEED' or 'XSPEED' and 'YSPEED'

11. 'PATROL’

12. 'TX,' 'CORTM,' and 'TX OV,' or ‘TR'

13. 'SCM,' 'ESCM,' 'MCM,"' 'EMCM,' or 'AVL'

14 'ALLOCATE'

15. 'COMPARE' '
16. 'FRST'

17. 'DISP_OV RD'

18. 'CAP'

19. 'SERVIM' or 'VAR SER_TM'

20. 'RUN'

21. 'FRONT,' 'BACK,' and/or'MIDDLE'

22. 'END_OV_RD'
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Figure VI-8 for an example of the use of the "NEWPLAN"
command.

(2) "MODPLAN" command - the "MODPLAN" command is used to
modify an existing district plan file. After the
"MODPLAN" command has been entered, the computer prompts
the user for the name of the district plan file being
modified. After the file name has been entered, the
computer will respond

EDIT:

-

Modifications are then made to individual lines in the
district plan file using the same subcommands discussed
in the description of the "CORREG" command. After all
modifications have been made, key in

FILE

to terminate the "MODPLAN" command. An example of the
"MODPLAN" command is shown in Figure VI-9.

The procedures for creating and modifying district plan
files are summarized in Figure E-3.
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SAMPLE PRINTOUT ILLUSTRATING THE USE OF THE "NEWPLAN" COMMAND
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SAMPLE PRINTOUT ILLUSTRATING THE USE OF THE "MODPLAN" COMMAND
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VII. Computing Performance Measures

Once the region and district plan files have been created
for the jurisdiction of interest, the hypercube program is used
to compute the expected performance measures associated with the
district plan. This’program can be used "on-line," or on a
delayed or "batch" basis. When used on-line, calculations are
performed and tables are formatted while the user is logged on to
the NCSS system. Results are available immediately. Wheu used
in a batch mode, the calculations are not performed ﬁntil
after the user has logged off of the system —- usually in the late
evening or early morning hours. Consequently, the output is not
available until the next day. On the other hand, the cost of
using the hypercube program on-line is approximately 2.5 times
the cost of batch usage.

Before invoking the hypercube program, the user must determine
the amount of core storage that will be required. This amount will
depend on the number of reporting areas in the region, the number
of districts specified in the district plan, the number of work-
load levels for which performance measures are to be computed, the
hypercube model to be used (exact or approximate), and the dispatch
policy (AVL or non-AVL). Figure D-4 shows the amount of core

storage required to use the approximate hypercube model for wvarying

numbers of reporting areas and districts. Figure D-5 shows the
amount of core storage required to use the exact hypercube model
with a non-AVL dispatch policy. Figure D-6 shows the amount of core
storage required to use the exact hypercube model with AVL dispatch-

ing. These figures show the core storage required when performance
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measures are computed at only one workload level. For the approxi-
mate model, the tabular values must be increased by one for each
three additional workload levelsbspecified. When the exact model

is used with a non-AVL dispatching policy, the value shown in Figure
D-5 must be increased by the incremental amount shown in Figure D-7
for each additional workload level specified. When the exact

model is used with the AVL dispatching policy, the value shown in
Figure D-6 must be increased by the incremental amount shown in
Figure D-8 for each additional workload level specified.

The commands used to invoke the hypercube program are dis-
cussed below. In addition, users are given the opportunity to use
the hypercube program whenever they create a new district plan file
using either the "MONITNEW" or "MONITOLD? command. Thus, the user
is asked

DO YOU WANT TO COMPUTE PERFORMANCE MEASURES AT THIS TIME?>
If the user replies affirmatively, the hypercube program is executed
on-line. (Note that this can be done only if the hypercube program
requires ‘no more core storage than the monitor program was using.)
Otherwise, the user is asked

DO YOU WANT TO COMPUTE PERFORMANCEY MEASURES OVERNIGHT?>

An affirmative response means that the hypercube program will be
executed in the batch mode. If the user indicates that he does not
want the performance measures computed either "at this time" or
“"overnight," then the "MONITNEW" (or "MONITOLD") command is termi-
nated and the hypercube program will have to be invoked using the

commands described below.
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1. "HYPERCUBE" command-— the "HYPERCUBE" command is used to execute the
hypercube program on-line. Prior to using this command, the
"SET CORE" command (see Chapter-VI) is used to specify the
ariount of core storage required. After the "HYPERCUBE" command
has been entered, the user is prompted for the names of the
region and district plan files. Once this information has been
entered, the user can choose to have the output produced by
the hypercube program printed at his terminal as it is gener-
ated, or stored in a file on disk for later retrieval. 1In
the latter case, the user must ensure that sufficient disk
storage is available for the output file, before using the
"HYPERCUBE" command. This is done as follows:

a. Determine the total number of lines of output to be
produced by summing the number of lines in the indi-
vidual tables requested in the district plan file (see
Table VII-1).

b. Enter the command
STAT P
The computer should respond

P-DSK (WT): records USED, records LEFT  (OF total-records),
percent (OF number CYL)

c. Multiply the number of records left by 10. If the result
does not exceed the total number of lines of output by
at least 20 times the number of CYLs, then the disk storage
space is insufficient to contain the output file. 1In this
case, files must be deleted, available disk storage must
be increased, or the hypercube output must be listed as
it is ¢2nerated rather than being stored for later retrieval.

If the user chooses to have the output stored, he is prompted
for the name to be given to the output file. When all infor-
mation has been entered, the computer should respond

EXECUTION:

output file CONTAINS THE OUTPUT TABLES
termination messages
CORE RESET TO 256
if the output was stored, or
EXECUTION:

hypercube output
CORE RESET TO 256
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Table VII-1

LINES OF OUTPUT PRODUCED IN INDIVIDUAL HYPERCUBE TABLES

HYPERCUBE OUTPUT TABLE ; LINES OF OUTPUT*

1. Calls for service R+ 1

2. Estimated dispatch costs [M/gl x (R + 2) + 8

3. Patrolled street miles R+ 1

4. Preventive patrol coverage ﬂﬂ/ﬂ ¥ (R + 2) + 3

5. Upit to reporting area travel ﬁ&/ﬂ x {(R+ 2) + 5
times

6. Inter-reporting area travel times Fé/f] X (R + 2) + 1
7. Variable service times M+ 1

8. Region, unit, and district per- N x (2 x M + 35)
formance measures

9. Atom specific performance mea- {ﬁw/ﬂ x (R+ 1) + R + 11} x N
sures when a non-AVL dispatching
policy is used

10. Atom specific performance mea- {FM/§] x (R + 1) + [h/é] X
sures when AVL dispatching is (R + 2) + R + 15} x N
used

*R = number of reporting areas, M = number of districts,
N = number of workload levels, and [x]| denotes the smallest inte-
ger number equal to or greater than x.
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if the output was not stored. "Termination messages" are the
last two lines of hypercube output. If an error occurred, these
messages will indicate the cause. Successful program completion
is indicated when the message printed is "ALL DONE." Figure
VII-1 illustrates the use of the "HYPERCUBE" command.

2. "OVERNITE" command - The "OVERNITE" command is usad to execute
the hypercube program in batch mode. Since output must be
stored when the "OVERNITE" command is used, the user must ensure
that sufficient disk storage space is available as described
above. After the command has been entered, the user is prompted
for the names of the region, district plan, and output files,
for the amount of core storage* required by the hypercube
program to compute its output measures, and for his password.
Once this information has been entered, the computer should
respond

BATCH JOB WILL BE RUN

or by printing the time-of-day. Both responses indicate that
the hypercube program has been scheduled for overnight exe-~
cution. Figure VII-2 illustrates the use of the "OVERNITE"
command.

3. "CANCEL" command - the "CANCEL" command is used to cancel all
previously scheduled overnight executions of the hypercube
pregram. The computer should respond as shown in Figure VII-3.
Successful cancellation is indicated when the status listed is
"DELETED. "

The alternative procedures for computing performance measures

are illustrated in Figure E-4.

*Note that if the hypercube program is to be run more than
once on the same night, the core storage specification should reflect
the largest district plan to be analyzed. Also, the combined sizes
of all resulting output files must be considered in determining the
sufficiency of available disk storage.

-94-



12,360,128 SHwPERCURE ’

EHTER HPME OF REGIOH FILE (I.E.. THE HARME OF THE FILC THAT
COMTRIMNS GEQSEAPHIC AMD CRLL VOLUWME TRTA FORk ERCH REPCETIMG

RREEA IM THE REGIOM OF INTEREST!»sAmcIitw

EMTER MAME OF ZISTERICT FLAEM (I.E.s THE HEME GIUEM TO THE DISTRICT
LHMH CRERTE & USIFHG THE MOHITHERMs FMORITOLI HEWPLEMH. OR

MODFLAMN COMMAMDY FzrmPumAns

ALL CUTPUT REQUESTED IM SHAMPLAMNE CEH 2E PRIMTED AT YOUR TERMIMAL

CHS IT IS GEHERATEDR BY THE HYFERCUEE FROSEEM: OF IT CRH ZE

STORED FCORE LRTER RETRIEUVEL. IO YOl MANHT THE OQUTRUT STORED? iy
EMTER MHAME OF FILE THAT WILL COHTAIM THE OUTFUT TRELES *pUTRLRHS
E=ECLTIONMN: . ' '

FEOUTFLAME COMTAIMS THE OUTRUT TRILES

7 £ 5 1.83  z.zs

ALL TIOHE i

—

CORE RESET TO 256

Figure VII-1

SAMPLE PRINTOUT ILLUSTRATING THE USE OF THE "HYPERCUBE" COMMAND
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Figure VII-2

SAMPLE PRINTOUT ILLUSTRATING THE USE OF THE "OVERNITE" COMMAND
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Figure VII-3

SAMPLE PRINTOUT ILLUSTRATING THE USE OF THE "CANCEL" COMMAND
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viit. Retrieving and Interpreting Hypercube Output

l. Retrieving Stored Output

Hypercube output that has been stored in an output

file is retrieved using the following commands:

a. "LISTALL" command - The "LISTALL" command is used
to 1ist all hypzrcube output that was produced as a
vesult of user specifications in the district plan
file. The "LISTALL" command should be used sparingly
when the output file is large because of the time
reguired to list it con a low speed terminal. For
example, if an output file contains n lines (detexr-
mined using the "LISTF" command described in Chapter
V) with an average length of 60 characters, then
approximately n/30 minutes are required to list the
entire file at a terminal operating speed of
30 characters ' per second. When the command is used,
the user is prompted for the name of the output
file.

o. "LISTHYP" command ~ The "LISTHYP" command is used

output file. After the command has been entered,
the computer prompts the user for the name of the
output file, the number of reporting areas in the
region, and the numbers of districts and workload

levels specified in the district plan. After this
information has been entered, the computer prompts the

user to indicate whether or not the following tables
are to be listed:

(1) All output (equivalent to using the "LISTALL"
command) .

(2) Relative incident rates (gee Figure VIII-3).
(3) Patrolled street miles (see Figure viIii-4).
{(4) Variable service times (sece Figure y111i-12).

(5) Inter-rcporting area travel times {sze Figure
VIII-S).

(6) Mecan travel times (see Figure yi1I-6).
(7) Dispatch costs (sce Figure viiI-7).

(8) Relative patrol rates (see Figure vITI-g).
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(9) Region, unit, and district output measures
(see Figure VIII-9).

(10) Output measures for each reporting area
(see Figure VIII-10 and VIII-1l1).

After this information has been entered, the computer will
print those tables found in the output file which the user
wants listed. Requests to list tables that were not pro-
duced by the hypercube program are ignored. Figure VIII-1
illustrates the use of the "LISTHYP" command.

"BRFLIST" command -~ The BRFLIST" command is used to obtain
an abbreviated listing of hypercube output consisting of
only the region, unit, district, and (if generated) report-
ing area specific performance measures. After the command

is entered, the computer prompts the user for the name of the
output file. When this information has been supplied, the
computer prints the appropriate tables.

"FERYBRF" command - The "VERYBRF" command is identical to

the "BRFYLIST" command in both function and usage except

that only the region, unit, and district specific performance
measures are listed, and the user is also prompted for the
numbers of units and workload levels specified in the dis-
trict plan.

"CONLIST" command - The "CONLIST" command is used to list
the terminal console log associated with batch executions

of the hypercube program. A single console log is produced
for all batch runs made the same night, regardless of how
many times the hypercube program is used. This log should be
listed since it will contain error messages, as well as data
from which the cost of the overnight runs can be determined.
To compute the cost, multiply the number of ARU's shown

near the bottom of the log by $0.08. If the computer
responds to the "CONLIST" command with the message

NO CARDS TO BE READ

no console log was produced (probably because no batch
processing was done).

When output files are large, it may be necessary to increase
core storage using the "SET CORE" command discussed in Chapter

VI before using the "LISTHYP", "BRFLIST", or "VERYBRF" commands
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Figure VIII-1

SAMPLE PRINTOUT ILLUSTRATING THE USE OF THE "LISTHYP" COMMAND
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even if only a small part of the output is being listed.
Figure D-9 shows the approximate amount of core storage re-
gquired to use these commands to list portions of output
files containing various numbers of lines. (If sufficient
core storage is not available when the "LISTHYP", "BRFLIST",
or "VERYBRF" commands are used, the message

FILE TOO LARGE TO EDIT, SET CORE TO LARGER VALUE
'1E(00020) !!

is printed.)

Figure E-5 illustrates the procedures for retrieving
stored hypercube output.

Interpreting Hypercube Output

In the report, "Hypercube Queuing Model: User's Manual:"
Chapter 3 is devoted to a simple example of the output gener-
ated by the hypercube programs. The following discussion

is based on a slightly modified version of that material.
Figure VIII-2 shows the region for which the sample énaly—
sis was made. Three cars patrol a total of seven reporting
areas. The run was titled "Sample 3-Car Run with 7 Report-
ing Areas." For each reéorting area, the input call rates,

district car assignments, and preventive patrol factors were:

Reporting Area Call Rates Car Assigned Prev. Pat.
1 2 3 Factor
1 1000 X 1.0
2 1000 X 0.0
3 1000 X 1.0
4 1000 be 1.0
5 2000 X 1.0
6 1000 X 1.0
7 1000 X 2.0
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Figure VIII-2

THREE CARS PATROLLING SEVEN REPORTING
AREAS IN REGION OF SAMPLE ANALYSIS
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Values of other input variables were:

Response speed - 10 m.p.h.

Dispatch policy - SCM ,

Queue capacity - queue calls at dispatcher
Service time - 25 minutes

Call arrival rate - 2.88 calls/hour

Patrol speed - 5 m.p.h.

Use of the above information as input to the hypercube program
produced the output described below, which is discussed table by

table or line by line, as appropriate.

The first output table, shown in Figure VIII-3, contains the dis-

tribution of calls for service by reporting area. Examination of
this table reveals that 25 percent of the calls originate in area
5, while each of the other six areas generate 12.5 percent of the
calls.

The table illustrated in Figure VIII-4 shows the number of pa-
trolled street miles in each reporting area. For example, area 2
contains 3.46 patrolled street miles. Note that this table cannot
be produced unless a patrol speed is specified in the district
plan file, and the numbers of street miles are specified in the
region file.

Figure VIII-5 illustrates the table showing inter-reporting area
travel times in minutes. For example, the travel time from area
4 to area 6 is 2.28 minutes. All travel times in this table were
computed using the manhattan metric since no travel time esti-

mates were input directly in the district plan file by the user.

*Since no "glossary" was provided, the default glossary was
used in producing the output (e.g., the term "ATOM" is used to refer
to reporting areas).
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Figure VIII-3

HYPERCUBE OUTPUT SHOWING THE CALLS FOR SERVICE
DISTRIBUTION BY REPORTING AREA
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Figure VIII-4

HYPERCUBE OUTPUT SHOWING PATROLLED STREET MILES
BY REPORTING AREA
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Figure VIII-5

HYPERCUBE QUTPUT SHOWING INTER-REPORTING AREA TRAVEL TIMES
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Figure VIII-6

HYPERCUBE OUTPUT SHOWING MEAN TRAVEL TIMES
FOR EACH UNIT TO EACH REPORTING AREA
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Note that intra-reporting area travel times are zero because no
proportionality constant (i.e., CORTM) was specified in the dis-
trict plan file.

Mean £imes regquired for each unit (while positioned in its own
district) to travel to each reporting area are displayed in a
table such as that shown in Figure VIII-6. For example, the mean
time required for unit 2 to travel to area 3 is 5.70 minutes.

The next part of the output, shown in Figure VIII-7, indicates
that the SCM (strict center of mass) dispatch policy was selected
by the user, and presents the estimated "cost" -- the travel time
as estimated by the dispatcher -~ associated with dispatching each
of the units to each of the reporting areas. Considering the in-
formation displayed for any reporting area, it is an easy matter
to rank the cars in terms of how rapidly each could respond to a
call in that area, and to use this ranking to determine which
available unit to dispatch to a call. This ranking of cars for
each reporting area is performed automatically by the hypercube
programs, and is then utilized in computing the remaining output
values. Interpreting the dispatch costs as travel times, Figure
VIII-7 indicates that the dispatcher estimates that unit 1 re-
quires 3.04 minutes to travel to a call in area 4, whereas units
2 and 3 require 0.38 and 0.76 minutes, respectively. Thus, the
dispatcher would assigw unit 2 to a call in area 4 if that unit
were available. Otherwise, he would prefer to dispatch unist 3.
Unit 1 would be dispatched to calls.in area 4 only if the other

two units were unavailable. By modifying the entries in this
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Figure VIII-7

HYPERCUBE OUTPUT SHOWING ESTIMATED COST OF DISPATCHING
EACH UNIT TO EACH REPORTING AREA
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Figure VIII-8

HYPERCUBE OUTPUT SHOWING THE DISTRIBUTION OF EACH UNIT'S
PREVENTIVE PATROL TIME AMONG THE REPORTING AREAS
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table, users can specify an arbitrary fixed preference dispatch
policy. This table is not produced if AVL dispatching is used.

The output table illustrated in Figure VIII-8 indicates the frac-
tion of available (i.e., preventive patrol) time that each unit
spends in each of the reporting areas. These fractions are com-
puted using the preventive patrol factors specified in the dis-
trict plan file. An entry with a minus (~) allocation implies
that the corresponding patrol unit spends no patrél time there,
but that the area is "contained" in that unit's district. (The
question of areas belonging to districts is important when con-
sidering dispatch policies.) From Figure VIII-8 it is seen that
unit 2 spends 50 percent of its available time in area 7 and 25
percent in each of areas 4 and 6. Unit 3 spends all of its time
in area 5. Unit 1 splits its time equally between areas 1 and 3,
but still considers area 2 to be in its district.- .

The next output table contains the computed region, unit, and dis-
trict performance measures as shown in Figure VIII-9. Individual

lines of output are interpreted as follows:
PROBLEM TITLE: SAMPLE 3-CAR RUN WITH 7 REPORTING AREAS.

This line is self-explanatory. The title printed is supplied by

the user in the district plan file.

***TTERATIVE APPROXIMATION METHOD USED***
NUMBER OF ITERATIONS REQUIRED: 3

The district plan file specified that the calcﬁlations were to be ”

made using the hypercube program's approximation procedures. These
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Figure VIII-9

HYPERCUBE OUTPUT SHOWING REGION, UNIT, AND DISTRICT
PERFORMANCE MEASURES
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involve successive improvement of approximate values in sets of
repeated calculations called "iterations." The above lines of

output, mainly useful to mathehaticians, indicate the number of
sets of calculations required.

UNLIMITED CAPACITY QUEUE WITH 1-ST-COME 1-ST~-SERVED QUEUE DISCI-
PLINE .

This indicates that calls-for-service arriving when all patrol
units are busy are entered into a dispatcher's queue which is de-

pleted or serviced in a first-come, first-served manner.
RUN NUMBER: 1

This states that the current table corresponds to workload level
1. When the user asks for more than one run by specifying more
than one workload level, similar tables are produced corresponding
to different arrival rates of calls for service.

RESPONSE UNIT ++.. TOTAL NUMBER OF
ATOM «++ TOTAL NUMBER OF

nn
W

These lines are self-explanatory.

SPEED OF PATROL = 5.00 M.P.H.

This line confirms the patrol speed specified in the district

plan file. It is not printed unless a patrol speed was specified.

AVERAGE SERVICE TIME = 25,00 MINUTES

This indicates the average service time specified in the district
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plan file.

AVERAGE NUMBER PERkHOUR OF CALLS FOR SERVICE = 2.880
AVERAGE NUMBER PER 25.00 MINUTES OF CALLS FOR SERVICE = 1.200
Since there are an average of 2.88 calls for service generated
per hour, there are an average of 2.88 x (25/60) = 1.200 calls
for service generated each 25 minutes. With dispatcher queues
allowed, this is important for the following reason: if there
was only one unit to handle this workload, then an average of
1.200 incidents would arrive during the time required (on average)
to service one incident. Thus, one unit would not be able to
handle this workload. However, two (or more) could do the job
without having backlogs of calls build up indefinitely. If
this figure had been 2.200 instead of 1,200, then at least three
units would have been required to handle the workload. In gen-
eral, whatever this figure is, the next highest integer is the
minimum number of response units required to do the job. If the
user attempts to run the model with too few response units (as-
suming dispatcher queues are allowed), then the run stops and the
error message "QUEUE SATURATED" is printed. When backup service
is utilized instead of queues, the user can operate the model with
any number of patrol units. However, if this number is too small
(in comparison to the workload generated per hour), then a large
fractior of calls will be handled by the backup response system and

only a small fraction will be covered by the district cars.
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AVERAGE UTILIZATION FACTOR
(IN THE CASE OF UNLIMITED LINE CAPACITY) = 0.400

Since 1.200 calls arrive on the average each 25 minutes, and
all (eventually) are assigned to a car, then on the average
1.200 x (1/3) = 0.400 incidents are assigned to any particular
district car every 25 minutes. But each such assignment requires
(on average) 25 minutes to service, thus the "average beat car"
is busy servicing incidents 40.0 percent of the time. This fig-
ure is called the average utilization factor (referring to the
fraction or percent of time that district cars are s&rvicing in-
cidents). Reflecting on the discussion above, this utilization
factor must be less than 1.0 for the case when dispatcher's
queues are allowed.

All of the output to this point mainly restates input data.
The remaining lines give values for various field performance mea-

sures, as computed by the model.
REGION-WIDE AVERAGE TRAVEL TIME = 2.209 MINUTES

This indicates that the average travel time to a service incident,
averaged over all the reporting areas in the region, is 2.209
minutes. Since the travel speed is 10 mph (or 1/6 mile per min-
ute), this implies that the average distance traveled'per re~
sponse is (1/6) x (2.209) = 0.368 miles, a figure that is intui-
tively reasonable. (The entire region in this example is 4000

feet or 0.76 miles east-west and north4south.)

~-112-



AVERAGE TRAVEL TIME FOR QUEUED CALLS = 2.921 MINUTES

Here the program is showing the somewhat larger average travel
time incurred by incidents that are delayed in a dispatcher's
queue (averaged over all incidents delayed in queue, regardless
of reporting area). Of course, in application, a travel time of
2, 3, or 5 minutes may be insignificant compared to a queue de-
lay time of 15, 30, or 60 minutes. (Queue delay times are not
computed by the hypercube program, but a simple formula for com-

puting them is given later in this chapter.)
PROBABILITY OF SATURATION = 0.14118

"Saturation" is said to occur when all patrol units are simul-
taneously busy handling calls for service. If this occurs X
percent of the time, then (due to the random arrival patterns of
service incidents) X percent of the calls reach a "saturated
system" and thus musit be held in the dispatcher queue. In . this
case, 14.118 percent of ail calls for service are held in
queue. (In the case of backup service when all cars are busy
X percent of the time, this percent of all calls are transferred

to the backup units.)
REGION-WIDE AVERAGE WORKLOAD (% TIME BUSY) = 0.40000

This is the‘average fraction of time that cars are busy handling
service incidents. When dispatcher queues are allowed, this fig- |
ure will equal (within acceptable round-off error) the average

utilization factor discussed earlier. In the case of backup
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service, the region-wide workload will be somewhat less than the
utilization factor, due to overflow incidents being assigned to

backup units.

STANDARD DEVIATION OF WORKLOAD = 0.010

This is the standard deviation of the district car workloads
(compared to the average car workload) which measures the imbal-
ance in workloads among cars. The larger this quantity is the
greater is the imbalance. If this quantity is zero, then the

workloads of all cars are equal.
MAXIMUM WORKLOAD IMBALANCE = 0.02019

Subtracting the workload of the least busy car (car 1 in this
casé) from the workload of the busiest car (car 2) gives the
maximum workload imbalance. (In this case the maximum workload
imbalance is 0.409 - 0.388 = 0.021, which, within error tol-

erances, 1s the same as 0.02019.)
FRACTION OF DISPATCHES THAT ARE INTER-DISTRICT = 0.35255

This indicates that 35.255 percent of all dispatch assignments
(including those from a queue of calls) cause the assigned unit
to travel to a reporting area not in its own district. Thus,
for a fandomly selected call for service, there is a 35.255 per~
cent chancé that the car which responds will not be a car whose

district contains the incident.
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REGION WIDE AVERAGE PATROL FREQUENCY = 0.519 PASSES PER HOUR

This says that the average nhumber of times per hour a random

point in the region is passed by a unit 6n preventive patrol is
‘0.519 (i.e., a patrol unit passes the point once every (1/0.519)

= 1.93 hours on the average). This line ié.not printed unless a
patrol speed is specified in the district plan.

The next eight lines in the table contain unit-specific perform-
ance measures. Examining the performance measures for unit 1
(identified in the leftmost column in this portion of the output),
we see the following (reading from left to right):

e Unit 1 spends 38.8 percent of its time handling service in-
cidents.

® Its workload is 97.1 percent of the average workload of all
three units (which is 40.0 percent).

e 23.51 percent of the dispatch assignments to this car cause
it to leave its district. ‘

® This cross-district dispatch frequency is 66.7 percent of the
mean for the three cars (which is 35.255 percent).

e The average time taken by unit 1 to travel to the scene of an

incident is 2.768 minutes. Similar interpretations apply to
units 2 and 3.

The last eight lines of the table contain the district-specific
performance measures. For district 1, we see the following (read-
ing from-left to right):
® The district's workload would cause one unit to remain busy

servicing calls 45.0 percent of the time if that car handled

all of district 1's calls and no others.

e This workload is 12.5 percent above the mean for the three
districts.

e 34.18 percent of the district's incidents require an out-of-
district car (either car 2 or 3) because car 1 is unavailable.
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o The average travel time for calls for service in district 1 is
2.920 minutes.

Similar interpretations apply to districts 2 and 3.

The final two output tables shown in Figures VIII-10 and VIII-1ll
contain performance measures that are spenific to each reporting
area. For area 1, for example, we see the following:

o The area generates an average of 36.00 calls per 100 hours
(Figure VIII-10).

0 The average travel time to incidents in the area is 3.163
minutes. (Figure VIII-10).

o0 A random point in area 1 is passed an average of 0.37 times
per hour by a unit on preventive patrol. (This column appears
in the table only if a patrol speed is specified in the dis-~
trict plan file.)
0 Sixty~six percent of all calls from the area are handled by
car 1, 11 percent by car 2, and 23 percent by car 3 (Figure
VIII-11).
Judicious examination of the travel time estimates in these tables
will allow the user to spot inequities in the distribution of
service accessibility to reporting areas.

The above tables represent all the output that is produced

' using the district plan file input for this example. If individual

service times had been specified for each response unit, a table
such as that illustrated in Figure VIII-12 could have been

requested. It summarizes the service times the user has specified

for each response unit in the district plan file.
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Figure VIII-10

HYPERCUBE OUTPUT SHOWING UNIT-INDEPENDENT PERFORMANCE
MEASURES SPECIFIC TO EACH REPORTING AREA
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Figure VIII-11

HYPERCUBE OUTPUT SHOWING THE FRACTION OF CALLS IN EACH
REPORTING AREA SERVICED BY EACH RESPONSE UNIT
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Figure VIII-12

HYPERCUBE OUTPUT SHOWING VARIABLE SERVICE TIMES BY UNIT
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Figures VIII-13 through VIII-16 illustrate the tables of

performance measures produced when AVL dispatching is specified using

the "COMPARE" instruction. Comparison of Figures VIII-13 and VIII-9

reveal the following differences:

@]

In Figure VIII-14 (which is analogous to Figure VIII-10), an

additional column is printed showing the dispatch error probability

The lines

*%% TTERATIVE APPROXIMATION METHOD USED **%*
NUMBER OF ITERATIONS REQUIRED: 3

are not printed since the exact hypercube model'i§
automatically used when AVL dispatching is specified.

The line

IN-QUEUE TRAVEL TIMES ONLY APPROXIMATE DUE TO UNEQUAL
SERVICE TIMES.

is printed to alert the user to a hypercube approxi-
mation necessitated by user specified variable service
times.

