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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 w'ill describe the 

simulation and its uses for police department administrators and other city 

officials: 

R-1625/l-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. Furthe.r 

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 mj,nor 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 delc.:y bet\veen 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 11.5. 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. 



-vii-

ACKNOWLEDGMENTS 

The New York City-Rand Institute's Fire Operations Simulation, designed 

by Grace Carter arid Edward Ignall, served as a model whose success we hoped 

to imitate. Although the details, problems, and programming language of 

the Police Patrol Simulation are different, many of the design concepts of 

Carter and Ignall served us in good stead. Captain Daniel Cawley of the 

New York City Police Department checked the reasonableness of many of the 

assumptions that we built into the model. Jack Hagouel and Harry Elam made 

modifications to our original design, which were incorporated in the version 

reported here. James Tien's detailed knowledge of dispatching operations 

was also helpful. The final report 'i1as considerably improved by the con

structive, comments of Grace Carter G!ud John Schank of the Rand Corporation, 
• and Calvin Clawson and Samson Chang of the Seattle Police Department, who .. 

reviewed an earlier draft. 

Finally, we acknowledge the graciousness, patience, and dedication of 

the officers and patrolmen of the New York City Police Department in whose 

patrol cars we rode while learning something about what occurs in the real 

world of the streets of New York City. 



.• = .. ~ •. =.~=~~--cr--"--.,-----.--------_______ I ______ -------~--

.> ., • - . PREFACE • 

SUMMARY • 

ACKNOWLEDGMENTS 1)0 • flo .. • • 

. . . . . .. • flo' 

-ix-

CONTENTS 

• e • • • • .. • 

iii 

v 

vii 

xi LIST OF FIGURES • 

LIST OF TABLES . . . • xiii 

Section 

f I. INTRODUCTION . . . . . . . . . . 
II. DESIGN CONSIDERATIONS • . . . . . . 

Policy Options • • • • • 
M~asures of Performance • • • • 
Job Stream • • • • • • 

. . . . .. . . . 

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

IV. 

V. 

Geography • • • • • • • • 
Patrol Resources • • • • 
Movement of Patrol Units 
The Job Stream • • • • • 
The Dispatching Activity 

· . . .. · . .. .. . · , . . . . . · ., . . . . .. ~ . 
EVENTS AND SUBROUTINES • • • • • 

MAIN • • • • • • • • • • • .. • • 
EVENT FOR JOB. ENTRY • • • • 
Dispatch Subroutines: DISPRl, DISPR2, DISPR3, 

DISPR4, DISPR5 •••••••••••• 
ROUTINE TO INTERPOLATE.LOCATION GIVEN K AND J • 
ROUTINE TO CANCEL.SECTOR.RETURN GIVEN K • 
ROUTINE TO PREEMPT (K) ••••••••• 
ROUTINE TO ASSIGN (K,J) • • • • • • • • 
ROUTINE TO SCHEDULE CAR.ARRIVAL(K,J) •• • ••• 
ROUTINE TO CALCULATE.DISTANCE GIVEN Xl, Yl, X2 AND Y2 
EVENT FOR ARRIVAL.A~.SCENE(K) • • • • • • ~ ••• 
ROUTINE FOR END.CALL.SCHEDULING GIVEN K AND DUR 
EVENT CALL. END GIVEN K •••••••••••• 
ROUTINE TO REASSIGN.CAR.TO.JOB GIVEN K AND J 
ROUTINE TO PLACE.CAR.ON.PATROL GIVEN K • • ••••••• 
EVENT RETURN.TO.SECTOR GIVEN K ••••• 
EVENT OUT.OF.SERVICE GIVEN K SAVING THE EVENT NOTICE 
EVENT FOR END.OF.SlMULATION • • •• 

THE INPUT DATA . . . . . 
The Initialization Deck (GO.SYSIN) 
The Job Stream (SIMU04) • • • • 
An Example • • • • • • • • • • • • 

.. • III .. .. • • • 

., .. . .. . . .. .. 
• .. II II' .. • 

. . 

1 

4 
4 
5 
5 

7 
.. 7 

7 
9 

12 
14 

16 
21 
23 

25 
31 
3.2 
32 
33 
33 
33 
3l. 
36 
36 
38 
39 
40 
40 
41 

47 
47 
50 
51 

I 

I 
I 



[-
"it't 

-~~~~~-------.I"'----------------------------'-------------~----_-__ -__ _ 
-x-

VI. OUTPUT REPORTS • • • • • • • • • • • • • • • • • • • 
(1) Car Activity Summary • • •• • • • • • • • 
(2) Queueing Statistics • • ,; • • • • • 
(3) Response .Time Histograms • • • • • • • • • 
(4) Neighborhood Activity Summary • • • • • • • 
(5) Distribution of Car Availability • • • • • • • • • 
(6) Number of Precinct Cars Sent to CaJ.ls • • • • • • • 

Appendix 

A. LISTING OF THE SIMULATION PROGRAM • • • • • • • • • 

B. SAMPLE CONTROL CARDS AND TNITIALIZATION DECK FOR THE 7lST 

PRECINCT IN NEW YORK CITY • • • • • • • • • • 

C. SAMPLE JOB STREAM . . . . . . 
D. A DEFINITION OF EACH GLOBAL SIMULATION VARIABLE . . 

REFERENCES • " • • • • It • • • • • • • • • • • • • " • • • • • • " 

55 
55 
56 
56 
57 
57 
57 

67 

81 

89 

93 

98 

-xi-

FIGURES 

1. An Example of How Neighborhoods and Sectors are Specified · . . • • 
2. Flow Chart for Priority 1 Incident . . . . . . · . . . . . 

JOB. ENTRY •• . . . . " . . . '" . . · . . . . . 3. 

4. The Structure of the Dispatcher's Ordered List ADJACENT. CARS (I) .• 

5. ARRIVAL.AT.SCENE • • • . . . . . . . 
6. CALL. END . . • fJ • • • • 

7. OUT.OF.SERVICE · . . · . . 
8. Map of 7lst Precinct - Brooklyn · . . 
9. Computer-Generated Map of Tax Blocks and Sectors in the 

71st Precinct • • • • • • • . . . . . . • e ./. .. 

10. 

II. 

12. 

13. 

Listing of the Input Data: 

Listing of the Input Data: 

Block Data 

Neighborhood Data 

Car Activity Summary . . . . . . . . . . 
Queueing Statistics for Priority Class 3 . . 

14. Response Time Histograms 

15. Neighborhood Activity Summary •• · . . 
16. Distribution of Car Availability . . . 
17. Number of Precinct Cars Sent to Calls • · . . 

. .. . . 
• • II • • • 

• • 0 • l. 

· . . . . . . 

" " " " . " 

10 

18 

24 

26 

35 

37 

4" /:.. 

