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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, and
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, A 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 delzy 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 evaliuiating 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 minox
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 fix%d
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 assignment 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 éontaining the statistics summarizing this information.
Different deployment strategies or policies can thus be tried out and com-—
pared using the simulation as a kind of "pilot plant.” Rased 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 Ihétitute Police Pétrbl Simulation Model. It is presumed that the
reader knows something about police patrol operations and quite a bit about

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

x ; ‘
Figures in square brackets identify references located at the end of

this document.

sl
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tion from the managerial point of view. It will describe the purpose of In Section II of this Report we discuss some of the general considera-
the model, the costs associated with using it, and provide other information , tions that led us to the approach we took in designing the simulation.

that will be helpful in determining when the simulation should be used and Section III explains the structural elements of the model. In Section IV
when it should not be used. Readers interested in improving their knowledge the logical flow of the program is shown and each event and subroutine is

of simulation itself can consult a general reference such as [2], [3], or [8]. explained in detail, Section V defines each piece of data required as input

The programming language used for the simulation is SIMSCRIPT II.5 [6]. : for the simulation, and Section VI describes the output statistics

With the program listing and other information provided:in this Report, any- The program listing in Appendix A represents one complete version of

one who has access to a SIMSCRIPT TI.5 compiler and is familiar with its the simulation. Appendixes B and C contain a sample initialization deck
programming conventions should be able to use the program. Machine-

and sample job stream that can be used to test the program and to serve as
dependent details of the use of SIMSCRIPT II.5 on the IBM 360 or 370 series '

a guide for preparing new input data. Appendix D defines each of the global
of computers can be found in [5]. The simulation program is written as a variables used in the simulation

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. TFor 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 compﬁter program
is a'ldgically correct translation of the hypothesized model, We performed
the internal wvalidity 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 fe¢r the actual system., For example, if
the simulation has external validity and it shows that a certain deploymerit ' ' ' e T
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, théﬁ,
running the simulation model using the observed jobs as input. Comparisons
were made between performance measures produced By the simulation and the

corregponding actual performance measures., Details of this validation

are given in [1].

Y
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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 tﬁe policy options that can be tested are:

(2) changing the number of patrol units on dutvy;

(b) changing sector boundaries and sector assigmments 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 rum with the model representing
the current practices in the department a&as closely as possible., This will
énabl& the modei 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,vincident durations, etc., in the simulation,
the aBsolute nﬁmbers representing the results of the simulation are not to
be régarded or used as facts, although they will probably be good estimates
6f 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 one
policy are significantly better than under another 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:

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

response times (actually, travel times) are gathered by job

priority and by sector.

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

patching queue sizes and waiting times are displayed by job priority.

o Car Activity: The proportion of time each patrol unit gpends 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 relationships
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 tha user to generate job streams from a wide variety




y

#

(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 mot 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.

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

arerdispatched.

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 coordimnates 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 RESQOURCES

The pfogram 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 beqt 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

i

*
See [6] for an explanation of entities and attributes in SIMSCRIPT II.S5.
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Table 1

ATTRIBUTES ASSOCIATED WITH THE ENTITY "BLOCK"

Attribute

TAXNO

NBDID

XCORD

YCORD

Description

The external identification number
associated with the block

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

The x coordinate of the center of the
block

The y coordinate of the center of the
block

Table 2

ATTRIBUTES ASSOCIATED WITH THE ENTITY 'NBD"

Attribute

NBD,.NAME

N.SECTOR.CARS

N.ADJACENT

Description

The 4-character alphanumeric name
associated with the neighborhood

The number of sector cars assigned to
the neighborhood

The number of cars designated as

adjacent resources for the neighborhood

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 comstitute 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 ecars 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 dispatgh.

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

This means that the simulation will attempt to assign it $o 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 véry 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 bn 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.

® 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.

ciss Berk
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Legend
Neighborhoods qgr
Sector Shading Comprising Sector Assigned
B m 2 and 3 B
CD 4 and 5 cD

Fig. 1-An example of how neighborhoods and sectors are specified

~11-

Table 3

ATTRIBUTES ASSOCIATED WITH THE ENTITY "CAR"

Attribute

NUMB.SECTbRS
CAR,NAME
XLOC

YLOC
ASSIGNMENT

CENTROID

SPT

sS0T

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 block 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

if the unit is on patrol in its sector

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

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

= 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

= O

!
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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 PLAC¥,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 dccording to the specified probability distributiomn.

The model assumes that patrol units travel from point to point as
follows: If 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
dp =l x =m 1+ ]y -y, |

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 veiocity, vp.

The resulting response time is calculated as

tip = dyp/v,.

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 6f miles per hour) so that response times can be

expressed in terms of minutes.

THE JOB STREAM

Jobs are created or callected 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

-13-

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, etec., 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 (1L 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 sefiousness and duration of «m incident to
depend on the speed with which a patrol car gets to the scene.

Since the mature 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--
pérticularly 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 jcb 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 mot the .
primary car, have arrived

ASSIGNED.CARS A 1list 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 devisions, 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
compﬁter-assisted dispatching system in use in New York City. We use the
gsame type of information available to the New York City dispatcher and
have ratiomalized the flexible rules and guidelines he follows., The

gimulation 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 simulatéd
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 umits 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 an
incoming call to its exact location and uses the exact locations of all
patrol cars to determiné 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 ar 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, ‘

o 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 (specifiéd as part of the input job stream); the call is
received by the dispatchey, causing the JOB.ENTRY event to be executed.
Associated with the call are its location, priority, and duration. The pro-
gram uses thevdiépatch policy for the job's priority class (DISPR1l, DISPR2,
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 jObf
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. o

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.T0,JOB, TIf
no job is waiting that can be assigned to it, the simulation will PLACE.CAR,
ON.PATROL. If currently within its sector, the car remains where it is;
otherwise, it proceeds back td the centroid of its sector. 1In the latter
case, a RETURN.TO,SECTOR 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 ﬁOur,
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 ;ar
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 Priotity 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 célls subroutine DISPR1 to choose the patroi 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.tertiafy 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,

i
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Box |

JOB ENTRY

) |

DISPR1

———Do for ii-'B,D,G,F

ASSIGN

I

| SCHEDULE. CAR. ARRIVAL

Schedule Box A(i)

—» LOOP

Exogenous event.
Read description
of call for service

DISPR{ selects cars B, D, G

and F to send.

Car B is primary car, D is
backup car, and G and F
are tertiary cars.

Box A(D)
ARRIVAL. AT. SCENE

Car D(backup car)
arrives first.

Box A(B)

ARRIVAL. AT. SCENE

END. CALL. SCHEDULING

Schedule Boxes E(D) and E(B)

Scheduie end of call for ail
cars on the scene.

Fig. 2—Flow chart for Priority 1 incident

~19-

Box A(G)
ARRIVAL. AT. SCENE

l

END. CALL. SCHEDULING

Scheduie Box E(G)

Car B, the primary car, arrives.

Box A(F)
ARRIVAL. AT. SCENE

END. CALL. SCHEDULING

Schedule Box E (F)

Box E (G)
CALL. END

PLACE. CAR. ON. PATROL

Schedule Box R(G)

Box E (F)
CALL. END

Schedule CALL.END

Car G arrives.

Car F arrives.

ik

Car G is sent back
to its own sector.

Car F is placed
out of service.

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 socon 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 aftef it completes its work there. .

The flow chart ends with the arrival of 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

(1ine 32000 in our program) in this MAIN routine and proceeds from there.
In MAIN, the computer reads in the initialization deck, s;ﬁs 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 simulatign;‘ 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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N
MA;EFINE SIM.LENGTH AND MEAL.TIME AS REAL VARTABLES
RESERVE REGIONJNAME(#) AND TITLE(#) AS 20
START NEW PAGE
. FOR I = 1 TO 20y READ TITLE(I) AS (20) A 4
CFOR 1 = 1 10 209 READ REGIONJNAME(I) AS (20) A 4

READ SIM,LENGTHs MAXSENTY MEALDURATIUNy AND TOURGLENGTH

WRITE AS * INPUT DATA FOR ¥
FOR I= 1 T0O 20y WRITE REGIONJNAME(I) AS A &
WRI1TE AS /
SKIP 3 LINES
PRINT 1 LINE WITH SIM,LENGTH AS FOLLOWS
STMULATION LENGTH =ssesess &4 HOURS
SKIP 1 LINE
READ NiBLOCK!NcNBD’NOCAp
LET NJAVAILABLE=N.CAR
PRINT 1 LINE WITH N.RLOCKsN.NBD AND N,CAR AS FOLLOWS
NO. OF BLOCKS = #%a#  ND, OF NBDS. = sap# NO. DF CARS

RESERVF ADJACENT.CAKS (#¢#) S N,NBD BY NeCAReAND SECTORG (®#¢%)

AS N,CAR BY #
CREATE EVERY BLOCKy NBDs CARy AND P.CcLASS(5)
SKIP 1 QUTPUT LINE
PRINT 1 LINE AS FOLLOWS
BLOCK 1D TAX NO. NBD ID X Y
FOR I=]1 TO N«BLOCKy DO

READ BeTAXNO{B) «NBDID(B) s XCORD(B)«YCORD(B) USING UNIT 7

PRINT 1 LINE WITH ByTAXNO(H) 4NBDID(B)+XCORD (B) 9 YCORD (B)
-2 X-2-4 SNt 45 4% 3+ 3¢ LA 2 2 TR LI 2 2 X X
LOOP
START NEW PAGE
FOR I= 1 TO 20 o WRITE TITLE(I) AS A &
WRITE &S /
SKIP 2 LTNES
PRINT 2 LINES AS FOLLOWS

NBD 1D SECTORS NUMSER OF ORDER TN WHICH

SECT.CARS ADJ,CARS CARS ARE NOMINATED

FOR I=1 TO N.NBDs DO
READ NysNBD«NAME (N) sNoSECTORLCARS (N) oM ADJACENT{N)
FOR J=1 TO NeCARIREAD ADJACENTCARS (NoJ)
PRINT 1 LINE WITH NoNBD«NAME (N} oNJSECTOR,CARS ()
NeADJACENT (N) AS FOLLOWS
X XX [ X 22 (2 L X-3°
FOR K=1 TO N.CARsDO PRINT 1 LINE WITH
ADJACENT.CARS{TIsK) AS FOLLOWS
. ) LT Y
Lt OOP
LOOP
FOR I=1 TO N+CAR Do
READ 'C+CARSNAME {C) yNUMB, SECTORS(C):CENTHOID(C).MEAL TIME
RESERVE SECTORS(Ce#®) AS NUMBSECTORS(C)
FOR J=1 10 NUMB.SECTORS(C)s READ SECTORS(CoJ)}
LET XLOC(C)=XCORDICENTROIDI(C))
LET YLOC(CI=YCORD(CENTROID(C))
SCHEDULE AN OUT,OF,SERVICE GIVEN C IN MEAL.TIMF HOURS
L 00P
FOR T=1 YO NeP.CLASS RFAD VELOCITY(I)
RESERVE P.DURATION(®#) AS 3
FOR T = | TO 3 READ P.DURATION(I) !
CREATE AN END,OF,SIMULATION
SCHEDULE THIS END.OF,SIMULATION IN SIMJLENGTH HOURS
STARY SIMULATION
stTop
END

00031900
00032000
00032100
00032200
00032300
00032400
00032500
00032600
00032630
00032660
00032700
00032800
00032900
00033000
00033100
00033200
00033300
000336400
00033500
00033600
00033700
00033800
00033900
060034000
00034100
000364200
00034300
00034400
000364500
000364600
00034700
00034750
00034800
00034900
0003%000
00635100
00035200
00035300
00035400
00035580
00035600
00035700
00035800
00035900
00036000
00036100
00036200
00036300
00036400

00036500

00036600
00036700
00036800
06036900
00037000
00037100
00037200
00037300
010037400
00037500
00037600
00037700
00037800

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 DISPR1, DISPR2, DISPR3, DISPR4, and DISPRS5,
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.ENTRYseveht, including all the sub-

rcutines called by the various dispatch subroutines, is given in Fig. 3
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|Call is received by dispatcher : EVENT FOR JOB.ENTRY (8089800
DEF INE HD‘JR AND MDUR AS REAL VARIABLES 00059900
i READ LOCs IPReHDUR AND MDUR 00060000
Yes rrority 12 No CREATE A JOR CALLED J_ 00060100
riority _f LET ENTRYSTIME () =TIMELV 0060200
N j ) LET LoCAaTION(J)=L0OC 00060300
N o et
. . } . 3 H% ) & = . + i
.N_°.<cgn a car be dispatched to,st_?/ \Can a car be dispatched to it? LET STATUS(J)%0 gggzgggg =
‘ ! 60 TO PR(IPR) 00060700 |
‘ "PR(1 ) caly DISPRY (V) RETURN 00060800
F\ YPR(2) caLL DISPR2(J) RETURN . 00060900
: YER(3) L DIsP
Sapaion s rom | s /Fowo snouah cars™\ o Place cor on Rl GLmmeeH s
another region been dispatched ? appropriate QUEUE 'PR(5) ' CALL DISPRS (J) RE TUKN 00061200
| END 000613060
@—
No : —\Yes | Dispatch Subroutines: DISPRIL, DISPR2, DISPR3, DISPR4, DISPRS :
“—""'—<C°" another car be dispdmhed?J Q These subroutines are the heart of the simulation. Witk its fi di
- lation. & ive dis- :
‘ l\_l_0<s the car travetling >Ye'5 ) patching procedures, the simulation is capable of testing a wide r:;xge of :
i ? Y
N _— ; “_—\\ Yes » back to its sector ! dispatching alternatives by changing only the priorities assigned to jobs ok
0 s the car travelling }
__Quck to its sector ?g/‘————! ( . . 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
@TER‘POLATE. LLOCATION posicy Ys
i dispatching routine(s) and substitute it for one or more of the five dis-
GNTERPOLATE. LOCATIOD ' ‘ cussed here. ‘,
— b H
@??’%%LN SECTO? In all five policies the incoming jobs are referenced to a neighbor-
GANCEL SECTOR RETURI\D - : hood, and dispatch decisions are made using an ordered list of patrol units
. associated with that neighborhood. The list consists of all patrol units
: ( CALCULATE. that are to be considered possible candidates to be assigned to a job :
No Is the car responding fo a N\ _Yes DISTANCE located in the neighborhood in questicn. Whether the unit is assigned, and ;
lower priority incident ? ASSIGN + _ in what capacity it will be assigned, depends upon the current status of
SCHEDULE. the unit and of other units, upon the priority of the job, and upon the
CEMPT AR???\?I‘\L values given to various dispatch parameters. (Since neighborhoods can be %
PREE , ;
- - ~ as small as a single block or as large as the entire region being simulated,
: A - ' N great flexibility is possible in the dispatching strategies that can be
Yes ny ather cars 0
(INTERPOLATE. LOCATION ) ___<m y other ¢ >___ cimalated.)
ﬂ h The following discussion of each of the dispatching procedures in the
simulation depends on an understanding of the ordered list of patrol units.

CCALCU}LATE- DlSTANCE> @ There is one such list for ewvery neighborhood. For a particular neighbor-
hood, say I, it is called ADJACENT,.CARS(I). At the head of the list is the '

( ASSIGN )

CSCHEDULE CAR ARRIVAD sector car(s) for the neighborhood; next come the sector cars for adjoining
: . neighborhoods, then other cars in the region, and finally supervisory ot

s e . R, i

Fig. 3—~JOB.ENTRY
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‘ danger, etc, In DISPR1, the simulation dispatches the first MAX.SENT of
special ¢ars, if there are any. As will be seen in the following.di?cuS?iOn, the.available cars on ADJACENT.CARS(I).* Ifbfewer than MAX.SENT are
sector cars, neighboring sector cars, etc., are treated differe?tly 1nt:1:— avallab%e, all of the av?ilable cars are dispgtched. Those ' cars dispatched
éétching. Associatéa with the list ADJACENT.CARS(I) are two pointers tha to the job are all associated with the internal identification number

. . : assigned to the job (v riabl Y. il
are used in the dispatching routines: g , J (variable J Cars are available if they are on patrol

-

N.SECTOR,CARS(I) tells how many sector cars are assigned to

~Neighborhood 1. § .
N.ADJACENT (1) tell;;how many "adjacent sector cars" are associated

with Neighborhood If

Figure 4 is a representation of the ordered list for'Neighborhoo? I and
its members. We assume for illustration that there are six patrol units
in the field,7humbered 1 through 6, and one sgpervisor'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;QARS(I) = 1 and

' i g Fig. 3 these point to
N,ADJACENT(I) = 2, and as shown schematically in Fig

appropriate cars on the list.

or responding to lower Priority incidents. The pPreempting of cars that
are responding to lower pr%ority calls in order to respond to Priority 1
jobs is the only preemptiné inclu&ed in the simulation, Starting from the
top of ADJACENT;CARS(I), the available cars are assigned as follows:

N

® 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,

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

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

upon the arrival of the primary car,

° Tertiéry cars (all other available cars on the list up to a total

}

|

I

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

;

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

the primary car. ‘ ?

ADJACENT, CARS (1) ' | ]

car 4 N, SECTOR. CARS (T) ! ' If no cars are available it is assumed that the "job is handled by units i

zzi i N.ADJACENT (I) = 2 from another region. Where this occurs, it is recorded by adding "1" to ;

car 2 / the variable OUTSIDE.DISPATCH and the job is not considered further by the L

§:§ 2 simulation. The number of times this happens is shown in the output report é

car 7 "Number of Precinect Cars Sent to Calls" (Fig. 16). Thus, the simulation ff

Fig. 4—The structure of the dispatcher’s list ADJACENT.CARS(l) : never queues Priority 1 jobs.

; : ' ROUTINE TO DISPRY GIVEN : 00061400 |-

i v . - T T i

; . h tem, the car(s) dis- 2 LET SECT=nNBDID (L ATION(J) ) LET MARKER=O 0061500 L

' job in Neighborhood I comes into the system, the ¢ : FOR T21 TO N,CAR,D0 1INOMINATE CaRS 1o 00061600
When & J | . he ordered 1ist ADJACENT. : | LET K=ADJACENT(CARS (SECT, 1) 1 00061700 .
atched depends on the priority of the job and on the ord | A | I SWT(K) LE 3 AND SPT(X) NE 1 +ocAR IS ELrsrBLE "' 00061800
P ‘ et gt h of the five dispatch subroutines follows. ' IF MARKER=0 LET SOT(K)=] : 00061900 |-
CARS(Ij. A description of each ‘ rine bo LET MARKER] 00062000 |
tioned above, each of the subroutines calls the ASSIGN routin G0 10 CaLcl | 00062100 |

e men | ’ b. If a car to be sent to a job is returning to its OTHFR"ISE IF MARKER = 1‘t§; gg;é§;=s ggg:gggg gﬁ
1 o X a Ob. : b . = ;h
assign a car to 'a j GO To CALCl I

sector, the routines CANCEL.SECTOR.RETURN,and_INTERPOLATE.LOCATION;are
- s

: utine is executed,
called before the ASSIGN routin . .
‘RoﬁTINE TO DISPR1 GIVEN J. Priority 1 jobs are the most serious inc .

