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PREFACE

This Report is designed to provide computer programmers and systems
analysts with detailed documentation of a computer program developed at The
New York City-Rand Institute for simulating the activities of police patrol
cars in a city or a region of a city. The development of the simulation
program was supported under a contract with the New York City Police Depart-
ment, Its generalization and documentation was supported by a contract with
the Office of Policy Development and Research of the Department of Housing
and Urban Development.

The HUD contract has as its objective the development, testing,rand
documentation of methods to improve the allocation of resources in munici-
pal emergency service agencies. Making these techniques widely available
should ultimately result in significant improvements in the delivery of
municipal emergency services.

It is presumed that the reader of this Report knows something about
police patrol operations and terminology, and quite a bit about computer
simulation. A companion report is being prepared that will describe the
simulation and its uses for police department administrators and other city

officials:

R-1625/1-HUD, 4 Simulation Model of Police Patrol Operations:
Executive Summary, Peter Kolesar and Warren E. Walker, The New

York City-Rand Institute, forthcoming.

These two reports are part of a series that documents several
different deployment models for police, fire, and ambulance services,
and describes the application of the models in several cities., Further

information can be obtained from The New York City~Rand Institute.
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SUMMARY

The computer simulation model described in this report was written
to study the police patrol operations of the New York City Police Depart-
ment, The structure of the program, however, is sufficiently general
that, with only minor modifications, it could be used to study the opera-
tions of any large metropolitan police department.

The simulation is designed to examine the effect of changes in a
police department's deployment of its patrol resources. Among the
policy options that can be tested are: changing the number of patrol
units on duty; changing the boundaries of the regions assigned to
particular patrol units for patrol and for dispatch to calls; and
changing dispatching procedures. Alternative policies may be compared
based on a wide range of performance measures provided by the simulation.
These include the delay between when a call for service is received and
when it is dispatched, the delay between when a call is dispatched and
when a patrol car arrives at the scene, and the workload of individual
patrol units.

The program is written in SIMSCRIPT II.5. This report describes
each of the routines in the program and the program's data requirements
in sufficient detail that a user who is familiar with SIMSCRIPT should
be able to run or modify the program. Flow charts, a complete program

listing, sample data decks, and program outputs are all included.
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I. INTRODUCTION

The simulation program described in this Report was written to provide
the New York City Police Department with a tool for evaluating the effects
of various changes in the deployment of its patrol resources. Although
designed to reflect patrol operations in New York City, the structure of
the program is sufficiently general so that it can be used, with minor
modifications, to study the operations of any municipal police department.

Simulation, in the sense that it is used here, is an imitation through
time of the events that occur during police patrol operations. The program
that carries out the simulation maintains, inside the computer, a map of
the region being simulated, on which it keeps track of the locations of the
incidents requiring police service and the locations of the simulated
patrol units. A simulation run imitates patrol activities over a fixed
time period, say a series of tours of duty on a series of days. The user
provides the computer program with specifications of conditions at the
start of the time period being simulated, including the number and locations
of the patrol units and the operating and dispatching rules being followed.
Then, using an internal timing mechanism and a list of "future" jobs, the
program carries out the assigmment of patrol cars to jobs, their travel to
the jobs, the queueing of calls, if any, and stores statistical summaries of
response times, patrol availabilities, workloads, etc., that provide analysts
with important information with which to judge the effectiveness of the
deployment policies being studied. When the simulation is over, the program
prints reports containing the statistics summarizing this informationm.
Different deployment strategies or policies can thus be tried out and com-
pared using the simulation as a kind of "pilot plant." Based on the simula-
tion results, analysts and managers can quickly and economically eliminate
options that are clearly bad while more attractive policies can be selected
for further analysis and eventual implementation.

The purpose of this Report is to provide programmers and analysts with
detailed documentation of this computer program, known as The New York City-
Rand Institute Police Patrol Simulation Model. It is presumed that the
reader knows something about police patrol operations and quite a bit about

*
simulation. A companion document [7]" will provide an overview of the simula-

*
Figures in square brackets identify references located at the end of
this document.
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tion from the managerial point of view. It will describe the purpose of

the model, the costs associated with using it, and provide other information
that will be helpful in determining when the simulation should be used and
when it should not be used. Readers interested in improving their knowledge
of simulation itself can consult a general reference such as [2], [3], or [8].

The programming language used for the simulation is SIMSCRIPT II.5 [6].
With the program listing and other information provided in this Report, any-
one who has access to a SIMSCRIPT II.5 compiler and is familiar with its
programming conventions should be able to use the program. Machine-
dependent details of the use of SIMSCRIPT II.5 on the IBM 360 or 370 series
of computers can be found in [5]. The simulation program is written as a
set of modular subroutines. Each of the subroutines simulates one aspect
of the operation of the system (e.g., dispatching, arrival of a patrol car
at the scene of an incident, etc.). The user can carry out many applica-
tions using the simulation by simply assigning values to some input para-
meters. But for some applications, one or more of the subroutines may
have to be rewritten. For experiments done for the New York City Police
Department we have created several versions of some subroutines, but, for
simplicity in this Report, only one version of each subroutine is presented
in detail.

The simulation has been tested for both internal and external validity.
Internal validation is the process of confirming that the computer program
is a logically correct translation of the hypothesized model. We performed
the internal validity check by comparing results from the simulation with
the output from a queueing model that was a good approximation of the system
being simulated. The results of this comparison are described in [4].
External validation is the process of confirming that an inference derived
from the simulated system is correct for the actual system. For example, if
the simulation has external validity and it shows that a certain deployment
policy is better than another policy, we can be sure that it will turn out
to be better if it is actually implemented. The external validity check
of this simulation model was made by, first, gathering detailed data on
actual activities of patrol cars in one region of New York City, and, then,
running the simulation model using the observed jobs as input. Comparisons
were made between performance measures produced by the simulation and the
corresponding actual performance measures. Details of this wvalidation

are given in [1].
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In Section IT of this Report we discuss some of the general considera-
tions that led us to the approach we took in designing the simulation.
Section IIT explains the structural elements of the model. In Section IV
the logical flow of the program is shown and each event and subroutine is
explained in detail. Section V defines each piece of data required as input
for the simulation, and Section VI describes the output statistics.

The program listing in Appendix A represents one complete version of
the simulation. Appendixes B and C contain a sample initialization deck
and sample job stream that can be used to test the program and to serve as
a guide for preparing new input data. Appendix D defines each of the global

variables used in the simulation.
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II. DESIGN CONSIDERATIONS

POLICY OPTIONS

The simulation has been designed to provide a police department with

the capability for evaluating a wide range of alternative patrol and dis-
patch policies. Among the policy options that can be tested are:

(a) changing the number of patrol units on duty;

(b) changing sector boundaries and sector assignments of patrol units;

(¢) changing dispatching procedures, e.g., using new nomination lists,

new priority rules, unit and job location information in unit
assignment.

To test a new policy of type (a) or (b) only the initialization data
deck has to be changed. Many dispatching changes can be implemented simply
by changing input parameters. Some changes, however, may require writing a
new subroutine. We decided that this approach was preferable to trying to
write one subroutine that would accommodate all possible dispatching rules,
since the number of such rules is extremely large. The simulation has been
designed to minimize the effort required to code the new routines.

Separate subroutines are used not only for the decision rules, but for
every identifiable submodel of the simulation. Although this structure
results in many short subroutines, it increases the flexibility of the pro-
gram and the ease with which it can be modified.

It is wise to make the first simulation run with the model representing
the current practices in the department as closely as possible. This will
enable the model to be calibrated (e.g., the travel distance function could
be modified or the average response velocities adjusted). It will also
provide a "base case” for evaluating new deployment policies.

It should be pointed out that, because of the assumptions about travel
velocities, travel distances, incident duratioms, etc., in the simulation,
the absolute numbers representing the results of the simulation are not to
be regarded or used as facts, although they will probably be good estimates
of actual values. The most important use of the simulation is as a tool
for comparing alternative policies by noting the differences in their per-
formance. For example, if the simulated average response times under ome
policy are significantly better than under amother policy, then the same

comparative advantage will probably carry over to the real world.



MEASURES OF PERFORMANCE

The performance characteristics produced as output by the simulation

fall into the following three categories:

e Response Time Measures: The mean, variance, and distribution of

response times (actually, travel times) are gathered by job
priority and by sector.

e Queueing Delays: The mean, variance, and distribution of the dis-

patching queue sizes and waiting times are displayed by job priority.
e Car Activity: The proportion of time each patrol unit spends on

patrol, working on jobs, etc., as well as the mean, variance, and

distribution of the number of precinct cars available to respond

to calls, are displayed.

These performance measures are only proxies for measures of patrol
effectiveness associated with the goals of a police department; smaller
response times and queueing delays and higher patrol availabilities should
yield better police service. But, since the nature of the relatiomnships
between these performance measures and crime suppression, arrests, and other
primary goals of the patrol force are not known, we have not attempted to

incorporate them in the simulation.

JOB STREAM

" The simulation program and the system parameters that specify the geo-
graphy, number of cars, sectors, etc., can be viewed as a "black box." Into
this box is "played" a previously created sequence of incidents or jobs in
chronological order. This sequence, called the job stream, resides on disk or
magnetic tape and contains, for each job, its entry time, location, duration,
and priority. The playing of this job stream into the simulation model is
analogous to the playing of a magnetic tape "containing" music into a tape
recorder. As the tape recorder physically transforms the magnetic signals
into sound, the simulation model mathematically and logically transforms the
input jobs into a set of output performance statistics.

The generation of the job stream has been purposely kept separate from

the structure of the simulation model itself., There are several good reasons

for doing so:

(1) It enables the user to generate job streams from a wide variety



(2)

(3

-=

of sources. For example, actual job histories, projections of
future call patterns, or results of probabilistic models of call
generation can all be used to provide job streams to the simula-
tion.

It conserves computer time, since, when rerunning the same stream
under several different deployment options, the jobs do not have
to be regenerated for each simulation run.

It enables some of the statistical analysis of the job stream to
be done outside the simulation itself--and therefore to be done

more economically.
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III. THE STRUCTURE OF THE SIMULATION MODEL AND THE JOB STREAM

We now discuss in turn how the geography, patrol resources, and operat-—
ing and deployment rules are represented in the simulation., We conclude the

section with a description of the job stream and the way in which patrol units

are dispatched.

GEOGRAPHY

The simulation models a region as a collection of discrete points,
called blocks, at which calls for service occur. The blocks may correspond
to the centroids of city blocks or census blocks, but they need not.

The blocks are assigned grid coordinates according to a rectangular
coordinate system whose axes should be chosen parallel to the predominant
street directions. All incidents (jobs) occur at these points and all
patrol units are located with reference to this coordinate system. Each
block in the region is assigned an internal reference number between 1 and
N.BLOCK (the total number of blocks in the region), and belongs to the

class of permanent entities called BLOCK.* Table 1 describes the attributes
associated with the permanent entity BLOCK.

The blocks are aggregated into N.NBD nonoverlapping neighborhoods,
which must be assigned sequence numbers from 1 to N.NBD (each block belongs
to exactly one neighborhood). Each neighborhood belongs to the class of

permanent entities called NBD. Table 2 describes the attributes associated

with the permanent entity NBD.

PATROL RESOURCES

The program simulates the activities of patrol cars, including both

"sector cars" and supervisory or special cars. Each car is represented as
a permanent entity (in the class called CAR), and is described by several

attributes, including its name, sector responsibilities, current location,
and the type of job on which it is working. The patrol area assigned to a
particular car is called its sector (also called a beat in some cities).

A car's sector is composed of the set of all neighborhoods for which that

car has patrol responsibility. Each sector will be assigned one or more

*
See [6] for an explanation of entities and attributes in SIMSCRIPT II.S.



Table 1
ATTRIBUTES ASSOCIATED WITH THE ENTITY "BLOCK"

7

Attribute Description
TAXNO The external identification number

associated with the block

NBDID The internal reference number of the
neighborhood to which the block belongs

XCORD The x coordinate of the center of the
block

YCORD The v coordinate of the center of the
block
Table 2

ATTRIBUTES ASSOCIATED WITH THE ENTITY "NBD"

Attribute Description
NBD.NAME ’ The 4-character alphanumeric name

associated with the neighborhood

N.SECTOR. CARS The number of sector cars assigned to
the neighborhood

N.ADJACENT The number of cars designated as
adjacent resources for the neighborhood
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sector cars, but some neighborhoods may have no sector cars assigned to
them.

Figure 1 illustrates the partition of a sample rectangular region into
five neighborhoods assigned to three sector cars. {(Note: The individual
blocks constituting each neighborhood are not shown.) Neighborhoods 1 and
2 jointly constitute Sector A and Neighborhoods 2 and 3 constitute Sector B.
Thus, Sectors A and B overlap. Sector CD is composed of Neighborhoods 4
and 5. One sector car is assigned to Sector A, one to Sector B, and the
third is responsible for patrolling Sector CD.

Patrol units are numbered from 1 to N.CAR (where N.CAR is the number
of cars to be simulated) for internal reference. Table 3 describes the
most important attributes associated with a patrol unit.

Sector cars and supervisory or special cars are differentiated only by
their sector assignments and in the way they are nominated for dispatch.

A sector car is assigned as the primary car for ome or more neighborhoods
and may be nominated as an alternate car for some other neighborhoods.

This means that the simulation will attempt to assign it to jobs in its
sector(s) if it is free. In addition, some types of jobs are only assigned
to a sector car. Supervisory or special cars have no sector assignment and
are dispatched only to high-priority jobs or to certain jobs when no sector

cars are available.

MOVEMENT OF PATROL UNITS

To imitate the continuous movement of patrol units in the simulation
would be very costly in terms of computing time and program complexity, and
would change the results very little. Hence, the movement of patrol units

is simulated as follows:

e Patrol units move between points as if on a dense rectangular street
grid. Distances and times are calculated as shown below.

e If a unit completes a job in its sector, it is placed "on patrol"
at the location of the job just completed, where it remains until
its next assignment.

e If a unit completes a job outside its sector and is not dispatched
to another job, it returns to the centroid of its sector (traveling
on the street grid) and goes "on patrol" there. The centroid of

each car's sector is specified by the user.
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Legend

Neighborhoods Car
Sector Shading Comprising Sector Assigned

A N ! and 2 A
B m 2 and 3 B

4 and 5 CD

Fig. 1T—An example of how neighborhoods and sectors are specified
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Table 3

ATTRIBUTES ASSOCIATED WITH THE ENTITY "CAR"

Attribute

NUMB.SECTORS

CAR.NAME

XL.oC

YLOC

ASSIGNMENT

CENTROID

SPT

SOT

SWT

Description

The number of neighborhoods to which the
unit is assigned as a sector car

A 4-character alphanumeric name identifying
the patrol unit for output purposes

The x coordinate of the current location
of the car

The y coordinate of the current location
of the car

The job to which the unit is currently
assigned (if any)

The bleck to which the unit goes when it
returns to patrol in its sector after
responding to a job outside its sector
(usually chosen to be at or near the
centroid of the car's sector).

The priority of the job currently being
serviced by the unit

An indicator variable that

= 1 if the unit is working as primary car
2 if the unit is working as backup car

3 if the unit is working as tertiary car

An indicator variable that

= 0 if the unit is on patrol in its sector

= 1 if the unit is returning to sector
from an outside call

= 2 if the unit is responding to a call in
gector

= 3 if the unit is responding to a call out
of sector

= 4 if the unit is working on a call in
sector

= 5 if the unit is working on a call out
of sector

= 6 if the unit is out of service
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Simulating the movement of patrol cars in this way makes the probability
that a car is patrolling a given block equal to the conditional probability
of a call for service at that block given that there is a call for service
in the sector. This way busy blocks receive more patrol than less busy
ones. In some cases it may be desirable to specify different patrol fre-
quencies, e.g., if a block has few calls for service but those that do occur
are very serious. This can be done by modifying the routine PLACE.CAR.ON,
PATROL (see page 40). One could provide the simulation with a set of block
patrol frequencies for each car or for the region being simulated. When a
car is to return to patrol, the block to which it returns would be sampled
at random according to the specified probability distribution.

The model assumes that patrol units travel from point to point as
follows: 1If a patrol unit is currently at Block 1 with coordinates (xl,yl)
and is dispatched to a job at Block 2 with coordinates (xz,yz), the simula-
tion assumes that the unit travels parallel to the coordinate axes and
that a pair of streets at right angles to each other pass through the

points in question. Thus the program calculates the distance traveled as

dpp = I xp = [+ 1y -y, I
The time required to travel to Block 2 depends on the priority of the job,
so that for a job of priority p we must specify a response velocity, vp.
The resulting response time is calculated as
t1p = d1p/V,e

The simulation assumes that grid coordinates are assigned so that one
grid coordinate unit represents one mile in each coordinate direction. If
this is not the case, the user should supply velocities in terms of grid
units per hour (instead of miles per hour) so that response times can be

expressed in terms of minutes.

THE JOB STREAM

Jobs are created or collected outside the simulation and placed on a

file called the job stream, which is ''read and played out" by the simula-
tion much in the same way that a tape recorder reads and plays a tape of

music. As we have already pointed out, this procedure has several advantages
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over generation of jobs within the simulation. There are two types of jobs
included in the job stream: (1) calls for service, and (2) out-of-service
jobs., The calls for service represent jobs carried out by patrolmen as
part of their police functions. The out-of-service jobs represent functions
other than preventive patrol carried out by patrolmen during a normal
tour of duty. These include taking meal breaks, getting gas, having minor
repairs made to the patrol car, etc. The out-of-service jobs are always
associated with a specific patrol car,

Each call for service has the following information associated with

it in the job stream:

e Job entry time: The "simulated clock" time at which the job

enters the system.

e Priority: A number from 1 to 5 (1 is the highest priority).

e Job location: The internal identification number (from 1 to
N.BLOCK) of the block at which the job occurs.

e Job duration: The length of time that the longest working patrol
car spends at the job. (It should be noted that in the real world
it is possible for the seriousness and duration of an incident to
depend on the speed with which a patrol car gets to the scene.
Since the nature of this dependency is not known, the simulation
assumes that job duration and seriousness are unaffected by the
speed of response. For comparing many types of deployment changes--
particularly where the changes in response times are small--this
should not be a serious limitation, but the user should be aware of

this assumption in the model.)

Table 4 describes the attributes associated with every temporary entity
JOB, which represents a call for service.

Each out-of-service job requires only two pieces of information:

e Patrol car: the internal identification number (from 1 to N.CAR)
of the car to be placed out of service.

e Duration: the length of the out-of-service time.

The out-of-service jobs can be used to vary the number of patrol cars on
duty over the course of the simulation. For example, if the calls for

service represent calls over a whole day and if different numbers of cars
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Table 4
ATTRIBUTES ASSOCIATED WITH THE ENTITY "JOB"

Attribute Description

PRIORITY A number from 1 to 5 indicating the
priority (seriousness) of the call

LOCATION The internal reference number of
the block at which the job occurs

DURATION The length of time that the longest
working unit spends on the job

STATUS An indicator variable that
: = 0 if no cars have arrived
1 if the primary car has arrived
= 2 if some cars, but not the
primary car, have arrived

ASSIGNED. CARS A list of the patrol cars assigned
to the job

are on duty during each tour of the day, some cars could be put out of

service for an entire tour at each tour-change time.

THE DISPATCHING ACTIVITY

The simulation imitates dispatching decisions, but does not simulate
the dispatching activity per se. That is, it does not account for any time
consumed during the dispatching function. For many applications, dispatch-
ing requires relatively little time and the dispatcher is not overloaded,
so this model will be adequate. If, however, the dispatching-communication
function is itself a potential source of delay, it would have to be modeled.

In the simulation, dispatching decisions are based on the location
and priority of the job, and on the availability of patrol cars at the time
of dispatch. A full description of how the simulation uses each of these
characteristics in assigning cars is given in Section IV of this Report.
The structure of the dispatching system we have coded is based on the
computer-assisted dispatching system in use in New York City. We use the
same type of information available to the New York City dispatcher and
have rationalized the flexible rules and guidelines he follows. The

simulation structure is general enough so that a variety of dispatching and
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patrol policies quite different from New York City practice can be simulated
by modifying only the program's initialization data. For example, different
numbers of cars can be sent to different kinds of incidents; sector bound-
aries can be shifted or sectors can be eliminated entirely; certain calls
can be held for specific cars.

Some dispatching policies, however, can be simulated only by changing
the dispatching event routine (JOB.ENTRY). For example, the dispatching
routine presented here does not make decisions based on actual car loca-
tions. It references all incoming jobs to a neighborhood, and dispatch
decisions are made by referencing an ordered list of patrol units for that
neighborhood that has been read in at the beginning of the simulation.
Another version of the dispatching routine that we have used references amn
incoming call to its exact location and uses the exact locations of all
patrol cars to determine the closest available cars to an incident. This

version has been used to evaluate the desirability of car location devices.
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IV. EVENTS AND SUBROUTINES

The simulation program is composed of six event routines and the sub-

routines that support them. The events are:

e JOB.ENTRY A call for police service is received at the dispatching
center.

e ARRIVAL.AT.SCENE A patrol unit arrives at the scene of an incident.

e CALL.END A patrol unit finishes work at an incident or other
activity.

e RETURN.TO.SECTOR A unit that has responded to an incident out of
its sector has returned to patrol in its own sector.

e OUT,OF.SERVICE It is time for some unit to go out of service (for
a meal or another nonservice-related purpose). If the unit is free,
it goes out .of service; if it is busy, the out~of-service period
begins later.

e END.OF.SIMULATION The simulation is over and statistics are

printed out.

The progress of an incident can be traced through the system as follows
(names in capital letters that are not event names are names of subroutines):
At a certain time (specified as part of the input job stream), the call is
received by the dispatcher, causing the JOB,ENTRY event to be executed.
Associated with the call are its location, priority, and duration. The pro-
gram uses the dispatch policy for the job's priority class (DISPR1, DISPRZ,
DISPR3, DISPR4, or DISPR5) to decide which car (or cars) to send. Each car
to be dispatched is ASSIGNed to the job. In the ASSIGN routine its dis-
tance from the job is determined by executing CALCULATE.DISTANCE, and the
car's ARRIVAL,.AT.SCENE is scheduled by SCHEDULE.CAR.ARRIVAL. 1If a car to
be sent to the job is traveling back to its sector, the simulation first
carries out a CANCEL.SECTOR.RETURN, then determines the car's current
position with INTERPOLATE.LOCATION, and, finally, ASSIGNs it to the job.

If a car to be sent to the job is currently responding to a lower priority
job, the simulation will PREEMPT it, INTERPOLATE.LOCATION, and ASSIGN it
to the higher priority job.

Each ARRIVAL.AT.SCENE causes a CALL.END to be scheduled for the arriving
car at a time that depends on whether the car is the primary car at the job

or a backup or tertiary car. When a car finishes a job, the simulated
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dispatcher checks the queues for another job. If a job is waiting for this
car, the simulation dispatches the car to it with REASSIGN.CAR.TO.JOB. If
no job is waiting that can be assigned to it, the simulation will PLACE.CAR.
ON.PATROL. 1If currently within its sector, the car remains where it is;
otherwise, it proceeds back to the centroid of its sector. In the latter
case, a RETURN.TO.SECIOR event is scheduled.