52 

53 

58 
59 

60 

61 

62 

63 

64 

65 

I 

I 

I 
i 
J. 



~~~~ '~~-~-"------""'-------~---------------_I_-

-xiii-

TABLES 

1. Attributes Associated with the Entity "BLOCK" · . . . 8 
2. Attributes Associated with the Entity "NBD" 8 
3. Attributes Associated with the Entity "CAR" 11 
4. Attributes Associated with the Entity "JOB" · · . . 14 
5. Sample Simulation: Car Parameters . . . . . . · 54 
6. Sample Simulation: Neighborhood Data • . . · · . . . . 54 

I 
f 

, 
J ~ 

,Ii I 

J .~ 



------------------_. ----- ----

-1-

I. INTRODUCTION 

The simula'tion program described in this Report was written to provide 

the New York City Police Department with a tool for evalttating the effects 

of vari.ous 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 L10 that it can be used, with minor 

modifications, to study the operations of any municipal police department. 

Simulation, in the sense that it is used here, is an imitation through 

time of the events that occur during police, patrol operations. The program 

that carries out the simulation maintains, inside the computer, a map of 

the region being simulated, on which it kf~eps track of the locations of the 

incidents requiring police service and the locations of the simulated 

patrol units. A simulation run imitates patrol activities over a fixed 

time period, say a series of tours of duty on a series of days. The user 

provides the computer program with specifications of conditions at the 

start of the time period being simulat.ed, including the number and locat:i,ons 

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 provid-a analysts 

with important information with whic.h to judge ,the effectiveness of. the 

deployment policies being studied. When the simulation is over, the program 

prints reports containing the statistics summarizing this informa.tion. 

Different deployment strategies or policies can thus be tried out and com

pared using the simulation as a kind of "pilot plant." Based on the simula

tion results, analysts and managers can quickly and economically eliminate 

options that are clearly bad while more attractive policies c~n be selected 

for further analysis and eventual implementation. 

The purpose of this Report is to provide pr0grammers and analysts with 

detailed documentation of this computer program, known as The New York City

Rand Institute Police Patrol Simulation Model. It is presumed that the 

reader knows something about police patrol operations and quite a bit about 
, . *', 

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

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

the model, the costs associated with using it, and provide other information 

that will be helpful in determining when the simulation should be used and 

. when it should not be used. Readers interested in improving their knoll~ledge 

of simulation itself can consult a general reference such as [2], [3], or [8]. 

The programming language used for the simulation is SIMSCRIPT 11.5 [6]. 

With the program listing and other information provided, in this Report, any

one who has access to a SIMSCRIPT 11.5 compiler and is familiar with its 

programming conventions should be able to use the program. Machine

dependent details of the use of SIMSCRIPT 11.5 on the IBM 360 or 370 series 

of computers can be found in [5]. The simulation program is written as a 

set of modular subroutines. Each of the subroutines simulates one aspect 

of the operation of the system (e.g., dispatching, arrival of a patrol car 

at the scene of an incident j etc.). The llser can carry out many applica

tions using the simulation by simply assigning values to some input para

meters. But for some applications, one or more of the subroutines may 

have to be rewritten. For experiments done for the New York City Police 

Department we have created several versions of some subroutines, but, for 

simplicity in this Report, only one version of each subroutine is p~·esented 

in detail. 

The simulation has been tested for both internal and external validity. 

Internal validation is the process of confirming that the computer program 

is a logically correct translation of the hypothesized model. We performed 

the internal validity check by comparing results from the simulation with 

the output from a queueing model that was a good approximation of the system 

being simulated. The results of this comparison are described in 14]. 
External validation is the process of confirming that an inference derived 

from the simulated system is correct f~t the actual system. For example, if 

the simulation has external validity and it shows that a certain deployment 

policy is better than another policy, we can be sure that it will turn out 

to be better if it is actually implemented. The extel:nal validity check 

of this simulation model was made by, first, gathering detailed data on 

actual activities of patrol cars in one region of New York City, and, then, 

running the simulation model using the observed jobs as input. Comparisons 

were made between performance measures produced by the simulation and the 

corre~ponding actual performance measures. 

are given in [1]. 

Details of this valid~tion 

i 
I 

- -~--~~ ------~ 
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In Section II of this Report we discuss some of the general considera

tions that led us to the approach we took in designing the simulation. 

Section III explains the structural elements of the model. In Section IV 

the logical flow of the program is shown and each event and subroutine is 

explained in detail. Section V defines each piece of data required as input 

for the simulation, and Section VI describes the output statistics. 

The program listing in Appendix A represents one complete version of 

the simulation. Appendixes Band C contain a sample initialization deck 

and sample job stream that can be used to test the program and to serve as 

a guide for preparing new input data. Appendix D defines each of the global 

variables used in the simulation. 
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II. DESIGN CONSIDE~~TIONS 

POLICY OPTIONS. 
The simulation has been designed to provide a police department with 

the capability for evaluating a wide range of alternative patrol and dis

patch policies. Among the policy options that can be tested are: 

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

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

(c) changing dispatching procedures 3 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 changin~ 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 submode1 of the simulation. Although this structure 

results in many short subroutines, it :1ncreases the flexibility of the pro

gram and the ease with which it can be modified. 

It is wise to make the first simulation run with the model representing 

the current practices in the department as closely as possible. This will 

~nable the model to be calibrated (e.g., the travel distance function could 

be modified or the average respon'se velocities adjusted). It will also 

provide a IIbase case" for evaluating new deployment policies. 

It should be pointed out that, because of the assumptions about travel 

velocities, travel distances, incident durations, etc., in the simulation, 

the absolute numbers representing the results of the simulation are not to 

be regarded or used as facts, although they will probably be good estimates 

of actual value~. 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 arlOth'er policy, then the same 

comparative advantage will probably carryover to the real world. 
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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 sizlas and waiting times are displayed by job priority. 

• Car Activl ~:y: The proportion of time each patrol unit spends on 

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

distribution of the number of precinct cars available to respond 

to calls, are displayed. 

These performance measures are only proxies for measures of patrol 

effectiveness associated with the goals of a police department; smaller 

response times and queueing delays and higher patrol availabilities should 

yield better police service. But, since the nature of the relationships 

between these perf01~ance measures and crime suppression, arrests, and other 

primary goals of the patrol force are not known, we have not attempted to 

incorpora.te 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 ilcontaining" music into a tape 

recorder. As the tape recorder physically transforms the magnetic signals 

into sound, the simulation model mathematically and logically transforms the 

input jobs into a set of output performance statistics. 

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

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

for doing so: 

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

r 



(2) 

(3) 

of sources. 

future call 

-6-

For example, actual job histories, projections of 

or results of probabilistic models of call patterns, 

can all be used to provide job. streams to the simulagenerati.on 

tion. 
It conser.ves cQmputer time, since, when rerunning the same stream 

under several different deployment options, the jobs do not have 

to be regenerated for each simulation run. 

It enables some of the statistical analysis of the job stream to 

be done outside the simulation itself--and therefore to be done 

more economically. 

--- ----- - ------
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III. THE STRUCTURE OF THE SIMULATION MODEL AND THE JOB STREAM 

We now discuss in turn how the geography, patrol resources 1 and operat

ing and deployment rules are represented in the simulation. We conclude the 

section with a description of the job stream and the way in ,~hich patrol units 

are dispatched. 

GEOGRAPHY 

The simulation models a region as a collection of discrete points, 

called bZoaks, at which calls for service occur. The blocks may correspond 

to the centroids of city blocks or census blocks, but they need not. 

The blocks are assigned grid coordinates according to a rectangular 

coordinate system whose axes should be chosen parallel to the predominant 

street directions. All incidents (jobs) occur at these points and all 

patrol units are located with reference to this coordinate system. Each 

block in the region is assigned an internal reference number between 1 and 

N.BLOCK (the total number of blocks in the region), and belongs to the 

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

associated with the permanent entity BLOCK. 

The blocks are aggregated into N.NBD nonoverlapping neighbophoods, 

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 NED. 

PATROL RESC/URCES 

The program simulates the activities of patrol cars, including both 

"sector cars" and supervisory or special cars. Each car is represented as 

a permanent entity (in the class called CAR), and is described by several 

attributes, including its name, sector responsibilities, current location, 

and the type of job .on which it is working. The patrol area assigned to a 

particular car is called its seatop (also called a beat in some cities). 

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

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

* See [6] for an explanation of entities and attributes in SIMSCRIPT 11.5. 
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Table 1 

ATTRIBUTES ASSOCIATED WITH THE ENTIT): "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 b1.ock belongs 

The x coordinate of the center of the 
block 

Th\~ Y coordinate of the center of the 
block 

Table 2 

ATTRIBUTES ASSOCIATED WITH THE ENTITY IINBD" 

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 

~' 
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sector cars, but some neighborhoods may have no sector cars assigned to 

them. 

Figure 1 illustrates the partition of a sample rectangular region into 

five neighborhoods assigned to three sector cars. (Note: The individual 

blocks constituting each neighborhood are not shown.) Neighborhoods 1 and 

2 jointly constitute Sector A and Neighborhoods 2 and 3 constitute Sector B. 

Thus, Sectors A and B overlap. Sector CD is composed of Neighbol:hoods 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 I to N.CAR (where N.CAR is the number 

of cars to be simulated) for internal reference. Table 3 describes the 

most important attributes associated with a patrol unit. 

Sector cars and supervisory or special cars are differentiated only by 

their sector assignments and in the way they are nominated for dispatch. 

A sector car is assigned as the primary car for one or more neighborhoods 

and may be nominated as an alternate car for some other neighborhoods. 

This means that the simulation will attempt to assign it to jobs in its 

sector(s) if it is free. In addition, some types of jobs are only assigned 

to a sector car. Supervisory or special cars have no sector assignment and 

are dispatched only to high-priority jobs or to certain jobs when no sector 

cars are available. 

MOVEMENT OF PATROL UNITS 

To imitate the continuous movement of patrol units in the simula~ion 

would be very costly in terms of computing time and program complexity, and 

would change the results very little. Hence, the movement of patrol units 

is simulated as follows: 

• Patrol units move between points as if on a dense rectangular street 

grid. Distances and times are calculated as shown below. 

• 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 (traveli~g 

on the street grid) and goes "on patrol" there. The centroid of 

each car's sector is specified by the user. 
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5 

Legend 

~eighbOrhOOdS Car 
Sector Sha ding c~mprising Sector Assigned 

A ~ 1 "and 2 A 

B ~ 2 and :3 B 

CD ~n~~~n~l ~m~~ 4 and 5 CD 

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

, .~. 
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Table 3 

ATTRIBUTES ASSOCIATED WITH THE ENTITY "CAR" 

Attribute 

NUMB. SECTORS 

CAR. NAME 

XLOC 

YLOC 

ASSIGNME1lT 

CENTROID 

SPT 

SOT 

SWT 

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 ~lhich 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 
= 0 if the unit is on patrol in its sector 
= 1 if the unit is returning to sector 

from an outside call 
= 2 if the unit is responding to a call in 

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 

r 
r 
I. 

'" , 
I" 
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I: 



-12-

Simulating the movement of patrol cars in this way makes the probability 

that a car is patrolling a given block equal to the conditional probab'ility 

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 bu~y 

ones. In some cases it may be desirable to specify different patrol fre~ 

~uencies, e.g., if a block has few calls for service but those that do occur 

are very serious. This can be done by modifying the routine PLACE.CAR.ON. 

PATROL (see page 40). One could provide the simulation with a set of block 

patrol frequencies for each car or for the region being simulated. When a 

car is to return to patrol, the block to which it returns would be sampled 

_",at random according to the specified probability distribution. 

The model assumes that patrol units t.ravel 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 (x2 'Y2)' 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 

The time required to travel to Block 2 depends on the priority of the job, 

so that for a job of priority p we must specify a response velocity, 

The resulting response time is calculated as 

v • 
p 

The simulation assumes that grid coordinates are assigned so that one 

grid coordinate unit represents one mile in each coordinate direction. If 

this is no't "the case, the user should supply velocities in terms of grid 

units per hour (instead of miies per hour) so that response times can be 

e:r.pressed il\ terms of minutes. 

THE JOB STREAM 

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

file called the job stream, which is "read and played out" by the simula

tion much in the same way that a tape recorde~ reads and plays a tape of 

music. As we have already pointed out, this procedure has several advantages 
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over generation of jobs within the simulation. There are two types of jobs 

included in the job stream: (1) calls for service, and (2) out-of-service 

jobs. The calls for service represent jobs carried out by patrolmen as 

part of their police functions. The out-of-service jobs represent functions 

other thanr1reventive patrol carried out by patrolmen during a normal 

tour of duty. These include taking meal breaks, getting gas, having minor 

repairs made to the patrol car, etc. The out-of-service jobs are always 

associated with a specific patrol car. 

Each call for service has the iollowing information associated with 

it in the job stream: 

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

enters the system. 

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

• Job location: The internal identification number (from I to 

N.BLOCK) of'the block at which the job occurs. 

• Job duration: The length of time that the longest working patrol 

car spends at the job. (It should be noted that in the real world 

it is possible for the seriousness and duration of .:m incident to 

depend on the speed with which a patrol car gets to the scene o 

Since the u'ature of this dependency is not knowI,l, the simulation 

assumes that job duration and seriousness are unaffected by the 

speed of response. For comparing many types of deployment changes-

particularly where the changes in response times are small--this 

should not be a serious limitation, but the user should be aware of 

this assumption in the model.) 

Table 4 describes the attributes associated with every temporary entity 

JOB, which represents a call for service. 

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

• Patrol car: the internal ipentification number (from I to N.CAR) 

of the car to be placed out of service. 

• 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 ca~s 

1 
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Table 4 

ATTRIBUTES ASSOCIATED WITH THE ENTITY "JOB" 

Attribute 

PRIORITY 

LOCATION 

DURATION 

STATUS 

ASSIGNED. CARS 

Description 

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

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

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

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

primary car, have arrived 

A list of the patrol cars assigned 
to the job 

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

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

THE DISPATCHING ACTIVITY 

The simulation imitates dispatching de~isions, 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, dispateh

ing requires relatively little time and the dispatcher is not overloaded, 

so this model will be adequate. If, however, the dispatching-communication 

function is itself a potential source of delay, it would have to be modeled. 