They generally include robberies in progress, police officers in

dents.

00062400

MAX.SENT is a.variable whose value ig specified by the user. 1t must

;i‘be less than or equal to N,CAR,
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=29~ -
e . IF MARKER = MAX.SENT GO OUT 00062500 O 5 .
.o | . g¥:§::igé :DDMI 33 MARKER.LET SOT (K} =3 ooggaggg ROUTINE TO DISPR3 GIVEN J. Exactly oné car is assigned to Priority 3
' : A ; 00062 jobs. i ; . Lo ~
1CALCLY Agei:;igégl CaLL INTERPOLATE.LOCATION GIVEN X AND ASSIGNMENT(K) 062600 jobs. This car can be any available car in the region being simulated. The
. ‘ (] 7 * $ . ;
1F SST(K) Gé t C:gglzzfﬁmzl(KzET SQT(K):Z gggggggg ‘ ar dispatched is the first available car on the ADJACENT.CARS list associated
. A 9 ] Y K
’ REGAIELESST N.;ECTOR;CARS(SECT) LET SWT(K)=3 1 00863183 with the neighborhood from which the call emanated. If no cars in the region
£ 00 632 . 0 : . 3
REGASEEéggLESS | 0063300 are available the job is queued for the first available car, Priority 3
LOOP . o . Oggggggg ] : jobs are dispatched only if the Priority 2 queue (QUEUE(2)) is empty.
'OUT® IF MARKER = 0 ADD 1 TO OUTSIDE.DISPATCH 000 ’
DESTRDY JOB CALLED J gggzgggg
S T COUNT (1) =MARKER
RE:Sg:RDLES LET € 1”‘ e . 00063800 - ROUTINE TO DISPR3 GIVEN J 00066000
" ) 00063900 "1 SEND ANY AVAILABLE CAR 11 ' 00066100
LET SECT=NBDID(LOCATION(J)) 00066200
FOR I=1 TO NeCAR » DO n0066300
‘ LET K=ADJACENT.CARS (SECTs1) 00066400
ROUTINE TO DISPR2 GIVEN J. Priority 2 jobs are less serious than IF SPI(:);g 11CAR IS ELIGIBLE?! 00066500
. - - . N ‘ E T(k)=1 : 0006660
Priority 1 jobs. Either one or two patrol cars are assigned to Priority 2 IF SWT(K)=l CALL INTERPOLATE.LOCATION GIVEN K AND 00066703
jobs, as follows: ASSIGNMFNT‘K’ 00066800
REGARDLESS CALL ASSIGN(KyJ) % 00066900 3
LET SWwT(K)=2 - n0067000 %
e If no cars are available in the region being simulated, the job is ’ T IF. 1 GT NGSECTORCARS(SECT) LET SWT(K)=3 000K7100 {
‘ S . REGARDLESS LFT COUNT(3)=1 RETURN ‘ 00067200
queued for the first available car. Jobs in the Friority 2 queue - ~ OTHERWISE LOQOP ~ 00067300
get assigned units on a first-in-first-out basis belore jobs RETURN 00067500 2
. : ;
other queues. A job that is queued gets assigned only ome car. END 00067600 i
e One car is sent unless a sector car is available to act as primary L
car and ancother sector car or one of the N.ADJACENT cars from the ROUTINE TO DISPR4 GIVEN J. These jobs represent "pickup" jobs-—incidents § 
neighboring sectors is available. In:this‘caSE, both a primary . spotted by patrolmen during the course of their preventive patrol activities. o
and backup car are sent. The primary ‘car works for the duration )  As is the case for Priority 3 jobs, exactly one car is assigned. But the
of the job and the backup car works for a proportion, P.DURATION(2), car assigned will always be a sector car whose area of responsibility in-
of the duration. Work starts upon the arrival of the primary car. . cludes the block where this incident Qccurs. Since the car is already at
the location of the incident when it occurs, it does not have to travel to .
' 0064000 f
zggréggTISBgigssgcﬁi¥g:(j)) LET MARKER=0 : 80062100 reach the scene. To imitate this, the simulation instantaneously changes L
FOR Ia]l TO NeCARy DO YINOMINATE CARS t¢ 00064200 : the car's location to the grid coordinates associated with the pickup job. i
LET KxADJACENT.CARS(SECTsI) ’ 00064300 _ : y
IF SPT(K)=0 “e0 CAR IS ELIGIBLE v N0064400 If the appropriate sector car is available when the Priority 4 job is :
L M T(K)=1 LET MARKER=1 GO TO CALC2 00064500 : . . . . :
é:HE£S§§E=O LET SOT(Ky=1 LET MARKER=1 ; 00064600 received, it will be immediately assigned to the job. If no sector car is '
IEE?A25$?;} QNSE$ hER:E;D;ACENT(SECT)‘N.SECTOP'CARS(SECT)gggg:;gg available, there are two possible courses of action: (1) the call is -
! = : K= : N ;
rcaLca IF SWT(K)=1 CALL INTERPOLATE.LOCATION GIVEN K AND 00064900 o queued until a sector car is available or (2) the call is ignored (since ;
ASSIGNMENT (K) 00065000 , , . o i
REGARDLESS CALL ASSIGN(KsJ) LET SWT(K)=2 n0065100 no car was available at that instant to spot the incident). The former :
: ;ZC:RgIEQQSECTOR.CARS(SECT) LET SWT(K)=3 gggg:ggg épproach‘is'taken in this simulation program. This approach is appropriate :
b REGARDLESS : 00065400 ; when the calls for service in the job stream represent an actual historical .
REGARDLESS V 00065500 ' , L
LOOP ’ ) 00065600 sequence of calls. In this case, the fact that a specific car was un- i
= , 06570 R . i
o;:g::?:ERLgTFétEN#(;?ggzg:5$2;ETU:STURN : 23062803 available when a pickup job occurred indicates a difference between the -
END | ' ‘ ‘ 00065900 , - real and simulated worlds. But elimination of the job would result in 5
BRI -
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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 pollcies.

However, there is an-alternative way that plckup JObS can be 1nserfed
into the job stream. They may be generated randomly according to the
(known) frequency with which a car on preventive patrol in a region wouidsﬁ
encounter pickup jobs. FIn 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. 1In
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
tt PICK=UP JOR 11t 00067800

LET SECT = NBDID(LOCATION(J)) 00067900
FOR T = 1 TO N,SECTOR.CARSE(SECT)y DO 00068600
LET K = ADJACENT CARS(SECTsI) 00068100

IF SPT(K) = 0 V'CAR IS AVAILABLE"!Y N0068200

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

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

CALL ASSIGNI(KsdJ) : 00068500

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

LET COUNT(4) = ) 00068700

RETURN 00068800

OTHERWISE 00068500

LOOP 00069000
FILE J IN QUEUE (4) S IND SECTOR CAR FREE ! n0069100
REVURN _ 00069200
END 00069300
: : 00065400

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

jobz, 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 dimitate low priority jobs that may be assigned by a supervisbr,
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 U :

'+ ASSIGN JOB ONLY TO SECTOR CAR 11 83323333
LET SECT=NBDID(LOCATION(J)) 00069700
FOR Ta'1 TO NySECTOR,CARS(SECT)s DO '1L0OK FOR A SECTOR CARYS 00069800

LET KzADJACENT ,CARS(SECT,1)
1F SPT(X)=p 1ECAR IS ELIGIBLE . ggg‘?:ggg
IF SNT(K)=1 CALL INTERPOLATE,LOCATION GIVEN K AND 00070100
ASSTGNMENT (K) 00070200
REGARDLESS CALL ASSIGN(KeJ) LET SWT(K) =2 00070304
LET SOT(K)=1 LET COUNT(5)=x1 RETURN 00070400
OTHERWISE 00070500

0o

FILE JPiN OUEUE 00070600
RETOER UEUE{S) **NO SECTOR CAR FREEe ¢ 00070700
END noo70800
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 X, 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 sector, 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 INTERPOLATE.LOCATION GIVEN K- AND o 00071100

9 CALLED FROM PREEMPT AND FROM JOBSENTRY ¢ 00071200
NORMALLY MODE IS REAL 00071300
DEFINE LJsKyJosRePATROL . RETURN AS INTEGER VARIABLES 00071400
LET LJ=LOCATION() 00071500
LET V=VELOCITY(PRIORITY(J)) 00071600
LET XD=XCORDI(LJ)=XLOC(K) ' 00071700
LET YD=YCORDI(LY) = YLOC(K) 00071800
LET T=(TIMELWV = T<START.RESPONSE(K))®24 . 00071900
LET TX=ABS.F(XD)/V . . .o . 40072000
LET DELTeT = TX : - 00072100
IF nELT GT 0 LET XLOC(K)=XCORD(LJ) 00072200

LET YLOC(K)=VRDELT#SIGN,F (YD) +YLOC (X) n0072300

GO TO CHECK,IF.PATROL N0072400

OTHERWESE LET XLOC(K)2V® (=DELT)I#STIGN,F (XD)+XLOCIX) 00072500
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'CHECKoTFoPATROL' IF SWT(K) NE 1 RETURN H0072600
o OTHERWISE CALL CANCEL,SECTOR.RETURN GIVEN k 00072700
RETURN , 00072800

END 00072900

ROUTINE TO CANCEL.SECTOR,RETURN GIVEN K

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 +SECTOR.RETURN GIVEN K 00074000
LET PATROL +RETYRN = ASSIGNMENT(K) 606074100

DESTROY JOR CALLED PATROL.RETURN 00074200
LET RENEXT.EVENT(K) 00074300
CANCEL RETURNST0,SECTOR CALLED R 00074400
DESTROY RETURN,TO,SECTOR CALLED R 00074500

RETURN . 00074600
END 00074700

ROUTINE TO PREEMPT (K}

If a car is responding to a lower priority incident when the diépatcher
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 nokcar has yet arrived at the lower priority indident, 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,

00074800

ROUTINE T9 PREEMPT(K) 00074900
LET 4 = ASSIGNMENT{K) 00075000
1F 4 1S NOT IN A QUEUE 00075100
IF STATUS(J)=0 FILE J FIRST IN QUEUE(PRTORITY(J)) 00075200
REGARDLESS 00075300

REGARDLESS LET E= NEXT.EVENT(K) CANCEL THE ARRIVAL AT,SCENE CALLED F 00075400

DESTROY THE ARRIVALAT.SCENE CALLED E 00075500
REMOVE K FROM ASSIGNED,.CARS(J) LET SPT(K)=¢0 00075600
MOW INTERPOLATE.LOCATION GIVEN K AND J 00075700
IF NJASSIGNED.CARS(J) =1 LET F=F,aSSIGNED,CARS(J) 00075800
IF SOT{F)=2 AND SWT(F) GE 4 00075900
LET £ = NEXTLEVENT(F) 00076000
CANCEL THE CALLJEND CALLED E 00076100
RESCHEDULE THE CALL.END CALLED £ IN DURATION(J) MINUTES 00076200
REGARDLESS 00076300
LET SOT(F) =] 00076400
REGARDLESS 00076500
LEY ToSTART, RESPONSE(K)= TIMEWV 060076600
RETURN ' 00076700

END , 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 routlﬂe SCHEDULE.CAR.
ARRIVAL(X,J).

ROUTINE TO ASSIGN(KsJ) 00073200
LET SPT(K)=PRIORITY(J} 00073300
LET ASSIGNMENT (k)= 00073400
WOW SCHEDULECAR,ARRIVAL (KeJ) 00073500
FILE K IN ASSIGNED«CARS(J) 00073600

IF SWT(K) LE 1 SUBTRACT 1! FROM N AVAILARLE REGARDLESS 00073700
RETURN 00073800
END 00073900

ROUTINE TO SCHEDULE CAR.ARRIVAL(K,J)
This routine, called from the ASSIGN subroutine, schedules the arrival

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

o

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),Aand the
current time is stored in T.START.RESPONSE(X).

ROUTINE TO SCHENULE+CARGARRIVAL (KsJ) 00077000
DEFIMNE NIST AS A RFAL VARIARLE 00077100
LET DI§T=CALCULATE.DISTANCE(XCORD(LOCATION(J))’YCORD(LOCATION(J))’ 00077200

XLOC (K)o YLOC (K} ‘ 00077300
LET T.START.RESPONSE (K)sTIME,V 00077400
CREATE AN ARRIVAL+AT.SCENE 00077500
SCHENULE THIS ARRIVALGAT,SCENE GIVEN K IN 00077600
DIST/VELOCITY(PRIORITY (J)) HOURS 00077700
LET NEXT.EVENT(K)=ARRIVAL AT ,SCENE 00077800
RETURM 00077900
END 00078000

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

This routine is used to calculate the distance, D, between a point with
grid coordinates (X1, Y1) and a point Qith grid coordinates (X2, Y2). The
function may be easily changed to suit the city being simulated. The version
of the routine that is reproduced here calculates the right angle distance,
as follows: ’

| =|x-x1[+]|v2-11].

[
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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

s+ . or man-made barriers such as large bodies of water or railrocad tracks.:

ROUTINE TO CALCULATE.DISTANCE GIVEN X1sY14X2 AND Y2

00082400
DEFINE DsX1eX23Y1e AND Y2 AS REAL VARIABLES 00082500
LET D = ARS.F(X2=X1) ¢ ABS.F(Y2=Y1) 00082600
RETURN WITH D nooB2700

EnD ' n0082800

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 tﬁére, 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 célculated and
added to both the overall travel time statistics and the travel time

statistics cotrresponding to the priority of this job.

EVENT FOR ARRIVAL ¢AT«SCENE (K)

60078200

DEFINE D AS A RFEAL VARIABLF 00078300
LET LKAR=LOCATION(ASSIGNMENT (K)) 00078400
LET XLNC(K)=XCORD (LKAR) n0078500
LEY YLOC(K)=YCORD(LKAR) 00078660
TF SwT(r)=? ~ LFT SWT(K)=4 ADD 1 TO INLSECT.JORS(K) GO To BNATH 00078700
DTHERW]ISE LET SWT(KInS ADD 1 TO OUTSECT,JORS (K) 00078800
1BOTHY : 4 00078900
LET JUmASSTGNMENT (K) 00079000
LET JPR=PRIORITY (J) 00079100
LET D = LURATION(U) 00079200
IF SOT(K)=l *9THIS IS THE PRIMARY CAR AT JOR J'' 60 TO PRIMF.CAR 00079300
OTHERWISE 00079400°
IF STATUS(J)=0  »tND CAR HAS ARRIVED ANU THIS CAR IS NOT PRIMARY't (00079500
60 TO FIRST,.CaR n0079600
DTHERWISFK : ' 00079700
TF STATUS(J)=1 ¢ PRIMARY CAR HAS ALREADY ARRIVED ¢ 00079800
PERFORM END,CALL,SCHEDULING GIVEN K. AND D : 00079900

REGARDLESS RETURN 1t IF NO PRIMARY CAR DELAY SCHEDULING A CALL.END"100080000

. 'FIRST.CARY

00080100

Car arrives at incident

Yes

l

Is this the primary car?

Schedule CALL. ENDs
for any cars already
at scene

Yes

Schedule a CALL,
END for this car

Yes /Is the primary
\_ car there yet?

No‘

No

Is this the first car?/\

Calculate travel time

Fig. 5—-ARRIVAL.AT.SCENE

A et A g e A A gy,

kY

KPS

PRENRS
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LET STaTUS(J)I=2 ;
LET JOR(PFSPONSE,TIME (JPR)=(TIME,.V =

To DTART

RESPONSE(K))?J##O 0

GO TO RY(JPR)

iRT(1) LET
TRT(2)t LETY
RT3 LFT
tRT(6)r LFET

Pl, NBD.RSPONSE(NBDID(LKAR)):JOH RESPONSE (TIME {JPR)
P2 NBDRSPONSE (NBDID(LKARY) 2JOB ,RESPONSE . TIME ( UPR)
D3.NBDoRSPONSE(NBDID(LKAR))BJOB.RESPONSE.TIME(JPR)
P4 NBDJRSPONSE(NBDID{LRAR) ) 2JOBRESPONSF ,TIME (UPR)

00080200
00080300
00080400
00080500
RETURN 00080600
RETURN 00080700
RETURN 00080800
RETURN 00080900

TRT(S) © ILFT PSNBD.RSPONSE (NHDID (LKAR) ) 2JOHRESPONSF,TIME (UPR) RETURN 00081000
LPRIME 4 CAR Y “ 00081100
1F STATUS(J) NE Q *¢v SOME CARS ALREADY THEREVY 00081200

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

PERFORM END,CALL+SCHEDULING GIVEN CAR AND D 00081400

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

LFT JOR,RESPONSE . TIME (JPR) = {TIME.V = 00681700
T.START . RESPONSE(K))#144040 00081800

CALL END.CALLSCHEDULING GIVEN K aND D 00081900

LET STATUS(U) =1 00082000

GO TO RT(JPR) 00082100

- n0082200

_END

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,

will spend at the incident (i.e., the length of the incident).

length of time CAR K spends at the incident, depends on whether

parimary car (SOT(K)=1), a backup car (SOT(K)=2), or a tertiary
=3), as follows:

T = P,DURATION(SOT(X))* DUR,

where P,DURATION(I) is the proportion of DUR that a car of type

an incident.

The CALL.END for CAR K is then scheduled to occur

ROUTINE FOR ENDCALL«SCHEDULING GIVEN K AND DUR
DEFINE . T aND DUR AS REAL VARIABLES

LET T=P,DURATION{(SOT (K))}#®#DUR

CREATE A CALLJEND

SCHEDULE
RE TURN
END

THIS CALL.END GIVEN K IN T MINUTES

EVENT CALL.END GIVEN K

DUR is the length of time that the primary car
T, the

it is the
car (SOT(K)

I spends at

in T minutes.

00082900
noo83000
n00B3100
00083200
(00083300
06083400
NONB3S500
nooB3R0N

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.

is erased from the system.

If there are none, the incident

Next, & check is made to see if this car has

Y
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Car finishes work af an incident

A

--;!ff-u-—<::Is this the last car at the incideni}i>u.._fﬁlx.__

Close out this incident

Yes

V

Is it past the next OUTLOF.SERVICE\\\\ No

event for this car?

/

Place car out of service

Yes

\ 4

| Schedule the car's
return to service

Is there a job in any QUEUE
waiting for this car? {Queues
are checked from highest

priority to fowest) /

(REASS IGN. CAR. TO. JOB)

Fig. 6—~CALL.END

No

(:PLACE.CAR.ON.PATRO£)
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been scheduled to go out of service,

for the required amount of time., Otherwise, the QUEUE is checked (from

If so, the cay is placed out of service

highest priority to lowest) to see if this car is needed at, and eligible

for, some other incident.

the car to that incident.