Meals and other occurrences that place a car out of service are treated
in much the same way as jobs. A car may be scheduled for its meal at any
time during a tour (see input data section). The car will then be auto-
matically scheduled for a meal at this (relative) time during each tour.
When a car is scheduled to go out of service, an OUT.OF.SERVICE event
occurs. If the car is available (on patrol), it begins its out-of-service
time immediately; otherwise, the event is queued as jobs are. As soon as
the car next becomes available, it will be placed out of service. The
completion of an out-of-service period is treated exactly as if the car
were completing a job.

In Fig. 2 we illustrate the sequence of events and the order of sub-
routine calls in the simulation by presenting a flow chart for an example
of a single Priority 1 call. Each outer box in the flow chart denotes a
simulated event, with time increasing as one proceeds down one page and
onto the next. Small boxes inside the outer boxes denote subroutines
called by the event routines. The subroutines may call other subroutines,
which are shown in still smaller included boxes. Each outer box is labeled
with an identifier (e.g., Box 1, Box A(D)) that may be used to refer to
that specific event elsewhere in the flow chart.

In the example being simulated, the arrival of the call for service is
simulated by the exogenous event JOB.ENTRY, which reads the description of
the call from the input job stream. This information includes the fact
that it is a Priority 1 incident. It also includes the location of the
incident and the length of time it will take for the primary car to ser-
vice it,

The JOB.ENTRY event calls subroutine DISPR1 to choose the patrol cars
that will be dispatched to this incident. It determines that four cars, -
named B, D, G, and F will be sent, with B acting as primary car, D as back~
up car, and G and F as tertiary cars. Each car is sent to the incident
through a separate call to the subroutine ASSIGN, which performs some book-

keeping functions and calls SCHEDULE.CAR.ARRIVAL to schedule the ARRIVAL.



-18-

Box 1
Exogenous event.
JOB ENTRY Read description
| of call for service
DISPR1 DISPR1 selects cars B, D, 6
| and F to send.
Do for i=8B,D,G,F Car B is primary car, D is
l backup car, and G and F
ASSIGN : are tertiary cars.
SCHEDULE. CAR. ARRIVAL
Schedule Box A(i)
—» LOOP
Box A(D)
Car D(backup car)
ARRIVAL. AT. SCENE arrives first.
Box A(B) Car B, the primary car, arrives.
Schedule end of call for all

ARRIVAL. fT. SCENE

END. CALL. SCHEDULING

cars on the scene.

Schedule Boxes E(D) and E(B)

Fig. 2—Flow chart for Priority 1 incident
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Box A(G)
ARRIVAL. AT. SCENE Car G arrives.

END. CALL. SCHEDULING
Schedule Box E(G)

Box A(F)
ARRIVAL. AT. SCENE . Car F arrives.

—

END. CALL. SCHEDULING

Schedule Box E (F)

Box E (G) Car G is sent back

CALL. END to its own sector.

PLACE. CAR. ON. PATROL

Schedule Box R(G)

Box E (F) Car F is placed
CALL. END out of service.

Schedule CALL. END

Fig. 2—(continued)
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Box E (D)

CALL. END

REASSIGN. CAR. TO. JOB

ASSIGN

SCHEDULE. CAR. ARRIVAL

Schedule ARRIVAL. AT. SCENE

Box E(B)

CALL. END

PLACE. CAR. ON. PATROL

Box R(G)

RETURN. TO. SECTOR

Fig. 2—(continued)

Car D is assigned
to a new job

Car B is already in
its sector. Place it
on patrol there.

Car G arrives at the
centroid of its sector.
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AT,.SCENE event. The time required for each car to travel to the incident
depends on the distance to be traveled and on the travel velocity.

Car D is the first car to arrive. Car B, the primary car, arrives
next. Its arrival allows the simulation to schedule CALL.ENDs for all
cars already on the scene (in this case only car D). Cars G and F arrive
subsequently and their CALL.ENDs are scheduled as soon as they arrive.

Cars F and G, the tertiary cars, are the first to leave the scene.
Car G, which has responded out of its sector, is placed on patrol and sent
back to its sector (a RETURN.TO.SECTOR event is scheduled for it in Box
E(G)). There is an out-of-service job waiting for car F, so it is placed
out of service. When Car D, the backup car, is finished at the incident
there is another job waiting for it, It is, therefore, dispatched to the
new job. Car B, which is already in its sector, is placed on patrol at
the scene of the incident after it completes its work there.

The flow chart ends with the arrival ¢f car G at the centroid of its
sector where it remains on preventive patrol. Of course, in an actual
simulation run, additional events associated with other incidents would be
interspersed among the events shown.

A complete description of each of the event routines and their sup-

porting subroutines is given below.

MAIN

Every SIMSCRIPT II program must contain a routine called "MAIN." On
each simulation run, the program execution begins at the first instruction
(line 32000 in our program) in this MAIN routine and proceeds from there.
In MAIN, the computer reads in the initialization deck, sets the dimensions
for all arrays, and sets initial values for variables and arrays. It also
prints a report displaying most of the initialization data. Before passing
control to the internal SIMSCRIPT timing routine that controls the execu~
tion of the events, the program schedules the first meal time for each of
the patrol cars, and then schedules the end of the simulation. The timing
routine is part of the SIMSCRIPT compiler, and so is not included in our

program documentation. The MAIN routine is listed below.
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MalN
DEFINE SIMJ,LENGTH AND MEAL.TIME AS REAL VARTABLES
RESERVE REGIONJNAME (#) AND TITLE(®) aS 20
START NEW PAGE
FOR 1 = 1 TO 20+ READ TITLE(I) AS (20) A &
FOR 1 = 1 10 20+ READ REGIONJNAME (1) AS (20) & 4

READ SIML LENGTHs MAX.SENTs MEAL«DURATIONy AND TOURGLENGTH

WRITE AS » INPyYT DATA FOR "
FOR J= 1 TO 20y WRITE REGIONJNAME(I) AS A&
wRITE aAS /
SKIP 3 LINES
PRINT 1 LINE WITH SIMJLENGTH AS FOLLOWS
SIMULATION LENGTH shahese o4 HOURS
SKIP 1 LINE
READ N.BLOCKsN NBDsN.CAR
LET N.AVAILABLE=N.CAR
PRINT 1 LINE WITH N,RLOCKeN NBD AND N.CAR AS FOLLOWS
NO., OF RLOCKS = a8aw NOs 0OF NBDS, = e##é NO. OF CARS =

RESERVF ADJACENT.CAKS(®s%*) AS N,NRD BY N.CARsAND SECTORS (#¢%)

AS N.,CAR BY #
CREATE EVERY BLOCKs NBDs CARs AND P.CLASS(5)
SKIP 1 OUTPUT LINE
PRINT 1 LINE AS FOLLOWS
BLOCK ID TAX NO. NBD 1D X Y
FOR I=] TO NaBRLOCKs DO ’

READ BeTAXNO(B)+NBDID(B) s XCORD(B)+YCORD(B) USING UNIT 7
PRINT 1 LINE WITH BeTAXNO(H) ¢NBDID(B)+XCORD(BYs+YCORD(B) THUS

XX X 2 XY XX XX L X X-X°3 0“.00.00 i&..iﬂlb
LOOP
STARY NEwW PAGE
FOR 1= ) TO 20 o WRITE TITLE(I) AS A &
WRITE aS 7/

SkIP 2 LTINES
PRINT 2 LINEFS AS FOLLOWS
NBD 1D SECTORS " NUMHBER OF ORDER IN WHICH
SECT.CARS ADJ.CARS CARS ARE NOMINATED
FOR JI=1 TO NJNBDs DO
READ NoeNBDoNAME (N) oN,SECTOR,CARS (N) oN ADJACENT (N)
FOR J=1 TO N.CARSREAD ADJACENT.CARS (NeJ)
PRINT 1 LINE WITH NyNBDeNAME (N) eN.SECTOR.CARS(N)
NoeADJACENT (N) AS FOLLOWS
[ X X X X% K-} L 2 ) L. X X3
FOR K=1 TO NeCARsDD PRINT 1 LINE WITH
ADJACENT .CARS(I9K) AS FOLLOWS ’
[ X X 3
L OOP
LOOP
FOR I=1 TO NeCAR 0o
READ CeCAReNAME (C) sNUMBL.SECTORS (C) o CENTHOID (C) oMEAL o TTME
RESERVE SECTORS(Ce®) AS NUMB,SECTORS(C)
FOR Jz1 10 NUMH,SECTORS(C)es READ SECTORS(CeJ)
LET XLOC(C)=XCORD(CENTROIDI(C))
LET YLOC(C)=YCORD(CENTROIDI(C))
SCHEDULE AN OUT,OF ,SERVICE GIVEN C IN MEAL,TIMF HOURS
LOOP '
FOR T=] TO N.P.CLASS RFAD VELOCITY(I)
RESERVE P.DURATION(®#) aS 3
FOR T = 1 TO 3 READ P DURATION(I)
CREATE AN END.OF.SIMULATION
SCHEDULE THIS END.OF,SIMULATION N SIMLENGTH HOURS
STARY SIMULATION
STeP
End

000319500
00032000
00032100
n0032200
00032300
00032400
00032500
00032600
00032630
00032660
00032700
00032800
00032900
00033000
00033100
00033200
00033300
00033400
00033500
00033600
00033700
00033800
00033900
00034000
00034100
000364200
000364300
00034400
00034500
00034600
00034700
00034750
N0036RK00
00034900
00035000
00038100
p0035200
n0035300
N0035400
00035500
00035600
n003570u
00035800
00035900
00036000
00036100
00036200
00036300
00036400
00036500
0003660v
00036700
00036800
00036900
00037000
00037100
00037200
0N0037300
00037400
00037500
no037600
00037700
n0037800
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EVENT FOR JOB.ENTRY

This external event represents the arrival of a new incident into the

system. For most types of jobs (all priorities except 4), the job arrives
at the dispatching center. It is presumed that at this point the dis-
patcher has already obtained all information necessary for dispatch and
can immediately assign a patrol car if one is available. If there are de-
lays due to the dispatching operation itself, it will be necessary to have
an event or events that can account for the dispatching delays. This
might involve explicit modeling of the dispatcher's operation, including
the modeling of delays that may occur when the citizen reporting the
incident attempts to make telephone contact with the police, or while

the police are obtaining the relevant information from the caller,

We describe the simulated dispatching operation below in general terms.
Note that Priority 4 jobs are intended to model those incidents that

are discovered by the patrolling units themselves and that are not

first reported to the police by telephone. Patrol cars are not, of
course, dispatched to these jobs. Rather, the job is "picked up" by

the appropriate unit. Yet in the following discussion we use the term
"dispatch" somewhat loosely and incorporate under it the assignment

of cars to Priority 4 jobs. And as a modeling convenience, we also

place pickup jobs in a fictional queue where they "wait" for the
appropriate patrol car to pick them up.

Data describing the new incident--its location, priority, and dura-
tion--are included as part of the input job stream. In order to determine
whether there are patrol resources available to dispatch to the call and,
if so, which resources to dispatch, the JOB.ENTRY event routine
calls the appropriate dispatch subroutine based on the priority of the call
for service. The dispatch subroutines in the version of the program
documented here are called DISPRI, DISPR2, DISPR3, DISPR4, and DISPRS,
corresponding to the five priority classes. The dispatch policy for
each priority class is given in the description of each dispatch sub-
routine.

A general flow chart for the JOB.ENTRY event, including all the sub-

routines called by the various dispatch subroutines, is given in Fig. 3.
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Call is received by dispatcher

Priority 1? No

1

No Can a car be dispatched fo it ?\Yes Yes /Can a car be dispatched to it? No
/ \
Dispatch car from Have enough cars Place car on
another region ‘ been dispatched ? appropriate QUEUE

No Can another car be dispatched ? ves
/ y
No /' Is the car travelling \_Yes
. Y | ’-<buck to its sector? >
No Is the car travelling\ Yes
‘ < back to its sector ? / ‘
’ @TERPOLATE. LOCATIO@
CINTERPOLATE. LOCATIOhD ‘
CANCEL. SECTOR.
GETURN. )

@\NCEL. SECTOR. RETURN)

CALCULATE.
No Is the car responding to a\Yes DISTANCE
‘ <Iower riority incident ?
prioy / 1 ASSIGN <
SCHEDULE.
CAR.
PREEMPT ARRIVAL
.
CINTERPOLATE. LOCATION) Yes  Any other cars N\ No
to be sent?

CCALCULATE. DISTANCE) @

SCHEDULE. CAR. ARRIVAL )
L

Fig. 3—JOB.ENTRY
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EVENT FOR JORB.ENTRY ) © 00059800
DEFTNE WDUR AND MDUR AS REAL VARIABLES 00059900
READ LOCyJPRIHDUR AND MDUR 00060000

CREATE A JOR CALLED J 00060100
LET ENTRYWTIME (J)=TIME,.V 00060200
LET LOCATION(J)=L0C 00060300
LET DURATION(J) =HDUR®60,0 ¢ MDUR
LET STATUS(J) =0 38828383
60 TO PR(IPR) 00060700
tPR(1) caLL DISPRYI(U) RETURN 00060800
*PR(2) " caLL DISPR2(J) RETURN 00060900
tPR(3) CALL DISPR3(U) RETURN 00061000
YRR (4) 0 CALL DISPR&(U) RE TURN 00061100
tPR(S) CALL DISPRS(J) RE TURN - 00063200
END 00061300

Dispatch Subroutines: DISPR1, DISPR2, DISPR3, DISPR4, DISPR5

These subroutines are the heart of the simulation. With its five dis-
patching procedures, the simulation is capable of testing a wide range of
dispatching alternatives by changing only the priorities assigned to jobs
or the sector assignments of the patrol cars. If the user would like to
test a policy that cannot be handled in this way, he can write his own
dispatching routine(s) and substitute it for one or more of the five dis-
cussed here.

In all five policies the incoming jobs are referenced to a neighbor-
hood, and dispatch decisions are made using an ordered list of patrol units
associated with that neighborhood. The list consists of all patrol units
that are to be considered possible candidates to be assigned to a job
located in the neighborhood in question. Whether the unit is assigned, and
in what capacity it will be assigned, depends upon the current status of
the unit and of other units, upon the priority of the job, and upon the
values given to various dispatch parameters. (Since neighborhoods ¢an be
as small as a single block or as large as the entire region being simulated,
great flexibility is possible in the dispatching strategies that can be
simulated.)

The following discussion of each of the dispatching procedures in the
simulation depends on an understanding of the ordered list of patrol units.
There is one such list for every neighborhood. For a particular neighbor-
hood, say I, it is called ADJACENT.CARS(I). At the head of the list is the
sector car(s) for the neighborhood, next come the sector cars for adjoining

neighborhoods, then other cars in the region, and finally supervisory or
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special cars, if there are any. As will be seen in the following discussion,
sector cars, neighboring sector cars, etc., are treated differently in dis-
patching. Associated with the list ADJACENT.CARS(I) are two pointers that

are used in the dispatching routines:

® N.SECTOR.CARS(I)Atells how many sector cars are assigned to
Neighborhood I.

e N.ADJACENT(I) tells how many "adjacent sector cars' are associated

with Neighborhood I.

Figure 4 is a representation of the ordered list for Neighborhood I and
its members. We assume for illustration that there are six patrol units
in the field, numbered 1 through 6, and one supervisor's car, numbered 7.
There is one sector car for Neighborhood I, namely car 4; and there are
two adjacent cars, numbered 3 and 1., Thus, N,SECTOR.CARS(I) = 1 and
N.ADJACENT(I) = 2, and as shown schematically in Fig. 3 these point to

appropriate cars on the list.

ADJACENT,CARS (I)

car N,SECTOR.CARS(I) =1
car
car
car
car
car

car

N.ADJACENT(I) = 2

SO E WS

Fig. 4—The structure of the dispatcher’s list ADJACENT.CARS(I)

When a job in Neighborhood I comes into the system, the car(s) dis-
patched depends on the priority of the job and on the ordered list ADJACENT.
CARS(I). A description of each of the five dispatch subroutines follows.

As mentioned above, each of the subroutines calls the ASSIGN routine to
assign a car to a job. If a car to be sent to a job is returning to its
sector, the routines CANCEL.SECTOR.RETURN and INTERPOLATE.LOCATION are
called before the ASSIGN routine is executed.

ROUTINE TO DISPR1 GIVEN J. Priority 1 jobs are the most serious inci-

dents. They generally include robberies in progress, police officers in
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danger, etc. In DISPR1, the simulation dispatches the first MAX,SENT of
the available cars on ADJACENT.CARS(I).* If fewer than MAX,SENT are
available, all of the available cars are dispatched. Those cars dispatched
to the job are all assovciated with the internal identification number
assigned to the job (variable J). Cars are available if they are on patrol
or responding to lower priorityiincidents. The préemptihg of cars fﬁaéﬂ‘
are responding to lower priorify calls in order to respond to Priority 1
jobs is the only preempting included in the simulation. Starting from the
top of ADJACENT.CARS(I), the available cars are assigned as follows:

e A primary car (the first available car on the list)--the job is

assumed to start upon its arrival at the scene and it works for

the entire duration.

e A backup car (the second available car on the list)--works for a

proportion, P.DURATION(2), of the duration of the job, starting work

upon the arrival of the primary car.

e Tertiary cars (all other available cars on the list up to a total

of MAX.SENT-2)--each of these work for a proportion, P.DURATION(3),

of the duration of the job, starting work upon the arrival of

the primary car.

If no cars are available it is assumed that the job is handled by units

from another region. Where this occurs, it is recorded by adding "1" to

the variable OUTSIDE.DISPATCH and the job is not considered further by the

simulation. The number of times this happens is shown in the output report

"Number of Precinct Cars Sent to Calls" (Fig. 16). Thus, the simulation

never queues Priority 1 jobs.

ROUTINE 70O DISPR] GIVEN U 00061400
LET SECT=NBDID(LOCATION(J}) LET MARKER=0 noo61500
FOR 121 TO N,CARsDD **NOMINATE CARS o1 00061600
LET K=ADJACENT.CARS(SECT 1) 60061700
IF SWY(K) LE 3 AND SPT(K) NE 1 *¢*CAR IS ELIGIBLE ! 00061800
IF MARKER=0 LET SOT(K)=1l 00061900
LET MARKER=] 00062000
GO T0 CALC] 00062100
OTHFRWISE IF MARKER = 1 LET SOT(K)=2 00062200
LET MARKER=2 00062300
GO 7D CatLCl 00062400
*
MAX.SENT is a variable whose value is specified by the user. It must

be less than or equal to N.CAR.
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OTHERWISE IF MARKER = MAX.SENT GO OUT
OTHERWISE ADD 1 TO MARKER LET SOV (K)=3

sCaLC)Y IF SwWwT(x}=1 CatlL INTERPOLATE.LOCATION GIVEN X AND ASSIGNMENT (K)

10UT Y

END

REGARDLESS
1F SPT(K) 6T 1 CALL PREEMPTI(KX)

REGARDLESS CALL ASSIGN(KsJ) LET SwT(K)=?
IF 1 GT NoSECTORL.CARS(SECT) LET SwT(x)=3
REGARDLESS

REGARDLESS

LooP

IF MARKER = 0 ADD 1 TO OUTSINDE.DISPATCH

DESTROY J0B CALLED J
REGARDLESS LET COUNT(1)=aMARKER
RETURN

ROUTINE TO DISPR2 GIVEN J. Priority 2 jobs are less serious than

Priority 1 jobs. Either one or two patrol cars are assigned to Priority 2

jobs, as follows:

If no cars are available in the region being simulated, the job is
queued for the first available car. Jobs in the Priority 2 queue
get assigned units on a first-in-first-out basis before jobs in
other queues. A job that is queued gets assigned only one car.
One car is sent unless a sector car is available to act as primary
car and another sector car or one of the N,ADJACENT cars from the
neighboring sectors is available. 1In this case, both a primary

and backup car are sent. The primary car works for the duration

00062500
00062600
00062700
n0062800
00062900
n0063000
00063100
00063200
n0063300
00063400
00063500
00063600
00063700
00063800
00063900

of the job and the backup car works for a proportion, P.DURATION(2),

of the duration. Work starts upon the arrival of the primary car.
RQUTINE TO DISPR? GIVEN J 00064000
LEY SECT=NBDID(LOCATION(J)) LET MARKER=0 00064100
FOR I=x] TO MeCARy DO YINOMINATE CARS ¢ 00064200
LET K=ADJACENT.CARS(SECT.I) 00064300
1F SPT(K)=0 't CAR IS ELIGIBLE ¢ 00064400
IF MARKER=0 LET SOT(K)=1 LET MARKER=1 GO TO CALC2 00064500
OTHERWISE 00064600
IF MARKER=] AND I LE N ADJACENT (SECT) «N SECTORCARS(SECT) 00064700
LET SOT(K)=2 LET MARKER=? 00064800
rcaLca! IF SWT(k)=1 CALL INTERPOLATF.LOCATION GIVFN K AND 00064500
ASSIGNMENTY (K) 00065000
REGARDLESS CALL ASSIGN(KsJ) LET SWT(K)=2 n0065100
1F 1 GT N,SECTYOR.CARS(SECT) LET SwT(K)=3 00065200
REGARDLESS 00065300
REGARDLESS 00065400
REGARDLESS 00065500
LO0P 00065600
IF MARKER=0 FILE JU IN QUEVE(2) RETURN 00065700
OTHERWISE LET COUNT (2)=MARKER RETURN 00065800
EwO 00065900
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ROUTINE TO DISPR3 GIVEN J. Exactly ome car is assigned to Priority 3

jobs. This car can be any available car in the region being simulated. The
car dispatched is the first available car on the ADJACENT.CARS list associated
with the neighborhood from which the call emanated. If no cars in the region
are available the job is queued for the first available car. Priority 3

jobs are dispatched only if the Priority 2 queue (QUEUE(2)) is empty.

ROUTINE TO DISPR3 GIVEN J 00066000
** SEND ANY AVAILABLE CAR 1 00066100
LET SECTeNBDID(LOCATION(J)) 00066200
FOR I=1 TO NeCAR » DO 00066300
LET K=ADJACENT4CARS (SECTo1) 00066400

IF SPT(K)=0 "9'CAR IS ELIGIBLE'’ 00066500

LET SOT(K)=l ’ 00066600

IF SwT(K)=) CALL INTERPOLATE.LOCATION GIVEN K AND 00066700
ASSTGNMENT (K) 00066800

REGARDLESS CALL ASSIGN(KsJ) 00066900

LET SwT(X)=2 00067000

IF 1 GT NoSECTOR.CARS(SECT) LEY SwT(K)=3 000657100

REGARDLESS LET COUNT(3)=1 KETURN 00067200

OTHERWISE LOOP n0067300

FILE J IN QUEUE (3) . 00067400

RE TURN 00067500

END : 00067600

ROUTINE TO DISPR4 GIVEN J. These jobs represent "pickup" jobs--incidents

spotted by patrolmen during the course of their preventive patrol activities.
As is the case for Priority 3 jobs, exactly one car is assigned. But the
car assigned will always be a sector car whose area of responsibility in-
cludes the block where this incident occurs. Since the car is already at
the location of the incident when it occurs, it does not have to travel to
reach the scene. To imitate this, the simulation instantaneously changes
the car's location to the grid coordinates associated with the pickup job.
If the appropriate sector car is available when the Priority 4 job is
received, it will be immediately assigned to the job. If no sector car is
available, there are two possible courses of action: (1) the call is
queued until a sector car is available or (2) the call is ignored (since
no car was available at that instant to spot the incident). The former
approach is taken in this simulation program. This approach is appropriate
when the calls for service in the job stream represent an actual historical
sequence of calls. In this case, the fact that a specific car was un-
available when a pickup job occurred indicates a difference between the

real and simulated worlds. But elimination of the job would result in



-30-

changing the workload of the cars on duty and would lead to difficulties in
comparing the simulation results produced for the same job stream by dif-
ferent deployment policies.