The line
TOTAL PROBABILITY OF ERROR WITH SCM = (0.16985

is printed, indicating that a car other than the
closest one available will be assigned for 16.985
percent of the dispatches when the SCM dispatch
policy is used. This also equals the fraction of
calls for which AVL dispatching would produce quicker
response.

(of SCM compared to AVL dispatching) for calls occurring in each

reporting area.

would be serviced by other than the closest available unit.

The interpretation of Figure VIII-1l5 is identical to that of

Figure VIII-1ll.
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Figure VIII-13

HYPERCUBE OUTPUT SHOWING REGION, UNIT AND DISTRICT
PERFORMANCE MEASURES WHEN AVL DISPATCHING IS
SPECIFIED USING THE "COMPARE" INSTRUCTION
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Figure VIII-14

HYPERCUBE OUTPUT SHOWING UNIT-INDEPENDENT PERFORMANCE MEASURES
SPECIFIC TO EACH REPORTING AREA WHEN AVL DISPATCHING IS COMPARED
TO A USER-SPECIFIED FIXED PREFERENCE DISPATCH POLICY
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Figure VIII-15

HYPERCUBE OUTPUT SHOWING FRACTION OF CALLS FOR SERVICE IN EACH
REPORTING AREA SERVICED BY EACH RESPONSE UNIT WHEN AVI, DISPATCHING
IS SPECIFIED
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HYPERCUBE OUTPUT SHOWING EXACT MEAN TRAVEL TIMES FOR EACH UNIT
TO EACH REPORTING AREA WHEN AVL DISPATCHING IS SPECIFIED

-121-



The table in Figure VIII-16 shows exact average travel
times for each unit responding to calls in each reporting area
(e.g., it takes unit 2 an average of 3.99 minutes to travel to
calls in repcrting area 2).

The L ,percube¢ output tables can be used to calculate
additional useful performance measures. In.particular, the
average amount of time queued calls for service wait in the dis-
patcher's queue before a response unit becomes available may be
determined using the formula,

(average service time})

(number of units) X (1 - average utilization factor)
This quantity is termed the average queuing delay for
queued calls. Response time, the sum of travel time and queuing

delay*, can then be determined using the formula

(travel time) + (queuing delay) X (saturation probability)

Response times can be computed for the region, for each district,
and for each reporting area. Using the output in Figures VIII-9
and VIII-10 we see, for example, that
o the average queuing delay for queued calls is
(25.00) / (3 X 0.600) = 13.89 minutes N
o the average region-wide response time is

2.209 + (13.89) X (0.141) = 2.209 + 1.958 = 4.167 minutes

*Note tlat this definition of response time ignores all internal
processing from the time a citizen contacts the police department
until a dispatcher dispatches a unit or places the call in queue
because no units are available.



@]

the average respcnse time to calls for service in
district 1 is ‘

2.920 + 1.958 = 4.878 minutes

the average response time to calls for service in
reporting area 2 is

3.163 + 1.958 = 5.121 minutes
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IX. Efficient Use of the Monitor and Hypercube Programs

Procedures for minimizing the cost of hypercube analyses
of existinag or redesigned district plans are discussed briefly in
this chapter.

1. Terminal Operations

For data processing tasks which involve large amounts of data
to be input by inexperienced users and relatively little printing
of output by the computer, the cost of terminal connect time can
be minimized by using a terminal operating speed of 15 or 10
characters per second rather than 30. Creating or modifying region
files, and creating or modifying district plan files without using
the monitor are examples of such tasks. Operations involving
significant amounts of terminal‘output, however, should be performed
at the highest terminal speed possible. Also, it is much more
efficient to log off the NCSS system while analyzing output or veri-
fying the accuracy of large amounts of input data, and to log on
again later for subsequent work.

2. Efficient Use of Core Storage

The amount of core storage used for on-line operations also
affects thé cost of terminal connect time; up to 256K bytes of core
storage is charged at the hourly rate shown in figure IV-1 -- each
additional 64K increases the hourly connect charge by $1.00. This
suggests that all time consuming operations (e.g., creating or
modifying region files or district plan files) should be done with
the core storage set to the minimum required. Thus, if the hyper-
cube program requires more core storage than the monitor (which

uses 384K), set the core storage to 384 when creating or modifying
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the district plan file, respond "no" when asked if performance

measures are to be computed "at this time," set the core storage

to the higher value required to use the hypercube program, and

then use the "HYPERCUBE" command to compute performance measures

on-line (core storage will be automatically reset to 256 after

the hypercube program has been executed) .

3.

Efficient Use of the Hypercube Program

Several methods for minimizing the cost of using the hyper-

cube program are available.

Qe

Overnight runs - the 60 percent reduction in the cost of hyper-
cube runs made in a batch mode over the cost of the same runs
on-line is worthwhile, particularly for users who have allowed
adequate time for the analysis and redesign of their district
plans, users working only part time on the analyses, or users
analyzing the district plans in several different regions or
time periods. Thus, several overnight runs could be made simul-
taneously, with the output retrieved and analyzed the following
day, and district plans modified and again submitted for over-
night processing.

Multiple workload levels - each time the hypercube program is
run, a large number of preliminary calculations must be per-
formed before the performance measures can actually be computed.
When performance measures are computed for several workload
levels in a single run, these preliminary calculations are made
only once. Therefore, it is more efficient to make a single

run specifying several workload levels than it is to make several
runs specifying a single workload level each time.

Approximate model --.as previously discussed, the results ob-
tained using the approximation procedures available in the
hypercube program are usually within a few percent of those
obtained when all calculations are exact. The developers of
the hypercube queuing model have estimated that for large

runs (e.g., 15 districts and more than 100 reporting areas),
the cost using the exact model may be 10 times as great as

the cost using the approximate model (e.g., $100 compared to
$10). In addition, the core storage reguired to use the exact
model is very much greater than that required to use the approxi-
mate model, as are the associated terminal connect charges.
(For example, a problem with 175 areas and 15 districts re-
quires 1977K bytes of storage at $40 per terminal connect hour
using the exact model, compared to 441K bytes at $16 per hour
using the approximate model.) Therefore, the use of the
approximate model is recommended unless AVL dispatching or
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variable response unit service times (which require the
exact model) are specified.

d. Hypercube output tables - the number of tables that the user
requests affects the I/O charges, even if the tables are
stored and never listed at the terminal. Some output tables
will not change from one run to the next unless specific
changes are made in the district plan. Therefore, these
tables need not be generated every time the hypercube pro-
gram is used. For example, the tables showing the distribution
of calls for service and the number of patrolled street miles
in each reporting area do not change unless the appropriate
data items in the region file are changed; the table of inter-
reporting area travel times changes only when the response
speed, constant of proportionality used to compute the intra-
reporting area travel times, user input travel time estimates
in the district plan file, or coordinate data in the region
file are changed; the table of unit-to-reporting-area travel
times changes only when the district configuration preventive
patrol factors, or one of the items affecting inter-reporting
area travel times are changed; the table showing estimated
dispatch costs changes only when the dispatch policy or one
of the items affecting unit-to-reporting-area travel times is
changed; and the table showing the distribution of each unit's
preventive patrol time is changed only when the district con-
figuration or preventive patrol factors are changed.

e. Size of the region - when the approximate hypercube model is
used, the developers of the program estimate that the cost
of using the program increases approximately linearly with
both the number of reporting areas in the region and the
number of districts specified in the district plan (e.g., if
the number of districts is doubled while the number of report-
ing areas remains constant, then the cost of a hypercube run
approximately doubles). For this reason, it is advantageous
to divide a large region into several smaller regions, or
commands, and analyze each smaller region separately whenever
the assumption that units are not dispatched across bound-
aries is reasonable. For example, suppose that a region
contains 250 reporting areas and is divided into 18 districts.
Suppose also that the region can be divided into two commands
each with 125 reporting areas and nine districts. If the
cost of using the hypercube program for one of the smaller
problems is $20, then the cost of analyzing the larger prob-
lem would be approximately $80 (the cost of the smaller
problem doubled by doubling the number of reporting areas,
and doubled again by doubling the number of districts) compared
to a total cost of $40 for analyzing both smaller problems.
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X. Use of the Hypercube Software for Beat* Design and Patrol
Policy Analysis

The uses of the hypercube qﬁeuing model and its supporting
software fall into three general categories: the analysis of an
existing district configﬁration, the redesign of the existing
district plan, and the analysis of the effects of instituting
" certain policy changes relating to patrol operations. Each of
these uses is discussed below. The final section in the chapter
briefly summarizes beat design and patrol policy questions that
are not amenable to hypercube analysis.

1. Analysis of an Existing Beat Plan

By analyzing the beat plan(s) curreﬁtly in use in a
police department with the hypercube programs, a commander of
the patrol operations division or a department planner can
determine the need for redesigning beats, and identify problem
areas with the existing beat plan. The following problem areas
are directly identifiable from the statistics generated as part
of the hypercube output (See Chapter VIII):

o Workload imbalances among response units - by examining
the workloads of the individual response units, units

which are significantly over- or under-utilized relative
to the region-wide average utilization can be identified.

o Inaccessibility of neighborhoods to police service -
neighborhoods which do not receive rapid response to
calls for service can be determined by examining the
average travel times in the tables of performance
measures specific to each reporting area.

o Lack of beat identity - officers consistently assigned
to the same district naturally become familiar with

*The terms "district" and "beat" are used synonomously in
this chapter.
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the area (i.e., addresses, one~way streets, etc),

the people in the beat, and special conditions. Thas
familiarity can be utilized only when the unit spends
most of its time in its own district. Whether or not
this is actually occurring can be determined by .
examining the fraction of the calls handled by each
unit that are in its own district, and the fraction of
calls in each district that are handled by a unit from
another district.

o Frequent queuing of calls for service - if a high
fraction:.of incoming calls for service must enter
the dispatcher's queue because no response units are
available (i.e., if the saturation probability is
high), then the need for additional response units, or
the institution of some of the patrol policy alterna-
tives discussed below, would be indicated. Note that
if many calls are queued, travel times are likely to
be long, and inter-district dispatches are likely to
be frequent since the first unit to become available
is unlikely to be the district unit.

In addition to evaluating the current beat plan under
existing "average" workload condition, it is alsy gossible to
use the hypercube programs to estimate the performance of the
current beat plan at predicted workload levels in future years,
or at short—term, but extreme workload levels associated with a
seasonal event such as a state fair. 1In fact; by specifying
multiple workload levels, the plan can be analyzed for widely
varying workloads in a single hypercube program run.

2. Redesign of a District Configuration

Having identified problem areas in the existing district
configuration, the hypercube programs can be used to evaluate
and compare proposed alternative configurations in terms of unit
workloads, travel times, inter-district dispatches, etc. Thus,
by running the hypercube programs several times changing only

the district configuration and/or dispatching preferences, the

-128-



plan which most nearly satisfies the department's objectives
(e.g., balanced workload) can be identified.

The first step in designing a new district configuration
is usually the determination of how many response units are to
be on duty in the various regions of a city, and how the re-
sponse units (i.e., the personnel who man them) in each region
are to be allocated among the various watches. The hypercube
programs could be used to do this. However, the Patrol Car
Allocation Model (PCAM) was designed specifically to make this
determination. While PCAM requires more extensive input data
than does the hypercube program, it is preferred in this case,
because a single PCAM run will determine an "optimal" allocation
of units to regions and watches within user specified constraints,
whereas many (more expensive) hypercube runs would be required.
PCAM, however, cannot be ﬁsed to design the beats to be patrolled
by each unit, or to compare alternative beat configurations. For
this, the hypercube programs are most suitable.

In some cases, the alternative configurations tc be con-
sidered will have been identified by field commanders before any
hypercube analyses have been made. This is the least complex
way to use the hypercube programs for beat design. By running
the program once for each alternative, the results can be used
comparatively to rank the plans and select the most acceptable.
Then, a relatively small number of runs are required; and, the
number of runs and thé amount of effort involved will be known
in advance.

In other cases, the designer will have a set of contraints
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within which he must work, and a set of objectives in mind, but
no preconceived idea of the exact district plans that he wants
to consider. Rather, he seeks the "best" plan possible. This
form of beat design using the hypercube programs is more complex
since the model is strictly descriptive, rather than prescriptive.
That is, it can compute performance measures for plans pro-
vided by the user, but cannot suggest changes for improving the
plan. As a result, the user must develop a district configuration,
submit it to the hypercube program, and retrieve and analyze the
results. The procedure may be repeated many times until the user
finds a plan acceptable to department administrators.
Modifications to the district configuration require a
thorough knowledge of how to interpret hypercube output, certain
underlying principles of beat design, how specified changes in
the district configuration will affect performance, and how to
modify the configuration to achieve a desired result.

a. Principles of beat design

The following principles of beat design may be useful when

considering alternative beat plans: 1, 16

o The shape of a beat is nou particularly important so
long as it is compact.

o If the x and y directional travel speeds are different,
the long dimension of thé& beat should be in the direc-
tion of the higher speed.

o If beats do not overlap, and each car's workload is not
too great, the fraction of dispatches that are across
beat boundaries is at least as high as the fraction of
time the average unit is unavailable. If car workloads
are high, the fraction of intra-beat dispatches is
approximately one divided by the number of cars in the
region. Inter-beat dispatching is 1 - intra-beat
dispatching.
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b. Effect of transferring reporting areas between adjacent beats

A patrol unit‘s workload is not equal to the workload
generated by calls originating in its beat.

The "burden of central location" suggests that cars
assigned to peripheral beats (those on the boundary

of the region) will have lower workloads than centrally
located cars, if the call volumes in all beats are
equal, due to the lower likelihood of cross-beat-
dispatching for peripheral cars.

Average travel times increase with workload and with
the size of beats.

Average travel time is relatively insensitive to
moderately large barriers.

If district boundaries coincide with travel barriers,
the barriers have no effect on average intra-district
travel times.

Incremental changes in the number of units have small
effects on average intra-district travel times.

If the call for service rate doubles, the number of
response units need not be doubled to keep the average
queue delay at the same level.

2

When reporting area X is transferred from beat A to an

adjacent beat B, the followiné effects should be anticipated:

o

Patrol unit A's workload will decrease because its
area of responsibility has been reduced; conversely
unit B's workload will increase.

The change in unit workloads will be par+ially offset,
however, because unit A will be available more often
for cross-beat dispatches, and because more cross-beat
dispatches will be required to provide rapid response
to calls for service originating in beat B. (Unit B
will not be available as often to answer calls origi-
nating within its own beat.)

The average travel time for response to calls origi-
nating in beat A will be lowered if the average
travel time to calls in reporting area X was greater

- than the overall travel time average for all calls in

beat A.
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o The average travel time for response to calls origi-
nating in beat A will also be lowered because the re-
duced number of calls originating in that beat will
decrease the number of cross-beat dispatches of cars
from other beats into beat A.

o The average travel time for response to calls origi-
nating in reporting area X will decrease if X is closer
to the center* of beat B than to the center of beat A.

o The average travel time for response to calls originating
in reporting areas on the side of beat A opposite from
reporting area X will decrease because they will be
closer to beat A's center after area X is moved to
beat B.

c. Selecting reportiﬁg,areas to be transferred from one beat to
an adjacent beat

The following techniques can be used to select reporting
areas in beat A for transfer to beat B if it is desired to pro-
duce the following types of changes in the specified performance
measures: .

o Reducing workload imbalance - if unit A has the greatest
workload, determine the adjacent beat B whose unit has
"the lowest workload, and transfer the reporting area X
in beat A that is closest to the center of beat B.
Alternatively, if unit B has the least workload, transfer
into beat B the reporting area X, which is closest to
beat B's center, and which is presently located in the
adjacent beat with the greatest workload.

o Reducing travel time imbalance among beats - if beat A
has the highest average travel time, determine the
adjacent beat B with the lowest average travel time,
and transfer from A to B the reporting area X that is
farthest from A's center.

© Reducing travel time imbalance among reperting areas -
if reporting area X in beat A has the highest average
travel time and is closer to beat B's center than to

*Unless otherwise specified, "center" will refer to the
geographic center of a beat as weighted by the relative distri-
bution of preventive patrol assigned to each of the reporting
areas in the beat.
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beat A's, then X should be transferred from A to B.
Alternatively, the reporting area Y in beat A which
is farthest from reporting area X should be trans-

ferred to the adjacent beat with the closest center.

3. Analysis of Policy Changes in Patrol Operations

In addition to changes in the assignmeﬁt of patrol areas
to individual units, proposed changes in department policies
governing patrol operation can also be analyzed using the
hypercube programs. ("Any changes that could possibly be shown

on a dispatcher's map are suitable for analysis using the

17)

hypercube model." Thus, the potential effect of innovative

policies or expensive technological tools (e.g., automatic
vehicle locators) can be studied before the policies are actually
changed or the tools are actually purchased and implemented.

The following changes can be.analyzed by making straight-
forward modifications to the input data in the district plan
file:

a. Alternative preventive patrol strategies - by modifying the
preventive patrol factors associated with each reporting
area in each unit's beat, a variety of patrol strategies
can be represented (e.g., patrol proportional to reporting
area workload, uniform patrol in all reporting areas of a
beat, or any other distribution of patrol time over the
various reporting areas). The analysis, of course, is
limited to determining the effects on the calculated per-
formance measures (workloads, hourly patrol passings, etc.).
That is, the various strategies are not quantified in terms
of their value in intercepting crimes in progress, facilitating
on-scene arrests, or deterring street crime.

b. Team policing - team policing can be represented by assigning
the same beat to several units (the number of units is deter-
mined by the size of the teams) with the beats assigned to
the teams typically larger than conventional beats. Design
of each team's area of responsibility is performed using the

-133-



same procedures discussed in the preceding section. Be-
cause of the way the hypercube program defines inter-dis-
trict dispatches when beats overlap (i.e., a dispatch is
treated as inter-district only if the reporting area of the
call is' not in the beat of the dispatched unit) the fraction
of dispatches that are inter-district should be less

when team policing is analyzed. Note that other hypercube
output statistics may require special interpretations when
several beats overlap. Also, special attention must be

paid to specifying dispatch preferences among the units
whose beats overlap, since otherwise the hypercube program
will assume that the units appearing first in the district
plan file are dispatched first if available. The output
will then indicate an unrealistically high workload for those
units.

Vehicle location systems - using the AVL dispatching policy

provided in the hypercube program, the type of dispatch
operation in which the dispatcher always knows exact unit
locations, and always dispatches the closest available

units to a call for service, can be represented. Therefore,
the effects (e.g., on travel times) of replacing manual,
fixed preference dispatching with automatic vehicle

locator systems can be analyzed to determine whether the
potential benefits justify the cost of such systems. By
examining dispatch error probabilities, it is possible

to determine the fraction of calls for which the dispatcher's
perception of which car is closest, is incorrect using the
current dispatch policy (i.e., SCM, ESCM, MCM, or EMCM).

This fraction will not necessarily be the same as the
fraction of calls to which the closest car is not dispatched
if the current dispatch policy includes special procedures

in certain situations (i.e., first dispatch preferences

for particular units in selected reporting areas). Typical
results of analyzing AVL dispatching might be as follows: 16

o At most, a 10 to 20 percent reduction in travel times
can beexpected when SCM-type dispatching is replaced by
AVL dispatching.

O Average travel time reductions as a result of AVL dis-
patching are less at heavier workloads.

o Dispatch error is higher when the average utilization
is low.

o Veh@cle location information is more valuable in large
regions with more units because of the larger number of
dispatch alternatives.
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Alternative dispatch policies - in addition to analyzing
the benefits derived from obtaining more exact information
on the location of response units, the hypercube programs
can be used to analyze the effects of the following alter-
native dispatch policies:

o Dispatch of the "closest" available unit versus dispatch
of an available beat car, regardless of its location.

0 Use of special (non-response) units to handle calls for
service arriving when no units are available versus
gqueuing the calls until a response unit becomes avail-
able (i.e., zero versus infinite capacity queue) .

o Stacking of calls at the beat level when no beat car
is available (i.e., eliminate all inter-beat dispatches).
This requires a separate hypercube analysis of each beat
or team area covered by several units.

o Use of region-wide dispatching in which command boundaries
are eliminated and all units are assigned patrol re-
sponsibility throughout the region (although patrol
factors associated with individual units may differ).

Screening of calls for service prior to dispatch - when faced

with an increasing number of calls for service and an
inability to increase manpower, some departments may con-
sider adopting a policy of either not responding to some
types of calls for service, or assigning these calls to
non~response units (e.g., assigning cadets to take burglary
reports). Such policies are represented by redacing both
average call rate and reporting area workloads to reflect
the overall fraction of calls being screened and the
distribution of screened calls over the reporting areas.

One-man versus two-man cars - the effects of having two

men in each unit rather than one are that more than one

unit will be dispatched less frequently, and there will
probably be fewer units on patrol unless department manpower
is greatly increased. Fewer units on-duty require the de~-
sign of a new beat plan with fewer districts as described
above. Multiple car dispatching can be represented only by
inflating the call for service rate. Therefore, if two-man
units are to be utilized, the call rate must be readjusted to
reflect the projected fraction of calls which would then
require multiple units. An estimate of the fraction of calls
requiring two two-man units might be the fraction of calls
previously requiring three or four one-man units. Once this
estimate and the estimated service time for the second unit
dispatched have been made, the monitor program will calculate
the adjusted call rate if the "ADJUST" subcommand is usad, or
the adjusted call rate can be computed manually as described
below.
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The following features of patroi operations are not directly
represented in the hypercube model. If they are important features
of a department's current or proposed operation, then the adjust-
ments indicated will need to be made:

g. Non-random arrival of calls for service - in some departments,
calls for service may not occu* xandomly throughout the watch
being analyzed. For example, calls for service may be rela-
tively high at the beginning of the 3:00 p.m. to 11:00 p.m.
watch in a region with many businesses, but the calls may
decrease later in the watch as the population of the area
decreases when the businesses close. Similarly, non-CFS work-
load may be non-random (e.g., some units may be unavailable
during certain periods every day when assigned duties in
school zones). When such non-random workload occurs, separate
analyses may need to be made during the periods when the call
rates are significantly different, or during periods when
the number of units is effectively reduced by the non-random,
non-CFS work.

h. Multiple car dispatching - In some departments dispatchers
frequently assign iwo or more cars to respond to incoming
calls. Because the hypercube model assumes that only one
car is dispatched to each incident, the model will under-
estimate beat car workloads if the data base does not include
information on the service time required of dispatched units
other than the first car sent to a call. Consequently, if
input call data refers only to the first car sent, and if
multiple car dispatching is not infrequent, the volume of
incoming calls should be increased sufficiently to account
for the work of the second and subsequent cars. The monitor
program will calculate an adjusted call rate if the "ADJUST"
subcommand is used, or it can be determined by the user by
calculating the following adjustment factor:

adjustment average service fraction of average service

factor =!| time for first | | calls that time for second
dispatched unit require 2 or dispatched unit

more units

/
+ [ fraction of x [average service time + 'average service
calls that for third dispatched eeo| / |time
require 3 or unit
more units
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adjusted _ [call number average minutes

The adjusted call rate is

adjusted - adjustment X unadjusted
call rate factor call rate

and, the adjusted incremental call rate is
adjusted — adjustment X unadjusted
increment factor increment

Non-call-for-service work -~ non-CFS workload can be represented
only by adjusting the call for service rate. One way to do
this would be to treat each non-CFS incident (i.e., officer~
initiated "calls," meals, etc.) as a call for service. This
could produce erroneous results, however, if past data are

used to estimate the number of non-CFS incidents and, for
example, the number of units is changed because of difficulties
in estimating the effect this change will have on the non-CFS
work. Similarly, ignoring non-CFS workload completely will
produce unrealistic estimates of unit workloads, saturation
probability, etc. Thus, the necessary adjustment to the call
rate should depend on the number of units as follows:

specified

arrival rate| ~ |rate of per hour each uni / service

units pends on non-CFS time

Note that the incremental call rate is not adjusted when multiple
workload levels are specified.

Cross-command dispatching - when the number of cross-command
dispatches is relatively small, they can be ignored in the
hypercube analysis. If it is necessary to account for the
cross—-command dispatches, the commands may have to be
combined and the larger area analyzed. Alternatively, it
may be possible to approximate cross-command dispatching by
adding "artificial" reporting areas at the boundaries of the
region. The workload of such a reporting area would depend
on the number of dispatches of units into the command ‘that
reporting area represents. Units dispatched from other com-
mands into the region being analyzed would be represented

as backup units handling all calls arriving when all response
units in the region are busy. Note that when this technique
is used, travel time statistics may not be accurate and
should therefore be used only qualitatively.
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k. Beat~dependent service times - when the types of calls
occuring in different beats vary considerable, the average
service times for calls may also vary significantly from
beat to beat. The hypercube model allows unit-dependent
service times but makes no provision for beat-~dependent
service times. If variable unit service times are used
to approximate the variable beat service times, they
apply to all calls serviced by the units. Consequently,
the approximation is less reliable when the fraction of
dispatches that are inter-district is high. Since variable
service times can be specified only when the exact hypercube
model is used, this approximation cannot be used in regions
with a large number of units (i.e., at most, 15 units can
be specified when the exact model is used). Alternatively,
call arrival rates in each beat should be adjusted so that

the number of service hours per watch is correct. This adjustment

is made by scaling the workload of the reporting areas in
the region file. For example, if the region-wide average
service time is 30 minutes, but the service time in beat A
averages only 15 minutes, the call volumes of each reporting
area in beat A should be halved.

4. Patrol and Dispatch Policies Not Amenable to Hypercube
Analysis

The current versions of the hypercube programs make no

provis.on for the following features of patrol and dispatch
policies:

0 Priority-based dispatch policies ~ the hypercube model
treats all calls for service, including those in the
dispatcher's queue, as equal in priority. Priority-
based dispatch policies cannot be represented.

o Preemptive dispatch assignments -~ the reassignment
(e.g., to a higher priority call) of units servicing
or enroute to a previous call is not allowed.

o Selective stacking of calls - hypercube dispatch policies
cannot model the selective queuing of low priority calls
when the beat unit is unavailable.

© Servicing of calls in queue in any manner other than
first-come first-served - the hypercube model permits
calls in queue to be serviced on .a first-come, first-
served basis only. Priority servicing of calls in queue,
or the dispatching of units to the call in queue that is
closest to their current locations cannot be represented.
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Table A-1
GLOSSARY OF DATA PROCESSING TERMS3,7,14,15

Auxiliary Storage: Data storage other than core storage.

Batch Processing: A technique that permits multiple jobs to
be collected for presentation to the system, which automatically
recognizes and processes each job, one after the other.

Benchmark: To ascertain comparative performance of systems by
use of a set of test programs designed specifically to exercise
- vital system software and hardware features.

Carriage Return: The signal that indicates to the system the
termination of a line of input from the terminal.

Character: One symbol of a set of elementary symbols such as
those corresponding to the keys on a typewriter. The symbols
usually include the decimal digits 0 through 9,the letters A
through Z, punctuation marks, operation symbols, and any other
single symbols which a computer may read, store, or write.

Character-Delete Symbol: A character appearing on the terminal
keyboard which, when pressed 'n' times, will deletc the pre-
ceding 'n' characters and itself from the input line.

Column: Generally a character or digit location in a positional-
information format, most often one in which characters appear in
rows.

Computer: A device capable of accepting information, applying
prescribed processes to information, and supplying the results
of these processes. It usually consists of input and output
devices, arithmetic, storage, communications units and a control
unit.

Connect Time: The quantity of time that passes while the user
of a remote terminal is connected to a time-shared system.
Connect time is usually measured by the duration between log-on
and log-off. ) ‘

Conversational Processing: An important time-sharing operation
in which the user is said to be communicating with the system
in a conversational manner when each statement he enters through
the terminal is processed immediately. The system then sends a
reply to the terminal.

Core Storage: The fundamental and most important storage of the
central processing unit.
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CPU (Central Processing Unit): The unit of a system that
contains the circuits that control and perform the execution
of computer instructions.

File: A collection of related records treated as a unit.

Flowchart: A chart to represent, for a problem, the flow of
data, procedures, etc; or graphical representation of a
sequence of operations by using symbols to represent the
operations.

Full-Duplex: In communications, pertaining to a simultaneous
two-way and independent transmission in both directions.

Half-Duplex: Pertaining to an alternate, one-way-at-a-time,
independent transmission.

Hard Copy: A printed copy of machine output in readable form.

Input: The data to be processed; or the process of trans—
ferring data into a storage medium internal to a computer or
computer system.

Interactive Mode: A procedure for communication between a
terminal and the computaer in which each entry from the ter-
minal elicits a response from the computer and vice versa.

Kilo(K): 1In reference to memory devices, kilo means 1024; e.g.
4K byte memory is actually 4096 bytes.

Line-Delete Symbol: A character input from the terminal that
deletes all preceding characters in the input line and itself.

Network: A series of points interconnected by communications
channels.