In the simulation, dispatching decisions are based on the location 

and priority of the job, and on the availability of patrol cars at the time 

of dispatch. A full description of how the simulation uses each of these 

characteristics in assigning cars is given in Section IV of this Report. 

The structure of the dispatching system we have coded is based on the 

computer-assisted dispatching system in use in New York City. We use the 

same type of information available to the New York City dispatcher and 

have :rationalized the flexible rules and guidelines he follows. The 

simulation structure is general enough so that a variety .of dispatching and 

1 
I 
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patrol policies quite different from New York City practice can be simulated 

by modifying only the program's initialization data. For example, different 

numbers of cars can be sent to different kinds of incidents; sector bound

aries can be shifted or sectors can be eliminated entirely; certain calls 

can be held for specific cars. 

Some dispatching policies, however, can be simulated only by changing 

the dispatching event routine (JOB.ENTRY). For example, the dispatching 

routine presented here does not make decisions based on actual car loca

tions. It references all incoming jobs to a neighborhood, and dispatch 

decisions are made by referencing an ordered list of patrol units for that 

neighborhood that has been read in at the beginning of the simulation. 

Another version of the dispatching routine that we have used references an 

incoming call to its exact location and uses the exact locations of all 

patrol cars to determine the closest available cars to an incident.. This 

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

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

routines that support them. The events are: 

• JOB.ENTRY A ca11 for police service is received at the dispatching 

center. 

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

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

activity~ 

• RETURN. TO. SECTOR A unit that has responded to an incident out of 

its sector has returned to patrol in its own sector. 

• 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. 

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

printed out. 

The progress of an incident can be traced through the system as follows 

(names in capital letters that are not event names are names of subroutines): 

At a certain time (specified as part of the input job stream), the call is 

received by the dispatcher, causing the JOB.ENTRY event to be executed. 

Associated with the call are its location, priority, and duration. The pro

gram uses the dispatch policy for the job's priority class (DISPRl, 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. If 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 ([NTERPOLATE.LOCATION, and, finally, ASSIGNs it to the job. 

If a car to be sent to the job is currently responding to a lower priority 

job, the simulation will PREEMPT it, INTERPOLATE.LOCATION, and ASSIGN it 

to the higher priority job. 

Each ARRIVAL.AT.SCENE causes a CALL.END to be scheduled for the arriving 

car at a time that depends on whether the car is the primary car at the job 

or a backup or tertiary car. 'When a car finishes a job, the simulated 

F 
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dispatcher checks the queues for another job. If a job is waiting for this 

car, the simulation dispatches the car to it with REASSIGN.CAR.TO.JOB. If 

no job is waiting that can be assigned to it, the simulation will PLACE.CAR. 

ON.PATROL. If currently within its sector, the car remains where it is; 

otherwise, it proceeds back to the centroid of its sector. In the latter 

case, a RETURN. TO. 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 tour. 

When a car is scheduled to go out of service, an OUT.OF.SERVICE event 

occurs. If the car is available (on patrol), it begins its out-of-service 

time immediately; otherwise, the event is queued as jobs are. As soon as 

the car next becomes available, it will be placed out of service. ';I'he 

completion of an out-of-service period is treated exactly as if the car 

were completing a job. 

In Fig. 2 we illustrate the sequence of events and the order of sub

routine calls in the simulation by presenting a flow chart for an example. 

of a single Priority 1 call. Each outer box in the flow chart denotes a 

simulated event, with time increasing as one proceeds down one page and 

onto the next. Small boxes inside the outer boxes denote subroutines 

called by the event routines. The subroutines may call other subroutines, 

which are shown in still smaller included boxes.. Each outer box is labeled 

with an identifier (e.g., Box 1, Box A(D)) that may be used to refer to 

that specific event elsewhere in the flow chart. 

In the example being simulated, the arrival of the call for service is 

simulated by the exogenous event JOB. ENTRY, which reads the description of 

the call from the input job stream. This information includes the fact 

that it is a Priority 1 incident. It also includes the location of the 

inCident and the length of time it will take for the primary car to ser

vice it. 

The JOB. ENTRY event calls subroutine DISPRI to choose the patrol cars 

that will be dispatclled 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 tar, and G and F as tertiary cars •. Each car is sent to the incident 

through a separate eall to the subroutine ASSIGN, which; performs some book

keeping f~nctions and calls SCHEDULE.CAR.ARRIVAL to schedule the ARRIVAL. 



-18-

Box 1 

JOB ENTRY 
,I 

DISPR1 
I 

Do for i i B, 0, S, F 

ASjlGN 

I SCHEDULE. CAR. ARRIVAL 

L Schedule Box A ( i ) 

L .LOOP 

I 

Box A (D) 

ARRIVAL. AT. SCENE 

Box A (B) 

ARRIVAL. AT. SCENE 
I 

END. CALL. SCHEDULING 

Schedule Boxes E (D) and E(B) 

I 

Exogenous event. 
Read description 
of co II for service 

D1SPR 1 selects cars Bt 0, G 
and F to send. 
Car B is primary car, 0 is 
backup car, and G and F 
are tertiary cars. 

Car 0 (backup car) 
arrives first. 

Car B, the primary car, arrives. 
Schedule end of call for ail 
cars on the scene. 

Fig. 2-Flow chart for Priority 1 incident 
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Box A (G) 

ARRIVAL. AT. SCENE 

I 
END. CALL. SCHEDULING 

Schedule Box E (G) 

Box A (F) 

ARRIVAL. IT. 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 

I 
Fig. 2-(continued) 

i 
I 
\ 

Car C:.i arrive!;. 

Car F arrives. 

Car G is sent back 
to its own sector. 

Car F is placed 
out of service. 

I . 
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, 
, 

Box E (0) 

CALL. END 

REASSIGN. CAR. TO. JOB 

, 

ASSIGN 

SCHEDULE. CAR. ARRIVAL J 
Schedule ARRIVAL. AT. SCENE~ 

I 
Box E <a) 

CALL. END 

tPLAC~CA~ON.PATROLI 

I 
Box R (G) 

RETURN. TO. SECTOR 

Fig. 2-(continued) 

Car 0 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. 

.. " 

-21-

AT.SCENE event. The time required for each car to travel to the incident 

depends on the distance to be traveled and on the travel velocity~ 

Car D is the first car to arrive. Car B, the primary car, arrives 

next. Its arrival allows the simulation to schedule CALL.ENDs for all 

cars already on the scene (in this case only car D). Cars G and F arrive 

subsequently and their CALL.ENDs are scheduled as soon as they arrive. 

Cars F and G, the tertiary cars, are the first to leave the scene. 

Car G, which has responded out of its sector, is placed on patrol and sent 

back to its secto.r (a RETURN.TO.SECTOR event is scheduied for it in Box 

E(G)). There is an out-of-service job waiting for car F, so it is placed 

out of service. When Car D, the backup car, is finished at the incident 

there is another job waiting for it. It is, therefore, dispatched to the 

new job. Car B, which is already in its sector, is placed on patrol at 

the scene of the incident after it completes its work there. 

The flow chart ends with the arrival Qf car G at the centroid of its 

sector where it remains on preventive patrol. Of course, in an actual 

simulation run., additional events associated with other incidents would be 

interspersed among the events shown. 

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

porting subroutines is given below. 

MAIN 

Every SIMSCRIPT II program must contain a routine called "MAIN." On 

each simulation run, the program execution begins at the first instruction 

(line 32000 in our program) in this ~1AIN routine and proceeds from there. 

In MAIN, the computer reads in the initialization deck, s~cs the dilliensions 

for all arrays, and sets initial values for variables and arrays. It also 

prints a report displaying most of the initialization data. Before passing 

control to the internal SIMSCRIPT timing routine that controls the execu

tion of the events, the program schedules the first meal time for each of 

the patrol cars~ and then schedules the end of the simulation. The timing 

routine is part of the SIMSCRIPT compiler, and so is not inclu~ed in our 

program documentation. The MAIN routine is listed below. 

I 
I 
I 
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MAIN 
DfFrNE 5IM.LENGTH AND HEAL.TIME AS REAL VARIABLES 

RESERVE REGION.NAMEC~) ANO TITLE(~) AS ~O 
ST ,>lH NEW PAGE 

FOR I = 1 TO 20' READ TITLECI) AS (20) A 4 
FOR I = 1 10 20. READ REGION.NAME(Y) AS (20) A 4 
READ SIM.LE~GTH. MAX.SENT, MEAL.DURATION, AND TOUP.LENGTH 
WRITE AS II IN1JUT DA H F9R " 
FOR 1= 1 TO 20, WRITE REGION,NAMECI) AS 
wRITE /IS I 
SKIP 3 LINE.'S 
PR1NT 1 LINE WJTH SIM.LENGTH AS FOLLOWS 
SIMULATJON LENGTH =*~*~**.*~ HOU~S 
SKIP 1 LINE 

REAO N~8LOCKtN.NAD,N.CAR 
LET N.AVAILABLE=N.CA~ 

A 4 

PRINT 1 LINE WITH N.RLOCK.N.NBD ANO N.CAR AS FOLLOWS 
NO. OF RLnCKS = ~~** NO. OF NBUS. = *~*~ NO. OF CARS = ~~** 

R~SERVF ADJACENT.CAkSC*,*) AS N.NAD BY N.CAR.ANO SECTORSC ••• ) 
AS N.CAR 8Y * 

cREATE EVERY alOCK, NaD, CAR, ANn P.CLAS§CS) 
SKIP 1 OUTPUT lINE 
PRINT 1 LINE AS FOLLOWS 

BLOCK ro TAX NO. NBD 10 X Y 
FOR J=1 TO N.BLOCK, 00 

READ B,TAXNOCS).NBDID(B).XCORD(B).YC{}RO(l3) USING UNIT 7 
PRINT 1 LINE WlrH B,T~XNO(H).NBDJD(81,XCORD(Bl.YCORO(B) THUS 
**** 
LOOP 

~*****. **~~ ~*.***~4 **.***** 

5T ART NEW PACiE 
FOR 1= 1 TO 20 t WPITF 
WRITE AS I 

TYTLE(I) A~ 

SkTP 2 l TNES 
PRINT 2 LINES AS FOLLOWS 

A it. 

NBO TO SEcTORS NUMBER Of ORDER TN WHICH 
SECT.CA~S ADJ.CARS CAPS ARE NOMINATED 

FOR 1=1 TO N.N8D, DO 
READ N,NBO.NAME(N),N.SECTOR.CARSCN),N.AOJACENT{NI 
FOR J=} TO N.CAR.READ AOJACENT.CAR~(N.J) 

PRINT 1 LINE WITH N,NBO.NAMECNI.N.SECTOR.CARStN). 
N.ADJACENl (N) AS FOLLOWS 

f)**U **** ** *** 
FOR K=l TO N.CAR.un PRfNT 1 LINE WITH 

AOJACENT.CAPS(I,K) AS FOLLOWS 

lOOp· 
LOOP 

FOR 1=1 To N.CAR DO 
READ ·C,CAR.NAME tel ,NUMB. SECTORS Cel ,CENT~OIn (C) ,MEAL. TIMf 
RESERVE SECTORS(C,*) AS NUMS.SECTORS(C) 
FOR J=l 10 NUMB.SECTORS(C), READ SECTORSCC,JI 

LET XLOC(C):XCOROICENTROIDIC» 
LET YLOC(C):YCORO(CfNTROIOCCI) 

SCHEDULE AN OUT.OF.SERVICE GIVEN c IN MEAL.TIMF HOURS 
LOOP 

FOR T=l TO N.P.CLASS RFAO VELOCITY(I) 
RESERVE P.DuRATION(*) AS 3 
FOR T : 1 TO 3 READ P.DURATION(I) 

CREATE ~N END.OF.SIMULATION 
SCHEDUlF THIS rNO.OF.SIMULATION IN 5IM.LENGTH HOURS 

START SI~ULATION 
STOP 
EtoIO 

00031900 
00032000 
0003?100 
00032.?00 
(l0032300 
00032400 
00032500 
00032600 
0003?63(1 
00032660 
0003270U 
0003?800 
00032900 
00033000 
00033100 
00033200 
00033300 
00033400 
00033500 
00033600 
00033700 
00033~OO 
00033900 
00034000 
00034100 
00034200 
00034300 
00034400 
00034500 
00034600 
00034100 
00034150 
o0034Rno 
00034900 
00035000 
oO'03~100 

0003C;200 
00035300 
00035400 
0003C;C;OO 
00035600 
0003510u 
00035~OO 
00035900 
00036000 
0003~lOO 
00036200 
0003"300 
000.36400 
00036500 
0003660u 
00036700 
OOOlMOO 
00036900 
00031000 
00037100 
00037200 
00037300 
(10031400 
0003150U 
00031600 
00031100 
(J0037800 

F 
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EVENT FOR JOB.ENTRY 

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

system. For most types of jobs (all priorities except 4), the job arrives 

at the dispatching center. It is presumed· that at this point the dis

patcher has already obtained all information necessary for dispatch and 

can inunediately 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 o~ 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 pol:1.ce are obtaining the relevant il1formation from the caller. 

We describe the simulated dispatching operation below in general terms. 

Note that Pribrity 4 jobs are intended to model those incidents that 

are discovered by the patrolling units themselves and that are not 

first: reported to the police by telephone. Patrol cars are not, of 

course, dispatched to these jobs. Rather, the job is "picked up" by 

the appropriate unit. Yet in the following discussion we use the term 

"dispatch" somewhat loosely and incorporate under it the assignment 

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

place. pickup jobs in a fictional queue where they "wait" for the 

appropriate patrol car to pick them up. 

Data describing the new incident--its location, priority, and dura

tion--are included as part of the input job stream. In order to determine 

whether there are patrol resources available to dispatch to the call and, 

if so, which resources to dispatch, the JOB. ENTRY event routine 

calls the appropriate dispatch subroutine based on the priority of the call 

for service. The dispatch subroutines in the version of the program 

documented here are called DISPRI, DISPR2, DISPR3, DISPR4, and DISPR5, 

corresponding to the five priority classes. The dispatch policy for 

each priority class is given in the description of each dispatch sub-

routine. 

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

routines called by the various dispatch subroutines, is given in Fig. 3. 
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i Call is rec(;lived b~·"dispatcher] 

Yes No 

Can a car be dispatched Can a car be dispatched to it? 
'---'---------"''',. 

Dispatch car from 
another region 

No 

\ ' 

" Have enough cars 
been dispatched? 

Yes 
Can another car be dispatched? 

No Is the car travelling '\ Yes 
bac~ to its sector? 

INTERPOLATE. LOCATION 

CANCEL. SECTOR. RETURN I 

No Is the car responding to a Yes 
lower priority incident? -, 

...-.:-_-.J 

INTERPOLATE. LOCATI'~ 

CALCUiLATE. DISTANCE 

SCHEDULE. CAR. ARRIVAL 

Fig. 3-JOB.EI'~'fRY 

Place car on 
appropriate QUEUE 

Is the car trave!!lng 
back to its sector? 

INTERPOLATE. LOCATION 

ASSIGN 

Yes 

CJ.lINCEL. SECTOR. 
RETURN. 

Any other cars 
to be sent? 
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EVtNT FOQ J08.ENTHV 
DEFTNE HOuR A~n MDUR AS REAL VARIABLES 
R~AO LOe.TPR.HDUR AND ~OUR 

CREATE A JOR CALLEn J 
LET ENTRV.fIME(J)=TIME.V 
LET LOCATION(JJ=LoC 
LET PRIORITViJI=IPR 

LET OURATION(JI=HOURo~O.O + MDUR 
LET STATlISIJh:O 
GO TO PRIIPRI 

'PRIll' CALl DISPRl(JI 
'PRI21' CALL DISPR~(J) 
'PRI)' CALL O!SPR3IJI 
'PR(4)' CALL DISPR41Jl 
'PRIS)' CA.LL DISPR5(JI 

END 

RETURN 
RETURN 
RETURN 
RETU~N 
RETU~N 

Dispat.Eh Subroutines: DISPRI, DISPR2, DISPR3., DISPR4 p DISPR5 

00059AOO 
00059900 
00060000 
00060100 
00060200 
0001:10300 

00060400 
0006050U 
OQOf,0600 
00060700 
00060800 
00060900 
00061000 
00061100 
00061200 
00061300 

These subroutines are the heart of the simulation. With its five dis-
," 

patching procedures, the simulation is capable of testing a wide range of 

dispatching alternatives by changing only the priorities assigned to jobs 

or the sector assignments of the patrol cars. If the user would like to 

test a policy that cannot be handled in this way, he can write his own 

dispatching routine(s) and substitute it for one or more of the five dis

cussed here. 

In all five policies the incoming jobs are referenced to a neighbor

hood, and dispatch decisions are made using an ordered list of patrol units 

associated with that neighborhood. The list consists of all patrol units 

that are to be considereq possible candidates to be assigned to a job 

located in the neighborhood in question. Whether the unit is assigned, and 

in what capacity it will be assigned, depends upon the current status of 

the unit and of other units, upon the priority of the job, and upon the 

values given to various dispatch parameters. (Since neighborhoods can be 

as small as a single block or as large as the entire region being simulated, 

great flexibility is possible in the dispatching strategies that can be 

simulated.) 

The following discussion of each of the dispatching procedures in the 

simulation depends on an understanding of the ordered list of patrol units. 

There is one such list for e7,~ery neighborhood. For a particular neighbor

hood, say I, it is called ADJACENT.CARS(I). At the bead of the list is the 

sector car(s) for the neighborhood" next come the sector cars for adjoining 

neighborhoods, then other cars in the region, and finally supervisory or 
I! 

~<l 
i 
I . 
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special cars, if there are any. As will be seen in the following discussion, 

Eector cars, neighbqring sector cars, etc., are treated differently in dis-
-. , . 

patching. Associated with the list ADJACENT.CARS(I) are two pointers that 

are used in the dispatching routines: 

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

Neighborhood 1. 

• N.ADJACENT(I) tell//how many "adjacent sector cars" are associated 

with Neighborhood I. 

Figure 4 is a representatio'l'l. of the ordered list for Neighborhood I and 

its members. We assume for illustration that there are six patrol units 

in the field,' numbered 1 through 6, and one supervisor's car, numbered 7. 

There is one sec.tor car for Neighborhood I, namely car 4; and there are 

two adjacent cars., numbered 3 and 1. Thus, N.SECTOR.~ARS(I) = 1 and 

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

appropriate cars on the list. 

ADJACENT. CARS (I) 

car 4 
car 3 
car 1 
car 2 
car 5 
car 6 
car 7 

N.SECTOR.CARS(I) = 1 

N.ADJACENT(I) = 2 

Fig. 4..,. The structure of the dispatcher's list ADJACENT.CARS{\) 

When a job in Neighborhood I comes into the system, the car (s) dis

patched depends on the priority of the job and on the ordered list ADJACENT. 

CARS (I). A desc.ription of each of the five dispatch subroutines follows. 

As mentioned .above, each of the subroutines calls 'the ASSIGN routine to 

assig'Ll. a car to a job. If a car to be sen·t to a job is returning to its 

sector, the routines CANCEL. SECTOR. RETURN, and INTERPOLATE.LOCATION are 

called before the ASSIGN routine is executed. . 

ROUTINE TO DISPRI G.Iv"1!iN .. J... Priority 1 jobs are the most serious inci

dents. They generally include robberies in progress, police officers in I;J j 
j~ 
,~ 
1 
J 
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danger, etc. I DISPRI n , the simulation dispatches 
the ava{lable the first MAX.SENT of 

~ cars on ADJACENT.CARS(I).* If fewer 
than MAX. SENT are 

available, all of the available cars are d· h 
~spatc ed. Those cars dispatched 

to the job are all as 0 d 
Soc~ate with the internal identif{ca~{on b a 0 d' ... ....... num er 

sSlgne to the job (variable J) C 0 