However, there is an alternative way that pickup jobs can be inserted
into the job stream, They may be generated randomly according to the
(known) frequency with which a car on preventive patrol in a region would
encounter pickup jobs. In this case, if a Priority 4 call arrives when the
sector car is busy, the call should be ignored. As a result, the more time
a car has for preventive patrol, the more often it will service pickup jobs.
Similarly, a busy car will have correspondingly fewer pickup jobs. In
order to modify the simulation to implement this approach to Priority 4
jobs, the following statement should be substituted for statement number

00069100 in ROUTINE TO DISPR4:

DESTROY JOB CALLED J,
(Even in this case there will be difficulties in comparing the simulation

results produced for the same job stream by different deployment policies.)

ROUTINE TO DISPR4 GIVEN J 00067700
'Y PICK=UP JOR 1 00067800

LET SECT = NBDID(LOCATION(J)) 00067900
FOR 1T = 1 TO N,SECTOR.CARS(SECT)y DO 00068000
LET K = ADJACENT,CARS(SECTs1) 00068100

IF SPT(K) = 0 YICAR IS AVAIL_ABLE 00068200

LET XLOC(K) = XCORD(LOCATIONI(J)) 00068300

LET YLOC(K) = YCORD(LOCATION(J)) 00068400

CaLlL ASSIGN(KeJ) 00068500

LET SWT(K) = 2 LET SOT(K) = 1 00068600

LET COUNT(4) = } ' 00068700

RETURN 0006R800

OTHERWISE 00068900

LOoOp 00069000
FILE J IN QUEUE (4) *IND SECTOR CAR FREE ! 0069100
RETURN 00069200
END : 00069300
00069400

ROUTINE TO DISPR5 GIVEN J. Priority 5 jobs are similar to Priority 4

jobs, but no instantaneous travel is assumed. These jobs are assigned only
to a sector car for the neighborhood associated with the job., This class
is meant to imitate low priority jobs that may be assigned by a supervisor,
such as taking reports on past burglaries, etc., If no sector car is avail-
able the job is placed on QUEUE(5). A Priority 5 job is assigned only when
the Priority 2 and Priority 3 queues are empty and QUEUE(4) does not

contain a job waiting for the same sector car(s).
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ROUTINE TO DISPRS GIVEN J N0069500

v ASSIGN JOB ONLY TO SECTOR CAR ¢
LET SECT=NBDID(LOCATION(J)) ' ggg:gggg
FOR Ta 1 TO NGSECTOR,CARS(SECT)s DO 'SLOOK FOR A SECTOR CARt' 0n006QRQUL
LET K=ADJACENT,CARS(SECT,1) 00069900
1F SPT(K)=0 "1CAR IS ELIGISLE 00070000
IF SwT(K)=] CALL INTERPOLATE,LOCATION GIVEN x AND 00070100
ASSTIGNMENT (K) 00070200
REGARDLESS CALL "ASSIGN(XsJ) LET SWT(K)=p 00070300
LET SOT(Kk)=] LET COUNT(S)=1 RETURN 060070400
OTHERWISE 00070500
LOOP 00070600
FILE J IN QUEUE (5) *YNO SECTOR CAR FREE' Y 00070700
EnD RETURN n0070800
. 00070900
00071000

ROUTINE TO INTERPOLATE.LOCATION GIVEN K AND J

This routine is called by each of the dispatch subroutines whenever

the car to be dispatched is en route to a different location (either return-
ing to its sector from a previous job or responding to a lower priority job).
It calculates the approximate current position of CAR K, which is travel-
ing to JOB J (the "job" might be a return to patrol duty), and assigns
the x and y coordinates of CAR K's current simulated position to the
variables XLOC(K) and YLOC(K). The routine makes the assumption that a car
travels only in right-angle directions during the course of a trip--first
traveling on a straight path in the x direction, then on a straight path
in the y direction. The total distance already traveled by the car is
assumed to be equal to the fraction of the total duration of the trip that
has already elapsed. }

'If CAR K had been on its way to its seéEor, the event RETURN.TO.SECTOR,
which had already been scheduled for this car, is now canceled by calling

the CANCEL,SECTOR.RETURN routine.

ROUTINE TO INTFRPOLATE.LOCATION GIVEN K AND J 00071100
t* CALLED FROM PREEMPT AND FROM JOBJENTRY ¢ 00071200
NORMALLY MODE IS REAL 00071300
DEFINE LJsK9oJsRePATROL,RETURN AS INTEGER VARTABLES 00071400
LET LJu=LOCATION(Y) 00071500
LFT VaVELOCITY(PRIORITY(U)) 00071600
LET XDeXCORDI(LJY)=XLOC (K) 00071700
LET YD=YCORDI(LY) = YLOC(K) 00071800
LET Te(TIME,V = T,START,RESPONSE (K))#24 00071900
LET TXx®ARS.F{XD)/V 00072000
LET DELT=T - TX - 00072100
1F DELT GY 0 LET XLOC(k)=XCORD(LU) 00072200
LET YLOC(K)=VENELTRSIGN.F(YD)e¢YLOC (X) n0072300

GO TO CHECK.IF,PATROL n0072400

OTHERWISE LET XLOC(K)BV# (=DFLT)*#SIGN,F (XD)eXLDC(X) 00072500
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YCHECK.TFoPATROLY IF SWT(K) NE 1 RETURN

ATHERWISE CALL CANCEL.SECTOR.RFTURN GIVEN K

RETURN
END

ROUTINE TO CANCEL.SECTOR.RETURN GIVEN K

n00T2600
00072700
00072800
50072909

This subroutine is called when CAR K, which is returning to its sector,

is dispatched to a new job before it reaches its sector.

It cancels the

event RETURN,TO.SECTOR, which had already been scheduled for this car.

ROUTINE TO CANCEL+SECTORLRETURN GIVEN K
LET PATROL +RETURN = ASSIGNMENT (K)
DESTROY JOB CALLED PATROL .RETURN
LET R=ENFXT,EVENT(K)
CANCEL RETURNGTOLSECTOR CALLED R
DESTROY RETURN,TO,SECTOR CALLED R
RETURN
END

ROUTINE TO PREEMPT (K)

00074000
00074100
00074200
00074300
00074400
00074500
00074600
00074700

If a car is responding to a lower priority incident when the dispatcher

receives a Priority 1 call, this routine redirects it to the Priority 1

incident. It cancels CAR K's ARRIVAL,.AT.SCENE for the lower priority inci-

dent and removes it from the list of ASSIGNED.CARS for that incident.

If no car has yet arrived at the lower priority incident, it places the

incident on the appropriate QUEUE for redispatch. Otherwise, it readjusts

the assignments of the cars at the lower priority incident and, if the

primary car is the one that has been preempted, it reschedules the end of

the incident.

ROUTINE TO PREEMPT (K)
LET J = ASSIGNMENT(K)
IF J IS NOT IN A QUEUE

IF STATUS(JU)=0 FILE U FIRSY IN QUEUE(PRTORITY (J))

REGARDLESS

00074800
00074900
00075000
00075100
00075200
00075300

REGARDLESS LET E= NEXTJFVENT(K) CANCEL THE ARRIVAL AT.SCFNF CALLED F 00075400

DESTROY THE ARRIVAL.AT,SCENE CALLED E
REMOVE Kk FROM ASSIGNED.CARS(J) LET SPT(K)=0
NOW INTERPOLATEL.LOCATION GIVEN K AND U
IF NJASSIGNFD,CARS(J) =] LET F=F,ASSIGNED.CARS(J)
1F SNOT(F)=2 AND SWT(F) GE 4
LET F = NEXT,EVENT(F)
CANCEL THE CALL.END CALLED E
RESCHEDULE THE CALLSEND CALLED F IN DURATION(J)
REGARDLESS
LET SOT(F)=]
REGARDLESS
LEY T.START ,RESPONSE(K)=z TIME,.V
RETURN
END

MINUTES

00075500
00075600
00075700
00075800
00075900
00076000
00076100
00076200
00076300
00076400
00076500
00076600
00076700
00076800
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ROUTINE TO ASSIGN(K,J)

This routine assigns CAR K to work on JOB J. It assigns the car the

priority associated with the job and places the car on the list of cars

assigned to this job (ASSIGNED.CARS(J)). It also schedules the time at

which the car will arrive at the scene by calling the routine SCHEDULE.CAR.

ARRIVAL (K, J).

ROUTINE TO ASSIGNI(KelJ)

LET SPT (k)sPRIORITY (J)

LET ASSTGNMENT (K)=

MOW SCHEDULE+CARGARRIVAL (Ko J)

FILE K IN ASSIGNED.CARS(J)

1F SWT(K) LE 1 SURTRACT 1 FwOM NoaVAILARLE REGARDLFSS
RETURN
END

ROUTINE TO SCHEDULE CAR,ARRIVAL(X,J)

00073200
00073300
00073400
00073500
00073600
00073700
00073800
00073900

This routine, called from the ASSIGN subroutine, schedules the arrival

of CAR K at the location of JOB J. The function CALCULATE.DISTANCE is used

to calculate the distance to be traveled. It is assumed that the car travels

from its current location at a constant velocity that is determined by the

priority of the job. The event that ends the trip is ARRIVAL.AT.SCENE. The

identity of this event is stored in the attribute NEXT.EVENT(K), and the

current time is stored in T.START.RESPONSE(K).

ROUTINF TO SCHENULE+CARGARRIVAL (KsJ)
DEFINE NDIST AS A REAL VARIARLE

LET DIST=CALCULATE.DISTANCE (XCORD(LOCATION(U)) 9 YCORD(LOCATION(J) )

XLOC(K) s YLOC (K))

LET T.START,RESPONSE (K)=TIME,V

CREATE AN ARRIVALJATSCENE

SCHFNULE THIS ARRIVALAT.SCENE GIVEN K IN
DIST/VELOCITY(PRIORITY (J)) HOURS

LET NEXTLEVENT (Kx)=ARRIVAL,ATSCENE

RETURMN

END

ROUTINE TO CALCULATE.DISTANCE GIVEN X1, Y1, X2 AND Y2

00077004
00077100
00077200
00077300
00077400
NO0T77500
00077600
00077700
00077800
00077900
p00TRO0D

This routine is used to calculate the distance, D, between a point with

grid coordinates (X1, Y1) and a point with grid coordinates (X2, Y2).

function may be easily changed to suit the city being simulated. The

The

version

of the routine that is reproduced here calculates the right angle distance,

as follows:

D X2 -X1 |+ y2-11
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This equation assumes that a dense rectangular street network exists, con-
necting all pairs of points, - For some of our experiments we found it
necessary-—and easy-—to modify the function to model the effects of natural

or man-made barriers such as large bodies of water or railroad tracks.

ROUTINE T0O CALCULATELDISTANCE GIVEN X1sY1leX2 AND Y2 nonN82400
DEFINE DeX1eX29Y1le AND Y2 AS REAL VARIABLES 00082500
LET D = ARS,F(X2=X1) ¢ ABS.F(Y2=Y1l) 00082600
RETURN WlTH D nooR270nN
END npoB2800

EVENT FOR ARRIVAL,AT,SCENE (K)

This internal event, which is flow-charted in Fig. 5, represents the
arrival of CAR K at the scene of an incident. The first statements in the
routine change the state of the system to reflect this event. What follows
depends on whether the car has been assigned to be the primary car for the
incident or one of the backup cars. If it is the primary car and no other
car has arrived, its CALL.END event is scheduled. If other cars have
arrived, CALL.END events are scheduled for each of these cars (since the
duration of a job is measured from the time of arrival of the primary car).
If the car is a backup car and the primary car is already there, then a
CALL.END is scheduled for the car. Otherwise, it must wait for the arrival
of the primary car before its CALL.END can be scheduled. Finally, if this
is the first car to arrive at the scene, its travel time is calculated and
added to both the overall travel time statistics and the travel time

statistics corresponding to the priority of this job.

EVENT FOR ARRIVAL JATL,SCENE (K) 00078200
DEFINE D AS A REAL VARIABLE 00078300
LET LKAR=LOCATINN(ASSIGNMENT (K)) 00078400
LET XLNC(K)=XCORD(LKAR) n00T7RS00
LET YLOC (K)=YCORD(LKAR) ' 00078600
IF SwT(¥)=p LFT SWwT(K)=d ADD 1 TO INSSECT.JORS(X) GO To BNTH 00078700
NTHERWISE LET SWT(x)=% ADD 1 TO OUT.SECT,JORS(K) 00078800
"BOTH? 00078900
LET UmASSIGNMENT (K) 00079000
LEY JUPRsPRIORITY () 00079100
LET D = LURATION(J) 00079200
IF SOT(K)=] **TwIS IS THE PRIMARY CAR AT JOR J*' GO TO PRIMF,CAR 00079300
OTHERWISE 00079400
IF STATUS(J)=0 ¢1NO CAR HAS ARRIVED ANU THIS CAR IS NOT PRIMARY®® 00079500
6O TO FIRST,CAR : 00079600
OTHERWISF 00079700
1F STATUS(J)=] vt PRIMARY CAR HAS ALREADY ARRIVED 1 00079800
PERFORM FND,CALL,SCHEDULING GIVEN K AND D 00079900

DEGARDLESS RETURN *v IF NO PRIMARY CAR DELAY SCHEDULING A CALL.END®*+00080000
tFIRST.CARY 00080100
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Fig. 5—~ARRIVAL.AT.SCENE
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LET STATUS(J) =2 00080200
LET JORRFSPONSE,TIME (UPR)=(TIME.V = 00080300
T.START.RESPONSE (K))®#1460,0 00080400

60 TO0 RT(JPR) 00080500
vRT (1) LET P1,NBD.RSPONSE (NBDID (LKAR))=JOB,RESPONSE.TIME (JPR) RFTURN 00080600
YRT(2) ' LET P2.NBD.RSPONSE (NBDID(LKAR))=JOH,RESPONSE,TIME (JPR) RETURN 00080700
YRT(3)* LFT P3.NBD.RSPONSE (NBDID(LKAR))=JOB,RESPONSE.TIME (UPR) RETURN 00080800
‘RY(6)" LET Pt.NSD.RSPONSE(NBDID(LNAR))-JOB.RESPONSF.TINE(JPR) RETURN 00080900
YRT(5)* LET P5.NBD.RSPONSE (NRDID (LKAR) ) 2JOH,RESPONSF,TIME (JPR) RETURN 00081000
IPRIME ,CAR? ' 00081100
1F STATUS(J) NE 0 ' SOME CARS ALREADY THERE'! 00081200

FOR EACH CAR IN ASSIGNED.CARS(J) WITH SWT(CAR) GE 4 DO 00081300

PERFORM END,CALL « SCHEDULING GIVEN CAR AND D 00081400

LONP LET STATUS(J)=] RETURN 00081500
OTHERWISE 00081600

LFT JOR,RESPONSE (TIME (JPR) = (TIME.V = 00081700
T.START ,RESPONSE (K))#144040 00081800

calLL END.CALL«SCHEDULING GIVEN K aND D 00081900

LET STATUS(J) =1 00052000

60 YO RT (JPR) 00082100

END ‘ 00082200

ROUTINE FOR END.CALL.SCHEDULING GIVEN K AND DUR

This routine, called from the ARRIVAL.AT.SCENE event, schedules the
CALL.END event for CAR K. DUR is the length of time that the primary car
will spend at the incident (i.e., the length of the incident). T, the
length of time CAR K spends at the incident, depends on whether it is the
parimary car (SOT(K)=1), a backup car (SOT(K)=2), or a tertiary car (SOT (X)
=3), as follows:

T = P.DURATION(SOT(K))* DUR,

where P.DURATION(I) is the proportion of DUR that a car of type I spends at
an incident. The CALL.END for CAR K is then scheduled to occur in T minutes.

n0082900

ROUTINE FOR ENDJCALL+SCHEDULING GIVEN K AND DUR 00083000
DEFINE T aND DUR AS REAL VARTABLES noo083100
LET T=P,DURATION(SOT (K))®DUR 00083200
CpEATE A CALL.END 00083300
SCHEDULE THIS CALLJEND GIVEN K IN T MINUTES n0083400
RE TURN : no00EB3500
END N00H3A00

EVENT CALL.END GIVEN K

This internal event is called whenever a car is scheduled to finish work
at an incident or to return to service after being out of service. The sub-
routine first adjusts the state of the system and checks whether any other
cars are still assigned to the incident. If there are none, the incident

is erased from the system. Next, a check is made to see if this car has
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Fig. 6—-CALL.END
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been scheduled to go out of service. If so, the car is placed out of service
for the required amount of time. Otherwise, the QUEUE is checked (from
highest priority to lowest) to see if this car is needed at, and eligible
for, some other incident. If so, REASSIGN,.CAR.T0.JOB is called to dispatch
the car to that incident. If there is no job waiting for this car, PLACE.
CAR.ON.PATROL is called to return the car to preventive patrol in its sector.

A flow chart for this event is given in Fig. 6.

EVENT CALLeFND GIVEN K n008B3700

1F SWT(K)m6 GO TO CHECK.Q VEND OF OUT=QF=SERVICE"! 00083800
OTHERWISE LET JU=ASSIGNMENT (K) 00083900
REMOVE K FROM ASSIGNED.CARS (J) 00084000

IF ASSIGMNED,CARS(J) 1S EMPTY DESTROY JOB CALLFD J no0K84100
REGARDLESS N008B4200
'CHECK.Q! N00R4300

FOR EACH JOR ON QUEUE (1) '*THIS IS THF OQUT=0F=SERVICE QUEUE"! 00084400
wWITH LOCATION(JOB)=Ks DO LET ASSIGNMENT(K)=J0B LET SWT (K) 26 00084500

SCHEDULE A CALL.END GIVEN K IN DURATION(JOB) MINUTES 00084600
LET SPT(k) =k LET SOT(k)=6 00084700
LET XLOC(K)=XCORD{CENTROID (X)) PO0R4GROD
LET YLOC(K)=YCORD(CENTROID (X)) n0084900
REMOVE J03 FROM QUEUF (1) 00085000
RETURN } 00085100
LOOP ' 000RAS200

FOR 1=2 YO NM.P,CLASS DO n0085300
1F QUEUE(]) IS EMPTY GO TO NFxT.Q 000(R5400
OTHERWISE IF I LE 3 NOW RFASSIGN.CARSTDsUNB (K F AUFUF {T))  RETURN 000R8800
OTHFERW]ISE tMUST FIND A SECYOR CAR'! 00085600

FOR EACH JOB ON QUEUF(I) DO 00085700

LET NHOON=NRDID (LOCATION (JOR)) 00085800

FOR J=1 TO NUMB,SFrTORS(K) neo 00088900

1F MHOOD=SECTNRS (Ko J) Q00RBA0O0O

NOW REASSIANGCAR,TO,JOR(KeJOB) no00BA100C

RETURN : N00KK200

OTHRERWISE 00086300

LOOP 00086400

LOOP 00086500

INEXT Q" I.OOP 00086600
1OREVENT ,PATROL Y 000BKTOO
ADD 1 TOD N,AVATILARLE n008KRBON
NOW PLACE .CARLON,PATROL (K) 00086900
RE TURN noCR8TOO0N
END noO8BT100

ROUTINE TO REASSIGN.CAR,TO.JOB GIVEN K AND J

This routine is called from the CALL.END event if CAR K is to be dis-
patched to JOB J, which has been waiting in a QUEUE. It changes the state
of the system to reflect this dispatch, calculates the time that the job has
spent waiting in queue, and calls the routine ASSIGN to assign the car to

the job.
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00087200

ROUTINE TO REASSIGNCARLTO.J08B GIVFN K AND ) 00087300
LET SECT=N&DID(LOCATION(J)) 00087400
1F PRIORITY(J)=4 LET XLOC(K)eXCORD(LOCATION(J)) n00R7500
LET YLOC(K)=YCORD(LOCATION(J)) REGARDLESS nN00BTA00

NOW ASSIGN{(KJ) 00087700
FOR 1T = ] TO N,CAR DO 00087800
LET KK=aADJACENT CARS(SFCTH I} 00087900
[F XK NF K GO TO LDOOPI! 00088000
OTHFRWISE LET SWT(K) =2 00088100

IF T GT N,SECTOR,CARS(SECT) LET SwT(K)=3 0008R200
REGARDLESS GO TO 0QUT 00088300

LO0P]Y n00BRLODC
LOOP nooB8500
*oUT no0088600
LET PRIzPRIORITY (J) 00088700
REMOVE J FROM QUEUE (PRI) 0008RROY
LET WAIT,TIME(PRI) = (TIME,V = ENTRY, TIME(U))#1440.0 00088900
LET COUNT (PRI} =1 00089000
LET SOT(x) =] 00089100
RE TURN N00&9Z200

ENOC nO0B9300

ROUTINE TO PLACE.CAR.ON.PATROL GIVEN K

This routine is called from the CALL.END event if there are no jobs in

any QUEUE for CAR K to service. First, the car's status is changed to re-
flect its availability. If the car is already inside its sector, it remains
at its current location. (In reality, cars on patrol move around in their
sectors more or less at random. Keeping the car where it is—-the random
location of the last job it serviced--is meant to imitate this with a
minimum of computing effort, since, if the car moves at random, its expected
location is its last location.) Otherwise, the car begins to travel back

to the centroid of its sector, and a RETURN,TO,SECTOR event is scheduled for
the car at a time determined from the distance it must travel and the

average travel velocity for Priority 3 jobs. This routine will select blocks
for patrol within a car's sector according to the relative frequency of

calls for service at each of the blocks in the sector. The patrol frequencies
could be modified by inserting into this routine (at line 00089700) a pro-
cedure to select the car's location according to a probability distribution
associated with the neighborhood or a probability distribution specific

to that car. The PREAMBLE would have to be modified to include the appro-
priate variables, and the desired patrol frequencies would have to be

supplied in the initialization deck.
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ROUTINE TO PLACF.CAR.ONLJPATROL GIVEN K NOCR9400
DEFTME D AS A REAL VARIABLE 00089500
LET SPT(k)=0 LFT SOT(K)=0 000K8600
1F SwT({x)=4 OR SwT(K)=& LET SwT(x)=0 KETURN 19CAR WAS IN SECTOR'00089700
ALREANY . eese LEAVE HIM THERE 9 00089800
OTHERWISF 00089900
CREFTF A JOB CALLEN PATROL «RETURN n0090000
LET SwT(x)=l LET LJ=CENTROIN(K) LET LOCATION(PATROL RETURN)=LJ 00090100
LET ASSIGNMENT (K)=PATROLRETURN n0090200
LET PRIDRITY(PATROL.RETURN)=3 00090300
LET D = CALCULATESDISTANCE (XCORDI(LU) o YCURD (L J) o XLOC(K) 4 YL OCI(K)) 00090400
LET ToSTART,RESPONSE (K)=TIME,V 00090500
CREATE A RETURN,TOL,SECTOR CaALLED ® 00090600
LET CARNUMRER (R) =K YATHF CAR NUMRER OF THTS PATROL  RFTIIRNG? 00090700
SCHEDULE THE RETURN,TO,SECTOR CALLED R IN N/ZVFLOATTY (3) HOUKS 00090800
LET NEXT.EVENT (K)=R 00090900
RETURN 00091000
END 00091100

EVENT RETURN.TO,SECTOR GIVEN K

This event, scheduled internally, occurs whenever an available car that
is returning from an out-of-sector job arrives at the centroid of its sector.