Noise: An undesired disturbance in a communication system
which can generate errors or spurious messages.

Null Line: An input line consisting of a carriage return
issued as the first and only information.

Off-Line: Pertaining to equipment or devices not under direct
control of the central processing unit. May also be used to
describe terminal equipment not connected to a transmission
line.

On-Line: Any operation performed at a terminal which is
actively connected to the computer.
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On-Line Data Processing: The input (and output) of data
(and reports) in a direct fashion to the computer over local
or remote communications lines.

OQutput: Data that has been processed; or the process of
transferring data from an internal storage to an external
storage device.

Password: The unique set of digits or characters assigned to
a user as part of his identification number in communicating
with the computer.

Program: A set of instructions or steps that tells the
computer exactly how to solve a problem.

Program Runs: A run refers to the actual execution or oper-
ation of a program.

Right Justified: In most cases data is considered right
justified when the right-hand digit or character occupies

the right-hand position of the space (field) allotted for that
data.

Software: Refers to the procedural specifications required
to operate computers as embodied in program code (as opposed
to the computing machinery or hardware).

Storage: A deneral term for any device capable of retaining
information.

System: Refers to a set of hardware, programs (software),
procedures, personnel, etc. required to perform a given task
or set of tasks.

Terminal: An input/output device designed to receive or send
source data in an environment associated with the job to be
performed and capable of transmitting entries to and obtaining
output from .the system of which it is a part.

Terminal Session: The period between a user's completed
log-on until he logs off.

Time-Sharing: A method of operation in which a computer
facility is shared by several users for different purposes

at (apparently) the same time. Although the computer actually
services each user in sequence, the high speed of the computer
makes it appear that the users are all handled simultaneously.

User: Anyone who requires the services of a computing system.
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Table A-2
GLOSSARY OF POLICE TERMS
Beat: Same as district,

Beat Identity: Same as district identity.

Call for service: A communication to the police originating from
a citizen, an alarm system, a police officer, or other detector,
reporting an incident that requires on-scene police assistance.

Dispatch assignment: A directive by the dispatcher to a patrol
unit assigning the unit to respond to the scene of a reported
incident or call for service.

Dispatcher: An individual who has responsibility for assigning
available radio-dispatchable patrol units to reported incidents.

District: An area in which one patrol unit has (usually exclusive)
preventive patrol responsibility. When districts overlap, such
responsibility is no longer exclusive, but each car's district

is the area in which it is expected to perform preventive patrol.

District identity: A term applied to an officer's personal
commitment to maintain public order and provide effective police
service within his home district.

Effective travel speed: That speed which, if constantly main-
tained over the path of a response journey, would result in the
same travel time as that actually experienced by the responding
patrol unit.

Flying: A term applied to a patrol unit responding frequently
to calls outside its assigned district (home district).

Hazard formula: A summation of crime statistics, geographical
statistics, and other factors thought to be important in deter-
mining the need for patrol units in a region. Each factor is
multiplied by a weight indicating its subjective importance.

Home district: The district in which a patrol unit is assigned
to perform preventive patrol.

Inter-district (or cross—district) assignment: A dispatch assign-
ment to a district other than the unit's home district.

Overlapping districts: Districts that share at least some common
regions, such as reporting areas. :

Patrol allocation: The entire process of determining the total
required number of patrol units, their spatial and temporal
assignments, and rules governing their operation.
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Patrol status: The condition of a patrol unit, particularly
pertaining to dispatch availability. In some police depart-
ments the dispatch status of a patrol unit is restricted to

one of two possibilities: available or unavailable; in others,
finer distinctions are made, including such possibilities as
meal break, auto maintenance, patrol-initiated action, station-
house, or type of incident currently being serviced.

Patrol unit: A patrol car, scooter, or wagon and its assigned
police officer(s); or a radio-dispatchable foot patrolman.

Preventive patrol: An activity undertaken by a patrol unit, in
which the unit tours an area, with the officer(s) checking for
crime hazards (for example, open doors and windows) and
attempting to intercept any crimes while in progress.

Reporting area: A subarea within a district sometimes no more
than a few city blocks in size, that is used as the smallest
geographical unit for aggregating statistics on the spatial
distributions of calls for service and preventive patrol coverage.

Region: A group of districts administered as an autonomous field
operations territory.

Sector: A term used synonymously with district in some police
departments.

Service time: The total "off the air" or "out of service" time
per call for service for a patrol unit. Includes travel time,
on-scene time and possibly related off-scene time.

Travel time: The time required for the dispatched patrol unit
to travel to the scene cf the reported incident from its location
when the assignment was received.

Utilization factor: The fraction of time, on the average, a
patrol unit would be busy handling calls for service if all
incoming calls were gueued until a car became free to handle
them. When hypercube analyses are run assuming a zero capacity
queue, the average workload will be less than the average
utilization factor.

Workload: The fraction of time, on the average, a patrol unit
is busy handling calls for service. (See also "utilization".)
In hypercube analyses, the workload generated by a district

is equal to the fraction of time a single car would be pusy
handling calls originating in the district if the district were
an autonomous region.
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APPENDIX B

SAMPLE TERMINAL SESSION ILLUSTRATING ANALYSIS OF A DISTRICT PLAN

The following annotated printout was produced using the inter-
active hypercube programs to analyze a district plan for a region
described by the region file LAWCITY. The comments added are in-
tended to clarify computer or user statements. Input to the monitor
was based on the following information about patrol operations
(See also Figure III-1):

(1) The terminology used to describe field operations in the
department is (in terms of hypercube's terminology):

district = zone

unit = car

atom = reporting bloc

calls for service = incidents
travel time = travel time

(2) Sevxvice time for incidents (including travel time) averages
22 minutes per incident.

(3) Incidents for the entire region arrive at an average of six
per hour.

(4) When responding to incident patrol cars travel at an
average of 20 mph, but while engaged in preventive patrol
they travel at an average of 10 mph.

(5) Dispatch policy is approximately SCM. When the car assigned
to a zone is available it is first choice for incidents
arriving in that zone. If no zone cars are available when
an incident arrives, dispatchers are instructed to assign the
incident immediately to a backup unit (e.g., a supervisor,
detective, or canine unit). It is assumed that enough backup
units are available to avoid any queuing of incidents at the
dispatching center. In general, the dispatchers assign
incidents to the closest car (unless the assigned zone car
is free, but is not the closest available car).

(6) The travel times associated with cars being dispatched to an
incident located in the same reporting bloc as the car was
when it received the assignment should be approximated using
the command CORTM = 0.90.
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(7)

(9)

When on preventive patrol the time spent by a zone car in
any »f the reporting blocs in its beat is proportional to
the workload in the reporting bloc.

Three zones, covered by one zone car, are to be used. Zone 1
contains reporting bloes 121, 131, 141, 151, and 161. Zone 2
contains reporting blocs 71, 81, 91, 101, and 111. Zone 3
contains reporting blocs 11, 21, 31, 41, 51, and 61.

Use the approximate hypercube model for the analysis. Display
all available output tables.



ety - e T Lt L LT R

Core must be set to at least 384
(thousand) to create or change a
[district plan.

10,55,47 »sET core 334 €
CEZR.300 08-15-78

- e -

10,57, 19 >MONITHEW e_____[Routlne for creation of a new district pilan,|

EMTER NAME OF RESION FILE'<I.E.» THE NAME OF THE FILE THHT

COMTAINZ REOSRAFHIC AND CALL VOLUME DRTA FOR EACH REPDORTING

AREAR IN THE RESION OF INTERESTI>LamcrrTy

EMTER HAME TO BE SIVEN TO THE NEW DIZTRICT PLRAN BEINH CREATED:DISTRFLAM

EXECUTIOM: \
+X1

This name serves 'as the name of
the coﬁbﬁ?er file which will contain
the description of the district plan.

— i

MzF-FAMHM IMTERACTIYE HYFERCUEE ZYIZTEM
MOMITOR HERE. WHEM IM DOUETs TYPE ‘7 .

THE IMTERRCTIVE MOMITOR UEES EZPECIFIC TERME TO REFER TO
REZPOMEZE WMITEs CALLE FOR ZERWICEs ETC. WHICH MAY BE
DIFFERENT FROM THOZE wOU ARE RCCUETOMED TO. WHILE THIZE
TERMIMOLOGY CAMMOT EE MODIFIED WITHIN THE MONITOR ITZELF»
IT IZ POZEIBLE TO FPROWIDE wOUR OWW TERME TO BE UZED IM THE
FIMAL HYFERCUBE QUTFUT BY UEZIMS THE "GLOSEARY" COMMAND
AFTER FIRST CREATINMG YOUR DIETRICT FLAM. DO YOU WAMT AN
EHPLHHHTIDH OF THE TERMIMOLOGY EEIMG LYEED EY THE MOMITOR?
STES

REFORTIMG RREA —— "REFORTIMG ARER" REFERE TO THE EMALLEST
BEOGRAPHICAL UMIT «TYPICALLY MO MORE THAM. A FEW CITY
BLOCKE IM ZIZE: FOR AGGREGATING ZTATIETICE OHM THE
ZPATIAL DIZTRIBUTIOME OF CALLE FOR ZERVYICE RAMD PRE-
YEMTIVE PATROL COWERAGE <REFERRED TO A= “ATOMS IN THE
"GLOSEARY " COMMAMDY .

DIZTRICT —-~- "DIETRICT" REFERE TO AM ARER IMN WHICH OME FATROL
UHMIT HAE PREVENTIVE FATROL RESPONEIRBILITY EYHOMYMOUE
TERM=E UZED IM Z0ME JURISDICTIOME INCLUDE "'EITDP" AMI
"BEAT"™ <REFERRED 7O A% “R_DIET" AMD “NM_DI=T-

IM THE "GLOZEZARY" COMMANI.

REGIOM —- "REGIDOM" REFERE: TO AM AREA COMPRIEZED OF OME OR
MORE DIZTRICTES THAT I® ADMINISTRARILY DISTINCT.
ALTERMATIVE TERMZ INCLUDE “COMMAMD™ AND “"PRECINCT. ™

UHIT -- “"UMIT" REFERS TO F PATROL CAR AND ITE AZZIGMED
FOLICE OFFICER<EY, OFR TO A RADIO-DISFATCHARLE FOOT
PHTEDLMHH fPEFEPPED TO AE “RUNITY AND “MM_UNIT”

IM THE "SLOZEARY" COMMAMD:.

CALL FOR SERVICE —-- "CALL FOR ZERVICE"™ REFERS TO & COMMUNI-
CATION TO POLICE REPORTIMG AM IMCIDEMT THAT REQUIRES
OMN-=CEME POLICE AEEIETRAMCE <REFERRED TO A% “CFE IM
THE "GLOZEARY™ COMMAMND: .
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IAVEL TIME -— “TRAVEL TIME" REFERZ TO THE TIME RESUIRED
FOR THE DIZPATCHED UMIT TO TRAVEL TO THE =CENE OF THE
REPORTED IMCIDENT FROM ITE LOCATIOM WHEM THE RESIGNH-~
MENT WRZ RECEIVYED (REFERRED TO A2 “T_CO3T” IN THE
"GLOSEARY" COMMAMDD .

.‘i'

EMTER COMMAMD: Liberal use of the "?" feature is made
»7 = during this run to demonstrate the program's:
tutorial capabilities. .

YO ARE NOW AT COMPMAND LEVEL.

THE COMMAND “LISTCMDEY LIETS ALL AYARILABLE BRAZIC COMMAMNDE.
THE COMMAND “LIETRDVCMDES LIETE ADVAMCED COMMAMDE.

THE MO2T FREQUEMTLY USED COMMAMDE ARE THE FOLLOWIMG:E

CREATE —- LEADZ THE USER THROWEH CREATION OF A MEW DIZTRICT
PLAM FILE. :
MODIFY ~- LERDE THE UIER THROUGH MODIFICATION OF AN ALEERDY

At some points, seemingly random to the
+erminal user, the computer skips a number
of lines before carrying on with a printout.
This has no significance.

R N R A )

EXIZTING DIZTRICT PLAM FILE.

COMFIG —-- LEADE 13 .* THROWSH MODIFICATION OF DISTRICT
COMFIGURATION

EUMMARY —-- TWPEZ OUT EUMMARY OF CURREMT PLAM IMCLUDING AMY
MODIFICATIONE: MRDE.

3AVYE -—- SAYET THE HMEW DIZTRICT PLAM FILE ANMND TERMIMATEE THE
MOMITOR PROGRAM.

AIT —— TERMIMATEEZ THE MOMITOR PROGRAM WITHOUT ZAVING THE
MEW DISTRICT FLAM FILE.

EWTER COMMAMND:
FLISTEMDS g ! Tists all other basic commands.

THE FOLLOWING ADDITIONAL COMMAMDE ARE AYRILABLE:

IMEPECT —-— LIET RANY REPORTIMNG AREAS THAT ARE NOT IM AMY
DISTRICT OR THAT ARE IM MORE THAM ONE DISTRICT.

FRINTDIET ~— PRIWT THE CURRENT DISTRICT COMFIGURATION.

WORKLOAD -~ MODIFY THE MUMBER OF WORKLOADS FOR MHICH
PERFORMANCE MERSURES RRE TO BRE COMPUTEDs THE BHZE )
ARRIYAL RATE OF CHLLE FOR EERVYICE. OR THE INCREMENTHL
ARRIVAL RRATE OF CARLLE FOR EERYICE.

CSEE UZERS MAMUARL, P. 23» FOR FURTHER EXPLAMATION OF
WORKLOADE, )

" TITLE ~-- MODIFY THE TITLE OF THE PLAN.
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FOLICY ~- MODIFY THE DIZPATCHIMGE FOLICY: SCMs MOMs EZCHMs EMCMS .
aF: HWL-¢“~“*——-1 Further explanation of policies appears later.

FRET —- DECIDE WHETHER THE DIZTRICT CAR 18 ALWAYS TO EBE
DIZPATCHED FIRETs WHEM IT IS AVRILABLEs TO CALLE IN ITE
DIZTRICT.

FUEUE —-- DECIDE WHETHER A RUEUE IE ALLOWED TO BUILD UP IF
MORE CALLE FOR ZERVICE RRERIYE THAN THERE ARE LMITE
AYRILAELE.

ZFEED ~- MODIFY THE REEPOMEE SPEED OF PATROL UMITE.

EMTER COMMAMI:
FLISTAD/CHDS <——1 Lists advanced commands.]

IM ADDITION TO THE “EARAZIC® COMMANDZs CREATEs MODIFYs COMFIGS
EUMMARY s ZRAVEs EXITs IMEPECT: PRINTDIZETs WORKLORDs TITLE. FOLICY
FREZTs RUEUE» AMD ZFEED. THERE ARE MOMITOR COMPMAMDE WHICH
FRCILITATE UW:E OF ADVMAMCED MOMITOR FERTURES <DESCRIBED IN
LEZER"E MAMUALY . THE FOLLOWING ARDWAMCED MONITOR COMMANDS REE
AYAILAEBLE:

ROJIET —-— RDIUETE THE CHLL RATE TO RCCOUMT FOR MULTIPLE
CAFR DIEPATCHE:E AMD-OR HOM-CALL-FOR-SERYICE LORK.

BACK ~- RAEZIGHE LRET DISPATCH PREFEREMCE TO A FRETICULAR
UHIT IM ZELECTED REPORTING RRERE.

_..—1Note the "underscore' symbol, a_reauired character here.

COMFRRE —-~ ESPECIFIEE THART FPERFORMANCE MERZUREZ ARE TO BE
COMPUTED AEZEUMIMG THE AYL DITPATCH POLICYs AND THAT
DIZPATCH ERROFR PROBABILITIES AZEUMING THE LDISPATCH
FOLICY IMFUT EBY THE UZER CI.E.s ECM» MIMs ERCMs EMCPHD
AFE TO BE COMFUTED.

B

CORTM —- SPECIFIEZ COMETAMT OF PROPORTIONALITY TO EE USED
IM COMPUTING INTRSA-REFORTING AREA TRAYEL TIMES.

D_ZCALE ~-- SPECIFIEE COMETAMT BY WHICH % COORDINRTES IN
RESIOM FILE ARE TO BE MULTIPLIED TO CONYERT THEM TO
MILEX=,

FROMT ~-— AZEIGHE FIRET DIZPATCH PREFERENCE TO A PRRTICULAR
HIT IM SELECTED REPORTIMNG ARERE.

GLOZEARY —- EZPECIFIEZ TERMS TO EBE USED IM HYPERCURE OUTPUT
TO REFER TO REFORTIMNG AREASs DIETRICTIS, REIPOMNIE UNITSE.
CALLE FOR ZERWVWICE. AND TRAVEL TIME.
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MIDDLE -— AZIIGNE A ZPECIFIC COET OF DIESPATCHING R PRRTICULAR
UHIT TO ZELECTED REPORTIMG ARERE.

HO-PEMT —— SPECIFIEER THAT OHMLY HYPERCUBE OUTPUT SHOWIMNG
REGIOM: UMIT, AMD DISTRICT EPECIFIC PERFORMANCE MERIURES
1z TO BE PRINTEDL.

FATROL -— XPECIFIEE THE EFFECTIVE PATROL E=FPEED OF RESPONZE
PHITS AMD REQUERTS THRAT THE FREGUENCIES OF FEEVEMTIVE
PRTROL PRESIMGE BE CRLCULRATED.

PRMT_ALL —— EPECIFIEE THART ALL HYPERCURE OUTPUT. ESCEFT
IMTER-REPORTIMS RREM TRAVEL TIMESs IE TO EBE PRINTEL.

FRMT_ATOM —— EPECIFIES THAT A TRELE IE TO BE PREIMTED
EHOWIMG ATOM ZPECIFIC PERFORMANCE MEASUREE. +

PRMT_CFZ —-— EZPECIFIEEZ THAT A TRAELE IE TO BE PRIMTED SHOWING
THE DISTRIBUTION OF CRLLY FOR EZERVICE BY REPORTING
- AREAR. »

FRMT_COET —-- ZPECIFIET THAT A TRBELE IS TO BE PRINTED
EHOWING THE EZTIMATED COET OF DISPATCHING ERCH REIPOMEE
JHIT TO EARCH REPORTIME HREA. +

PRHT_FPRTROL ~- EPECIFIES THAT A TRELE IE TO BE FRIMNTED
SHOWING THE HMUMEER OF PRTROLABLE STREET MILES IN ERCH
REPORTIMS FREA.

PEMT_EF_RLC ——- ZFECIFIEZ THAT A THELE I%® TO BE FPRINTED
SHOWIMG THE EPATIAL ALLOCATION AMOMG REPORTIMG HARERS
OF RESPOMSE UMITE WHEN AVHILAELE. +

FEMT.TR —-— SPECIFIEE THAT A TABLE I= TO BE PRINTED SHOWING
INTER-REPORTIM: AREA TRAWEL TIMEE. +

PEHT_TT —— EPECIFIES THAT A TABLE IT TO BE FRIMTED =HOWIMS
THE MERM TRAYEL TIMES OF EACH RESFONLE UMIT TO ERCH
we REPORTIMG ARER. #
o ‘
BRMT_WET ~— ZPECIFIEET THAT A TRBLE IS TO BE PRINTED.
THOWIMG THE YARIRKRELE SERVICE TIME ASSOCIARTED WITH ERACH
RESPOMIE UNHIT. -+

STATISTICS ~- SPECIFIES WHETHER HYPERCUEE STATISTICS ARE
TO BE CALCULATED USING THE EXACT MODELs THE APPROXIMATE
MODELs OR BOTH. }

STORE -- SPECIFIES-FHAT THE DISTRICT PLAM FILE 12 TO BE
SAVED WITHOUT TERMINATING THE MOMITOR.

ROy —— SELECTIVELY OYERRIDES CALCULATION OF INTER-
REFORTING RRER TRAVEL TIMES USING THE MANHATTAN METRIC
BY DIRECTLY SPECIFYING THE TRAVEL TIME BETWEEN PAIRS
.. OF REPORTING ARERS.

:?QST -~ RPECIFIEZ IHMDIVIDUAL RAYERAGE SERYICE TIMEE: FOR EACH
RESPONZE UNIT.
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+ THEZE COMMAMDE ARE ALED UEED TO SFECIFY THARAT TREBELET ARE
MOT TO EE PRIMTED. FOR EXAMFLEs THE USE OF THE
"PRMT_COET" COMMAMD AT A TIME WHEM A DISTRICT PLAN
DOEE= MOT CALL FOR THE PRIMTIMG OF A TARBLE OF DIEPATCH
COETE WILL CAUEE SUCH A TRELE TO BE PRINTED. OM THE OTHER
HEMD IF THE DIETRICT PLAM EPECIFIES THARAT THE TRBLE OF
DIZFATCH COETE IE TO BE PRINTEDs THE UZE OF THE
"PREMT_COZT" COMMAMD WILL EZFECIFY THAT IT IE MOT TO EE
PRIMTED. HOTE THAT UNMTIL THE USER INDICATEZ OTHERWIZES

HOME OF THE THREBLEZ MWILL EBE PPIQTE”. Note that thiS footnoote does
\ not apply to the PRNT ALL
_ _ command.
EHTEP COMMAMD 2 J
FCREATE Fome o -n~‘—~u_*~{§eg1n specification of dlStrlCt plan. [

EHTEP TITLE OF DISTRICT PLAM:

THE TITLE OF THE PLAM CAM BE fMYTHIMNGS ¥YOU CHOOSE AS LONG RS
IT I% OMLY OME LIME LOMS 8MD HAE A LENSTH OF S0
CHARACTERE OR LEZE.

MOTE: THIZ TITLE HAT MOTHING TO DO WITH THE MAME
OF THE DIEZTRICT PLAM FILE.X

ENTER TITLE OF DISTRICT PLAN: Use a title which will help you
PEAMPLE AMALVSIS OF A GISTRICT FLAM .| tO0 quickly identify the patrol
TITLE EMTERED: operations plan being studied.

CEAMPLE AMALYEIE OF A DIZTRICT PLAN
EHTEF PRTROL UMIT REZFONEE ZPEED:

T:FE THE REIPONZE EPEED OF THE PATROL UNIT IN MILES PER HOUR:
w20 ’
FATROL UNIT RETPOMZE SFEED EMTERED: 20,00

EHTEF DIZPATCH POLICY:

THE FIVE TYPES OF PATROL UMIT DISPRATCHING FOLICY ARE
ECMs MICMs EZCMs EMCM» AMD BAWL. DO 'vBY. WANT A MORE
DETARILED EXPLANATIOMNT: -

Y o-CLoL . ] R . "Y" may be used J.nstead Of "YES " J

SCM CETRICT CEMTER OF MAZEN S ~

CALL LOCRTION: ASEUMED AT CENTER OF DISTRICT ERSED OM CALL
FOR SERVICE ETATISTICE. )

UHMIT LOCATION: AZSUMED AT CENTER OF DISTRICT ERSED ON PRE-
YENTIVE FATROL COVERRAGE. ’

ESTIMATED TRAWEL DISTANMCE: FROM DISTRICT LEHTEP’FDR UNIT?

STRICT o R v, s §
TO DISTRICT CENTER (FOR CALL: This is the pollcy applL;;;E:i?1
MCM eMODIFIED CEMNTER OF MR:S) : «—]the sample analysis. ,

CHLL LOCATION:  ASSUMED RT CENTER OF REPORTING AREA.

UMIT LOCATION: PSIUMED AT CENMTER OF DISTRICT. BR3ED OM
FREVENTIVE PATROL COYERRGES. .

EZTIMATED TRAVEL DISTAHCE: FROM DISTRICT CEMTER <FOR UMIT?
TO CENTER OF REPORTIMG RREA OF THE CALL.

=

e
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WM (EXPECTED MODIFIED CEMTER OF MASSH e’

CARLL LOCATION: RAEEUMED AT CEMTER OF REPORTIMG AREA.

UHIT LOCATION: CORRECTLY DIETRIBUTED OWER REPORTING AREAS
ACCORDING TO PREVENTIVE PATROL COVERAGES.

EZTIMATED TRAYEL DISTAMCE: ETATIETICALLY AVERRAGE TRAVEL
DISTANCE FROM UMIT S REPORTING ARER <WEIGHTED RY
PREYEMTIYE FATRDBL COVERAGE:X TO REPORTING AREA OF THE
CALL.

[ %41

EZCM CEXPECTED STRICT CENTER OF MRAESM:

CALL LOCATIOM: ASSUMED DISTRIBUTED OVER REPORTING ARERSE
ACCORDING TO STATISTICAL PRATTERN: FOR CAHLLE FOR FERWVICE.

UHIT LOCATIOM: EAME AS FOR EMCM.

ESZTIMATED TRAVEL DISTRANCE: ETRATISTICALLY RYERRGE TRAWEL
DISTRMCE FROM UNIT S REPORTIMG ARRER cWEIGHTED EY PRE-
YENTIYE PATROL COVERAGE™ TO REPORTING RAREA OF THE CALL
CWEISHTED BY THE CALL-FOR-SERYICE DISTRIEBUTIOMS.

AL CRUTOMATIC YEHICLE LOCATIOM::

CALL LOCATIOM: HAYXUMED AT CEMTER OF REPORTIMS HARER.

UMIT LOCATION: HEEUMED. TO BE KHOWM USING A PERFECT
REZOLUTION WEHICLE LOCATIOM EYETEM. THUER VEHICLE LOC-
ATIOM IS AT CEMTER OF OME OF THE REPORTING REERE OF ITE
DISTRICTs THE PRRTICULAR REPORTING AREA ZELECTED PROBR-
BHLISTIDHLLV BR=ED OM FREVENTIVE PATROL COYERRGES.

EZTIMRTED TRAYEL DISTANCE: EXMACT TRAVEL DIETAMCE FROM .
PEHL~TIME REFPORTING AREA OF THE UMIT TO THE REPORTING
ARER OF THE CALL.

EMTER DISPATCH POLICY:
FSZM
DIZPARTCH POLICY ENTERED: =CM

e

1
1

o osp
HAMG

eCIAL PREFEREMCE FOR DISTRICT UNIT.
SEY¥:

HRREHTLY MO SPECIRL PREFERENCE IE 3HOWN FOR THE DISTRICT
UMIT. DO vyOU WANT TO CHAMGE THIS SUCH THAT THE DISTRICT
UHIT IS8 DISPATCHED FIRET WHEN IT IS AVYAILABLEs RESARID-
LEES OF OTHER FACTORE?:

l—) 'v" b

>aM
PLEASE TYPE “YEZ’ OF “MO": < An example of error correction by

ey the program,

FIRST FPREFEREMCE FOR DISTRICT umxzd

A gueue is a sequence of calls for
service awaiting dispatch by a
dlSpatcher ‘

SERO CHPACITY RQAUELUE, €—
CHAMGET: ’

-.."-.

- DO YOU WANT TO ASEUME THRT IF A CHLL FOR TEP IIE HFPI Eé‘
WHEN NO UMIT IS AVWAILRELE FOR DIZPATCH» THE CALL ENTERS
A RUELE TO WAIT FOR AN AYWAILABLE UMITY:

R [

‘MO CHANGE.
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IF YO WAMT THEM TYPE
OMLY EXACT ETATIETICE
OMLY APPROSIMATE STATISTICE
EOTH EXACT AMD AFFROSIMATE STATISTICE

g = =

o =

TWO CLASIES OF STATISTICS CRN BE GENERATED. ARPRONIMATE HND
ENACT. THE APFROSIMATE STATISTICS ARE NOT QUITE A3
RCCURATE AT THE EXACTs EUT THEY COME YERY CLOSE AND RARE
MUCH LEZE EAPENSIVE. ‘

TYFE "07s "1y OR “27:

=1
oMLYy RPPROSIMATE ETATISTICE WILL BE SEMERATED. ==
TO DEFIME THE DISTRICT COMFIGURATIONs EMTER THE HUMEBERE OF \\

THE UMITE AMD THEIR ATIOCIATED REFORTING AREAE.

IMIT MUMEBER®

FaMeE : . . c .
statistics -- see text for size limitations.