If so, REASSIGN,CAR.TO.JOB is called to dispatch
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 CALL«FND GIVEN K
IF SWT(K)=é6 GO TO CHECKWQ 1YEND OF OUT=QF=SERVICE !
OTHERWISE LET JeASSIGNMENT (K)
REMOVE K FROM ASSIGNED.CARS(J)
IF ASSIGMED,CARS(J) IS EMPTY DESTROY JOB CALLFD J
REGARDLESS
"CHECK QY
FOR EACH JNB ON QUEUE(1) '"'THIS IS THF OUT=QF=SERVICE QUEUE!Y
WITH LOCATION(JOB)2Ks DO LET ASSIGNMENT(K)}=JOB8 LET SWT(K) =6
SCHEDULE A CALLEND GIVEN K IN DURATION(JOB) MINUTES
LET SPT(ki=g LET SOT(Kk)=¢
LET XLOCIK)=XCORD(CENTROID(K))
LET YLOC(KiaYCORD{(CENTRUID(K)})
REMOVE JOB FROM QUEUF (1)
RETURA
LOOP
FOR 1s=2 Y0 NJP,CLASS DO
TF QUEUE(I) IS EMPTY G0 TO NEXT.Q
OTHERWTSE IF I LE 3 NOW REASSIGN.CAR«TOeUnBIKsF. QUFUF(Y))
OTHERWISE YIMUST FIND A SECTOR CAR?Y
FOR EACH JOE ON QUEUFE(I) DO
LET NHOON=NBODID{(LOCATION(JO#])
FOR J=l TO NUMB,SFrTORS(K) nn
IF MHOOD=SECTNRS (KyJ)
" NOW REASSIAN.CAR.TO.JNR(KeJOH)
RETUKN
OTHERWISE

RE TURN

LooP
LOOP
INEXT Q' L OOP
'PREVENT,,PATROL ®
aDD 1 TO NGAVATLABRLE

NOW PLACE.CARLON,PATROL (K)

RETURN

END,

ROUTINE TO REASSIGN,CAR.T0.JOB GIVEN K AND J

00083700
00083R00
00083900
00084000
n0084100
00084200
n00B4300
00084400
00084500
00084600
00084700
000R4R00
00084900
00085000
N00EB5100
00085200
p0085300
000R5400
00085500
00085600
00085700
000858900
n0085900
00086000
00086100
00086200
00086300
00086400
00086500
00086600
00086700
n008680D
00086900
00087000
no0B7100

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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ROUTTINE TO REASSIGN.CARSTN.JOB GIVFN K AND J 8882;338

LET SECT=NHDID(LOCATION(J}) 00087400

IF PRIORITY(J)=4 LET XLOC(K)=XCORDILOCATION(J}) 00aR75900

LET YLOC(K)=YCORDILOCATIONIJ}) REGARDLESS ﬂOGB?GMC

NOW ASSTIGN(KeJ) 000687700

FOR T = | TO N,CAR DO 00087800

LET KK=ADJACENT,CARSI(SECT, ) 00087500

IF XK NE K GO TQ LOUPI 00088000
OTHFRWISE LET SWT(K) =2 00088100

IF 1 GT N SECTOR(CARS(SECT) LET SWT(K)=3 00088200

REGARDLESS GO TO OUT 00088300

'LOOPI'p n00BB400
’ L00 nooBaS00
ToUT ' noo88600
LET PRILPRIORITY (J) 00088700
REMOVE ( FROM GUEUE (PRI} 0008RAR0D

LET WATYGTIME(PRI) = (TIME.V = ENTRY,TIME(U))}#1440.0 00088900

LET COUNT(PRI)=1 n00A%000
LET SOT(x)=s] 00089100
RETURN n0089200
END ‘ 00082300

=
7

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.

0
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ROUTINE TO PLACF.CARONJPATROL GIVEN K no08s400
DEFINE D A4S A REAL VARIABLE 00089500
ILET SPT(K)=0 LET SOT(K)=0 00089600

IF SwTiK)=4 OR SWT(K)=6 LET SWT({K)=0 HETURN

'V ALREADYsees LEAVE HIM THERE 9 00089800
TOTHFRAISE 00089900
CREATF A JOB CALLED PATROLRETURN 00090000
LET SwT(k)=] LET LJ=CENTROIN(K) LET LOCATION(PATROL RETURN)=LJ 00850100
LET ASSIGNMENT (K)=PATROL RETURN 00090200
LET PRTIDRITY (PATROL+RETURN) =3 06090300
LET D = CALCULATE«DISTANCE (XCORD(LUJ) 9 YCURD (L. J}eXLOC(K) s YLOC(K)) 00090400
LET ToSTART . RESPONSE (K}=TIME,V 00090500
CREATE A PETURNTO,SECTOR CALLED R 00090600
LET . CARNUMRER {R) =K VATHE CAR NUMRER OF THIS PATROL KETIIRN®? n0090700
SCHEDULE THE RETURN.TO,SECTGR CALLED R IN NZVFLOATTY{3) HAUKS 0090800
LET NEXT.EVENT (K)Y=R ' 2ggzgzgg
{ |
RE TURN 60091100

END

EVENT RETURN,TO0,SECTOR GIVEN K

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

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

EVENT RETURMWTO.SECTOR GIVEN K n0091300
LET JUTASSIGNMENT (K} 00081400
LEYT XLOC (K)=XCORD (CENTROID (K)) 00091500
LET YLOC(K)=YCORD(CENTROID (K) ) 00091600
LET SWT(K)=0 00091700
DESTROY 408 CALLED J nog:;ggg
no
i 00092100

EVENT - OUT,OF.,SERVICE GIVEN K SAVING THE EVENT NOTICE
This event can either be scheduled internally (meai times will usually

be scheduled in this‘way) or externally (6ther out—of—sefvice7conditions,
such as the breakdown of a car, will usually be scheduled as part of the in-
put job stream). ﬂ

- If the eve;t_has been scheduled internally, CAR K will be placed out
of service for tﬁe number of minutes specifiea 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 scheddied extérnally, the amount of time the car will remain out
of service (in minutes)ris read from the card in the input job stream that

scheduled this event.

$ICAR WAS IN SECTOR'00089700 :

"
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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-

be placed out of service as soon as it finishes the job.

by placing notice of the out-of-service "job" on QUEUE(L).

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

are never queued, so only out-of-gservice jobs will appear on QUEUE(1).)

EVENT OUT.OF+SERVICE GIVEN K SAVING THE EVENT NOTICE

END

EVENT FOR END,OF, SIMULATION

This is accomplished

(Priority 1 jobs

If

an out-of-service job for CAR K already existg on QUEUE(1l), the time of this
v W 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.-

60092300

DFEFINF T.CuT.OF ,SERVICE AS A REAL VARIABLE N0092400
LET XeMEAL = OUT,OF sSERVICE 00092500
IF FUNIT.A(QUY.OF ,SERVICE} EQ O o 00092600
SCHEDULF AN OUT,OF,SERVICE GIVEN K IN TOURL,LENGTH HOURS 00092700
LET T.OUTWOF ¢SEFRVICE=MEAL «DURATION GO AROUND NTHERWISE READ Ke 00092800
TeOUT OF  SERVICE 00092900
tAROUND Y no0093000
CPESTROY THF OUT.OF.SERVICE CALLED XuMEAL 00093100
1F SWT{K) GE 2 GO TO DELAY 00093200
OTHERWISE 00093300
" 1F SWT(K) =) 00093400
CALL CANCELSECTOR RETURN GIVEN X 00093500

LET XLOC(K)=XCORD{CENTROIO (K} ) n0093600

LET YLOC(K)=YCORDICENTROID(K)) No093700
REGARDLESS . n0093R00
SURTKACT | FROM NoAVAILABRLE 000935900

LET SwWT(K)=6 LET SPT(K)=6 LET SOT(K)=6 00096000
CRFATE CALLWEND : $H0094100
SCHENULE THIS CALLEND GIVEN K IN T,0UT.OFSERVICE MINUTES 00094200

RE TURN 4 00094300
TDELAY ! noN%4400
FOR EVFRY J0OR ON QUEUE (1) DO 0094500
1F LOCATIDN{JOH)=K GO TO ALREADY.SCHEDULED 00094600
DTHERWISE LOOP . N0094TO0

' 00094800
CREATE J0O8 00094900
LET LOCATTON(JOR) =K noo9sQon
LET ENTRY, TIME(JOB)=TIME.V N009%100
LET OURATION(JOR) =T,0UT.OF SERVICE 00095200
LET PRINATITY (JOR) =6 n00%5300
LET STATUS(J08)Y=6 N00YS400
FILE JOB TN QUEUE(L) 6095500
RE TURN n00YSH00
* ALREADY « SCHEDULED® NOOSKRTAH0
ADD T.DUT,0F+SERVICE TO ODURATION(JOS) RETURN 00095800
S ‘ nO0YS90N

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

- several reports that summarize the simulated patrol activity during the rum.
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It is time for the po'trol
car to go out of service

—

N
Yes Is this an internally scheduled evem?>—-;

Schedule the next internal
out -of - service event

. Yes
No Is the car on patrol ?\

N\ -/

et o et

o b 8 S S i ot o

File notice of the out-of-service

' Place car out-of -service

job on QUEUE (1)

S'ch"edule the end of this \
out -of -service job

Fig. 7-OUT.OF.SERVICE

e

-3

® The workload statistics for each CAR and ¢
Statistics for all CARs,

® Queueing statistics for each of the Priority classes,

° Histograms, averages, and variances of travel times for each of
the Priority classes,

® A summary of Tesponses by Priority class, broken down by neighbor-
hood,

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

broken down by Priority class,

S

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

n0037900
EVENT FoR END+OF s SIMULATION _ noNn38000
DEFINE M.v.r.TIN.TouroTOTrN,TOTour AS.REAL VARTARLES 00038100
DEFINE X AS A REAL 1=-DIMENSIONAL ARRAY D0D3R2pp
RESFRVE x(®#) as )0 00038300
00038400

START NFw PAGE 00038500
PRINT 2 DOURLE LINES as FOLLOWS 00038600
£0038700

THE NEW YORK CITY~RAND INSTITUTE 00038800

00038900

POLICE PATRNL SIMULATION Mong| 00039000

WRITE &S nSIMULATION RESULLTS FOR n 00039100

FOR 1= 1 TU 20+ WRITF REGTONL,NAME (1) aAS A4 00039290
WRITE as / _ ‘ ) . ' ‘ . 0003925¢0
SKIP 1 LInE ) o T e 000393090

FOR =2 1 YO 20 WRITE TITLE(]) AS A g ' ’ 00039400
WHITe ag . 00039450
SKTP & GUTPUT LINES - . L - 000395040
PRINT 1 LINE aS FOLLOWS ' 60039600

CAR ACTIVITY SUMMARY _ 00039700

LET fu=n LET ou=0 ‘ 00039800
SKTP 1 OUTPUT LINE 00039900
PRINT 2 DOUBLE LINES AS FOLLOWS 00045000 -

CAR MO« OF JORS ON PATROL RESPONDING WNRKING 00040100
T0T. Inm SERVICF : 00040200
TN ouT IN S ouY IN ouY IN ouT 00040300

TN ourT OUT OF SERVICE 0004040p0
FOP K 1 TO N,CARsDO 00040800

LET TINZ(UTILIZ (Ke]) SUTILIZ(Ky3) *UTILIZ(Ke5) ) /TIME, vV ‘ 00040600
LET TOUTs(UTILIZ(KvZ)0UTILIZ(K94)¢UTILIZ(K¢6))/TIME.V 60040700
PRINT 1 DOLNLF LINE WITH CAR.NAME(K)vIN.SECT.JOBSlK)cOUT.SFCT.JOBS(K)oOOO#OBOO
UTYLTZ(KQI)/TIME.VoUTILIZ(Kv?)/TIME.VvUTILIZ(K93)/TIME.V| 00040900
urrterkoa)/TIMF.v.UTILIZ(K.S)/TIME.V.UTILI?(K.a)/TIME.V. 00041000
T!NoTOUTvUTILIZfKQTI/TIME.V AS FOLLOWS 00041100



" o Nee

¥ woe

" L2 X 2]

L 31

Fak J=1 70 7Ty 00

ADD INLSFCT.JORS(K) TO 1y

ADD OUT,SECTWJORS(K) TO OJ
ADD TIN TO TOTIN
ADD ToUuT TO TOTOUT

LooP

FOR J=1 TO 7 DO

LET TOTIM2TOTIN/NGJCAR

SKIP 1 OUTPUT LINE

LAS L R N ¥ 7Y
* Hue

LET X(J)

B R

ADD UTILIZ(KsJ)/TIME.V ToO X1L4)

=X(J)/N,CaAR
LET TOTOUT=TOTOUT/N,CAR

—bylym

B e @ nan ¢, 000 4, nee

LooOe

LOoP

PRINT 1 DOUBLE LINE WITH IJ,OJ!X(I)-X(B)oX(3)9X(4)9X(5).X(6)o

TOTINeTOTOQUTOX(7) THUS
LYT) S LY T

T

TOTALS b 000

b, aid

FOR I=2 TO NePCLASSY 0o

FOR J=z 1 TO 20,
WRITE AS /

SKIP 2 LINES
PRINT 1 LINE WITH I AS FOLLOWS

B Bl LR #0480 * B

START NEW PAGF
WRITE TITLE(J) AS 4 4

QUEUETNG STATISTICS FOR PRIURITY CLASS ##

SKIP 2y 0uTeUT LINES
PRINT 2 LINES WITH MQ(I)
HISTOGRAM OF QUEUE~SIZE
NO, IN QUEUE FREQUENCY
SKIP J OUTRUT LINE
FOR U=

AND VR(D)

1 T0: 30 » WITH PROBG(I4J)

AS FOLLOWS
AVERAGE QUEUE=SIZE = ané sae
VARIANCE Boue, sue

GT 0, DO

PRINT 1 LINE WITH J=1 AND PROBQ(IsJ)/TIME.V AS FOLLOWS

(2] # oane
LoopP

SkIP 2 OUTPUT LINES
LET T=NWT({I)*MwT (1)
LET NTOT=NRTI(1)

IF NTOT=0 LET T=0 GO TO PRT
OTHERWISE LET T=T/NTOT
"PRT?

HISTOGRAM OF WAITING TIMES

JOBS DELAYED= #&& sas

WAITING TIME FREQUENCY

VARIANCE = bad, swe

(MTNUTES)

JOBS DISPID = #us _ asw

FOR J=1 TO 24+ WITH HWT(IeJ)

"PRINT 3 DOUBLE LINES WITH NWT(T)sMWT(I)eVWT(I)eNTOTsT THUS

AVERAGE WAITING TIME OF THE ###

AVERAGE WAITING TIME OF aALL ##ee

6T 0+ DO

PRINT 1 LINE WITH S5#J AND HWT(I,J) THUS

< wuw G

LooP
SKIP 3 OUTRUT LINES
LET U=
PRINT 3 LINES AS FOLLOWS
CURRENT QUFUE CONTENTS
POSITION TIMF. SINCE RECEIPT
’ (MINUTES)
SKIP 1 OQUTPUT LINE
FOR EVFRY JOB tN QUEUE(1)s DO

PRINT 1 LINE WITH J AND (TIME.V=ENTRY,TIME(JOB))*#1440.,0 THUS

no LTI T
ADD L TO U
LOOP
LOOP
CALL RESULTS

END 1ISIMULATIONY Y

0004120v
00041300
00041400
00041500
00041600
00041700
n0041800
00041900
00042000
00042100
n0042200
00042300
00042400
n0042500
00042600
00082700
n0042800
N0C42900
N0042950
00043000
n0043100
N0VLE3200
00043300
00043400
00043500
N0043600
00043700
n0043800
n0043900
N0U44000
00044100
00044200
00044300
00044400
00044500
00044600
00044700
00044800
00044900
010045000
00045100
00045200
00045300
00045400
00045500
0045600
00048700
00045800
00045900
000646000
00046100
00046200
00046300
00046400
00046500
00046600
n0046700

‘N0046801Y)
n00a468900 -

00047000
10047100
00047200
n00&47300

i

\

-

ROUTINE FOR RESULTS
DEFINE MsVeT AS REAL VARIABLES

00047400
00047500

BEGIN REPORT PRINTING FOR I=1 TO N.P.CLASS IN GROUPS OF & PER PAGE 00047600

FOR J= 1 TO 20+ WRITE TITLE(J} AS A & N00&THOU
WRITE AS / 00047850
SKIP 2 LINES 00047900
PRINT 1 LINE AS FOLLOWS 00048000
RESPONSE TIME HISTOGRAMS 00048100

SKIP 2 OUTPUT LINFS 00048200

END Y 'HEADING?? 00048300
PRINT 1 DOUBLE LINF WITH A GROUP OF 1 FLELDS THUS 0004R400
PRTIQORITY CLASS LA #4 B e L2 Nn0048500

L 00048600
SKIP 1 OUTPUT (L INE 00048700
PRINT 2 LINES AS FOLLOWS 00048800
RESPONSE TIME 00048900
(MINUTES) 00049000

FOR J= 1 70 16y DO . 00049100

PRINT 1 DOUBLE LINF WITH J AND A GROUP OF FREQ(I+J) FIELDRS THUS 00049200
s e L7 X 2 XX L2 X33 L XXX [ 2 X 2 00049300

LA A A 00049400
LooP .. 00049500
SKIP 1 OUTPUT LINE 00049600
PRINT Y DOURLE LINE WITH A GROUP OF NRT(I) FIELDS THUS 00049700
NUMBER OF RESPONSES 'Y YT anpes Sasoo FYYTEY sunnn N0049800
#aaun 00049900
PRINT 1 DOUBLE LINE WITH A GROUP OF MRT(I) FIELDS THUS 00050000
AVERAGE R.T, o, 080 ", R4 LA S L #d, B wH 4w 00050100
*n e ) 00050200
ORINT 1 DOUBLE LINE WITH A GROUP OF VRT(1) FIELDS THUS 00050300
VARTANCE OF R4Te LAAES S LL A P 4 LA 2 Wi, B LA PR A n0050400
LA A 00050500
END  SCREPORT ¢ 00050600
START NEW PAGE no0sS0700
FOR I= 1 TO 20 v WRITE TITLE(I) AS A 4 00050800
wRITE AS / 00050850
SKYP 2 LINES 00050900
PRINT 1 DOUBLE LINE AS FOLLOWS 00051000

! SUMMARY OF RESPONSES RY00051100

NE IGHBORHOOD 00051200
SKIP 2 OUTPUT LINES n0051300
PRINT 2 DNURLE LINES AS FOLLOWS 00051400
PRTORITY==> 1 2 3 00051500

5 TOTALS 00051600

NBD NQOe AVG -RT VAR NOs AVG RT VAR NO. AVG RT 00081700
VAR MO aVG RT VAR NO. AYG RT vae 00051800
SKTP 1 OUTPUT LINE ‘ n0051900
FOR J=x1 TO NeNBD CO 00052000
TLET NI=NSRTI(J) LET N2=NSRT2(J) LET N3I=NSRTI(J) LFT N4=NSHTS (J) 00052100
LET T=N1+N2*N3+Né& . 00052200
LET MEN1#MSARTL (J) $N2*MSRT2 (J) oNIRMSRTI (J) NG #MSRTE {(J) 00052300
LET VENI#NI®VSRT] (J)eN2#N2#VSRT2(J) +N32NI®VGRTI (J) +N4#NLBVSRTS (J) 00052$00‘

IF T=0 LET Ma0 LET Va0 GO TO PRIJ OTHFRWISE 00052500

LEY M=M/T - 00052600

LET vaV/(TaT) 00052700
TPRTY PRINT 1 DOUBLE LINE WITH NBDSNAME(J)sNIsMSRT1(J)y VSRTI(J)0N20 00052800
MSRT?(J)'VSRTZ(J)0N3vMSRT3(J)oVSRT?(J)oNbaMSRTE(J)quRTS(J){ToMoV 00052900
THUS ' ‘ : : ‘ 00053000

[T Y X3 RHRRE R BER RS AN BRRNN RE REN DO SR Lane e 888 #00053100
& nee SRS S0 _BUD SR _BAN HEHRG B RRE RS PR ' 00053200



00053300
ooF

EKIP 1 OUTPUT LINE oooga;gg
LEY T=0 LET M=o LET v=o 00053

FOR I=1 7O 4 DO : 00053600

IF 1 EQ 49 LET T =« 5 REGARDLESS 09053700

LET N=mNRT(I) ADD N TO 7T 00053800

ADD N®MRT(I) TO M ADD N#N&VYRT (1} TO v 000§3900

LooP N0054000

LET MaM/T LET VeV/(TeT) 00054100

PRINT 1 DOURLE LINE WITH NRT(1)eMRT(1)eVRT(1)sNRT(2)sMRT(2) 00054200

VRY(Z"NRT(B)OMQT(3)¢VRT(3)0NRT(5)'MRTlS)OVRT(S)oTvMaV THUS 00054300

TOTALS "Ry S8 x5 ne JHUR @anen #8 008 Be s spun we _ase 200054400

., nun T aenn ae auu "e ocn REBRE Kp BRO no,o;» 00054500

SKIP .9 OUTPUT L INES gggg:ggg

PRINT 2 LINES AS FOLLOWS Sen0s

PICK=UP (PRIORITY 4) 00854900

NBD NOe« AVG RT VAR ggOSSOOO
SKIP 1 OUTPUT LINE 000%5100
FOR J=1 70 N.NRD DO 00055200
LET N5 = NSRT4(J) _ 00055300
PRINT ‘1 LINE WITH NBDeNAME(J) sNSeMSRT4 (J) 2 VSRTE(J) AS FOLLOWS.