The event changes the status of the system to reflect the car's arrival.

EVENT RETURNSTO.SECTOR GIVEN K ) n0091300
LET JUsASSIGNMENT(K) 00081400
LET XLNC(K)=XCORD(CENTROID(¥) ) 00091500
LET YLOC(K)=YCORD(CENTROID(K)) 00091600
LET SWT(Kk)=0 n0091700
PDESTROY y0OB CALLED J i - 0N0091800
RETURN n0092000
END. 00092100

EVENT OUT,OF,SERVICE GIVEN K SAVING THE EVENT NOTICE

This event can either be scheduled internally (meal times will usually
be scheduled in this way) or externally (other out-of-service conditions,
such as the breakdown of a car, will usually be scheduled as part of the in-
put job stream).

If the event has been scheduled internally, CAR K will be placed out
of service for the number of minutes specified by the input variable MEAL.
DURATION, and another OUT.OF,SERVICE event will be scheduled for this car in
TOUR.LENGTH hours (TOUR.LENGTH is another input variable). If the event
has been scheduled externally, the amount of time the car will remain out
of service (in minutes) is read from the card in the input job stream that

scheduled this event.
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If the car scheduled to go out of service is currently available, it is
immediately placed out of service and the status of the system is changed to
reflect this. If returning to its sector, the car's sector return is can-
celed and it is immediately placed at the centroid of its sector.

If the car scheduled to go out of service is currently busy, it will
be placed out of service as soon as it finishes the job. This is accomplished
by placing notice of the out-of-service "job" on QUEUE(1L). (Priority 1 jobs
are never queued, so only out-of-service jobs will appear on QUEUE(1).) If
an out-of-service job for CAR K already exists on QUEUE(1), the time of this

new out-of-service job is added to the duration of the previously scheduled

job. A flow chart for the OUT.OF.SERVICE event is given in Fig. 7.

EVENT OUT.OF«SERVICE GIVEN K SAVING THE EVENT NOTTCF 00092300
DEFINF T.OUT.OF SERVICE AS A REAL VARIABLE n0092400
LET XKoMFAL = QUT,OF4SERVICE 00092500
1F FUNIT,&(OUT,OF SERVICE) EQ 0 00092600
SCHEDULF AN OUT,OF ,SERVICE GIVEN K IN TOUR,LENGTH HOURS 00092700
LET T.OUT.OF.SFRVICE:MEAL.DURATION GO ARDUND OTHERWISE READ Ke 00092800
TeNUT ,OF (SERVICE 00092900

tARQUNN 00093000

PDFSTROY THF OUT.OF.SERVICF CALLED X.MEAL 00093100

IF S#T{(x) GE 2 GO TO DELAY 00083200

NTHERWISE 00093300

IF SwT(K)=] : 00093400
CaLL CANCEL+SECTOR,RETURN GIVEN K 00093500

LET XLOC(K)=XCORD{(CENTROID (X)) n0093600

LET YLOC(K)=YCORD(CENTROID(K)) n0093700
REGARNDLESS ‘ n0093R00
SURTHACTY 1 FROM NoAVAILABLE 00093900

I ET SWT(K)=6 LET SPT(K)=zh LET SOT(K)=w n0094000
CRFATF CALLLEND n0094100
SCHEDULE THIS CALL.END GIVEN K IN TeOUT OF+SFRVICE MINUTES 00094200

RE TURN 00094300
"GELAY® noN9440N

FON EVFRY J0OR ON QUEUE(1) DO nNo034S00
1F LOCATINN(JOKI=K GO TO BLREADY (SCHEDULED 00094600
OTHERWISE LOOP nN00964700

00094R00

CREATE 408 00094900

LET LOCATION(JOR) =K no09s00n

LET ENTRY, TIME(JOB)=TIME.V 0009%100

LET DURATION(JNR)=T,0UT,OF sSERVICF 00095200

LET PRINRITY (JOR) =6 00095300

LET STaTuS(J0B) =6 ) 00095400

FILE UOp TN QUEUE(]) n0095500

RE TUKN N009SKOD

" ALREADY « SCHEDULED? NO0SRTOO

ADD T.0UT,OF+SERVICE TO DURATION(J0B) RETURN NOUISRND

ENO n0095900

EVENT FOR END.OF.SIMULATION

This internal event signals the end of a simulation run. It prints

several reports that summarize the simulated patrol activity during the run.
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It is time for the patrol
car to go out of service

l

Yes Is this an internally scheduled event?>—NL

Schedule the next internal
out -of - service event

l

No / \
Is the car on patrol ?
\

/

File notice of the out-of-service
job on QUEUE (1)

Fig. 7-OUT.OF.SERVICE

Yes

Place car out-of -service

l

Schedule the end of this
out-of -service job
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Reports are produced presenting the following information:

e The workload statistics for each CAR and the averages of these
statistics for all CARs.

e Queueing statistics for each of the priority classes.

e Histograms, averages, and variances of travel times for each of
the priority classes.

e A summary of responses by priority class, broken down by neighbor-
hood.

e The average, variance, and distribution of patrol car availability
over the course of the simulation,

e Statistics on the number of cars actually dispatched to incidents,

broken down by priority class.

Details and examples of each of the reports are provided in Section VI.

n0037900

EVENMT FOR END,OF ¢SIMULATION , 00038000
DEFTNE MaVeToTINeTOUTTOTINSTOTOUT AS. REAL VARTIARLES 0003R100
NEFINE X AS A REAL 1=DIMENSIONAL ARRAY 0003R200
RESERVE X(®#) AS 10 00038300
n0038400

START NFw PAGE 0003RS00
SRINT ? DOURLE LLINES AS FOLLOWS 00038600

) 00038700

THE NEW YORK CITY=PAND INSTITUTE 00038800

00038900

POLICE PATRNL SIMULATION MONEL 00039000

WRTITF AS HSIMULATION RESULTS FOR v 00039100
FOR T= | Tu 20 WRITF REGTONJNAME(I) AS A4 00039200
WRITE aAS / 00039250
SKTIP 1 LINE 00039300
FOR J= 1 TO 20 o WRITE TITLE(I) AS A 4 00039400
WRITE AS / 00039450
SKTR & OUTPUT LINES 00039500
PRIST 1 LINE AS FOLLOWS 00039600
CAR ACTIVITY SUMMARY 00039700

LET Tu=n LET Ou=0 00039800
SKTP® 1 OUTPUT LINE 00039900
PRINT 2 DOUBLE LINES AS FOLLOWS 00040000
caRr MO. OF JOBS ON PATROL RESPONDNING wNRKING 00040100
TNTs I SERVICF 00040200
TN ouT IN ouT IN ouT N ouT 00040300

IN ourT QUTY OF SERVICE ’ 00040400
FOR XK= 1 T0O N,CAR+DO 00040500
LET TIN=(UTILIZ(Ksl) sUTILIZ(Ke3) sUTILIZ(K¢S))/TIME,V N00&40600
LET TOUT®(UTILIZ(Ky2)4UTILIZ(Ke@)+UTILIZ(KeAR))/TIMELV 00040700
PRINT 1 DOURLF LINE WITH CAR (NAME (K) v INSECT . JORS (XY sOUTSFCT.JUNKS(K) 400040800
UTTI TZ (Kol ) /TIME VoUTILIZ(Ke2)/TIMEVIUTILIZ(Ke3)/TIME,V, 00040900
UTTLYZ(Ke6) /TIME oVoUTILIZ(K¢S)/TIMELVIUTILIZ(Ke6)/TIME,V, 00041000

TINsTOUTOUTILIZ(Ks7)/TIMELY AS FOLLOWS 00041100
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ane Yy Ty} * 400 & aes Y * 000 ®, 000 ", 00
. wow * se . nnn ’
FOR J=1 TO 7 DO ADD UTILIZ(K9J)/TIME.V TO X(J) LOOP

ADD IN.SECT.JORS(K) TO IV
ADD OUT,SECT.JORS(K) TO OJ
ADD TIN TO TOTIN
AOD TOUT TO TOTOUT

LOOP
FOR J=1 TO 7 DO LET X(J)=X{J)/N,CAR | OOP
LET TOTIN2TOTIN/N.CAR LET TOTQUT=TOTOUT/N,CAR

SKIP 1 OUTPUT LINE
PRINT 1 DOUBLE LINE WITH TJyOUeX(1)eX(2)eX(3)aX(4)eX(5),yx(6
TOTINGTOTOUToX (7) THUS PSR X BT x Y
TOTALS #woaw chan # B0e o ees w00 L 2 X LI 2 2 . non

IR T ¢, auy . su

FOR I=2 TO NePJCLASSe no START NEW PAGF
FOR J= ] TO 20. WRITE TITLE(J) AS A &
WRITE AS /
SKIP 2 LINES
PRINT 1 LINE WITH I AS FOLLOWS
QUEUEING STATISTICS FOR PRIORITY CLASS ##
SKIP 2 NUTPUT LINFS
PRINT 2 LINES WITH MQ(I) AND VQ(I) AS FOLLOWS
HISTOGRAM OF QUEUE=-SIZE AVERAGE QUEUE-SIZE = #ab sas
NO. IN QUEUE FREQUENCY VARIANCE Bpnd oo
SKIP 1 QUTPUT LINE
FOR J= 1 TO 30 » WITH PROBG(IsJ) GY 0y DO
PRINT 1 LINE WITH J=1 AND PROBQ(IsJ)/TIME.V AS FOLLOWS
[ 1 ) i.ii.

LOOP

SskIP 2 OUTPUT LINES
LET T=NWT(I)®*MwT (1)
LET NTOT=NRT(I) :
IF NTOT=0 LET T=0 G0 TO PRT
OTHERWISE LET T=T/NTOT

YPRT' PRINT 3 DOUBLE LINES WITH NWT (1) ¢MWT (I} sVWT(I)sNTOT»T THUS
HISTOGRAM OF WAITING TIMES AVERAGE WAITING TIME OF THE ###
JOBS DELAYED= #a#t sse
WAITING TIME FREQUENCY
VARIANCE = G _see
(MINUTES) AVERAGE WAITING YIME OF ALL #weew

JORS DISPI'D = ##® &4
FOR J=1 TO 244+ WITH HWT(IeJ) GT 0s DO
PRINT 1 LINE WITH 5#J AND HWT(I,4) THUS
c #&n 2 X YY)

LOOP
SKIP 3 OUTPUT LINES
LET J=1
PRINT 3 LINES AS FOLLOWS
CURRENT QUFUE CONTENTS
POSITION TIMF SINCE RECEIPT
(MINUTES)
SKIP 1 OUTRUT LINE
FOR FVFRY JOB IN QUEUE(l)s DO
PRINT 1 LINE WITH J AND (TIME(V=ENTRY,TIME (JOB))*1440.0 THUS
& & QGQ.OG
ADD 1 TO J
Loop
{ O0P
CALL RESULTS
END tISIMULATIONY?

00041200
00061300
00041400
00041500
00041600
00041700
00041800
00041900
00042000
000642100
n0042200)
00042300
000472400
nN0042500
00042600
00042700
nN0062800
00042900
N0042950
00043000
00043100
00043200
00043300
00043400
00043500
n0043600
000643700
nN004380C
000463900
n0V&4&000D
000644100
00046200
00044300
000644400
00044500
00044600
00044700
000464800
00044900
n0045000
00045100
00045200
000645300
00045400
00045500
n00&4s5600
00045700
00045800
00045900
00046000
00046100
00046200
00046300
00046400
000466500
00046600
n0066700
no046ROV
000646900
00047000
n004T7100
00047200
000?7300
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ROUTINE FOR RESULTS . 000aT400
DEFINE MeVeT AS REAL VARTABLES ’ 00047500
BEGIN REPORT PRINTING FOR I=1 TD N.P.CLASS IN GROUPS OF & PER PAGE 00047600
BEGIN HEADING n00GTTO0O

FOR J= 1 TO 20+ WRITE TITLE(J) AS A & 00047800
WRITE AS / 00047850
SKIP 2 LINES 00047900
PRINT 1 LINE AS FOLLOWS 00068000
RESPONSE TIME HISTOGRAMS 00068100

SKIP 2 OUTPUT LINFS 00048200

END '*HEADING?? 000648300
PRINT 1 DOUBLE LINF WITH A GROUP OF 1 FIELDS THUS 00048400
PRIORTITY CLASS L4 L A4 L2 e LA J 00048500

(Y] : 00048600
SKIP 1 OUTPUT LINF 00048700
PRINT 2 LINES AS FOLLOWS n0048R0OD
RESPONSE TIME n0048900
(MINUTES) 00049000

FOR Jz 1 T0 16+ DO 00049100

PRINT 1 DOURLE LINF WITH J AND A GROUP OF FREN(IsJ) FIELDS THUS 00049200
con nn LT YY) LT [T XY [T XYY suee 00049300
than . N0049400
LOOP : N0049S00
SKIP )} QUTPUT LINF 00049600
PRINT 1 DOURLE LINE WITH A GROUP OF NRT(]I) FIELDS THUS n0045700
NUMBER OF RFESPONSES L2 XX L2322 AL X Y] L2 X2 Y] LT B n0049800
(22X Y] 00049900
PRINT 1 DOUBLE LINE wITH A GROUP OF MRT(I) FIELDS THUS 00050000
AVERAGE R, T, LASS 2 LA A e un #e 00 e e 00050100
LN 2 00050200
ORINT 1 DOURLE LINE WITH A GROQUP OF VRT(]I) FIELDS THUS 00050300
VARTANCE OF ReTe [T Y YT Y L XY T “ne 0o saG 0. N0050400
L1 L X 00050500
END ''REPORT 00050600
START NEw PAGE 00050700
FOR Tz | TO 20 o+ WRITFE TITLE(I) AS A 4 00050800
wRITE AS / 00050850
SKYP 2 LINES 00050900
PRINT 1 NOUBLE LINE AS FOLLOWS 00051000
SUMMARY 0OF RESPONSES BY00051100

NE TGHBORHOOD n0051200
SKIP 2 oUTPUT LINES 00051300
PRINT 2 DOURLE LLINES AS FOLLOWS 00051400
PRTOR]TY=w> 1 ' 2 : 3 00051500

) TOTALS 00051600

NBD NOe AVG RT VAR NOe AVG RT VAR NO. AVG RT 00051700
VAR NO, aVG RT VAR NO, AVG RT VAR n0051800
SKTP 1 OUTPUT LINE n0051900
FOR J=]1 TO NeNHD DO 00052000
LET NI2NSRT]1(J) LET NZ2eNSRT2(J) LET N3=NSRTI(J) LFT N4e=NSRTS(J) n00S2100
LET T=N]1+N2¢N3I+Né6 00052200
LET MaN]1#MSRT] (J) oN2#MSRT2(J) oNI#MSRT3I (J) ¢ N4 #MSRTS (J) 00052300
LET VEN]®N]®VSRT] (J) ¢NZ2#N2#VSRT2 (J) +N3#N3#YSRTI(J) ¢N4#NLaVSRTS (J) 00052400

IF T=0 LET M=0 LET v=0 GO TO PRI OTHFRWISE 00052500

LEYT M=M/T 00052600
LET veV/(TeT) 00052700

tPRI¢ PRINT | DOUBLE LINE WITH NBDeNAME (J)sN1sMSRT1(J) s VSRT1(J)eN2y 00052800
MSRT2 (U)o VSRT2(J) sNIsMSRT3I(J) s VSRTI(J) sN4sMSRTE(J) o VSRTS (J) 9 TeMeV 00052900

THUS 00053000
YY) ARNP BB N80 B N0 SRR BB N6 RO Sn0 Gane an_ 08n 200053100

LRI Y ARBE RS 200 B0 Naw HEORG HH N0E o, B0w 00053200
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t 00P 00053300
SKXIP ) OUTPUT LINE 00053400
LET T=0 LET MmO LET v=o0 00053500
FOR I=] TO & DO 00053600
IF 1 EQ 49 LET 1 = 5 REGARDLESS no053700

LFT N=NRT(I]) ADD N TO T 00053800

ADD N®MRT(I) TO M ADD N#N®YRT(I) TO Vv 00053900

LOOP " 00054000
LET M=M/T LET VEV/(T#T) 00054100
PRINT )1 POURLE LINF WITH NRT(1)sMRT(1)eVRT(1)9NRT(2) ¢MRT (2) 00054200
VRT (2) oNRT(3) oMRT (3) o VRT (3) ¢NRT(5) o MRT(5) ¢ VRT () 4 TeMsV THUS 000564300
ToTaLS SRRE B0 R N a0 SRED BE BRE S8 By apne wn ane 200054400
* 00 SRRN NG _JER 0% _Sxs PRBBE Bp BHOD Do RED 00054500
SKk1P 9 OUTPUT | INES 00054600
PRINT 2 LINES 2S FOLLOWS 00054700
PICK=UP (PRIORITY &) 00054800

NBD NOe AVG RT VAR 00054900
SKIP 1 OUTPUT LINE n005%000
FOR J=1 T0 NeNRD DO n00%85100
LET N5 = NSRT&(J) 00055200
PRINT 1 LINE WITH NBDeNAMF (J) sNDsMSRT4 (J) 9 VSRTS (J) AS FOL LOWS n0055300
(X X 2] L XXY) 'Q..QQ .i.ﬁ.‘l 00055(.00
LOOP n0055500
SKIP 1 OUTPUT LINE 00055600
PRINT 1 LINE WITH NRT(&4)s MRT(4)s VRT(4) THUS 00055700
TOYALS XX %] .'.QQ' ...00. 00055800
START NEW PAGE 00055900
FOR I= ] TO 20 o WRITE TITLE(I) AS A4 00056000
WRITE aS / 0056050
SKIP 2 LINES 00056100
PRINT 1 LINF AS FOLLOWS 00056200
DISTRIKUTION OF CAR AVAILABILITY 000SK300
SKIP 2 OUTPUT L INES 00056400
PRINT 2 LINES AS FOLLOWS 00056500
NO, OF CARS PER CENT 00056600

ON PATROL OF TIME 00056700

FOR 120 T0 NeCAR DO N00S5KA0D
PRINT 1 LINE wITH I AND 100%HISTAV(I¢1)/TIMF.V THUS 00056900

L3 o nn 000%7000

LooP - 00057100
SKIP 1 QUTPUT LINE n0057200
PRINT 1 { INF WITH MAV THUS 00057300
AVERAGE NUMSER AVAILARLE = ®## s#&¢ n0057400

PRINT 1 [ INE WITH VAV THUS 00057500
VARIANCE =t#a soe 00057600

START NFW PAGE : 00057700
FOR T 1 TO 20 o WRITE TITLE(I) AS A 4 noOaSTROO
WRITE »sS 7/ no057850
sKTP 2 LINES 00057900
PRINT 1 LINE AS FOLLONOWS 00058000
WUMBFR OF PRECINCT CARS SENT TO CALLS 00058100
sKIP 2 nuTPUT LINES 00058200
PRINT 1 DOURLE LINE THUS 00058300
FRIQRtTY 0 1 ? 3 “ 5 & 7 8 9 00058400
10 il 12 13 14 15 AVERAGE VARIANCE n0058500
WRITE AS /" 1" 00058600
FOR T=1 TN 16ewRITE HISTC(leI) AS T 6 00058700
WRITE MC(1) AND VC(1) AS S 69D(642)9S 59D(7+2)9/ 00058800
FOR [=2 TO NJP.CLASSs DO 00058900
PRINT. | DOUBLE LINE WITH JTeHISTC(Tel} sHISTC(I42)4HISTC(T43)0 nO0%8000
HISTC(I94)eMC(TI)e AND VCI(1) THUS 00059100

Y ) PYYTYOEYYYIEE YT T IR X X X 00059200
tan, ba soon o8 00059300

LOOP 00059400
sTop 00059500
END 00059600

n0059700



V. THE INPUT DATA

There are two basic sets of data needed to run the simulation. The
first input data set, called the "initialization deck," follows the job
control cards and specifies the geographical configuration of the region
being simulated, the patrol unit assignments, and initial parameter values
such as the number of hours in a tour, response velocities, meal times, the
duration of the simulation, etc. (The initialization deck is the GO.SYSIN
data set.) The second data set is the series of calls for service to be
responded to during the course of the simulation, and is referred to as the
"job stream." (It is the SIMUO4 data set.) In what follows, we describe,
card by card, all the data needed for the simulation. For easy reference
to the program, the variable name used to identify each piece of data in
the simulation is given in upper case in parenthesis. So, for example, the
simulation variable N.CAR is used to refer to the number of patrol units

assigned to the region being simulated.

The Initialization Deck (GO.SYSIN)
(5.1) Card 1--supplies the title for the simulation run. This title

will be printed at the top of every output report. The title
can be up to 80 characters long (the contents of one complete
card).

(5.2) Card 2--a description of the region being simulated (e.g., 26th
Precinct, 7th Division, etc.). This is printed on the first page
of the output report. The description can be up to 80 charac-
ters long (the contents of one complete card).

(5.3) Card 3--supplies the initial values for four system parameters:
‘(a) The length of the simulation (SIM.LENGTH) in hours.

(b) The maximum number of cars that will be dispatched to a
Priority 1 incident (MAX.SENT).

(¢) The duration of an internally scheduled OUT.OF.SERVICE job
(MEAL,DURATION) in minutes.

(d) The length of a single tour of duty (TOUR.LENGTH) in hours.
This variable is used to schedule an OUT.OF.SERVICE event
for each car one time during every tour of duty (e.g., for
a meal)., After the first internally scheduled OUT.OF.

SERVICE event for a car (scheduled at a time specified as



(5.4)

(5.5

(5.6)

—
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described in paragraph (5.7) below), an OUT.OF.SERVICE event
for the car will occur every TOUR.LENGTH hours.
Card 4--the number of BLOCKs (N,BLOCK) in the region being simu-
lated (A BLOCK is the smallest geographical unit in the simula-
tion), the number of neighborhocods (N.NBD), and the number of
patrol units (N.CAR)., These three integers are punched in
three fields, separated by at least one blank space. Note that,
for internal reference, the blocks will be numbered 1 to N.BLOCK,
the neighborhoods from 1 to N.NBD, and the cars from 1 to N,CAR.