Note that larger problems cannot be handled using exact

++4% ERROR +ee
THE =TREING “0OME- CRUSED AN ERROR» ZINCE IT
=HOULD HAYE BEEN A MUMEER.
FLEARZE RETYPFPE WHAT IT ZHOULD HRYE EEEM:
|

PEFS7:

oo YoWw WAMT TO CROOZE YOUR OWN SET OF PREWENTIVE PATROL
FACTORE FOR THIE UMITY:

RZZ0CIATED WITH EACH REFORTIMG AREA IN A DIZTRICT MAY EE A
"PREVEMTIWE FPATREOL FACTOR: " AMNY NUMEBER BETWEEN 0.0 ANI 10.10
WHICH INDICARTEE THE RELATIVE FRACTION OF PREVEMTIWVE

FATROL COVERAGE THAT A/ REPORTING RRER WILL RECEIVE. A
REPORTING ARER WITH A FACTOR OF 0 RECEIVES NO PREVENTIVE
PRTROL COVERBSEs ALTHOUWSH CARE ARE =TILL DIZPATCHKED TO THE
AREA WHEM CALLE FOR ZERYICE COME IN. THE PREVENTIVYE PATROL
FRCTOR IZ ETRICTLY RELATIVE -- IF ALL REPORTING RRERS

IN A DIZTRICT HAYE THE SAME FRCTORs THEY WILL ALL RECEIVE
EGUAL PREYEMTIVE PATROL COVERAGE REGRRDLEEE OF WHAT THAT
FRCTOR Is. EQUIVALENT EFFECTE CAM BE ACHIEWED BY INCREREING
THE FHRCTOR OF OME REPORTING ARER IN A DISTRICT WHILE HOLDIMGS
THE FRCTORET OF ALL OTHER REPORTIMNG AREAE IN THE DISTRICT
COMETAMNT. OR BY HOLDING THRT OME FACTOR CONETANT AND REDUCIMG
ALL OTHERS IM THE DIETRICT.

(NOTE: IF PREVENTIWE PRTROL FACTORE ARE ZPECIFIED FOR A
DIZTRICTs THE PREVENTIVE PARATROL FRACTOR FOR AT LERST ONE
REFORTING AREA IN THE DISTRICT MUST BE NON~ZERO.)

JHE FREVENTIWE PATROL FRCTOR Iz OPTIONAL. IF 'YOU CHOOSE
NOT TO U=E THIZ OFTIOMs FREVENTIVE PRATROL WILL BE REIUMED
TO BE FROFPORTIONAL TO NMUMBER OF CALLS FOR SERVICE.
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0 vo WANT TO CHOOSE YOUR OwM ZET OF PREVENTIVE PATROL
FRCTORS FOR THIZ UNIT?:
30

FPF3 WILL BE FROPORTIONAL TO DEMANLD FOR SERYICE.
PEPDPTINb ARERE:

TYPE THE - MMBER (Z> OF THE REPORTIMNG ARER(S) GDVERED BY THE NEW UMET.

THE'Y Mﬂﬁg € SEFARATED BY BLANKS OR CErMMRS:

}lhl 131 141 151 1&1 . . . ' :
Indicates that a unit of data processing
MDPE LUMITS?: costs has been expended to this point.

p s - T -

UNIT NUMEER:

2

FPFES7?: T ) ) o
o h

I
=z

FFFS WILL BE PROPORTIONAL TO DEMAND FOR SERVICE.
REPORTIMG RRERS:
>F1s31:915 1015111

MORE UMITE?: —

’
}, W

MIT MUMEERS:

hop vy
ol

PPFE7:
LY ST

PPFE WILL BE PROPORTIONARL TO DEMAMD FOR =ERVICE.
FREPORTIME AREAZ:
211221331+ 31s51s51

MORE UMITST?:
RNl ]

EMTER FATROL UMNIT SERVICE TIME <IN MINUTES):
%fPE THE RAYERAGE TIME THAT IT TARKE:E R PATROL UNIT TO
COMPLETE A CRALL FOR ZERVICE:

l..l.-

ZERVICE TIME ENTERED: 22.10

K

ENTER MUMEER 0OF WDORKLDOAD LEVELZ:

s
O .

vOU MAY WANT SEVERAL SETS OF STATISTICS GEMERATED. EACH
SET WILL CORRESPOND TO ONE WORKLOAD LEVEL <IN CALLS FOR
SERVICE PER HOUR) FOR THE ENTIRE RESION.  ¥OU WILL NEED
TO CHOOSE THREE THINMGS:
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E

1» THE LOWEZT ARRIYAL RATE OF IMTEREZT OF CALLE FOR
ZERYICE PER HOUR.
20 AN IMCREMENTAL ARRIVAL ®ATE OF CALLS FOR
SERVICE PER HOUR.
) THE NUMBER OF ZETE OF STATISTICE THAT YOU WRMT
PRIMTED OUT.
FOR EXAMPLE. IF YO CHOOZE S.0 A% YOUR LOWEST ARRIVAL RATE
AMD 2.0 RS YOUR INCEREMENTAL YWRLUEs AND YOU EPECIFYs ZAYs 4
ZETE OF TRBLEZY THEM TARELE: WILL BE PRINTED OUT FOR CALL
FATEEZ OF &.0s Z.0s 1000y AMD 12.0 CRALLE PER HOUR.
IF w0 OMLY WANT OME ZET OF STATISTICEs YOU MEED NOT
EFECIFY AM IMCREMENTAL ARRINAL FRATE.

EHTEH MUMEBER OF WORELOAD LEVELE:

1 otll—

HHHBEP JF WORKLOAD LEVELE EMTERED: 1

EMTER ARRIVAL ®ATE OF CALLE FOR SERYICE <HUMEER OF
CALLE PER HOURY: - . S

e p " '
ARRIVAL FATE EMTERED: &£.0 Analysms requires only one rate.

Printed automatlcally at thff}
SUMMARY OF DISTRICT PLAM point. |

MUMEER OF UMITE: 3

MUMBER OF REPORTING AREAE: 1&

TITLE OF PLAM: =AMPLE AMALYEIE OF A DISTRICT PLAN
FRTROL UMIT RESPONSE ZPEED: 20.00
MUMEER OF WORKLOAD LEWELZE: 1
FHTROL UMNIT EERYICE TIME:S SE. 0
HMUMEER OF ChRLLE FOR ZERVICE PER HOUR:
DIZPATCH POLICY: XCM

DIZTRICT CAR FIRET.

[ £

ZERD CARRCTITY QUEUE.
ETATIETICE GEMERATED: ONMLY APFROSIMATE ETATIETICE

ALL REFORTIME AREAE APPEAR IN AT LEAST OMNE DIZTRICT.

MO REFORTING AREAT AFPEAR IN MORE THAM ONE DIZTRICT.

— r——— R

J Used to enter caxzs' preventive patrol
velocity and tqﬁrequest printing of
preventive patrol passing frequen01es in
the outpuf

femtoan v v e [ L T T e S T T T it

ENTER COMMAMND:
FRATRAOL W < -
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¥OoLLOW “PATROL PBY THE EFFECTIYE PATROL SFEED.

£.5. ‘PATROL 10.07 <—— Computer explains
' that command has
MO PATROL CARD WILL BE ENTERED. not been properly
entered.
o AN s L ,
EEEESULDTQHHD 'Used to indicate that intra-reporting
area travel times are to be based on
PREVEMTIVE PATROL SPEED:1p.ge /2¥ed (square miles).
1Computer explains
that command has not
EMTER COMMAMD: been properly
SITORTH € U, { )/ entered.

FOLLOW “CORTMS BY THE PROPORTIOMALITY CONZTANT.
E.5. “CORTM .B57"

MO CORTM CARRD WILL BE ENTERED.
ENTER COMMAMD:
FoarTM .20

CONSTRNT OF PROPORTIOMALITY: O.300

EMTER COMMAMID: : : -
Y ELOSESART < Routine to specify terminology
‘ | to be used in hypercube's output.

OFTION:
b

THE FOLLOWING OPTIONS ARE AWAILABLE:
LIST THE GLOESARY

ENTER OF CHAMSE R_DIST

ENTER OR CHARMSE HTOM

EMTER OR CHAMSE R_UNIT
ENTER 0OF CHANGE T..COST

ENTER [}R CHRMGE CF3

EMTER OR CHANGE MM_DIST

ENTER OR CHANGE MNM_UMIT

50 BPACK TO COMMAMD LEVEL

WO U A Q-

TYPE THE MUMBER <1-3> OF THE OPTIBM YOU WANT:
R RN R & - Used to check if any terms have been
previgusly specified.

IF MO "DEFIMITIONM". HAT EEEN SUPPLIED» THE HYPERCURE OUTPUT

WILL LISE THE ONE LISTED IN THE UEER’E MANUAL. ‘

(SEE URER’3 MANUALs P. 3% P

g

R_DIST: NO USER DEFINITION
ATOM: NO USER DEFINITION

R_UHIT: HO UWEER DEFINITIONM
T_COET: MO USER DEFINITION
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CFEZ: MO UEER DEFIMITION
MM_IHIT: MO UEER DEFINITION
MM_DIXT: HO UEER DEFIMITION

OFTIOM:

TYFPE © 2 CHARACTERE OR
P EIOME

R_DIZT: S Z0OME

OFTION:

T
]

TYFE. ¢ 3 CHARACTERE 0OF
FPRET EBLOS

ATOM:  “RPT ELOCS

OFTION:
e

TYFE 012 CHARACTERS OR
PZOME AR

F.UMIT:  “ZOME CAR

OFTION:

.y, Fomr
5

TYFE €18 CHARACTERE OF
> TRAVEL TIME

T_COST:  -TRAWEL TIME

OFTIOM:
S

¥
TYFE <12 CHRARACTERE 0OF
FIMZIDEMTS

CF=:  “INCIDEMTE

OFTION:

LN

TYPE « & CHARACTERLZ OR
FZONE CAR

MM_UHIT:  “S0OME CARY e

OFTION:

TYPE + 8 CHARACTERE OF
»ZaME

-
m
178
i)
gL
!

=
-4
]
-

LEZE) ATOM:

LEZEY R_UMIT:

LESE) T_COXT:

LEEEY CFE:

LEEZEY PNM_UMIT:

Entry same as "R _UNIT."

b e L

LEZEY NM_DIET:

Entry same as "R _DIST"

e
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MM_DIAT: “Z0OME *
OPTION:

>3

EMTER COMMAMI:

SERIMT ALL

UMEMOWM COMMAMD:  PRINT-RLL

ENTER COMMAMD:

Requests printi o
S S p— quests g ng of all output tables,

often useful on a first run.

ALL HYPERCUBE ETATISTICS WILL BE PRINTED.

EMTER COMMAND:

PPUMT-TR @¢—— | Printing of the travel time matrix
mast be requested separately (not
covered by PRNT ALL)

TRAYEL MATRIX WILL EBE PRINTED.

Spe01flcatlon of the dlstrlct plan

FTTEE COMMAMD: and type of output desired is now
FEALE <% complete.

DO YO WANT TO COMPUTE THE OUTPUY MERESUREES AT

THIZ TIME?: v

ENTER MAME OF REGION FILE {I.E.s THE MAME OF THE FILE THRAT
CONTARINE GEOGEAPHIC AMD CALL WOLUME DATHA FOR EARCH REPORTING

AREA IN THE RERION OF INTEREET:sremcITy

EMTER MNAME OF DISTRICT PLAN <I.E.. THE NAME SIVEN TO THE DISTRICT
PLAN CREATED UZING THE MOMITNEW OF MONITOLD COMMANDG >orsrteeaM
ALL OUTPUT RERUESTED IN DIEZTPLAN CAM BE PRINTED AT YOUR TERMINAL
AS IT 1% GEMERRTED BY THE HYPERCUEE FROGREAM. 0OF 1T CAN BE

STORED FOR LATER RETRIEVAL. DO YO WANMT THE OQUTFUT ETOREDY:mo
EXECUTION:

¥

it g 20 20 SRR v PP e R

Output from hypercube analy51s of the
district plan follows

R e i R

Ca e e A
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INCIDEMTE

FHTROL

1
1

1z
1.

1

15

i

11
=
21
41
=1
=1
71
=¥ |
21
101
111
121
131
141
151
151

11

21

=1
41
a1
=1
71
=1
31
01
11
=1
=1
41
1
izl

r'

DIZTRIBUTIONS

14&7'

G b

o, ovel:
0. 0571«
n. oz
0. 0475;
0. 02257
0. 01
0, 0o
.0

A3 0 ~) l'l:x =3 T Je ] 1'7'- [xit
S B S A E R ¢ rn

b

]
]

i T

»

= U1 )
x|

L

i S e

o

P
]
D e |

[ Y

B )]

M0 =) fu R LTV RE STk Rt RN

BY RFT ELOC

/

This table appears in the output
automatlcally only when a preven-
tive patrol
in the district plan.

spaed has been indicated

AN R R OO YR

Dl e T 13 00 Ju [ Y

[ ma i v

fme N v}

DO R s RSV R S VI P VRN | (Y]
foou % s e B o A o B e o

-

=

Dt 1
e B

e

20
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"TRAVEL TIME MATRIX:

RPT BLOC MUMBER: ORIGIN

11
21
21
41
51
=31
1
21
31
101
111
121
131
141
151
151

EPT BLOC MUMBER: ORIGINM

11
21
31
41
=i
91
71
31
31
101
111
121
iz1
141
151
S 151

EFT ELOC HUMEBER

i1

L]
O R O NI e I B I T VIR SN B Y :L-.

[ S I T 3 B N 5 S NS T I o O S Y T B Y
DUV W T O L R OOl I N SR A R ]

DOCRIC ]
L '
—

(KRR W Oy L N Sl O 8 £ N S 3 B I

B D R N (Y

1 b et
» E ]

KRN NN (R

x

(DK At Rt B SRR B SR B (XN 1 B W S £ N B B

ST

|
|

BLOC

INTER-RPT ELOC

a1

1.8
(.38
1.5
1.54
17
01

(B X Y]

—
]

L]
t

OO G 0 3 0 T
W 0T O e e D0 00 U TG T = o e (O

Sy

LR

o FE .

LT3 .

&

Iy
5.13 .
5.15 .
B, 3

S

(gl
.

1 1

41

e

.
3 M0 e o e Jo ofs o 0 00 UG O T = PO

To Mo Mo o 0l f

DS L0 O T 3 <Y

e O ST e T U] = B

E R VNS W o B S OO o N 5 I w I R X

P
a8
Bl
"« a &

-
"

i et b
LI R )
[y

- w

DEXTINATION

o1

335

Vo g B

B =~ 00 T 03 £ T =3 0

fl-'- - = oo OO~y

1

0 DD e Fgo=ed =3O e 00 O =) 0N

t

L3 W TRy

;:‘I .l::ﬂ
El EI
30 D
2.5 =

PR N S AR XA Y

41

=
a F orud
I
. e
W L
)
L)

1

.0
)
L2
=1
-

»
lj'l

Fo o £ 00

= Ja

NN B o 100 00 N0 0 e e U e e s e G
G s D e T

MUMBER: DEETINATION

111

O Ja DO Je =g D0 D T T s Jn

DY IS W X OO # K

)
)
. O
31
.23
1.325
1.02
2 07
1.22
1.323

Matrix continues on next page.
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RFT ELOC MUMEBER: ORIGIM FFT ELOC NUMBER: ﬁEETIHHTIDN
131 151

11

111
111
121
121
141
151

. .
21 . .
21 = .
41 S .
=1 Da .
51 . .
71 .
@ 4.
ED 2

1

1

0

DO SR I (X W e AN ) B Y N o | Y R CY

D7 I SN X IR O PN BEN I Wl 1 N U B o i Y
e A o e R N O R O I s S O

I DWW e oD U
et B PR X RS U RO SR SRS Bt B R S SN U

11 1.77 .21

MEAM TRAYEL TIMEZ FOR ERACH Z0OMNE ZAR
TO EARCH RRPT ELDOC

RET BLOC I OF Z0OME CHE

In

40 SOME CHRE ZOME CRR ZOME CAR
1 2 :

X

11 IR F.71 1.82
= .3 .25 1.4%
31 =, 0 S. 02 2.3
41 4, 35 c.11 1.31
51 S.31 2.0 1.4
51 Se&T 2.3 1.3
v 4.2 1.325 c. 13
=1 v 1.31 230
1 ce 52 1.22 .31
101 SRt 1.21 3.320
111 1.54 ol 0l .71
121 » 5 .3 4,32
121 0,33 2.3 S.73
141 1.74 I IS T. ol
151 1.41 ] =, S
151 1.35 e 5. 03
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STRICT CENTER-OF-MAZE DIZFATCHING

FIREZT PREFERENCE AZZIGHED TO ZOME CAR
REZE0CIATED WITH EARCH

EZTIMATED

T

RET BLOC

ID

0 Z0OME

11
21
=1
41
31
&1
71
21
3!
101
111
121
131
141
151
121

1D OF

By

v T
I~)

0 g

z w =
]

-

oo PG N0 TGP0 Do Dl O3 D0 5 00 oo

Do 0 Ol 0 O3 T T

O DU LI OO O )

[}
LI

o}
-

0. 00
0. oo
0. 00

SOME CHRE

RFT BLOC

I OF

HO. ZOME CAR Z0OME

11
=l

-

41
a1

=1

21

1
101
111
121
131
141
151

151

1

o. a0
0. 00
0. O
0. 0o
0. oo
. 40
.00
.00
]
0. 00
0. 00
n.10
0,05
.10
.23

n.50

ZOME

OMNE CHR

LI |
UL

o

0,

CRORCR AR
(]
[ e

I
. o0
0. 00
0.
n.

o

Dy Ns Mg ne oo

Fafa Do Moo

Dot 0 e D DO

ZOME

"CO=T" OF DISPRTCHIMG I-TH ZOME CHE
JoTH RPT BLOC

AR

ZOME CHE

S,

.00
0. o0
o, an
.o
o O
nn

®
L

[
DO
J o

DI I S F O (K X
1,

o
= 00
L

[ Y
] -

[ A

ZPATIAL ALLOCATIONMs WHILE AWAILAELE

0ONE CAR

CHE

L=

O.00
0. 00
0. 00
. 00
0. o0
0,00
0,32
0.24
.12
.20
0.12
0. 00
0.0
0.00
0. 0n
0. 00

ZOME

I
3

0,25
.20
1
0.1z
0.17
0.1z
0. an
o, a0
]
0,00
0.0n
o, oo
0.0
0, oo
0. an
0., o0
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PROBLEM TITLE: ZAMPLE AMALYZIE OF A DISTRICT PLAN

+ ITERATIVE APPRO<IMATION METHOD UZED +

HUMEBER OF ITERRTIOMEZ REQUIRED: 4
MO GEUIME ALLOWEDs EBEACK-UP IYETEM FOR OVERFLOWE AZIUMED
UM MUMBER: 1
ZOMHE AR -+« TOTAL MUMBER OF = =2
RFET BLOC  ...TOTAL MUMEER OF = 14
AYERAGE ZERYICE TIME= 22.00 MIMUTEE
AYERRGE MUMBER PER HOUR OF INCIDENTS = 2. 000
AWERAGE NUMBER PER 22,00 MINUTEZ OF INCIDEMTE ’ = Z.20n
IFEED OF PATROL= 10,00 MFH
HYERAGE UTILIZATION FROTOR

CIM THE CAZE OF UMLIMITED LIME CAPACITY)= 0,733

REGIOM-WIDE AYERAGE TRAYEL TIME= 2. 628 MINUTEE
FROEBREBILITY OF SATURATIOM= 0.23333

FESIOM-WIDE AYERAGE WORKLORD <X TIME BUSY)= 0.35734

ETAMDARD DEYIATION OF WORKLOAD= 0,070

MASIMUOM WORELOAD IMEALAMCE= 0O, 12572

FEARCTION OF DIZPATCHEE THARAT ARE IMTER-ZONE = 0.43330
FEGIOM-WIDE AVERAGE FATROL FREQUEMNCY= 0.252 PRATIES PER HOUR

FERFORMAMNCE MERIUREZ THAT ARE EFECIFIC TO EACH ZONE CAR

ID OF ,
ZOME  CHE FRACTIOM OF
WORELDOFAD *» OF DIEZPATCHESR % OF AYERAGE
HAME MO 0OF UHIT MERM OUT OF Z0ONE MERN TRRYWEL TIME
ZOHE CAR 1 N30 == | 3511 122.3 2.510
ZOHE CRR s N.573 13,2 L5124 1356.5 ISR T )
ZOME CHR 2 S 110.7 oi2d 47 .3 .17
FERFORMAMCE MERIURES THAT ARE ZPECIFIC TO EARCH ZONE
ID OF |
- 2OME : FRACTION OF
WORKLORD » 0OF DIZPATCHEZ % 0OF AVERRARE
MRME MO OF Z0OME MEAM INTER-~-ZONE MEAM TRAYEL TIME
ZHE 1 f.913 57.1 « 31ES .6 2.257
Z0OME 2 0.524 71i.4 <3405 3.2 2.113
ZONE ] 1.257V 171.4 354 110.5 E.Bgﬂ }



PERFORMAMCE MEASUREZ THAT ARE SFECIFIC TO EACH RPT BLOC

1D = WORKLOAD AYERASE  FRESUENCY 0OF
EPT BLOC oF TRAYEL FREVENTIVE PRTROL
RPT ELOC TIME PREZEIMEE  cssHOWRD
CRCRLLE-1 00HRS

11 25,71 2. 302 b.13
=1 S2.57 e U0E .21
21 40,00 F.255 0.14
41 45,71 2578 0.11 .
51 57.14 2.423 n.12
&1 45.7 Z.a0n .21
7 45,71 2. 03 0.47
=1 . =329 2. 035 0.24
=21 Teld 2. 071 n.12
101 23,57 .01z .21
111 1v.14 e O.13

.13
n.17
.oz
D.=0
0.21

121 11.43
131 .71
141 11.43
151 22,357

151 ar.ld

o Moo~ nax
M e o 000 11
FOCIE R OB SRS B ]

B Moo 00 03 0

PERFIRMANCE MERZURER THAT ARE =PECIFIC TO ERCH RPT EBLOC

10 = FRACTION OF IMCIDENTS
RPT EBLOC FROM RPT ELOC
ZERVICED EY UMIT MUMEER:

1 = K]

11 n.20 .20 0.510
=1 0.20 0,20 .50
=1 0.20 0,320 .50
41 0.20 0.30 .30
a1 n.20 0. 0.30
51 o.2n 0. 0.50
vl .13 0. 0.3

N LN Dl G
Ty Ty D

o D fo Do Fo ol O oy

a1 0.12 0. 0. 25
31 .12 . 0.25
101 n.19 . 0,25

111 .19 0.

121 H.es 0.

131 O.53 o.

141 .53 i

121 .83 0.

151 1,83 .
AL DOMNE

0.25
.10
O.10
0.10
.10
: n.1in

(ORI

L DO (]

i
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Core is automatically reset to 256 after
output is printed. Don't forget to change
it to 384 or more if further creation or
modification of district files is to be
_carried out.

‘To illustrate the type of information produced by the monttol
program for input to the hyperuube program, the district tile
created for the sample analysis is listed below. Users

of the "batch" hypercube program must format this information
manually, without the monltor, and 1nput 1t on punch cards.

T ares e e, e AT v e g P St 4 e At Y o

11 40,45 FPRIMTF DISTRLAN DRTA

fMl= 3 R = 1s MUM = 1 ESTEZTAT = | H
“ELOZEARY

R_DIZT = “Z0OME

ATOM = “RPT RLOCC

FLUMIT = “Z20ONE CRR ”

CFZ = “IMCIDENTS 7

MM_UNITC 1> = -“FOME CARR”

M_UMITE 2 = “Z0O0ME CARY

MM_UMITC 3 = “ZOME CRR-

HM_DIZTC 13 = “ZOME ’

MM_DIIETC 2» = “Z0OME ’

MM_DOIZT 3¢ = “ZOME g

HO_MITY 1 = 1

HO_DIZT« 1> = 1

NO_IIMITC 23 = a2

MO_DIZTL 2 = 2

MO_UMITE 30 = ]

HO_DIETC 35 = a3

"TITLE~" TEAMPLE AMALYSIE OF A DIZTRICT PLAN o
PRMT_ZP_RLLC

PREMT_CFE”

TPRMT_WET-

PRMT_PATROL -

PRENT_TT”

“PEMT.CO=T”

“PREMT_.TR”

“RTOM_MOC

“LAM- :

e 1 5 121 121 141 151 181
= 2 5 V1 =1 31 101 111
= 2 S 11 21 31 41 51 &1
“D_ZCRLE" 1.000

“ZPEEDC &0, 00

“FATROL~ 1a.0

TTHS

“CORTH S 0,300

CTOM

“FRET*

TEERMTMA 2.0

RN &L 0N n.an
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APPENDIX C

DISTRICT DESIGN EXERCISES
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Exercise 1. MEASUREMENT OF GEOGRAPHIC DATA

Figure C-1 is a map of a sample police district. A coor-
dinate system has been superimposed on the map with a distance
scale (the unit of measure is miles). The police district is
divided into 16 reporting areas. Using Figure C-1, locate the
approximate geographic center of each reporting area, determine
the x and y coordinates of each center, and estimate the approxi-
mate size in square miles of each reporting area. Récord these
measurements on the worksheet contained in Figure C-2. Also,
approximate the number of patrolable street miles in each report-
ing area by multiplying its area, in square miles, by 35. Enter
this information in the appropriate column in Figure C-2.

(The solution to this exercise is shown on page 176.)
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MAP OF SAMPLE JURISDICTION
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Reporting Area

X~coordinate .

Y-coordinate

Size (sg. miles)

Calls for service

Est. street

-£LT-

Number miles
11 105
21 84
31 49
41 56
51 70
61 56
71 56
81 42
91 21
101 35
111 21
121 14
131 7
141 14
151 35
161 70

Figure C-2

WORKSHEET FOR RECORDING GEOGRAPHIC AND
CALL VOLUME DATA FOR THE SAMPLE REGION



Exercise 2. CREATION OF A REGION FILE

¥

Using the data measured in Exercise 1, create a region

file for the sample police region by following the procedure

described in Chapter VI above. Include each ot the following

steps:
<]

®

input the data ({give the file the name "LAWCITY"):;

list the region file after all the data has been
input;

verify the accuracy of the entries in the 'file;
and

correct any errors.
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CEE OMLINE — CHIL & Logging on.

FLIME MIEE HYFER

FRZ=WDRED: '
BREHEEEEE

A IMFO:

SEMERCISES £ Data processing cost
M1E& READY AT 16.56.5% OM  03HOVTS account is calied
TCERELE00 ODESIBST "EXERCISES."

16,5646 3 NEWRES & | Creation of a region file
ENTER MAME TO BE SIWEM TO THE REGION FILE EEING CREATED:UsmctTv|from scrat.
MEW FILE.

?
T

fu—ry
Y

T Q0 0 ) =0 00 s

.
1

SIREX

1 141
e 151
161

ek
X
s
i

THFLIT . _
- __lb L o _ . . 4€—]Initial line indicates
nnit .25 0.,su0 0, 14= 105 e number of reporting
21 0.E3 0 0057 0105 =4 ¥ areas. Each subsequent
=1 0, e 0.3E 0,090 342 3. line gives a reporting
31 1. 03 D.EF7  0.13E bl =3 4.5 area's identifying
=1 A 0,30 0,142 Fly Tel number and related data.
=1 . 4= 1. 04 0. nes S5 .3 .
V1 0.25 1,15 0, 0Es bl &
=1 i.1¢ .93 no.ing 4z I )
1 1.33 1.13% 0,024 =1 Z.9
101 1.1 1.3 n.11s a5 4,
111 1.:22 1.5 0. 102 ol i
11 1,53 1.4 0. 0Fs i4 .
121 1.57 1.6 n. gz v 1.
1,832 1.4 g =
1.23 1.7 4
1.4% 1.9 3

Moo [0 e = 0]

Lo O 00
.
D}
gDyl
e

Signal that data for fina._
reporting area have been
entered.

s €
EDIT:
SPFILE

1 &——|Listing of just created
aal .25 N.o0  N,148 105 3.2 . {file for verification of
2 Q.63 .57 0.108 . DT entries. Note errors for
o 0, 0,35 0,030 G0 3.2 reporting area 11, 31, 14
4 i.03 0.7 n.138 =1 4.8 -
= .53 .50 0.142 ERL .0
.43 1 0. DES SE .
0,25 i. o, = .
c 1. o.i04 .
= . 0. =g .

n.11e
.10
0. 075
. 142
R )

IO IO D B O O W S S

Dn R K I B B I N

(o O (O O
=] Ja = 0 o= [0 T

g ROOCROTNOR) R BOCHE S e SN X <)

—t
a

HHP‘HHHF—‘H'—*H)—*HHHHHIJ'I

oo Doy e o O o0 20 i
L Fu T T GO0 Ja T 00 Pl g

T N T e el
[ B I OO N IR AR S SRS £ N R B BN A
[ T el o B Y B o
L] L] L] L] -
[ N T I T N S )
« v o

. n.124 =9
0, s i .