L L X X2 L X-2 3 6*.0!# !l.### 00055“00
LooP 60055500
SKIP 1 QUTPUT LINE Googsggg
PRINT 1 LINE WITH NRT(64)s MRT(4)s VRT(4) THUS 00055 :

TOYM_S [ T2 2] i!.’&ﬂ l&.ﬁﬁ' oogggggn
START NEW PAGE 00056000
FOR T= 1 TO 20 o WRITE TITLE(I) AS A& 00
WRITE AS / ogggzggg
SKIP 2 LINES 80056200
PRINT 1 LINE AS FOLLOWS 26300

DISTRIRUTION OF CAR AVAILABILITY ggg¢§f00
SKIP 2 QUTPUT LINES 009;2%00
PRINT 2 LINES AS FOLLOwWS “g* ’
NO. OF CARS PER CENT 0005 60
ON PATROL OF TIME ggggz;gg
FOR 1=0 T0 NeCAR DO 05.900
PRINT 1 LINE wITH I AND 100#HISTAV(I¢1)}/TIMF,.V THUS 00056
e YT 00057000
LooP 00057100
SKIP 1 QUTPUT LINE 8882;388
PRINT )1 LINE WITH MAV THUS
AVERAGE NUMAER AVAILARLE = #&,&##n “ nogz;ggg
PRINT 1 | INF WITH VAV THUS 000¢
VARIANCE =z##d usay 00057603
START NFW. PAGE gggg;;go
FOR 1= 1 TO 20 o WRITE YITLE(I) AS A 4 b
WRITE 8S 7/ 03057900
SKTP 2 LINES 00058000
PRINT ) LINE AS FOLLOWS 0 Doa100

NUMBFR OF PRECINCT CARS SENT TO CALLS 03058200

SKIP 2 oUTPUT LINES n 058300
PRINT 1 DOURLE LINE THUS 00 Soos

PRIORtTY 0 1 4 3 4 5 6 7 8 9 00058 o

lo k1 12 13 16 15  AVERAGE  VARIANCE 000585
NRITE AS /et 1 " 00058633
©OFOR I=1 TN 16sWRITE HISTC(lel) AS T 6 00058700
WRITE MC(1)-AND VC(l) AS S 6sD(6+2)9S SsD(T+2) e/ ggggggoo

R I=2 T0 NeP+C{ASSy DO

:3|u$ f DguBLE L%NE WITH TeHISTC(T» l).HISTC(I-Z).HISTC(! 3y 00059030
HISTC(Iv4)vMC(I)s AND VC{I) THUS - ' ggggg;og

b o* 4 3 % (X 2-1 ] :
.4 [ rY T IT Y &l . pony 0% ooy et
00059400
Tor 00059500
STSP‘ 00059600
ENp 60059700
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V. THE INPUT DATA

There are two basic sets of data needed to run the simulation. The

first 1nput 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,
duration of the simulation, etc,

data set,)

meal times, the
(The initialization deck is the GO0.SYSIN
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,"

card by card, all the data needed for the simulation.,

(It is the SIMUO4 data set.) In what follows, we descfzgg:'

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.

(5.1)

(5.2)

(5.3)

The Initialization Deck {GO.SYSIN)

Card l--supplies the title for the simulation run.

This titie
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).

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).

Card 3--supplies the initial values for four system paraméters:

(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).

(c) 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 onme 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 eimula-
tion), the number of neighborhoods (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.NBED, and the cars from 1 fo 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 neighbbrhood 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 infegers, except
for the coordinatés, which can be punched with decimal points.
We emphasize that NBDID(B) is a number and not an alphanumeric
sector name associated with the neighborhcod. 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 definitioﬁ (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:

vttt
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(a) One card containing the following four fieldé, separated

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)).

(b) 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), discussad 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:
(1) The internal reference number for the unit {(C).

(2)

(3)

(4)

(5)

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 asgigning some oxr all of the same neigh-
borhooés to two or more cars.

(5.8) 1 Card--giving the response velocity 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, baékup, and tertiary), punched as real numbers in

three fields, each separated by at" least ome 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)Y 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 wﬁose entfy time is later

than SIM,LENGTH, the end of the &imulation.

51~

For each OUT.OF.SERVICE event, the card must contain the

following three fields of information:

(1) The event name OUT.OF,SERVICE punched in columns 1-14.

(2) The internal indentification number 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,

(3) The length of the out-of-service time in minutes.

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 7lst
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 thc
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 describinrg each of the
blocks is read from logical unit 7. A listing of the control cards and
initialization 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 16~hour simulation of

this regiom,
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VI. OUTPUT REPORTS
Table 5

SAMPLE SIMULATION: CAR PARAMETERS ;

The simulation program produces several types of output. We illustrate

| s  Tear Car Number of Meal Patrol ; the various output reports by showing those produced by a l6~hour simula- i
i Number Name Sectors ) Time - Block Assigned ) ) . . B
: ) (CAR.NAME(C)) | (NUMB,SECTORS(C)) | (MEAL,TIME) | CENTROID(C)) | SECTORS(C,J)) tion of New York City's 71lst Precinct, using the sample input data pre~
T 1 4B S 2 3 144 1,2 5 sented in Appendix B. TFirst, after reading the initalization deck, the
s | § ’
o 2 cp 2 4 222 3,4 § program prints out the title and the following input data:
3 EF 2 5 100 5,6 ; | ,
4 HI 2 3 43 8,9
: 5 I 2 4 296 7,10 } s The length of the simulation (in hours).
! 6 KM 2 5 63 11,12 % ‘ e The number of blocks, neighborhoods, and patrol cars in the region
= 7 SGT 0 4 39 0 : being simulated.
ﬁi ® 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 neighborhos?,
%
i including its internal reference number, .the number of sector cars
I
. f and adjacent cars assigned to it, and the ordered list of patrol
i cars constituting its set of ADJACENT,CARS.
|
E, A sample of this initialization output is shown. in Figs. 10 and 11.
Table 6 ? fter simulating the patrol operations in the region for the required
SAMPLE SIMULATION: NEIGHEORHGOD DATA § number of hours, the program prints a series of six reports that summarize
Neighbarhood rwigﬁoﬂwod Number of ‘ Number of "1.-  Adjacent % the simulated activity. Each of these repor;s is described below.
Number Name Sector Cars Adjacent Cars Car List ; - :
) (NBD.NAME(N)) | N,SECTOR.CARS(N)) | (N.ADJACENT(N)) (ADJACENT, CARS (N, 7)) I
(1) CAR ACTIVITY SUMMARY (Fig, 12)
1 A 1 1 (1, 2, 3, 4, 5, 6, 7) : A . . £ h howi h it £ its ti duri
) s 1 1 @, 2,3, 4,5, 6, 7) | summary is given for each car, showing how it spent its time during
; : 1 1 g’ g’ﬁ’g:g: if;; 3 the course of the simulation. The following information is printed for
. » ?
5 E 1 1 3, 1, 4, 2, 6, 5, 7) . v
6 F 1 1 (3, 1, 4, 2, 6,5, 7 * each car:
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, 3, 1, 7) e The number of jobs to which it responded within its sector and
10 3 1 1 (5, 2,6, 4, 3, 1, 7) _‘ ‘
11 K 1 1 (6, 5, 4, 2, 3, 1, ) the number to which it responded outside its sector.
12 M 1 1 (6, 5, 4, 2, 3, 1, 7)
. ) [ ]
o

The proportion of time the car spent on preventive patrol in its
o : g sector and the proportion of time it was available to respond
P ' ' ' ’ from outside its sector (while returning to its sector from an

outside job).

Lo T ' ' i ‘ o The proportions of its time spent responding to calls that oc-

L ' : 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 ?ts
sector and the proportion of time spent out of its sector,.

® 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 patrollanits 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:

Queue sizes—-a frequency histogram, plus the average and variance
of the queue size. (The histogram shows frequencies for queues of
up te 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 w;iting time frequencies in five-minute
intervals up to four hours.)

s 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.minu;es, where response time is defined
as the time from diSpatch of call until the arrival of the first patro1
car, In additionm, the total number of responses is printed for each

priority class.

vy
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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, Toﬁals 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 0 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
Prinrity 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.

Ry
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h Input data for the 71st Precinct, Brooklyn, New York
A .
S : Input data for the 71st Precinct, Brooklyn, New York 6 PATROL CARS AND 1 SERGEANT!S CAR
SIMULATION LENGTH = 16500 HOURS
L . . ; ‘ NRD ID SECTORS NUMRFR 0OF ORDER IN WHICH
ol NO. OF BLOCKS = 305 NO. OF NBDS. = 12 NO, OF CARS = 7 \ , SECT«CARS ADJ,CARS CARS ARE NOMINATED
o - ‘ 1 1
BLOCK ID  TAX NO, NBD ID X Y 1
1 1185 12 «81170 2.18140 2
2 1187 12 79650  2,12950 3
3 1188 12 «761060 2,07780 4
4 1189 12 « 76830  2,00850 5
s 1190 12 275940  1,94630 6
6 1192 12 + 74620  1.83550 5 . 7
7 1196 12 «73350 1,73110
8 1197 11 «69360 1,65230 1
9 1198 11 .71180 ,1,58130 2
10 1266 12 .96310  2,12540 3
11 1267 12 1,08660 2.09430 4
12 1268 9 1.21150  2.,07400 2
13 1269 9 1.35220 2,05450 7
14 1270 9 1.49190  2,03140 3 c
15 1271 9 1.63190 2,01260 >
16 1272 6 1.77100 1,98720 3
17 1273 12 «94520  2,07420 4
18 1274 12 1.07370 2,04180 5
19 1275 9 1.20350 2.02170 6
20 1276 9 1.34540  2,00060 1
21 1277 9 1.48500  1,97950 -
22 1278 9 1.62640  1,95770D 4 D
23 1279 o 1276420  Tevaoou - ?
24 1280 12 92480 2.01610 3
25 1281 12 1.05880  1,98270 4
26 1282 9 1,19540  1,96240 5
27 1283 9 133520 1.94160 6
28 1284 9 1.47580 1,52010 1
29 1285 9 1.6157n 1.89770 7
30 1286 6 1.75480  1,87730 5 E
31 1287 12 090450  1,95950 3
32 1288 12 104540 1,92460 ]
33 1289 8 1.18560 1.90230 4
34 1290 8 1.32660 1.88150 2
35 1291 8 1.46690  1.86140 6
36 1292 8 1.60610  1,.83970 3
a7 1293 5 1.74740  1,81760 6 F
38 1294 12 +BR370  1.90050 3
39 1295 12 1,02960 1,86610 "
40 129601 8 1.14210  1,84800 4
41 129602 8 1.21210 1,83870 M
42 1297 8 1.31790. 1,82290 6
43 1298 8 1.45730 1,79970 5
44 1299 8 1.59730  1,781060 7
45 1300 5 1,73730 1,75870 7 G
46 1301 12 280640  1,82220 5
Fig. 10—Listing of the input data: block data Fig. 11—Listing of the input data: neighborhood data



SIMULATION RESULTS FOR

6 PATROL CARS

THF 7157 PRECINCTs BROOKLYNy NEW YORK

AND ‘1 SERGEANT'S CAR

CAR ACTIVITY SUMMARY

¥

THE NEW YORK CITY-RAND INSTITUTE
POLICE PATROL SIMULATION MONEL

CUPRENT QUEUE CONTENTS
TIME SINCE RECEIPT

POSITION

(MINUTES)

¥

Fig. 13—Queuing statistics for. Priority Class 3

CaR NO. OF JOBs ON PATROL RESPONDTNG WORKING TOT. IN SERVICE
IN ouT N ouT IN ouT IN OuT IN ouT QUT OF SERVICE
AB a 6 «31) +«NNQ «014 « 031 o207 196 «533 «236 «231 é\
cD S 16 « 297 «017 009 « 054 «120 « 339 426 «410 e 164 o
EF 8 11 « 272 o016 «013 « 032 o215 « 255 «4G99 «303 +198 |
HI S 16 232 «023 + 009 «055 +0G3 +428 «333 «506 «160
JG 8 12 «362 « 026 «015 «039 «210 «183 +«588 248 0165
KM 8 10 «296 «017 012 «038 257 «232 «565 «287 +148
SGT 0 12 0465 o016 0. +032 Oe «321 465 +369 w167
TOTALS 42 83 +319 +018 «010 « 040 «157 «279 «487 «337 «176
Fig. 12--Car activity summary
s e baGAEG = Foem— RO I SN A = el
6 PATROL CARS AND )1 SERGEANT'S CAR
QUEUEING STATISTICS FOR PRIORITY CL2ASS 3
HYISTOGRAM OF QUEUF~STZE AVERAGE QUEUE=SIZE = «691
NGO IN QUEUE FREQUENCY VARIANCE 24314
0 2758 ‘
1 092 |
g 031 1
3 «029 !
4 «030
5 036 :
6 022 |
7. «000
8 «002 é\
v
HISTOGRAM OF WAITING TIMES AVERAGE WAITING TIME OF THE 4% J08S DELAYED= 15,877 i
WAITING TIME FREQUENCY VARIANCE = 123,109 :
{MINUTES} AVERAGE WAITING TIME OF ALL 104 JOBS DISP'D = 6.870
< S 8
< 10 9.
< 15 Q
< 20 5
< 25 3
< 30 S
< 35 3
< 40 2
< 45 1
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6 PATROL CARS AND )} SERGEANT+S CAR

RESPONSE TIME HISTOGRAMS

PRIORITY CLASS 1 2 3 4 S
RESPONSE TIME
(MINUTES)
< 1.00 1 0 4 0 0
< 2,00 o2 0 29 0 0
< 3,00 2 0 26 0 ) \
< 4,00 3 0 17 0 0 &
< 5,00 1 0 11 0 0 v
< 6,00 0 0 Q 0 0 : ‘
< 7.00 0 0 5 0 0 |
< R,00 0 0 2 0 0
< 9,00 0 0 1 0 0
<10.00 0 0 n 0 0
<11.00 0 0 0 0 0
<12.00 ] 0 0 0 0
<13,.,00 0 0 0 0 0 |
<14.00 0 0 n 0 0
<15.00 a 0 0 0 0
NUMBER OF RESPONSES 9 0 104 0 0
AVERAGE ReTas 2ell Oa 2463 0a 0«
VARIANCE OF R.T, 1443 Ne 3.00 0a 0«
Fig. 14—Response time histograms
: ._k T e et e rectmtEites e v e P AN S SIS \ SO S o T T A T e «z‘"“";‘f
6 PATROL CARS AND 1 SERGEANTS CAR
SUMMARY OF RESPONSFS BY NEIGHBORHOOD
PRIORITY~=> 1 ? 3 5 TOTALS
NBD NO. AVG RT VAR NO. AVG RT VAR . NO, AVH RT VAR NO. AVG RT VAR NO, AVG RT VAR
A 0 0, 0. 0 0, 0. 10 4,000 3,000 0 0. Oa 10 44000 2,000
R 2 2.000 0. N O 0. 16 2.938 4.559 0 0. 0. 18 2,833 3,602
c 6 o. 0. 0 0. 0. 7 2.786 1.347 0 0. 0. T 2.286 1.3647
) 00, D, 00, 0. 6 2.167 .2.139 6 0. 0. 6 2.167 2,139
E 1 0, 0 0 0. 0a 7 2.000 2.857 0 0. 0. 8 1.750 P.187
F 0 0. Ne 0 a. 0s 6 ?2.333 2.889 0 0. 0, 6 2.333 7,RA89
G 1 3.000 0. o 0. D. 8 2.500 2,000 0 0, Ne 9 2.556 1.580
H 2 3.500 .250 0 0. 0. 3 1.667 2.889 0 o, 0. 5 2,400 1.080
1 0 0. 0a n 0. 0. 8 2.125 .859 0 0. 0, 8 2.125  R59
J 1 1.000 o0, 0 0. 04 15 3.400 3,973 D 0. 0. 16 3.250 3,492
K 1 1.060 0. pon. 0 12 2.083  .743 0 0. 0. 13 2.600 4633
M 1 3.000 0. D 0. 0s 6 1,833  .472 0 0. 0 7 2000 347
i
TOTALS 9 2.111 1,432 0 0. G, 104 2.625 3,004 0 0. 0. 113 2.584 2,553 3
1
PICK=UP (PRIORITY &)
NBD NO. AVG RT VAR
A 0 n - n -
Rr 0 18 0.
c 0 0, 0.
D 0 0. 0.
E o -0, e
F 0 N 0,
G 0 0. 0.
H 0 0. Nao ¢
1 o 0. e
J 0 0. 0.
K o0 0. 0.
M 0 0. 0
TOTALS 0 B. 0.