N.BLOCK Cards—-one for each block, containing:

(a) The block number used as an internal reference number for
the block (B). These must run in sequence from 1 through
N.BLOCK,

(b) The external identification number associated with the
block (TAXNO(B)). This number can be its tax block number,
census block, or any other identifying number,

(c) The internal reference number of the neighborhood to which
the block belongs (NBDID(B)).

(d) The x and y coordinates of the center of the block
(XCORD(B), YCORD(B)).

This information is punched in five fields, each separated by at

least one blank space. The variables must be integers, except

for the coordinates, which can be punched with decimal points.

We emphasize that NBDID(B) is a number and not an alphanumeric

sector name associated with the neighborhood. Further, NBDID(B)

must correspond to the appropriate internal neighborhood se-
quence number (N) used when neighborhood information is being
input. (See paragraph (5.6) below.) These N,BLOCKs may com-
prise a separate data set. If so, they must be kept separate
from the GO.SYSIN data, and a data definition (DD) card for the
additional data set must be included in the job control cards.

In addition, the statement in the MAIN routine that reads this

data (statement number 34200) should indicate the logical unit

from which this data should be read (e.g., the version given

here reads this data from logical unit 7).

N.NBD Sets of Cards--one set for each neighborhood, consisting

of:
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(a) One card containing the following four fields, separated

(b)

by blanks:

(1) The internal neighborhood reference number (N).
These must run in sequence from 1 to N.NBD.

(2) An alphanumeric sector name associated with the
neighborhood (NBD.NAME(N)).

(3) The number of sector cars assigned to the neighbor-
hood (N.SECTOR.CARS(N)).

(4) The number of patrol units designated as adjacent

resources for the neighborhood (N.ADJACENT(N)).

One or more cards containing a list of all the cars in

‘the simulation in the order in which they will be

nominated for dispatching in this neighborhood

(ADJACENT.CARS(N.J). The members of the list are car

numbers, punched in N.CAR fields, each separated by at

least one blank space. The car numbers used must cor-

respond to the internal car numbers (C), discussed in

paragraph (5.7) below.

(5.7) N.CAR Sets of Cards—-one set for each patrol unit, consisting

of:
(a)

One card containing the following five fields, separated

by blanks:

¥

(2)

(3

(4)

(5)

The internal reference number for the unit (C).
These must run in sequence from 1 to N.CAR.

The 4-character alphanumeric name associated with
the unit (CAR.NAME(C)).

The number of neighborhoods to which the unit is
assigned as a "sector" car (NUMB.SECTORS(C)). If
none (e.g., a supervisor's car), put a 1 in this
field and a zero in the following card.

The internal block number of the block at which the
unit is "stationed" while on patrol (CENTROID(C)).
This number must correspond to one of the block num-
bers (B) discussed in paragraph (5.5) above.

The scheduled time into a tour (in decimal hours,
e.g., 1.5) at which the car will be placed out of
service (MEAL.TIME).
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(b) One or more cards containing the list of neighborhoods
to which the unit is assigned as a "sector car." This
list should contain NUMB.SECTORS(C) entries, which are
the internal neighborhood reference numbers (N) des-
scribed in paragraph (5.6) above. Overlapping sectors
are achieved by assigning some or all of the same neigh-
borhoods to two or more cars.

(5.8) 1 Card--giving the response wvelocity in miles per hour for each
of the five priority classes (VELOCITY(P)), punched as real
numbers in five fields, each separated by at least one blank
space, in order of priority class, starting with Priority
class 1.

(5.9) 1 Card--giving the proportion of the job duration (P.DURATION
(1)), assigned to each of the three types of responding units
(primary, backup, and tertiary), punched as real numbers in

three fields, each separated by at least one blank space,

The Job Stream (SIMUO4)
(5.10) In chronological order, as many cards as there .are calls for

service and externally scheduled OUT.OF.SERVICE events. For

each call for service, the card must contain the following 9

fields describing the job:

(1) The event name JOB.ENTRY punched in columns 1-9,

(2-4) The time the job enters the system (ENTRY.TIME(J)),
measured in days, hours, and minutes from the start
of the simulation, punched in three fields.

(5) The location of the job (LOCATION(J)), given by the
internal block number. This number must correspond
to one of the values of B given in paragraph (5.5)
above.

(6) The priority of the job (PRIORITY(J)).

(7-8) The duration of the job in hours and minutes, punched
in two fields (HDUR and MDUR).

(9) An asterisk (*).

All fields must be separated by at least one blank space. There

should always be at least one job whose entry time is later

than SIM.LENGTH, the end of the simulation.
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For each OUT.OF.SERVICE event, the card must contain the
following six fields of information:
(1) The event name OUT.OF.SERVICE punched in columns 1-14.
(2-4) The time that the OUT.OF.SERVICE event is to occur,
measured in days, hours, and minutes from the start
of the simulation, punched in three fields.
(5) The internal identification mumber of the car to be
placed out of service. This number must correspond
to one of the values of C given in paragraph (5.7)
above.
(6) The length of the out-of-service time in minutes.

All fields must be separated by at least one blank space.

AN EXAMPLE

We illustrate the data input with sample data sets for a simulation
of the 71st Precinct in the New York City Police Department. The 71st
Precinct has been broken down into 305 blocks, which, in this simulation
run, are grouped into 12 neighborhoods. Each neighborhood corresponds
to one of 12 nonoverlapping sectors. Figure 8 is a street map of the
71st Precinct and Fig. 9 is a computer—generated map that uses the coor-
dinate system of the simulation and shows each individual tax block and
the sector to which it belongs. In this example, there are seven patrol
units: six are sector cars, each of which is assigned to a pair of
neighborhoods, and one is a sergeant's car. Primary cars work for the
entire duration of the incident; backup cars work for half the duration
of the incident, and tertiary cars are released as soon as they arrive
at the incident. Responses to all incidents, no matter what their priority,
are made at a velocity of 20 mph., The data set describing each of the
blocks is read from logical unit 7. A listing of the control cards and
tnitialization deck for this example is given in Appendix B. Some of
the key data elements are explained in Tables 5 and 6. Appendix C lists
the first few cards in a sample job stream for a l6-hour simulation of

this region.
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Table 5
SAMPLE SIMULATION: CAR PARAMETERS

Car Car Number of Meal Patrol
Number Name Sectors Time Block Assigned
(C) (CAR.NAME(C)) | (NUMB.SECTORS(C)) | (MEAL.TIME) | CENTROID(C)) | SECTORS(C,J))
1 AB 2 3 144 1,2
2 CcD 2 4 222 3,4
3 EF 2 5 100 5,6
4 HI 2 3 43 8,9
5 JG 2 4 296 7,10
6 KM 2 5 63 11,12
7 SGT 4] 4 59 0
Table 6
) SAMPLE SIMULATION: NEIGHBORHOOD DATA
Neighborhood Neighborhood Number of Number of Adjacent
Number Name Sector Cars Adjacent Cars Car List
(N) (NBD.NAME(N)) N, SECTOR.CARS (N)) (N.ADJACENT(N)) (ADJACENT.CARS(N,J))
1 A 1 1 (1, 2, 3, 4, 5, 6, 7)
2 B 1 1 (1, 2, 3, 4, 5, 6, 7)
3 C 1 1 2, 3, 4, 5, 6, 1, 7)
4 D 1 1 2, 3, 4, 5, 6, 1, 7)
5 E 1 1 (3, 1, 4, 2, 6, 5, 7}
6 F 1 1 3, 1, 4, 2, 6, 5, )
7 G 1 1 (5, 2, 6, 4, 3, 1, 7}
8 H 1 1 (4, 6, 3, 2, 5,1, 7)
9 I 1 1 (4, 6, 3, 2, 5, 1, 7)
10 J 1 1 (5, 2, 6, 4, 3, 1, 7)
11 X 1 1 (6, 5, 4, 2, 3,1, 7)
12 M 1 1 6, 5, 4, 2, 3, 1, 7)




-55-

VI. OUTPUT REPORTS

The simulation program produces several types of output. We illustrate
the various output reports by showing those produced by a 16-hour simula-
tion of New York City's 71lst Precinct, using the sample input data pre-
sented in Appendix B. First, after reading the initalization deck, the

program prints out the title and the following input dataj;

e The length of the simulation (in hours).

e The number of blocks, neighborhoods, and patrol cars in the region
being simulated.

e A listing of the data associated with each block, including its
internal reference number, external identification number, x and
y coordinates; and the data associated with each neighborhood,
including its internal reference number, the number of sector cars
and adjacent cars assigned to it, and the ordered list of patrol

cars constituting its set of ADJACENT.CARS.

A sample of this initialization output is shown in Figs. 10 and 11.
After simulating the patrol operations in the region for the required
number of hours, the program prints a series of six reports that summarize

the simulated activity. Each of these reports is described below.

(1) CAR ACTIVITY SUMMARY (Fig. 12)

A summary is given for each car, showing how it spent its time during
the course of the simulation. The following information is printed for

each car:

e The number of jobs to which it responded within its sector and
the number to which it responded outside its sector.

e The proportion of time the car spent on preventive patrol in its
sector and the proportion of time it was available to respond
from outside its sector (while returning to its sector from an
outside job). R

e The proportions of its time spent responding to calls that oc-

curred inside its sector and responding to calls outside its sector.
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e The proportions of its time spent working on jobs in its sector and
working outside its sector.

e The proportion of its total in-service time spent within its
sector and the proportion of time spent out of its sector.

e The proportion of the total simulated time during which the car

was out of service.

The last line of the report prints the values of each of the above

quantities, averaged over the N.CAR patrol units in the simulation.

(2) QUEUEING STATISTICS (Fig. 13)

A one-page report is printed for each priority class having a queue
(i.e., all classes except Priority 1). This report contains three types

of information:

e Queue sizes--a frequency histogram, plus the average and variance
of the queue size. (The histogram shows frequencies for queues of
up to 50 jobs.)

e Waiting times--a frequency histogram of the waiting time of jobs

that were queued before being dispatched, the average and variance
of the waiting time for these jobs, and the average waiting time
for all jobs dispatched, including those that were not delayed.
(The histogram shows waiting time frequencies in five-minute
intervals up to four hours.)

e Current (final) queue contents—--a list of those calls in queue

and waiting to be dispatched at the instant the simulation ends,
together with the time elapsed since each call was received

(the time each call has already spent in queue).

(3) RESPONSE TIME HISTOGRAMS (Fig. 14)

A report listing, for each priority class, the number of calls that

had response times falling into each one-minute interval (i.e., 0-1 minute,
1-2 minutes, etc.) up to sixteen minutes, where response time is defined

as the time from dispatch of call until the arrival of the first patrol
car. In addition, the total number of responses is printed for each

priority class.
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(4) NEIGHBORHOOD ACTIVITY SUMMARY (Fig., 15)

This report shows the workload fnumber of jobs) and response time

information for each neighborhood, broken down by priority class, Thus,
the number of jobs responded to, together with the average and variance
of the response times to these jobs, is printed for each priority class,
neighborhood by neighborhood. Totals are printed for each neighborhood

and each priority class.

(5) DISTRIBUTION OF CAR AVAILABILITY (Fig. 16)

This report shows the percentage of time that a given number of cars

were on preventive patrol in the region, from O patrol units to N.CAR

patrol units. In addition, the average number of available cars and the

variance are printed.

(6) NUMBER OF PRECINCT CARS SENT TO CALLS (Fig. 17)

Since under different dispatching rules different numbers of cars may

be sent to calls, this report shows how often any given number of cars
(from 0 to 15) are sent to calls in each priority class. In some priority
classes exactly one car is always sent (e.g., Classes 3, 4, and 5), but
Priority 1 calls receive up to MAX.SENT of the available cars. The number
of Priority 1 calls that received zero cars indicates the number of times

a Priority 1 call was received when all N.CAR patrol units in the region

being simulated were busy.
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Input data for the 71st Precinct, Brooklyn, New York

SIMULATION LENGTH = 16,00 HOURS
ND,., OF BLOCKS = 305 NO. OF NBNDS, = 12 NO, OF CARS =
BLOCK 1D TAX NO. NBD ID X Y

1 1185 1?2 «81170 2.18140

2 1187 12 e 79450 2.12950

3 1188 12 «76100 2.07780

4 1189 12 « 76830 2.00850

S 1160 12 « 75940 1.94630

é 1192 12 « 74620 1.83550

7 1196 12 « 73350 1,73110

8 1197 11 +693610 1.,65230

9 1198 11 «71180 1.58130
10 1266 12 296310 2.12540
11 1267 12 1.08660 2.09430
12 1268 9 1.,21150 2.07400
13 1269 9 135220 2.05450
14 1270 9 1.49190 2.03140
15 1271 9 1.63160 2.01260
16 1272 6 1.77100 1.98720
17 1273 12 e 94520 2.07420
18 1274 12 1.07370 2.04180
19 1275 9 1.20350 2.02170
20 1276 9 1.34540 2.00060
21 1277 9 1.48500 1.97850
22 1278 9 1.62440 1.95770
Z3 1279 [ ieThacz0 fevanou
24 1280 12 2+ 92480 2.01610
25 1281 12 1.,05RR0 1.98270
26 1282 9 1,19540 1.96240
27 1283 9 1.33520 1.,94160
28 1284 9 1.47580 1.92010
29 1285 S 1.6157n 1.,89770
30 1286 6 1,75480 1,87730
31 1287 12 e 90450 1.959%0
32 1288 12 104540 1.92460
33 1289 8 - 1«41R560 1.90230
34 1290 8 "1¢326K10 1,8R150
35 1291 8 146690 1.86140
36 1292 8 1.60610 1.83970
37 1293 S 1.74740 1.81760
38 1294 12 +BR370 1.900%0
39 1295 12 1.07360 1.86610
40 129601 R 1,14210 1.84800
41 129602 a8 1.21210 1.,83870
42 1297 8 1.31790 1.8229n0
43 1298 8 145730 1.79970
L4 1299 8 1.5973n 1.78100
45 1300 5 1.73730 1,75870

12

«80640 1,82220

46 1301

Fig. 10—Listing of the input data: block data
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Input data for the 71st Precinct, Brooklyn, New York

6 PATROL CARS AND 1 SFRGEANT'S CAR

SECTORS

A

NUMRFR OF

SECYT.CARS ADJL.CARS

1

1

ORPER IN WHICH
CARS ARE NOMINATED

NJARNV S~ w N2 WN ~N— ™M NE DN ~NIPANE W~ N3N P Wy -

~NUIT AN =W

n

Fig. 11—Listing of the input data: neighborhood data
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6 PATROL CARS AND 1 SFERGEANT'S CAR

DISTRIBUTION OF CAR AVAILABILITY

NO. OF CARS PER CENT
ON PATROL OF TIME
29,886
Beb?7
14,250
13.111
18.421
10,210
4974
o721

NI TN DNy~ D

AVERAGE NUMBER AVAILABLE = 2,359
VARTANCE = 3,914

Fig. 16—Distribution of car availability
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Appendix A
LISTING OF THE SIMULATION PROGRAM

Note that the program begins with a section called the PREAMBLE. This
section plays a special role in any SIMSCRIPT II program. In it, one de-
fines variables, entities, attributes, lists, and events, specifies the
number of dimensions for arrays, and makes provision for gathering statis-
tics. Lines 25000 through 31700 constitute the PREAMBLE of this simulation.
The PREAMBLE is followed by the MAIN routine (lines 31900-37800), which is

followed by the events and subroutines that comprise the simulation program.
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PRE AMBLE L 00025000
LAST COLUMN IS 72 S 00025100
EXTERNAL EVENT UNIT IS & 00025200
NORMALLY MODE 1S INTEGER AND DIMENSION IS 0 00025300

DEFINE ¢ TO MEaAN IN ARRAY 00025400

. 00025500
PERMANENT ENTITIES 00025600
EVERY BLOCK HAS A TAXNO S 19AN XCORD § 29A YCORD $ 3 AND A NBDID S 400025700

. EVERY NBD HAS A NBD.NAME S S59AN N,ADJACENT $ 6+ 00025800
AN N,SECTORCARS $& T79+A P1.NBD.RSPONSE & 24.A P2 ,NBD,RSPONSE 8 25+ 00025900

A P3.NBD.RSPONSE $ 26y A P4.,NBD.RSPONSE $ 27, 00026000
AND A PS5 .,NBD.RSPONSE S 28 00026100

EVERY CAR HAS A CAR,NAME $ BsAN XL OC $ 99A YLOC § 10sA PRI.CAR § 11,00026200

A NUMB,.SECTORS $ 129AN ASSIGNMENT 8 13+A T,START,RESPONSF S lé» 00026300

A NEXTL,EVENT § 159 A (SPT(1/4)¢S0T(2/4)9SWT(2/2)) S 16 00026400

A CENTROID 8% 17+AN IN,SECT,JOBS § 184AN OUT,SECT,JOBS § 19 00026500

AND MAY BELONG TO AN ASSIGNED.CARS 00026600

EVERY P,.CLASS OWNS A QUEUEsAND HAS A JOB,RESPONSE.TIME § 20+ 00026700

A VELOCITY $ 21+A COUNT $ 229 AND A WAIT,TIME § 23 00026800

00026900

DEFINF XCORDsYCORDsXLOCo»YLOCHT, START.RESDONSE.VELOCITY,HAIT TIME 00027000

AS REAL VARIABLES 00027100
DEF INE NBD.NAME AND CARJNAME AS ALPHA VARIABLES : 00027200
DEFINE ADJACENT,CARS AND SECTORS AS 2=DIMENSIONAL ARRAYS : 00027300
DEFINE P.DURATION AS A 1-DIMENSIONAL REAL ARRAY ) 00027400
DEFINE OUTSIDE.OISPATCH AS AN INTEGER VARIABLE , 00027500
DEFINE N.AVAILARLE AS AN INTEGER VARIABLE 00027600

DEFINE MAX.SENTs MEAL«DURATIONs AND TOURJLENGTM AS INTEGER VARIABLES00027700

DEFINE REGIONJNAME AND TITLE AS 1=DIMENSIONAL ALPHA ARRAYS 00027800

: o . 00027900

TEMPORARY ENTITIES 00028000

EVERY JOB HAS A LOCATION:AN ENTRY,TIMEsA PRIORITYeA STATUS nooesloo

A DURATIONGMAY BELONG TO A QUEUE.AND OWNS AN ASSIGNED.CARS n0028200

DEFINE ASSIGNED,CARS AS A FIFO SET WITHOUT FBsFA+RF AND RL ROUTINES00028300

DEFINE QUEUE AS A FIFO SET WITHOUT FB AND FA ROUTINES 00028400

DEFINE ENTRY.TIME AND DURATION AS REAL VARIABLES 00028500
, 00028600

EVENT NOTICES INCLUDE ENDJOF«SIMULATION 00028700

EVERY ARRIVAL.AT,SCENE HAS A CARNUMBER IN WORD 6 00028800

EVERY CALLEND HAS A CARNUMBER IN WORD 6 00028900

EVERY OUT.OF «SERVICE HAS A CARNUMBER IN WORD 6 00029000

EVERY RETURN,TO.SECTOR HAS A CARNUMBER IN WORD 6 00029100

EXTERNAL EVENTS ARE JOBLENTRY AND OUT,OF ,SERVICE 00029200

PRIORITY ORDER IS ENDsOF ¢ SIMULATIONs CALLJEND» 00029300

JOBLJENTRYs OUT.OF ,SERVICE 00029400
00029450

ACCUMULATE M@ AS THE MEANsVQR AS THE VARIANCE.AND 000260500
PROBR(D TO 50 BY 1) AS THE HISTOGRAM OF N,QUFUE ! 00029600

ACCUMUL aTF UTILIZ(0 TO 6 BY 1) AS THE HISTOGRAM OF SwT 00029700

TALLY MC AS THE MFANsVC AS THE VARJANCEs AND HISTC(0 To 15 RY 1) 00029800

AS THE HISTOGRAM OF COUNT 00029900

TALLY MRT AS THE MEANSVRT AS THE VARIANCEWNRT AS THE NUMBER AND 00030000

FREQ(O TO 15 BY 1) AS THE HISTOGRAM OF JOB,RESPONSE,.TIME 00030100

TALLY MWT AS THE MEANy VWT AS THE VARJANCE, NWT AS THE NUMBER., 00030200

AND HWT (0 TO 240 BY S) AS THE HISTOGRAM OF WAIT,TIME 00030300

TALLY MSRT1 AS THE MEANsVSRT] AS THE VARIANCE AND NSRT1 AS THE 00030400

NUMBER OF P)«NBO,RSPONSE 00030500

TALLY MSRT2 AS THE MEAN9VSRT?2 AS THE VARIANCE AND NSRT2 AS THE 00030600

NUMBER OF P2.NBD,RSPONSE 00030700

TALLY MSRT3 AS THE MEANSVSRT3 AS THE VARIANCE AND NSRT3 AS THE n0030R00
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NUMBER OF P3eNBD.RSPONSE

TALLY MSRT4 AS THE MEANsVSRT4 AS THE VARIANCE AND NSRT& aS THE
NUMBER NF P& «NBD,RSPONSE

TALLY MSRTS AS THE MFANsVSRTS AS THE VARIANCE AND NSRTS AS THE
NUMBER OF P&5eNBD,RSPONSE

ACCUMULATE MAV AS THE MEANsVAV AS THE VARTANCE

AND HISTaAv(0 TO 12 BY 1)

AS THE HISTOGRAM DF N,AVAILABLE

DEFINE CALCULATF DISTANCE AS A REAL FUNCTION WITH 4 ARGUMENTS

END

MAIN

DEFINE SIMJLFNGTH AND MEAL.TIME AS REAL VARTABLES

RESEWVE REGION,NAME (#) AND TITLE(®)

asS 20

START NEW PAGE ‘
FOR 1 = 1 T0 209 READ TITLE(1) AS (20) A &

FOR 1 = 1 70 20+ READ REGIONLNAME(I) AS

(20) A &

READ SIM,LENGTHs MBX.SENTs MEALDURATION, AND TOURGLFNGTH
WRITE AS » INPyYT DATaA FOR
FOR 1= 1 T0O 20y WRITE REGIONJNAME (I) AS A&
vRITE aS /
SKIP 3 LINES
PRINT 1 LINE WITH SIMJLENGTH AS FOLLOWS
“ATTON LENGTH =twedese w8 HOURS

{

L INE

it NeBLOCKsN NBDeN.CAR
LET N.AVAILABLE=N.CAR
PRINT 1 LINE WITH N .RLOCKsN.,NBD AND N4CAR AS FOLLOWS
NO. OF RLNCKS = soew NO. OF NBDS. = #ass NOe. OF CARS = ®#ens

RESERVF ADJACENT.CARS(#y%)

AS N,NBD BY N.CARsAND SECTORS (*+#)