KT IRy B s B U R TS N B I Y N 1
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Routine for correctlng
17.22. 02 »ooRREs 4 individual lines in a
EMTER MAME OF RESIOM FILE TO BE CHAMGED:LAmCITY reglon flle

ELIT:

o F11E

o1l n.25 n.an g.14= 105 5. v < Correct llne er area ll

R 11 0,23 o.a0. 0019 105 Sz e e
=L EILE )

21 0,2z 0,58 0,030 g4 3.2 fme e o memen vt rm e
ky= =1 o, as .35 0. o020 = = e-__CorreCt line for area 31.
= F1 141F T o T
1 141 1.23 1.42 0. 084 14 2.3 Lo o
e 141 1,23 1.492 0. 086 14 Ta.s ¢—Correct line for area 141.
FFILE
oo vwou WEMT LAWCITY LIETEDY:ves

1&

11 . Y T I i 105 z

=1 0. .57 0.108 3 il

a1 n. o.=s 0,020 ) =

41 1. 0.&7  0.133 &

51 n. o, S 0.142 I

—

. 0g 0. s

1

P B
PR

71 1.13 R
=21 .35 0. 104
=R 3 ., =g
101 S n.11e
111 i ]

o
I
OO S S R N | B I 0 ) I O

U T
] (I ot
i
PR

121
121
141
131
11

W= oo ) = Ty 1T

O N
T 'I.
T [

O
iy

—
RO IR St I 1 ORI S el 1 S St & B Y B R O WX
—
]
DX
l_

T e D0 =g 00 0 D G T O D eD D0 00 L

o o Do il JJa 0G0 D0 Nd N fo 1'_._'1"1'_l1
Foe o Gl O =) 20 = n T D Lo O

= b et b b b bl
[
e i o S S e D
- s s 8 5 3
LYW B OT s O R OO R B Y i

— -

2D

]
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Exercise 3. CREATION OF A DISTRICT PLAN

Use the procedure described in Chapter VI to interactively .

enter patrol, dispatch, and district data into the computer.

Use the region file created in Exercise 2, and the following

information:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Service time for calls (including travel time) averages
30 minutes per call. :

Calls for service for the entire reglon arrive at an average
of three per hour.

When responding to a call for service patrol cars travel at
an average of 15 mph, but while engaged in preventive patrol
they travel at an average of 7.5 mph.

The terminology used to describe field operations in the
department is (in terms of hypercube's terminology):

district = beat

unit = beat car

atom = reporting area

calls for service = calls for service
travel time = travel time

Dispatch policy is approximately MCM. When the car assigned
to a beat is available it is first choice for calls arriving
in that beat. If no beat cars are available when a call
arrives, the call is held by the dispatcher in a first-come-
first-served queue until a car becomes available. In general,

“the dispatchers assign calls to the closest car (unless the

assigned beat car is free, but is not the closest available
car).

The travel times associated with cars being dispatched to a
call located in the same reporting area as the car was when
it received the assignment should be approximated using the
command CORTM = 0.667.

When on preventive patrol the time spent by a beat car in
any of the reporting areas in its beat is proportional to the
workload in the reporting area.

Three -beats, covered by one car each, are to be used. Beat

1 contains reporting areas 11, 21, 51, 61, 71, and 10l1:. Beat
2 contains areas 31, 41, 81, and 91. Beat 3 contains areas
1131, 121, 131, 141, 151, and 161.
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When the district plan has been entered into the computer use it
to run a hypercube analysis which prints out all available output
tables at your terminal but whose output. is not stored in the

computer for later use.
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0.5 1.00 1.5

Miles -

Figure C-3

MAP OF SAMPLE JURISDICTION
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11 ‘4‘-5-2'5- ::-_:ET cORE 324
CEZ. 200 DE-15-T8

11.453, 02 FMOMITHEW :

EMTER MAME OF RESION FILE ¢I.E.s THE MAME OF THE FILE THAT
COMTAIMNE SEOGRAFHIC AMD CALL YOLUME DATA FOR EACH REFORTIMG

AREA IM THE RESION OF IMTEREET :>rL@Ew oIty '

LA DOEE MAOT EXIET. EMTER MAME OF RESION FILE LswzIow

EMTER MAME TO EBE GIWEM TO THE MEW DIETRICT FLAM EBEEIMG CREATED e« 3
E-ECUTION:

MEF-RAMM INTERACTIVE HYFERCUEBE S¥IZTEM

MOMITOR HERE. WHEM IM DOUBTs TYFE ~7°
THE IMTERACTIVE MOMITOR USEE, ZFECIFIC TERME TO REFER TO
RESFOMZE UMITSs CALLE FOR SERWICEs ETS. WHICH MAY EE
DIFFEREMT FROM THOZE *0U ARE ACCUSTOMED TO. WHILE THIZ
TERMIMOLOGY CAMMOT EE MOWIFIED WITHIM THE MOMITOR ITZELF.
IT I3 FOEZIELE TO PROVIDE YOUR OWH TERMZ TO EE USED IM THE
FIMAL HYFERCUEE DUTFUT EY UZIMG THE “GLOZZARY " COMMAMD
AFTER FIRET CREATIMG YOUR DISTRICT FLAM. D0 YO WAMT &M
EXFLAMATION . OF THE TERMIMOLOGY EEIMG USED Ev THE MOMITOR?:
4 . .

EMTER COMMAMD:
FPIRERTE

EMTER TITLE OF DIZTRICT FLAM:
FESERZIZE 2 - 3 CARS IM LAMCITY
TITLE EMTERED: '
"ERERCIEZE 2 - 3 CARE IM LAWCITY

EMTER FATROL UMIT EEZFOMZE =FPEED:

#13

FETROL UMIT REZFPOMEZE ZFPEED EMTERED: 15,00
EMTER DIZFATCH FOLICY:

F T

DIZFATCH POLICY EMTERED:  MCM

MO ZFECIAL FPREFEREMCE FOR DIZTRICT UMIT.
CHAMGET:

FIEEZT FREFERENCE FOR DIZTRICT UHIT.
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ZERO CAFRCITY QUEUE.
CHAMSET:

R

IMFIMITE CRPRCITY QJEUE .

IF ¥0OU WANT THEN TYPE
OMLY E#ACT EZTATIETICE 0
oMLY APPROXIMATE STHTIETICE 1
BOTH EXACT AND APPROXIMATE ETATIETICE 2

»1
OHL'Y RPPROAIMATE STATISTICS WILL BE GENERATED.

TO DEFIME THE DISTRICT CONFIGURATIONs ENTER THE NUMEERS OF
THE UMNITE AMD THEIR ASEOCIATED REPORTING RRERE.

UHIT NUMEER:
*1

FRFZT:
i

FFFE WILL PE FROFORTIONAL TO DEMAND FOR ZERYICE.
REPORTING RRER:=:
2112195105171 1001

MORE UNITE7:

)

LHIT MUMEER:

S
FRFI7e ’
e

FFPFZ WILL BE FROPORTIONAL TO DEMAMD FOR ZERVICE.
FEFORTIMG RARERS:
2212341231031

MORE UMITST:

UHIT HUMEER:

)

PRF37:
M
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FPFZ WILL BE PROFPORTIOMAL TO LEMAMD FOR SERVICE.
FEFORTIME ARERE:
#1681 151 141 131 121 111

MORE IIMITEZT:
e

EMTER PRTROL UMIT ZERWICE TIME OIN PMIMUTEZN:
=30 ‘

EERWICE TIME ENTERED: Z20.0

EMTER HUMEER OF WORKLOAD LEWELS:
*1
MUMEER OF WORKLOAD LEWELT EMTERED: 1

EMTER RRREIMAL RATE OF CALLZ FOR SEEVIﬁE CHUMEER OF
CALLE FPER HOURY: )
=300

ARRIVAL EATE EMTERED:

ZUMMARY OF DISTRICT PLAN

HUMEBER OF UMITE: =
MIMEER OF REFORTIMG AREAS: 15
TITLE OF PLAM: E=ERCIZE = ~ 3 CARS IM LAWCITY

FATROL UMIT REZFOMEE ZPEED: 15,00

MUMEER OF WORKLOAD LEWELE: 1

FHRHTROL UMIT ZERMICE TIME: 20,0

HUMEER OF CARLLE FOR ZERYICE FER HOUR: S.n
DIZFATCH POLICY:  PFCM

DIEZTRICT CAR FIRET.

IMFIMITE CARPARCITY QUEUE.

ETATIETICE GEMERATED:  OMHLY AFPROSIMATE ETATISTICE

ALL REFORTIMG ARERE AFFERR IH AT LEAST OME DIETRICT.
MO REFORTIMGE ARERE APFEAR IM MORE THAM OME DIETRICT.
EMTER COMMBMI:

FERTRIIL

FOLLOW “FPATROLS EY THE EFFECTIVE PATROL ZFEEL.
E.. “PRTEOL t0.0°

HO PATROL CARD WILL EE EMTERED.
EMTER  COMMAMD:
FPRFARTROL V.5

FREWEMTIVE PATROL EZPEED: V.30
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ENTER COMMAMD: {
HzoRTM 0,887 {

TCOMETARMT OF PRDFURﬁ}DNHLIT?= e 857

EMTER COMMEMI:

FELOSEARY

OFTION: &

& b

TYPE ¢ 2 CHARACTERE OF LEZZ) R_DIZT:
FEERAT

R_LIZT: ~“EEAT g

OFTIOM:

TYFE ¢ 8 CHARARCTER: OR LEEEZ» ATOM:
FRET ARER ‘

ATOM:  “RFT ARER”

OFTIOM:
!

TYPE 13 CHHRHCTEEE Or LEZZ) R_LMIT:
FEEARVBEAT TRR

R_UMIT: “BEAT CAR -

OFTION:

P

£13 CHRARACTERE OF LEEIY CFE:
FPZALLE FOR SERVICE
CF=: “CALLE FOR ZERWICE

OFTIOM:

TYPE ¢ & CHAFRRCTERE OF LEZS) NM_UMIT:
FEERT AR

HM_UMIT:  “BERAT CAR”

OFTION:
»E

TVYPE « & CHARARCTER: OR LEEE) MM_DI:ZT:
FEERT
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MHM_DIZT: “EBEAT

arTIOM:

&

EMTER COMMAMD:
FERIMTALLIFRMT AL L

ALL HYPERCUEE ZTATIEZTICE WILL BE FRIMTED.

EMTER COMMAMD:
PPRMT TR

TRAYEL MATRIX WILL EE FRIMTED,

EMTER COMMAMD:

FERVE

DO wOU WAMT TO COMPUTE THE OUTFUT MERZURES AT

THIZ TIME?:+

EMTER MAME OF REGIOM FILE cI.E.» THE MAME OF THE FILE THHT
COMTHIME GEOGRAFHIC AMD CRLL YOLUME DATA FOR ERCH REPORTIMHG

AREAR IM THE RESION OF IMTEREET!>LawcrTy

EMTER HAME OF DIZTRICT PLARMN <I.E.» THE MAME SIVEN TO THE DIZTRICT
FLAM CREATED UIMG THE MOMITHEL OF MOMITOLD COMMAMDY > =3

ALL OUTPUT RESUEETED IM EXZ CAM BE FRIMTED AT YOUR TERMINAL

HE IT I'E SEMERATED EY THE HYFERCUEE FROSRAM. OF IT CAM EE

ZTORED FOR LATER RETRIEVAL. DO YOU WAMT THE OUTFUT STOREDT:n
ERECUTION:

R

CALLE FOR EERWICE DIZTRIEUTIOM. EY RFT ARERA
11 0. 142328
=1 n.114=3

=1 0. DSEE

41 0. 07
th | o, 35
=1 0. 0ves

71 0.0
=1 0.0
31 0. 1
101 0.
111 0.
121 0.
121 .
141 .

151 .1
121 i

R e gt 'il ﬁf; o = =

2 B BTN 0 M X TS Y 2 T I %

R = | I R 1 I S T N

B EN R I OO B B £ B A AR TA LN (I Y

rl;l IJ'. ¥
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FATROL STREET MILEZ FER RFT ARER
11 .20

21 .70
=1 .20
41 S0
51 . 0N
51 .40
i =
21 B0
21 =1

int
111
121
121
141
151
RS 151

£ e P G a3 0 PO PO 0 S D000

i
Lt 0 00 =3 00 e O o0

| U R e
=

TRAYEL TIME MATRIX: IHTER—RPT RARER

FFT AREA MUMEBER: ORIGIM RFT AEER NUMBER: DEZTINATION
11 21 21 41

11 1. 2.44 ey -
21 2 .37 2. oo

—
L 3

2.18
S 00

31
41

%
P

L8 0 Ty 00 e O

03 4,60

44 .18
& .30 i)
Sed 1.35% 23
51 2. 15 1.5%8 J.24 o.29
a5l 1.53 2.52 4,34 I
T1 EICH S.20 IC-3 1] 2.5
=1 4,20 Tl S ) .60
21 .3 S5.258 4.54 2.28
1111 S.ED .00 4,35 2. 00
111 R I G 32 S, o9 4,23
121 T.TE Tolg 5.5 9.18
121 = S 24 .50 el
141 2.30 .20 T e T5 B,
151 oL o, 32 2.a3 .22
151 H,32 2.72 2,0 A
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RPT AREAR MUMEER: ORIGIM

i1
21
=1
41
=1

=1

—

Pt b b ek pet ped ek
D | I O I O i e R K N R |
[ R R S A e el e R o s

[}

RPT AREA MUMEER: ORIGIN

Ny =
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MEAM TRAYEL TIMEE FOR EARCH EBERT CHR
TO ERCH RPT ARER

RFET HEEHR ID OF BEAT CHR
1D
rO BEAT CHE BERYT CAR EBEEAT CAR

——
T

11 S 4.3 .01
21 D32 o 25 gl
21 .74 . 01 TPV
41 291 1.54 S.31
=1 i.z20 CP -~ (I

21 1.3% .38 7.33
71 a2 S &3 Te21
=1 2.3 1.3 4.31
21 4. 26 =) 3.1
101 S 2. 3.341
111 S.rd 4.42 1.30
121 5. 02 3.7 S 00
131 .10 S.22 1.31
141 7. 05 .73 .35
151 2. 12 e Hl 1.:23
1&1 PRt G.:31 1.&2

MODIFIED CEMTER-OF-MAZE DISPATCHING

FIREZT PREFERENCE RARZIGNED TO BEAT CHAR
AZEO0CIATED WITH EACH EEAT

EZTIMATED "COZT" OF DISPATCHIMG I_TH BEAT CAR
TQ I.TH FPT ARER

RFT ARER ID OF EEAT CHR
1o
MO EEAT CRR EERT CAR BERT CAR

1 R A
11 . oo Do 2. 01
21 o.nn Z.41 Z.41
21 2 EE O.00 Farr
41 S e B g.un 5,41
51 0. 0n ] .25
=1 Q.00 .33 Va33
71 e O e S.e1
=1 1) H g.31
91 . 4.14 0.00 3.13
1a1 O.00 .59 2.41
111 5.73 3. 47 0.00
121 | 4,73 0. 00
131 .10 S5.23 0. ain
141 T 05 Fe73 0.0n0
151 2.13 5. 21 0. 00
151 .ol 5.31 .00



BEAT CHRE ZRFATIAL ALLOCATIONs WHILE AVAILAELE

FFT ARER 10 OF EREAT CAHR
MO, EEAT CHE EBEAT CRFE EEAT CARR
1 = i
11 . &8 0. 0. 00

=1 .21 0. nu D 00

[gA]
,Ll

= 0, D0 . .o
31 . oo U.Q_ n. o
=1 .17 . an .00
=1 .14 0. 00 .00
T n.14 . on O.an
21 o oo 2% 0.0n
2y 0., on n.13 . 0
101 0.3 . 00 Q. 0o
111 ., oo o, on .13
121 0. 00 0. 00 0. 03
121 Y 0, o 0. 04
141 0. 00 0,00 . 0
151 o.0n ] 0.2
11 o.on 0. o .4z
FEOBLEM TITLE: ESERCIZE 2 ~ 2 CARE IM LAWCITY

+ ITERATIVE APPROAIMATION METHOD USED +
MUMEER OF ITERATIOME REQUIRED: 4

UMLIMITED CAPARCITY QUEUE WITH 1_ET-COME 1_ET-EZERWED QUEUE DIECIPLIME

FUM MUMEER: 1 .
EERT CHRR ..« TOTRL MUMEBER OF = =
FFT AREAR ...T7TOTAHL HUMEER OF = 18
AYERAGE ZERWICE TIME= Z0.00 MIMUTEZ
AYERAGE MUMEER FEFR HOUR OF CALL: FOR. ZERWICE = ZLnon
AYWERAGE MIMEER PER  Z0.00 MIMUTER OF CALLE FOR ZERWICE =
ZPEED OF PARTROL= TJO0 MRH
AYERAGE UTILIZARTION FRCTOR
CcIM THE CAZE OF UMLIMITED LINE CHPACITY = 0,500

s

EGIOM-WIDE AYERRGE TRAVEL TIME= 2.358 MIMUTES

AYERAGE TRAWEL TIME FORP QUELED CALLE= 4,111 MIMUTES
FEOEBAEILITY OF ZATURATIOM= 0.23834

FESIOM-WIDE AYERRAGE WORRLOAD <% TIME EURYI»= 0,.S0000
ZTAMDARD DEVIATION OF WORELIORD= 0. D=7

MEIMUM WORKLORD IMEALAMCE= 0.11322

FRACTIOM OF DISFRATCHE: THRT ARE IMTER-EEAT = .43

LR
III

e

REGIOM-WIDE SWERRGE PRTROL FREGUEMCY= 0.223 PAZEEE PER HOUR
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PERFORMAMCE MEARZUREE THAT RARE

ID OF

BERT ChHR
MHAME MO
EEAT CHR
EEAT CAR
EEAT CHE

0 T e

FERFORMANCE MEAZLRES

ID OF

EERT
MEAME MO
EERT . 1
BERT 2
EERT 3

FERFORMANCE MERZURES THAT ARE

In
FPT AREA

WORKLORD
OF IUMIT

0,233

0,507
0.440

LIORKLORD
OF BERT

WORKLORD

oF

PPT RREH
CRURLLE 1 00HRD

11
21
a1
41
21
=1
z1
21
101
111

1321
141
151
11

32. 36
34,29

20.00
o2 35
o2.57
S .25
o2 2E
17.14
=P
14,29
3.57
.71
ST
F3.71
14.23
2357

THAT ARE

% OF

MERN

110.6
int. 4
3.0

3.".
m

I a
=T

Ty Ty 1
oo
=4 O =}

AYERAGE
TRERAVEL
TIME

0 e G D G D D0 00 T T 00 T T L0 G0 g

S - ORI VR GRSV R s (I O SN

Lot O LY e B e B X B I | O WO B0 SO PR Y B o BN I ) |
O e = 0 0 s O oD o 10 03 L0~ Do

i
=
(2 0]
O

!

EZPECIFIC

EPECIFIC

TO EACH BERT CAHR

FRACTION OF
DISFATCHES % OF
OuUT OF BERT MERAM

pcicd &) S0.6
B143 140.1
5121 11e.7

TO EACH EBERT

FRACTION OF
DIZPRATCHES % OF
INTER~-BERT MEAN

»G7TET 103. 0
4220 /LT
EELE 22.3

SPECIFIC TO ERCH RPT ARERA

FREQUEMNCY 0OF
PREVENTIVE PRTROL
PRESINGE cia-HOUR)

0.17
.13
24
0.26
n.12
.13
0.1&
n.2%
. 1e
n. o7
n.14
.14
n. 12
n.1%
n.21
0.5v

AVERAGE
TRAVEL TIME

o B S
Ce 'Sl 2
B G 3 T
e UI::
IR Py 2

HYERRGE
TRAVEL TIME

2,399
2. 555
3,631



PERFORMAMCE MERIZIUREEET THAT RREE EFECIFIC TO EARCH RPT AREA

ID = FRACTION OF CHALLE FOR ZERMICE
RFT AREA FROM RPT AREA
ZERWICED EBY UHIT MUMEER:
11 0.
=1 0.
=1 .
41 .
=1 0.0

=1 0.

oy
' _'l l._|_‘l
A

.19
.13
n.1a
n.1:
o, 1%

IO OO OO OO (OO (RN B I O (U0 ) R I A A

Tot 0 0 D £ 0 a0 =) =] L vl
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o T
.
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1 Ln

w1 ) .22 i, [ 1'::‘
51 n.Es 0. 0. 12
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197 .1z
131 .13
1a1 .
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Exercise 4. IMPROVING PERFORMANCE OF A DISTRICT PLAN

Use the results of exercise 3 to redesign the initial
district plan to correct for imbalances in average travel times
to calls arriving in each of the three beats (i.e., travel time
as seen by the citizen requesting service). Do this by relocating
a .single reporting area, rerunning the hypercube analyéis, relo-
cating a second reperting area based on the new output, and
rerunning the program once more. Cancel printing of all but
car and beat statistics;, and do not store the outpul in the com-
puter.

Next attempt to create a better workload balance among the
three cars by an additional change to the district plan. Do this
by relocating a single reporting area and running the program once
again. Note the impact of your change on both workload balance

and the travel time balance sought earlier in the exercise.

*
¥
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12, 19,50 »=eT cope 354 < ‘Increase core to permlt modlflcatlon]
TLRO0 R 15CTE of a dlstrlct plan. !

[ L U PR |

12.280.11 >mMoMITOLD

EMTEFR MAME DOF LIEZTRICT FLAM TO EE MODIFIELD <I.E.s THE HMHAME

OF A DIZTRICT PLAM FREYVIOUZLY CREATED UZIME THE MOMITHER OF
MOHITOLD COMMAMIN > Ex3

SYEMTER MAME OF RESION FILE ©I.E.. THE MAME OF THE FILE THAT
COMTAHIME GEQSRRFPHIC AMD CALL wOLUME DATA FOR EARCH REFORTINMG

AFER IM THE EEGIOW OF IMTEREZTY »LAmcITy

EMTER HMAME TO EE SIYWEM TO THE MEM DIAZTREICT FLAM BEIMG CEERTED:g=ds
EXECI)T10M: ' “\

il L r— - l »
The modlfled dlStLlct plan must have itsg , K
lown name, different from that of the original

plan. Here "EX4A" is used.

S e e o - o et s H501 s ey

MEZF-RAMM IMTERACTIVE HYPERCUEE ZvETEM
MOMITOR HERE. WHEM IM DOUET. TYFE <7~

THE IMTERACTIVE MOMITOR UZEZ ZFECIFIC TEEMZ TO EEFEE TO
FEZFOMEE UMITEs CALLE FOR ZERWICE. ETC. WHICH MAY BE
DIFFEREHT FEOM THOZE YOU ARE RCCUSTOMED TO. WHILE THIE
TERMIMDOLOGY CAMMOT BE MODIFIED WITHIM THE MOMITOR ITZELF.
IT I% POZZIBLE TO PROYIDE YOUR OWH TERME TO EE LEED IM THE
FIMAL HYFPERCUEE OUTFUT BY UZIMG THE “SLOZEARAEY" COMMAMD
AFTER FIRET CREATIMG YOUR DIZTEICT FLAM. DO %00 WEMNT AH
EXFLAMATION OF THE TERMIMOLDEY EBEINMG UEED BY THE MOMITORTY:
FHO

EMTER COMMAMI: —
FTITLE <« [Rev1se the prev1ous tltle :

— T
TITLE 0OF FLAM: “ESERCIZE 2 ~ 2 CAREE IM LHMIIT!
CHAMGETY:

EMTER TITLE 0OF DISTRICT PLAN:

CEXERIISE 4 — EBEALAMCE TRAV TIME FOR ExZy l=T TRY
TITLE EMTERED: ’

“EHMEECIZE 4 — EBALAMCE TREAY TIME FOR EX3Z. 12T TEY

EMTER COMMAMD: o e e - ' e
SCOMFIS < 'Permlts revision of reportlng area |
makeup of beats. |
Do %0OU WAMT THE DI TF ICT 1DHFI’:-UFHTIDH FFIHTEB guT®s
ES

i1
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DIZTRICT FEFORETINMG ARERE

1 11 21 51 &1 71 101
o 1 41 E1 9t
= . 111 121 131 141 151 151

oo woU WAMT TO MODIFY THE DISTRICT COMFIGURRTIONT:
»v ¥ Refer to output shown on page 189 to determine the T
average travel times for calls arising in each beat. Note
that the average is highest in beat 3 and lowest in beat 2.
DFTIDH- This suggests that 121 should be moved from 3 to 2 (see
map) .
THE FDILDMIHH OFTIONE HRE H“HILHELE'
ALD A MHEW UMIT
FEMOYE A UMIT )
HOT IMFLEMEMTED IM CUREENT “ERZIDM
ADD OME OF MORE REFORTING AREAZX TO A DIZTRICT
ZURTRACT OME OF MORE REFORTIMG ARREAT FREOM A DIZTRICT
MOWE OHE OF MORE REFORTING AREAE: FREOM OME DIZTREICT TO
AMOTHER
COMEIME TWO DIZTRICTE
HOT IMFLEMEMTED IM CURREWHT YERXZIOM
FRIMT THE DIZTRICT COMFIGURATIONM .
TIPE THE HUMEER OF THE OFTIOM ©1 - 3 THART %O WIZH
TO UEE:

TN f 0 [ e

1_: !:I:l "J

G
EMTER HUMEER OF DIZTRICT
FROM WHICH YOU ARE EZUETRACTIMG:

EMTER HUMEER OF DIZTREICT

TO WHICH YOU ARE ADDIMG:

fTPE LIST OF REFORTIMG RRERE TO EE MOYED FROM DIZTREICT
2 TO DISTRICT o
=121

MORE CHAMGE

M
ALL REPORTIMG AREARZ AFPEAR IM AT LERET OME DIZTRICT.
MO REFORTIMG RREAZ AFFEARR IM MORE THAM OME DISTRICT.

EMTER COMMAMD: This and subsequent "PRNT XX..." commands are
SERMT_ATOM used to cancel output of detailed tables now
‘ hE no longer desired. Only car and beat statistics
will be required.

-193-
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ATOM ZFECIFIC DATA WILL MOT EE FRIMTED.

EMTER COMMAMD:
FPERMT_CFE

CALLE FOR ZERWICE DATA WILL HOT EE FRIMTED.

EMTERE COMMAMD:
FEFRRMNT COST

COET MATREIX WILL HOT EE FRINTED.

EMTER COMMAMD:
FPRMT _ZF _ALC

FEZFOMEZE UMIT ZFRTIAL ALLOCATION DATA WILL HOT EE FRINTED.

EMTER CZOMMAMD:
FFRMNT_TR

TEAVEL MATRIY WILL MOT EE FRIMTED.

EMTER COMMAMD:
FERMT_TT

STREAVEL TIMEZ TO ERCH ATOM WILL HOT EE FEIMTED.

EMTER COMMAMD:
FPRMT _FARTROL

FATROL =TREEET MILES FER ATOM WILL HOT EE FEINTED.

EMTER COMMAMIE o e e i s e s rmns e w~~w-—~—~m1“~-mm5~”£»
L ) Specification of modified district plan and o
SERVE < —

de51red output- is complete.
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ng wou WAMT TO COMFUTE THE DUTPUT MERIURED RT

THIE TIMEY:vES , .

ALL OUTPUT RERUEETED IHM EXdA CAM BE FRIMTED AT %OUR TERMIMAL
Az IT 1% SEMERATED EY THE HYFERCUEE FROGEAM. OF IT CAM EE
ZTORED FOR LATER RETRIEYAL. DO %00 WAMT THE OUTFUT =TDREDT>HO
FESECUTION:

MODIFIED CEMTER-OF-MAZE DISFATCHING

FIREZET FPREFEREMCE AZZIGHED TO EEAT CHE
AZZ0CIATED WITH EACH EEART
FROELEM TITLE: EXERCIZE 4 - BALAMCE TRAY TIME FOR EXZs 12T TEY

+ ITERATINE BFPEOSIMATION METHOD LWEED e
MUMEER OF ITERATIOME EEGUIRED: 4
UHLIMITED CHFACITY QUELE WITH 1_=T-COME 1_ET-2ERVWED LUIEUE DIZCIFLINE
FLH HUMEER: 1
EEAT CHE «.. TOTHAL MUMEER OF = 32
EFT ARER  ...TOTHL MUMEER OF = 1&
AVERRGE ZERVICE TIME=  Z0.00 MINUTEZ :
AYERAGE HMUMEER FER HOUR OF CALLE FOR ZERMICE = Z.00n0
AYERAGE HMUMEER FER 20,00 MIMUTEZ OF CALLE FORE ZEREMICE = 1.500
ZFEED OF FRTROL= V.50 MPH
AYERAGE UTILIZARTION FRCTOR 3
CIM THE CRZE OF UMLIMITED LIME CAFPRCITY = 0.500

REGIOM-WIDE AYERAGE TEAYEL TIME= Zo4zE MIKUTE=

AYERAGE TRAWEL TIME FOR @UEHEB CALL== 4,111 MIMNUTEX
FEOEBREILITY OF ZRATURATIOM= 0.232584

FECIOM-WIDE AYERASE WORELOAD ox TIME EBUEYX= 0.50000
ETAMDARDT DEVIATION OF WORKLOAD= 0. 00

MASTMUM WORELORD IMERLANCE= 0. 115432

FRACTIOM OF DIEZFATCHEE THAT ARE IMTER-EEAT = .434040

FREGIOM-WIDE AYERAGE FATREOL FREMIEMCY= 0,225 FREZEE FER HOUR

FERFORMAMCE MERZUREZ THAT ARE SFPECIFIC TO ERCH BEAT CAR

I OF
EEAT CAR FRERCTION OF
WORELOAD ¥ OF DIZPATCHE=S % OF AYERAGE

HAME k- OF UHIT - MEAM  OUT OF EBEART MEAM TEAVEL TIME

&

EEAT CHE 1 0.5532 116.7 CEoE S5 2. 97TS
EEART CHE Z n.s12 102, 4 SH0E 124.1 Z.o432
EERT CHR ] 0. 435 =S7F.a S450 18257 4, a0y
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FERFORMAMCE MEASURES THAT ARE ZFECIFIC TO ERCH EEAT

I OF » .
REAT FRACTION OF
WORKLOAD ¥ OF DIZFATLCHES = OF HYWERBGE
HAME HO 0OF EERT MERH  IMTER-EBEAT MEARM TRRAYEL TIME
EEART 1 0,329 165.7 L4740 107.6 Z.963
BEERT = e | 4.3 D6 e 2,189
EERT 3 0.z0n &0, n0 . 25E4 =0.73 T3

ALL DOME

CORE REZET TO £se fNote the improvement, compared to p. 189, in'
CETLI00 ne~15-7s |average travel times for beats.