Fig. 15—Neighborhood activity summary
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6 PATROL CARS AND 1 SERGEANT'!'S CAR

DISTRIBUTION OF CAR AVAILABILITY

NOs OF CARS PER CENT
ON PATROL OF TIME
0 29,886
1 R.427
e 14.250
3 13,111
4 18,421
5 10.210
6 4.974
7 771
AVERAGE NUMBER AVAILABLE = 2,359
VARIANCE = 3.914

Fig. 16—Distribution of car avaiiability

6 PATROL CARS AND 1 SERGEANT'S CAR

NUMBER OF PRECINCT CARS SENT TO CALLS

PRIORTTY

VARIANCE

12 13 14 15 AVERAGE

11

10

0

1.29

2.10
1.00

O.
O.

VOOOO

COoOOooC

3
0
106
0
0

~OoO OO0

ol e 81))

Fig. 177—Number of precinct cars sent to calls
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Appendix A
LISTING OF THE SIMULATION PROGRAM

the that the program begins with a section called the PREAMBLE. This
section plays a special role in ény SIMSCRIPT II pvogram. 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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PREAMBLE e

LAST COLUMN IS 72 e

EXTERNAL EVENWNT UNIT IS ‘

NORMALLY MQDE IS INTEGER AND DIMEMSION IS 0
DEFINE $ TO MEAN IN ARRAY

PERMANENT ENTITIES

00025000
00025100
00025200
00025300
00025400
00025500
- 00025600

EVERY BLOCK HAS A TAXNO $ 19AN XCORD $ 244 YCORD $ 3 4ND A NBODID § 600025700

EVERY NRD HAS A NBD.NAME % SeAN N.ADJACENT $§ &9

AN NoSSETORCARS $ 7oA Pl.NBD,RSPONSE $ 24+A P2 ,NBD,RSPONSE §& 25,
A P3.NBix«RSPONSE % 269 A P4 NBD.RSPONSE § 27

AND A PS.NBD.RSPONSE & 28

EVERY CAR HAS A CARNAME 5 ByAN XLOC § 99A YLOC & 109A PRILJCAR $ 11,

A NUMB.SECTORS % 12¢AN ASSIGNMENT $ 134A T,.START,RESPONSF $ lé»
A NEXTLEVENT 8§ 159 A (SPT{1/4)9S0T(2/4)2S4T(2/2}) $ 16

A CENTROID § 17vAN INJSECT.JDBS § 1845AN GUT.SECT,JOBS $ 19

AND MAY BELONG TO AN ASSIGNEDWCARS

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

A VELOCITY 8 21+A COUNT $ 22 AND A WAIT,TIME § 23

DEFINE XCORDsYCORDXLOCIYLOCI T STARToRESPONSEyVELOCITYIWAIT,TIME
AS REAL VARIABLES
DEF INE NBDNAME AND CARJNAME AS aLPHA VARIABLES
DEFINE ADJACENT,CARS AND SECTORS AS 2-DIMENSTONAL ARRAYS
DEFINE P.DURATION A5 A 1=DIMENSIONAL REAL ARRAY
DEFINE OUTSIDE.DISPATCH AS AN INTEGER VARIABLE
DEFINE N.AVAILARLE AS AN INTEGER VARIABLE

00025800
00025900
00026000
00026100
00026200
00026300
00026400
00026500
00026600
00026700
60026800
00026900
00627000
00027100
00027200
00027300
60027400
00027500
00227600

DEFINE MAX.SENTs MEAL<DURATIONs AND TOURLLENGTH AS INTEGER VARIABLES00027700

DEFINE REGIONSNAME AND TITLE AS 1-DIMENSIONAL ALPHA ARRAYS

TEMPORARY ENTITIES
EVERY J0B HAS A LOCATIONsAN ENTRY.TIMEsA PRICRITYsA STATUS,
A DURATIONsMAY BFLONG TO A QUEUE,AND OWNS AN ASSIGNED,CARS

00027300
60027900
00028000
00028100
n0023200

DEFINF ASSIGNED,CARS AS A FIFO SET WITHOUT FBsFAsRF AND RL ROUTINESOD028300

DEFINE QUEUE AS A FIFO SET WITHOUT FB AND FA ROUTINES
DEFINE ENTRY.TIME AND DURATION AS REAL VARIABLES

EVENT NOTICES INCLUDE ENDsOF.SIMULATION

EVERY ARRIVAL.AT,SCENE HAS A CARNUMRER IN WORD 6
EVERY CALL.END HAS A CARNUMRER IN WORD 6

EVERY GUT,OF «SERVICE HAS A CARNUMBER IN WORD 6
EVERY RETURNSTOJSECTOR HAS A CARNUMBER IN WORD 6
EXTERNAL EVENTS ARE JOB.ENTRY AND OUT,OF ,SERVICE
PRIORITY QRDER IS ENDsOF+SIMULATIONs CALL.ENDy

" JOBJENTRYs OUTOF ,SERVICE

ACCUMULATE MQ AS THE MEANsVR AS THE VARIANCEsAND

PROBR{D TD 50 BY 1) 8S THE HISTOGRAM OF N,QUFUE

ACCUMULATE UTILIZ(0 TO 6 BY 1) AS THT HISTOGRAM OF SWT

TALLY MC AS THE MFANMsVC A4S THE VARTANCEs AND HISTC(O To 1S BY 1)
AS THE HISTOGRAM OF COUNT '
TarlY MRY AS TWE MEAN2VRT AS THZ VARIANCEeNRT AS THE NUMBER AND
FREQ(O YO 15 BY 1) AS THE HISTOGRAM OF JOB.RESPONSE.TIME

TalLLY MWT AS THE MFANy VWT AS THE VARIANCE, NWT AS THE NUMBER,
AND HWT (0 TO 240 BY 5) AS THE HISTOGRAM OF WAIT,TIME

TALLY MSRT1 AS THE MEANsVSRT]1 AS THE VARIANCE AND NSRT1 AS THE
NUMBER OF P)«NBD,RSPONSE

TALLY MSRT2 AS T+E MEANIVSRTZ2 AS THE VARIANCE AND NSRT2 AS THE
NUMBER OF P24NBD.RSPONSE

TALLY MSRT3 AS THE MEANSVSRT3 AS YHE VARIANCE AND NSRT3 AS THE

00028400
00028500
00028600
00028720
0b028800
00028900
00029000
00029100
00029200
00029300
00029400
00029450
00029500
00029600
00029700

-00029800

no029900
00030000
060030100
00030200
00030300
00030400
00030500
00030600
00030700
n00308O0

BLOCK 1D

NBD 1D SECTORS NUMBER OF

NUMBER OF P3e+NBD,RSPONSE

TALLY MSRT4 AS THE MEANsVSRT4 AS THE VARIANFE ANN Nsnra AS THE
NUMBER 0F P4.NBD,RSPONSE

TALLY MSRTS AS THE MEANGVSRTS AS THE VARIANCE AND NSRTS AS THE
NUMBER OF P%eNBD,RSPONSE

ACCUMULAYE MAV aS THE MEANsVAV AS THF VARIANCE

AND HISTAVI{D TO 12 BY 1) AS THE HISTOGHAM 0OF NJAVATLARLE
DEFINE CALCULATEDISTANCE AS A REalL FUNCTION WITH 4 ARGUMENTS
END

MA N
DEFINE SIM,LENGTH AND MEAL.TIME AS REAL VARTABLES

- RESERVE REGION NAME (#) AND TITLE(#) AS 20

START NEW PAGE

FOR T = 1 TO 2py READ TITLE(I) AS (20) A &

FOR I = 1 10 20s READ REGION,NAME(I) AS (20) A 4
READ SIMJLENGTHs MaX.SENTs MEAL«DURATIONs AND TOURGLFNGTH
WRITE AS " INPUT DATA FOR "

FOR I= 1 TO 20y WRITE REGTONJNAME (1) AS A &

WRITE aAS /

SKIP 3 LINFS
PRINT 1 LINE WITH SIMJLENGTH AS FOLLOWS
SIMULATION LENGTH =weassd #a HOURS

SKIP 1 LINE

READ N<BLOCK'N,NADsN+CAR

LET NeAVATLABLE=N.CAR
PRINT 1 LINE WITH NJBLOCKsN,NBD AND No,CAR AS FOLLOWS

NO., OF RLOCKS = ##usw NO. OF NB{S, = #uaw NOes OF CARS x #u®g

RESERVE ADJACENT JCARS (#¢#) AS N.NRD BY NJCAR+AND SECTORS{*¢%)
AS N,CAR BY #

CREATE EVERY BLOCKs NBDs CARe AND P.CLASS(S)

SKIP 1 QUTPUT. LINE

PRINT 1 LINE AS FOLLOWS

TAX NO. NBD 1D X ¥

FOR 1=] TO Ne.BLOCKs DO

READ BeTAXNO(B) «NBDID(B) ¢ XCORD(B) «YCORD(B) USING UNIT 7

PRINT 1 LINE WITH 8+TAXNO(R)+NBDID(B)XCORALY) » YCORD(B) THUS
L2214 LE-X-2-2 2% 22X X ﬁ%&ﬁl‘ R whkey
LOOP
START NEW PAGE
FOR 1= 1 TO 20 » WRITE TITLE(I) aS A &
WRITE as /
SkIP 2 LINES
PRINT 2 LINES AS FOLLOWS
. ORDER IN WHICH
SECT.CARS ADJL.CARS CARS ARE MOMINATED

FOR I=1 TO N.NBDs DO

READ Ny KB« NAME (N) sNo SECTOR 4 CARS (N) +N4 ADJACENT (1)

FOR J=1 TO N.CARSREAD ADJACENT.CARS(NyJ)
PRINT 1 LINE WITH NsNBDoNAME (N) +N.SECTOR,CARS (N}
N+ ADJACENT (N) AS FOLLOWS
-3 120 ot # #aa

FOR K=1 Tf; NeCARsDO PRINT I LINE WITH
ADJACENT.CARS(IsK) AS FOLLOWS
L2 X
LOOP

LooP
FOR I=1 TO NeCAR vo
READ CyCAReNAME(C) s NUMH.SECTORS(C)yCENTRDID(C)'MFAL.TI“E
RESERVE SECTORS(Ce#) AS NUMB.SECTORS(C)
FOR J=) TO NUMB.SECTORS(C)s READ SECLTURS(CyJ}

00030900
060031000
00031100
00031200
00031306
00031400
00031500
00031600
00031700
00031800
00031900
00932000

00032100

00032200
00032300
0U032400
00032560
00032600
00032630
00032660
00032700
60032800
00032900
00033000
000333090
00033200
06033300
00033400
00033500
00033600
00033700
90033800
00033900
00034000
00034100
00034200
00034300
00034400
00034500
00034600
00034700
010034750
00034800
00034900
00035000
00035100
00035200
00035300
00035400
00035500
00035600
00035700
00035809
00035900
00036000
00036100
00036200
00036300
00036400
00036500
00036600
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LET XLOC(CY=XCORD(CENTROID(C))
LET YLOC(C)=YCORDICEMTROIDIC))
SCHEDULE AN OUT,OF.SERVICE GIVEN ¢ IN MbaL,TIMF HOURS
LOOF '
FOR T=1 TO M.P.CLASS RFAD VELOCITY (D)
RESERVE PeDURATION(®#) AS 3
FOR T = 1 TO 3 READ P.DURATION(T)
CREATE AN ENDOF SIMULATION
SCHEDULE THIS ENDOF SIMULATION IN SIMJLENGTH HOURS
START SIMULATIOUN
SToR
END

EVENT FOR END.OF.SIMULATION

DEFTNE MaveToTINsTOUT«TOTINSTOTOUT AS REAL VARTARLES
DEFTNE X AS A REAL I~DIMENSTONAL ARRaY

RESERVE X(#) AS 10

e START MEW PAGE
i PRINT 2 NOURLE 1.INES AS FOLLUWS

i THE NEW YORK CITY=RAND INSTITUTE

: POLICE PATRNL SIMULATION MONEL
WRITE AS USIMULATION RESULTS FOR
FOR = 1 TU 20s WRITF REGTONJNAME (1) AS A 4
- WRTTE AS /
SKIP 1 LINE
: FOR I= 1 T0O 20 o WRITE TITLE(]D) AS A 4
A WRITE AS /
i ‘ SKIP 5 OUTPUT LINES
PRINT I LINE AS FOLLOWS
: CAR ACTIVITY SUMMARY
i LET TJ=0 LET ouJ=0
T SKYP 1 OUTPUT LINE
i PRINT 2 DOUBLE LINES AS FOLLOWS
i caR NG+ OF JOBS ON PATROL
TNTe IN SERVICF
IN ouT IN outT N ouT IN ouT
N QuUT OUT OF SERVICE
FOR Kx 1 T0 N.CARsDO
LET TIN=(UTILIZUKel) UTTLIZ(Ke3) +UTILIZ(K¢S))/TIME,V
LEY TOUTs(UTILTIZ(Ke2)+UTILIZIKeQ) +UTILIL(KR))I/TIMELY

RESPANNING WORKING

o PRINT 1 DOUKLE LINE WITH CARGNAME(K) e INGSECT . 1085 (X) sOUTWSFCT.JOBS{K)

UTTLTZ (ke 1) /TIME JVoUTILIZ R 2)/TIMEQVOUTILTIZ (K93)/TIMELV,
UTILTZU(Kya) 7TIME VA UTILIZ (K S/TIMEWVIUTILIZ(K96) /TIMELV,

TINeTOUTSUTILIZ(Ke7)/TIMEV AS FOLLOWS -
ren snnn BoRE B EDE 6 oW n, an8 o, 008 B, ens s 0o

. Hune LI Y30 . Ruw
FOR J=1 TO 7y DO ADD UTILIZ(KsJI/TIME.V Tn X(J) Loop
b ADD INLSFCTJORS(K) TO IJ
SR ADD OUT.SECT4JOHS(K) YO 0J
o ADD TIN TO TOTIN
S ADD TOUT TO TOTOUT
- LOOP
FOR J=1 TO 7 OO
LET TOTIN=TOTIN/NGLCAR
SKIP 1 QUTPUT LINE A
PRINT 3 DOUBLE LINE WITH TJsOJeX L)) o X(2) X3 aX14) e X(5) 4X (6
TOTINSTOTOUTeX{T) THUS ' ‘
TOTALS  woaw L2 1Y) # Htn b onoe B b0 ®onas L * o0

LET X(J)=X(J) /N CAR 1. 00P
LET TOTOUT=TOTQUY/N,CAR

00036700
00036800
00036300
00037000
00037100
Na037200
noov37300
N0037400
N0037500
nonNITLON
00037700
n0037800
no037900
NON3R8000
N003R100
0003R200
noN38300
n0038400
0G038500
00038600
00038700
00038R00
00038900
00039000
00039100
00039200
60039250
00039300
00039400
00039450
0003950¢
00039600
00039700
(60039800
00039900
00040000
00040100
00040200
0600407300
00040400
000405060
NN040600
00040700
00040800
00040900
00041000
00041100
0004120V
00041300
00041400
06041500
nNNO61A0N0
00041700
nG041800
00041500
00042000
00042100
nQ042200
00042300
00042400
n0042500

tnepinssrepan e o
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FOR 1=2 TO NsP.CLASSy DD START NEW PaAGF
FOR J= 1 TN 20, WRITE TITLE(J) AS A &
WRITE AS /
SKTP 2 LINES
PRINT 1 LINE WITH I AS FOLLOWS
QUEUEING STATISTICS FNR PRIURITY CLASS #4#
SKIP 2 nUTPUT LINES
PRINT 2 LINES WITH MQ(I) AND VR(I) AS FOLLOWS
HISTOGRAM OF QUEUE=-S]ZE AVERAGE QUEUE=SIZE = anuaw suw
NO, TN QUEUE FREQUENCY VARIANCE LET LR LA
SKIP )} QUTPUT LINE
FOR J= 1 TO 30 ¢ WITH PROBR{I+J} GT 0y DO
PRINT 1 LINE WITH J~1 AND PROBG(I+JI/TIME,.V AS FOLLOWS
. * e
LooP

SkiP 2 DUTPUT LINES
LET TaNWT(1)®MWT(I)
LET NTOT=NRT(I)
IF NTOT=0 LET T=0
OTHERWISE LET T=T/NTOT
'PRT' PRINT 3 DOUBLE LINES WITH NWT(I)yMWT (1) ,VWT(I)sNTOTsT THUS
HISTOGRAM OF WAITING TIMES AVERAGE WAITING TIME OF THE ##e

GO TO PRT

 JOBS DELAYED= ##® #uu

WAITING TIME FREGUENCY
VARIANCE = Gn8 wua

(MITNUTES)
JOBS DISPID = #a® suw

FOR J=1 TO 24¢ WITH HWT{IsJ) GT @s DO

AVERAGE WAITING TIME OF ALL ®#s#s

PRINT 1 LINE WITH B5%#J AND HWT (IeJ) THUS
c #e YY)
LOOP
SKIP 3 OUTPUT LINES
LET J=)

PRINT 3 LINES AS FOLLOWS
CURRENT QUEUE CONTENTS
POSITION TIME SINCE RECEIPT
(MINUTES)
SKIP 1 OUTPUT LINE

FOR EVFRY J0B IN QUEUE(]I)s DO
PRINT 1 LINE WITH J AND (TIMEWV=ENTRY,TIME (JOB))*1440.0 THUS
(%27 Snu Se
ADD L YO U
Loop
L. OGP

CALL RESULTS
END tISTIMULATION
ROUTINE FOR RESULTS
DEFINE MeVeT AS REAL VARIABLES
BEGIN REPORT PRINTING FOR Izl TO N,P.ZLASS IN GROUPS OF ¢ PER PAGE
BEGIN HEADING
FOR J= 1 TO 20s WRITE TITLE(J) AS A 4
WRITE AS /
SKIP 2 LINES
PRINT 1 LINE AS FOLLOWS
RESPONSE TIME HISTOGRAMS
SKIP 2 QUTPUT LINES
END " YHEADING®!
PRINT 1 OOUBLE LINE WITH A GROUP OF 1 FIELDS THUS

00042600
00042700
00042600
00042900
n0042950
00043000
n0043100
00043200,
00043300
00043400
00043500
00043600
00643700
00043800
00043900
00044000
00044100
00044200
00044300
00044400
00044500
00044600
00044700
00044800
00044900
00045000
00045100
00045200
00045300
00045400
00045500
00045600
00045700
00045800
00045900
00046000
00046100
00046200
00046300
00046400
00046500
00046600
00046700
00046800
00046900
00047000
n604710G0
00047200
00047300
00047400
0047500
00047600
60047700
00067800
00047850
00047900
00048007
00068100
00048200
00048300
0604R400
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PRIQRTTY CLASS Py B Py &y .8 nN0048500