,. ars are ava~lable if they 
or responding to lower priority incidents Th 

are on patrol 

of cars that • e preempting 
are responding to lower priority calls in ord _ 
j b' e.. to respond to Priority 1 

o s is the only preempting included in the 

top of ADJACENT.CARS(I), the 
Simulation. Starting from the 

• 

• 

available cars are ass{gned f 
..L as ollows: 

A primary car (the first ava1\lable 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 

proportion, P.DURAT.ION(2) , of the duration 

upon the arrival of the primary car •. 
of the job, starting work 

• Tertiary cars (all other available cars 

of MAX.SENT-2)--each of these work 
on the lis·t up to a total 

for a proportion, P.DURATION(3), 

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

the primary car. 

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

from another region Where th· . . 
• ~s occurs, 1t ~s record.ed by adding "1" to 

the variable OUTSIDE.DISPATCH and the J·ob . 0 

. . 1S not cons~dered further by the 
s~mulat~on. The number of times tho h 
" .. ~s appens is shot-m in the output report 

Number of Precinct Cars Sent to Calls" (F{g. 16). 
never queues Priority 1 jobs. 

..L 'rhus, the Simulation 

ROUTINE TO DISPR, GIVE.N J 
LET SEChNBDIOft' ATrON{J» 

FOR J=1 TO N~CARpDO "NOMI~ATE ~!~SM~~KER~O 
LET K=ADJACENT.CARS(SECr,II 

* 

IF SWT(K) LE 3 AND SPT(K) NE 1 
If MARKERcO LET SOT(K)=l "CAR IS ELtGIBLE .t 

OTHfRWISE 

LET MARKERz:l 
GO TO CALCl 
IF "1ARKER II: 1 LET SoT (to =2 

LE 1. ~ARI<"e:R=2 
GO To CAlCl 

00061400 
00061500 
00061600 
00061100 
00061800 
00061QOO 
00062000 
OOOb?100 
00062200 
00062300 
00062400 

be MAX.SENT is a.variable whose value is 
less tha.n or equal to N. cAR. specified by the user. It must 

f 
i 
! 
1\: 
I 
I 
1 
" I 
I . j 
f"l 
I 
I, 

I 
i 
I 
\. 

. ! 



-28-

fCALCl' 

OTHtRWISE IF HARKER = MAX.SENT GO OUT 
OTHERWISE ADO 1 TO MARKER LET SOT(K)-3~; 

IF SWT(K)=l CALL I~TERPOLATE.LOCATION GIVEN K AND ASSIGNMENT(K) 

00062500 
00062600 
00062700 
000b2800 
00062900 
00063000 
00063100 
00063200 
00063300 
00063400 
00063500 
00063600 
00063100 
00063800 
00063900 

REGARDLESS 
IF SPT(K) GT 1 CALL PREEMPT(K) 
REG~RDLESS CALL ASSIGN(K,J) LET SWT(K)-2 

IF I GT N.SECTOR~CARS(SECT) LET SWT(K)=3 
REGARDLESS 

REGARDLESS 
LOOP 

fOUT' IF MARKER - 0 ADD 1 TO OUTS!DE.OISPA1CH 
DESTRUY JOB CALLED J 

R~GARDLESS LET COUNT ( 1 ) :iMARKER 
RETURN 

END 

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

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

jobs, as follows: 

• 

• 

If no cars are available in the region being simulated, the job is 

queued for the first available car. Jobs in the }l'riority 2 queue 

get assigned units on a first~in-first-out basis before jobs in 

other queues. A job that is queued gets assigned only one car. 

One car is sent unless a sector car is available to act as primary 

car and another sector car or one of the N.ADJACENT cars from the 

neighboring sectors is available. In. this case, both a primary 

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

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

of the duration. Work starts upon the arrival of the primary car. 

ROUfINE TO OISPR2 GIVEN J 0006400u 
LET SECTzNBDID(LOCATION(J» LET MARKER=O 00064100 
FOR '-I TO N.CAR, DO "NOMINATE CARS " 00064200 

LET K.ADJACENT.CA~S(SECT,I) 00064300 
IF sPT(K,).O ." CAR IS ELIGIBLE" 1'}0064400 

l~ MARKER=O LET SOT(K)=1 LET ~ARKER=l GO TO CAlC2 00064500 
OTHERWISE 00064600 

IF MARKER-I AND I LE N.ADJACENT(SECT)+N.SECTOR.CARS(SECT)00064100 
LEl SOi(K).2 LET MARKER=2 00064800 

IF S~T(K)=l CALL INTERPOLATE.LOCATION GIVE~ K AND 00064900 
ASSIGNMENT(K) 00065000 
REGARDLESS CALL ASSIGN(K,J) LET swTCK)-2 OOO~5100 
,F I GT N.SECTOR.CARS(S~CT) LET SWT(K)-3 00065200 
REGARULESS 00065300 

REGARDLESS 00065400 
REGARDLESS 00065500 

LOOP 00065600 
IF MARKE'R=O FILE J IN QUEUE(2) RETURN 00065100 

oTHERwISE LET COUNT(2).MARKER RETURN 00065~on 

'CALC2' 

ENO . 0006~900 
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ROUTINE TO DISPR3 GIVEN J. Exactly one car is assigned to Priority 3 

jobs. This car can be any available car in the region being simulated. The 

car dispatched is the first available car on the ADJACENT.CARS list associated 

with the neighborhood from which the call emanated. If . h no cars 1n t e region 
are available the job is queued for the first ?vai1ab1e car. Priority 3 

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

ROUTINE TO OISPR3 GIVEN J 
f' SEND ANY AVAILABLE CAR " 
LET SECT:N8DID(LOCATTONCJ» 
FOR 1:1 TO N.CAR, DO 

LET K=ADJACENT.CARS(SECT,J) 
IF SPT(K)mO "CAR IS ELIGIBLE" 

LET SOT (to =1 
IF SwT(K).l CALL INTERPOLATE.LOCATION r,IVEN K ~ND 

ASSIGNMFNT(K) 
REGARDLESS CALL ASSIGN(K,J) 
LET SWT(K)-2 . 
IF I GT N.SECTOReCARS(SECT) LET swT(K)=3 
REGARDLESS LfT COUNTj3)=1 RETUR~ 

OTHERWISE lOOP . 
FILE J IN QUEUE(3) 
RETURN 
END 

000b6,OOO 
00066100 
00066200 
00066300 
00066400 
00066500 
00066600 
00066700 
00066800 
00066900 
00067000 
000;'1100 
00061200 
00067300 
00067400 
00067500 
00067600 

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

spotted by patrolmen during the course of their preventive patrol activities. 

As is the case for Priority 3 jobs, exactly one car is assigned. But the 

car assigned w~ll always be a sector car whose area of responsibility in

cludes the block where this incident occurs. Since t~e c~r is q1ready at 

the location of the incident when it occurs, it does not have to travel to 

reach the scene. To imitate this, the simulation instantaneously changes 

the car's location to the grid coordinates associated with the pickup job. 

If the approp.riate sector car is available when the Priority 4 job is 

received, it will be immediately assigned to the job. If no sector car is 

available, there are two possible courses of action: (1) the call is 

queued until a sector car is available or (2) the call is ig~ored (since 

no car was available at that instant to spot the incident). The former 

approach is taken in this simulation program. This approach is appropriate 

when the calls for service in the job stream represent an actual historical 

sequence of calls. In this case, the fact that a specific car was un

available when a pickup job occurred indicates a difference between the 

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

However, there is an alternative way that pickup jobs can be insert~d 

into the job stream. They may be generated randomly according to the 

(known) frequency with ~hich a car on preventive patrol in a region would 

encounter pickup jobs~ In this case, if a Priority 4 call arrives when the 

sector car is busy, the call should be ignored. As a result, the more time 

a car has for preventive patrol, the more often it will service pick.up jobs. 

Similarly, a busy car wi1l have correspondingly fewer pickup jobs. In 

order to modify the simulation to implement this approach to Priority 4 

jobs, the following statement should be substituted for statement number 

00069100 in ROUTINE TO DISPR4: 

DESTROY JOB CALLED J. 

(Even in this case there will be difficulties in comparing the simulation 

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

ROUTINE TO DISPR4 GIVEN J 
" PICK-UP JOR .f 

LET SECT z NBOID(lOCATION(J» 
~OR T • 1 TO NoSECTOR.CARS{SECT) , DO 

LET K a AOJACENT.CARS(SECT,I) 

LOOP 

IF SPT(K) a 0 "CAR IS AVAILABLE" 
LET XLOCCK) • XCORD(LOCATION(J» 
LFT YLOC(K) • YCORD(LOCATION(J» 
CALL ASSIGNIK,J) 
LET SWT(K) • 2 LET SOT(K} = 1 
LET COUNT(4) • 1 
RETURN. 

OTHE;RWISE 

FILE J IN QUEUE(4) 
RE"l'URN 

"NO SECTOR CAR FREE" 

END 

00067100 
00067800 
00067900 
00068000 
00068100 
00068200 
00068300 
OOOE!8400 
000(8501) 
00068600 
00068700 
00068800 
00068900 
00069000 
OOOfo9l00 
00069200 
00069300 
00069400 

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

jobG, but no instantaneous travel is assumed. These jobs are assigned only 

to a sector car for the neighborhood associated with the job. This class 

is meant to imitate low priority jobs that may be assigned by a supervisor, 

such as taking reports on past burglaries, etc. If no sector ,Car is avail

able the job is placed on QUEUE (5) • A Prio.rity ·5 job is assigned only when 

the P~iority 2 and Priority 3 queues are empty and QUEUE(4) does not 

contain a job waiting for the sarne sector car(s). 

T 
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ROUTINE TO DISPR5 GIVEN J 
f' 4SSIGN JOR ONLY TO SECtOR CAR " 
LET SECTcNBDIO(lOCATIONtJ» 
FOR la·l TO N.SECTOR~CARSCSECT). DO 'fLOOK FOR A SE"CToR CAR" 

L~T K~AOJACENT.CARS(SECT.I) 

END 

IF SPTCK)aO "CAR IS ELfGraLE" 
IF SWTCK):) CALL INTEqPOLAT~.ioCATro~ GIVEN ~ A~D 

ASSTGNMENTtK) 
REGARDLESS CALL·ASSIGN(K,J) LET SWTCK):? 

LET SOT(K)=l LET COUNT(S)=l RETURN 
OTHERWYSE 

LOOP 
FILE J IN QUEUEIS) "NO SECTOR CAR FREEtf 

RETURN 

ROUTINE TO INTERPOLATE. LOCATION GIVEN K AND J 

. & 

0006950{) 
00069600 
00069700 
00069800 
(')0069900 
00070000 
00070100 
00070200 
00070300 
00070400 
00070500 
00070600 
00070700 
n0070BOO 
00070900 
00011000 

This routine is called by each of the dispatch subroutines whenever 

the car to be dispatched is en route to a different location (either return-
" 

ing to its sector from a previous job or responding to a lower priority job). 

It calculates the approximate current position of CAR K, which is travel

ing to JOB J (the "job" might be a return to patrol duty), and assigns 

the x and y coordinates of CAR K's current simulated position to the 

variables XLOC(K) and YLOC(K). The routine makes the assumption that a car 

travels only in right-angle directions during the course of a trip--first 

traveling on a straight path in the x direction, then on a straight path 

in the y direction. The total distance already traveled by the car is 

assumed to be equal to the fraction of the total duration of the trip that 

has already elapsed. 

If CAR K had been on its way to its 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 INTF:RPOLATE.LOCATION GIVEN K· AND J 
., C~Lltn FROM PREEMPT AND F~OM J08.£NTRV " 

NOPMALLY MODE IS REAL 
DEFT~E LJ.K,J,R,PATROL.RETURN AS TNTEGER VARIABLES 
LET LJ=LOCATIONCJ) 
lFT V=VElOCITYtPRIORITY(J» 
LET XDeXCORDCLJ)-XlOCC~) 
LET YDaYCOROCLJ) - YLOCCK) 
LET T=CTI~E.V -T.START.RESPONSECKII*24 
LET T~cARS.FfXD)/V 
LET DEL TeT - TX 
TF DELT GT 0 LET XLOC(K)=XCORDClJ) 

LET YLOCCK):vonELToS1GN.FIYD).YLOC(K) 
GO TO CHEC~.IF.PATROL 

OTH£RwtSf LfT XLOC(K).V*(-DF.lTI*StGN.F(XD)+XLOC(~l 

00071100 
00(171200 
00011300 

. 0001}400 . 
00071500 
00011600 
00071700 
00071800 
00071900 
00072000 
00072100 
00072200 
t'}0072300 
00072400 
00072500 

i 

I 
L 
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'CHECK.TF.PATROL' IF SwT(K) NE 1 RETURN 

END 

OTHERWISE CALL CANCEL. SECTOR. RETURN ~tVEN K 
REJURN 

ROUTINE TO CANCEL.SECTOR.RETURN GIVEN K 

00072600 
0007270u 
00072800 
00072900 

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 CA~CEL.SECTOR.RETURN GIVEN ~ 
LET PATROL.RETURN = ASSIGNMF.NT(K) 

DESTROY JOB CALLED PATROL. RETURN 
LET RcNFXT.EVENT(K) 
CANCEL RfTURN.TO.SECTOR CALLED R 

DESTRO~ RETURN.TO;SECTOR CALLED R 
RETURN 
END 

ROUTINE TO PREEMPT(K) 

000'4000 
00074100 
00074200 
00074300 
00074400 
00074500 
00014600 
00074100 

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

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

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

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

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

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

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

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

the incident. 

ROUTINE TQ PREEMpT(K) 
LET J Z ASSIGNMENTIK) 
If J IS NOT IN A QUEUE 

IF STATUS(J).O FILE J FIRST IN QUEUE(PRTORITV(J» 
REGARDLESS' 

REGARDLESS LET E- NEXT.EVENT(K) CANCEL THE ARRIVAL.AT.SCF.Nf CALLED F 
OESTROY THE ARRIVAL.AT.SCENE CALLED E 
q€~OVE K FROM ASSIGNEO.CARS(J) LET SPTIK)=O 
~O~ INTERPOLAT£.LOCATtON GIVEN K AND J 
IF N.ASSIGNfD.CARS(J) -1 LET F=F.ASSIGNED.CftRS(J) 

iF snTf~'-2 AND SWTCF) GE 4 
lET f wNEXT.EVENT(F) 
CANCEL THE CALL_END CALLED E 
RESr.HEOULE THE CALL.END CALLED F. IN DURATIONCJ) MINUT~S 

~EGARDLESS 
LET SOT (F)-1 

REGARDLESS 
LET T.START.RESPONSECK). TIME_V 
RETURN 
END 

00074800 
00074900 
00075000 
0001S100 
00075200 
00075300 
00015400 
00075500 
00075(,00 
00075700 
00.075800 
00015900 
00076000 
00076100 
00076200 
00076300 
100076400 
00076500 
00076600 
00076700 
00076800 

------------- --_.-
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ROUTINE TO ASSIGN(K,J) 

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

priority as.sociated with the job and places the car on the list of cars 

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

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

ARRIVAL (K,J). 

ROUTINE TO ~SSIGN(~,J) 
LEi SPT(KI:PRIORtTV(J) 
LET ASSTGNMENT(~).J 
~w SCHEDULE.CAR.ARRIVAL(K,J) 
FILE K IN ASSIGNEO.CARS(J) 

IF SwT(K) LE 1 SUBTRACT 1 FROM N.AVAILARLE REGARnLFSS 
ReTURN 
E .. IO 

ROUTINE TO SCHEDULE CAR.ARRIVAL(K,J) 

00073200 
00011300 
00073400 
00073500 
0001360U 
00073700 
00073800 
000 13900 

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

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

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

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

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

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

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

ROUTINE TO SCHEnULE.CAR.ARRIVAL(K~J) 
DEFINE nlST AS A REAL VARIARLE 
LET nIST.CALCULATE.~ISTANCE(XCORD(LOCATION(J»,YCORn(LOCATION(J», 
XLOC(~),YLOC(K» . 
LET T.START.RESPONSE(K)~TIME.V 
CRE~TE AN ARRIVhL.AT.SCENE 
SC~fnULE THIS AHRIVAL.AT.SCENE GIVEN K IN 
DrST/VELOCITVIPHIORITVIJ» HOURS 
LET NEXT.EVENT(K)-ARRIVAL.AT.SCENE 
RETURN 
ENO 

ROUTINE TO CALCULATE.DISTANCE GIVEN Xl, Yl, X2 AND Y2 

00071000 
000771 00 
00077200 
00077300 
00077400 
00077'500 
00077600 
00071700 
00077800 
00077900 
0007AOOO 

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

grid coordinates (Xl, Yl) and a point with grid coordinates (X2, Y2). The 

function may be easily changed to suit the city being simulatet;1.. The version 

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

as follows: 

D :::: I X2 - Xl I + I Y2 - Yl I.' 



-34-

---~~~~--1--~ 

-35-

This equation assumes that a dense rectangular street network exists, co~

necting all pairs of points. For Sr)me. of our experiments we found it 

necessary--and easy--tolllodify the func·tion to model the effects of natural 

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

ROUTJNE TO CALCULATE.DISTANCE GIVEN Xl,Yl,X2 AND Y2 
DEFINE D,Xl,X2,Yl, AND Y2 AS REAL VARIABLES 
LET 0 c ARS.F(X2~Xl) • ARS.F(Y2-Yl) 
RETURN WlTH 0 
END 

EVE~T FOR ARRIVAL.AT.SCENE(K) 

0008~400 
00082500 
00082600 
00082100 
(l0082~WO 

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 th~ 

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 Clf arrival of the primary car). 

If the car is a backup car and the primary car is already there, then a 

CALL. END is scheduled for the car. Otherwise, it must wait for the arrival 

of the primary car before its CALL.END can be scheduled. Finally, if this 

is the first car to arrive at the scene, its travel time is calculated and 

added to both the overall travel time statistics and the travel time 

statistics corresponding to the priority of this job. 

fVfNT Fn~ AH~JVAL.AT.SCENE(K) 
OEFTNE D AS A ~F.AL YARIARbF-

00078200 
00078300 
0001a40t) 
n007FJSOO 

LET LKARcLOCATION(ASSIGNMENT(K» 
LET XLnr.I~)-XCO~D(LKAR} 
LET YLOC(K).YCO~D(LKAR) 

TF SwT(~)-? LfT S~T(K}~4 ADD 1 TO IN.SECT.JORS(Kl GO TO RoTH 
OTHER~ISF LET SWT(Kln~ ADO 1 TO OUT.SECT.JORS(K) 

'BOTH' 
LET J.ASSTGNMENT(K) 
LET JPR-PRIORITY(J) 
LET I) • IIURATION(J) 
IF ~OT(~I.l "THIS IS THE PRIMARY CAR AT JOP J" GO TO PRJ~F.CAR 
OTHeRWISE. 
IF STATlJS(J)·O 
GO TO FIRST.CI.I~ 
OTHC'RWISF 

•• ~o CAR HAS ARRIVED ANU THJS CAR IS NOT PRIMARY" 

TF SHTIISCJ)-l .. PRIMARY CAR HAS ALREADY ARRIVE'O ff 

PERFORM fND.C~LL.SCHEDULING GIVEN K AND 0 

00078600 
00078700 
00078800 
00078900 
Q0019000 
00079100 
00079200 
00079300 
00079400' 
00079500 
00079600 
00019700 
00079800 
00079900 

~EGARDLESS RETuRN " IF NO PRIMARY CAR DELAY SCHEDULING 
'FtRST.r.AR' 

A CALL.END"00080000 
00080100 

I , 
j 

I 

Cor arrives at incident 

1 

Yes No 
Is this the pri mary car? >---.., 

Schedule CALL. ENDs 
for any cors olr'eody 
ot scene 

~-------------------------

Yes 

Calculate travel time 

Yes 
a .. 

,. 
Schedule a CALL. 
END for this cor 

.. 
,r 

Is this the fi rst co r? 

--------1.., Ex i t 

Fig.5-ARRIVALAT.SCENE 

• 

Is the primary 
car there yet~ 

No 

No 
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{. 

i 
t 
} 
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LET ShTUS(J).2 
LET JOR.P~SPONSE.TIME(JPR).(TIME.V • 
T.START.RESPONSE(K)"~440.0 

GO TO RT(JPR) ~ 
'~T (1)' LET pl.N8D.RSPO~(SE (NHDID (LKAR» sJOij.RESPONSE'. TIMf IJPR) RFTURN 
'IH on' LET P2.NI30.RSPONSE (NBDID (LKAR') .JOB.R~SPONSE'. TIME' (JPR) RETURN 
."r(~)' LFT P3.NBO.RSPONSE(NBDID(LKAR,)zJ08.RESPONSE.TIMf(JPR) RETURN 
'RT(4)' lFT P4.N8D.RSPONSE(N8DrD(L~AR)sJO&.RFSPONS~.TI~E(JPR) RETURN 
If HIS) • I.FT PS.N~O~RSPONSE(NliDtD(LKAH»:zJOH.RESPONSF.TIME(JPR) RETURN 

00080Z00 
00080300 
00080400 
00080500 
nOOti0600 
(i0080700 
00080800 
00080900 
00081000 
00081100 
00081200 
00081300 
00081400 
00081500 
00081600 
OOOA1700 
00081AOO 
OOOAIQOO 
000tl2000 
00082100 
0008??OO 

'PRtl-'E.CAH' 
IF STATU5(J) NE 0 tt SOME CARS ALREADY THERE" 

FOR EACH CAR IN ASSJGNEO.CARSIJ) wITH 5WTICAR) GE 4 DO 
PERFORM END.CALLiSC~EOULING GIVEN CAR AND 0 
LOOP LET STATUS(J)-l RETURN 

OTHE:RWISF. 
LFT ,IOFl.RESPONSEeTIME(JPR).(UME.V -

T.START.RESPONSE(K»*1440.0 
CAll END.CALL.SCHEDULING GIVEN K AND 0 
LET STATUS(J)=l 
GO TO RT(JPR) 
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. DUR is the length of time that the primary car 

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

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

parimary car (SOT (K)=l), a ba,ckup car (SOT (K)=2), or a tertiar.y car (SOT (K) 

=3), as follows: 

T = P.DURATION(SOT(K»* DUR, 

where P.DURATION(I) is the proportion of DUR tnat a car of type I spends at 

an incident. The CALL.END for CAR K is then scheduled to occur in T minutes. 

ROUTINE fOR ENO.CALL.SCHEDUUNG GIVEN K AND OUR 
DEFINE T ANO OUR AS REAL VARIABLES 

LET T.p.DURATION(SOTlK»*OUR 
CREATE A CALl.ENp 

SCHEDULE THIS CALL.END GIVEN K IN T MINUTES 
RE1'URN 
END 

EVBNT CALL.END GIVEN K 

oOOB2900 
00083000 
0008310U 
00083200 
(l00A3300 
00083400 
0008~500 

000831'100 

This internal event is called whenever a car is scheduled to finish work 

at an incident or to return to service after being out of service. The sub

routine first adjusts the state of the system and checks whether any other 

cars are still assigned to the incident. If there are none, the incident 

is erased from the system. Next, a check is made to see if this car has 

------------ - - .. - '~---------;----------------------------------------------"hl~ __ 

Yes 

Close out ;s inc0n~ 
" 

Yes 