AS N,CAR BY #
CREATE EVERY BLOCKs NBDe CARy AND P.CLASS(5)
SKIP 1 QUTPUT LINE
PRINT 1 LINE AS FOLLOWS

BLOCK 1D

Tax NO, NBD 1D X Y

“NR 1=] TO Ne.BLOCKs DO

PR
i

w4

LOOP

READ BoTAXNO(B) +NBDID(B) s XCORD(B)+ YCORD(B) USING UNIT 7

1 LINE WITH BesTAXNO(R) ¢+NBDID(B)+XCORD(B)+ YCORD(B) THUS

[ XX 222 2 LL X X e sonns LA e 2222}

START NEW PAGE
FOR Iz 1 TO 20 » WRITE TITLE(I) AS A &
WRITE asS /
SkIP 2 LINES
PRINT 2 LINES AS FOLLOWS

NBD TD

ORDER TN WHICH
CARS ARE NOMINATED

" NUMBER OF
SECT.CARS ADJ,CARS

SECTORS

FOR I=1 YO NJ.NBDs DO
READ NoNBD«NAME (N) oN,SECTOR.CARS(N) ¢yN,ADJACENT (N)
FOR J=1 TO N.CARYREAD ADJACENT.CARS(NeJ)
PRINT 1 LINE WITH NsNBDNAME (N) ¢+N.SECTOR,CARS (N},
N+ ADJACENT (N) AS FOLLOWS

L2 2. X 4

ADJACENT.CARS(I+¢K) AS FOLLOWS
“an
LOoOP
LOOP
FOR I=1 TO NeCAR Do

READ CeCARNAME (C) ¢ NUMBR(SECTORS(C) yCENTROID(C) s MEAL L TIME
RESERVE SECTORS(Ce*)
FOR J=]1 T0 NUMB.SECTORS(C)»

L X 224 *e "o

FOR K=1 TO N.CAReDD PRINT 1 LINE WITH

AS NUMB,SECTORS((C)
READ SECTORS(CyJ)

00030900
00031000
00031100
00031200
00031300
00031400
00031500
00031600
00031700
00031800
00031900
00032000
00032100
00032200
00032300
00032400
00032500
00032600
00032630
00032660
00032700
00032800
00032900
00033000
00033100
00033200
00033300
00033400
00033500
00033600
00033700
00033800
00033900
00034000
00034100
000364200
00034300
00034400
00034500
00034600
00034700
00034750
00034800
00034500
00035000
00035100
00035200
00035300
00035400
00035500
00035600
00035700
00035800
00035900
00036000
00036100
00036200
00036300
00036400
00036500
00036600
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LET XLOC(C)=XCORD(CENTROIDI(C))
LET YLOC(C)=YCORD(CEMTROIDI(C))
SCHFDULE AN OUT,OF.SERVICF GIVEN C IN MEAL,TIMF WOURS
LOOP )
FOR T=1 TO N P.CLASS RFAD VELOCITY (D)
RESERVF P+DURATION(#®#) AS 3
FOR T = ) TO 3 PEAD PLDURATION(T)
CREATE AN END.OFoSIMULATIOUN
SCHEDULE THIS EMNDeOF (SIMULATION [N SIMJLENGTH HOURS
START SIMULATION
SToP
END

EVENT FOR ENDsOF+SIMULATION

DEFINE MoeveToTINeTOUT«TOTIN,TOTOUT AS REAL VARTARLES
DEFTINE X AS A REAL 1=-DIMENSIONAL ARRAY
RESERVE X (#) AS 10

START NEw PAGE
PRINT 2 DOURLE LINES AS FOLLOUWS

THE NEW YORK CITY=RAND INSTITUTE

POLICE PATRNL SIMULATION MONEL
WRTTE AS USIMULATION RESULTS FOR v

FOR T= 1 Tu 209 WRITF REGTON,NAME(I) AS A &
wWRITE AS /

SKIP 1 LINE

FOR I= 1 TO 20 o wRITE TITLE(I) AS A 4
WRITE AS /

SKIP & OUTPUT LINES
PRINT ]} LINE AS FOLLOWS
CAR ACTIVITY SUMMARY
LET Tu=0 LET 0J=0
“§KTP 1 OUTPUT LINE
PRINT 2 DOUBLE LINES AS FOLLOWS

CAR N0, OF JOBS ON PATROL RESPONDING wWORKING
T7Ts IN SERVICF
IN ouT IN ouT In ouT N ouY
TN ouT OUT OF SERVICE

FOR K=z 1 TO N,CARDO
LET TIN=Z(UTILIZ(Ke1) SUTTLIZ(Ke3) +UTILIZ(K45))/TIME,V
LET TOUT= (UTILTZ(Ke2)+4UTILIZ(Ke4)+UTILIZ(Ke&))/TIMELY

PRINT ) DOUKLE LINE WITH CARGNAME (K) s INGSECT, JORS(X) sOUT.SFCT,JOBS(K)»

UTILTZ (ko 1) /TIME ;VoUTILIZ (Ke2)/TIMESVeUTILIZ(Ke3)/TIMELY,
UTILIZ(Kea) /TIME GVoUTILIZ(K9S)/TIMEGVIUTILIZ(Ke6)/TIME,V,
TINSTOUTHUTILIZ(Ke7)/TIMELV AS FOLLOWS

wne snan T2 Y # e # wen B, R0 # a0 8, e00 o, nun
. ann LR 2 21 . naw
FOR J=1 TO 7e DO ADD UTILIZ(KeU)/TIME.V Tn X(J) LooOP

ADD IN,SFCTLJORS(K) TO IJ
ADD OUT,SFCT«JOKRS(K) TO 0J
AND TIN TO TOTIN
ADD TOUT TO TOTOUT

LOOP
FOR J=1 TO 7 DO LET X(0)=X(J)/N,CAR L O0P
LET TOTIN=TOTIN/N,CAR LET TOTQUT=TOTOUT/N,CAR

SKIP 1 OUTPUT LINE
PRINT ) DOURLE LINE WITH IJsOUsX(1)eX(2)eX(3)eX(4)eX(5)ex(6),
TOTINeTOTOUTeX(7) THUS
TOTALS  sess “ran LS L LN 2 2 8, nen . nen 8,800 . noe

00036700
00036800
00036900
00037000
00037100
n0037200
00037300
nonN37400
00037500
noN37600
00037700
00037800
00037900
0n0N3R8000
00038109
0003RZ200
non38300
n003R84NO
0003RS00
00038600
n0N38700
00038800
00038900
00039000
00039100
00039200
00039250
00039300
00039400
00039450
00039500
00039600
00039700
00039800
00039900
00040000
00040100
00040200
00040300
00040400
00040500
n0040600
00040700
00040800
00040900
00041000
00041100
0006120v
00041300
np0&4l1400
00041500
n0041600
00041700
00041800
00041900
00042000
00042100
no04220)
00042300
00042400
n0042500



-71-
[ X X @ sy " e 00042600
00042700
FOR I=2 TO NePJCLASSy DO START NEW PAGF 00042600
FOR J=z 1 TO 20. WRITE TITLE(J) AS A & 00042900
WRITE AS 7/ n0042950
SKIP 2 LINES 00043000
PRINT 1 LINE WITH I AS FOLLOWS 00043100
QUEUEING STATISTICS FOR PRIORITY CLASS ## 00043200
SKIP 2 OUTPUT LINES 00043300
PRINT 2 LINES WITH MQ(I) AND VQ(I) AS FOLLOWS 00043400
HISTOGRAM OF QUEUE=S]IZE AVERAGE QUEUE=SIZE = wnd sas 00043500
NO. IN QUEUE FREQUENCY VARIANCE Spes Sue N0043600
SKIP 1 QUTPUT LINE 00043700
FOR J= 1 TO 30 » WITH PROBQ(IeJ) GY 0, DO 00043800
PRINT 1 LINE WITH J=1 AND PROBQ(IeJ)/TIME.V AS FOLLOWS 00043900
' 1 . 0ae 00044000
LOOP ) . 00064100
_ . 00044200
SKIP 2 OUTPUT LINES oo 00044300
LET TaNWT(T)*MWT (1) 00044400
LET NTOT=NRT(I) . 00044500
IF NTOT=0 LET T=0 G0 TO PRT 00044600
OTHERWISE LET T=T/NTOT 00044700
*PRTY -PRINT 3 DOUBLE LINES WITH NWT(I)oMWT(I)4VWT(I)sNTOT»T THUS 00044800
HISTOGRAM OF WAITING TIMES AVERAGE WAITING TIME OF THE ®##» (00044900
JOBS DELAYED= #a#_ den . 00045000
WAITING TIME FREQUENCY 00045100
VARIANCE = Gad see 00045200
(MINUTES) AVERAGE WAITING TIME OF ALL ®®s» 00045300
JOBS DISP'D = #a® s ' ’ 00045400
FOR J=l TO 24+ WITH HWT(IeJ) GT 0 DO 00045500
PRINT 1 LINE WITH 5%J AND HWT(I,4) THUS 00045600
C #an 12222 . 000‘5700
LOOP 00045800 -
SKIP 3 OUTPUT LINES 00045900
LET J=) 00046000
PRINT 3 LINES AS FOLLOWS 00046100
CURRENT QUFUE CONTENTS 00046200
POSITION TIME SINCE RECEIPT 00046300
(MINUTES) 00046400
SKIP 1 OUTPUT LINE . 00046500
FOR EVFRY JOB [N QUEUE(1)es DO ’ 00046600
PRINT 1 LINE WITH J AND (TIME.V=ENTRY.TIME(JOB))#*1440,0 THUS 00046700
L LA SnE Hh 00046800
ADD )1 TO J 00046900
Loop - 00047000
LOOP 00047100
CALL RESULTS 00047200
END *ISIMULATIONY? 00047300
ROUTINE FOR RESULTS ) 00047400
DEFINE MeVeT AS REAL VARIABLES ‘ 00047500
BEGIN REPORT PRINTING FOR I=z] TO N.P.CLASS IN GROUPS OF & PER PAGE 00047600
BEGIN MHEADING n004T7700
FOR J= 1 TO 20+ WRITE TITLE(J) AS A & ' 00047800
WRITE AS / 00047850
SKIP 2 LINES i 00047900
PRINT 1 LINE AS FOLLOWS 00048000
RESPONSE TIME HISTOGRAMS 00048100
SKIP 2 OUTPUT LINES 00048200
END ?*HEADING?'? 00048300

PRINT 1 DOUBLE LINE WITH A GROUP OF 1 FIELDS THUS 0004R400
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PRIQRITY CLASS »e L2 .o ') 'Y
»
SKIP 1 OUTPUT LINE
PRINT 2 LINES A4S FOLLOWS
RESPONSE TIME
(MINUTES)
FOR J= 1 T0 169 DO
pRINT 1 DOUBLE LINF WITH J AND & GROUP UF FREQ(T+)) FIELNS THUS
(GD.OQ L X 2 X ] - X2 X 2 XX ) (L2 2 (2 2 X ]
(2 X X2
LOOQP
SKIP 1 OQUTPUT LINE
PRINT 1 DOUBLE LINE WITH & GROUP OF NRT(I) FIELDS THUS

NUMBER OF RESPONSES L2 2 X2] L2222} L2 X XX L2 XYY L2211 B
LT X XY
PRINT 1 DOUBLE LINE WITH A GROUP OF MRT(I) FIFLOS THUS
AVERAGE R.T, [Z T L2 T LA 2 LI T e e
a8 ae
PEINT 1 DNURLE LINE wITH A GROUP OF VRT(I) FIELDS THUS
VARTANCE OF R.Ts ang ae LT X % 1) LAY X [ 2 22 2 2 LT 2 L
L2 1 R T

END YC'REPORT Y

QTART NEW PAGE .
FOR 1= 1 TO 20 s WRITF TITLE(I) AS A G
wRITE AS /

&KTP 7 LINES

PRINT 1 DOUBLE LINE AS FOLLOWS

n004B500
00048600
00048700
0004RAR0O0
n004RBS00
n0049000
np049100
00049200
00049300
00049400
00048500
00049600
00049700
n0049800
00049900
00050000
00050100
00050200
00050300
00050400
00050500
00050600
00050700
00050800
00050850
00050900
00051000

SUMMARY OF RESPONSES BYn0051100

NE IGHBORHOND n0051200
SKIP 2 NUTPUT LINES n0051300
PRINT 2 DNURLE LINES AS FOLLOWS , 000514090

PRIORITY==> 1 ‘ 2 : 3 00051500
5 TOTALS 00051600
NBD NOe AVG RT VAR NOs AVG RT VAR NO. AVG RT 00051700

YAR MO, AVG RT VAR NO, AVG RT VAR 00051800
SKTP 1 OUTPUT LINE n005S1900
FOR J=1 TO NeNBD DO 00052000
LET N1=nSRT](J) LET N2ENSRT2(J) LET N3=NSRT3(J) LFT N4=NSRTS (J) n00S2100
LET T=N]1+N2*N3+Né 00052200
LET MlNl'MSRTl(J)ONZ’MSRTZ(J)0N3'MSRT3(J)*NA“MSRTS(J) n00%52300
LET VletNIOVSRTl(J)ONZCN?0VSRT2(J)*N3°N3'VSRT3(J)ONAONaquRTS(J) 00052400

IF T=0 LET M=0 LET v=0 60 TO PRI OTHFRWISE 00052500
LET M=M/T 00052600
LET vaVv/(T#T) 00052700

1PRTY PRINT ]| DOUBLE LINE WITH NBDeNAME (J) sN1oMSRT1(J) VSRT1(J) N2y 00052800
MSPTZ(J)oVSRTZ(J)oN3vMSPT3(J)oVSRT3(J)9N49MSRT5(J)oVSRTS(J)oToMcV 00052900
THUS 00053000

XXX NERS 2O GEN BE N80 BRRR BE HGH B HoH Cand G0 BED #00053100

" _aee FRBN AR _BRE AN Huw RoHon He B0 NG BeN 00053200
LooP 00053300
SKTP §} OUTPUT LINE 00053400
LET T=0 (ET M=0 LET ven 00053500
FOR 1=} YO & DO 00053600

IF 1 FQ 69 LET 1 = 5 REGARDLESS no053700
LET NeNRT(I) ADD N TO T 00053800
ADD N®#MRT (1) TO M ADD N®N®yRT (1) TO Vv 00053900
Loor 000%4000
LET M=M/T LET VeV/(T#T) 00054100
PRINT 1 DOURLE LINF WITH NRT(1)#MRT (1)} oVRT (1) sNRT(2)4MRT(2) 00054200
VRT (2) oNRT(3) sMRT (3) s VRT (3) o NRT (5) s MRT (5) s VRT (5) s TeMeV THUS 00054300

ToTaLS 420t 0 B0e (2 8 2 2 Gnoh 6 _BEE SN Ry *pun HH Sae #00054400
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. nae SEa8 2% 4o o8 _sas REBBE BE W08 Ba s

SKIP 9 NUTPUT L INES
PRINT 2 LINES aAS FOLLOWS
PICK=UP (PRIORITY &)
NBD NOe AVG RT VAR
SkIP 1 OUTPUT LINE
FOR J=1 10 N.NRDY DO
LET N5 = NSRT&(J)
PRINT 1 LINE WITH NBDJNAMF (J) sNDeMSRT4 (J) s VSRT& (J) AS FOLLOWS
[ X X X ] aNaw 0!.6}‘ Q}.QQ!
Lo0pP
SKIP 1| DUTPUT LINE
PRINT 1 LINE WITH NRT(4)s MRT(&4)s VRT(4) THUS
TNTaLLS RBRT BE _BRE BE N0
START NFW PAGE
FOR Tz 1 TO 20 » WRITE TITLE(I) AS A6
WRITE aS /
SKJP 2 LINES
PRINT 1 LINF AS FOLLOWS
DISTRI®UTION NF CAR AVAILABILITY
SKIP 2 OUTPUT L INES
PRINT 2 LINES AS FOLLOWS
NO, OF CARS PER CENT
ON PATROL OF TIME
FOR T=0 TO NeCAR DO
PRINT 1 LINE wITH I AND 100%HISTAV(I¢1)/TIMF.V THUS
[ X J Q.#IQ
LOOP
SKIP 1 QUTPUT LINE
PRINY ) LINF WITH MAV THUS
AVERAGE NUMSBER AVAJLARLE = ## &¢w
OPRINT 1 LINE WITH VAV THUS
VARIANCE [ AL L 2.
START NEW PAGE
EOR 1= 1 TO 20 9 WRITE TITLE(I) AS A 4
WwRITE AS /
SKTP 2 LINES
PRINT | LINE AS FOLLNDWS
NUMBFR OF PRECINCT CARS SENT TO CALLS
SKTP 2 oUTPUT LINES
PRINT 1 DOURLE LINE THUS

FRTORITY 0 1 4 3 4 5 6 7 8
10 11 1e 13 14 15 AVERAGE VARIANCE
WEITE AS /¥ 1

FOR I=1 TO 16ewWRITE HISTC(1eI) AS T 6
WRITE MC (1) AND VCI(1) AS S 64D(6s2)9S SeD(Te2)9/
FOR 122 TO NeP.CLASSs DO
PRINT. ] DOURLE LINE wlITH ToeHISTC(Tel) e HISTC(I42)4HISTC(T,43)

HISTC(I9a)eMC(I)e AND VC(I) THUS
[ X ] XX 2 (XXX (X2 X} [ X2 XX}
cton, e sonn o8

LOOP
sSTOP

END

EVENT FOR JORJENTRY
DEFTNE HDUK AND MDUR AS REAL VARIARLES
READ LOCeIPReHDUR AND MODUR
CREATE A JOR CALLFD J
- LET ENTRYSTIME (J)=2TIME,.V
LET LOCATION(J) =L 0OC

00054500
00054600
00054700
00054800
00054900
0005500¢
no055100
00055200
00055300
00055400
00055500
00055600
00055700
00055800
00055900
00056000
00056050
00056100
00056200
00056300
00056400
00056500
00056600
00056700
000SKR00
00056900
00057000
00057100
n0o0S7200
00057300
060057400
00087500
00057600
00087700
00057800
000578590
00057900
00058000
00058100
00058200
D00SR300
00058400
00058500
00058600
p0058700
000%8R00D
00058900
00059000
00059100
00059200
00059300
00059400
00059500
00059600
00059700
00059800
00059900
00060000
00060100
00060200
00060300
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LET PRIORITY(Y)=]IPR : 00060400

LET DURATION(J)2HDUR®60,0 ¢ MDUR 00060500
LET STaTUuS(J)=0 00060600

60 Tn PR(IPR) ‘ 00060700
VPR(1) caLlL DISPRY (V) RETURN 00060800
tPR(2) CALL DISPR2(J) RETURN 00060900
'PR(3) CALL DISPR3I(J) RETURN . 00061000
YOR(4) ! CALL DISPR4(J) RETURN 00061100
'PR(5) calLL DISPRS(J) RE TURN : 00061200
END 00061300
ROUTINE TO DISPR] GIVEN J 00061400
LET SECT=NBDID(LOCATION(J)) LET MARKFR=0 00061500
FOR 121 TO N,CARDD t¢NOMINATE CARS ) 00061600

LET K=ADJACENT,CARS(SECTHI) 00061700

IF SwT(K) LE 3 AND SPT(K) NE 1 v9CAR IS ELIGIBLE *? 00061800

IF MARKER=0 LET SOT(K)=] 00061900

LET MARKERE] 00062000

60 T0 CALC] 00062100

OTHERWISE IF MARKER = 1 LET SOT(K)=2 00062200

LET MARKER=? 00062300

GO Y0 CaALC) 00062400

OTHERWISE IF MARKER = MAX,SENT G0 OUT 00062500

OTHERWISE ADD 1 TO MARKER LET SOT(K)=3 00062600

1CALCLY JF SWT(Kk)=1 CALL INTERPOLATE.LOCATIUN GIVEN X AND ASSIGNMENT(K) 00062700
REGARDLESS 00062800

1F SPT(K) 6T 1 CALL PREEMPT(K) 00062900
REGARDLESS CALL ASSIGN(KeJ) LET SWT(K)=? 00063000

IF T GT N SECTOR,CARS(SECT) LET SWT(x)=3 00063100

REGARDLESS 00063200

REGARDLESS 00063300

| 00P - i 00063400

NAUTe TF MARKER = 0 ADD 1 TO OUTSIDE.DISPATCH 00063500
DESTROY JOB CALLED J 00063600

RFGARDLESS LET COUNT(1)sMARKER 00063700

RETURN 00063800

END 00063900
ROUTINE YO DISPR2 GIVEN J 00064000
LET SECT=NBDID(LOCATION(J)) LET MARKFR=0 00064100
FOR I=] TO NeCARy DO Y 'NOMINATE CARS 10 00064200
LET KsADJACENTCARS(SECT I) 00064300

IF SPT(K)=0 'Y CAR IS ELIGIBLE ¢ 00064400

IF MARKER=0 LET SOT(K)=l LET MARKER=1 GO TO caLC2 00064500

OTHERWISE 00064600

IF MARKER=®] AND I LE N ADJACENT(SECT) eN,SECTOR.CARS(SECT)00064700

LET SOT(K)=2 LET MARKER=? 00064800

tCaLC2? IF SwT(K)=1 CALL INTERPOLATF.LOCATION GIVEN K AND 00064900
ASSIGNMENT (K} 00065000

REGARDLESS CALL ASSIGN(KeJ) LET SWT(K)=2 n0065100

1F 1 GT N,SECTOR,CARS(SECT) LET SwWwT(K)=3 00065200

REGARDLESS 00065300

REGARDLESS 00065400

REGARDLESS 00065500

LO0P 00065600

IF MARKER=0 FILE J IN QUEUE(2) RETURN 00065700
OTHFRWISE LET COUNT(2)=MARKER RETURN 00065800

END 00065900
ROUTINE TO DISPR3 GIVEN U n0066000
vt SEND ANY AVAILARLE CAR ¢ 00066100
LET SECT«NRDID(LOCATION(U)) 00066200
FOR I=]1 TO NeCAR ¢ DO N0066300

LET K=ADJACENT,CARS(SECTs1]) 00066400
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1¢ SPT(K)=n *1CAR IS ELIGIBLE"!
LFT SOT (k) =]
IF SWT(K)=1 CALL INTERPOLATEL.LOCATION GIVEN K aAND
ASSIGNMENT (K)
REGARDLESS CALL ASSIGN(KsJ)
LET SWT(K)=2
IF 1 GT N SECTORLCARS(SECT) LETYT SWwT(K)=3
REGARDLESS LET COUNT(3)=) RETURN
OTHFRWISE LOOP
FILE J IN QUEUE(3I)
RETURN
END
ROUTINE TO DISPRa GIVEN U
v PICK=UP JOR 1
LET SECT = NBOID(LOCATION(U))
FOR 1 = 1 TO N,SECTOR.CARS(SECT)s DO
LET K = ADJACENT,CARS(SECTs1)
IF SPT(K) = 0 YYCAR IS AVAILABLE'
LET XLOC(K) = XCORD(LOCATIONI(J})
LET YLOC(K) = YCORD(LOCATION(J))
CaALL ASSIGN(KsJ)

LET SWT(K) = 2 LgT SOT(K) =1
LET COUNT (&) = )
RF TURN
OTHFRW]ISE
Look
FILE J IN QUEUE (4) YINO SECTOR CAR FRFE?
PETURN
END

ROUTINE TO DISPRS GIVEN U
1ty ASSIGN JOB ONLY TO SECTOR CAR 1
LET SECT=NRDID(LOCATION(J))

FOR Ta 1 TO N(SECTOR.CARS(SECT)e DO 'eLONK FOR A SFCTNR CAR??