[T 00048600
SKIP 1 OUTPUT LINE 00048700
PRINT 2 LINES AS FOLLOWS n004RADD

' RESPONSE TIME 160489060
(MINUTES) n0049000

FOR Jz= 1 TO 1é6s 0O 00049100

PHINT )} DOURLE LINF WITH J AND A GROUP OF FREQ(TI4J) FIELDS THUS 00049200
P T sons Frres By aaus sanws - 00049300
seob ' n0049400
LOOP . ) n0G49s500
SKIP | OUTPUT LINE 00049600
PRINT 1 DOURBLE LINE WITH A& GROUP OF NRT(I} FIELOS THUS 00049700
NUMBER OF RESPONSES 21X 2 suty Sutan aptne YY) 00049800
eHhpo 00049900
PRINT 1 DOUBLE LINE WITH A GROUP OF MRT(I) FIFLDS THUS 000500600
AVERAGE H. T, LhAE 4] i, s LA 2 LA A LA A 00050100
*n b0 00050200
PRINT ) DNURLE LINE WITH A GROUP OF VRT(I) FIELDS THUS 00050300
VARTANCE OF ReTe L LX) L2 3 P8 -2 LA 1) Had, 00 Bt , B nN0050490
nun wo ‘ 0005050¢
END fIRFPOATYY 00050600
QTART NEW PAGE 00050700
FOR f= 1 TO 20 o WRITF TITLE(I) AS A4 00050800
wRITE aAS / 00050850
GKIP 72 LINES 00050900
PRINT 1 DOUBLE LINE AS FOLLOWS : 00051000
SUMMARY 0F RESPONSES BYN0051100

NE TGHBORHON() 0051200
SKIP 2 NUTPUT LINES . 00051300
PRINT 2 DOURLE LINES AS FOLLOWS 000514090
PRIORITY=w> 1 2 3 00051500

S JOTALS 00051600

NBD - NOe AVG -RT VAR NOs AVG RT VAR NO« AYG RT 0DDB1700
VAR MO. AVG RT VAR NO, AVG RT VAR 00051800
SKTP 1 NUTPUT LInG ‘ 00051900
FOR J=1 TO NoNHU DO 00052000
LET NI=NSRT1(J) LET N2=NSRT2(J) LET N3=NSRT3I(J) LFT Na=NSRTS (J) n0052100
LET TaN1+N2+N3+NG n0052200

LET MeN1#MSRT] (J) +NZ*MSRTZ (J) ¢NI#MSRTI (J) ¢ NGHMSRTS (J) n0052300
LET VEN]JENI®VSRT] {J) sN2#NZ2PVYSRT2 (J) ¢NINIFYSRTI(J) ¢N4#NLaYSRTB (J) 00052400

IF Te0 LET M=20 (LET VveQ 60 TO PRI OTHFRWISE 00052500

LET MaM/T 00052600
00052700

LET vav/(TeT)
*PRIY PRINT | DOUBLE LINE WITH NBOONAME(J) sNT9MSRTI(Jls VSRT1(J) N2y 00052800

"MSRT2(J) o VSRT2(J) oN3sMSRT3 (J) s VSRTI(J) aNGaMSRTS (J) s VSRTS (J) s TeMeV 00052900

THUS 00053000
[T RURL RR BBy T8 Hsd L2 YT BN D Y IR e ¥ 2 Gheaw a8 #88 200053100
& nap (T T IR L8 T3 1 R J ¥ Hartharg g BOB Na WEy 00083200
LoorP ‘ 00053300
SKIP )} OUTPUT LINE : 00053400
LEY T=86 LET M=0 LET v=pn 00053500
FOR I=} TO & DO ' ' 00053600

IF 1 EQ 45 LEYT I = 5 REGARDLESS = nq953700

LET NeNRT(]) abn N TG 7 00053800

ADD N®MRT (1) TO M ADD N®N®#yRT (1) TO V ‘ 00053500

LooP 00054000
LET MaM/T LET VeV/(T*T) ‘ . ' 60054100
PRINT 1 DOUBLE LINE WITH NRT(1)sMRT(1)eVRT({1)sNRT(2) eMRT(2) ) 00054200
VRT(2) eNRT{3) e MIT(3I)2VRT(3) 4 NRTI5) e MRTI5) s VRT(5) s ToMeV THUS 00054300
TOTALS HRAE HG HON HE, EEE AL LA AP Lo S e 2L #ouy wa 2t 300054400
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LR 2 1) RERR X% e *n oas BHARD SR B0 Ho_ sap
SKIP 9 NUTPUT LINES )
PRINT 2 LINES AS FOLLOWS

PICK=UP (PRIORITY 4)
MNED MNQe AVG RT VAR
CSKIP L OUTPUT LINE
FOR Jz) T0 NeNRD DO
LEIM:S = NSRTa4 (J})
PR NE W > {
R 1 L£¢E¢ ZIT“EED;EfZEiJ)’NboMSRTktd)vVSRTafd) AS FOLLOWS
Loop
- SKIP 1 NUTPUT L INE
PRINT 1 LINE WITH NRT
TaTalLS abat 5!?#&* iziiufnT(Q)' YRT(4) ThUS
START NFW PAGE
FOR Iz | T0 206 ¢ WHITE TITLE(D) aS A4
WRITE as /
SKTP 2 LINES
PRINT | LINE AS FOLLOWS
DISTRIRUTION 0OF CAR AVAILABILITY
SKIP 2 NUTPUT LINES
PRINTy 2 LLINES AS FOLLOWS
NN, OF CARS PER CENT
ON PATROL OF TIME
FOR T=0 TO N.CAR DO ‘
PRINT 1 LINE wITH 1 AND 100“HISTAV(I*1)/TYMF.V THUS
&+ % #.*%i
Loop
SKIP 1 OUTPUT LINE
PRINT 1 LINE WITH MAV THUS
AVERAGE NUMRER AVAILARLE = L )
PRINT 1 LINE WITH VAV THUS
VARIANCE =bv#u son
START NEW PAGE
FOR Tm 1 TO 20 » WRITE TITLE(I) aS A&
WRITE AS ¢ :
SKTIP 2 LINES
PUINT ) LINE AS FOLLOWS
NUMBER OF PRECINCT CARS SEMT fo CALLS
SKTP 2 oUTPUT LINES
PRINT 1 DOURLE LINE THUS

FRTIORITY 0 | 2 3 6 5 & 7 8
) 1t 12 13 14 15 AVERAGE Va
WRITE AS /a0 1 ou FIANCE

FOR I=1 TO 16+WRITE KISTC(I+I) AS T 6
WRITE MC(1) AND VC(1) AS S 63D(6s2) 95 50D (742) 7
FOR 122 TO N+P.CLASSe DO
PRINT. 1,,00URLE LINE wITH ToHISTC(Ta1) sHISTC(I42) yHISTC(T,3),

HISTC(I94)9MC(I)s AND VC(I) THUS
e L2 3 X hann Basd  ania
R, e BHpe,He

LOOP
sTop

ENO

EVENT FOR JNRLENTRY
DEFINE HDUR AND MDUR AS REALL VARIARLES
READ LOCs IPReHDUR AND MDUR
CREATE A JOB CALLFD J
LET ENTRYSYIME (J)=TIME,.V
LET LOCATION(J) =L.0C

00054500
00054600
00054700
00054800
00054900
00055000
00055100
00055200
00055300
N005%400
00055500
0005%600
00058700
00055800
00055900
000568000
00056050
00056100
00056200
00056300
00056400
00056500
n00S6600
00056700
n00568800
00056900
00657000
00057100
00057200
00057300
00057400
00057500
00057600
00057700
00057800
00057850
00057900
00058000
00058100
nonsSg200
00058300
00058400
00058500
00058600
c0058700
00058800
00058900
00059000
60059100
00059200
00059300
00059400
00059500
00059600
00059700
00059800
00059900
00060600
00C60100
00060200
00060300

T,



LET PRIORITY(J)=IPR

LET DURATION(J)=HDUR®#60,0 + MDUR
LEY STATUS(J) =0
GO0 TN PR(IPR)

1PR1)Y caLl DISPRI(Y) RETURN

tPR(2) Y cALL DISPRZ(J) RETURN

tPH(3) Y CALL DISPR3(J) RE TURN

'BR(4)Y  CALL DISPR4(U) RETURN

tPR(B) ¢ call DISPRS(J) RE TURN
END

ROUTINE TO OISPRl GIVEN J
LET SECT=NADIO(LOCATION(JY) LET MARKER=0
FOR 121 TO N,CARWDN YsNOMINATE CARS ¢
LET K=ADJACENT,CARS{SECT»I)

IF SWT(K) LE 3 AND SPT(K} NE 1 t9CAR IS ELIGRIBLE

IF MARKER=0 LET SOT(Ki=l
LET MARKER=]
GO TO CALC)
OTHFRW]ISE IF MARKER = ) LET SoT(K)=2
LET MARKER=2
GO TO CALCl
OTHERWISE IF MARKER = MAX,SENT G0 OUT
OTHERWISE aDD 1 YO MARKER LET SOT(K)=3

1CALCLY JF SWT(K)=1l CALL INTERPOLATE,LOCATIUN GIVEN X AND ASSIGNMENT (K)

HEGARDL ESS
1F SPT(K) 6T 1 CALL PREEMPT'K)
REGARULESS CALL ASSIGN(KsJ) LET SWT(K)=?
IF 1 6T N,SECTOR.CARS(SECT) LET SWT(K)=3
REGARDLESS
REGARDLESS
1 Q0P
tNUTY  TF MARKER = 0 ADD I TO OUTSIDE.DISPATCH
DESTROY JOB CALLED J
REGARDLESS LET COUNT(]1)=MARKER
RETURN
END
ROUTINE TO pISPR2 GIVEN J
LET SECT=NRDID(LOCATION(J)) LET MARKER=0
FOR Ix]l T0O N+CARs DO Y INOMINATE CARS 1y
LET K=ADJACENTSCARS(SECTsI)
1F SPT(K)=p 't CAR IS ELIGIBLE ¢

IF MARKER=0Q LET SOT(K)=1 LE&ET MARKER=] GO TO CALC?

OTHERWISE

=
.l

'

00060400
00060500
n006O&OD
00060700
00060800
00060900
00061000
00061100
00061200
00061300
00061400
00061500
00061600
00061709
00061800
00061900
00062000
00062100
n0062200
60062300
00062400
00062500
0062600
00062700
00062800
00062900
00063000
00063100
00063200
00063300
00063400
00063500
00063600
060063700
00063800
00063900
00064000
00064100
00064200
00064300
50064400
00064500
00064600

1F MARKER=] AND I LE N,ADJACENT(SEGT) +N,SECTOR,CARS(SECT) 00064700

LET SOT(K)=2 LET MARKER=2

rcalLC2? IF SWT(K)=1 CALL INTERPOLATE.LOCATION GIVEN K AND

ASSIGNMENT {K)
REGARDLESS CALL ASSIGN(KeJ) LET SHT(K)IZ
1F 1 GT N,SECTOR CARS(SECT) LET SWT(K)=3
REGARDLESS
REGARDLFSS
REGARDLESS
LooP :
IF MARKER=0 FILE J IN QUEUE (2} RETURN
OTHERWISE LET COUNT(2)=MARKER RETURN
END
ROUTINE TO DISPR3 GIVEN J
9 SEND ANY AVATLABRLE CAR t¢
LET SECT=NROID(LOCATION(J))
FOR I=1 TO NeCAR » DO
LET K=ADJACENT.CARS{SECTs1}

00064800
060064900
00065000
no06s100
n0065200

00065309

00065400
00065500
00065600
00065700
00065800
00065900
N0066000
00066100

00066200

N10066300
010066400

Y A

T

I+ SPT(K)=qg t1CAR IS ELIGIBLE"

LET 30T (K) =1
IF SWT(K)=] CALL INTERPOLATE.LOCATION GIVEN K AND
ASSTGNMENT (K)

REGARDLESS CALL ASSIGN(KsJ)
LET SWT(K)x2
IF 1 GT N.SECTORLCARS(SECT)Y LET SWT(K)=23
REGARDLESS LFT COUNT(3)=]1 RETURN
OTHFRWISE LOOP
FILE J IN GQUEREUEI(3)
RETURN
END
ROUTINE T0O DISPRs GIVEN J
te PICK=UP JOR w)
LET SECT = NBOID(LOCATION{J)}
FOR T = 1 TO N,SECTOR.CARS(SECT}s DO
LET K = ADJACENT,CARS(SECTs1)
If SPT(K) = 0 YICAR IS AVAILABLEY
LET XLOC(K) = XCORD(LOCATION(J))
LET YLOC(K) = YCORD(LOCATION(J))
CALL ASSIGN(KsJ}
LET SWT(K) = 2
LET COUNT(4) = 1}
RFTURN
OTHERWISE
Loo#r
FILE J IN QUEUE (4)
RETURN
END

LET SOT(K) = 1

*IND SECTOR CAR FREE® !

ROUTINE 70 DISPRS GIVEN J
se ASSIGN JOB ONLY TO SECTOR CAR ¢
LET SECT=NRDID(LOCATION(J))

FOR T= 1 TO N.SECTOR.CARS(SECT)s DO  'i1LDpNK FOR A SECTNR CAR?YY

LET KsADJACENT ,CARS(SECT,41)
1F SPT{(K)=0 trCAR IS ELIGIBLE

IF SWT(K}=] CALL INTEQPOLATE,LOCATION GIVEN x AND

ASSTGNMENT (K)

REGARDLESS CALL ASSIGN(KsdJ) LET SWT(K)=z2

LFT SOT(K) =1 LET COUNT(5)=] RETURN
OTHERWISE
LOOP
FILE J IN QUEUE(S)
RETUKN

END

*sNO SECTOR CAR FREE ¢

ROUTINE TO INTERPOLATE.LOCATION GIVEN K AND J-
tY CALLED FROM PREEMPT AND FROM JOB+ENTRY 191
NORMALLY MODE 1S REAL
DEFINE LJeKsJsRePATROL ,RETURN AS INTLGEH VARTABLFS
LET LJsLOCATYION(Y)
LET V=VELOCITY(PRIORITY(J))
LET XD=XCORD (LJ) =XLOC(K)
LET YD=YCORD(LY) = YLOC(K}
LET T=(TIME,V = T,START,RESPONSE(K))#24
LET Tx=aBS.FI{XD)/V
LET DELT=T = TX
IF OELTY GT 0 LET X(LOC(K)=XCORD(LJ)
LET YLOC(K; eVODELTHSIGN,F{YD)+YLOC (x)
GO TO CHECK.IF,PATROL
OTHERwISE LET XLOC(K)aV® («DELT)HSIGN,F (XD) +XLOC (K)

00066500
00066600
00066700
00066800
00066960
00067000
00067100
00067200
00067300
00067400
00067500
00067600
00067700
00067800
00067900
0006R000
00068100
00068200
00068300
00068400
00068500
00068600
00068700
00068800
00068900
n0069000

- 00069100

00069200
00069300
00065400
00069500
00069600
00069700
00060800
00069900
60070000
00070100
00070200
00070300
00070400
00070500
00070600
00070700
00070800
00070900
00071000
00071100
00071200
60071300
00071400
00071500
00071600
00071700
00071800
00071900
060072000
G0072100
00072200
n0072300
00072400
00072500
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tCHECKW TF,PATROLY  IF SWT(K) NE )1 RETURN

s

OTHERWISE CALL CANCEL SECTOR.RFTURN GIVEN X
RETURN :
END

ROUTINE TO ASSIGN(KsJ)-

LFT SPT(K)=PRIORITY (J)

LET ASSTGNMENT (K)=my

NOW SCHENDULE.CARGARRIVAL (KedJ)

FILF K IN ASSIGNED.CARS(J)

IF SWT(K} LE 1] SUBTRACT 1 FROM N,AVAILARLE REGARDLFSS
RFTURN
FND

ROUTINE TO CANCEL.SECTOR.RETURN GIVEN K
LEY PATROLWRET({RN = ASSIGNMENT (X)
DFSTROY JOR CALLED PATROL.RETURN

LET ReNEXT.EVENT(K)

CANCEL RFTURNGTO,SECTOR CALLED R

NESTROY RETURN,TOLSECTOR CALLED R

RETURN
ENIY

ROUTINF T0O PREEMPT(K)

LET J = ASSIGNMENT(K)

IF J IS NOT IN A QUEUE
IF STATUS(JI=0 FILE J FIRST IN QUEUE(PRIODRITY(J))
REGARDLESS

REGARDLFSS LET Ex= NEXTLEVENT(K) CANCEL THE ARRIVAL.AT.SCFNF CALLED E

NESTROY THE ARRIVAL.AT.SCENE CALLED E
REMNVE K FROM ASSIGNED.CARS(J) LET SPT(K)=0
SOW INTERPOLATELLOCATION GIVEN K AND J
IF JoASSIGNEDJCARS(J) =1 (ET F=F,ASSIGNEDCARS ()
IF SOT(F)=x2 AND SWT(F) GE ¢
LET F = NEXTLEVENT(F)
CANQEL THE CALL.END CALLED E
RESCHEDULE TKE CALL.END CALLED E IN DURATION(J) MINUTES
REGARDLESS ‘
LET SOT(F) =]
REG*RDLFESS |
LET T START,RESPONSE (K)= TIME.V
RETURN
END

ROUTINE TO SCHEDULE,CARSARRIVAL (KyJ)
NEFINE DIST AS A REAL VARIABLE

LET DISTmCALCULATELDISTANCE(XCORD(LOCATION(J} ) s YCORDILOCATION(J) )y
XLOM (K) s YLOC (K))

“LET ToSTaRT(RESPONSE (K)=TIME,V

CRFATE AN ARRIVAL.AT.SCENE

SCHENULE THIS ARRIVAL.AT SCENE GIVEN K IN
NIST/VELOCITY(PRIORITY(J)) HOURS

LET NEXT.EVENT(K)mARRIVAL.AT,SCENE

RFETURN

EnP

EVEYT FOR ARRIVAL+AT«SCENE(K)

DEFINE D AS A REAL VARIABLE

LET LKARELOCATION(ASSIGNMENT (K))
LET XLOC(K)=XCORD (LKAR)

LET YLOC(K)=YCORD (LKAR)

n0072600
00072700
00672800
00072900
00073000
n0073100
00073200
G00T3300
00073400
00073500
000736090
00073700
00073800
00073900
00074000
00074100
00074200
00074300
00074400
000745G0
00074600
000747090
00074800
60074900
00075000
00075100
00075200
00075300
00075400
00075500
p0075600
00075700
60075800
00075900
00075900
00076100
00076200
06076300
00076400
00076500
00076600
00076700
06076800
00076900
00077000
00077100
p0o77200
n6077300
00077400
00077500
00077600
00077700
00077800
00077900
00078000
00078100
00078200
00078300
20078400
nN078500
00078600

o

S —

TCHECK QY

77~

IF Swl(K)=2
DTHERWISE

LET SWT(K)=4 ADD 1 TO INGSECT,JORS(X) GO TO BOTH
LET SWT{K)®S ADD 1 TO QUTSECT.JORS(K)