12,34, 44 SHoHITOLD & A—YBe in additional change of district plan,
EMTER MAME OF DIZTRICT FLAM T "HOUTFTET TIVEDS THFE

OF A DIZTRICT FLAN FEEWIOUELY LFEHTED EEIHE THE MONMITHEW OF
MOMITOLD COMMAMDY e=dm '

EMTER MAME OF RESIOM FILE <I.E.» THE MAME OF THE FILE THAT

COMTARIME GEOGRAFHIC AMD CALL VWOLUME DRTAR FOR ERCH REFORTIMG
AREAR IM THE REEZIOM OF IMTEREST)>LAWMCITY

EHMTEE HAME TO EBEE GIWEM TO THE MHEW DIZIE
HOT EMOMSH CORE TO LOAD MODIILE
MAME 1% UMLDEFIMED - IBMECEE &———or

forgotten to reset core to high
value,

1;.4..HF *ZET CoORE 354

CEELZ00 DES1ISSTE

f

12.47. 27 »moMITOLD ¢— | TTY again.
EMTER HAME OF DIZTRICT FPLAW TO EBEE MODIFIED <I.E.. THE HAME

OF A DIZTRICT FPLAM FREVIOUELY CREATED WZIMG THE MOMITHEW OF
MOMITOLD COMMAMDY >E:=ds

EMTER HAME OF RESION FILE ¢I.E.» THE MAME OF THE FILE THAT
COMTAIME BEOGEAFHIC AMD CHLL WOLUME DRTHR FOR ERCH REEPORTING

AREAR IM THE REGIOM OF INTEFEZT2 FimmciTy

EMTEF MAME TO EE GIVEM TO THE HMEW DIETREICT FLAN EEIMG CRERTED:ExdE
E<ECUTIOM: .

MHEF~FEAHM IHTERBCTIYE HYFERCUEE =%ETEM

MOMITOR, HERE. WHEM IM DOUETs TYFE “F7 .

THE IMTERACTIYE MOMITOR IZES IPECIFIC TEREMZ TO REFER TO
REZFOHIE UMITEs CALLE FOR ZEEVICE. ETC. WHICH MAY EE
DIFFERENT FROM THOZE %00 ARE ACCUSTOMED TO. WHILE THIE
TERMINOLOGY CAMHOT EE MODIFIED WITHIM THE MOMITOR ITEZELF»
IT 1% POREIELE TD PEDVIDE YOUR OWN TEREME TO EBE UZED IN THE
FIMARL HYFERCUEE DUTPUT EBY UZIHG THE “"GLOZZARY" COMMAND
AFTER FIRET CREATIMG YOUR DIZTRICT PLAM. DO OU WAMT AN
E=FLANATION OF THE TEFMINHLDhn EEIMS LEZED EBY THE MOMITORT:
FH
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EMTER COMMAMI:

FPTITLE

T

TITLE OF FLAM: “EXERCIZE 4 -~ EALAMCE TERY TIME FOR EXZs 12T TEY
CHRMEET:

EMTER TITLE OF DIZTRICT FLAM:

FEMERCISE 4 — BALAMCE TRAY TIME FOR EXIs ZHD TRY
TITLE EHTEREL: ‘
"ERERCIZE 4 - EALAMCE TEARY TIME FOR EXZs EHD. TRY

EMTER COMMAMHD:
FCOMFIE

00 w00 WAMT THE DISTRICT COMFIGURATION FRIMTED OUTT:
Fr

0o w00 WeMT T4 MODIFY THE DIZTRICT COMFIGURATIOMT:
Reference to output of p. 27 shows average travel tlme Stlll
greatest in beat 3 and lowest in beat 2. Map suggests
mov1ng 141 from 3 to 2 (see next page).

DFTIDH-

G

EMTER HUMEER OF DIZTRICT
FEOM WHICH %00 ARE ZUETERCTIMG:

EMTER HUMEER OF DIZTRICT
TD WMHICH %00 AEE ADDIHG:

!_

TnFE LIZT OF REFORTIMG AREAZ TO EE MOWED FROM DIZTRICT
2 70 DIZTRICT =
=141

MORE CHAMGEZT:
T

HLL REFORTIMGZ AREARZ AFPFEARF IM AT LEAZET OME DIZTRICT.

MO REFORETIM: ARER: AFFPERE IN MORE THAM OME DIZTEICT.

EMTER COMMRAMD:

rERVE

Lo Y0U WAMT TO COMPUTE THE OUTRUT MEAZURES AT
THIZ TIMET >+
ALL OUTPUT EBEGUEETED IM E=4FE CAM BEE FREIMTED AT YOUR TEREMIMAL
A%z IT I= GEMERATED EY THE HYFEFRCUEE FPROGERAMs 0OF IT CAM EE
ZTORED FOR LARTER RETRIEWAL. DO vOU WAMT THE OUTFUT STOREDT:n
E-ECUTION: '
T
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Figure c-s.

MAP OF SAMPLE JURISDICTION
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MODIFIED CEMTER-OF-MAZE DIZFATLCHING

FIRET FPREFERENCE AZZIGHED TO EERT CAR
- HEZOCIATED WITH EARCH EEAT
FROELEM TITLE: EXERCIZE ¢4 —~ EARLAMCE TREAY TIME FOR EXZs &HD TEY

+ ITERATIYE AFPEOSIMATION METHOL LZED

- HUMEER OF ITERATIOWE REMUJIRED: 4
UHLIMITED CHPACITY QUEUE WITH 1_=T-COME 1_LT-TERWED UEUE DIECIFLIME
FLM HUMEER: 1
EERT CHR ...TOTAL MUMEER OF = =
FEFT ARER ...TOTHL HUMEER OF = 18
AVERAGE ZERMICE TIME= 0. 00 MIMUTER
AVERAGE MUMEER FER HOUR OF CALLE FOR ZERVICE = L0000 .
AYERAGE MUMEER FPER 20,00 MIMUTER OF CALLE FOR ZERVICE = LS50
ZPEED OF PATREOL= T.ED OMPH
AVERAGE UTILIZATIOM FACTOR

CIM THE CAZE OF LUMLIMITED LIME CRAFARCITY»=  0.500

RESIOM-WIDE AVERAGE TREAWEL TIME= ZedEs MIMUTER

RVERAGE TREAYEL TIME FOR BUELED CALLE= - 4,111 MINUTES
FEOEREILITY OF ZATURATION= 0O.232884

FECION-WIDE AYERAGE WORKLOARD <% TIME EUZY:= 0.30000
ETAMDARED DEWIATIOM OF WORKLDOAD= 0. 0a3z

MAFEIMUM WORKLOAD IMEALAMCE= 0.123&2

FRACTIOM OF DIZFATCHEZ THRT ARE IHTEE—EEHT = 0.442328

REGIOM-WIDE RYERRSGE FATREOL FREAUEMCY= . 228 FRZEEZ FPER HOUE

FERFORMAMCE MEREUREE THAT ARE SFECIFIC TO EﬁEH EEAT CAF

11 OF :
EERT CHE FERACTION OF
WORELOAD ¥ OF DIZPATCHEX * OF AYMERHAGE
MHAME MO OF MIT MEAM  OUT OF EERT MERM TEAYEL TIHME

EEAT AR 1 I, S5 110.7 ZE2AT S.E 2.9TS
EEAT LCHE z 0.518 103,32 SEFS gz, 2 Z.e01
EEAT CRE =2 0.4=20 Se . SV ad 1z1.0 G, 032

[ﬁaﬁé“éurther"”” o
’1mprovement in
travel time balance

FPERFORMANCE MERZUREEEZ THAT RARE ZFECIFIC TO ERCH EERT

InL OF
EERT ' FERACTION OF
WORKELORD % OF DIZFARTCHE: % 0OF ARYEERRGE
MRME MO OF EBERT MEAM INTER-EBERT MEAM  TREARYEL TIME

EEAT 1 n.EEs 165.7 L4744 107. 2 3L SEF
EEAT z o.400 = L AEFE L E cPELE
EEAT EonEve G 4515 7. ERELY

ALL  DOME ; -200-



FDFE FEEZET TO 256

CESLE00 MEs15-76

15;5j133_§?EZ'E?RE 224 Now modify the district plan to better
CEZLZ00 0815276 / balance the car workloads.

12.5%.88 *moMITOLD

EMTER MAME OF DIZTRICT FLAM TO EE MODIFIED <I.E.s THE HAME

OF A DIZTEICT FLAM PEENIOUWELY CREATED USING THE MOMITHEW OR
MOMITOLD COMMAMIS *exdE

EMTER MAME OF REGIOM FILE ({I.E.s THE HMAME OF THE FILE THAT
COMTHIME SEOGERFHIC AMD CRLL “OLUME DRATA FOR ERCH REPORTING

AREA IM THE RESIOM OF IMTEREST)MLamcIiry

EMTEFR MAME TO EE SI%EHW TO THE HMEW DIZTRICT FLAM EEING CRERTEDMeExd:c
E-ECUTION:

HEZF~-REAHH IMTERACTIVE HYFERCUEE SYSTEM
MOMITOR HERE. WHEHM IM DOUETs TYFE “77

THE IMTERRCTIWE MOMITOR UJEES EFECIFIC TEREME TO REFER TO
REZFOMZE UMITE=s CHLLE FOR ZERMICE. ETC. WHICH MHBY PE
DIFFEREMT FROM THOEE vwOU RREE RCCLETOMED TO.  WHILE THIS
TERMIMOLOSY CRMMOT EE MODIFIED WITHIM THE MOMITOR ITSELF»
IT I FOZEIELE 7O FROYIDE YOUE OWM TEEMZ TO EE UEED IM THE
FIMAL HYFERCUEE OUTFUT EY UEIMS THE "GLOZEZARY"™ COMMAMD
AFTER FIRST CREATIHG ¥OUR DIZTRICT FLAM. DO vOU WANT AN
EXFLANATION OF THE TERMIMOLOGY EEIMS UEED EY THE MOMITORY:
s

EMTEFR COMMAMND:
FTITLE

TITLE OF PLAM: “EXERECIZE 4 - ERLAMCE TRAY TIME FOR EX2s EMD TRY 7

CHAMGEY:

EMTER TITLE OF DISTRICT FLAM:

*EXERCIISE 4 = HOW EAL CAR MORKLOADS SHOWH FOR Ex4E

TITLE EWTERED:

"EXERCISE 4~ HMOW _EBAL_CHE WOFRELOADE SHOWN_FOE Ex4E

Reference to output of p. 200 shows car 1 has hlghestj
workload, car 3 had lowest workload. =

EMTER COMMAMD:

FCOMFIE

00 %00 WANT THE DISTRICT COMFIGURATION FRIMTED OUTT:
=

oo ovgu WAHAT TO MODIFY THE ﬁISTEIET CONFIGURRTIONT:
s ‘
-201~



OFTION: o .
g <M__._{§ap (see next page) suggests moving 101 flom 1 to 3{

EMTER MUMEER OF DISTRICT
FROM WHICH ¥OU AFE ZUETRACT IMS:
1

EMTER MUMEER OF DIZTRICT
TD WHICH Y0OU RRE ADDIMG:

TYFE LIST OF REFORTING AREAS TO BE MOVED FROM DISTRICT
1 TO DISTRICT &t
=1

MORE CHAMGEZTY:
M

ALL REFORTIMS GREAE AFFPEAR IM AT LEARET ONE DIZTRICT.

MO REFORETIWEG AREAREZ AFFEAR IM MORE THAM OME DIZTRICT.

EMTER COMMAMD:

EERE

Lo vou WAMT TO COMFUTE THE OUTFUT MERZURER AT

THIZ TIMEY:w

ALL OUTFUT REZUEZTED IM E=4C CAM EE FRIMTED RT YOUR TEREMIMAL
A= IT IZ SEHERATED BY THE HYFERCUEE FRDOGEAM. OF IT CANH EE
ZTORED FOR LATER RETRIEYWAL. DO YOU WAMT THE OUTRUT ZTOREDY:H
E=ECUTION:

R

" MODIFIED CEMTER-OF-MAZE DIEPHTCHIHE

FIRET FREFEREMCE RESIGHED 70O EERT CHE
AZZ0CIATED WITH EACH EENRT
FFROELEM TITLE: ESERCIZE 4 - MOW BAL CAR WORKLOADEZ 2HOWH FOR EX4E

+ ITERATIVE AFFROXIMATION METHOD UZED +

HUMEER OF ITERRTIOME REQUIRED: =
HHLIMITED CRFACITY GQUELE WITH 1_=T-COME 1_ST-3ERVED GMIEUE DIZCIFPLIME
FUM HUMEEE: 1
BEAT LCRE ... 707TAL HUMEER OF = =
FFT ARER  ...TAOTAL MUMEER OF = 15
AVERAGE ZEEVICE TIME= 20,00 MIMNUTEE
AVERAGE HUMEER FEERE HOUR OF CALLE FOR ZERMICE = 2.000
AVERAGE HUMEER FPER  Z0.00 MIMJUTEE OF CALLE FOR ZERWICE = .San
ZFPEETY OF FHTROL= .50 MFH
AYWERAGE UTILIEATION FRCTOR

¢IM THE CHREE OF UMLIMITED LINE CARFACITY>=  0.500

FEGIOM-WIDE AYERASE TRAVEL TIHE— 2,398 MIMUTES
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) i .
2.0 | e 2
16} 1,
| o AN
' 5 3
1.5 i 51
o
Miles ‘\' , /1L
3 ‘ J .
Lo / A 55.51 i / |
. St ;
[ | :
B I '
2
0.5 |- :
|
1
0:0 0.5 1.0 1.5 2.0
Miles -
Figure C-6.

MAP OF SAMPLE JURISDICTION

=203~



4.lli MIMUTEX

AYERAGE TRAYEL TIME FOR GUELED CALLS=
FROEAEILITY OF SATURATIOM= 0.23684
FEGIOM-WIDE AVERASE WORKLOAD <% TIME EUZYD
STAHDERD DEYIATION OF WORKLOAD= it
MAXIMUM WORELOAT IMERLAMCE= O, 03440

= O.50000

FRACTION OF DIZPATCHEE THAT ARE IMTER-EERT 0. 432273

RFEGIOM-WIDE AYERAGE FATEOL FREGQUEHCY= 0.225% PRZZEE PER HOUR

o e 4

Note 1mprovement in workload balance for cars.

FERFORMAMCE MEASURES THAT AFE ZFECIFIC TO EACH EBEAT CAR
10 OF
EERT CRR FRACTION OF
DIZFATCHES
OUT OF EEAT

l‘l

= 0OF

% OF :
MEAN

MEAN

WORELORD

LHAME MO OF UMIT TRAY

.._‘/I
BERT CHE

1 0.541 102,01 ZEEs 58,6
EEAT CAE c 0.513z 1tz v T s 1&2%,.8
EEAT AR 3 u.44c e S033 116. 4

rNote sllght degleda

tlon ln travel tlme balance for beats.

AVEERBGE

EL TIME

PR = bl
e T v
Z.813
HLEsD

L
FERFOREMAMCE MERZUREZ THHT FEE ZPECIFIC TO ERCH EEAT
In OF _ .
EEAT FRACTION OF
DIZFATCHES
INTER-EEAT

% OF
MEFH

-

; OF
MEHM

HOREKLORD

HAME OF EEAT

&

EEAT 1 1.757 151.4 AELE 1ol E
BEART 2 0.0 S0, 0 S r | 1003
BERT 3 0.34:3 E5. 5 . ZETE P =
ALL DOME

CORE REZET TO 25&

CERLL.E00 UEC15STE

-204-
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. Exercise 5. OVERLAPPING BEATS

Beginning with the final district plan produced for exercise
4, determine the performance improvements to be obtained if two
additional cars are available to provide additional coverage.
Assign car 4 to overlay the beat whose car is experiencing the
greatest workload (i.e., there will now be two cars covering this
beat), and car 5 to overlay the two remaining beats (i.e., this
car will patrol both beats); Set up dispatching preferences which
will cause car 4 to receive about half the calls in its beat, and
car 5 to be the second choice for dispatch to calls in the two
beats it covers (i.e., second to the beat car, which will be
first choice). Hint: you will have to use two runs of the hyper-
cube program for this, one to determine the dispatch cost matrix
for the five-car operation, and one based on a properly adjusted

dispatch cost matrix.
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i *ZET COoORE 384 B
LS00 D5 Ey“: /Modlfy the dlStrlCt plan of EX4C by

- _~""ladding two overlay cars. N ;

L0, 3% »MoMITOLD

EMTER MAME OF DIZTRICT FLAM TO EE HDDIFIED cIJE.» THE HMAME

OF A DIZTRICT FLAM FREWIOUELY CREATED LUEIMG THE MOMITHEW DR
MOMITOLD. COMMAMDS *exde

EMTER MAME OF REGIOM FILE <I.E.s THE HMAME OF THE FILE THAT
COMTRIM:E GEOGRAFPHIC AMD CALL »0OLUMME TARTA FOR EACH RFEFORTIMNG
HEEA IM THE RESIOW OF IHTEREET ) *LAMIITY

EMTER HAME TO EE GIWEM TO THE MEW DIZTRICT PLAM EBEIMS CRERTED:E
ESECUTION:

ialoi RN .
Since car 1 has the highest average workload, car 4 |
will be assigned to beat 1. Therefore car 5 will be
assigned to aid in covering beats 2 and 3. -

HEF-FAMH IMTERACTIVE HYFERCUBE SYZTEM
MOMITOR HERE. WHEM IM DDUET. TWFE “F7 .

THE IMTERACTIWE MOMITOR UZEE ZPECIFIC TERME TO REFER TO
REZFOMEZE UMITEs CHLLE FOR ZERWICE. ETC. WHICH MAY EE
DIFFEREMT FROM THOZE %0OU ARRE ACCUZTOMED TO. WHILE THIZ
TERMIMOLOGY CAMMOT EE MODIFIED WITHIM THE MOMITOR ITZELFS
IT I FOSEIELE TO FPROVIDE YOURE OWH TEEME TO EE UZED IM THE
FIMAL HYPERCUEE OUTFUT EY WEIMG THE "oLOZIZARY" COMMAMD
AFTER . FIEET CEEATIMG YOUR DISTRICT FPLAM. DO SO0 WAMT AH
E<FLAMATION OF THE TERMIMOLODGY EEIMG UWEED BY THE MOMITORTY:
s

ENTER COMMAMHI:
FPTITLE

TITLE OF FLAM: “EXERCIZE 4 - HOW EBAL CAR WORKLOADE SHOWM FOR EXHY4E
CHARMGE Y : .

EMTER TITLE OF DIZTRICT FLAM:
FEMERCIZE 3 - CAR 4 AInE 1y cAR D AIDS
TITLE EHMTEREIL:

"ESERCIZE 5 — CAR 4 RIDE 1» CAR 5 AIDE

23 = =TEF 1

fia
i

ZTEF 17

[
|

[

EHMTER COMMAMHD:
FTOMFIS

Lo YOu WAMT THE DISTRICT COMFIGURATION FPRIMTED OUT?:
H

Lo vouw WAMT TO MODIFY THE DISTRICT COMFIGURATIOMT:

e
)
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Figure c-7.

MAP OF SAMPLE JURISDICTION
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DFTIDH'
THE FDLLDMIHH OFTIONE ARREE AWHRILAEBLE:
HOTD H HEW UMIT
FEMOVE H DHIT
HOT IMFLEMEMTED IM CUREEMT YEE=ZIOH .
ADD OME OF MORE REPORTIMG AREARS TO A DISTRICT
ZUBTRACT OME OF MORE FREFORTIMG HREEREZ FEOM R DIZTRICT
MOYE OME OFR MORE REFOFRTIMS ARERAT FROM OME DIZTEICT TO
AHOTHER ‘
a COMEIME Twd DIEZTRICTE )
» MOT IMPLEMEWTED IM CUREEMT YERZION
3 PRIMT THE DIZTRICT COMHFIGUEARTIOM
T-FE THE HUMEER OF THE OPTIOHM <1 — 3 THART YOW WIEH
TO U=E:s
=1

(AR R I R R K] »—-

[1 o]

UMIT MUMEER:
b

FRFE?:
FH

FRFEZ WILL EE PROFORTIOMAL TO DEMAMD FOR ZERVICE.

REFORTIMG ARERZ: e e o e are e+ e e
rorerLAY 1 — wate how simply the overlay a851gnment

is indicated, ;without having to specify

: i the reportlng areas contained in beat !
MORE CHAMGEZT: 1. l
OFTIOM: N
1 .

UMIT MHUMEER:

- =

FRFZT:
0|

FFRFEZ WILL EE FREOFORTIOHAL TO TEMAHD FOR ZERYICE.
FEFORTINMG ARERZ:
FOVERLAY o2

MORE CHARMGEZY:
py 3|
ALL REFPORTIMZ: AREAE AFFEAR IM AT LEAET OME DIZTREICT.
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THIZ EUM HAZ OYERLAFFING DIETRICTE.
Do %DU WAMT A TRELE FRINMTED SHOWIMG WHICH REFORTIMG
AREARE AFFERR IM MORE THAM OME DIZTRICT?:

vES
FEFORTIHS ARER DIZTRICTE
11 1 4
21 i 4
21 2 L}
41 & b
51 1 4
=l i 4
w1 1 4
21 P =
=21 = S
101 = S
111 £ b
121 £ b
131 3 S
141 B 5
151 & S
i1 & 5
ITEE =AM STy - The travel cost matrix will be needed to
g:;gi_EEQTHHD' check and set the dispatch policies specified

for exercise 5.

COZT MATREIN WILL BE PRIMTED.

A preliminary set of output statistics must

EMTEF COMMAMD: | now be produced to generate the travel cost

N matrix.
FPEAE

0 vOu WANMT TO COMFUTE THE OUTPUT MEARZURES AT

THIZ TIME?Y:v

ALL OUTFUT RERUEZTEDC IM EXSR CAM EE PRIMTED RT YOUR TEEMIMAL
Az IT I% GEMERATED BY THE HYFERCURE PROGEAM. UOR IT CHN EE
ZTORED FOR LATER RETRIEYAL. DO %00 WANT THE OUTFUT STOREDT:wn
EXECUTIOM:

MODIFIED CENTER-OF-MAZE DIZFATCHING

FIRZT PREFEEENCE ARZ=IGHED TO BERT CAHE
AZZOCIATED WITH EARCH EEAT
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ESTIMATED "COST" OF DISFATCHIMG I_TH EEAT CAR
TO J_TH RFT AREF

FPT AREA ITT OF EBERT CAR
In '
M EEAT CAHRE EEART CHE

fant
m
I
-
b}
I
Lo 3
[na)
m
T
—
]
I
[wa]
m
i
—
]
I
o

]
>

11 .0 2,77 SR 1.327 5.7
21 0.00 2. 17 T8 1.352 S.31
=1 D.ER o.0a T.13 IS .67
41 2.7TE 0,00 5.28 2.r2 .31
51 o.0n 2.2 .25 0. v 2,75
o1 0. 00 .20 T 1.1s 4,83
71 0. a0 2.95 4, &2 Z. 43 2. 11
=1 .53 O.on 4.2 .32 1.71
21 4.51 .0 2.5 4. 51 0.=0
101 4,23 2. 25 0. 0o 4,232 1.06
111 Sl .71 a. oo &, 11 1.57
1z1 .39 . an 1.71 = 1.585
131 S 5.0V oo Vedv o=
141 T.d3 . on .67 F.dz £.a9
151 2.55 £.15 a. 00 2.55 4, 11
151 EPR=Is] 5.55 Coon.an = b S.41
FROELEM TITLE: EXERCIZE 5 — CAR 4 HID” 1s CRR 5 RIDE &3

+ ITERBTIYE AFFROXIMATION METHOD UZED =+
HUMEER OF ITERATIONZ REQUIRED: 5 A
UHMLIMITED CAPACITY QUEUE WITH 1_ST-COME 1_ET-=ERVED GUEUE
FUM HUMEER: 1
EEAT LZHE ... TOTHL MUMEER OF = S
FFT AREAR ...TOTAL HUMEBER OF = 16 :
AVERAGE ZERVWICE TIME= 30000 MIMUTEE
AVERAGE MUMEER PER HOUR OF CRLLE FOR ZERVWICE = Zanun
AYERAGE MUMEER FER 320.00 MIMUTES OF CALLE FOR =ERVYICE =
TFEED OF FPRTROL= T.50 MPH
RYERRGE UTILIZATION FARCTOR
vIM THE CAZE OF LUMLIMITED LIME CAFACITY:= 0. 200

FRESION-WILE AYERAGSE TEAYEL TIME= LB32 MIMUTES
AYERHAGE TREAYEL TIME FOR GQUELED CHLLE= 4.111 MIMUTES
FROEABILITY OF ZATURATION= 0.0=014

RESION-WIDE AYERASE WORKLORLD cX TIHE BUZYs= 0G.20000
ZTAMDARD DEWIATIOM OF WORKLOAD= g.101

MAEIMAM WORKLORD IMERLAMCE= 0, 25388

FRACTION OF DISFATCHES THAT ARE IMTER-EEAT - = 0. 15905

FEGIOM-WIDE AYERAGE FATROL FRERUEMCY= 0.5341 FAZEEE FER

-210~-
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FERFORMAMNCE MEAZURES THAT AFE ZFECIFIC TO EARCH EERT CAR

I OF
EERT CHFE FRACTION OF
WORKELDOAD %= 0OF DIZFATCHES % OF HYERRGE

HAME MO OF LHIT MERM OUT OF EBERT MERM  TERVEL TIME
EERT CHR 1 0,453 151.0 . D243 S32.0 2.130
EEAT AR = 0.z224 111.3 13539 122.2 2. 016
EERT CRRE 3 0.z7va g, L1025 ad. S 2. 328
EEAT CAE 4 0,222 23,9 . 1542 I z. 258
BEEAT LCHE S n.1az &1, 0 L ZEE0 S22V B cPE= il
FEEFORMAMZIE MERZUREEE THAT ARE ZFECIFIC TO EACH EEAT

In OF

EEAT FRACTION OF

WORELDOAD % OF DIZPATCHES *» oF HYERAGE

HMAME MO OF EERT MEAM IMTERE-EERT MEAN TRAWEL TIME
BERT 1 0. 757 252. 9 1711 107.5 2,417
EEAT 2 0,400 122,35 L2151 125.2 2.32e
EERT e 0,242 114,32 . DEdD. 40,2 2. 7e1
EEAT 4 0. 757 252, 9 L1711 107.5 Z.417
EERAT b 0. 743 247. 5 1454 1.4 2. 257
ALL DONE
FDFE FEZET TO 2%&
CER 200 0eC15-7F0 e e e

The matrix on p. 210 car now be used

TRl SORE =W to properly set the dispatch preferences.