LET K=ADJACENT CARS(SECTs1)
1F SPT(x)=0 "1CAR IS ELIGIBLE"

IF SWT(K)=] CALL INTERPOLATE,LOCATION GIVEN k AND

ASSTGNMENT (K)
REGARDLESS CALL ASSIGN(XeJ) LET SWT(K)=?

LFT SOT(K) =] LFT COUNT(S5)=] RETURN
OTHERWISE
t O0OP
FILE J IN QUEUE(S) **NO SECTOR CAR FREE Y

RE TUkN
END

ROUTINE TO INTERPOLATE.LOCATION GIVEN K AND J
' CALLED FROM PREEMPT AND FROM JORBGENTRY ¢¢
NORMALLY MODE 1S REAL
DEFTINE LJsKeJoRePATROL,RETURN AS INTEGEW VARTARLFS
LET LJusLOCATION(Y)
LET VvaVELOCITY(PRIORITY(JU))
LET XDeXCORDI(LJ)=XLOC(K)
LET YD=YCORDI(LY) = YLOC(K)
LET Te(TIME,V = T,START,RESPONSE (K)) %24
LET Tx=aABS.F(XD)/V
LET DELTeT « TX
IF OELY GY 0 LET XLOC(K)=XCORD(LWY)
LET YLOC(X)=V®DELTR#SIGN,F(YD)+YLOC (x)
GO TO CHECK,IF,PATROL
OTHERWISE LET XLOC(K)=V® (=DELT)®*SIGN,F (XD)eXLOC(K)

00066500
00066600
00066700
00066800
00066900
n0067000
00067100
00067200
00067300
00067400
00067500
00067600
00067700
00067800
00067900
00068000
00068100
00068200
00068300
00068400
00068500
00068600
00068700
0006R800
0006R900
00069000
N00&9100
00069200
00069300
00069400
00069500
00069600
00069700
00069800
00069900
00070000
00070100
00070200
00070300
00070400
00070500
00070600
00070700
00070800
00070900
00071000
00071100
00071200
00071300
00071400
00071500
00071600
00071700
00071800
00071900
00072000
00072100
00072200
n0072300
n0072400
00072500
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YCHECKSTF PATROLY IF SWT(K) NE ] RETURN 00072600
OTHERWISE CALL CANCFL ( SECTOR.RFTURN GIVEN K 00072700

RETURN 00072800

EMD 00072900
00073000

ROUTINE TO ASSIGN(KsJ) - n0073100
LFT SPT(K)=PRIORITY () 00073200
LET ASSTIGNMENT (K)=y ' 00073300
NOW SCHENULE«CARGARRIVAL (Ko J) 00073400
FILF K IN ASSIGNED.CARS(J) 00073500
IF SWT(K) LE 1 SUBTRACY 1 FrOM N,AVAILARLE REGARDLFSS 00073600
RFTURN n0073700
ENP 00073800
' 00073300

ROUTINE YO CANCEL +SECTORRETURN GIVEN K . 00074000
LET PATROL «RET|)RN = ASSIGNMENT (K) 00074100
DFSTROY JOR CALLED PATROL.RETURN 000764200
LET R=ENEXT,.EVENT (K) 00074300
CANCFL RFTURN,TO,SECTOR CALLED R 00074400
WESTROY RETURNGTO,SECTOR CALLED R 00074500
RFTURN 00074600
END 00074700
' 00074800

ROUTINF TO PREEMPT(K) 00074900
LET U = ASSIGNMENT (K) 00075000
IF + IS NOT IN A QUEUE 00075100
1F STATUS(J)=0 FILE J FIRST IN QUEUE (PRIORITY (J}) 00075200
REGARDLESS 00075300
REGARDLESS LET Ex= NEXTLEVENT(K) CANCEL THE ARRIVALAT.SCFNF CALLED F 00075400
NESTROY THE ARRIVAL.AT,SCENE CALLED E 00075500
REMOVE K FROM ASSIGNED,CARS(J) LET SPT(K)=0 00075600
MOW INTERPOLATELLOCATION GIVEN K AND J 00075700
IF N ASSIGNFD,CARS(J) =] LET F=F,ASSIGNED.CARS (J) 00075800
IF SOT(F)=2 AND SWT(F) GE 4 00075900

LEY F = NEXT,EVENT(F) 00076000
CANCEL THE CALLJEND CALLED E 00076100
RESCHEDULE THE CALLEND CALLED E IN DURATION(J) MINUTES 00076200
RERARDLESS 00076300
LET SOT(F)=1 00076400
REG*RDLFSS 00076500
LET T+START,RESPONSE(K)= TIME,V 00076600
RFTURN 00076700
ENT 00076800
00076900

ROUTINE TO SCHEDULE+CARCARRIVAL (KeJ) 00077000
NREFINE DIST AS A REAL VARIABRLE 00077100
LET DIST=CALCULATE DISTANCE (XCORD(LOCATION(U)}) 9o YCORD(LOCATION(J))y 00077200
XLO(K)Y s YLOC(K)) 00077300
LET YoSTART,RESPONSE (K)=TIME,V 00077400
CRF.TE AN ARRIVAL.AT.SCENE 00077500
SCHFNULE THIS ARRIVAL+AT,SCENE GIVEN K IN 00077600
DIST/VELOCITY(PRIORITY (J)) HOURS 00077700
LET NEXTLEVENT(K)mARRIVAL,ATSCENE 00077800
RFTURN 00077900
EnT 0007RO00
00078100

EVE~T FOR ARRIVAL,AT.SCENE (K) 00078200
DEFINE D AS A REAL VARIABLE 00078300
LEY LKARELOCATION(ASSIGNMENT (K)) 00078400
LFT XLOC(K)=XCORD(LKAR) n0078500

LET YLOC(K)=®YCORD (LKAR) 00078600
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1F Swl(x)=p LFT SwT(K)=4 ADD 1 TO IN.SECT,JORS(X) GO To BNTH
ODTHERW]ISE LEY SwY(K)=s ADD 1 TO OUTSECT.JORS(K)
TR T
LET JUsSASSIGNMENT (K)
LET JPR=PRIORITY (J)
LET D = LURATION(J)
IF SOT(K)=l ?9'TRIS IS THE PRIMARY CAR AT JoR J** GO TO PRIMF,CAR
NTHERWTISFE
IF STATUS(J)=0 ¢+NO CAR HAS ARRIVED ANL THIS CAR IS NOT PRIMARY?
0 TO FIRST,CAR
DTHERWISF
IF STATLS(J)=] v¢ PRIMARY CAR HAS ALREADY ARRIVED ¢
PERFORM END,CALL,SCHEDULING GIVEN K AND D

00078700
00078800
00078900
00079000
00079100
00079200
00079300
00079400
00079500
n0079600
00079700
00079800
00079900

REFLRDLFSS RETURN v TIF NO PRIMARY CAR UDELAY SCHEDULING A CALL.END'»00080000

*FIRST,,CARY
LET STaTUS(J)=2
LET JOR,RFSPONSE,TIME(JPR)=(TIME,V =
ToSTART,RESPONSE(K))#®1440,40
RO TO RT(JPR)
vRT (1) LET Pl ,NBD,RSPONSE (NBDID(LKAR) ) 2JOB ,RESPONSF.TIME (JPR) RFTURN
tRT(2)' LET P2 .NBD.RSPONSE (NBDID(LKAR))=JOB ,RFSPONSF,TIME {UPR) RETURN
1RT(3)' LET P3.NBD.RSPONSFE (NBDID(LKAR))=JOH,RFSPONSE.TIME (UPR) RETURN
'27(6)' LET Pa,NBD,RSPONSE (NBDID(LKAR))=JOB,RESPONSF,TIME (UPR) RETURN
‘T (R) s LET PS5 NBD.RSPONSE (NRDID(LKAR) ) =JORRESPONSF,TIME (UPR) RETURN
IPRIME,CARY
IF STATUS(J) NE 0 *0 SOME CARS ALREADY THERE ! .
FOR EACH CAR IN ASSIGNED.CARS(J) WITH SWT(CAR) GE 4 DO
PERFNRM END,CALLSCHEDULING GIVEN CAR AND D
LONP LET STATUS () =] RETURN
NTH RWISF
LFT JOR,RESPONSE (TIME (JPR)S(TIME,V =
Te<TART ,RESPONSE (K))®#]1440,0
Cal! END.CALL.SCHEDULING GIVEN K aND D
LFT STATUS(J) =1
30 7O RT (UPR)
Eni

QOUTINE TO CALCULATEWLOISTANCE GIVEN X1eYleXx? AND Y2
REFTNE NDeX1eX29Y1e AND Y2 AS REAL VARIABLES

LET D = ARSF(X2«X]1) ¢+ ARS.F(Y2=Y1)

RET. AN WITH D

Fam

ROUTTINE FOR ENDGCALLSCHENULING GIVEN K AND DUR
DFFIF T anD DUR AS REAL VARIABLES
LET T=P,DURATION(SOTY (k) )#DUR
CRE-TE A CaLL+ENRP
SruFDUILF THIS CALLEND GIVFN K IN T MINUTES
RETURN .
END
EVE T CALL+FND GIVEN K
1F SWwT(k)=6 GO TO CHECK.Q Y'END OF OUT=0OF«SERVICE !
OTHERWISE LET JUsASSIGNMENT(K)
QREMOVE K FROM ASSIGNED,CARS (J)
IF 2SSIGMEDNLCARS(J) IS EMPTY DESTROY JOn CALLFD J
REGARDLFSS
*CHECKL.QY
FOR FACH JUB ON GUEUE (1) **THIS 1S THF OUT=0OF=SFRVICE QUEUE"!
wiTH LOCATION(UOB)Y=2Ky DO LET ASSIGNMENT(K)=JOR LET SwT(K)=6
SCHFDULF A CALLEND GIVEN K IN DURATION(JOR) MINUTFS
LET SPT(x)=hn LKFT SOT(K)=6

00080100
00080200
00080300
00080400
00080500
00080600
00080700
00080800
00080900
00081000
00081100
00081200
00081300
000831400
00081500
00081600
00081700
00081800
00081900
00082000
00082100
00082200
00082300
00082400
00082500
n0082600
00082700
npo082800
000842900
00083000
no0B83100
00083200
00083300
00083400
00083500
n00&3K00
n0083700
00083800
00083900
00084000
00084100
n0084200
00084300
00084400
000864500
00084600
00084700
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LET XLOC(K)=XCOD(CENTROIND(K))
LET YLOC(K)=sYCORD(CENTROID(K))
REMOVE JO0H FROM QUEUE (1)
RETURN
LOOP
FOR I=2 TD N.P,CLASS DO
1F QUFUE(TI) 1S EMPTY G0 TO NEXT.Q
OTHERWISE IF I LE 3 NNW REASSIGN.CARCTO.UNB(KsFAUEUE(T)) RETURN
OTHERW]SE t'MUST FIND A SECTOR CARY!?
FOR EACH JOB ON QUEUE (1) DO
LET NHOODSNBDID (LOCATION(JOR))
FOR J=] TO NUMB,SErTORS (K) Do
IF NHOOD=SECTNRS (Ko J)
NOW REASSIGN.CAR.TO.JNR(KeJOB)
RETUKRN .
OTHERWISE
LOOP
LOOP

*NEXT.Q' |LOOP
YPREVENT.PATROL "

ADD 1 TO N AVAILABLE
NOW PLACE.CAR,ON,PATROL (K)
RETURN

. END

ROUTINE TO REASSIGN.CAR.TO.JOB GIVEN K AND J
LET SECT=NBDID(LOCATION(J))
IF PRIORITY(J)=4 LET XLOC(K)=XCORD(LOCATION(J))
LET YLOC(K)=YCORD(LOCATION(J)) REGARDLESS
NOW ASSTIGN(KsJ)
FOR 1 = 1 TO N,CAR DO
LET KK=aADJACENT.CARS(SECTsI)
IF KK NE K .GO TO LOOP1
OTHERWISE LET SWT(K) =2
IF I GT NoSECTOR.CARS(SECT) LET SWT(K)=3
REGARDLESS GO TO OUT

'tLOooP1Y

LOOP

'ouTe

LET PRI=PRIORITY (J)

REMOVE J FROM QUEUE (PRI)

LET WAIT,TIME(PRI) = (TIME.V « ENTRY,TIME(J))*1460.,0
LET COUNT(PRI)=1

LET SOT(x)=]

RETURN

ENP

ROUTINE TO PLACE.CAR.ON.PATROL GIVEN K

DEFINE D AS A REAL VARIABLE

LET SPT(x)=0 LET SOT(K)=0

00084800
00084900
00085000
00085100
00085200
00085300
00085400
00085500
00085600
00085700
00085800
00085900
00086000
00086100
00086200
00086300
00086400
00086500
00086600
00086700
00086800
00086900
00087000
00087100
00087200
00087300
00087400
00087500
00087600
00087700
00087800
00087900
00088000
00088100
00088200
00088300
00088400
00088500
00088600
00088700
00088800
00088900
00089000
00089100
00089200
00089300
n0089400
00089500
00086600

IF SwT(K)=4 OR SwT(K)=m6 LET SwT(K)=0 RETURN *9CAR WAS IN SECTOR'00089700

ALREADY 000 LEAVE WIM THERE ¢
OTHFRWISE
CREATE A JOB CALLED PATROL.RETURN
LET SwT(x)=) LET LUSCENTROIN(K) LET LOCATION(PATROL.RETURN)=LJ
LET ASSIGNMENT (K)sPATROL +RETURN
LET PRIORITY(PATROL<RETURN)=3
LET D = CALCULATECDISTANCE (XCORD(LJ) ¢ YCORD(LJ) oXLOC(K) 9YLOCI(K))
LET ToSTART, RESPONSE (K)STIME,V
CREATE A RETURN,TO,SECTOR CALLED R
LET CARNUMBER (R) =K V¢THE CAR NUMBER OF THIS PATROL RETURN®?
SCHEDULE THE RFTURN,TO,SECTOR CALLED R IN D/VELOCITY(3) HOURS

00089800
00089900
00090000
00090100
00090200
00090300
00090400
00050500
00090600
00090700
00090800
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LET NEXT.EVENT (X)=R 00090900
RETURN 00091000
END 00091100
noo91200

EVENT RETURNSTOLSECTOR GIVEN K 00091300
LET U=ASSIGNMENT (K) 00091400
LEY XLOC(K)=XCORD(CENTROIN(K)) 00091500
LET YLOC(K)=YCORD(CENTROIN(K)) 00091600
LET SwT(k)=0 00091700
DESTROY JOR CALLED v = o - L .00091800
RET!HRN 00092000
END 00092100
00092200

EVENT OUT.OF «SERVICE GIVEN K SAVING THE EVENT NOTICE 00092300
DEFINF T.0UT.O0F ,SERVICE AS A REAL VARIABLE 00092400
LET X MEAL = OQUT,OF +SERVICE © 00092500
IF EUNTIT,A(OUT,OF ,SERVICE) EQ 0 00092600
SCHEDULE AN OUT,OF 4 SERVICE GIVEN K IN TOURLLENGTH MOURS 00092700
LET T.OUT.OF SERVICE=MEAL.DURATION GO AROUND OTHERWISE READ K, 00092800
TeOUT,OF ,SERVICE - : 00092900
*AROUND ¢ 00093000
DFSTROY THE OUT.OF,SERVICE CALLED XeMEAL 00093100
IF SWT(K) GE 2 GO TO DELAY 00093200
OTHERWISE 00093300
IF SWY(K)=] : 00093400
CAlLL CANCEL +SECTOR,RETURN GIVEN K 00093500

LET XLOC(K)=XCORD(CENTROID (X)) 00093600

LET YLOC(K)=YCORD(CENTROID(K)) 00093700
REGARDLESS : ' 00093800
SURTRACT 1] FROM N,AVAILABLE 00093900

LET SWT(K)=6 LET SPT(K)s6 LET SOT(K)=& 000964000
CRFATE CALLJEND 00094100
SCHEDULE THIS CALL.END GIVEN K IN T,0UT.OF SERVICE MINUTES 00094200

RE TURN 00094300
'DELAY? 00094400
FOR EVERY JOB ON QUEVE(1) DO 00094500
1F LOCATION(JOB)=K GO TO ALREADY.SCHEDULED 00094600
OTHERWISFE LOOP 00094700
00094800

CREATE 0B 00094900
LET LOCATION(JOR) =K 00095000
LET FNTRY,TIME(JOB)=TIME,V 00095100
LET DURATION(JOR) =T OUT.OF ,SERVICE 00095200
LET PRIORITY(JOR) =6 00095300
LET STAaTUS(U0B) =¢ 00095400
FILF J0B IN QUEUE(]) 00095500
RETIIRN 00095600
*ALREADY ¢ SCHEDULED Y nG095700
ADD T 0UT,OF «SERVICE TO DURATION(JOB) RETURN 00095800
END 00095900
00096000

np096100

00096200
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Appendix B

SAMPLE CONTROL CARDS AND INITTALIZATION DECK
FOR THE 71ST PRECINCT IN NEW YORK CITY

The following control cards are sufficient for running the police

patrol simulation, assuming that

69
(2)
(3)
4)

)]

the compiled program has been named HPATROL;

the output is to be listed on logical unit 3;

the job stream is to be read from logical unit 4;

the initialization data (except for the BLOCK data) is to be

read from logical unit 5;

the initialization data for the BLOCKs is to be read from logical

unit 7.

//G0 EXEC PGMzHPATROLREGION=150K

/7G0,SIMU03 DD SYSOUT=AsDCB=(RECFM=FBAWLRECL=133+BL KSTZE=1729)

//7G0,SIMU04 DD DISP=SHRsDSN=RAT01eRI057ePD«SHIFT3sUNIT=0ONLINE,

// VOL=SER=RES306

//760,SIMU05 DD DDNAME=SYSIN

//7G0.,S1MU07 DD DISP=SHRyDOSN=RAT0]1+RI05T«HBE«TXBLT19UNIT=ONLINE
/7 VOL=SER=RES333

//7G0,SIMULT DD DISP=SHRsDSN=A00]1,SIM2,ERRLIbB
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The following cards constitute the complete initialization deck, except
for the BLOCK data, for the sample simulation of the 7lst Precinct in New
York City.

/7/7GO,SYSIN DD #
6 PATROL CARS AND 1 SERGEANT'S CAR
THE 71ST PRECINCTy BROOKLYNy NEW YORK
16.0 3 60 8
308 12 7
1 A 1 1
1234567
)| 1
3456 7

2
[+ )] o 8 N o - "W W [AV IS o)

[ I @ ™ Ly @]

[s ] » » & »

» ne N = N wn
it Gl » g )

» o

[y
— ot —

ﬂ

~nN st
o Ul
o) >
MPONDTS I W W
~N »
N ;
Wl W~ N L] w
—
[

m
N
—
o
o
[§)]
*

=]

43 3.0

r &
O e
N

296 4.0

C
-
o

N

KM 2 63 5.0

ST 1 59 3.5

ON AU DI NWWN~—~ R~~~ O0PLrDNNWRWRNENW=—N
n

20,0 20,0 200 20,0 20.0
1.0 0e5 0,0
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The following represents the initialization data for the 305 BLOCKs in

the simulation of Precinct 71. This is the SIMOU7 data set.