PR THY

LET UmASSIGNMENT(K)

LET JPRxPRIORITY (4}

LET D = LURATION ()

IF SOT(K)=l *'THIS IS THE PRIMARY CAR AT JOR J?t GO TO PRIME.CAR
NTHFRWISE

IF STATUS(J)®0 +'NO CAR HAS ARRIVED ANU THIS CAR IS NOT PRIMARY S
GO0 TO FIRST,CAR

DTHFRWISK

1F STATUS(J)=] ¢ PRIMARY CAR HAS ALREADY ARRIVED ¢

PERFORM END,CALL SCHEOULING GIVEN K AND D

00078700
00078800
0106078900
00075000
00079100
00079260
00079300
00079400
00079500
n0079600
00079700
060079800
00079900

REGAROLFSS RETURN +9 TF NO PRIMARY CAR UELAY SCHEDULING A CALLJEND'100080000

tFTIRSTJCARY

LET STATUS(J)=2

LET JOR(RESPONSE,TIME (UPR) = (TIME,V =
To3TART RESPONSE(K) 12144040

G0 TO RT(JPR)

tRY (1) LEY P1,NBD,RSPONSE (NBDID (LKAR) ) =JOB ,RESPONSE, TIME (JPR) RETURN
1RT(2)¢ LET P2 ,NBD,RSPONSE (NBDID (LKAR) ) =JOB ,RFSPONSE, TIME {JPR) RETURN
RT3 LE? P3,NBD.RSPONSE (NBDIDI(LKAR) ) =JOH RESFOINSE . TIME (UPR) RETURN
1RT(4)r LET P4 NBD.RSPONSE (NBDID (L.KAR) ) 2JOBRESPONSF, TIME (UPR) RETURN
;:I(;); EET PS5 NBD.RSPONSE (NRDID (LKAR) ) *JOH ,RESPONSE , TIME (UPR) RETURN
' ME L AR

1F STATUS(J) NE 0 v¢ SOME (ARS ALREADY THERE
FOR EACH CAR IN ASSIGNED.CARS{J) WITH SWT(CAR) GE 4 DO
PERFORM ENDCALL +SCHEDIJLING GIVEN CAR AND O
LOOP LET STATUS(J) =} RETURN

NTHRWISFE '

LET JOR,RESPONSE ,TIME (JPRYZ(TIME.V =

TeSTART ,RESPONSE(K) ) #1440,0

Catl END.CALLSCHEDULING GIVEN K aND D

LET STATUS(J) =1

30 TO RT(JUPR)

EN

ROUTINE TO CALCULATE.DISTANCE GIVEN X1sY1yX? AND Y2
PEFTNE NeX1eX29Y1s AND Y2 AS REAL VARIABLES

LET D = ARS,F(X2«X1) + ABS.F(Y2=Y1)

RET.-RN WITH D

Fan

ROUTTINE FOR ENDGCALLSCHEDULING GIVEN. K AND DUR

DEFI/E T aND DUR AS REAL VARTABLES

LET T=p,DURATION(SOT {K))®DUR
CREFTE A CaLL<ENp
SCHFEOULE THIS CALLJEND GIVEWN K IN T MINUTES
QF TURN
END
EVEST CALL«FND GIVEN K
1F SWT{K)=h GO TO CHECK.Q 1YEND OF OUT=QF=SERVICEY?
OTHERWISE (ET JU=ASSIGNMENT (K
REMOVE K FROM ASSIGNED,CARS(J)
TF ASSIGMEDL,CARS(J) IS EMPTY DESTROY JOR CALLFD J
REGARDLESS

FOR EACH JOB ON QUEUE (1) t'THIS IS THE OUT«0F=SERVICE GQUEUE®?
®ITH LOCATION(JOB)xKe DO LET ASSIANMENT(K)=JOB LET SWT(K)=6
SCHFDULF A CALL.END GIVEN K IN DURATION(JOR) MINUTFS

CLET SPY(K)=6 LET SOT(K)=e

00080100
00080200
00080300
00080400
00080500
N0080600
00080700
00080800
00080900
06081000
00081100
00081200
00081300
00081400
00081500
00081600
00081700
00081800
00081900
00082000
00082100
00082200

00082300

0008240¢
00082500
00082600
nonBs270n
ngos2400
00082900
00083000
n0083100
00083200
00083300
00083400
no0a3Ison
n008a3enn
n0083700
00083800
060835900
00084000
n0084100
no084200
00084300
00084400
00084500
00084600
00084700



1
78 ~79-
LET XLOC(K)=XCOHD (CENTROIN(K) ) 00084800
LET YLOC{(K)=YCORD(CENTROID (X)) 00084900
REMOVE JOR FROM QUEUE (1) - 00085000
. RETURN 00085100
LOCP caggsggo ‘
FOR I=2 TO NeP,CLASS DO , 00085300 ;
IF QUFUE(L) IS EMPTY GO TO NEXT.Q 00085400 : LET SEX’-fVENT“"R 00090900
OTHERWISE IF I LE 3 NOW REASSIGN.CAR:TO.UNB(KsFL,QUEUE({T)) RETURN 00DO0B5S00 \ RETURN 00091000
J © OTHERWISE -cmusrazrwg §)Sccron CAR?? oggggggg : END ggggiégo
Fps FOR EACH JOB ON QUEUE(I) DO 0 ; 04
= LET NHOOD=NBDID (LOCATION(JOR)) N00BSR00 E EVENT RETURNCTOL.SECTOR GIVEN K 00091300
FOR J=l TO NUMB.SECTORS (K) Do 00085900 B LET J=ASSIGNMENT (K) 00091400
IF NHODD2SECTNRS (KyJ) : 00088000 i LET XLOC(K)=XCORD(CENTROID(K)) 00091500
NOW REASSIGNSCAR.TO.JOR(KsJOB) 00086100 1 LET YLOC(K)=YCORD(CENTROIN (K)) 00091600
RETUKN 00086200 i LET SwTiK)=0 00091700
3 OTHERWISE 00086300 ; DESTROY JOB CALLED J 00091800
r LOoP 00086400 ‘ DESTROY TH1S RETURN,TO,SECTOR 00091900
3 LOooP 00086500 RETURN 00092000
% 'NEXT.QY LOOP 000B660D END 00092100
- TPREVENT ,PATROL ¢ 00086700 : , v 00092200
ot ADD 1 TO NLAVAILABLE 00086800 EVENT OUT.OF«SERVICE GIVEN K SAVING THE EVENT NOTICE 00092300
o) NOW PLACELCARJONGPATROL (X} 09086200 DEFINF Y.O0UTLOF ,SERVICE AS A REAL VARIABLF 00092400
o RETUAN 0008TG00 : LET XoMEAL = QUT.OFSERVICE 00092500
ot ENR 00087100 s IF EUNJT,A(QUY,OF ,SERVICE) EQ 0 00092600
. 00087200 , SCHEDULE AN OUT,OF ySERVICE GIVEN K IN TOUR.LENGTH HOURS 00092700
e ROUTINE TO REASSIGNWCARTO.J0OB GIVEN K AND 4 00087300 / LET ToOUT«OF JSERVICESMEAL «DURATION GO AROUND OTHERWISE READ Ko 00092800
P LET SECT=NBDID(LOCATION(J)) 00087400 : T+OUT,OF ,SERVICE 00092900
i 1F PRIORITY(J)=m4 LET XLOC(K)=XCORD(LOCATION(U)) 00087500 . s AROUND ¢ 60093000
o : LET YLOC(K)=YCORD(LOCATION(J)) REGARDLESS 00087600 i OFSTROY THE OUT.OF oSERVICE CALLED X MEAL 00093100
o NOW ASSIGN(KeJ) ‘00087700 ~ ; IF SWY(K) GE 2 GO TO DELAY 00093200
s FOR 1 & 1 TO N.CAR DO ‘ 00087800 ' OTHERWISE . 00093300
LET KK=ADJACENT.CARS(SECTs1) 00087900 IF SWT(K)=] 00093400
IF KX NE K GO TO LOOP! ‘ ' 00088000 L CALL CANCEL .SECTOR,RETURN GIVEN K 00093500
OTHERWISE LET SWT(K) =2 00088100 . LET XLOC(K)xXCORD(CENTROID(K)) 00093600
‘ IF 1 GT NJ.SECTOR,CARS(SECT) LET SWT(K)=3 : 000R8B200 f LET YLOC(K)=YCORD (CENTROID(K)) 00092700
= ‘ REGARDLESS GO TO OUT 00088300 ‘ REGARDLESS 00092800
Ly L OoPLY ) 00088400 ; SUBTRACT 1 FROM NoAVAILABLE 00093900
v LOOP ‘ DO0BASDO ! LET SWT(K)=6 LET SPT(K)=6 LET SOT(K)=am 00094000
: toyTe 00088600 /] CETATE CALL+END 00094100
LET PRI=PRIORITY (J) . 00083700 3 SCHEDULE THIS CALL.END GIVEN K IN T,0UT+OF.SERVICE MINUTES 00094200
REMOVE J FROM QUEUE (PRI) ' 00688800 RE TURN 00094300
LET WAIT,TIME(PRI) = (TIME.V = ENTRY,TIME(J))#144040 00088900 . 'DELAY? 00094400
LET COUNT(PRI)=1 00089000 ; FOR EVERY JOB ON QUEUE (1) DO 00094500
LET SOT(x) =} ‘ 20089160 ! TF LOCATION{JOB)=K GO TO ALREADY,SCHEDULED 00094600
RETURN 00089200 . : ; OTHERWISE LOOF 00094700
END 00089300 ; 00094800
& ROUTINE TO PLACE,CAR.ON.PATROL GIVEN K 06089400 ; CREATE \JOR 00094900
DEFINE D AS A REAL VARIABLE . 90089500 LET LOCATION(JOR) =K 00095000
A LET SPT(x)=0 LET SOT(K)=0 ‘ 0089600 { LET FNTRY,TIME(JOB) =TIME,V 00095100
S IF SWT(K)=4 OR SWT(K)m6 LET SWT(K)=0 RETURN  +4¢CAR WAS IN SECTOR'00089700 b LET DURATION(JOR)=T,0UT.OF . SERVICE 00095200
'* ALREADY,49¢ LEAVE HIM THERE 0 00089800 ' LET PRIORITY(JOB) =6 00095300
OTHFRWISE 00089900 . LET STATUS(JOB) =g 00095400
CREATE A JOB ZALLED PATROL +RETURN 00090000 i FILF JoB IN QUEUESL) 00095500
LET SwT(K)ml LET LJU=CENTROIN(K) LET LOCATION(PATROL.RETURN):LJ 00090100 : RETURN p0095600
LET ASSIGNMENT (K)=PATROL +RETURN 00050200 ; ' ALREADY ¢ SCHEDULED? 00095700
LET PRIORITY(PATROLRETURN) =3 00090300 i ADD TaOUT,OF ¢ SERVICE TO DURATION(JOB) RETURN 00095800
LET D = CALCULATE«DISTANCE (XCORD (LJ) 9 YCURD (LU} +XLOC (K} o YLOC (K)) 00090400 é END 00095900
LET T.START.RESPONSE(K)aTIME,.V 00090500 | 00096000
rREATE A RETURN,TO,SECTOR CALLED R 00090600 i n0096100
LET CARNUMBER(R)xK  Y?!THE CAR NUMBER OF THIS PATROL,RETURN?®? 00050700 i ‘ 00096200
SCHEDULE THE RFTURN,TO,SECTOR CALLED R IN D/VELOCITY(3) HOURS 00090800 :
3
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Appendix B

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

The following control cards are sufficient for running the police

patrol simulation, assuming that

68)
(2)
(3
(43

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.

7/G0 EXEC PGM=HPATROLsREGION=150K

//7G0.,SIMUQC3 DD SYSOUT=AsDCB=({RECFM=FBAWLRECL=133+BLKSIZE=]1T729)

//7G0,SIMU04 DD DISP=SHRyDSN=RAT01.RI0S7+PDeSHIFTI3¢UNIT=0ONLINE,

// VOL=SER=RES306

/7/7G0,SIMI0S DD DDNAME=SYSIN

77G0,SIMUQT DD DISP=SHReDSN=RATO1 eRIOSTeHBETXBLT1sUNIT=ONLINES
/7 VOL=SER=RES333

/7/7GQ.SIMULT DD DISP=SHRyDSN=A00]1,SIM2,ERRLIB



B i A

: "'82"‘ “83"
The following cards constitute the complete initialization deck, except The following represents the initialization data for the 305 BLOCKs in
for the BLOCK data, for the sample simulation of the 71st Precinct in New 3 the simulation of Preecinct 71. This is the SIMOU7 data set.
 York City. 5 |

_} Block ID Egngn. NBD ID X Y
) y 1 1185 12 81170 2.18140
4760, SYSIN DD # 2 1187 17 s 79450 2,12950
& PATROL CARS AND 1 SERGEANT!S CAR 2 llgg 15 « 76100 2.,07780
THE 71ST PRECINCTs BROOKLYNy NEW YORK 5 1100 12 tleoan 1 a3
Less 3 6o 5 | > ] 12 e 75940 1.94630
08 12 3 ; 6 1192 12 o T4620 1.83550
L . . ; g 1166 12 .?3350 1.73110
H 38 67 1197 11 « 69360 1,65230
e . : 9 1198 11 «71180 1.58130
2 s s e T 10 1266 12 296310 2412540
L2, ‘ ) 11 1267 12 1.08660 2.09430
Y e a B 61 7 12 1268 9 1.21150 2.07400
23 ‘ . 13 1269 9 1435220 2.05450
2 s N 14 1270 9 1.40190 2,03140
g2 ; ! 1 15 1271 9 1.A3190 2.,01260
e e E 7 : 16 1272 6 177100 1.98720
314265 { 17 1273 12 .04520  2,07420
S 265 'y 3 18 1274 12 1.07370 2.041R0
31 . X i 19 1275 9 1.20350 2,02170
A 20 127& 9 1634540 2.,00060
5 2, 1 . 21 1277 9 148500 1,97950
2y 4 22 1278 9 1e62440 1.,95770
$ e 1 . 2 23 1279 6 1476420 1,.93680
LTI 24 ‘\1280 172 « 92480 2.016160
re 3 X ! 5 1281 12 1+05RA0 1,98270
oy 7 26 1282 9 1.19540 1.96240
2 E X ! 2 1283 9 1433520 1,94160
RS 28 1284 9 1.47580 1.92010
6.5 : ! 29 1285 S 1e61570 1.,8977¢0
PR S A 30 1286 6 1.75480 1,87730
> %5 146 3.0 31 1287 12 v 30450 1.95950
e 73 1285 s 1118560 190230

| [ ] A . ~30’
S A ¥ oommoop o immm e
: s &€ «B6140
g Ez 7 100 5.0 ? 36 1292 a8 160610 1,83970
v W 2 o3 3.0 ; 37 1293 5 174740 1.81760
1 e A Sty
’ i : ) 0 029€ + 86610
? d?g 2 296 4.0 40 129601 R 1.14210 1.848010
AP 63 5.0 4] 129602 ) 1.21210 1,83870
1112 43 1508 5 1545730 1.76670
‘ , ; : ? ey * 0
; S8T 1 59 3.5 § Zf }ggq 2 1.59730 1.78100
? ho 0 1073730 1-75870
??60 Q%g.oo.ﬁooo 20,0 20,0 s 46 1301 12 WA0640  1,82220
i




Tax
Internal Block
ID No. No.
47 1302
48 130401
49 130402
50 130403
51 1305
52 130601
53 1306027
54 1307
5% 1308
86 130901
57 130902
58 130903
59 1310
&0 1311
61 1312
62 1313
63 1314
64 13156
65 1316
66 1317
67 1318
68 1319
69 132n
70 1321
71 1322
12 1323
73 1324
74 1325
75 1326
76 1327
77 1328
78 1329
79 1330
80 1331
g1 1332
R2 1333
R3 1394
84 1395
85 1396
f6 1397
87 1398
a8 139601
89 139907
90 1400
9) 140)
92 1402
93 1403
94 1405
95 1406
96 1407
97 1408
98 1409
99 1412
100 1413
10} 1414

b pond Pk

W R ot
fad ol et

2,15970

Coordinates
X Y

+ 87830 1.81010
«95710 1,79960
1.00830 1.79570
1.06330 1.79180
1.16R70 1,78460
« 77060 1.,73210
«85110 1.73100
1.00270 1.73130
1.16010 1.73150
1.26380n0 1.75460
1.33160 1.75960
1.341580 1.72010
1.45020 1.74000
1.5R85n0 1.72220
1.72900 1.70080
« 82030 167640
« 99810 1.67710
1.1581n0 1,67760
1o305AR0 1,67730
1.44560 1,67720
+R1620 1.62650
«99R20  1.62640
1415740 1.62750
1.30670 1,62610n
1444200 1.62670
1,52150 1.64870
155640 1.64640
161270 1.64270
1.71830 1,63390
+81830 1,57220
099750 1.57280
1.1579n 1.57220
1.30760 - 1.57490
1.43800 1.5733n
156730 1.57320
171040 1.57480
1491240 196530
204970 1.94250
2+18520 1.92190
2+32580 1,90050
2.45530 1.79940
2+62920 1,85060
263780 1.,80370
1,90440 1,91300
2+04200 1.89240
217770 1.8708R0
2+.31R8N 1.849R80
2.55820 1.81830
1.89670 1.85610
2.03370 1,83450
24168610 1.81340
231010 1,78990
1.88650 1.79710
2.02310 1.77590
1.75460

v b o i i 2

Tax
Internal Block
ID No. No.
102 141501
1n3 141502
104 1417
inS 1418
106 1419
107 142001
1n8 142¢02
109 1422
11n 1423
111 1424
1172 1425
113 1426
114 1427
115 1428
116 1429
117 1430
118 3508
119 4588
120 458901
121 458902
1722 4590
1723 4591
124 4592
175 4593
176 4594
127 4595
178 4596
1729 4597
130 4598
13) 4599
132 4600
133 4602
134 4603
135 4604
136 4605
137 4606
138 4607
139 4608
140 4609
141} 4610
142 4611
143 4612
144 4613
145 4614
146 4615
147 4616
148 4617
149 4620
150 4621
151 4622
152 4623
153 4624
184 4625
155 4626
156 4627

-85~

Neigh=-
bor-
hood

et WWWWWWWNNNNUNNNN NN WWWWWWWNYNNNYDNN YNSRIV TRV N

Coordinates
X Y
228210 1,73600
2.35200 1.72440
1,87830 1,73790
2.01610 1.,71720
2+.15180 1.69550
228330 1.67640
235070 1.,67000
1.86820 1,67910
2.00810 1.,65790
2414620 1.63810
2.25270 1.62550
1.85940 1.62350
2,00810 1.,62390
1 «B4B40 1.57600
1.9918n 1,57620
213790 1,57670
2« 6S4RAN 1.72790
?+13750 152400
2+ 0R990 1.47750
2+16270 1.47830
2+13740 1,42910
223600 1.48140
228500 1,43570
2.29240 1.51300
233320 1,53740
2+37400 1.56140
2241740 1.,58400
2et4CET10 1,60800
250370 1.63550
2.55720 1.66030
2460180 1.69050
2.134R0 1,32890
2+ 18870 1,32870
Ce23660 1.32850
Z.2837n 1,32860
24331010 1.32860
2.38110 1.29030
2¢41630 1.2658n0
2+389AN 1.,37600
?+42850 1.40290
2s46THO 1.,43170
2506410 1,45760
2:54640 1.48570
2.58980 1,51540
2,63300 154640
2.68120 1.57960
2.06040 119530
223470 1.19600
2028240 1.,19570
72032950 1,19580
237950 1,19490
243130 1.20020
247560 1.,16690
2«47160 1.25940
2451090 1.28660




Tax
Internal Block
ID No. No.
157 4628
188 4629
159 4630
160 4631
161 4632
162 4633
163 4634
164 4635
165 4636
166 4637
167 4638
168 4639
169 4640
170 464}
171 4642
172 4643
173 4644
174 4645
175 4646
176 4647
177 4648
178 T 464901
179 464902
180 465001
181 465002
1R2 465101
183 465102
184 4652
185 4653
186 4654
187 4655
188 4656
189 4657
190 4658
191 4659
1927 4660
193 4661
194 4662
195 4663
196 4664
197 466501
198 466502
199 466601
200 466602
20 466701
2n2 466702
2n3 4668
204 4669
205 4670
206 4671
207 4672
208 4791
209 4792
210 4793
211 4794

~86~

Neigh-
bor~

hood

Coordinates
X Y
2.546930 1.31470
2588710 1434240
2e62640 1.36880
2.67160 1.,39930
2e71640 1.42930
2.76630 1.45810
2.0R8580 1,095%10
2.13350 1.09600
2.18060 1.09610
2723170 1.09%560
227970 1.09520
2327640 1.09480
2037960 1.09520
2442650 1.09540
247390 1.09420
252340 1.09250
2455930 1.06370
255360 1.14280
259320 1.17030
2.63210 1.19680
2.67720 1.21480
270030 - 1.26510
275010 1.20820
2273410 1.30840
2.78450 1.21220
2+R1440 1.29180
2.77090 1.35630
285240 1.,34150
2408960 1.00080
213640 «99RA0
218390 + 99980
2423270 1.00240
2.2R06K0 1.00200
2372640 1,00180
237720 1,00270
2eb2540 1,00090
2,47260 1.00110
2.52480 1.00010
257370 1.,00490
2460990 « 97480
267020 98220
262160 1.04310
269840 1.01740
2.65290 1,08440
2.77890 1.05930
2.67920 1,11850 -
2. 75880 1.10030
2.79210 1.13420
283560 1.16500
287900 ‘1,19580
2492990 1.22960
1309010 1.52100
1443910 1.52080
1.56750 1.52140
le711A0 1.52230

Internal

ID No.