051578

13.19.34 >moMITOLD

EMTER HHME OF DI=ZTRICT PLAM TO EE HDDIFIED 7"I.E.s THE MRME

OF A DIETRICT PLAM FPREVIOUZLY CREATED UZIMG THE MOMITHEW OF
MOMITOLD COMMRAMDY >ExSA ~

EHTER HMAME OF RERIOM FILE <I.E.» THE HAME OF THE FILE THRT
COMTARIMEZ GEOGRRFPHIC AMI CAHALL OLUME DATA FOR EACH REPORTIMG

AREAR IM THE REGIOM OF IMTEREEZTI)>LAMCITY

EMTER HMAME TO EBE GIWEM TO THE HMEW DIEZTRICT FLAM BEIMG CEERTED:s=
E ELUTIDH. ______ o

Car 4 w111 share work equally W1th car 1 in thelr beat if
they both have the same travel cost for reporting areas in
the beat. Since these costs are zero for car 1, they should
be set to zero for car 4 ThlS is done w1th FRONT command

b A o b £ 2

o sty b s L e el 425D e ¥, ol

MZF-FAMN IMTERARCTIWE HYFERCUEE ZYZITEM

MOHITOR HEERE. MHEH IM DOUETSs T?PE e
k -211~



TEREMZ

THE IMTERACTIWE MOMITOR LZES ZFECIFIC TO FEEFEER TO
REZFOMZE LIMITZs. CALLE FOR ZEREMICEs ETC. WHICH MAY EE

DIFFEREEHMT FEOM THODEE
TERMINMOLOGY
IT IZ POREIELE TO FROYIDE

AFTER FIRET CEEATIMG YOUR
EXPLAMATIONM DOF THE TEEMINOLOSGY
W

%

EMTER COMMAMHD:

PTITLE

TITLE DF FLAM: “ESERCIZE S
CHAMGET

-’ I

YO ARE RCCUETOMED
CAMMOT EE MODIFIED WITHIW THE MOMITOR
TOUR

FIMAL HYFERCLUEE OUTFUT EY UEING
DIZTRICT FLAM.

TO. WHILE THIZ=
ITZELF »
OoWr TERME TO EE UEED IM THE
THE "GLUOZTHEEY" COMMAMD

no w0l WAMHT AN

EEING U~ED EY THE MOMITORT:

EMTER TITLE OF DIZTRICT FLAM:

FEXERCISZSE S — CAR 4 AIns

TILTLE EMTERED:
"EMERCIZE 5 — CHE

1s

4 AIDE

EMTER
FFROMT

COMMAHD:

UMIT MUMEER:
e

FEFPORTIMGE ARER=:
1123125126171

~

e

- CHR 4 RID=E 1s CAR S RIDE 22 — ZTEFP 1
CARE S AInE S22 - =TEFR &
CAR 5 RIDE 253 - ZTER 27

These are all the reportlng areas
1n bcat l

sy © e e v T A

G bmasn ae e e -

EMTER COMHMAMD:
FMIDDLE <o o e o o]
HIT HUMEER:
CO=T:

N

For car 5 to be second for all

calls arising in beats 2 and 3 its
travel cost to reporting areas in
these beats must be less than that

1 of every car except the prime beat car.

Reference to the matrix of p. 210 shows
that car 5's travel costs for reporting
areas 31, 41, 121, and 141 must be
reduced. A small value, 0.5, is used

FEFORTIMG AREA=:
Folsd1s12102141

EMTER

rERIVE

caMMArD:

Lo
THIEZ TIMEY>w

ALL OUTFUT RERLIEESTED
Az IT I: SEMERATED EY THE H
ZTORED FOR LATER FEETRIEYAL.
ERECIITION:

R

YO WAMT . TO COMPUTE THE OUTFUT MERZUREES

IM EXSE CHM EE FRINWTED
YFERCLUERE FREOGERMs

for the rev1sed travel cost

et e e st 2ttt Boemm v o v e s —t

AT

AT vOUR TEREMIMAL
OF IT CHN EE

Do Y0OU WAMT THE OUTPUT ZTOREDT»N
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MODIFIED CEMTER-OF-MASS DIZPRTCHIMG [T T T e e e
This matrix shows that

FIRET FREFEREMCE ASSIGMED TO BERT CAR the desired dispatch
AZEZ0CIATED WITH EACH EEAT policy has been correctly
entered.

EXTIMATED "COET" OF DIZPATCHIMS I_TH EEAT CAHE ¢//

T J_TH RFPT ARERA

RFT HEER IT OF BEAT CHR

1D ‘

MO EEAT FHF EEAT FHP EERT CAHRE EEAT CAR
. N 4

ma]
m
T
-
P}
I
LA

FEY
[

11 .00 2.TT S 0. on .91

21 1. 00 i T.ae 0. 100 S. 321

a1 .58 0. 00 ve.l2 S.83 n.=0

41 cere o.on S.a2 Care .20

51 .0 S.cn R =) . 0y I

&1 0. 0a 3.E0 BT 0. 0 4,23

1 . on 2. 56 4,52 a. o0 =.11

=1 P 0. 00 4,22 o3 1.71

=1 4.51 o.0on =L 5d 4,51 .20
101 4,25 Pt o3 o, a0 4,22 1.26 - '
111 B.11 2.7l 0. an .11 1.57

121 £ . 0o 1.71 £l a9 0.50
1321 s S.07 . on Fodv =93
141 T.43 Y] 2.ET .33 0. S0
151 =2.55 .15 0. oo 2.55 4. 01

151 G b S.95 0.0 Y35 Z.31

"FROELEM TITLE: EXERCIZE S5 - CAR 4 AIDS 1s CAR 5 AIDS 2.2 - =TEF 2

+ ITERATIYE AFFROSIFMATION METHOD UZED <
HIMEER OF ITERATIOHE REGUIRED: b
UHLIMITED CAPACITY RQUEUE WITH 1_=T-COME 1_ET-ZERVYED RUELE DISCIFLIME
FEUM HUMEER: 1
EEAT CHE ... TOTAL MUMEER OF 2
FFT BREA ...T7OTHL HUMEERE OF = 1&
AYERAGE ZERVMICE TIME= 20000 MIMUTES
AYERASE MUMEEERE FERE HDOUR OF CALLE FOR ZERWICE = 2.000
AYERAGE HMUMEER FER 20,00 MIMUTES OF CALL: FOR ZERYICE = 1.500
ZFEED OF FPATROL= T.30 MFH ’
AYERRGE UTILIZATIOM FRCTOR
cIM THE CHREIE OF QHLIMITED LIME CAPRCITY = 0. 30

]

Jy

FESIOM-WIDE RYERARSE TREAYWEL TIME= c.550 MINUTES

AYERHAGE TREAYEL TIME FOR QUEUED CHLLE= 4.111 MIMUTEE
FROEBABRILITY 0OF ZATURATION= o.02014

RESIOM-WIDE AYERAGE WORKLOARD <X TIME EU=Yy= 0.20000
ETHMDARDT DEWIATION OF WORKLORD= 0. n&ee

MAXIMUM WORKLORD IMEALAMCE= 0.141322

FEACTIONM OF DIZFATCHEE THAT AREE IMTER-EBERT = 0.1054%
FERIOM-WILE AYERAGE FATROL FREGLUEMCY= 0.343 PASSES #ER HOUE
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FERFORMAMCE MERZUREL THAT RFE ZFECIFIC TO EACH EERT CAR

I OF
EEAT CAR : FRACTIOM OF

WORKLORD = OF DIZFATCHES= = OF AYERAGRE
DF UMIT MEARM OUT OF EERT MEAM. TREAYEL TIME

=

MAME

EEAT CAR 1 0,345 1150 LT 455 2. 157
EERT CHE P n.335 111.6 . 1593 12=.2 .02
EEAT CAR I 0.27e 0.5 . OFET £33 2.441
EEAT CAR 4 00345 115,10 EES 45.5 2,157
EEAT CAR 5 0204 57,5 L1317 172,28 DL 9EE

FERFORMAMCE MERZUREEZ THAT SREE ZFECIFIC TO EARCH EEAT

ID OF .
EERT FRACTION OF
WORELDOAD -% OF DIZFATCHEE ¥ AVERRGE
HMAME MO0 OF EERT MEAM IMTER-EERT MEAM - TRAWEL TIME

]
T

EEAT 1 0.757 25E. 4 38 126, & 2,574
EEAT 2 0.40n 132.'3 35 Ta.E 3. 067
EEAT 0,343 114.3 20 .5 2. 773
BEAT 4 0.7ET 25,4 : 125, 8 .37
EEAT S 0.74E 2478 7E.4 2. wzd

ALL DOHE

CORE EEZET TO 258

CEZL200 DEA1S-TF
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Exercise 6. TRAVEL TIME CALIBRATION, NON-~CFS
WORK, AND MULTIPLE CAR DISPATCHING

Using the final beat plan produced for exercise 5, modify
the input data to account for the following observations derived
from data produced in a newly completed study of field operations:

(1) Figures on travel times derived from a review of 500
dispatches for which these data were available indicate that the
district-wide average travel time is 4.0 minutes.

(2) For a guarter of the calls for service two patrol cars
are dispatched. On the average, the second cars dispatched are
out of service for 20 minutes (including travel time); first cars
dispatched are out of service for an average of 30 minutes. Because
of the procedure used to compile data for the run of exercise 3,‘the
time spent by second cars and the number of such dispatches had
been overlooked.

(3) Each car is occupied with non-cfs work an average of two
hours per watch. This includes meals, occasional foot patrol,
processing warrants, trips to the garage, and other such non-
dispatched activities. Here too, data on these activities had
been previously overlooked.

Since use of the dispatch cost matrix is not required for any
part of this analysis, cancel the printing of it, and produce the

hypercube program output at your terminal.
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12.321.43 »=ev -ore 354

CERZ.A00 05/15-76

Z.EE. 02 rMOMITOLD

EMTER HAME OF DIETRICT FLAM 7O EE MODIFIED ¢I.E.» THE MAME

OF A DIZTREICT PLAM PEEMIOUELY CREARTED WZIMG THE MOMITMEW OF
MOMITOLD COMMAMDY »exSE '

EMTER HMAME OF RESION FILE ¢I.E.s THE HAME OF THE FILE THAT
COMTARIMWE SEQSRAFHIC AMD CRLL “OLUME DATA FOR ERACH EEFOETIMG

ARER IM THE REGION OF IMTEREZTI >LaMCITY

EMTER MAME TO EE GIWEM TO THE HEW DIZTRICT FLAN EBEIMG CEERTED: Ex=f
EAECUTION:

MZF~RRHMH IMTERACTIYE HYFERCUEE =EYEZTEM
MOMITOR HERE. WHEM IM DOUETs TYFE 77 .

THE IMTERACTIYE MOMITOR URE:Z ZFPECIFIC TERME TO REFER TO
REZFOMEZE UMITSs CALLE FOR ZEEVMICEs ETC. WHICH MAY EBE
LDIFFEREWMT FEOM THOZE %0 AEE RCCLEETOMED TO. WHILE THIX
TERMIMOLOSY CAMMHOT EE MDDIFIED WITHIM THE HMOMITOR ITZELFs
IT I% POEZIELE TO PREOYIDE YCUR OWM TEEM: TO EE LUZED IN THE
FIMAL HYFERCUEE OUTPUT EY UZIHMG THE "GLOZZAREY™ COMMAND
AFTER FIRET CREARTIMG YOUR DIZTEICT PLAM. oo ool WAMT AH
EAFPLAMATION OF THE TERMINOLDOSY EBEIMG UZED EY THE MOWITORT:
St

E

- EMTEER COMMAMD:

FTITLE

TITLE DF FLAM: “ERERCIZE S - CHR 4 RIDE 1. CARE S RAINDE 223 - ZTEF

CHAMGEY

.-'l

EMTER TITLE OF DIZTRICT FLAH:

FPERERIIZE B — FI¥ TRALY TIMEsHMULT DISFHOM—CFS HORK

TITLE EWMTERED:

"ESERCIZE & ~ FIx TREAY TIMEMULT DIZFsHOM-CFE WORK )
| To correct the reglon ~-wide average travel tJme,
‘shown on p. 213 (2.650 minutes), to a value of
EiTERE COMMAMD: 4.0 the patrol speed must be changed to:

HSEEED (15) x (2.650/4.0) = 9.94

s ———r— o

FATROL UHIT REZFOMZE ZPEED: 15.00

CHAMGE™:

Ty O L N

EMTER FATROL UMIT REZFOMSE ZFEED:

FF.9430

FRATROL UMIT REZFONZE ZFEED EMTERED: S, 9
—216-
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| Thls command is used to account for
ENTER COMMAMD: P lmultlple car dispatches and non—cfs work.

-~

oo vOU WAWMT TO ADJUET THE AVERASE HMUMEER OF CRALLE FOR
ZERNMICE FER HOUR TO RCCOUMT FOR MULTIFLE CRAR DIZFATCHERT:

' EMTER THE AYERAGE SERYICE TIMEs IM MINUTES, FOR THE 1-3T

D1IZPATCHED UMIT:

.\_-

EMTER FREACTIOM OF CALLE RERMJIRIMG & OR MORE UMITE:
*0.E5

EMTER THE RYERASE SERYICE TIME, IM MINUTESs FOR THE &-MND
DIZFATCHED UMIT:

sl

EMTER FRACTIOW OF CR.LE REXUIRIME 2 OR MORE UMITE:
0.0

IO vOU WAMT TO ADJUET THE AYERAGE MUMEER OF CALLE FOR

ZERMICE PER HOUR TO RCCOUNT FOR NON-CALL-FOR-ZERVICE

. WORKLODADT:

AT

" EMTER THE AYERRAGE MUMEER OF MIMUTE: FER HOUR A RESPOMSE
S UMIT SPEMDS OM HOM-CALL-FOR-ZERYICE WORK:
318

- HDWETED HUMEER OF CALL: FOR ZEREYICE FER HOUR: &.0

CEMTER COMMAMD: o " - e ey

| Cancel prlntlng of the travel costl

PERMT_COET & i
(matrix since it is not needed for I

Y

'Exerc1se 6

COET MATRINX WILL HOT EE FRIMTEL.

EMTER COMMAMI:-
FPEARE

DO vou WAMT TO COMFUTE THE OUTFUT MERZURES AT

THIZ TIMEY>v '

ALL OUTFUT REQUEZTED IN EX6é CAH EE FPRIWTED AT YOUR TERMIMNAL
Az IT I% SEMERATED BY THE HYFERCUEE FROGRAM. OF IT CAN EE
ETORED FOR LATER EETRIEYRL. IO %'0OU WAMT THE DUTPUT ETOREDT>M

. EXECUTION:

k4 o A L . e T
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MODIFIED CEMTER-OF-MAZE DIZPATCHING

FIRZT FREFEREMCE RZZIGMED TO EEAT CAR
AZZ0CIATED WITH ERCH BEAT

FROELEM TITLE: EXERCISE & - FIX TRARY TIMEsMULT DfﬂPsHDH—CFS WORK

+ ITERATIYE APPREOXIMATION METHOD WEZED +
HUMEER OF ITERATIONE REQUIRED: 4

?UHLIMITED CAPACITY QUEUE WITH 1_3T-COME {_ST-3ERYED QUEUE DIZCIPLIME

R4 HUMEER: i

. BEAT CAR ...TOTAL MUMEER OF = S

FFT ARER ...TOTHL HUMEERE OF = 1&

" AWERAGE EERMICE TIME= 20,00 MIMUTES
- AWERRAGE HUMEER FER HOURE OF CRLLE FOR ZERVICE = . 000

AYERAGSE MUMEER PER 20,00 MIMUTEE OF CALLZ FOR SERVICE = .00
ZFEED OF FRTROL= T3l MPH

.. ANMERASE UWTILIZATION FARCTOR

ey m—————— ot £ = o A

ik o s

CIM THE CHZE OF UMLIMITED LIME CRPBCITYI= DL E00 e L
' Note that this is

FESIOHM-WIDE RYERRAGE TERWEL TIME= 4,976 MINUTES < not 4.0, as desired.

e e e e e e w1

AYERAGE TRAYEL TIME FOR GUELED CALLS= e, o0d MIMUTES

FROEAEILITY OF ZRATURATION= 0.232815

FESION-WIDE AYERAGE WORKLORD <X TIME BUSYY= 0.&00040
ETHHDARD DEYIATIOMN OF WORKLOARD= 0. 135

MASTMUM WORKLOARTDT IMEALAMCE= 0. 0EFEL

FERACTION OF DIEPATCHEE THAT RARE INTER-EEAT = {.32098%

FEGION-WIDE AYERASE FATROL FREGUIEMCY= 0.3210 FARZEZEE PER HOUE

FERFORMAMCE MERZUREE THAT RRE SFECIFIC TO ERACH EEAT CAR

I ar
EERT CRE FRACTION OF
WORKLOAD % OF DIEFATCHEE RYERRAGE
HMAME HO OF HIT MEAM OUT OF EEAT MEAM TRAWEL TIME

O
S

EEAT CHE 1 0. a2y, 104.4 PST=RCES o, o 4.217
EEAT CHE 2 0. a2 104.1 43 14%. 2 Sl EEE
EEAT CAR 2 0. 559 I | 3T 113.2 D127
EEAT CAR <4 0. E2Y 1n04.4 SR S 4. 207
BERT CHE . S 0.583 EICI 2RIV 10,4 . 2Ed
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‘12.42.47 »moMITOLD

' FERFORMAHCE MEAZURES THRAT ARE SFECIFIC TO EACH EEAT

I OF
EEAT FEACZTIOM OF
WORKLOAD = OF DIESPATCHES % OF RWERRGE
MHAME HO OF EERAT MERM INTER-EERT MEAN TRAYEL TIME
" BEERT 1 1.514 o52. 4 . 3477 107.1 4.5
EERT 4 0.500 133.3 L3173 HE LR S5.144
. EERT 2 0. &85 114.3 L2212 25,6 5,599
. BEERT 4 1.514 . &52.49 2477 107.1 4. 962
- EEAT 3 1,485 2476 L3009 2.7 S.400
{ BLL DOME : : ,
, The region~-wide average travel time
! CORE RESET TO 256 has come out wrong because the call
1"EZL.;UU 15-15-F6 rate increase has also affected travel;
' time. Leaving the call rate fixed, ]
" 13,493,017 rzET cORE 324 revise the speed again. !
CERZ 200 051575 o

EMTEF HMAME OF DISTRICT FLAM TO EE MODIFIED <I.E.s THE HMAME

OF A DIZTRICT PLAHM PREWIOUEZLY CREATED UZING THE MOMITNEW OF
MOMITOLD COMMAMDY >Exd

EMTER MNAME OF REGION FILE <I.E.s THE HRME OF THE FILE THAT
COMTAHINE GEDOSRAPHIC AMD CALL YOLUME DATA FOR EACH REFURTIMG

HREA IM THE REGIOM OF IMTEREET)>LAmMcITY '

EMTER HAME TO BE SIWEM TO THE HEW DIZTRICT PLAM EEING CREATED:ExER
EXECUTION:

HSF/RANN INTERACTIVE HYPERCUBE S7YSTEM
MOMITOR HERE. WHEM IN DOUETs TYPE *%77 .

THE IMTERARCTIWE MOMITOR UZEZ IPECIFIC TERME TO REFER TO
REZFOMEE UMITEs CHLLE FOR ZEEMICEs ETC. WHICH MAY EBE
DIFFEREHMT FROM THOXE %0OU ARE ACCUETOMED TO. WMWHILE THIS
TEREMIMOLOGY CAMMOT EE MODIFIED WITHIN THE MOMITOR ITSELF
IT I= FOZEZIELE TO FPROYIDE YOUR DWH TEEME TO EE UZED IM THE
FIMAL HYFERCUEE OUTFUT EY UZING THE "GLOSZARY" COMMAND
AFTER FIRET CRERTIMG %OUR DI'TFIFT FLAM. DO %00 WANT AM
E-FLAMATION OF THE TEEMIMOLOGY EEIMG LWZED EY THE MOMITORT
*H | The reglon w1de average travel time shown
R on p. 218 is 4.976 minutes. To correct it to
4.0 the speed must be changed to:
EMTER COMMAND: | (9.94) x (4.976/4.0) = 12.372 ..
FEZFEED ‘

FHTREOL UMIT REZFPOMZE ZFEED: Q.9
CHAMGET:
b ) . ) -219-



‘- TITLE OF FLAM: EXERCIZE &

e e——— = e v

U,

EMTER FATREOL UMIT REZFOMIE ZFEED:
12,372

FATROL UMIT REZFOMEZE EZFEED ENTEFED: 12.37

RO . e e

! EETEE_EBMHHHD:_JThis command allows a brief review of the |
| PEUMMARY <———|highlights of the district plan. |

B LU U

EZUMMARY OF DIETEICT FLAN

_n

HUMEER OF UHITE: b
HJMEER OF REPORTIME ARERE: 15
- FI¥ TEARY TIMEsHMULT DIZFP:HMOM~CFE WORE
FATROL UWIT RESFOMSE SFEED: 18.37
HUMEER OF WORELOAD LEVWELZE: S i
CFPATROL UHIT =ERVWICE TIME: =0.0
HUMEER OF CALL: FOR =ZERWICE FER HOUER:
DIZFATCH POLICY: M
DIZTRICT CAR FIRET.

IMFIMITE CRPRCITY QLIEUE. )
CETATISTICE GEMERATELD: OWLY AFFROMIMATE ESTATIZTICE .
’ The following summarize the advanced commands specified.|

Dig
.

TPRHT_WET <
“PATROL” 7.5
“CORTHCT 0.EET

“FRONT~
“MIDDLE"

Ju}
[ng

1 vl
141

il Qe %
+ n
x|
—
£
o
—
fixn
I

n.5a

EMTER COMMAMD:

FERAVE

oo wOuU WAMT TO COMPUTE THE OUTFUT MEAR=UREE AT

THIZ TIMET>~

ALL OUTEUT REBUESTED IM Exen CAM EE FREIMTED AT Y¥OUR TERMIMAL
A= IT I% GEMERBTED EY THE HYFERCUEBE FROGERAM. OF IT CAM EE
STORED FOR LATER RETRIEYAL. DO %00 WAMT THE OUTFUT ETODREDY:M
E=ECUT IOM: .

T

MODIFIED QEHTERfDF~HHEE DIZFPATCHIMG

FIRET FREFEREMCE AZZIGHED TO EEAT CAR
HZZOCIATED WITH ERCH EEAT ,
FEOELEM TITLE: E=ERECIZE & — FIX TEAY TIME2MULT DILZF.HOM-CFE WORK

+ ITERATIYE AFFROXIMATION METHOD UZED +
" MUMEER OF ITERATIOME REQUIRED: 4
UHLIMITED CRPACITY GUEUE WITH 1_=T-COME 1_ET-2ERWYED QUELUE DIFCIFLIME
FUM HUMEEERE: 1
 BEAT CAE ... TOTAL HUMEER OF = 5
“EPT AREA ...TOTAHL MUMEER OF = 1&
S AWERAGE ZERVICE TIME= 20000 MIMUTE:S .

" AYERAGE HUMEER FER HOUR OF CAHLLE FOR ZERVICE = . 000

v i e s ¢ ——— e

C/YERAGE HUMEER PER  Z0.00 MIMUTES OF CALLS FOR ZERYICE = .00

ZFEED OF FRTROL= Foon MPH
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- AYERAGE UTILIZATION FACTOR

o o e

2. e e

Flaratr 30 o k]

CIM THE CAZE OF UNLIMITED LIME CAPACITY)=  0.&00

Now the average travel time is correct,
except for a small round-off error.

- - —_

7

: FEGIONM-WIDE AVYERAGE TRAVEL TIME= 3,998 MIMUTES

AYERRSE TREAYEL TIME FOR QUEUED CALLE= 4. 325 MINUTES
FEOEBAEBILITY OF ZRTUREATIOM= 0.23251%5

FESIOH-WIDE RAYERRGE WORELOARD <X TIME EBUEYs= 0.c0000
EZTAMDARD DEYIATION OF WORKLORD= = 0. 036

MAATHOM WORKLOAD IMERLAMCE= 0. 06721

FEACTION OF DISPATCHES THRT AREE IMTER-EEAT = 0,384

[ng
Wi

[

RESION-WIDE AYERAGE FATROL FREQEMCY= 0.210 FAXEEE PER HOUR

FERFORMAMCE MERZURES THART ARE ZFECIFIC TO EACH EERT CAR

ID OF

EERT LCHE ' FRACTION OF '
WORELOAD % OF DIZPATCHES % OF RYERRGE
OF LINIT MEAM OUT OF EERT -MERN TERAYEL TIME

=

- HAME

. 527 104.4
0. &e2d 104.1
0,559 X
0.&27 1

0. 5583

 EEAT CFAR
EEAT CAR
EEAT CAR
FEAT CAR
FEAT CAR

=

DO F IV I PV

DO W I CR X

DO OO Y
L o
Do =) Ja )
i I e QR KRR 0]

LR VI

Y]

- FPERFOEMAMCE MEARZUREEE THRT RARE ZPECIFIC TO ERCH EERT

1D OF
EEAT FRACTION OF

WORKLOAD % OF DISPATCHES % OF AYERAGE
OF EEAT MEAM IMTER-EEAT MERN TRAYEL TIME

&

HAME

.
.
el
.
(]

1.514

0. =00

EEAT
EEAT
FEART
EEAT
. EEAT

" ALL DOME

T fa 23 00 4o

1.514
1.486

sy
LY o B NS Y e

'.,L'I lJ"l [ien] l:v_'l U’c

SR XU SO OO Y
DIOCEE = A3 I -l x £
[ VRO s ¢

O e O e L
D=t B
DI N (Y
FQ =) O = =
=J e T e

L]
[ IO (F R RY )

= [y 03 o

K PN

L 0 T
A
XK
T

[ R 1]

. CORE RESET TO 256
O CEE.I00 0ES1SCTE
; : . -221- ~ :



Exercise 7. BENEFITS OF AUTOMATIC VEHICLE LOCATION

Consider once again the district plan described in
Exercise 3. Determine what improvements in performance
would result if dispatchers were provided with automatic
vehicle location equipment. (Hint: use the COMPARE command.
Don't forget to use the district plan for Exercise 3, not
Exercise 6.) Suppress unwanted output tables which had been

requested for Exercise 3.
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18.11.53% rzev comre 3324

K

12128013 »MImITOLD
IMYALID o= COMMAMD

12,1813 >MaoMITOLD

EMTER HMAME OF DIZTRICT FLAM TO EE MODIFIED <I.E.s THE MAME

OF A DIZTRICT PLARM FREVIOUELY CREATED UEZIMG THE MOMITHEW OF
MOMITOLD COMMAMDY »ex3 '

EMTER MAME OF REGIOM FILE JI.E.s THE MAME OF THE FILE THAT
COMTAIME GEOQGRAFPHIC AMD CALL “OLUME DATAR FOR EARCH REFORTIHG

AREAR IM THE REGIOM OF IMTEREET» *Lamc-ITy

EMTER MAME TO EE SIWWEM TO THE MEW DIZTRICT FLAN BEIMG CEERTED =7
E=ECUTION:

HzZF-FERMM IMTERACTIVE HYPERCUEE ZYETEM
MOMITOR HERE. WHEM IN DOUEBTs TYFE 77 .

THE IMTERRCTIWE MOMITOR IEEE EZPECIFIC TEEMZ TO REFER TO
FEZROMEE UMITE, CALLE FOR ZERWICEs ETC. WHICH MAY EE
DIFFEREMT FROM THOZE wOU ARE ACCUETOMED TO. WHILE THIE
TERMIMOLOSY CAMMOT EBE MODIFIED WITHIN THE MOMITOR ITZELFs
IT I= POSZIELE TO PROVIDE wOUR OWM TERMEZ TO EE USED IN THE
FIMAL HYWFERCURE QUTRUT EY UZIMG THE "GLOZEZARY™ COMMAMND
AFTER FIRET CREATIMG ¥OUR DIEZTRICT FLAM. IO ¥OU. WANT AN
EAFLAMATION OF THE TERMIMOLOGY EEIMGS LUEED EY THE MOMITORT:
wrd

24

EMTER COMMBMD:
FTITLE

TITLE OF PLAM: “ESERCIZE 3 - 2 CARS IM LAMCITY
ZHAMGE T2

rEIVES

EMTER TITLE OF DIETRICT FLAM:

FEXERIISE 7 - COMPARE SERVICE OF MCHM WMITH AVL FOR Eu«3
TITLE ENTERED:

ERERCIZE 7 - COMPARE ZERMICE OF MCM WITH AYL FOR E-

EMTER COMMAMD:
STITLE

TITLE OF FLAM:  “ESERCIEE 7 - COMPARE ZERWICE OF MCM WITH AL FOR E-

CHHEMIZET:
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ENTER TITLE OF DIEZTRICT FLAM:
FPEXERZIZE ¢ — COMPFARE AVL KWITH MOM FOR Ex
TITLE EMTEREIL: :
TERERCIZE T o- COMPARRE AL WITH MOM FOR E=S

EMTER ZOMMAMI:E
PTOMPERE

COMPREE CRRED WILL EE SEMERATED.

44 LIARMIME +++

OMLY ESRCT ZTATIZTICE WILL BE SEMERRTED: ZIMCE
THE COMPARE FERTUEE CAMMOT EBE UEED WITH THE
HYPERCUEE AFFREOSIMATIONM.

EMTER COMMAMD:
FHO_FRMT

Ol REGIOMs LMITs AMD QIETEICT FERFOREMAMCE MERIZUREE
WILL EE PRIMTED.

EMTER COMMAMI:
FPRHT TR

TREAYEL MATRIX WILL MOT EE FPRIMTED.