Place car out of service 

Yes 

Schedule the car's 

return to service 
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Car finishes work at an incident 

I s this the last car at the incident? r-_N_o __ _ 

r sit past t he next OUT. OF. SERV I CE 
even~ for this car? 

Is there a job in any QUEUE 
waiting for this car? (Queues 
are checked from highest 
priority to lowest) 

REASS I GN. CAR. TO. JOB 

Fig. 6-CALL.END 

No 

No 

PLACE. CAR. ON. PATROL 

.. 

r-
~ t 
I 
! 
;, .. 
h 
! 

'<], 
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been scheduled to go out of service. If so, the car is placed out of servi,ce 

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

highest priority to Lowest) to see if th'is car is needed at, and eligibLe 

for, some other incident. If so~ REASSIGN •. CAR.TO.JOB is called to dispatch 

the car to that incident. If there is no job waiting for this car, PLACE •. 

CAR.ON.PATROL is called to ,return the car to preventive patrol in its sector. 

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

EVENT CALL.FNO GIVEN K 
IF SWT(K).~ GO TO CHECK.Q "~ND OF OUT-OF-SERVICE" 

OTHERWISE LET J.ASSIGNMENT(K) 
Rf~OVE K FROM ASSIGNED.CAPSeJ) 
If ASSIA~ED.CARSIJ) IS EMPTY DESTROY JOB CALLFO J 
PFGARDLF.SS 

i eHE CI( • Glf 
FOR EACH JOR ON QUEUECl) "THIS IS THE OUT-Of-SERVICE QUEUE" 
WiTH LoC4TION(JOB)aK. DO LET ASSIGNMENT(K)zJ08 LET SWTCK)z6 

SCHEDULE A CAll.END GIVEN ~ IN DURATYONCUOB) MINUTES 
LET SPT(K)=~ LET SOTCK)=~ 

LET XLOCIK)=XCORDICENTROIDlKI) 
LET YLOCIKfaYCORD([ENTROID(K» 

Re~OVE JOB FROM QUEUF(1) 
Re:TIJRI\l 
lOOP 

FOR 1=2 TO N.P.CLASS no 
IF QUEUE C Jl IS EMPTY ~o TO NF.X"l.Q 
otHERWISE IF r LF 3 Nnw REASSIGN.CAR.Ta.J0H(K,'.Q1JFUfCT» RFTUH~ 

'N!::XT.Q' LOOP 
'PHEVENT.PATROL' 

OTH[R~ISE "~UST FIND A SECTOR CAR" 
FOR EACH JOH ON QUEU~III DO 

I.OOP 

LET NHoon~NBDID(LOCATION(JORI) 
FOR J=l TO NUMB.SFrTORSeK) Dn 

LOOP 

IF NHOOD=SECTnRSCK,JI 
NOW ~EAsstGN.CAR.TO.JnR(KtJO~1 
f.iETU~~ 

OTHERWISE 

ADD 1 TO N,AVAILARLE 
NOW PLACE.CAR.ONoPATROLIK) 
RETURN 
END, 

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

(10083700 
OO(l83~00 
00083900 
00084000 
00084100 
00084?OO 
00084300 
00084400 
00084500 
00084600 
000134100 
OOOA4AOO 
00064900 
0008~000 
00085100 
00085200 
(10085300 
00085400 
00085;00 
00085600 
00085700 
(10085800 
00085900 
00086000 
00086100 
0091:36200 
00086300 
00086400 
00086500 
00086600 
00086700 
00086800 
00086900 
00087000 
00087100 

Tpis 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. 

-39-

ROU~TNE TO REASSIGN.CAR.TO.JOB G!VFN K A~D J 
LET SECT=N~DIDeLOCATIONeJ» 

00087200 
00087300 
00081400 
OOQ!81500 
oOOB76100 
OOCl87100 
00087800 
00087900. 
00088000 
00088100 
00088200 
0008830.0 
(l00B8400 
00088500 
()0088600 
00088700 
OOOl:l8flOO 
00088900 
nOOAQOOo 
00089100 
000A9200 
OOOSQ30IJ 

IF PRIORITYeJI=4 LET XLOCeK).XCORO(LOCATIONCJ) 
L~T YLOCeK'=YCOROflOCATIONfJ» ReGAPDlESS 

ASS yr,N (K, J) 
TEl TO N.CAR DO 
KK~AOJACENT.CIlRS{SECT,I) 
IF KK Nf K GO TO LOOPI 
OTHFPwISE LET SWTe~) =2 

IF I GT N.SECTnR.CA~S(SECT) 
REGARDLESS GO TO OUT 

LET SWTCK)=3 

'LOOPl' 
LOOP 

'OllT' 
LET PRt~PRIORITY(J) 
REMOVE J F~O~ QVEUf(PRlt 
LET WArT.TIMEePRJ) = (TIME.V - ENTRY.TIME(J»)*1440.0 
LET COUNTIPRI)=l 
LET 50T(I<I=1 
RE TURr-I 
ENO 

ROUTINE TO PLACE.CAR.ON.PATROL GIVEN K 

'" r 

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 slector, it relnains 

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 

fG'r patrol wi thin 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 insertit.g 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. 

o 
, '1 
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ROUTINE TO PLACF.CAR.ON.PATROL GIVEN K 
DEFTNE 0 AS A ~EAL VARIAALE 
LET SPTIK):O LET SOTIK)~O 

0008940U 
00089500 
oOOaQ600 

IF C:;wT(K)=4 OR SWT(K)=~ LET SwT(K'=O RETURN 
" ALREADy •••• LEAVE HI~ THERE " 

'oTHFR"~ISF 

"CAR WAC:; IN SE.CTOR' 000FJ9700 ~ 
QOOA9AOO 
0008990U 

CQEtlf A JOB CALLEn PATROL.RETURN 
LET ~wTPC).l LET LJ=CENTROln(K) LET LOCATION(PATRI1L.RUURN)=LJ 
LET ASSIGNMENr(K)=PATROl.~EfURN 

LET PPTORITY(PATROL.RETURN)=3 
LET 0 = CAlCULATE.DISTANCE(XCORD(LJ),YCURD(LJ~tXlOC(Kl.YLOC(Kl) 
LET T.ST~~T.RESPONSE(~l=TIMF.V 
CR!ATE A P£TUR~.TO.SfCTOR CALLED ~ 
LET CMlNUMRER(RI=K "THF caR tIIU'1RE'R OF THTS PATr.?nL.kF:TIIR~" 
SCHEDULE THf R~TUR~.Tn.SfCfGR CALLED R l~ n/VFLnrTTY() HnV~5 

L~T ~EXT .EVENT (Kl:=R 
RETuRN 
END 

EVENT RErURN.TO.SE~TOR GIVEN K , 

OOOqOOOO 
0009-0100 
00090?OO 
00090300 
00090400 
OOoqoc;oo 
00090(,00 
000~0100 
n0090~OO 

00090900 
f)OQClIOOO 
00091100 

This· event, scheduled internally, occurs whenever an available car that 

is returning from an out-of-sector job ar~ives at the centroid of its sector. 

The event change/) the status of the system to rE~flect the car's. arrival. 

EVENT RETURN.TO.SECTOR GIVEN K 
LET J~ASSIGNMENT(K) 

LET XLnC(K):XCURDICENTROIO(K» 
LE~ YLOC(K)=YCO~O(CENTROIO(K» 
LET SWTfK)=O 
DESTROY J08 CALLED J 
RETURN 
END, 

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

00091300 
OOOqi'~\oo 
00091500 
00091600 
00091700 
00091AOO 
ooo<nooo 
00092100 

This event can either be scheduled internally (mea1 times will usually 
. . 

be scheduled in this way) or externally (other out-of-service conditions, 

such as the breakdown of a car, will usually be scheduled as part of the in

put job stream). 

If the event has been scheduled internally, CAR K will be placed out: 

of service for the number of minutes specified by the input variable MEAL. 

DURNfION, and another QUT.OF.SERVICE event will be scheduled for this car in 

TOUR.LENGTH hours (TOUR. LENGTH is another input variable). If the event 

has been scheduled externally, the amount of time the car will remain out 

of service (in minutes) is read from the card.in- the input job stream that j, 

scheduled this event. 

o 
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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 se~torb the car's sector return is can

celed and it is immediately placed at the centroid of its sector. 

If the ~ar scheduled to go out of service is currently busy, it will 

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

by placing notic,e of the out-of-service "job" on QUEUE (1) • (Priority 1 jobs 

are never queued, so only out-ai-service jobs will appear on QUEUE(l).) If 

an out-of-service job for CAR K already exists on QUEUE(l), the time of this 

r! "w out-of-service job is added to the duration of the previously sGheduled 

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

EVENT OlJT.OF.Se:~VICE GIVEN K SAvr~G 'l"H£ fVENT NorrCF. 
DFFJN~ T.OuT.OF.SERVICE AS A Rf~L V~RIA8LE 
LET X.~EAL = OUT.OF.SERVICE 
IF FUNIT.A(OUT.OF.SE~VICE) EQ 0 
~CHE0Ulf AN OUT.OF.SERVICE GIVEN K IN TOUR.LENGTH HOURS 
Lff T.OUT.OF.SfRVJCE:~EAL.OURATION GO AROUNn nTHERwlSE READ K. 
T.nUT.OF.SERVICE 

rfJ.~OUNn· 

nF.STI~()Y TI-lF OUT.OF.SERVICE" CALLED X."4EAL 
IF swTtKl GE 2 GO TO DELAY 
t'T~r-RwrSf 

IF C)liiTIK):al 
CALL CANCEL.SECTOR.RETURN GIVfN K 
LET XLOC(K)=XC0RDCCENTROIO(KI) 
LET YLOC(Kl=YCORD(CENTROIDIK» 
REGt.ROl.ESS 
5U8T~ACT 1 FROM N.AvArL~BLE 
l~T SWTIK)=~ LET SPTeK)=6 LET SOTIK)~~ 
r.RF ... TF ~ALL.ENr) 

SrHEnULE THIS·CALL.f.NO GIVEN K TN T.OUT.Or.SERVICE ~TNUTES 
PtfURH 

'DELAY' 
~OR EVfRY JOR ON QUEUEtl) DO 
IF LOCd1J0N(JO~)=K GO TO ALREADY.SC~EDULE~ 
OTHERWISE LOOP 

CR~ATE J08 
LET LOr.ATTON(JORI-K 
LET ENTRV.TI~~(JOOI=TI~E.V 
LEr OURAlrON(JO~)=T.OUT.OF.SERVICE 
LET P~IoAtTYIJO~)=6 
LET STATUSIJ081=6 
fILE JOIj PI QUEUE (1) 
PE TI.,HlN 

'ALREADy.SCHEDULED' 
~OD r.OUT.OF.SE~VICE TO OURAfrONeJOal 
END 

EVENT FOR END.OF.SIMULATION 

RETURN 

00092300 
00092400 
·00092500 
OOOn60j) 
00092700 
ooo'naoo 
00092900 
OOO~30DO 

00093100 
00093200 
00093300 
00093401l 
00093500 
00093600 
00093700 
n0093AOO 
000Q3QOO 
00094QOO 
00094100 
000'14200 
000'l4300 
00094401) 
00094500 
00094600 
00094700 
00094AOO 
0009490D 
n009')00rl" 
000%100 
OOOr,JS?OV 
00095300 
000~5.400 

n009'i500 
000~5MO 
n009,70() 
000'15800 
nOOti'i901') 

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

$everal reports that summarize the simulated patrol activity during the run. 
·0 
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It is ti me for the patrol 
cor to go out of service 

Yes 
I' ------------~----------~? No 

Is this on internally scheduled event ;/'--C 

[ 

Schedule the next internal 
out - ot - service event 

No 
Is the car on patrol? 

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

fig.7-0UT.QF.SERVICE 

Yes 

r 

Place car out-of-service 

~ _________ ~Ir _________ ,~ 

Schedule the end of this 
out -of -:-service job 

Exit 

,-.: 

- -- .-~- .. -. ------.-~---
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Reports are produced presenting the following information: 

• The workload statistics for each CAR and the averages of these 
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 responses by priority class, broken down by neighbor
hood. 

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

• Statistics on the number of cars actually dispatched to incidents, 
broken down by priority class. 

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

EVENT FOR fNO.OF.SIMULATrON 
DEfTN£ M,V,T,TtN,TOUT,TOTCN,TOTOUT AS.R~AL 
~EFJNE X AS A REAL I-DIMF.NSIONAL APRAY 
RES~RVE X!O) AS 10 

ST M~T NFW PAGE 

PRI~T ? DOU8LE LINES AS FOLLOwS 

VA~rMnE'S 

THE NEW YORK CITY-RAND l~STr~UTE 

POLICE PATRnL SIMULATION 
w~nf AS "SIMULATION RfSULTS FOR" 
FOR != 1 TO 20, WRITF REGTON.NAME(I) AS 
wRJlE" tiS / 
5KIP 1 lTNE 
~OR t- 1 TO 20 , WRITE rITlE!I) AS 
w~IH AS / 
SlOP ~ OUTPUT LINES 
PRI~T 1 LINE AS FOLLOWS 

A 4 

., 

1)0037900 
nOfl3AOOO 
0003AIOO 
DDD3A2DO 
00038300 
00038400 
0003R5DO 
00038hDO 
00038100 
O'(J038800 
00038900 
00039000 
00039100 
00039200 
00039250 
00039300 
00039400 
00039450 
00039500 
00039600 CAR ACTIVITy SU~~ARY 00039700 

LET fJ=O LET OJ=O 00039800 
SKTP 1 OUTPUT LINE OQ039900 

PRTNT 2 nOU8LE LINES ~s FOLLOWS OO~40000 
CAR NO. OF JOBS ON PATRUL ~ESpnNnrNG WORKING 00040100 

TOT. IN SE~vrCF 00040200 

TN OUT IN OUT IN OUT IN OUT 00040300 
OUT OUT OF SERVICE 00040400 

TN 

FOR Ka 1 TO N.CAR,DO 00040500 
LET TI~z(UT!LrZC~'l) +UTJLIlCK,3) +UTILIZCKt5»/TI~f.V 00040600 
LET TOU~~(UTIL!l(K'2)+UTILIZ(K'4)+UTILIlt~t~)l/TIME.V 00040700 

PRTNT 1 DO~~LE LINE WITH CAR.NAMEIK),INISECroJOBSIK),OUToSFCToJOHStK),Q0040800 
UTtlTZtK,lJ/TIME 1 V,UTILIZIK,2)/TJMEIV,UTILJZCK.3)/TIMEoV, 00040QOO 
urn TZ(I<',4)/TIMf- IV'UTILIZt~'5)jTr"1E.v,urILI7(1<.6)/TIME.V, 000

4
1000 

TIN.TOUT'UTrLIZt~'7)/TIME.V AS FOLLO~S 00041100 
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*.* **** ***. ..*.* •• 0.* ~ •• ** *.**~ •••• 0 _.* •• 
•• *** *.*** ••••• 

FON J=1 TO 7. On AOD UTILIZIK.J)/TIME.V TO X(J) LOOP 
AOD IN.SfCT.JORS(K) TO IJ 
ADD OUT.S~CT.JOHS(K) To OJ 

ADO TfN TO TOTIN 
ADD TOllT To rOTOUT 

LOOP 
rOR J=l TO 7 DO LET X(J)=X(J)/N.CAH lOOP 
LET TOTINzTOTININ.CAR LET TOTOUT=TOTOUTIN.C4 R 
SKIP 1 OUTP.UT LINE 

PRINT 1 DOUBLE LINE wITH IJ,OJ'XIl).X(2).Xt3).)(14).)(S) XC,,) 
TOTIN.TOTOUT.x(?) THUS •. • 

TOTALS ***. •••• *.*** *.*.* *.00. ..*.. *.... *.**. 
*. **.* * •• ** 

FOR l=2 Tn N,P.CLASS. no START NEw ~AAF 
FOR J= 1 TO 20: WRITE TITL~(J) AS A 4 
WRlTE AS I 
SKTP 2 LINES 

PRINT 1 LINE WITH I AS FOLLOwS 
QUEUEING STATISTICS FOR PRIURITy CLASS ** 

SKIP 2t nUTpUT LINES 
PRINT 2 LINES WrTH MQ(I) 

HISTOGRAM OF QUEUE-SIZE 
NO. fN QUEUE rREQUENCY 

SKIP 1 OUTPUT LINE 

AND VQII) AS FOLLOWS 
AVERAGE QUEUE-SIZE 
VARIANCE 

FOP J= 1 TO 30 • WITH PROBQIJ.J) GT 0, 00 

:: 0**.0*. 

PRINT 1 LINE wITH J-l AND PR08QII.J)/TTME.V AS FOLLOWS 
** LOOP 

SkIP 2 OUTPUT LINES 
LET T=NWT(I)*MWT(I) 
LET NTOT=NRT(I) 

IF NTOT=O LET T=O GO TO PRT 
OTHERWI5E LET T=T/NTOT 

'PRT' -PRINT 3 DOUBLE LINES WITH NWT(I),MWT(I).VWTII).NTOT.T THUS 
HISTOGRAM OF WAITING TIMES AVERAGE WAITING TIME of THE *** 

JOBS OELAYED= ***.*.* 
WAITING TIME FREQUENCY 

VARIANCE = ~* •• *** 
IMTNUTES) AVERAGE WAITING TIME of ALL -*** 

JOSS DISP'D :: * ••• *** 
FOR J=l TO 24. WITH HWT(I,JI GT O. DO 

PRINT 1 LINE WITH 5*J 4ND HWT(I,J) THUS 
< *** **~o* 

LOOP 
SKIP J OUIRUT LINES 
LET J=l 
PRINT 1 LINES AS FOLLOWS 

c0RRENT QUFUE CONTENTS 
POSITION TIMF. StNCE RECEIPT 

eMTNUTES) 
SKIP 1 OUTPUT LINE 
FOR EVFRY JOB IN QUEUE(I). DO 
PRINT 1 LINF WITH J AND (TIME.V~ENTRY.TI~E(JOB»01440.0 THUS 
*** ***.** 
ADD 1 TO J 
LOOP 

LOOP 
CALl. RESULTS 
ENO "SIMULATION" 

00041200 
00041300 
00041401) 
00041500 
00041600 
00041700 
\')0041800 
000419011 
00042000 
00042100 
00042200 
00042300 
0004?400 
0004;:»500 
00042600 
000~2700 
00042800 
00042900 
00042Q'iO 
00043000 
00043100 
00043200 
0004330u 
00043400 
00043500 
00043600 
00043700 
00043800 
00043900 
IlOOHOOO 
00044100 
00044200 
00044300 
00044400 
00044500 
00044600 
00044700 
00044800 
00044900 
00045QOO 
00045100 
000~5200 
00045300 
00045400 
00045501> 
0004560u 
00045700 
00045800 
0004590u 
00046000 
00046100 
()0046200 
00046300 
00046400 
00046500 
00046600 
00046100 
00046ROO 
000_6900 . 
000-700n 
00041100 
00047?0() 
00041300 
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ROUTINE FOR RESULTS 00047400 
DEFINE M.V.T AS REAL VARTABLES '0{l047C,OO 

BEGIN REPORT PRINTING FOR 1=1 To N.p.cLASS IN GROUPS OF 6 PER PA6E 00047600 
BEGIN HEADING 000'+7700 
FOR J= 1 TO 20. WRITE TITLEIJ} AS A 4 000~7HOO 
wRITF. A5 I OOOi+7ij50 
SKIP 2 LINES nOO'+7QOU 
pRrNT 1 LINE AS FOLLOWS 0004ROOO 

RESPONSE TIME HISTOGRAMS 0004e100 
SKIP ? OUTpUT LINfS 00048200 

ENO "~F.AOING" 00048300 
PRTNT 1 DOUBLE LINf WITH A r,ROUP OF I FIELDS THUS 0004P400 

PR T OR 1 TV CLASS 
•• 

SKIP 1 OUTpUT lIN~ 
PRINT? LINES AS FOLLOWS 

RESPONSE TIME' 
(MINUTES) 

*It •• 

FOR Jz 1 TO 1&, DO 
PRTNT 1 nOUALE LINf WITH J AND A GROUP OF FREQ(I.J) FIELOS THUS 

<** •• 0 

* ••• 

OUTPUT LINE' 

• * •• ** •• *.*. 

LOOP 
SlOP 

DRIHT 
/ljUM8E'R OF 

1 D0UALE LINE WITH A ~ROUP OF NRTII) FIELDS THUS 
RESPONSES **.** *ft*** ***0* ****~ 

0***. 
PRINT 1 DOUHLE LINE WITH A GROUP OF MRT(I) FIELDS THUS 

~vERAGE R.T. ** •• * **.** **.** *~.** .*.It. 
oPfNT ] onUALE LINE WITH A GROUP OF VRT(I) FIELDS THUS 

VARIANcE OF R.T. ***... ***.** .*It.** ** •• ~* 
•••••• 

END ,aREPORT" 
START NE~ PAGE 
J:'f)~ T= 1 TO 20 
wRnE" AS I 
SI(T P ? LT NES. 
PHTNT 1 f)OUSLE 

, W~ITE TITLE(I) AS 

LINE AS FOLLOWS 

***It 

***** 

**.*. 

***.** 

00048500 
00048600 
00048700 
00048800 
00048900 
00049000 
00049100 
00049200 
00049300 
00049400 

. 00049500 
;, 00049600 

00049700 
00049800 
00049900 
00050000 
00050100 
00050200 
00050300 
00050400 
0005050U 
00050(,00 
00050700 
00050800 
00050850 
()0050901) 
00051000 

NEIGH80RHOOD 
5KIP 2 OUTPuT LINES 
ORTNT 2 Of)UALE LINES AS FOLLOWS 

SUM~ARY OF QESPONSES BYOOOSIIOO 
0()051200 
00051300 
00051400 

PRToRITY-.> 1 
5 

NeD NO. AVG·~T VAR 
VAR NO. AVG RT VAR 

SKTP 1 .oUTPuT LINE 

2 
TOTALS 

NO. AVG RT 
NO. AVG HT 

3 00051500 
00051600 

NO. AVG RT 00051700 
00051800 
00051900 
00052000 FOR J=l TO N.NHO DO 

LET Nl=NSRT1(J) LET N2-NSRT2CJ) LET N3=NSRTleJ) LFT N4=NSRT5eJ) 00052100 
00052200 
000~2300 

LET T=Nl+N2+N3+N4 
LET ~.Nl.MSRT1(J)+N2*MSRT2(J)+N3*~SRT3(Jl+N4*MSRT5(J) 
LET V.Nl*Nl*VSRTl(JJ~N2*N?*VSRT2eJI+N30N3*VIRT3(JI+N4*N4*VSRTS(J) 00052~On 

00052500 IF TaO LET ~.O LET v.o GO TO PRI OTHFRWISE 
LET M.".vT 
LET v=v/(r*n 

'PR~' PPINT 1 DOUBLE LINE WITH NBD.NAMEtJ)'~l,MSRTl(J), VSRTltJ),N2, 
HSRT2(J).VSRT2(J),N3.MSR!3(J),VSRT3IJ),N4,MSRT5(J).VSRTS(J).T.M.V 

THLIS 

00052600 
00052700 
00052800 
0.0052900 
00053000 

•••• ••• * •••• * •• * •••• **** ••• *** **.*** **** **.*** *00053100 
••••• ••• ~ .* .•••••.• * • 00053200 
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LOOP 
SKIP 1 OUTPUT LINE 
LET T.n LET MaO 
FOR r-l TO 4 DO 

LET v-=o 

lOOP 

IF I EQ 4. LET I ~ 
LE"T N-NRT (I) 
ADO N*MRT(I) TO M 

5 REGARDLESS 
AOI) N TO T 
ADO N*N.VRT(!) TO V 

LET M-M/T LET V-V/(T.T) 
PRINT 1 POURLE LINf WITH NRT(1).MRT(11.VRT(1),NRTI2).MRT(2). 
VRT(z).NRT(J),MRT(),VRT(3).NRT(S),MRT(S),VRT(SI.T.M.V THUS 

TOTALS •• ~~ *0.*** **.**. .0 •• * ••••• *..... • ••••••• ** 
•• *** .•• ** **e··* ** •••• 

SKTP 9 OUTPUT LINES 
PQJNT 2 LINES AS FOLLOWS 

PICK-UP (PRIORITY 4) 
NBD NO. AUG RT VAR 

SKIP 1 OUTPUT LINE 
FOR J e 1 10 N.r.lRIl DO 
LET N5 • NSRT4(J) 

••••• **.* •••••••• 

PRINT 1 LINE WITH N80.NAMF.(J),N~.MSRT4(J)'VSRT4(J} AS FOt LOWS. 
**.. **** ••• **. ** ••• * 

LOOP 
SKIP I OUTPUT LINE 
PRINT 1 LINE WITH NRT(4), ~RT(4), VRT(4) THUS 

TOT~LS *.** **.**. * •• *.* 
START NEW PAGE 
rOR Ja 1 TO 20 • WRITE TITL-Ell) AS A 4-
WRITE AS 1 
SKIP 2 LINES 
PRINT 1 LIN~ AS FOLLOWS 

DISTRIPUTION OF CAR AVAILABILITY 
SKIP 2 OUTPUT LINES 
pRINT 2 LINES ~S FOLLOwS 

NO. OF CARS PER CENT 
ON PATROL OF TIME 

FOR TeO TO N.C~R DO 
PRINT 1 LINE ~ITH ANn 100*HISTAVCI+II/TJMF.V THUS 

•• *** 
I.OOP 

SKIP 1 OUTPUT LINE 
PRINT I LINE WITH MAV THUS 

AVERAGE NUMBER AVAILABLE = .*.*** 
PRINT ] l JNf WITH VAV THUS 

VARIANCE =***.**. 
S r ART f\IFw PAGE 

FOR Je 1 TO 20 , WRITE TITLEII) AS 
WRliE AS I 
SKTI' 2 LINES 

PRINT J LINE AS FOLLOWS 
W~~BfR OF PRECINCT CARS SENT TO CALLS 

SKIP 2 nUTPuT LINES 
PRINT 1 nOUALE LINE THUS 

A 4 

PRTORtTY 0 1 ? 3 4 5 
10 11 12 13 l~ 15 AVERAGE 

WRITE AS I." " 
. fOR 1=1 TO H,.WRITE HISTC(l.I) AS I 6 

6 7 
VI\RIANCE 

~AITf ~C(l)ANO Veel) AS S b,O(6,2),S 5,0(7.2),1 
fOR [=2 TO N.P.CLASS, DO 

8 

PRI~T·l DOUBLE LINE ~ITH y.HISTC(1.1).HISTC(I.2),HISTC(J,3), 

•• 
LOOP 
STOP 

END 

HTSTCCI.4),MCII). AND VClIl THUS 
**** *.** *.*. ..** 

9 

00053300 
00053400 
00053500 
00053600 
n0053700 
OOO~3800 

00053900 
00054000 
00054100 
00054200 
00054300 

*0005440P 
00054500 
OOO~4600 
00054700 
n0054800 
00054900 
00055000 
0005'5100 
00055200 
00055300 
00055400 
00055500 
00055600 
00055700 
00055800 
0005590() 
00056000 
00056050 
00056JOO 
00056200 
00056300 
00056':.00 
00{lSt.;. i50n 
00056(,00 
00056100 
n0056AOO 
0005690(1 
000~7000 

000571 00 
000157200 
00057300 
00057400 
00057500 
00057600 
00057700 
00057800 
00057850 
00057900 
00058000 
00058100 
00058200 
00058300 
00058400 
000'58500 
00058600 
00058700 
00058800 
00058900 
OOCI59000 
00059100 
00059200 
00059300 
00059400 
00059500 
00059600 
1)0059700 
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V. THE INPUT DATA 

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

first input data set, called the "initialization deck," follows the job 

control cards and specifies the geographical configuration of the region 

being Simulated, the patrol unit assignments, and initial parameter values 

such as the number of hours in a tour, response velOCities, meal times~ the 

duration of the simulation, etc. (The initialization deck is the GO.SY8IN 

data set.) The second data set is the series of calls for service to be 

responded to during the course of the simulation, and is referred to as the 
"job stream." (It is the SIMU04 data set.) '.-~-.. , 

In what follows, we describe, 
card by card, all the data needed for the simulation. For easy reference 

to the program, the variable name used to identify each piece of data in 

the simulation is given in upper case in parenthesis. 80, for example, the 

simulation variable N.CAR is used to refer to the number of patrol units 

assigned to the region being simulated. 

The Initialization Deck (GO.SYSIN) 

(5.1) Card I--supplies the title for the simulation run. This title 

will be printed at the top of every output report. The title 