212
213
214
215
216
217
218
219
270
221
272
223
274
2?5
276
227
' 278
279
230
23
232
233
234
235
2136
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266

Tax
Block

No.

479%
4796
4797
4798
4799
4800
4801
4802
4803
4804
4805
4806

- 4808

4809
4810
4811
4812
4813
4814
4815
4818
4819
4820
4823
4824
4825
4826
4827
4828
4829
4837
4838
4841
4842
4843
4844
4845
4846
4847
4848
4849
4850
4851
4853
4854
4855
4856
4857
4858
4859
4860
4861
4862
4863
4864

~87-

Neigh-
bor-

hood

WWWNNNNNSNNNAWDWWWWSNSNSNSNANNNNSNANWWRWSNANWNNWSNSNNNPSTPERRPPPErRE&P

Coordinates
X Y
1 .BGBR0O 1.52400
1.30610 1.47270
143910 1,47270
156750 1.47420
171310 1.47420
184910 1.47710
1.3076N0 1.42470
143940 1.42650
156870 1.,426R0
1a71270 142630
1+ R4950 1.42860
199080 1.52530
198920 1,47710
130800 1.37620
1443990 1,37820
1.5A890 1.325%0
171060 1.,32680
1.R4890 1.38080
1.30790 1,32340
143960 1.32550
1.8B4980 1,32960
1.30950 1.26970
1.44130 1,27380
1.84G80 1.27700
194300 1.32820
1.99040 1.32930
2.03970 1.32910
1.30850 1.21740
1.30810 1.,16120
1.57740 i.,1931n
1309760 1.08990
1447760 1.08960
185720 1.09110
1.60540 1.09110
1.65270 1.09200
170060 1.,09150
1.75080 1.09090
1.80110 1.09230
14848910 1.0920n0
1.R9870 1.609350
1.949R0 1.09340
1.99180 1.09470
203300 1.09520
131070 « 99860
1.40970 « 99920
1.45760 « 99880
1.50540 « 39820
1,55720 1.00000
1.60490 « 99970
1.65200 «999R0N
170050 1.00020
1o 74840 « 99SR0
1475960 «99930
1.84670 299940
1.89380 ¢ 99960
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Tax Neigh-
Internal Block bor-
ID No. No. hood
267 4865 3
- 268 4866 - 3
269 4867 3
270 5024 11
271 5026 11
272 5028 11
273 5029 11
274, 5030 11
275 5031 11
276 5032 11
277 5033 11
278 5034 11
279 503% 11
280 - 5036 - 11
281 5037 11
2R2 5038 11
2R3 5039 11
2R4 5042 19
2As 5043 10
286 S044 10
2R7 5045 10
2R8 5046 10
289 S047 10
290 5048 10
291 5049 10
297 5050 io .
293 5054 10
294 5055 10
295 5056 10
296 5057 10
297 5062 10
298 S063 10
299 5064 10
300 5065 10
301 5066 10
3nzg 508301 10
303 508302 10
ang 5084 10
3ns 5085 10

Coordinates
X Y
194580 299990
199220 099940
2.03990 1.00030
o638THN 1.61740
s 6ARS( 135430
+BITED 1.52210
+9977N 1.52000
1.15780 1,52170
+B1750 1.47280
« 93870 1.47350
1.15870 1.47400
«B81720  1,42510
+99RAN ‘1442630
1.15810 1,42740
«81650 1,37850
+99930 1.,37790
1415890 1.,37780
oﬂlﬁﬁﬁr 1.32430
+ 99990 1.32450
1,15900 1.32360
«B2009N 1,27320
+99890 1.27260
1.15910 1.26940
+ 872330 1.21900
«999RN 1,21780
115880 ° 1,21700
68120 1,14170
+ 82170 116240
2999410 1,16290
1,16060 1,16170
« 66040 1,03930
¢ T13R0 1.06110
+APB30 1.09330
1.00090 1.09160
1¢16120 1,09070
e 83560 1,01700
«83140 98100
1.00040 1.00010
1.1A080 1,00070
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Appendix C

SAMPLE JOB STREAM

The following series of jobs represents a possible job stream for a

16-hour sample simulation of the 71st 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,
JORLENTRY 0 0 04 110 ] 01 02 #
JOBLENTRY 0 0 04 99 3 o0 05 #
JOB.ENTRY 0 0 07 282 3 01 25 #
JORENTRY 0 0 12 118 3 00 03 #
JOBFNTRY 0 0 20 62 3 00 16 #
JOBLENTRY 0 0 27 51 3 00 18 #
OUT .OF « SERVICE 0 0 31 2 21 #
JORLENTRY 0 0 38 38 3 00 10 «
JOB,FNTRY 0 0 42 17 1 00 22 #
JORLENTRY 0 0 48 21 3 00 43 @
JOB.ENTRY 0 0 49 19 3 00 38 #
JOBENTRY 0 0 49 255 1 00 19 #
JOBLENTRY 0 0 51 274 3 00 52 #
JORLENTRY 0 0 52 118 3 0o 09 #
JOBLENTRY 0 1 21 290 3 00 08 %
JOBENTRY 0 1 26 242 3 00 19 #
JOBLENTRY 0 1 33 161 3 00 40 %
JOR JENTRY o 1 35 130 3 00 06 #
JOB ,ENTRY 0 | 37 24 3 00 06 #
JOBENTRY 0 1 59 275 3 0o 14 #
JOBENTRY. 0o 2 11 89 3 01 06 #
JOBENTRY 0 ? 15 123 3 00 48
JOBLENTRY 0 ? 16 116 3 00 58 %
JOR,,ENTRY 0 2 17 293 1 00 2l #
JOBENTRY 0 ? 35 91 3 00 04 #
JOBLENTRY 0 2 40 292 3 00 09 #
JOBGENTRY 0 3 01 118 3 00 12 #
OUT.OF e SERVICE 0 3 1R 4 15 #
JOBLENTRY 0o 3 22 61 3 oo 10®
JOBJENTRY 0 3 26 213 3 op 33 ¢
JOBLENTRY 0 3 56 31 3 00 40 #
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Event Name Time of Event ’ ' Duration
.Day Hour Min, Block Priority Hour Min, fvent Name Time of Event _Duration
Day Hour Min. Block Priority Hour Min,
JORJENTRY 0 3 55 21 3 00 26 @ :
JOB.ENTRY 0 4 02 294 3 00 35 @ JOBLENTRY 016 46 89 3 0n 0l ®
JOR,ENTRY 0 4 12 155 3 0o G4 # JOB,FNTRY 0 10 48 125 ) no n2 #
JORENTRY 0 4 15 155 3 00 15 ; JOB,ENTRY 0 10 52 89 1 01 15 #
JORLENTRY 0 4 19 294 3 00 09 # JOR,ENTRY 0 1 00 f6 3 00 07 *
JORLENTRY 0 4 22 77 3 00 17 » JORLENTRY 0 1 05 271 3 0n 01 #
JOB ENTRY n 4 23 34 1 00 42 ! JORLENTRY o0 11 13 10 3 0n 38 #
JOBL.ENTRY no4 27 A4 3 00 05 # JOBLENTRY - 0 11 16 127 3 00 55 #
JOBENTRY 0 4 39 67 3 00 38 JOBLENTRY 0 11 18 162 3 00 09 »
JOB L ENTRY A 41 300 3 00 16 # JOBENTRY 0 1 28 297 3 00 18 #
JORENTRY 0 4 47 301 3 00 36 # JOBLENTRY 0 11 43 146 3 00 N8 #
JORLENTRY 0 4 58 285 3 00 15 # JOBENTRY 0 11 45 104 3 0n 5S4 #»
JOBLENTRY D4 58 2690 3 00 13 # JOBLENTRY 0 11 45 205 3 00 10 #
JOR,ENTRY n 5 06 17 3 0o N6 # JOBLENTRY 0 11 51 146 3 0n 18 #
JOBL,ENTRY 0 s 10 301 3 00 06 # JOBL,ENTRY 0o N 53 271 3 00 32 ¢
JOBENTRY 0 5 10 218 3 00 08 # JOBENTRY noo12 16 243 3 0o 01 #
JOB,LENTRY 0 5 11 218 -3 02 06 # OUT ,OF ¢ SERVICE Q 12 18 1 AN #
JOBENTRY 0 5 22 34 1 00 20 = JOBLENTRY 012 31 284 3 00 1R
JORLENTRY n 5 30 16 1 00 08 # JOB.ENTRY 0 12 47 253 3 0n 54 ®
JOBENTRY 0 5 34 290 3 00 55 # JOB,.ENTRY 0 12 58 221 3 0o 11 @
JORENTRY 0 5 36 145 3 00 03 # JOB.ENTRY 012 59 134 3 00 0 @
JORLENTRY 0 5 45 126 3 00 12 # JOBLENTRY 0 13 01 225 3 00 ng #
JOBENTRY n 5 51 161 3 00 07 JOBLENTRY 0 13 11 242 3 01 92 @
JOB . ENTRY 0 6 0l 241 3 00 16 # ' JOBENTRY 0 13 17 76 3 00 08 #
JOB JENTRY 0 6 32 69 3 00 19 # p JOBENTRY 0 13 23 - 129 3 00 08 #
JOR.ENTRY 0 6 a7 241 3 01 0R @ f JOBL.ENTRY 0 13 33 162 3 00 32 #
JOR.ENTRY 0 6 51 103 3 . 00 01 # JOR,ENTRY 0 13 37 57 3 00 09 #
JORENTRY 0 7 11 99 3 00 09 # JOBENTRY 0 13 39 104 3 00 06 #
OUY.0F « SERV.ICE 0o 7 13 1 42 # JOB,ENTRY 0 13 40 129 3 00 02 #
JOB,ENTRY 0 7 15 15 3 00 06 # | OUT.OF e SERVICE 0 13 42 A 22 a
JOR.ENTRY 0o 7 19 16 3 00 21 # JOBLENTRY 0 13 45 278 3 0n 51 #
JOBENTRY 0 7 25 135 3 0o 39 « JOBLENTRY 0 14 21 19 3 00 30 #
JOB.ENTRY 0 8 05 11 3 00 39 ! JOBLENTRY n 14 31 133 3 00 02 #
JOB.ENTRY 0 B8 09 13 3 00 16 = 1 JOB,FNTRY 0 14 31 299 3 00 09 =
JOBENTRY 0 8 12 126 3 00 25 # : JOBENTRY 0 14 45 160 2 00 10 #
JOBENTRY 0 A 24 90 3 01 N3 + - JOBLENTRY 0 14 49 203 3 on 31 @
JOB,ENTRY 0 B8 25 156 3 00 31 = JOB.ENTRY 0 15 00 281 ] 00 06
JOBENTRY 0 -] 34 293 3 0o 13 % 5 JOBENTRY 0 15 09 57 3 no 22 %
JOB.ENTRY 0 8 35 291 3 no 16 » | JOBENTRY 0 1r 09 253 3 0o 21 =
JOB.ENTRY 0 8 40 118 3 00 17 # OUT.OF e SERVICE 0 15 1la 7 40 #
JOBENTRY 0 8 40 125 3 01 00 @ | JOBLENTRY n 15 18 242 3 00 12 #
JOBENTRY 0 8 42 86 3 00 18 =« JOBLENTRY 0 15
JOBLENTRY 0 9 04 166 3 00 23« JOR . ENTRY o 1= c3 191 3 00 09 ®
OUT.OF.SERVICE 0 o 28 4 19 # 0B ENTRY 0 18 107 3 00 03 #
JOBENTRY 0o 9 30 15 3 Nl 22 . 10 176 3 00 32 #
JOBLENTRY 0 o9 42 62 3 00 20 #» ; .
OUT.OF 4 SERVICE 0 9 57 5 : 38 # o For OUT.OF.SERVICE events this field contains the number of the car
JORLENTRY D 10 11 293 3 Ny 28 # I to be placed out of service.
OUT'OF"SERVI,CE 0 1o 20 2 - 16 ¥ *For OUT.OF.SERVICE events this field contains the length of time that
1 the car is to remain out of service (in minutes).
o
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Appendix D
A DEFINITION OF EACH GLOBAL SIMULATION VARIABLE

I. ENTITIES AND THEIR ATTRIBUTES

Type g;tribute Mode* Description

B

1 fo

i Entity
|

BLOCK

NBD

CAR

Permanent TAXNO

XCORD
YCORD
NBDID

Permanent NBD.NAME

N.ADJACENT

N,SECTOR.CARS

Pn.NBD.RSPONSE

Permanent CAR.NAME

X1.0C
YLOC

NUMB, SECTORS

ASSIGNMENT

T.START .RESPONSE

NEXT.EVENT

*
See notes on p. 97.

I

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 neighborhcod 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 nivmber of neighborhocds

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* Description Entity  Type Attribute Mode* Description
SPT 1 The priority of the job cur- JOB Temporary LOCATION I Ehewﬁptﬁrgsl §1§Ck number with-
. . n whic e job occurs.
zizt%Zquzg%sziizizegogz the { ENTRY.TIME R The §ime at.which the call is
have Priority 6; if the car received (in days since the
is available, its SPT is zero). start of the simulation).
- SOT = 1 if the unit is working as PRIORITY I The priority of the job
primary car. (1-5).
= 2 if the unit is working as i STATUS I = 0: No car has yet arrived
backup car. 3 at the scene,
= 3 if the unit is working as 5 = 1l: The primary car has
a tertiary car. already arrived at t-e
SWT = 0 if the unit is on patrol scene.
in its sector. = 2: Some cars, but not the
= 1 if the unit is returning primary car, have already
to sector from an outside arrived at the scene,
call. ! DURATION R The length of time the primary
= 2 if the unit ds responding | car is required to work at
to a call in sector. f the job (in minutes),.
= 3 if the unit is responding A
to a call outside of
sector.
= 4 if the unit is working iL. LISTS
on a call in sector, Owner Member
= 5 if the unit is working on Entity Entity Type Definition
a call out of sector. e -
= 6 if the unit is out of i P.CLASS  JOB FIFO Jobs walting to be dispatched.
service. ASSIGNED,CARS JOB CAR FIFO The cars assigned to a job.
CENTROID The block to which the unit ,
goes when it returns to patrol
in its sector after responding j
to a job outside its sector. !
IN.SECT.JOBS The total number of sector jobs i
the car has responded to so far. :
OUT, SECT.JOBS The total number of out-of-
sector jobs the car has re-
sponded to so far.
P,CLASS Permanent - JOB.RESPONSE.TIME The time until the arrival of
the first car at a given inci-
dent of this priority class
(used as a statistics-gathering
variable). o
VELOCITY The average speed at which cars
respond to incidents of this
priority class. '
COUNT The number of cars .actually dis-
patched to a specific incident
. of this priority c;ag§‘(a *The symbols used in this column have the following meaning:
;  statistics—-gathering vgriable). I Integer
WAIT.TIME The time that a specifit inci- R Real
dent of this priority class

spends waiting in queus’
before a unit is dispatched
to it (a statistics-gathering

variable).

AN

A. Alphanumeric



Name
ADJACENT ,CARS
SECTORS

P.DURATION

REGION.NAME

TITLE

Variable
N.BLOCK
N.NBD

N.CAR
N.P.CLASS

MAX, SENT
MFAL ,DURATION

TOUR.LENGTH

The dispatch nomination
list for each neighborhood.
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 characters).

A title identifying the
simulation run (maximum 80
characters). The title is
printed at the top of each
output report,

Description

The total number of BLOCKs in the region being

The total number of NBDs in the region being

The number of priority classes (set at 5

The maximum number of cars that can be dis-

The length of an internally scheduled OUT.OF,

~96-
IITI. ARRAYS
No,of lst
Dimen~— Dimen- 2nd
sions sion Dimension
2" N.NBD N,CAR
2 N.CAR NDMB.SECTORS (CAR)
1 3
1 20
1 20
IV. SYSTEM VARIABLES - INPUT
*
Mode
I
simulated.
I
simulated.
I The number of cars being simulated.
I
in the simulation docmented here).
I
patched to a Priority 1 incident.
I
SERVICE job.
I

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, VG, HISTC

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

MAV, VAV, HISTAV

Description

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 SWT.

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 numbexr of P_.NBD,
RESPONSE (n=1, 2,..., 5). o

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