EMTER COMMAMND:

rERVE

0O ¥Ou WART TO COMFUTE THE OUTFUT MERIUREE AT

THIE TIMET

EMTER MAME OF REGION FILE <I.E.s THE MAME OF THE FILE THRT
COMTAINE GEOGRAPHIC AMD CALL WOLUME DATH FOR EACH REFORTIMG
ARER IM THE REGIOM OF INTEREZT) *LAMIITY

EMTER HMAME OF DIEZTRICT PLAM CI.E.s THE MAME SIWEMN TO THE DIETRICT

FLAM CREATED UIIME THE MOMITHEL OF MONITOLD COMMBMNDS >2=7

ALL QUTFUT REGUEZTED IM E=Y CAMN EBE FRIMTED AT YOUR TEEMIMAL
A% OIT I: GEMERATED BY THE HYFPERCUEE PROGEAM, OF IT CAM EE
STORED FOR LATER RETRIEYAL. DO YO0 WAMT THE OUTFUT ZTOREDT:>n
EXECUTION:

R 3
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MODIFIED CEMTER-OF-MAZE DIZFATCHIMG

FIREZT FREFERENCE AZIZIGHED TO EBERT CAR
HEZOCIRTED WITH ERCH BERT
FROELEM TITLE: E®ERCIZE 7 -~ COMFRRE AYL WITH MCM FOR EK3Z
UMLIMITED CARFARCITY QUEUE WITH 1_3T7T-COME 1_ZT-ZERVED QUIEUE DIECIFLINE
RUM NUMEER: 1
EERT CAR ... TOTAL MUMEER OF = =2
RFT AREAR ...TOTHL MUMEBER OF = 16&
HYERAGE ZTERWICE TIME=  30.00 MIMUTEE
HYERABGE MUMBER FER HOUR OF CRLLE FOR ZERMICE = Z. 000
AYERARGE MUMEER FER  Z0.00 MIMUTEE OF CALLE FOR EZERVICE = 1.500
ZFEED OF PATROL= a2 MFH
TOTAL PROEABILITY OF ERREOR WITH MCM = 0.0733%
HYWERRGE UTILIZATION FRACTOR ’
cIM THE CREZE OF UMLIMITED LIME CAFPACITY = 0.500

FESION~-WIDE HFEEHGE TRAYEL TIME= Z.283 MIMUTES

AWERFGE TRAWEL TIME FOR QUEUED CALLE= 4,111 MIMUTEE
FREOBREILITY OF ZRTURATIOM= 0. EEF-4

REGIOM-WIDE AYERASE WORELOARD oX TIME EUSY)= 0.30000

ETAMDAED DEVIATION OF MURKLDHD“ 0. 047

MASIMUM WORKLORD IMEALAMCE= 0. U-tﬂu

FEACTION OF DIEZPATCHEE THAT ARE IMTER-EERT = 0, 43553
REGIOM-WIDE AVYERASE FATROL FREGUENCY= n.224 PHESES FER HOUR

FERFORMANCE MERZUREE THRAT ARE SFPECIFIC TO ERCH EERT CARR

In grF
EERT CAR FRACTIOM OF
WORELDORD » 0OF DIZFATCHESR » OF AYERRARE
HMAME HO OF UMIT MEAM  OUT OF EEAT MERM TRAYEL TIME
EEAT CAR 1 0.3z 1.2 . o2d8 57 .4 Z.3a2
EEAT CRHE s 0.5 104.5 CETOZ 125,28 . 135
EEAT CAR £ 0. 9445 2301 LT Yy 109,59 SSEET
FERFORMAMCE MERIUREE THRT ARE EFECIFIC TO ERCH EEAT
In arF
EEAT FRACTIOM OF
narELOaD » OF DIZPRATCHER w arF AYERAGE
HAME HO OF EEAT MEAM INTER-EEAT MERM TRAYWEL TIME
EEAT 1 o.oo 15,7 T I 103,01 2. 273
EERT Z 0,333 Ry - 3ATE 1003 P ok
EEAT 3 O.2327 S5 T L ITIE TE.E A S
ALL DOME

CORE RE=ET TO 2

CEELIO0 MES1SST
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Exercise 8. VARIABLE SERVICE TIMES

Returning again to the district plan described in
Exercise 3, determine the impact of fielding a two-man
car in beat 1 (i.e., the beat from which the majority
of the calls for service are originating). Assume that
the average service time for the two-man car is
20 minutes per incident, and that no other features of the
district plan ‘need be changed. {Hint: use the VST command.
Don't forget to use the district plan for Exercise 3, not
Exercise 7.) Suppress unwanted output tables which had

been requested for Exercise 3.
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12.21.42 >zt cars 54

CEER.S00 DES15-F8

12.228. 04 >mariTolD

EMTER MAME OF DIZTRICT PLAM TO EBE MODIFIED <I.E.» THE NAME

OF A DIZTRICT FLAM PREYIOUZLY CREATED UZIMS THE MOMITMEW OF
FMOMITOLD COMMAMD: >ew2

EMTER MAME OF REGIOM FILE <I.E.s THE HMHAME OF THE FILE THART
COMTHRIME GEOGRAPHIC AMD CALL wOLUME DRATA FOR EACH REPORTIMG

ARER IM THE RESIOM OF INTEREEZT) *LAaMcITY

EMTER MAME TO EE SIWEM TO THE MEW DIZTRICT FPLAM EEIMNG CRERATED: xS
ExECLITIOM:

MEIF<RAMM INTERACTIVE HYPERCUEE ZVETEM

MOMITOR HERE. WHEM IM DOUETs TYWFE “7°

THE IMTERRCTIVE MOMITOR UZEE ZPECIFIC TERMZ TO REFER TO
FEZPOMEZE UMITEs CALLE FOR EZERWICEs ETC. WHICH MAY EE
DIFFERENT FROM THOZE %0OU ARE ACCUETOMED TO. WHILE THIE
TERMIMOLOSY CANMMOT EE MODIFIED WITHIM THE MOMITOR “TEELFS
IT IX POEEIERLE TO PROYIDE OUR OWM TERME TO BE LUE0 @ IM THE
FIMAL HYFERCUEE QUTPUT BY UEING THE “sSLOREZARY" COMIND
AFTER FIRET CREATING YOUR DIZTRICT FLAN. DO %0OU WANT AN
EXPLAMATION OF THE TERMINOLOGY EEING UEED EBY THE MOMITORT:
S

B3

EMTER COMMAMD:
FTITLE

TITLE OF PLAM: “EXERCIZE
CHAMGET:

= 3 DARE IM LAWCITY

EMTER TITLE OF DIZTRICT PLAM:
FEHNERCISE 2 - ADD SHD MAM TO ExZ cAR 1
TITLE EMTERED:

"ERERCIZE 2 -~ ADD EMD MAN TO E=Z2 CAR 1

EMTER COMMAMD:

FAET

DFTION:

THE FOLLOWIMG TWO OFTIOME ARE AWAILAELE:
17 PRIMT THE CURRENT “ARIAPBLE ZERYICE TIMEEZ CIF AMY).
Zr EMTER HEW WARIAEIE ZERWICE TIME:.

TWFE THE NUMEER OF THE OFTIONM THAT ¥OU WAMT:
*1 :
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MO WARIAEBLE ZERYICE TIMEE

EMTER COMMAMD:

UHEHOWN COMMAMD: 2

EMTER ZOMMAMD:
FeET

OFTIOM:

S

EMTER ZERWMICE TIMEE:

ZEE UEER-Z MAMUAL. F. FT1ly FOR EXAFLAMATION OF ZERMICE
TIMEZ THART “ARY EY REEZFONZE 1UMIT.

EMTER ZERWICE TIMEER:

=1 2000 2 30,0 3 3000

s+ ERROR o4+ ,
vOl TYFED MORE ZERVICE TIMES THRM THERE FRE UMITS
TRY AGATH |

EMTER ZERVWILCZE TIMES:

SE0.0 0.0 20000

AVERAGE ZERNMICE TIME IE MOW 25.7

oo LARMING +++

OMLY EWACT ETATIETICE WILL EE GEMEREATED. ZIMCE

WARIAEBLE =ZERWICE TIMEE CAMMNOT EBE UEED WITH THE HYPERCUEE
AFFREOSIMAT IOM.

EMTER COMMAMD:

FHOLPRMT

aMLy RESIONs UMIT. AMD DISTRICT FERFORMANCE MEAZURES
WILL BE PRIMTEL.

EMTER COMMAMD:
.}PHNT_TH

TEAYEL MATEIX WILL HNOT EE PRIMTED.
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EMTER COMMAMD:
FERMT_ET

WARIAELE EZERMICE TIME DATA WILL EE PRINTED.

EMTER COMMAMID:

FEAVE

g 0u WANT TO COMPUTE THE OUTPUT MEARIZUREE AT

THIE TIMET:w

EMTER MAME OF RESIOM FILE ©“I.E.s THE MAME OF THE FILE THRAT
COMTARIME EOSRAPHIC AMD CALL YOLUME DATH FOR ERCH REPORTIMG
AREHR IM THE RESION OF IMTEREETI) :LAMcITY

EMTER MAME OF DIZTRICT FLAM <I.E.s THE MAME GIVEM TO THE DISTRICT
FLAM CREATED UEIMGE THE MOMITMEW OF MOMITOLD COMMAMD)Y >exa

ALL OUTFUT REQUEETED IN EX®® CAN BE PRINTED AT YOUR TERMINAL
Az IT I': SEMERATED EBY THE HYPERCUERE PROGRAMs OF IT CAM BE
ZTORED FOR LATER RETRIEVAL. DO vOU WANT THE OUTFUT ETOREDT>M
EXECUTION:

ZERVICE TIME FOR ERCH EBEAT CAR

EEAT CAR SO, 00 MIMUTES
EEAT CHE 0. 00 MIMUTER
EERT CAF 20,00 MIMUTES:

Ut Qo=

MODIFIED CEMTER-OF-MAZE DIEZPATCHING

FIREZT PREFEREMCE AXEZIGMED TO EEAT CAR
HEZOCIATED WITH EACH BEAT
FROELEM TITLE: EXERCIZE 2 - ADD 2MD MAM TO EXZ CAR 1
UMLIMITED CAPACITY GMIEUE WITH 1_=T-COME 1_%T-2ERVED QUEUE DIZCIPLINE
IH-QUELE TRAWEL TIMEZ OMLY APFPROAIMATE DUE TO UMESUAL FERVICE TIMES
UM MNUMEER: 1
BERT CHRE -+« TOTHL MUMEER OF = =
RFT AREAR ...TOTAL MUMEBER OF = 1&
AVERAGE EERWICE TIME= 25.71 MIMUTES
AWERAGE MUMEER FER HOUR OF CRLLE FOR ZERMICE = .00
AYERAGE MUMEER FER 25.71 MIMUTEE OF CALLE FOR ZERVICE = 1.288
=FEED OF PRATROL= .30 MPH .
AWERAGE WUTILIZATION FRACTOR
cIM THE CRZE OF UMLIMITED LIME CRPRACITY)=  0.42%

RESION-WIDE AVERAGE TRAVEL TIME= 135 MIMNUTER
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AVERAGE TRAYEL TIME FOR QUEUED CALLZ=
OF =ATURATIOM=
FREGIOM~WIDE AYERFGE WORKLOAD %

PROEBAEBILITY

LAl

ZTANDARD DENMIATION OF WORPKLORD=

PR IMUM WORKLOAD
FEACTIOM OF DIEZFATCHEER THAT ARE IMTER-EEAT

REGION-WIDE AVERAGE FPATFOL FREGUENCY=

FEFFORMAMIE MERZUREE THAT ARE

ID OF

EERT CAR

MHAME

EERT CARR
EERT CAR
EEAT CAR

FERFORMAMCE MERZUREE THAT ARE EPECIFIC

I oF
EEAT

MAME

EERAT
EEAT
EEAT
ALL DOME

CORE REZET TO

CEDLSO00 08

MO OF LUMIT

15

x 0OF
MERM

WORELORD

10300
105,
=T

0. 428
l-l 4 e

3 D3 o
-.[n [y I &

WORKLORD *
HO OF EBEAT MEFM

1 0.710 165.7
z 0.294 )
K] 0.8 ES.T
255
TE
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IMEALAMNCE= 0. 0&5sl

EPECIFIC

oF

4,111 MIMUTEE

TIME ELFEYI= 0.4273
a5

037044

0,253

PRZEES

TO EACH EEAT CAR

FRARCZTION OF
DISFHTCHES = 0OF
OuT OF EBEAT MERAM

. 1v2d FE. 5
IGTE A 152.5
e i 12=.2

TO ERCH EBEERT

FRRCTIOM OF
DIZFATCHES
INTER-EERT

% OF
HMEFM

T

CIETE E
2077 1110.1
=412 ErC |

FER

HOLIR

AYERRGE

TEAWEL TIME

H ll‘ll
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APPENDIX D

SUMMARY OF HYPERCUBE

COMMANDS, FILES, AND INPUT DATA
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AN A

NCSS Commands 1.3 Hypercube Commands 1,4 Monitor Commands 273
ALTER (52) BRFLIST = (99) ADJUST (67) PRNT ALL (78)
KL (37) CANCEL (94) BACK (72) PRNT ATOM(79)
LINK (38) CONLIST (99) COMPARE (69) PRNT CFS (79)
LISTF (52) CORREG - (57) CONFIG (65) PRNT COST(79)
LOGOFF (39) DELETE (54) CORTM (74) PRNT PATROL(79)
PRINTF (52) HYPERCUBE(92) CREATE (82) PRNT SP ALC(79)
SET CORE (63) ~ LISTALL (98) - D_SCALE(73) PRNT TR (79)
STAT (92) LISTHYP (98) EXIT (83) PRNT TT (79)
: . MODPLAN (87) - FRONT (72) PRNT VST (79)
MODREG (57) FRST (70) QUEUE (70)
MONITNEW (63) GLOSSARY (75) SAVE (82)
MONITOLD (64) INSPECT(78) SPEED (65)
NEWPLAN (85) LISTADVCMDS (82) STATISTICS (80)
NEWREG (56) LISTCMDS (82) STCRE (82)
OVERNITE (94) - MIDDLE (72) SUMMARY (R80)
VERYBRF (99) MODIFY (82) TITLE (75)
NO_PRNT (78) TXOV (73)
PATROL (66) TYPOUT (80)
- POLICY (68) VST (66)

PRINTDIST(78) WORKLOAD (66)

Commands are valid only after the computer prints time-of-day.

Commands are valid only after the computer prints ENTER COMMAND: within the
menitor program.

commands performing the same functions as these NCSS commands are likely to be
available on time-share systems other than NCSS although the command names and
formats for their use will probably be different.

Additional programming will be required for use of software on time-share systems
other than NCSS in order to perform the functions of these commands.

Commands are independent of the system on which the software is implemented.

Figure D-1

COMMANDS COMPRISING THE HYPERCUBE SYSTEM



File Name

-g£€C-

Type of File (Region,
District Plan, Output)

SAMPLE LOG FOR RECORDING FILES

Date
Created De

Figure D-2

Date
leted

Description of Contents (e.g., Appli-
cable Precinct and Watch, Associated
Region File, Etc.)



Optional or

Unit of

Description of Data Required Measurement Restrictions Comments
Region File
1. Reporting area Optional -- Numeric, less than or Sequential number-
identifiers equal to 999999 ing assumed if
omitted
2. X, Y coordinates Required Arbitrary Limited to six char- D-SCALE command is
acters or less in- used to specify a
cluding the decimal multiplicative
point constant used to
convert coordinates
to miles
4, 3. Size of report- Optional Square miles Limited to six char- Computed intra-
w ing areas acters or less in- reporting area
I cluding the decimal travel times zero
point if omitted
4, Relative workloads Required Arbitrary Limited to six char- Computer automati-
acters or less in- cally normalizes
cluding the decimal workloads
point
5, Patrolable street Optional Miles Limited to six char-
miles acters or less in-
cluding the decimal \
point ‘
Figure D-3

HYPERCUBE INPUT DATA



District Plan File

Description of Data

Optional or
Required

Unit of
Measurement

Restrictions

Comments

~-GE€Z~-

1.

Number of units

Number of reporting
areas

Title of district
plan

Response speeds

Patrol speed

Patrol unit ser-~-
vice time

Required

Required

Required

Optional

Optional

Required

Miles per hour

Miles per hour

Minutes

Figure D-3 (Continued)

Between 1 and 15 if
the exact model is
used, and between
1 and 34 otherwise

Limited by cost and
storage considera-
tions only

50 characters or less

Indirectly speci-
fied by user defi-
nition of district
configuration

Appears in hyper-
cube output; inde-
pendent of the name
of the district
plan file

One mile per hour
assumed if not
specified

Statistics on pre-
ventive patrol fre-
quencies are not
computed unless a
patrol speed is
specified



Description of Data

Optional or
Required

Unit of
Measurement

Restrictions

Comments

7.

-9¢¢-
-
[ew]

11.

12,

13.

14,

Call rate

Number of workload
levels

Model to be used to

compute statistics

Dispatch policy

Unit identifiers

Inter-reporting
area travel times

Dispatch costs

Service times for
individual response
units ‘

Required

Required

Optional

Optional:

Required

Optional

Optional

Optional

Calls per hour

Minutes

Arbitrary

Minutes_

Figure D-3 (Continued

If calls are queued,
the number of units,
service time, and
call rate must be
such that region-
wide utilization is
not greiter than 1.0

Maxdimum of 10

Exact model can be
used only if number

of units is 15 or less

Exact model requiredif

AVL dispatching is
specified

Numeric, non-zero,
less than or equal
to 32767

Between 0 and 999,
cannot be specified

with AVL dispatching

Exact model required
if variable service
times are specified

Statistics can be
requested for sev-
eral -call rates by
specifying a lowest
arrival rate and an
incremental arrival
rate

Approximate model
assumed if not
specified

SCM dispatching
assumed if not
specified

Manhattan metric
used to compute
travel times not
specified

Computed according
to dispatch policy
specified



~-LEC—

Optional or Unit of
Description of Data Required Measurement Restrictions Comments
15, Proportionality con- Optional -- Computed intra-
stant used to com- reporting area
pute intra-reporting travel times 2zero
area travel times if not specified
16. Scaling factor used Optional -- Scaling factor of
to convert coordi- one assumed if not
nates to miles gpecified
17. Glossary terms Optional -- Terms specified are
used in hypercube
output
18. Dispatch procedure Optional - Specified procedure No special pref-
when a unit other is ignored if AVL erence for district
than the district dispatching is used car if not specifier
car appears to be
closest to an in-
cident
19. Procedure for hand- Optional -- Number of units, Queuing of calls is
ling calls when all service time, and not allowed unless
units are unavail- call rate must be specified
able such that region-
wide utilization
is not greater than
1.0 if calls are to
be queued
20. Non-call-for-service Optional Minutes per hour Zero non-call-for-

units spend on
non-call-for-
service work

Figure D-3 (continued)

service workload
if not specified



Optional or Unit of

. Description of Data Required Measurement - Restrictions Comments
21. Preventive patrol Optional -- Between 0.0 and 10.0, Assumed propor-
factors if specified the tional to reporting
factor for at least area workload if

. not specified, pro-
one reporting area ; !
p g portional to work-

LR T atrd ot a h - ~
in digtrict must be load for overlay
non-zero units

-8¢€7-

Figure D-3 (continued)



HUMEBER OF HUMEER OF UMITS
FEFCHE

ARERS 3 £ g iz 15 S I | P o i 33
B R R M AE%S o 281 25D E5E 2RI 3L 2Ed RES
S cal EEES . 2en 2EE 2TROEFS MEE 0 mER Ra9 29d Soed
Bt Ses ETIOEEE DT 2eR 2e I|d 31 383 3nm 3ET

103 ST PR CRES RS Z2d 3RE 348 EER 0 3RS ATE ETY
|5 R R Pl RGP I I T Y1t R 1o B ID e e R B B O Pl

156 HEDOEES BTE O 22D ORIF 0 411 484 438 4Es 0 WES 47
T wEEESd J4Ee 438 g4y 45? GTE O I B SIE 0 WG

e GlE IS 484 4TI 49 SO S5 Sdd SRS SR S9s

2 A BRSO Do S52E Sd4d S8d S84 smd S84 SdE 0 58S

o DT TEDOSET SO0 B SRS SdT S8T 598 Fld o TaET

ETE TEF I OG618 641 SEE £BE 0 TIS FI9 Ped 7RI 813

el BT BS54 BmE FEF O TId TRl OFES 214 841 D8 90N

*Storage requirements are specified in units of K-bytes where
one K-byte = 1024 bytes.

Figure D-4

CORE STORAGE REQUIRED TO USE THE APPROXIMATE HYPERCUBE MODEL*
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MHLFMEER OF
HEEQEWlHG

FIRE S i

-
[

*Storage requirements are specified

one K-byte

- " "
o 1 bt

T R S | Tty
[ [ et [N ol

SEHT O EwE 294

CRNCRC
WA ST DER
e~ B 10

Rt IS Ry s I R
1m0 BEE S

S
EEF O DEE gdl

= 1024 bytes.

e T EED O ENRD iEe 2T o ld
2ET S RIS & T e M
AR s B 0 R b B
P S BG4 MR B U RN At S 0 2 B R S S
g T b g HEY I B S
2 S VRTINS SNC 1 S A B B bR
T AT 1R ST GED NEE Nl

I R
SRS A GRS Epl Bde 0ET 0 89
Sl BRSSO RS LT RS el
R SRt 1y PR A S S S 0 S AN S £ e
O] S REE il PR P R

in units of K-bytes where

Figure D-5

CORE STORAGE REQUIRED TO USE THE EXACT
HYPERCUBE MODEL WITH NON-AVL DISPATCHING*
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HUMEEFR OF HUMEER OF UMITS
REFORT THG
FIREAS =2 4 s & F @ 8 i@ 11 1@ 13 14 1S

25 B4l P4 244 246 243 251 BST 268 897 3IE 438 BT WD 174
i 2530 255 298 26l 254 BEE EFS PET 389 R4 ddd 3@ LALT 1S1W
75 STEOETIOEFT OESL 285 299 298 311 334 358 471 £S5 1046 1849
el FRE 0 EWE BBl OBET XL BT OBEE 348 364 418 DEI &9 1099 1894
125 ILE O E24 32 BET B41 349 3HD IF4 I99 ade D9 FES 1118 1984
15 BEE EWE BER  BST ORTF B85S 39S 41 439 487 581 TR 1163 19E9
175 DG OBER O O4E1 4B 417 43T 439 456 483 533 8628 519 1811 dEE
s 47 4mE 444 453 963 4T3 486 SEd 532 S83 EFF 5T 1864 fuTl
ZEn 4T3 4EE 492 ST S13 0 OS24 538 SSF 597 38 TR GRS 1EIR 21Ee
2 SE4 0 EIE 0 OT45 D56 SES DO 595 A1T  £ds 69 U7 RIR 1086 2197

275 SOE 0 SOT AED 619 &3 &4l 57 TS FI8 Ted  B63 1859 1454 2265
I
S Sl EEE 85 7T ES3 TEF a4 Tde  FYR 334 934

LIzl peey aod

*Storage requirements are specified in units of K-bytes where one
K-byte = 1024 bytes.

Figure D-6

CORE STORAGE REQUIRED TO USE THE EXACT
HYPERCUBE MODEL WITH AVL DISPATCHING*
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PP R OF LIS

*Storage requirements are specified in units of K-bytes where
one K-byte = 1024 bytes.

Figure D-7

INCREMENTAL CORE STORAGE REQUIREMENT FOR EACH
ADDITIONAL WORKLOAD LEVEL USING THE EXACT
HYPERCUBE MODEL WITH NON-AVL DISPATCHING*
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MUMEER TF  MUMBER OF LMITS
REFDRT THG _
FREAS 2 3 E! = & 7 = IR V= SR I WS -JNS b B

.,_
—
£

frael 1 = o o b 5 & e ay o I B
i i = A = ) s n = 11 15 e E3 T L
T = cl ] £ b B o il 1 1= i G5 e 4

1603 4 B & 7 E 18 1= 14 ¥ e e Ao EE 147
125 <4 £ Y = 11 1E 14 1v i ) i b ST Bt
156 b T ] | 1= 13 17 i o o h T g 1hE

175 & & i@ 1@ s 1F 1 @ EF B3 43 &1 #E 0 161

ciEE L Es 12 14 1& i o b S g i =5 W LEN
PN B ie 13 1 1= 1 =t o £ e gl SR 1En 1T
Pl o 11 14 1¥ 2k et s a1 e 4z 5d FRET 15
] B i 1e i= o e e o e 1) a7 FF B N A
S 1a 1 iy =1 e o= S £ S St £l 21 11 1ed

*Storage requirements are specified in units of K-bytes where
one K-byte = 1024 bytes.

Figure D-8

INCREMENTAL CORE STORAGE REQUIREMENT FOR EACH
ADDITIONAL WORKLOAD LEVEL USING THE EXACT
HYPERCUBE MODEL WITH AVL DISPATCHING*
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Number of Lines Core Storage Required

in Output File to List Output File¥*
0-1500 256
1500~-2000 ‘ 320
2000-2700 384
2700-3700 448
3700-4700 512
4700-5000 5706

*Storage requirements are specified in units of K-bytes where
one K-byte = 1024 bhytes.

Figure D-9

CORE STORAGE REQUIRED TO LIST OUTPUT FILES
USING THE "LISTHYP," "BRFLIST," OR "VERYBRF" COMMANDS
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APPENDIX E

HYPERCUBE FLOW CHARTS
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Start

- Log On
(see p. 38)

-9v¢-

Do you Yes
want to log
off the NCSS

system?

Use the LOGOFF
command (see p. 39}

If you want to: Use the
command:
A. List the names of LISTE (see
. yous fizes e gl_égl_ _________ Do If you want to:
B. List ateats of|{ PRINTE (see you want = -
B - :“ene content —-ST—ng e to create or A. Crea:ze or modify a { See Figtre E-2
fosmmmm e e e e an o e e e OSSRV 0 P fug A -—_—-—7 modify a region P region f£ll=
. - - = No file, create or modify B mmmESsees- i
. Change the nime of ELTER i€, : : . -
[of ¢ :ige € == Séiee a district plan file, com-— B. Create or modify a See Figure =-3
S R EE SRR B L W pute performance measures/ -} district plan file
" - v B or list output /[T OTTTTTTTTTTTTTTTTOTT B s
D. ?Eii: some ol your 2§€EL§4§SEE tables? C. Ccmpute performance See Figure E-4
- e e —r——————— g m@asures
E. Cancel an overnight CANCEL (see D List ousout from See Figure -5 ﬁ
N —_— . - -DuT Irol S -
_ ren o___.p: 94) hypercuhe runs l
P. Interrupt exscution KL after
cf vour previous depressing the
comnand break key
twice (see p.
37)

Figure E-1
HYPERCUBE OPERATIONS
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Use the CONLIAT command
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costs, patroiled
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Y, Eifes, OF preventive
N pateol?

Hse the UERYARD o ppand =
aniy tabigy gnooing ghe

¥FREION, 8k, a0l digkeict

REIOERANCE SagduEny Wil
i3 jassedd {Sup p. 99)

S

&

eongriuted (Sea
HesBayes at the
end of the

ruay

parformince MOaRULed Wero not
couputod~sotroct the problam
and rarun tho Hypereube pros
grant before attenpbing to lige
tha output

Do
you
vant all
avallable
outgua taljles

igted?

Use either the LISTALL or
LIATIYE eommand = tables
sliowing the distribution
of sorvice incidents, maan
travel times, dispatehing
eosts, praventiva patrol,
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Region File

Monitor
Program

y

A

District
Plan File

S

Hypercuba
Program

Output File

Saleatad
Printoeuts

Contains geographic and call volume data for
"region being analyzed - manipulated using the
ALTER," "CORREG," "DELETE," "LISTF," "MODREG,"
"NEWREG, " and "PRINTF" commands (see Chapters
vV and VI)

Creates district plan files from user description
of patrol operations - invoked using the "MONIT-
NEW" and "MONITOLD" commands {(see Chapter VI)

Contains description of district configuration
and patrol operations ~ manipulated using the
"ALTER," "DELETE," "LISTF," "MODPLAN," "NEWPLAN,"
and "PRINTF" commands (see Chapters V and VI)

Computes performance measures for specified
region and district plan files ~ controlled
using the "CANCEL," "CONLIST," "HYPERCUBE,"
and ;OVERNITE" commands (see Chapters VII and
VIII

Contains output generated by the hypercube
program -~ manipulated using the "ALTER,"
"BRFLIST," "DELETE," "LISTALL," "LISTIF,"
"LIS?HYP,“ and "VERYBRF" commands (see Chapter
VIII

Output tables printed according to user
spacifiecations (@ee Chapter VIII)

Figur 6

e E=6
fomBaerStess =

SCHEMATIC REPRESENTATION OF HYPERCUBE
FILES, PROGRAMS, AND COMMANDS
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