can be up to 80 characters long (the contents of one complete 
card). 

(5.2) Card 2--a description of the region being simulated (e.g., 26th 

Precinct, 7th Division, etc.). This is printed on the first page 

of the output report. The description can be up to 80 charac

ters long (the contents .of one complete card). 

(5.3) Card 3--supplies the initial values for four system parameters: 

(a) The length of the simulation (81M. LENGTH) in hours. 

(b) The maximum number of cars that will be dispatched to a 

Priority 1 incident (MAX.SENT). 

(c) The duraticln of an internally scheduled OUT. OF. SERVICE job 

(MEAL.DURATION) in minutes. 

(d) The length of a single tour of duty (TOUR.LENGTH) in hours. 

This variable is used to schedule an OUT.OF.SERVICE event 

for each car one time during every tour of duty (e.g., for 

a meal). After the first internally scheduled OUT .OF. 

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



(5.4) 

(5.5) 

(5.6) 
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described in paragraph (5.7) below), an OUT.OF.SERVICE event 

for the car will occur every TOUR. LENGTH hours. 

Card 4--the number of BLOCKs (N.BLOCK) in the region being simu-

lated (A BLOCK is the smallest geographical unit in the simula-

tion), the number of neighborhoods (N .NBD) , and the number '6f 

patrol unit~s (R.CAR). These three integers are punched in 

three fields, separated by at least one blank space. Note that, 

for internalre£erence, the blocks will be numbered 1, to N.BLOCK, 

the neighborhoods from 1 to N.NBD, and the cars from I to N.CAR. 

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

(a) The block number used as an internal reference number for 

the block (B). These must run in sequence from 1 through 

N.BLOCK. 

(b) The external identification number associated with the 

block (TAXNO (B» • This number can be its tax block number, 

census block, or any other identifying number. 

,(c) The internal reference number of the neighborhood to which 

the block belongs (NBDID (B». 

(d) The x and y coordinates of the center of the block 

(XCORD(B), YCORD(B». 

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

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

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

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

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

must correspond to the appropriate internal neighborhood se

quence number (N) used when neighborhood information is being 

input. (See paragraph (5.6) below.) These N.BLOCKs may com

prise a separate data set. If so, they must be kept separate 

from the GO.,SYSIN data, and a data definition (DD) card for the 

additional data set must be included in the job control cards. 

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

data (statement number 34200) should indicate the logical unit 

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

here reads this data from log:'cal unitZ). 

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

of: 

,5.7) 
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(a) One card containing the following four fields, 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:~~r 

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), discus£;ad in 

paragraph (5.7) below. 

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). 

These must run in sequence from 1 to N.CAR. 

(2) The 4-character alphanumeric name associated with 

the unit (CAR.NAME(C». 

(3) 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. 

(4) The internal block number of the block at which the 

unit is rrstationed lf while on patrol (CENTROID(C». 

This number must correspond to one of the block num

bers (B) discussed in paragraph (5.5) above. 

(5) 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 ac~ieved by assigning some or all of the same neigh

borhoods to two or more cars. 

(5.8) 1 Card--giving the response v:elocity 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 

(I», assigned to each of the three types of responding units 

(primary, backup, and tertiary), punched as real numbers in 

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

The Job Stream (SIMU04) 

(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. 

(Z-4) The time the job enters the system (ENTRY.TIME(J), 

measured in days, hours, and minutes from the start 

of the simulation, punched in three fields. 

(5) The location of the job (LOCATION(J)), given by the 

internal block number. This number must correspond 

to one of the values of B given in paragraph (5.5) 

above. 

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

(7-8) The duration of the job in hours and minutes, punched 

in two fields (HDUR and MDUR). 

(9) An asterisk (*). 
All fields must be separated by at least one blank space. There 

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

than SIM.LENGTH, the end of the simulation. 

I 
I 
I 
; 

AN EXAMPLE 

For each OUT.OF.SERV1CE 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. 

We illustrate the data input with sample data sets for a simulation 

of the 7lst 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 the 

7lst 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 th~ 1 1 ~s examp e, t~ere are seven patrol 

units: six are sect~r cars, each o~ which is assigned to a pair of 

neighborhoods, and one is a sergeant.' scar. Primary cars work for the 

entire duration of the incident; backup cars work for half the duration 

of the incident, and tertiary cars 1 d are re ease as soon as they arrive 

at the incident. Responses to all incidents, no matter what their priority, 

are made at a velocity of 20 mph. The data set describing each of the 

blocks is read from logical unit 7. A listing of the control cards and 

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 l6··hour simulation of 

thh region. 
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Table 5 

SAMPLE SIMULATION: CAR PARAMETERS 

Car Car Number of Meal Patrol 
Number Name Sectors Time Block Assigned 

(C) (CAR. NAME (C) ) (NtJl.fB. SECTORS (C) ) (MEAL. TIME) CENTl«iID (C» SECTORS(C-tJ » 
" 

1 1i.B 
~ 2 3 144 1,2 

2 CD 2 4 222 3,4 

3 EF 2 5 100 5;6 

4 HI 2 3 43 B,9 

5 JG 2 4 296 7,10 

6 KM 2 5 63 11,12 

7 SGT 0 4 59 0 -, 

Table 6 

SAMPLE SIMW.uATION: NEIGHBORHGOD DA'fA 

Neighborhood Neighborhood Number of Number of . Adjacent 
Number Name Sector Cars Adjacent Cars Car List 

(N) (NBD. NAME (N) ) N,SECT0R,.CARS(N» (N.ADJACENT(N») (ADJACENT. CARS (N,J» 

1 A l' 1 (1. 2, 3, 4, 5, 6, 
2 B 1 1 (1, 2, 3, 4, 5, 6, 
3 C 1 1 (2, 3, 4, 5, 6, I, 
4 D 1 1 (2, 3, 4, 5, 6, I, 
5 E 1 1 (3, 1, 4, 2, 6, 5, 
6 F 1 1 (3. I. 4, 2, 6. 5. 
7 G 1 1 (5, 2. 6, 4, 3, I, 
8 H 1 1 (4, 6, 3, 2, 5, I, 
9 I 1 1 (4, 6, 3, 2, 5, 1, 

10 J 1 1 (5, 2, 6, 4, 3, 1, 
11 K 1 1 (6, 5, 4. 2, 3, I, 
12 M 1 1 (6, 5, 4, 2, 3, 1. 

.'.) 

\ \ 
'/ 

7) 
7) 
"i) 
7) 
7) 
7) 
7) 
7) 
7) 
7) 
7) 
7) 

VI. OUTPUT REPORTS 

The simulatio):l program produces several types of output. We illustrate 

the various output re170rts by shor.ving those produced by a l6-hour simula

tion of New York City's 7lst Precinct, using the sample input data pre

sented in Appendix B. First, after reading the initalizatfon deck, the 

program prints out the title and the :following input data; 

• The length of the simulaUon (in hours). 

• The number of blocks, neighborhoods, and patrol cars in the region 

being simulated. 

• A listing df the data associated with each block, including its 

internal reference number, external identification number, x and 

y coordinates; and the data assQciated with each neighborhooc', 

including its internal reference number, .the number of sector cars 

and adjacent cars assigned to it, and the ordered li.st of patrol 

cars constituting its set of ADJACENT .• CARS'. 

A sample of this initialization output is shown in Figs. 10 and 11. 

.' After simulating the patrol operations in the region for the required 

number of hours, the program prints a series of si~ reports that summarize 

the simulated activity. Each of these repor~,s is described below. 

(1.) CAR ACTIVITY SUHMARY (Fig. 12) 

A summary is given for each car, showing how it spent its time during 

the course of the simulation. The following information is printed for 

each car: 

• The nu~ber of jobs to which it responded within its sector and 

the number to which it responded outside its sector. 

• The pr.oportion of time the car spent on preventive patrol in its 

sector and the proportion of time it was available to respond 

from outside its sec'tor (while returning to its sector from an 

outside job). 

• The proportions of its time spent responding to calls 'that oc

curred inside its sector and responding to calls outoide its sector • 
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• The proportions of its time spent working on jobs in its sector and 

working outside its sector. 

• 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 las.t line of the report prints the values of each of the above 

quantities, averaged over the N.CAR patrol ~nits 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 informat'ion: 

• Queue sizes--a frequency histogram, plus the average and variance 

of the queue size.. (The histogram shows frequencies for queues of 

up to 50 jobs •. ) 

• Wait,ing 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. 
I 

(The histogram shows waiting time frequencies in five-minute 

intervals up to four hours~) 

." .£.urrent (final) queue contents--a list of those calls in queue 

and waiting' to be dispatched at the instant th!p simulation ends, 

together with the time elapsed since each call was received 

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

(3) RESPONSE TIME HISTOGRAMS (Fig. 14) 

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

had response ~imes falling into each one-minute interval (i.e., 0-1 minute, 

1-2 minutes, etc.) up to sixteen. mim,tes, where response time is defined 

as the time from dippatch of call ~ntil the arrival of the first patrol 

car. In addition, the total number of resp9nses is printed for each 

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

This report shows the workload ~number of jobs) and response time 

information for each neighborhood, broken down by priority class. Thus, 

the number of jobs responded to, together with the average and variance 

of the response times to these jobs, is printed for each priority class, 

neighborhood by neighborhood. Totals are printed for each neighborhood 

and each priority class. 

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

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

were on preventive patrol in the region, from 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 anygtven number of cars 

(from 0 to 15) are sent to calls in each priority class. In some priority 

classes exactly one ca.l:' is always sent (e.g., Classes 3, 4, and 5), but 

Pri0r.ity 1 calls receive up to }ULX.SENT of the available cars. The number 

of Priority 1 calls that received zero cars indicates the number of times 

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

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

l~.OO HOUIRS SIMULATION LENGTH = 

NO. OF BLOCKS = 305 NO. OF" NBOS. = 12 NO. OF CARS = 1 

BLOCK to 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
~J 
24 
2S 
26 
27 
28 
29 
30 
:n 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

TAX NO. 
118S 
1187 
1188 
1189 
1190 
1192 
1196 
1197 
1198 
1266 
1267 
i268 
1269 
1270 
1271 
1212 
1273 
1274 
1275 
1276 
1277 
1218 
1279 
1280 
li81 
1282 
1283 
1284 
1285 
1286 
1281 
I28A 
1289 
1290 
1291 
1292 
1293 
1294 
1295 

129601 
129602 

1297 
1298 
1299 
1300 
1301 

NBD 10 
12 
12 
12 
12 
12 
12 
12 
11 
11 
12 
12 

9 
9 
9 
9 
6 

12 
12 

9 
9 
9 
9 
o 

12 
12 

9 
9 
9 
9 
6 

12 
12 

8 
8 
8 
8 
5 

12 
12 

8 
8 
8 
8 
8 
5 

12 

X 
.81170 
.79450 
.76100 
.. 16830 
.75940 
.74620 
.73350 
.69360 
.71180 
.96310 

1.08660 
1.21.150 
1.35220 
1.49190 
1.F,3190 
1.17100 

.94520 
1.01370 
1.20350 
1.34540 
1.48500 
1.6244() 
1 ~ 7F,4'?lj 
.924~O 

1.058AO 
1.19540 
1.33520 
1.475AO 
1.61510 
1.15480 

.90450 
1.04540 
1.18560 
1.32660 
1.46f.90 
1.60610 
1.14740 
iA~31.0 

1.02960 
1.14210 
1.21210 
1.31790. 
1.45730 
1.59730 
1.73730 

.80640 

y 
2.18140 
2.12950 
2.07780 
2 •. 00850 
1.94630 
1.83550 
1.73110 
1.65230 

J 1.58130 
2.12540 
2.09430 
2.07400 
2.05450 
2.03140 
2.01260 
1.98720 
2.074?O 
2.04180 
2.02170 
2.00060 
1.97950 
1.95770 
t • .,..,oo\J 
2.01610 
1.98270 
1.96240 
1.94160 

·1.92010 
1.89770 
1.81730 
1.95950 
1.92460 
1.90230 
1.88150 
1.86140 
1.83970 
1.81760 
1.90050 
1.86610 
1.84800 
1.83870 
1.82290 
1.19970 
1.781()O 
1.75870 
1.82220 

Fig. 10-Listing of the input data: block data 

NRO ID 

2 

3 

4 

5 

6 

7 
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Input data for the 71st Precinct, Brooklyn, New York 

6 PATROL CAPS AND 1 SERGEANT'S CAR 

SECTORS NUMRFR OF ORnER IN WHICH 

A 
SECT.CARS ADJ.C~RS CARS ARE NOMJNATfD 

I 1 

R 1 

C 1 

D 1 

E 1 1 

F 1 

G 1 

Fig. 11-Listing of the input data: neighborhood data 

1 
? 
3 
4 
5 
6 
1 

1 
2 
3 
4 
S 
(, 

7 

2 
3 
4 
5 
(, 

1 
7 

? 
3 
4 
5 
6 
1 
7 

3 
1 
4 
2 
6 
5 
7 

3 
1 
4 
2 
(, 

S 
7 

5 
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SIMULATrON RESULTS fOR THf 71ST PRECINCT, BROOKLYN, NEW YORK 

6 PATROL CARS AND 1 SERGEANT'S CAR 

CAR ACTIVITY SUMMARY 

CAR NO. OF' JOSe; ON PATROL RESPONDING WORKING 
IN OUT TN ol)r IN olJr IN OUT 

AB 8 6 .311 .009 .014 .o:n .207 .196 
CD 5 16 .297 .017 .009 .054 .120 .339 
EF 8 11 .272 .016 .013 .032 .215 .?55 
HI 5 16 .232 .023 .009 .055 .093 .428 
.JG 8 12 .362 .026 .015 .039 .210 .11'13 
I<M a 10 .296 .017 .012 .038 .257 .232 
SGT 0 12 .465 .016 o. .032 o. .321 

TOTALS 42 83 .319 .018 .010 .040 .157 .279 

Fig. 12-Car activity summary 
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THE NEW YORK CITY-RAND INSTtTUTE 
POLICE PATROL SIMVLATION MonEL 

TOT. IN SERVICE 
IN OUT OUT OF SERVICE 

.533 .236 .t'31 

.426 .410 .164 

.499 .303 .198 

.333 .506 .160 

.5811 .248 .165 

.565 .287 .. 148 

.465 .369 .167 

•. 487 .337 .176 
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0\ 
0 
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6 PATROL CARS AND 1 SE~GEANT'~ CAR 

QUEUEING STATISTICS fOR PRIORITY CLASS 3 

HISTOGRAM OF QUfUf-SrZE' 
NO. IN QUEUE FREQUENCY 

o 
1 
2 
3 
4 
5 
6 
7. 
8 

.758 

.092 

.031 

.029 

.030 

.036 

.022 

.000 

.002 

Hl~TOr,RAM OF WAITING TI~E~ 
WAITING TIME fREQUENCY 

(MINUTe-S) 
< 5 a 
< 10 9-
< 15 9 
< 20 5 
< 2S 3 
< 30 5 
< 3S 3 
< 40 2 
< 4S 1 

CUPRENT QUEUE CONTENTS 
POSITION TIME SINCE RECEIPT 

(MINUTfS) 

AVERAGE QUEUE-SIZE = 
VARIANCE 

.691 
2.314 

~VERAGE WAITI~G TIME Of THE 

AVERAGE WAITING TIME OF ALL 

( 

45 JOBS DELAYED: 
VARIANCE = 

)04 JOBS DISP'D = 

Fig. 13-Queuing statistics for Priority Class 3 
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6 PATROL CARS AND 1 SERGEANT~S CAR 

RESPONSE TIME HISTOGRAMS 

PRIORITY CLASS 1 2 3 4 5 

RESPONSE TIME 
(t-1 I NUTES) 

< 1.00 1 ('I 4 0 0 
< 2.00' 2 0 .29 0 0 
< 3.00 2 0 26 0 0 
< 4.·00 3 0 17 0 0 J 

0-

< 5.00 1 ('I 11 0 0 
tv 
J 

< 6.00 ('I ('I q 0 0 
< 7.00 0 0 5 0 0 
< ~.OO () 0 ? 0 0 
< q.OO 0 ('I 1 0 0 
<10.00 0 0 0 0 0 
<11.00 0 0 {! 0 0 
<l?OO 0 0 (\ 0 0 
<13.00 0 0 0 0 0 

'I 
<14.00 0 0 0 0 0 
<-1 t;. 00 0 0 0 0 0 
<16.00 0 0 0 0 0 

NUMBER or RESPONSES 9 0 104 0 ('I 

AVERAGE R.T. 2.11 o. 2.63 o. O. 
VARIANCE or R.T. 1.43 o. 3.00 o. o. 

Fig. 14-Response time histograms 
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6 PATROL CARS AND 1 SERGEANT'S CAR 

SUMMARY OF RESPONSFS BY NEIGHBORHOOD 

PRIORITY--" 1 ? 3 5 
NBD NO. AVG RT VAR NO. AVG RT VAR NO. AW; IH VAR NO. AVG RT 

A 0 O. o. 0 0$ o. 10 4.000 3.000 0 o. 
R ? 2.000 O. 0 o. o. 16 2.q38 4.559 0 o. 
C 0 o. o. 0 o. o. 7 2.?86 1.34" 0 O. 
f) n o. o. 0 n. o. 6 i.lft7 2.139 0 o. 
E 1 n. o. 0 o. O. 7 ?ooo 2.857 0 O. 
F 0 o. n. 0 n. o. 6 7.333 2.A89 0 o. 
G 1 3.000 o. I) o. o. fl ?.c;oo 2.00n 0 O. 
H 2 3.S00 .250 0 O. O. 3 I.M7 2.889 0 O. 
t 0 O. o. n o. O. fI 2.125 .859 0 O. 
J 1 1.000 O. 0 o. O. 1'5 3.400 3.973 0 o. 
K 1 1.000 o. n o. a. 12 2.083 .743 0 O. 
I~ 1 3.000 O. 0 o. o. 6 1.833 .472 0 O. 

TOTALS 9 2.111 1.432 0 O. O. 104 2.625 3.004 0 o. 

PICK·UP (PRIORITY 4) 
NBD NO. AVG RT VAR 

A 0 n. n. 
8 0 o. o. 
C 0 n. 0. 
D 0 O. 0. 
F. I) o. o. 
F I) n. (\. 

G 0 O. o. 
H 0 n. n. 
r 0 o. o. 
J 0 O. O. 
K I) O. O. 
M 0 O. O. 

TOTALS 0 o. o. 

Fig. 15-Neighborhood activity summary 

TOTALS 
VAR NO. flVG RT 

o. 10 4.000 
o. 18 2.~33 
O. 7 2.286 
O. 6 2.167 
O. 8 1.750 
o. (, 2.333 
O. 9 2.SC;6 
O. 5 2.400 
O. B 2.125 
o. 16 3.7.'50 
O. 13 2.noo 
O. 7 2.000 

o. 113 2.584 

VAR 

1.000 
3.602 
1.347 
?139 
?11'17 
?RR9 
1.<;110 
1.0RO 

.J'l5Q 
3.492 

.633 

.347 
I 

~.5S3 0-
w 
I 

J! 

1; 
I: 
I: 

11 
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6 PAT~OL CARS AND 1 SERGEANT'S CAR 

DISTRIBUTION OF CAR AVAILABILITY 

NO. OF CARS 
ON PATROL 

o 
1 
? 
3 
4 
5 
6 
7 

PER r.ENT 
OF TIME 
29.AA6 

A.4?7 
14.250 
13.111 
lR.421 
10.210 
4.974 

• 7?1 

AVERAGE NUMBER AVAILABLE = 
VARIANCE = 

Fig. 16-Distribution of car availability 

1-
ii 
:1 

I 
, t 

I 
~ i 
,I 

I 
l 

:l 
(1 , [ 
, I 
:1 
1\ ; ! 
I 

11 

1l
i 

L 
1,1 

11 p 
11 
H (':" 

0: 
<t 
U 

III ... 
I-
:2 
<% 
W 
C) 
IX 
!oJ 
III 

0 
Z 
~ 

III 
0:; 
<% 
U 

-l 
C 
0: 
t-
< a.. 

'" 

II: 
-I 
-I 
<% 
U 

0 
I-

t-
Z 
!oJ 
III 

III 
0: 
~ 
U 

I-
U 
Z .... 
U 
W 
o: 
a.. 
4-
0 

0: 
Il.: 
a.. 
:r 
:::> z 

~LL....-.o<,~ ....... ,~ __ ~~~~ .. ..,." 

\~\ 

-65-
a-

w N 
U . . . • • z .... 0000 
~ .... 
0: 
~ 
:> 

0 0 
w .... 0 
C) • • . • • 
~ NO .... 00 
0:; 
W 
> 
~ 

III 0 ... 

4- 0 .... 

M 0 .... 

N 0 .... 
.!! 
c; .... C) CJ .... 
0 ..... 
..... 
C 

0 0 Q) .... '" 
'" .. 
('1:1 
CJ 

0- 0 0 
C 

'(3 
Q) .. 

ex: 0 a. .... 
0 .. 
Q) 

~ 0 .Q 

E 
:;.'J 
z 

'" 0 I 

" 'I""" 

,~ 
III ° 11. 

4" 0 

M "'0000 

N 00000 

.... MOa-Oo 
0 .... 

0 .... 0000 

>-
I-
0-

0:; -ruM4"U'l 
0 ..... 
0:; 
a.. 



,{) i 
'j 
J 

"1 

i 
I 

I 

i 

I' 
i 

L 
Ih. \' 

--------...,--------""""': .. "..-------... -------------------------------I..--.""'.-""."""~-......~--.".......,......,-.~ ... -;;;:;:::::;;:"~ ... !.~==-= '\ ...,,----~"": 

I 
! 

i 
I 
i 
l 
( 
l 

I 
,J 

'" I 1 , 

1 

I 
I 
I 
I 
( 

:j 
t 
! 
i 

I 
I 
\ 

, l , I 
<) 

! , I 

i 
i 

I , 
I 

: I 
f 

, I , I 
, i 

11 

! 
I 
j 
[ 
I 
l 

~ I 
:1 
, I 

1 
I 

I 
'd 
I 
! 

.1 
I 

1 ~~ 

-67-

Appendix A 

LISTING OF THE SIMULATION PROGRAM 

Note that the program be&;ins with a section called the PREAMBLE. This 

section plays a special role in any 8IMSCRIPT II program. In it, one de

fines variables, entities, attributes, lists, and (~vents, specifies the 

number of dimensions for arrays, and makes provision for gathering statis

tics. Lines 2500Q through 31700 constitute the PR)~AMBLE 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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PREAMALE " 
LAST COLUMN IS 72 " 
EXTEHNAL EVENT UNIT IS 4 
NORMALLY MODE ts INTtGER AND DIMENSION IS 0 

DEFINE $ TO MEAN IN ARRAY 

0.0025000 
00025100 
00025200 
00025300 
000t~5400 