Block ID Tax No. NBD ID X Y

1 1185 17 81170 2.18140
2 1187 12 » 79450 2.12950

3 1188 12 «7610N 2,07780
4 1189 12 «T6R30 2.008%0
) 1190 1?2 e 75640 1.94630
6 1192 12 e T4620 1.83550
7 1196 12 « 733560 1.73110

8 1197 11 «69360 1.65230
9 1198 11 «71180 1.,58130
10 1266 12 »96310 2.12540
11 1267 12 1.0R6A0 2.09430
12 1268 9 1.21150 2.,07400
13 1269 S 135220 2.05450
Y4 1270 9 1.49160 2,03140
15 1271 9 1.63190 2,01260
16 1272 6 1,77100 1.98720
17 1273 12 « 94520 2.07470
18 1274 12 1.07370 2.04180
19 1275 9 1.,20350 2.02170
2n 1276 9 1,34540 2.00060
21 1277 9 1.48500 1.979%0
22 1278 9 1.62440 1.95770
23 1279 6 1. 76420 1.93680
24 1280 12 e 92480 2.01610
?5 1281 12 1,05RR0 1.98270
26 1282 9 1.,1954n0 1.96240
27 1283 9 1.33520 1,94160
28 1284 9 1.475RN 1.92010
29 1285 9 1.61570 1.89770
30 1286 6 1.7548n 1,87730
N © 1287 1?2 «90450 1.95950
32 1288 12 1404540 1.92460
33 1289 8 1.1R5%60 1.90230
R4 1290 a 137660 1.88150
35 1291 8 1446690 1.86140
36 1292 8 1.60610 1.83970
37 1293 ) 174740 1.81760
3R 1294 12 «RR37N 1,900%0
39 1295 12 1.,02960 1.86610
40 126601 ] 1.14210 1.84800
4} 129602 8 1.21210 1.83870
42 1297 A 131790 1.82290
43 129R 8 1.,45730 1,79970
44 1299 8 1.5973n 1.78100
45 1300 5 1.,73730 1,75870
46 1301 17 «B0640 1.82220



Tax Neigh-
Internal Block bor-
ID No. No. hood
47 1302 12
4R 13n401 12
49 130402 1?2
S0 130403 12
|1 1305 )
s2 130601 172
e3 13n60°7 172
g4 1307 12
58 130R 8
56 130901 8
s7 13n9027 )
S8 130903 8
S9% 1310 a
&n 1311 R
6 1312 S
&2 1313 11
63 1314 11
64 1315 11
65 1316 8
66 1317 R
67 1318 11
6R 1316 11
69 1320 11
70 1321 R
71 1322 ]
72 1323 8
73 1324 8
T4 1325 8
75 1326 =)
76 1327 11
77 1328 11
78 1329 11
79 1330 4
RN 1331 4
a1 1332 4
R2 1333 4
R3 1394 ()
R4 1395 6
fY 1396 6
R6 1397 6
RY7 1398 2
AR 139901 ’
fR9 139607 2
a0 1400 6
9] 1401 6
97 1402 6
Q3 1403 6
94 1405 2
95 1406 6
9& 1407 6
Q7 1408 6
S8 1409 6
Q9 1412 5
100 1413 5
in1 1414 S

Coordinates
X v

«87830 1.81010

« 95710 1.79960
100830 1.79570
1.06330 1.79180
11687 1,78460

e TT0AN 1,73210

+R5110 1.73100
1.00270 1.73130
1.1A010 1,73150
1,263R0 1.75460
1,33160 1. 75960
1.34150 1.72010
1.45020 1.74000
1 .5RA5N 1.72220
1.72900 1.700R0

+RP030 1.67640

«99R1DN 1.,67710
1.15810 1.67760
1.,3Nn8A8N 1.,67730
1e4lGED 1,67720

RIARZD 1.,62650

« 99820 1.62640
1.,15740 1.,62750
1.30A70 1.62610
144200 1,62670
1.52156n 1.6487n
1 55640 1.64640
1.61270 1.64270
1.7183nN 1.,A3390

+81R30 1,57220

+ 92750 1.587280
1,1579n 1,57220
1.30760 1.57490
143800 1.57330
1.5A730 1.573720
1.71040 1.,57480
1.91240 1.9653n
2.04970 1.94260
2+ 1REPD 1.9219n
2e3725R0N 1.,90050
245530 1.79940
2e6292N0 1.R5060
2.63780 1.,R0370
1,9Nn440 1.91300
2.0420N0 1.89240
217770 1.,87080
2e31RRN 1.846R0
2.56820 1.81830
1 .R9&7N 1,85610
2.03370 1.83450
2.16RE6N 1.81340
231010 1.7899N0
1 « RRASH 1.79710
2.,02310 1.77590
2.15670 1,75460



Tax
Internal Block
ID No. No.
102 141501
1n3 141502
104 1417
ins 1418
1n6 1419
107 142001
1nR 142002
100 1422
110 1423
111 1424
112 1425
113 1426
114 1427
115 1428
116 1429
117 1430
118 3508
119 4S8R
120 45R9(01
121 45R907
172 459n
173 4591
1724 4597
175 4563
176 4594
127 45965
178 4596
179 4597
130 459R
13} 4599
132 4600
133 4602
134 4603
135 4604
136 4605
137 4606
13R 4607
139 460R
140 4609
14l 4610
142 4611
143 4612
144 4613
145 4614
146 4615
147 4616
14R 4617
149 462n
150 4621
151 4627
152 4623
163 4624
154 4625
155 4626
156 4627
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Neigh=
bor-
hood

v—-wuuuuuuumNmm\me\:uuuuuuumv\)f\J‘\)m\:'\)‘\)bt\bbbbm#\bbmmmmmmmmmmmm.ﬂ

Coordinates
X Y
2.2R21N 1.73600
2435200 1.72440
1.RB7830 1,73790
2.01610 1.,7172n
2.1518n0 1.,695580
2.2R3130 1.67640
235070 1.67000
1.R6820 1.,67910
2.00810 1.65790
21462720 1.638]0
2.25270H 1.625%0
1 s RS940N 1,62390
200810 1.62390
] sR484N 1,57600
199180 1.57620
2413790 1.57670
265480 1.72790
2.13750 1.52400
2.0RQ90 1.,47750
2e16220 1.47830
213740 1.42910
2623600 1.48140
2.28500 1,4357n0
2e29240 1.51300
233320 1.53740
2e37400 1.56140
2+:41740 1.58400
245710 1.,60R00
250370 1.635580
2.5527"n 1,66030
2460180 1.69050
2¢13480 1.32890
2+1RE870N 1,32870
223660 1.32850
2.2837n0 1.32860
233100 1.32860
2.3R)11n 1.729030
Ce41630 1.,726580
7+«3RGAN 1.37600
?e 42850 1.40290
2s4ATAN 1,43170
2.50640N 1.45760
2e54640 1.,4857n
2+5R9RN 1.51540
263300 1.54640
P2+6R12N 1.57960
2.06040 1.19530
223470 1.,19600
2.28240N0 1,19570
2e 379680 1.19580n0
2¢37950 1.19490
2+43130 1.20020
2e4T5AN 1.16650
2.47)160 1.25940
2.5109n 1.,2R660



Internal

ID No.

157
158
159
160
161
162
163
164
1,5
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
1R1
1R?
183
184
185
184
1R7
188
1R9
190
191
197
193
194
195
196
197
198
199
2no
2n]
2n2
2n3
2n4
2058
2neé
2n7
208
2no
210
2N

Tax
Block
No.

4628
4629
4630
463)
4632
4633
4634
4635
4636
4637
4638
4639
4640
4641
4642
4643
4644
4645
4646
4647
4648
46490)
464902
465001
465002
465101
465102
4652
4653
4654
4655
4656
4657
4658
46509
4660
4661
4662
4663
4664
466501
466502
466601
LE6EN2
466701
4R6T02
466R
4669
4670
4671
4672
4791
4797
4793
4794
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Neigh-
bor-
hood

R E P e e s e ) W W W W W) W) W L ) e b b e e e e e e 1) () G ) () ) W) L ) D ) e e e e 1 e

Coordinates
X Y
254930 1.31470
2e5SRARTN 1.34240
2.672640 1.36R8R0
2.67160 1.,39930
2.71640 1.42930
2eTAA3N 1.45810
2. 0RSRO 1,09510
2.13350 1,09600
2.180AD 1,09610
24723170 1.09%60
227970 1.09520
2e327AD 1.094R0
2¢3794N 1.,09520
Ceb272650 1.09540
247390 1.09420
252340 1.09250
2455630 1.,06370
255360 1.,1428n
24563720 1.17030
2.63210 1.1968N0
2ehT720 1.21480
2.70030 1.26510n
2a75010 1.20870
2eT73410 1.30840
2. TR4LSEN 1.21220
2.R1440 1.2918n
277090 1.3563n
2eRS240 1.34150
2408960 1.00080
2«13640 « 99RAN
2+1R390n0 « 999RN
2737270 1,00240
2e2RN60 1.00200
2¢37640 1.001R0
237720 1,00270
2eH2540 1,00090
24260 1,00110
7252480 1.,00010
257370 1.00490
2.6099n0 «9T74RD
267020 « 98220
2+621A0 1.04310
269840 1.01740
?2.65290 1.08440
2eT289N 1.05930
CehT7920 1,11850
2e758R0 1.10030
2e79210 1,13420
2eR35AN 1.16500
2.87800 1,19580
24972990 1,272960
1.30G10 1,52100
1.4391n 1.520R0
1.5A750 1.52140
1.7116A0N 1.52230



Tax
Internal Block
ID No. No.
212 479%
213 4796
214 4797
2's 4798
216 4799
217 4800
218 4801
216 4R02
2?0 4803
2”1 4RN4G
2°? 4R0S
2?23 4806
274 480R
27”5 4R0G
276 4810
227 4811
278 4812
279 4813
230 LBR14
2 4R15
232 4B1R
233 4819
234 4820
235 4823
236 L824
237 4825
P38 4LBRP6
239 4827
240 4828
241 4820
24?7 4837
243 48138
244 4841
245 4847
246 4843
247 4844
24R 4845
249 L4RG4A
250 4847
251 4LRB4R
257 4849
253 4850
254 4RS5)
255 4853
756 4854
257 4RSS
258 4856
259 4857
260 4R858
2R 4859
el ¥4 4B60
263 4R61
264 4867
265 4863
266 4864
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Neigh-
ber-

hood

WWWSNSNSNNSNSNANANWRDR WD WWWNSNSNNANNSNANANDWWADIDNNWNNWSNNNNGPRrPPDrErEPREEEE

Coordinates
X Y
1 ,RGRRN 1.52400
1.,30610 1.4727n0
143910 1,47270
14567560 147420
1.7131060 1.47420
1,84910 1,47710
1.307AN 1.42470
1.43940 1.42650
1.5687N 1.426RDN
1a71270 1.42630
184960 1.42860
1.99060 1.52530
1.9R92N0 1.47710
130800 1,37620
] .43990 1,37820
1.5AR90 1.3265%50
1.71060 1,32680
1 R48R9DN 1,380RK0
1,30790 1,32340
1443960 1.,3255n0
1.R49RN 1.32960
1,30680 1.26970
1.44130 1,27380
1.840680 1.27700
194300 1.32872n
199040 1,32930
2.03870 1.,3291n
1.3088n 1.21740
1.30810 1,1612720
1.57740 1,19310
1.30970 1.08990
1.47760 1,08990
185720 1.09110
160540 1.09110
165270 1.09200
1.70060 1,09150
1.7508D 1.,09060
1.80110 1.09230
1.,8B4RG90n 1.,09200
1.RG87N 1.09350
1.949RN 1.09340
1.991R0 1.,09470
203300 1.,095%20
131070 e 99BAD
1.40070 e 99920
145760 «998RN
1.50540 « 99820
1,887720 1.00000
1.60490 299970
1.,6520N0 « 999RN
1.70080N 1.00020
1.74840 ¢ 999RN
1,79960 « 99930
1.B4670N « 99940
1.,R9380n0 « 99940



Internal

ID No.

267
268
269
270
271
272
273
274
275
276
277
278
279
2R0
281
2R?
283
2R4u
285
2R6
2R7
288
2R9
290
291
292
293
294
295
296
297
298
299
300
301
3n2
303
304
3ns

Tax
Block
No.

4865
4866
4867
5024
5026
5028
5029
5030
5031
5032
5033
Sn34
5035
5036
5037
S03R
5039
S042
5043
5044
5045
S046
5047
5048
Sn49
5050
S054
505%
Sn56
5057
5062
5063
5064
5065
5066
508301
508302
S0R4
5085
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bl il bl ek pond d sl puk b S b bl pd il S

b fd Skt P b b Pan T b o bored o fh ok fd o P e el e
2D DDDDIDIIDIIDIDIDIDIIDIDDDIDIDIDIID

Coordinates
X Y
1.94580 299960
1.99220 e 98940
Z2.03990 1.00030
oeh3IRTN 1461740
e 6AREN 1.35430
+RYITEN 1.,5221n
099770 1,52090
1s1578N0 1,52170
«81750 1.47280
«G9RTN 1,47350
116870 1.47400
«B1T72N 1.42510
¢ 9GR9N 1.42630
1.1581N l.42740
eB1650N 1.37850
«99G3n 1.37760
1158901 1,37780
«R1660 1.32430
«9969N 1.,32450
1,15900 1.,32360
«872000 1,27320
« 99890 1.27260
1.1591n 1.26940
«R72330 1.2190n
«999RN 1.217R0
1.15RRN 1.21700
«HBR1PN 1,14170
«BR2170 l.16240
« 99940 l.16260
l1.1A060 1,16170
e 6A04N 1.03930
« T13RN 1,06110
«RPR3N 1.09330
1.00000 1,09160
1.16170 1.09070
+ BRREN 1.01700
+B3140 e 98100
1.00040 1.00010
1.1A0RN 1,00070
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Appendix C

SAMPLE JOB STREAM

of jobs represents a possible job stream for a

16-hour sample simulation of the 7l1st Precinct in New York City. There
are 114 calls for service and 10 OUT.OF.SERVICE events.
Event Name Time of Event ,Duration¢
Day Hour Min. Block+ Priority Hour Min.
JORGENTRY 0 0 04 110 ] 01 02 +«
JOR.ENTRY 0 0 04 99 3 0o 0S5 =
JORENTRY 0 0 07 282 3 01 25 #
JORENTRY 0 n 12 118 3 00 03 #
JOB FNTRY 0 0 20 62 3 00 16 &
JOB.FNTRY 0 0 27 51 3 non 18 #
OUT,.OF «SERVICE 0 ' 0 31 2 21 =
JOR,ENTRY 0 0 38 38 3 © 00 10 «
JORB,,ENTRY 0 0 42 17 1. 00 22
JOR,FENTRY 0 0 48 2l 3 00 43 @
JORFNTRPY 0 0. 49 19 3 00 38 #
JOBFNTRY 0 0 49 255 1 00 19 =
JOBRENTRY 0 0 51 274 3 00 52 #
JORLENTRY 0 0 52 118 3 00 09 #
JOB,L,ENTRY 0 1 21 290 3 00 ne «
JOBJENTRY 0 1 26 24?7 3 00 19 #
JORFNTRY 0 1 33 161 3 nn 40
JOR L ENTRY 0 1 35 130 3 00 06 =
JOR,ENTRY 0 1 37 24 3 00 N6 #
JOR.ENTRY n | 59 275 3 00 14 #
JORENTRY 0o 2 11 89 3 01 06 #
JORENTRY 0 2 15 123 3 0o 48 #
JOB,ENTRY 0 ? 16 116 3 0o 5R &
JORENTRY 0 2 17 293 1 no 21 «
JOBENTRY n 2 35 91 3 00 na =
JOR,FNTRY n ? 40 292 3 00 ne #
JOB,ENTRY 0 3 01 11R. 3 on 12 #
OUT<OF s SERVICE 0 3 18 4 168
JOBL.ENTRY 0o 3 22 61 3 on 10 #
JOBFNTRY 0 3 26 213 3 nop 33 #
JOBENTRY 0 3 50 3 3 oo 40 ¥
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Event Name Time of Event ~Duration

Day Hour Min. Block Priority Hour Min.

55 2]

JOB.FNTRY 0 3 3 on 26
JOB.FNTRY 0 & 02 294 3 0n 35
OUT.OF ¢ SERVICE 0 4 02 3 70
JOR . FNTRY 0 'A 12 155 3 no A
JORLENTRY 0 4 15 155 a on 15
JORENTRY A 19 294 3 00 09
JORLENTRY n 4 22 717 3 00 17
JOR,FMTRY n 4 23 34 1 00 42
JOB,FNTRY n 4 27 R4 3 00 05
JOB ENTRY A 39 67 3 00 38
JOR.FNTRY 0 &4 41 300 3 0n 16
JOR ,ENTRY 0 4 47 301 3 00 36
JORENTRY 0 4 58 285 3 00 15
JORENTRY 0 4 S8 260 3 0o 13
JOR ,FNTPRY n 5 06 17 3 00 06
JORENTRY 0 s 10 301 3 00 06
JORENTRY 0 s 10 218 3 00 nR
JOBENTRY 0 5 11 218 3 0? 06
JOB.ENTRY 0 S 22 34 ) 00 20
JORFNTRY 0 5 30 16 1 0n 0R
- JORLENTRY 0 5 34 250 3 0n 55
JORLENTRY 0 5 36 145 3 00 03
JORLENTPY 0 5 45 126 3 00 12
JORENTRY 0 ) Sl 161 3 0o 07
JOBENTRY 0o 6 01 241 3 0n 16
JORENTRY n 6 32 69 3 00 109
JOR.ENTRY n 6 37 241 2 01 0R
JOR.FNTRY 0 6 51 103 3 00 01
JORENTRY o7 11 99 3 00 09
OUT.OF ,SERVICE o 7. 13 1 42
JOB,FNTRY R ¢ 15 15 3 00 06
JOR ENTRY 0o 7 19 16 3 00 21
JOBENTRY n 7. 25 135 3 0o 39
JOR,ENTRY n 8 05 11 3 00 39
JOR ,ENTRY o 8 09 13 3 00 16
JOR.FNTRY n A 12 126 3 00 25
JOB.ENTRY 0 8 24 90 3 01 03
JOB,ENTRY n R’ 25 156 3 00 31
JORENTRY 0 A 34 293 3 00 13
JOB.ENTRY 0o 8 35 291 3 00 16
JOBENTRY 0 8 40 118 3 00 17
JOB FNTRY 0o 8 40 125 3 01 00
JORFNTRY 0 8 42 86 3 0o 18
JORLENTPY 0 9 04 166 3 00 23
OUT ,OF 4 SERVICF 0 9 28 4 19
JORLENTRY 0 9 30 15 3 ni 22
JORENTPY ) 42 62 3 00 20
OUT . OF « SERVICE 0 9 57 5 38
JORLENTRY T 0 10 11 293 3 ni 2R
OUT.OF s SERVICE 0 1o 20 > 16

R R R L Ll R EEEE R I I I I R I
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Event Name Time of Event ~Duration
Day Hour Min. Block Prioxrity Hour Min,
JORFNTRY 6 10 46 - B9 3 nn 01 #
JOR.ENTRY 0 10 47 20 3 00 24 ®
JOR FNTPRY 0 10 48 125 1 00 ne *#
JORGFNTRY 0 10 52 89 - ] -0 16 #
JOR,ENTRY 0 1 00 f6 3. 00 N7 #
JORGENTRY 0 1) 05 271 3 on 01 =
JORENTRY 0 11 13 10 3 0n 38 #
JOR,ENTRY N 11 16 127 3 00 65 #
JORENTRY 01 18 162 3 00 09 #
JOR,,ENTRY o0 1 28 297 3 0o 18 #
JORGENTRY 0 11 43 146 X! 0o NR «
JORENTRY n 11 .45 104 Q on S4 #
JORLFNTRY . 0 11 45 205 3 00 10 #
JOBENTRY o 1 51 146 3 0n 18 =
JOBL,ENTRY - n 1 53 27 3 00 32 #
JOB FNTRY n 12 . 16 243 3 no Nl «
OUT,OF . SERVICE 0 ]2 1R ) : an ®
JOB,ENTRY 0 12 . 31 284 3 00 18 #
JORENTRY 0 17 “7 253 3 0n S4 @
JOR.ENTRY - n 12 58 221 3 0o 11 «
JOBFNTRY ' n 12 59 134 3 00 30 «
JOB.ENTRY 0 13 01 225 3 00 08 ®
JORENTRY 0 13 11 242 3 01 02 @
JORLENTRY 0o 13 17 76 3 00 08 #
JOB,ENTRY 0 13 23 129 3 00 0R «
JOR.ENTRY 0 13 33 162 3 00 372 ¢
JORENTRY 0o 13 37 57 3 00 09 *
JORENTRY n 13 39 104 3 00 NG »
JOR,FNTRY .0 13 40 129 3 00 02 &
OUT ,OF s &FRVICE 0 13 42 6 22 »
JOBL.ENTRY 0 13 4S 27TR K on G] *
JOBLENTRY 0 14 21 19 3 0n 30 @
JORLENTRY n 14 31 133 3 0o n2 #
JOBENTRY 0 14 31 299 3 0n 00 #
JOR,,FNTRY 0 14 45 160 3 00 10 &
JORLENTRY 0 14 49 203 3 00 3] ¢
. JOB.ENTRY o 15 00 2R1 ) 00 06 ¢
JOBL,ENTRY 0 15 09 S7 3 on 22 #
JOBLENTRY 0 1R 09 253 3 0o 2] #
OUT OF o SFRVICE 6 15 l4a 7 40 »
JORLENTRY 0 15 18 247 3 00 12
JOR L ENTRY 0 15 23 1%
JORLENTRY 0 15 S3 10; 2 88 83 :
JOB,FNTRY 0 16 10 176 3 00 37 @
.!..

For OUT.OF.SERVICE events this field contains the number of the car
to be placed out of service.

¢For OUT.OF.SERVICE events this field contains the length of time that
the car is to remain out of service (in minutes).






Entity

BLOCK

NBD

CAR

*

TZEe

Permanent

Permanent

Permanent
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Appendix D
A DEFINITION OF EACH GLOBAL SIMULATION VARIABLE

4/'

I. ENTITIES AND THEIR ATTRIBUTES

Attribute

TAXNO

XCORD
YCORD

NBDID
NBD.NAME
N.ADJACENT

N.SECTOR.CARS

Pn.NBD.RSPONSE

CAR,NAME
XLOC
YLOC

NUMB. SECTORS

ASSTGNMENT

T.START.RESPON

NEXT.EVENT

See notes on p. 97.

Mode*

I

SE R

Description

The external identification
number associated with the
block.

The x coordinate of the center
of the block.

The y coordinate of the center
of the block.

The internal reference number
of the neighborhood to which
the block belongs,

The 4-character name associated
with the neighborhood.

The number of cars designated
as adjacent resources for the
neighborhood.

The number of sector cars
assigned to the neighborhood.
The time until the arrival of
the first car at an incident
of priority n(n=1,...,5) that
occurred in the neighborhood
(used as statistics-gathering
variables).

The 4-character name associated
with the car.

The x coordinate of the car's
current location.

The y coordinate of the car's
current location,

The number of neighborhoods

to which this car is assigned
as a sector car.

The internal identification
number of the job on which the
car is currently working (if
any).

The time at which the car
began responding to its cur-
rent job.

The internal identification
number of the next event that
is scheduled to occur for

the car.
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Entity  Type Attribute Mode*

JOB Temporary  LOCATION I
ENTRY .TIME R
PRIORITY I
STATUS I .
DURATION R

II. LISTS
&ner Member

Name Entity Entity Type

QUEUE P.CLASS JOB FIFO

ASSIGNED,CARS JOB CAR FIFO

Description

The internal block number with-
in which the job occurs.

The time at which the call is
received (in days since the
start of the simulation).

The priority of the job

(1-5).

= 0: No car has yet arrived

at the scene.

= 1: The primary car has
already arrived at t-e
scene.

= 2: Some cars, but not the
primary car, have already
arrived at the scene.

The length of time the primary

car is required to work at

the job (in minutes).

Definition

Jobs waiting to be dispatched.
The cars assigned to a job.

* .
The symbols used in this column have the following meaning:

I Integer
R Real
A. Alphanumeric



Name
ADJACENT . CARS
SECTORS

P ,DURATION

REGION.NAME

TITLE

Variable
N.BLOCK
N.NBD

N.CAR
N.P.CLASS

MAX.SENT
MEAL ,DURATION

TOUR.LENGTH

No.of
Dimen-
sions

-96~

III. ARRAYS

2nd
Dimension

2

2

N,.CAR The dispatch nomination
list for each neighborhood.
NUMB.SECTORS (CAR) The sector responsibilities
for each car.
The fraction of a job's
duration that the primary
car, secondary car, and
tertiary car spend working
at the job.
The alphanumeric name of
the region being simulated
(maximum 80 charactersj.
A title identifying the
simulation run (maximum 80
characters), The title is
printed at the top of each
output report.

IV. SYSTEM VARIABLES - INPUT

Description

The total number of BLOCKs in the region being
simulated.

The total number of NBDs in the region being
simulated.

The number of cars being simulated.

The number of priority classes (set at 5

in the simulation docmented here).

The maximum number of cars that can be dis-.
patched to a Priority 1 incident.

The length of an intermally scheduled OUT.OF.
SERVICE job.

The length of each car's work day.
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V. SYSTEM VARIABLES - INTERNAL AND OUTPUT

Variable
N.AVAILABLE

OUTSIDE,DISPATCH

MQ, VQ, PROBQ
UTILIZ

MC, VC, HISTC

MRT, VRT, NRT, FREQ
MSRT , VSRT , NSRT ,

MAV, VAV, HISTAV

Descrigtion

The current number of cars available for
dispatch,

The number of times that no car in the region
being simulated is available for dispatch

to a Priority 1 call for service. It is
assumed that a car from outside the region

is sent.

The mean, variance, and histogram of the
queue lengths for each of the QUEUEs,

The histogram of the amount of simulated time
a car spends at each value of SWI.

The mean, variance, and histogram of COUNT,
the number of cars sent to an incident.

The mean, variance, number, and histogram

of JOB.RESPONSE,TIME. :

The mean, variance, and number of P_.NBD.
RESPONSE (n=1, 2,..., 5). n

The mean, variance, and histogram of
N.AVAILABLE.
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