00025500 

PE~MlNENT ENTITIES 
EVERY BLocK HAS A TA~NO S I,AN XCORD 5 2,~ YCORD S 3 ~NO A NBDID 5 

00025600 
400025700 

00025800 
! 25~ 00025900 

n0026000 
00026100 

EVERY NRO HAS A NBD.NAME S StAN N.ADJACEUT ~ 6, 
AN N.5:~t:T<'R.·CARS , 7,,,. Pl.NBD.RSPONSE ! 24,A P2.NBD.RSPONSE 
A P3.N~'.HSPONSE $ 26, A P4.NBD.RSPONSE 5 27. 
AND ~ $'5. NBO .RSPONSE $ 28, 

EVERY CAR HAS A CAR.NAME $IEhAN XLOC 5 'hA 'fLOC S 10,A PRl.CAR 
A NUMBaSECTORS ~ 12.AN ~SSIGNMENT S 13,A T~START.RESPONSF S 14, 
A NEXT.EVENT S 15,'A (SPT(1/4),SOT(2/4),SWTt2/2i) S 16, 
A CENTROID $ 17.AN IN.SEcr.JOBS S IS,AN OUT.SECT.JOBS S 19, 
AND MAY BELONG TO AN ASSIGNED.CARS 
EVERY P.CLASS OWNS A QUEUE,AND HAS A JOB.RESPONSE.TIME 5 20, 
A VELOCITY S 21'A COUNT S 22, AND A WAIT.TIME S 23 

S 11,00026200 
00026300 
00026400 
00026500 
00026600 
00026700 
00026800 

OEtJNF ACORO,VCORD,XLOC'YLOc,r~START.RESPONSE,VELOCITY.WAIT.TIME 
AS REAL VARIABLES 

00026900 
00027000 
00027iOO 

DEFiNE NeD.NAME AND CAR.NAME AS ALPHA VARIABLES 
DEFINE ADJ~CENT.CARS AND SECTORS AS 2-DIMENSJONAL ARRAVS 

DEFINE P.DURATION AS A l-DIMENSIONAL REAL ARRAY 
DEVINE OUTSIDE. DISPATCH AS AN INTEGER VARIABLE 

DEFINE N.AVAILARLE AS AN INTEG~R VARIABLE 

00027200 
00027300 
00027400 
00027500 
OM21600 

DEFINE MAX.SENT, MEAL.DURATION. AND TOUR~LENGTH AS INTEGER 
DEFINE REGION.NAME AND TITLE AS i-DIMENSIONAL ALPHA APRAVS 

r[MPORARY ENTITIES 

VARlABlESn0027700 
n0021800 
0002190'0 
00028000 
00028100 
00028200 

EVERY Joa HAS A LOCATI0N,A~ ENTRy.TIME,a PRIORITY,A STATUS, 
A DURATION.MAY BELONG TO A QUEUE,ANO OWNS AN ASSIG~ED.CARS 
DEFiNe ASSIGNED.CARS AS A FIFO SET WITHOUT FB,FA,RF ANO RL 
DEFINE QUEUE AS A FIFO SET WITHOllT Fe AND FA ROlJUNES 

ROUTINES00028300 

oEFINE ENTRV.TIME AND DURATION AS REAL VARIABLES 

EVENT NOTICES INCLUDE END,OF.5IMUlATION 
EVERY ARRIVAL.AT.SCENE HAS A CARNUMAER IN WORD 6 
EVERY CAlL.END HAS A CARNUMHER IN WORD b 
tVERY OUT~OF~SERVICE HhS A CARNUMBER IN WORD 6 
EVERY RETURN.TO.SECTOR HAS A CARNUMAER IN WORD 6 
EXTERNAL EVENTS ARE JOB.ENTRY AND OUT.oF~SERVICE 
PRIoRITY ORDER IS END.OF.SIMULATION. CALL.END, 

JOB.f.NTRY, OUT.OF.SERVICe 

ACCUMULATE MQ AS THE ~EAN,VQ AS THE VARIANCE,ANO 
PROSQ(O TO 50 BY 1) 'S THE HISTOGRA~ OF N.QUFUE 

00026400 
00028500 
00028600 
00028700 
O()02BAOO 
00028900 
00029000 
1)0029100 
00029200 
00029300 
00029400 
00029450 
00029500 
00029600 
00029700 ~CCU~UL~TF. UTILIZ(O TO 6 av 1) AS THe HISTOGRAM OF SWT 

TALLY Me AS THE MFAN,VC AS THE VARIANCE, AND HISTC(O 
AS THE HISTOGRAM OF COUNT 

Tn 15 RY 1) '00029800 

T4~LV MPT AS T~E MEAN,VRT AS THt VARIANCE,NRT AS THE NUMBER AND 
FREQlO TO 15 BY 1) AS THE HISTOGRA~ OF JOe.RESPONSE.TIME 
TALLY MWT AS THE MFAN, VwT AS TH~ VARIANCE. NWT AS THE NUMBfR, 
AND HWT(O TO 240 BY 5) AS THE HlSTOGRA~ OF WAIT.TIME 
TALLY MSRTI AS THE MEAN.VSRTI AS THE VARIANCE AND NSRTi AS THE 
NUMBER OF Pl.N80 n QSPONSE 
TA~LY MSRT2 AS T~€ MfAN,VSRT2 AS THE VARIANCE AND NSRT2 AS THE 
NUMBER OF P? .. NBO.RSPONSE 
TALLY HSRT3 AS TME MEAN,VSRT3 AS r~E VARIANrE AND NSRT3 AS THE 

00029900 
00031)000 
OOOJOI00 
00030200 
00030300 
00030400 
00030500 
00030600 
00030700 
00030AOO 
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NUMBER OF P3.NBO.RSPONSE 
TALLY MSRTq AS THE MEAN,VSRT4 AS THE VARIANCE ANn NSRT4 AS THE 
NUMBE~ OF P4.N8Q.RSPONSE 
TALLY MSRTS AS THE MfAN,VSRTS AS THE VARIANCE AND NSRT5 AS THE 
NUMB~R OF P~.N8D.RSPONSE 
ACCUMULhiE MAV AS THE MEAN,VAV AS THE VARIANCE 
AND HISTAVIO TO 12 BY 1) AS THE HISTOGRAM n~ N.AVAILAHLE 
DEFINE CALcuLATF.OISTANCE AS A REAL FUNtTION WITH 4 ARGUMENTS 
END 

MA~N 

DEFINE SIM.LFNATH AND HEAL.TIME AS REAL VARIABLES 
RESERVE RfAION.NAME(*) AND TrTL£(~) AS 20 
sr"RT NEW PI,Gf 

FOR I ~ 1 TO ~o, READ TITLE(I) AS (20) A 4 
FOR I = 1 10 20, READ REGION~NAME(!) AS (20) A ~ 
READ SIN. LENGTH, MAX.SENT, MEAL.DURATION, AND TOUP.LfNGTH 
WRITE AS " INPUT DATA FOR U 
fOR 1= 1 TO 20, WRITE REGIO"l.NAME (I) flS 
\OJIU TE AS I 
SKIP 3 UNFS 
PRJNT 1 LI~E wrTH 5IH.LENGTH AS FOLLOWS 
SIMUlATrON LENGTH =*~****.** HOURS 
SKIP 1 UNE: 

READ N.8LOCK,N.NAD,N.CAR 
LET N.AVAILABLE=N.CA~ 

PRINT 1 LINE wITH N.RLOCK,N.NBD ANO N~CAR A~ fOLLOWS 
NO. OF ALnCKS = ~*** NO. OF NBOS. = *~** NO. OF CARS ~ **** 

RESERVF ADJACENT~CA~S(*,*) AS N.NAD BY N.CAR.ANO SECTORS(*.*) 
A5 N.CAR BY * 

cREATE EVERy BLOCK, NBD. CAR, AND P.C~ASS(5' 
SKIP 1 OUTPUT LINE 
PRINT 1 LINE AS FOLLOwS 

BLOCK 10 TAX NO. NBD to 
FOR 1=1 TO N.BLOCK, DO 

x y 

READ B,TAXNO(B),NBDIDIB),XCOAD(B).VCORD(B) USING UNIT 7 
PRINT 1 LINE WITH 8'TI\XNOIA)tNBDID(B),)(Cq~ .. ~.\'CORO(BI THUS 

**** **~**** **** ~~~*~*** ~*.****~ 
lOOP 

START NEW PAGE 
FD~ la 1 TO 20 • WRITE TITLEt!) AS 
WRITE AS I 
SKIP 2 LTNES 
pRINT 2 LINES AS FOLLOWS 

A 4 

NBD TO SEcTORS NUM8ER Of ORDER IN WHICH 
SECT.C~HS ADJ. CARS CAR~ ARE NOMINATED 

FOR 1=1 TO N.N8D, DO 
READ N'~~O.NA~E(NI'N.SECTOR.CARS(N).N~AOJACENT(N) 
FOR ~=l TO N.CAR,READ ADJACENT.CAR~(N,J} 

pRINT 1 LINE WITH N,NBO.NAME(N),N.SECTOR.CbRS(N), 
N.AD~ACEN1IN) AS FOLLOWS 

0*** . ****' *«- *!t* 
FOR K=l Tn N.CAR.on PR(NT 1 LINE WITH 

AOJ~CENT.CARS(I,K) AS FOLLOWS 

L.OOP 
LOOP 

FOR 1=1 TO N.CAR 00 , 
READ C.CAR.NAME(C).NUMR.SECTORS(C),CENT~OID(C),ME~L.TI~E 
RESERVE SECTORSIC,O) AS NUMB.SECTORSlC) 
rOR J=l TO NUMB~SECTORS(C), READ SECTORS(C,J~ 

00030900 
00031000 
00031100 
00031200 
0003130& 
000314(10 
00031500 
00031600 
00031700 
00031800 
00031900 
00932000 
0003~lOO 
00032(100 
0(1032300 
00032400 
00032500 
00032600 
00032630 
00032660 
0()OJ2700 
00032800 
00032900 
00033000 
00033jO!) 
00033200 
00033300 
00033400 
00033500 
00033600 
00033700 
t}0033~00 
00033900 
00034000 
000341 00 
00034200 
00034300 
00034400 
00034500 
00034600 
00034700 
00034750 
00034800 
00034900 
00035000 
00035100 
0003~200 
00035300' 
00035400 
00035'500 
00035600 
0003570U 
00035800 
00035900 
OOO:~6000 

00036100 
00036200 
0003"300 
00036400 
0003~~OO 
00036600 
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LET XlOCCC):XCOROrCENfROIOCC» 
LET YLOC(C)=YCOPD(CE~TROIn(C» 
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SCHEDULE AN OUT.OF.S£HVICF. ~lVEN r. I~ M~AL.rIMF 40URS 
LOOP 

FOR T=1 TO NeP.CLASS RFAO VELOCITYCI) 
R£SERVf P.OURATIONC~) AS 3 
FOR T = 1 Tn 3 PEAU p.nURATION(Y) 

C~EATE AN END~OF.SIMUlATIUN 
SCHFDULE THIS END.OF.SIMULATION IN 5IM.LE~GTH HOUns 

ST ART ')f MULA T I ON 
SToP 
ENO 

EVENT FOR END.OF.SIMULATION 
DEFTNE M.V,T.TTN,TOUT.TOTlN,TOTOUT AS REAL 
OEfTNE X AS A REAL I-DtMENSIONAl ARRAY 
RF.S~RVE XI*) AS 10 

START HE"w PAGE 
PRINT 2 nOU~LE LINES AS FOLlUW~ 

VA~IARlES 

THE NEW YORK CITY-RANO l~STTTUTE 

POLICE P4TRnl SIMULATION 
WRTTE AS "SrMUl4TION RfSULTCJ FOR II 

FOR t= 1 TCI 20. WRITF REGTON.NAME (1) AS 
wR1TE AS I 
SKTP I LTI'JE 
fOR Ja 1 10 20 • WRITE rITLE!I) AS 
wRITE AS I 
510 P 5 OUTPuT LI NES 
PRINT 1 LIN~ hS FOLLOWS 

A 4 

MOnEL 

A 4 

0003/;1700 
0003Ft800 
00036900 
00037000 
000'37100 
00937200 
00037300 
o003740(} 
(0037501) 
00017600 
00037700 
00037ROO 
00037900 
nOfl3A00l1 
0003A100 
0003A?OO 
00038300. 
00038400 
OOQ3ASOO 
0003BftOO 
00038700 
U0038800 
0003.8900 
00039000 
000J9100 
00039200 
00039250 
00039300 
00039400 
00039450 
00039500 
00039600 

CAR ACTIVITY SUMMaRY 00039700 
LET TJ=O LET.OJ=O 0003QQOp 
SKTP 1 OUTPUT LINE 00039QOO 

PRINT 2 OOUBLf LINES AS FOLLOwS 0004000U 
CAR NO. OF JOBS ON PATROL riESpnNnTNG WORKING 00040100 

T0T. IN S£RvtCF 00040200 
IN OUT IN OUT IN OUT IN OUT 00040100 

OUT OUT OF SERVICE 00040400 
FOR K. 1 TO N.CAR.OO 00040500 

LeT TIN=(UTILIZIK,l) +UTTlIZ(K,3) +UTILIZ(K.5»/TtMf.V 00040600 
LET TOUT.(UTILIl(K,2)+UTILIl{K,4)+UTrLIlIK.~»/TIME.V 00040700 

PRINT 1 D0URLE LINE WITH CAA.NAME{K),I~.SECT,JORS(~),OUT.SFcT.JnHS(K),00040~OO 
UTtLTZ(K,1)/TIME.V~UTILIZ(K.2)/Tr~E.V.UTILrl(K.3)/TrME ,v. 00040qOa 
UTILtl(K.4)/TIMr.V,UTI~IZ(K.51/Tr~E.v,urILI7(K.6)/TIME.v. 00041000 
rIN,rOUT,UrILIl(K,7)/TIME~V AS FOLLO~S 00041100 
••• •••• *~*. *.**. ..*** *.... ••••• *.*.* ~ •• ** 0004120V 

.,_.. *.*.* *.*~* 00041300 
FOR J=l TO 7' DO ADD UTILIZ(KfJJ/TIME.V Tn X(J) LOOP 00041400 
AOn IN,SfCT.JORS(K) TO IJ 00041500 
ADO OUT.SECT,JORSCK) TO OJ nn041hOQ 

~nD TTN TO TOTIN 00041700 
ADO 'fOllT To TOTOUT 00041800 

LOOP 000'1900 
FOR J~l TO 7 00 LET KeJ)=XeJ)/N.CAH LOOP 00042000 
LET iOTTN~TOTIN/N.CAR LET TOTOUT=TOTOUT/~,CAQ n0042100 
SKIP 1 OUTPUT LINE n0042200 

PRINT) nOUAlE LINE wITH IJfOJ.X{a).X(2).x(~).Xt4).X(~).11~). 00042300 
10TTN.TOTDUT,X(7) THUS 0004?400 

TOTALS •• *. **.* *,*** *.0.. * ••• * •• *.. *.*0. *.*** 0004?500 
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*.*** tt.*** 

FOR 1=2 TO N.P.CLASS. no START NEW ~Ar,F 
FOR J= 1 TO 20~ WRITE TITLE(J) AS ~ 4 
WRITE AS I 
SKTP 2 LINES 

PRINT 1 LINE WITH I AS FDLLO~S 
~UEUEING STATISTICS FOR PRIORITy CLASS ** 

SKIP 2 OUTPUT LINES 
PRINT 2 ~INES WITH ~QCII 

HISTOGRAM OF QUEUE-SIZE 
NO. IN QUEUE FREQUENCY 

SKIP 1 OUTPUT LINE 

AND VQ(II (S FOLLOWS 
AVE~AGE QUEUE-SIZE 
VARIANCE 

FOR J= 1 TO 30 • WITH PR08Q(I,J) GT 0, DO 
PRINT 1 LINE WITH J-l AND PROBQCI,JI/TlME.V AS FOLLOWS .... *.*.* 

LOOP 

SKIP 2 OUTPuT LINES 
LET TaNWT(I}*MWT(I) 
LE:T NToT=NRTCII 

IFNTOT=O LET T=O GO TO PRT 
OTHERWISE LET T~T/NTOT 

'PRT' PRINT 3 DOUBLE LINES WITH NWTtI),HWT(I),VWT(I}tNTOT,T THUS 
H!STOGRAM OF WAITING TIMES AVERAGE WAITING TIME OF THE **0 

JOBS DELAYED: ***.*** 
WAITING TIME FREQUENCY 

VARIANCE = 0**.*** 
(MTNUTESI AVERAGE WAITlNG TIME of ALL .*** 

JOSS DlSP'D = ***.*** 
FOR j=l TO 24, WITH HWT(I.J) GT O. DO 

pRINT 1 LINE WITH S*J ~NO HWT(I.JI THUS 
< *** ***** 

LOOP 
SKIP 3 OUTPuT LINES 
LET J=l 
PRINT 3 LINES AS FOLLOWS 

CURRENT QUF.UE CONTENTS 
POSITrON TIME SINCE RECEIPT 

(MTNUTES) 
SKIP 1 OUTPUT LINE 
FOR EVFRY JOB IN QUEUECI)9 DO 
PRINY 1 LINE WITH J AND CTIME.V-ENTRY.TI~E(J08»*1440eO THUS 
*** 
ADD 1 TO J 
LOOP 

LOOP 
CALl. RESULTS 

** ••• * 

END "SIMULATION" 
ROUTINE foR RESULTS 
DEFINE M,V.T AS REAL VARIABLES 

BEGIN REPORT PRINTING FOR 1=1 TO N.P.:LASS IN GROUPS OF 6 PER PAgE 
BEGIN HEADING 
FOR J= 1 TO 20. WRITE TITLE(J) AS A ~ 
wRITE AS I 
SKIP 2 LINES 
pRINT 1 LINE AS FOLLOWS 

RESPONSE TI~E HISTOGRAMS 
SKIP ? OUTPUT LINES 

END "HEADING" 
PRTNT 1 DOUBLE LINE WITH A ~ROUP OF I FIELDS THUS 

00042bOO 
000.2700 
00042800 
00042900 
00042Qr;0 
0004300(l 
00043100 
00043200. 
00043300 
00043400 
00043500 
00(4)600 
00043700 
00043800 
00043900 
00044000 
00044100 
00044200 
00044300 
00044400 
00044500 
000H600 
00044700 
00044800 
00044900 
0004S()00 
00045100 
00045200 
00045300 
00045400 
00045500 
00045600 
00045700 
00045800 
00045900 
00046000 
00046100 
00046200 
00046300 
00046400 
00046500 
00046600 
00046700 
00046800 
00046900 
00047000 
00047100 
00047200 
00041300 
00041400 
00047500 
00047600 
(l0047700 
00041800 
00047850 
00047qOO 
0004800~ 

OOO.81bd 
00048200 
000.0300 
0004A400 
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*41-

SKrp 1 OUTPUT LINE 
PRINT 2 LINES AS FOLLOWS 

Rr:SPONSF. rIME 
CMfNUTfS) 

~OR J= 1 TO 16, 00 
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~H1NT 1 nOUALE LINF WITH.J AND A GROUP OF FREQ(I.J) FIEL~S THUS 
<**.*41> **** **** **** **** **** 

LOOP 
SKIP 1 OUTpUT LINf 

PRINT 1 DOUBLE LINE WITH A C,ROUP OF ~RT(I) vIELOS THUS 
NUMeER OF RESPONSES ***** ***** ***** ****41> *.*** 

PAIMT 1 DOUBLE LINE wITH A GROUP OF ~RT(I) FIELDS THUS 
AVERAGE H.r. **.~* **.0* **.** 0*.** **.** 
**.** 

PPTNT 1 nnURLE LINE ~ITH A GROUP OF VRT(I) FIELDS THUS 
VARIANCE OF R.T. ***.** ***.** ***.** ***.** 

***.*. 
END I I RFPORT , , 
START "fE~ PAGE 
FOP 1= 1 TO 20 • W~ITF TITLEII) AS A 4 
wRITE. AS I 
~IOP ? UNFS 
PRT~r 1 DOU~LE LINE AS FOLLOWS 

SUM~ARY OF QESPONSES 
I'IEIG Hf30 RH MI.1 

SKIP 2 OUTPUT LINES 
PAINT ? DOURLE LINES 

PRiORITY-·> 1 
S 

AS FOLLOWS 
3 

NBD NO. AVG .RT VAR 

2 
TOTALS 

rw. AVG RT 
NO. AVG RT 

VAR 
VAR 

NO. AVG RT 
VAR NO. AVG RT VAR 

SKTP 1 nUTPuT LThi 
~OR J=l TO N.NHO Do 
LET Nl=~SRTl(J) LET N2~NSRT2(J) LET N3=NSRT1IJ) LFT N4=NSRTS(J) 

LET T~Nl+N2.N3+N4 
LET MKNl*MSRT1(J).N2*MSRT2(J).N3~~SRT3(J).N4~MSRT5(J) 
LET V=Nl*Nl*vsprlIJ).N2*N?~VSRT2IJ)+N3*N30VSRT3(J).N4*N4*VSRT~IJ) 

rF T=O LET ~=O LET v=o GO TO PRI OTHFRWISE 
LET M.,M/T 
LfT vfIIV/(T.Tl 

'PRy' PRINT 1 DOUBLE LINE WITH NBO.NAME(JI.~l,MSRTl(J), VSRTIIJ),N2. 
MSRT2IJ).VSRT2(J),N3.MSRT3IJ),VSRT3(JI,N4,MSRTSIJ).V5RT5(,J),T,M,V 

THUS 
**** 

•.••. * 
lOOP 

.*** *~,*~* **o*~* 
~o*~* **.*.* *o.**~ 

5~TP 1 OUTPUT LINE 
LE"T hO LET MeO 
FO~ f.1\ TO 4 80 

LET vcO 

lOOP 

y~ I Ea 4, LET I t 

LH N=NRT I I) 
Ann N*MRTII) TO M 

5 REG)~RDlESS 
AOf) '" To T 
ADD N*N~VRT(II TO V 

LET M-M/T LET V=V/(T*TI . 
pRINT 1 "OUALE LINE' WITH NRT(1l'MRTq"VRT(1"NR1'121,~RTr2)' 
VRT(2)fN~T(3)tM~T(3)~VRT(3)tNRT(5),MRT(5).VRT(5).T,M,V T~US 

ToTALS * •• * * •. *** *.,*** .*~o **.**. **.~*~ *** •• * *** 

00048500 
0004A60G 
00048700 
OD04B~OO 
00048900 
009 4 9000 
OOO't.9100 
00049200 
00049300 
00049400 
00049500 
00049600 
00049700 
00049800 
00049900 
00050000 
00050100 
00050200 
00050300 
00050400 
0005050U 
()00S0600 
00050700 
00050800 
00050850 
00050900 
00051000 

BYOOO:,llOO 
00051200 
00051300 
00051400 
00051500 
00051600 
00051100 
00051800 
00051c;l00 
00052000 
0005210U 
000S2200 
000;2300 
OOO~2400 
00052500 
00052600 
00052100 
00052800 
00052900 
00053000 

000053100 
000~3200 
00053300 
00053400 
00053500 
00053600 
00053100 
OO'b~3800 
00053900 
00054000 
00054100 
00054200 
000'54301) 

*00054400 

*.**- **** **,*** **,**. 
SKTP 9 OUTPuT LINES 
PRINT? LINES AS FOLLOWS 

PICK-UP (PRIORITY 4) 
NeD NO, AVG RT VAR 

SKIP 1 OUTPUT LINE 
For~ Jlz} TO N.NRD DO 
LET N5 • NSRT4CJ) 
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PRINT 1 LINE wJTH NBO o NAMF.1J),N5,MSRT4(J),VSRT4(J) 
**** *0** _*.0*. **.*.* . 1\5 FOLLOWS 

LOOP 
SKIP 1 nUT PUT LINE 
PRINT 1 LINE. WITH NRTC4}. ~RT(4), VRT(4) THUS 

TnTAlS **** **.*** **.*** 
START ~JFltI PAGE 
POR h i TO 20 • WRITE TITLE(I) 1\$ 
WRITE AS I 
slqp ? tINES 
PRINT 1 LINF. AS FOLLOWS 
bISTRI~UTION OF CAR AVAILI\8IlITY 

SKIP ~ ~UTPUT LINES 
PRINT, ~ LINES AS FOLLOws 

NO, OF CA~S PER CENT 
0N PATROL Or TIME 

A 4 

FOR TeO TO N,CAR DO 
PRiNT 1 LINE ~ITH 

** 
1 ~Nn lOO*HISTAVCI+l)(TTMF.V THUS 

>It.*** 
lOOP 

SKIP 1 OUTPUT LINE 
PRINT 1 LINE WITH MAV THUS 

AVEPAGf NUM8ER AVAILABLE 
PRINT 1 LINE WITH VAV THUS 

VARIANCE 
START NEW PAGE 

~O~ y- 1 TO 20 , WRITE TITLE(I) AS 
wQlr~ AS / 
Sf< TP cLINES 

P~INT ] LINE 45 FOLLOwS 
NU~BfR OF PRECINCT CARS SENT TO CALLS 

s~rp 2 OUTPUT LINES 
pRJNT 1 nOURLE LINE THUS 

A '+ 

~HTORITY I) 1 ? 
to 11 12 13 14 

3 
15 

4 5 

w'HTE AS It" 1" 
AVERI\GE. 

6 7 
V"RJilNCE 

FOR 1=1 TO 16.WRITE ~ISTC(l.II AS t 6 
wRITE Mr.(l) AND VCtl) AS 5 6,D(~t?),S 5'D{1,2),/ 
FOR r-2 TO N,P.CLASS, DO 

8 

PRINT I"a·OURLE LINE wfTH hHISTC(tol).HISTCCI.2),HISTCIJ 3) 
HJSTr;(J'4"~C(I)' ANI) VCIl> THUS ' , 

** ~*.* **** **** **** 
LOOP 
SToP 

fNO 

tVfNT FOR JOR,ENTRY 
DEFT~E HOUH A~D HOUR AS REAL VARIARLES 
RFAO LOC.IPR.HDUR ANn ~OUR 

C~EATE A JOR CALLF.D J 
LET ENTRY.TI~E(J)=TIME.V 
LET LOCATIONCJ)zLOC 

9 

00054500 
000~4600 
00054700 
00054800 
00054900 
00055000 
0005':;100 
0005'5200 
00055300 
('l0055400 
00055500 
00055600 
000S5100 
00055800 
00055900 
00056000 
00056050 
00056100 
00056200 
00056300 
(l005HOO 
00056';00 
00056f)00 
0005"700 
0005MOO 
00056900 
00057000 
000571 00 
000"7200 
00051300 
00057400 
00057501) 
00057600 
00057700 
00057800 
000518.50 
00057900 
00058000 
00058100 
00058200 
OOOSA300 
00058400 
00058500 
00058600 
000'58100 
000588/)0 
00058900 
OOOSC}OIlO 
000591110 
00059200 
00059300 
00059400 
OOO~9500 
00059600 
00059700 
00059800 
00059900 
00060000 
00060100 
(l00M200 
00060300 
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--~·---T-i---------------------_75_ 
J 

LET PRIORITYCJ).IPR 
LET OURATION(J)2HDUR~~0.0 + MOUR 

LET STATUSIJhO 

00060400 
0006050U 
00060600 
00060700 
00060800 
00060900 
00061000 
00061100 
00061200 
00061300 
00061400 
00061500 
00061600 

GO TO PRCIPR) 
IPR(1)1 CALL DISfJRl(J) 
fPR(Z)t CALL DISPRZ(J) 

qETUHN 
RETURN 
RETURN 
RETURN 
RETUKN 

'PR(3l' CALL DISPR3CJ) 
'~RC41' CALL DISPR4CJ) 
IPR(S)' ('AlL DISPR5(J) 

END 
ROUTINE TO OISPRI GIVEN J 
LET 5Er.T~NBOIO(LOCATTON(J» LET MARKrR=O 

'CALC1' 

FOR tzl TO N.CAR.OO t'NOMI~ATE GARS .t 
LET K=ADJACENT.CAHSCSECT,I) 

IF SwTIK) LE 3 AND SPTCK) NE 1 "CAq IS ELT~IBLf. " 
IF MAR~ER.O LET SOTeK)=l 

00061100 
00061800 
OOOblQOO 

OTHfRWISE 

LET ~ARKERlI:l 
GO TO CALCl 
IF ~ARKER • 1 LET SoTeK)=2 

Lf: T MAR~ER.2 
GO To CALCl 

OThERWISE IF MARKER = MAX.StNT ~O OUT 
OTHERWISE ADD 1 TO MARKER LET SOT(K)a3 

IF SWT(K)=l CALL INTERPOLATE.LOCATIU~ GIVEN ~ AND 
HEGARDlESS 

lOOP 

JF SPT(K) GT 1 CALL PREEMPT!K) 
REGARDLESS CALL ASSIGNCK,J) LEV SWTCK).2 

IF I GT N.SECTOR.CARS(SEcTl LET SWTCK)=3 
REGlIROLESS 

REGARDLESS 

00062000 
0006?100 
00062200 
00062300 
00062400 
00062500 
00062600 

ASSIGN~ENTCK) 00062700 
00062800 
00062QOO 
00063000 
00063100 
00063200 
0006330() 
00063400 

TF ~ARKER • 0 AOD 1 TO OUTSIDE.DISPATCH 00063500 
DESTROY JO~ CALLED J OOO~3bOU 

REGARDLESS LET CQUNT(l)aMARKER 00063700 
RETURN 00063800 

F.ND 00063900 
ROUTINE Tn oISPR2 GIVEN J 00064000 
LET SECT=NAotDcLOCATION(J» LET MARKF.R=O 00064100 
FOR 1-1 Tn N.CAR, DO "NOMINATE CARS " 00064200 

LET K.ADJACENT.CARS(SECT,I) 00064300 
JF sPT 00 -0 .. CAR IS EI.IGIBLE " 00064400 

IF MARKERzO LET SOTIKI=1 LET MARKER=l GO To CALC2. 00064500 
OTHERWISE 00064600 

IF MARKERa1 AND I LE N.ADJACENT{SECT1+N.SECTOR.CARseSECT)00064100 
LET SOT(K)-2 LET MARKER=2 00064800 

'CALC2 • IF SwTCK)=l CALL INTERPOLAT~.LOCATION GIVEN K AND 00064900 
ASSIGNMENT(K) 00065000 
REGARDLESS CALL ASSIGN(K.J) LET SwTCKla2 00065100 
TF I GT N.SECTOR.CARStSECT) LET SWT(~).3 00065200 
REGAAOLESS 0006530n 

REGARDLESS 00065400 
REG~ROlESS 00065500 

lOOP 00065600 
IF MARKER=O FlL.E J IN QUEUE(2) RETUR.N 00065700 

OTH~RWISE LET CDUNT(2)aMARKER RETURN 0~06580n 
END 0006~900 
ROUTINE TO OISPR3 ~IVEN J OOO~6000 
'f se~o ANY AVAILABLE CAR 't 00066100 
LET SECTcNR.DIO(LOCATION(J) 0006&200 
FOP 1=1 TO N.CAH, DO 00066300 

LET K=ADJACENT.CARSCSECT,I} 00066400 
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If. SPT(lOc{) '~CAR IS ELIG1BLEtf 
LFl SO'!(K)=l 
IF SWT(K,zl CALL INTERPOLATE.LOCATION GIVEN K ~ND 

ASSIGNMf.NTIK) 
REGARDLESS CALL ASSIGN(K.J) 
LET SW'T(Kliii:Z 
IF I GT N.SECTOR.CARS(SECT) LET SWTIK).3 
REGARDLESS LfT COUNT(3)=1 RETURN 

OTHFRWISE lOOP 
fILE J TN QUF.UE(3) 
P£fURN 
END 
ROUTINE TO DISPR4 GIVEN J 

,. PICK-UP JOR " 
LET SECT. NBDTO(LOCATION(J) 
FOR T • 1 TO N.SECTOR.CARS(SECT) , DO 

LET K • ADJACENT.CARS(SECrtl) 

LOOP 

IF SPT(Kt • 0 "CAR IS AVAILABLE't 
LET XLOC(K) • XCORD(LOCATIONCJ» 
LFT YLOCCK) • YCORO(LOCATION(J» 
CALL ASSIGN(K.J) 
LET SWT(K) • 2 LET SOT(K) = 1 
LET COUNT(4) • 1 
RFTURN. 

OTHF.RWISE 

FILE J IN QUtUE(4) 
~ETURN 

"NO SECTOR CAR FREEt. 

END 

ROUTINE TO nISPR5 GIVEN J 
~. ASStAN JOB ONLY TO SECTOR CAR " 
LET SECT=NAOIO(LOCATION(J» 
FOR Jz 1 TO N.SECTQR.CARSISECT), DO "LOOK FOR A S~CTnR CAR" 

END 

LET KaAOJACENT.CARS(SECT,I) 
IF SPTCK)aO "CAR IS ELIGIHLE" 

IF SWTCK)=] CALL INTEqPOLAT~.LOCATIO~ GIVEN K AND 
ASStGNMENT(K) 

REGARDLESS CALL ASSIGN(K.J) LET 5WTCK)z? 
LFT SUTIK)=l LET COUNT(5)al RETURN 

OTI-/F."RWISE 
LOOP 

FILE J IN QUEUE'S) "NO SECTOR CAR FREE" 
RETURN 

POUTI~E TO INTF.RPOlATE.LOCATION GIVEN K AND J 
•• C~LLfn FROM PREEMPT AND FHOM JOB.ENTRY ~. 

NO~M~LLY MODE IS REAL 
DEFINE lJ,K.J,A,PATROL.RETURN AS TNTEGEH VARTAALFS 
LET lJ=LOCATIONIJ) 
LET V=VELOCITyePRIORITYCJ) 
lfT XD=XCOROCLJl-XLOCCK) 
LET YOaVr.ORD(LJ) - YLOCCK) 
LET T=(TIME.V - T.START.RESPONSECK»*24 
LET T~.A85.F(XD)/V 

I.ET DEL TeT - TX 
JF OELT GT 0 LET XLOCIK)=XCOROILJ) 

LET YLOCIK~cv*nELT·SIGN~F(YD).YLOCCK) 
GO TO CHECK.IF.PATROL 

OTHfRwIS~ LeT XLOC(K)sV*(-DF.LT)*srGN.FIXD).XLOC(~) 

0006650(1 
00066600 
00066700 
00066800 
00066900 
00067000 
00061l0l1 
00067200 
00067300 
00067400 
00067500 
00067600 
00067100 
00067800 
0006790Q 
OOObAOOO 
0006AIOO 
000b8200 
00068300 
00068400 
00068500 
00068600 
00068700 
OOOMSOO 
0006A900 
00069000 
000f,9100 
00069200 
00069300 
00069400 
00069500 
OOOb9600 
00069700 
00069800 
00069900 
00070000 
00070100 
00070200 
0'0070300 
00010400 
00070500 
00010600 
00070700 
00070800 
00070900 
00071 000 
00071100 
00071200 
00071300 
00071400 
00071500 
00071600 
00071700 
00071800 
00071900 
00072000 
00072100 
00072200 
00072300 
00072400 
00072500 
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t~HECK.TF.PATROL. IF SwTIK) ~E 1 RETURN 

Pli) 

OTHEHWIS~ CALL CANCEL.SECTOR.RFTURN r,rvEN K 
t:lETURN 

ROUTINE' TO ~SSIGNCK.J)' 
LFT SPT(K)=P.RIO~lTY(J' 
LET ASSTGNMENT(~).J 
NOW SCHEnULf.CAH.ARRIVAL(K.J) 
Fll~ K IN ASSIGNED.CARS(J) 

TF SWTCK) LE 1 SUB1RACT 1 FROM N.AVAILARlE REG6RnLFSS 
~F'TUPN 

t"Nf' 

ROUTINE TO CANCEL~SECTOR~RETURN GIVEN ~ 
LET PATROL.RETI/RN = ",SSI6NMF.:NT(K) 
nF~TROY JOB CALLED PATROL.RETURN 

LET RcNfXT.EVENT(K) 
CANrFL RFTURN.TO.SECTOR CALLED R 

JIE'STP()Y RE TURN. TO.SECTOR CALLED R 
RFTIJRN 
ENll 

ROUTINF TO PREE~PT(K) 
LET J : ASSIGNMENTIK) 
IF J IS NOT IN A QUEUE 

IF STATUS(J).O FILE J FIRST IN QUEUECPRTORITYIJ» 
REG~ROLESS 

~FGA~nLFSS LET E~ NEXT.f.VENT(K) CANCEL THE ARRIVAL.AT.SCFNF CALLED E 
nESTROY THE ARRIVAL.AT.SCENE CALLED E 
QEM(/VE I( FWOM ASSIGNED.CARS(J) LET §PTIK)::.O 
~ow INTERPOLATE.LOCATION GIVEN K AND J 
IF ~.ASSIGNFO.CARS(J) *1 LET F=F.ASSIGNED.ChRS(J) 

IF SOT(F)a2 AND SwT(FI GE 4 
lET f a NEXT.EVENTIF) 
C~Nr.El THE CALL.END CALLED E 
RESr.HEOUlE THE CALL.END CALLED E IN DURATIONIJ} MJNUTES 

REr,aROLESS 
LET SOTIF)s1 

RF.G~ROLF:SS 
LET T.ST_RT.RESPONSEIK)= TIME.V 
RF.'TURN 
[W' 

ROUTINE TO SCHEOULE.CAR.ARRIVAL(K,J) 
nEFTNE OIST AS A REAL VARIARLE 
lET OISTaCALCULATE.OISTANCE(XCORDCLOCATION(J),YCORO(LOChTION(J)}, 
XlOf'(K),VU)CCK» 
LET T.Sl.RT_RES~ONSE(K).TIME~V 
rRFnTE AN AR~IYAL.AT.SCENE 
SCHfOULE THIS ARRIVAL,AT.SCENE GIVEN K IN 
OIST/VELOCITV(P~IORITY(J)) HOURS 
LET NEXT.EVENT(K)-ARRIVAL.AT.SCENE 
RFTURN 
F. I\J r-

EVF~T FOR ~RRIVAL.AT.SCENE(K' 
DEFINE 0 AS 1 REAL VARIABLE 
LET LKAR~LOCATION(ASSIGNMENT(K» 
LFT XLOCIK).XCOHD(LKAR) 
LET YLOC(K).VCORO(LKAR) 

00012600 
00072701) 
0007Z800 
00012900 
00073000 
1)0073100 
00073200 
00073300 
00013400 
00013500 
00073600 
00073700 
00073800 
00013900 
00014000 
00074100 
00074200 
00074300 
0007 .. 00 
00074500 
00074600 
00074700 
00074800 
00074900 
00075000 
00075100 
00015200 
00075300 
00075400 
00075500 
00075600 
00075700 
00075800 
00015900 
00076000 
00076100 
00076200 
00076300 
00076400 
00076500 
00016600 
00076700 
00076800 
00076900 
00077000 
00071100 
{l0077200 
00017300 
00017400 
00017500 
00017600 
00077700 
00077800 
00071900 
00078000 
00078100 
00078200 
00078300 
00018400 
n0078500 
00078600 
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OTH~J:?WISF 
H~(,T~' 

lFT S~TIK)~4 ~DD 1 TO IN.SECT.JORS(K) GO TO BOTH 
LET SWTtK)a~ ADO 1 TO OUT.SECT.JOASIK) 

LET JaASSIGNMENT(K) 
LET JPRmPRIO~ITV(J) 
LET I) • I,URATIONIJ) 
rF SOT(K).l "THIS IS THE PRIMAHY CAR AT JOP J" GO TO PRIMf.CAR 
I1TH;:RwtSF 
IF <;TATUS(J).O 
r,O To FIRSi.CAR 
OTH~H~ISF 

"~O CAR HAS ARRIVED ANO THIS CA~ IS NOT PRIMARV" 

IF STHIISfJ).l " PRIMARY CAR HAS ALREADY ARRIVED tt 
PERFORM fND.CALL.SCHEDULING GIVEN K AND 0 

00018700 
000713800 
00078900 
00079000 
00079100 
00019200 
00019300 
00079400 
00079500 
00079600 
00079700 
00019BOO 
00079900 

QEr.~ROLFSS RETURN 'I Tr NO PRIMARV C~R DELAY SCHEOULING 
'Ft~ST.r.AR' 

LET STATUSIJ)-2 
LET JOR.PFSPONSE.TIME(JPR)aCTIME.V -
T.~TART.RESPONSE(K»~1440.0 

r.o TO RT(JPR) 

A CALL.ENO"00080000 
00080100 
000802.00 
00080300 
00080400 

.~TIll· LET Pl.N8D.RSPONSE(NHDID(LKAR)lzJO~.RESPONSE.TIMfIJPR) 
'~T(2)' LET P2.N~D.RSPONSEINBDIO(LKAR».JOH.RfSPONSF.TIM~IJPR) 
,nTI]) I LEt P3.N80.RSPONSEfNBOIO(lKAR»aJOH.RESPryNSE.TIME(JPR) 
,qT(4)' LET P4.N8D.RSPONSE(NBOIO(LKAR))-JO&.RFSPONS~.TIME(JPR) 
'~TI~)' LET P5.NBO.RSPONSE(NRDID(LKAR».JOH.RESPONSE.TIMF.(JPR) 

'Plit"'E.r~R' . 
JF ~TATUSIJ) NE 0 ,. SOME C4liS ALREADY THERE" 

fOR EACH C~R IN ASSIGNED.CARSIJ) wITH SWTICAR) GE 4 DO 
PERFORM END.CALL.SCHEDULING GIVEN CAR ~NO 0 
LOOP LET STATUS(J)al RETURN 

nTH:'R~ I <5E 
LE'T ,IOfl.RESPONSE.TIMEIJPR)alTIME.V .. 

T.'TART.RESPONSE(K»*1440.0 
CALI ENn.CALL.SCHEIJULING GIVEN K AND 0 
LfT SHTUS (J) =1 
(~o TO RT(,JPR) 
ENI· 

qOllTINf. TO CALCliLATE.OIST"NCE GIVEN Xl.n,X?, 
nEFTNE n,Xl,)(2,Vl, AND Y2 AS REAL VARIABLES 
LET D • ARS.rIX2-Xl) + AAS.F(Y2-Yl) 
qn.'RN WTTH 0 
FW' 

AND V2 

ROUTTNf FOR ENn.CALL.SCHEOULING GIVEN K AND OUR 
DF.FI IE T ~NO OUR AS REAL VARIABLES 

lFT T:p.DURATION(SOTIK»*DUR 
CRErTE A CAlL.ENO 
srw~DUI E fHls CAll.END eIVfN K IN T MINUTF~ 

~FrllRN 

~NI' 
EVE~T CftlL.FND GIVEN K 
IF ';ItIT(IO=fot GO 'TO CHECK.Q 9'END OF OUT-OF-SEPVICE" 

OTHERWISE LET J-ASSIGNMENT(K) 
QE~OVE K FRoM ASSIGNEO.CAPS(JI 
TF \SSt~~ED.CARS(J) IS EMPTV OEST~OY JOri CALLFO J 
QEr.~RDLfSS 

'('MEeK.O' 

RFTURN 
RETURN 
RETURN 
RETURN 
RETURN 

FOR EACH JOR ON QUEUfCll "THIS IS THf OUT-OF-SFRVICE QUEUEe, 
wITH LOCAT[ONeJ08IaK, 00 LET ASS!aN~ENT(K).JOB LET SWTCKI=6 

SCl-Ol:OULF A CALL.END GIVEN K IN DU~ATtONIJOAl MTNllTFS 
LET S~T(K)=~ LET SOTIKl=b 

00080500 
0001:10600 
00080100 
00080800 
00080900 
00081000 
00081100 
00081200 
00081300 
00081400 
00081500 
00081600 
000A1700 
00081800 
00081900 
00082000 
00082100 
00082200 

, 0008,2300 
00082400 
00082500 
00082600 
00082700 
n0082ROO 
00082900 
00083000 
00083100 
00083200 
(l00A3300 
00083400 
00081500 
00083MI) 
{\0083700 
()0083AOO 
00083900 
00084000 
00084100 
00084?00 
00084300 
00084400 
00084500 
00084600 
00'084700 
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L~T XLOC (10 aXCOI-ID (CENTROln (10 I 
LET YLOC(~l.YCORD(CENTROID(K» 

REMOVE JO~ FROM QUEUeCl) 
RETURN 
LOOP 

FOR Ia~ TO N.P.CLASS 00 

~78-

rF QUFUE(I' IS EMPTY GO TO NEX1,Q 
OTHERWISE IF I LE 3 NO"W REASSIGN.CAR.TO.J'lB(t(.F.QIJEUEIO) 

OTHERWISE "MUST fINO A SECTOR CARo, 
FOR EACH JOB ON QUEUE!I) DO 

LET NHOOO-NBDID(LOCATION(JOA» 
FOR J-l TO NUMB, SEnORS (K) on 

IF ~HOOO.SECTORS(K,J) 

{)OOA4AOO 
00084900 
0008~000 

00085100 
00085200 
000.85300 
00085400 

RFTUR"J 00085500 
00085600 
00085100 
{)OOS5800 
00085900 

NOW REAS~IGN.CAR.TO.JnR(KfJOB) 
RETUtiN 

00086000 
00086100 
00086200 

OTHERWISE 

• NI!XT. Q' LOOP 
fPREVENT.PATROL' 

LOOP 

ADO 1 TO N.AVAILARLE 

LOOP 

~OW PLACE.CAR.ON,PATROL(KJ 
RETUI:fN 
EN!' 

ROUTINE TO REASSIGN. CAR. TO. JOB GIVEN K AND J 
LET SECT=NBDID(LOCATION(J» 
IF PRIORITV(J).~ LET XLOCCK).XCOROCLOCATION(J)' 

LET VLOC(KlsYCORD(LOCATION(JI) 
NOW 
FOR 
LEi 

'l OOPl' 
LOOP 

'OUT' 

ASSIr.N(t(,J) 
r • 1 TO N.CAR DO 
KK=ADJACENT.CARS($ECT.I) 
IF KK NE KGO TO LOOPl 
OTHERWISE LET SWT(K) -2 

IF I GT N.SECTOR.CARS(SECT1 
REGARDLESS GO TO OUT 

LET PRt.PRIoRtTV(J) 
REMOVE J FROM QUEUE(PRI) 

LET SWT(~):il3 

REGAROLE5S 

LET WAIT.TIME(PRI) • (TtHE.V - EN'R~~TIMECJI)*1440.0 
LET COUNTIPRI)al 
LET SOTOOal 
~ETuRN 

E'Nf"I 
ROUT!NE TO PLACE.CARaON.PATROL GIVEN K 
DEFINE 0 AS A REAL VARIABLE 
LET SPTrK)-O LET SOT(K)=O 

00086300 
00086400 
00086500 
00086600 
00086700 
00086800 
O~086~OO 
00087000 
000871 00 
00087200 
00087300 
00087490 
00097500 
00087600 

'00081700 
00087800 
00087900 
OOOB8000 
00088100 
00088200 
00088300 
00088400 
0/)088500 
00088600 
000S8700 
OOGBS81)0 
00088900 
OOOMOOO 
1)0089100 
00089200 
00089300 
00089400 
00089500 
00089600 

If ~wT(Klz4 OR SWTCK)a6 LET SWTCK).O RETURN 
" ALREADY •• ,. LEAVE HI~ THERE " 

(lT~F"RWISf 

.tCAR WAS IN SECTOR'00089700 
00089800 
00089900 

CRE~TE A J08 C~LLED PATROL.RETURN 
LET S~T(K).l LET LJ-CENTROlnIK) LET LOCATION(PATROL.RETURN).LJ 
LET ASSIGNMENTCK).PATROL.RETURN 

LET PR!ORITY(PATROL.RETURN)s3 
LET 0 -CAlCULATE.OISTANCEeXCORDCLJ),VCOROrlJ),XLOCCK),YlOCIK» 
LET T,STJRT.RESPONSE(K).TIME.V 
CRE~TE A RETURN.TO.SECTOR C~LLED R 
LET CAR~UMeER(R).K "THE CAR NUMBER OF THIS PATROL.RETuRN" 
SCHeOULF THE RFTURN.TO.SfCTOR CALLED R IN O/VELOCITY(3) HOURS 

00090000 
00'090100 
00.090200 
00090300 
00090400 
00090500 
00090600 
(10090700 
00090800 

-

L~T NEXT.FVENTI~).R 

flETURN 
END 

(VENT RETURN.TO.SECTOR GIVE~ K 
LET J=ASSIGNMENTCK) 

LET XLOC(K).XCORO(CENTROIO(K» 
LET YLOCIK).VCORO(CENTROIO(K» 
LET SwT(K'=O 
DESTROY JOB CALLED J 
DESTROY THIS RETURN.TO.SECTOR 
RF.TUPN 
END 

-79-

fVENT nUT.OF.SERVICE GIVEN K SAVING THE EVENT NOTICE 
DEFTNF. T~OUT.OF,SERVICE AS A REAL VARIABLE 
LET X.~EAl • OUT.OF.SERVICE 
IF EUNIT.A(OUT.OF.SERVICEI EQ 0 
SCHEDULE AN OUT,OF.SERVICE G1VEN K IN TOUR.LENGTH HOURS 
Lff T.OUT.OF.SERVrCEaMEAL.OURATION GO AROUND OTHERWISF. READ 1(, 
T.OUT.OF.SERVICE 

tAROUNO' 
OF.STROY THE OUT.OF.SERVICE CALLED X,MEAL 
IF SWT(K) GE l GO TO DELAV 
OTHERWISE 

IF SWT(I().l 
CALL CANCEl.SECTOR.RETURN GIVEN K 
LET ~LOC(K).XCORD(CENTROIO(KI) 
LET YLOCCK).YCORO(CENTROIO(K» 
REGARDLESS 
SU~TRACT 1 FROM N.AVAIL48LE 
LET SWT(K)c6 LET SPTCI().6 LET SOT(K)D~ 
CP.tIlTE CALL.END 

SCHEDULE THIS CALL.END GIVEN K IN T.OUT.OF.SERVlCE ~INUTES 
RETURN 

'DElav, 
FOR EVERY JOB ON QUEUE(l) DO 
TF lOCATJON(JOB)aK GO TO ~LREADY.SCHEOULEO 
OTHERWISE' lOOP 

CPEATE .lOR 
LET LOCATION(JOR).K 
LET FNTRY.TIME(JOB).TI~E.V 
~ET DURA1ION(JOA).T.OUT.OF.SERVICE 
LET PRInRITY(JOij)a6 
l~T STATUS(JOB)a6 
fIlF JOB IN QUEUECll 
Rr::TURN 

'~lR~l\nY.SCHEOULEO' 
~OO T.nUT.OF.SERVICE To DURlTION(JOB) 
ENO 

RETURN 

00090900 
OOOQIOOO 
000911 00 
0009120n 
00091300 
00091400 
00091500 
00091600 
0009110'0 
00091800 
00091900 
000920GO 
00092100 
00092200 
00092300 
00092400 
00092500 
00092600 
00092.,00 
00092800 
00092900 
00093000 
00093100 
00093200 
00093300 
00093400 
00093500 
00093600 
00093700 
(J009l80Q 
00093900 
00094000 
00094100 
00094200 
00094300 
00094400 
00094500 
00094600 
00094100 
00094800 
00094900 
0009S000 
00095100 
00095200 
00095300 
00095400 
00095500 
00095600 
00095700 
00095800 
00095900 
00096000 
1)0096100 
0009&200 
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Appendix B 

SAMPLE CONTROL CARDS AND INITIALIZATION DECK 
FOR THE 7lST PRECINCT IN NEW YORK GITY 

The following control cards are sufficient for running the polIce 

patrol simulation, assuming that 

(1) the compiled program has been named HPATROL; 

(2) the output is to be listed on logical unit 3; 

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

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

read from logical unit 5; 

(5) the initialization data for the BLOCKs is to be read from logical 

unit 7. 

IIGO EXEC PGM=HPATROL.REGION=lSOK 
IIGO.SIMU03 OD SYSOUT=A,DCB=(RECFM=FBA,LRECL=133,BLKSrZE=1729) 
IIGO.S!MU04 DO DISP=SHR,DSN=RA701.R905?PD.SHIFT3,UNIT=ONlINE, 
II VOl=SER=RES306 
IIGO.SP~U05 DD ODNAME=SYSIN 
IIGO.SIMU07 DO OISP=SHR,OSN=RA701,R9057,HBE.TXBL71,UNIT=ONLINE, 
II VOL=SER=RES333 
IIGO~SIMU17 00 OISP=SHR,OSN=AOOl.SIM2.ERRlI6 
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The following cards constitute the complete initialization deck~ except 

for the BLOCK data, for the sample simulation of the 7lst Precinct in New 

York City. 

IIGO.5V5IN DO * 
6 PATROL CARS AND 1 SERGEANT'S CAR 
THE 71ST PRECINCT. BROOKLYN, NEW YORK 

16.0 3 60 8 
305 12 7 

1 A 1 1 
1 2 3 4 5 6 7 

2 B 1 1 
1 2 345 6 7 
3 C 1 1 
2 3 4 5 6 1 7 
4 0 1 1 
'2 3 4 5 6 1 7 
~ f. 1 1 
3 1 4 2 6 5 7 
6 F 1 1 
3 1 4 2 6 5 7 
7 G 1 1 
5 2 6 4 3 1 7 
8 H 1 1 
4 6 3 2 S 1 7 
9 I 1 1 
4 6 3 2 5 1 7 
10 ,J 1 1 
5 2 6 4 3 1 7 
11 K 1 1 
6 5 4 2 3 1 7 
12 M 1 1 
6 5 4 2 3 1 1 
1 AS 2 144 3.0 
1 2 
2 CD 2 222 4.0 
3 4 
3 EF 2 100 5.0 
S 6 
4 HI ? 43 3.0 
A .. '9 
S JG 2 296 4.0 
7 10 
6 K~ 2 63 5.0 
11 12 
1 StH 1 59 3.5 
0 

20.0 20,0 20.0 20 0 0 20.0 
1.0 0.5 0.0 

I 
I 
t 
t 

ij 

I 
J 
{ 
! 

, l 
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The following represents the initialization data for th~ 305 BLOCKs in 

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

Block ID 

1 
2 
3 
4 
S 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
115 
'6 
17 
18 
19 
?O 
?1 
?2 
23 
?4 
1'5 
1'6 
27 
?8 
?9 
30 
31 
32 
13 
34 
35 
36 
37 
3A 
39 
40 
41 
42 
43 
44 
4S 
4f., 

Tax No. 
J ;; ; 

1185 
1187 
1188 
1189 
]190 
1192 
1196 
1197 
1]98 
1266 
1267 
1268 
1269 
1270 
1271 
1272 
1273 
1274 
1275 
127F. 
1277 
1278 
1279 
1280 
)281 
1282 
1283 
1284 
128~ 
1286 
1287 
128A 
1289 
1290 
1291 
1292 
1293 
1294 
129'5 

129601 
129602 

1297 
1.298 
1299 
1300 
1301 

NBD ID 

I? 
12 
12 
12 
12 
12 
12 
11 
1 1 
12 
12 

9 
9 
9 
9 
6 

12 
12 

9 
9 
9 
9 
6 

12 
12 

9 
9 
9 
9 
6 

12 
12 

A 
A 
8 
A 
5 

12 
12 
~ 

8 
8 
8 
A 
C; 

12 

x 

.81170 
... 7945n 
.76100 
.7'6A30 
.7~94n 
.7462.0 
.7~35n 
.69360 
.11180 
.96310 

1.0A6F10 
1.21150 
1.35??O 
1.4')190 
1.63190 
1.77100 

.945?O 
1.0'7370 
1.20350 
1.34540 
1.48500 
1 •. 62440 
1.7,.,420 

.92480 
1.()SAAO 
1.IQS40 
1.31520 
1.475AO 
1.61&:)70 
1.7S4Rn 

.904150 
1.04540 
1.1 A,£;6 0 
1.32660 
1.46690 
1.60610 
1.74740 

.88370 
1.0?960 
1.14210 
1.2121n 
1.3179f1 
1.45730 
1.59THl 
1.73730 

.80640 

y 

2.18140 
2.12950 
2.077AO 
2.00850 
1.94630 
1.83550 
1.73110 
1.65230 
1.58130 
2.12540 
2.09430 
2.07400 
2.054S0 
2.03140 
2.01260 
1.98720 
2.074?0 
2.04180 
2.02170 
2.000110 
1.979t:;O 
1.95770 
1.93680 
2.01610 
1.98270 
1.96240 
1.94160 
1.92010 
1.A9770 
1.87730 
1.95950 
1.924110 
1.90230 
1.8A150 
1.A6140 
1.83970 
1.81760 
1.900S0 
1.866]0 
1.84800 
1.83870 
1.82290 
1.79970 
1.78100 
1.75870 
1.82220 
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Tax Neigh- !I Tax Neigh- Coordinates 
Internal Block bor- Coordinates Il Internal Block bor-q 

ID No. No. hood X Y ID No. No. hood X y ! I 
, ., ~ 

47 1302 12 .87830 1.81010 ! 1 
141501 S 2.2A210 1.73600 if ]02 

48 130401 12 .95710 1.799('0 ' j 

141502 5 2.35200 1.72440 
;l ~ 

fI 1('13 
49 130402 12 1.00830 1.79570 ' t 104 1417 5 1.87830 1.73790 It i" 

130403 12 1.06310 1.79180 II 2.01610 1.71720 50 105 1418 5 
51 1305 8 1.16A70 1.78460 i'f 106 1419 5 2.1~180 1.69550 1'1 
52 130601 12 .77060 1.73210 I, 107 142001 5 2.28130 1.67640 if 53 13060? 12 .8~}JO 1.73100 i 1 nf~ 142002 S 2.3c;070 1.67000 54 1307 12 1.00270 1.73130 

if 109 1422 5 1.86820 1.67910 55 1308 8 1.16010 1.i!3150 r 11" 1423 5 2.00810 1.65790 
~6 130901 A 1.26380 1. '75460 I 111 1424 5 2.14620 1.63810 I 57 130902 8 1.33160 1.75960 i 1] ? J425 5 2.25?70 1.625t;0 
SA 130903 8 1.34150 1.72010 i 113 1426 5 1.85940 1.62390 I. 59 1310 8 1.45020 1.74000 ' t 

114 1427 5 2,.00810 1.62390 II 
60 1311 8 1.5A850 1.722?0 j·,i 

1 '5 1428 4 11,84840 1.57600 If ('1 1312 5 ].72900 1.70080 ! 1 116 1429 4 1.99180 1.57620 q 62 1313 11 .82030 1.67640 !,+ 117 1430 4 2.13790 1.57670 
63 1314 11 .99810 1.67710 Ii 

1]8 3508 2 2.654PO 1.72790 · i 
64 1315 11 1.15810 1.67760 iJ 119 4588 4 2.13750 1.52400 
65 1316 8 11130580 1.67730 !l 120 458901 4 2.08990 1.47750 
66 1317 8 1.44560 1.67720 II 121 458902 4 2.162?O 1.47830 
67 1318 11 .8]620 1.626~0 :1 1?2 4590 4 2.13740 1.429]0 
68 1319 1] .99820 1.62640 :1 1?3 459] 4 2.23600 1.48140 
69 1320 11 1.15740 1.62750 1 124 459? 4 2.28500 1.43570 
70 1321 8 1.30670 1.62610 [ 

1?5 4593 2 2.2g24n 1.51300 I 71 1322 8 1 • .44200 1.62670 , 1?£o, 4594 2 2.33320 1.53740 ; 
72 1323 8 1,.5?150 1.64870 I 127 4595 ? 2.374(\(1 1.56140 
73 1324 8 1.55f.4t"1 1.64640 

1 1?A 4596 2 2 .• 41740 1.58400 
74 1325 A 1.6J?10 1.64270 · ! 129 4597 ? 2.45710 1.60800 
75 J326 5 1.71830 1.63390 I 

110 459A '2 2.50370 1.£0,3550 it 
" I 76 1327 1] .81830 1.57220 ! ! 

131 4599 ? 2.5c;2?0 1.66030 !.j 
77 1328 1 1 .9Q750 1.57280 

f 132 4600 2 2.60180 1.69050 78 ]329 11 1.15790 1.57220 f 133 4£0,02 3 2.13480 1.32890 
79 1330 4 1.30760 " 1.57490. t 

4603 3 2.18570 1.32870 ! f 134 80 1331 4 1.43AOO 1.57330 i! 135 4604 3 2.23f.60 1.32850 ' t 

Al 1332 4 1.56730 1.57320 ./ 
136 460.5 3 2.28370 1.32860 

A2 1331 4 1.1}040 1.57480 ~ ,f 
4606 :3 2.33190 1.32860 ;"i 137 A3 1394 6 1.9124n 1.96530 H 
4£0,07 3 2.3A110 1.29030 )./ 138 1395 6 2.04970 1.94250 

; { 

3 2.41630 1.26550 84 i ( 139 4608 
AS 1396 6" 2.18520 1.92190 jl 140 4£0,09 2 2.38960 1.37600 A£o, 1397 6 2.32580 1.90050 if 141 4610 2 ?42850 1.40290 .1 87 1398 2 2.45530 1 0 79940 

II 142 4611 2 2.4£o,7f.!0 1.43170 
A8 139901 2 2.62920 1.85060 

II 143 4612 2 2.50640 1.457('(l 
89 13990? 2 2.63780 1.80370 144 4613 2 2.54"£0,40 1.48570 
90 1400 6 1.9n440 1.91300 1 

4614 2 2.58Q80 1.51540 
f.J 

145 91 1401 6 2.04200 1.89240 146 4615 2 2.63300 1.54640 . .. i 92 1402 6 2.17770 1.87080 :1 147 4616 2 2.6A120 1.57960 .) 
93 1403 6 2.31~AO 1.84980 4617 3 2.06040 1.19530 j II 14A 94 1405 2 2.5C:;820 1.81830 

j! 149 4620 3 2.23470 1.19600 
95 1406 6 1.89670 1.85610 150 4621 3 2,28,240 1.19570 ; ~.~~ i 
96 1407 (, 2.03370 1.83450 Jl 1l:il 4622 3 2.3?950 1.19580 '''Ij 
97 1408 6 2.16860 1.81340 

11 152 4623 3 2.37950 1.19490 f: 
; 

98 1409 6 2.31010 1.78990 4624 3 2.43130 1.20020 
! 

153 \ 
99 1412 5 1.8A650 1.79710 Ii 4625 3 2.47560 1.16690 

" , 
154 

, 
. ;~ 'I 100 1413 5 2.02310 1.77590 i I 155 4626 1 2.47]60 1.25940 n.' k' 

\ 

1 un 1414 5 2.15970 1.75460 il 156 4627 1 2.'5J090 1.28660 ~,,,!,~ " r 

~,l ;1 
I 

i! ,I J 
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Tax Neigh- '1 Tax Neigh-Coordinates I Coordinates ,. . j 
~,*r;,~~' Internal Block bor- , i Internal Block bCZlr-

ID No. No. hood X Y :! ID No. No. hood X Y 

lS7 4628 1 2 • .5-4930 1.31470 212 4795 4 1.84880 1.52400 1 :, ,:"~ : 1 
f 1c;8 4629 1 2.58870 1.34240 ! 213 4796 4 1.30A10 1.4727f) , , 

I 

159 4630 1 2.62A40 1.36F)80 ' i 214 4797 4 1.4~910 1.47270 " r 
lAO 4631 1 2.67160 1.39930 rl 215 4798 4 1.56750 1.47420 
161 4632 1 2.71640 1.42930 11 216 4799 4 1.71310 1.47420 
1f>2 4633 1 2.76630 1.45810 j 217 4800 4 1.84910 1.47710 
1f>3 4634 3 2.0858'0 1.09510 I 21.8 4801 4 1.30760 1.42470 
I£,4 4635 3 2.13350 1.09600 

! 219 4802 4 1.41940 1.42650 
1"'5 4636 3 2.18060 1.09610 I 220 4803 4 1.5,.,870 1.4268n 
1,.,6 4"'37 3 2.23170 1.09560 1 221 4804 4 1.71?7n 1 .. 42630 

. :.~ 167 463,8 3 2.27cHO 1.09520 t 2?2 4805 4 1 • R49C;0 1.428,.,0 .. ; 
I£,8 4639 3 2.32760 1.09480 I 223 4806 4 1.990'30 1.52530 
1,.,9 4640 3 2.37960 1.09520 ?24 L~80A 4 1.98920 1.47110 
170 4641 3 2.41''''50 1.09540 , ! 225 4809 7 1.30800 1.31620 
171 4642 3 2.47390 1.09420 I 

226 4810 1 1.41990 1.3781'0 ;! 
172 4643 3 2.52340 1.09250 j I 21'7 4811 7 1.56B90 1.32550 
173 4f>44 3 2.5S930 1.06370 I 21'8 4812 7 1.710,.,0 1.32680 

" 174 4645 1 2.5t;360 1.14280 ! 229 4813 3 1.84A90 1.38080 "', 
! 

175 464f> ,1 2e59320 1.17030 r 230 4814 7 1.30790 1.32340 
176 4647 1 2.f>1210 1.19680 ! 231 4815 7 1.43960 1.32550 
177 4648 1 2.67720 1.21480 I 232 4818 3 1.84980 1.329f.0 
178 4"'4901 1 2.70030 1.t:!6510 ! 2.13 4819 7 1.30950 1.26970 J 

179 464902 1 2.7t;OlO 1.20820 I 
1.44130 1.27380 ' ~ 234 4820 7 .. , 

, f 

180 465001 1 2.73410 1.30840 1 ?.15 4823 3 1.A4980 1.27700 ) 

I un 465002 1 2.78450 1.21220 ! 216 4824 3 1.94300 1.32820 
182 465101 1 2.81440 1.291AO ! 1'37 4825 3 1.99040 1.32930 

" 183 465102 1 2.77090 1.35630 ! 238 4826 3 2.03970 1.32910 o. 

184 4652 1 2.85240 1.34150 I 239 4827 7 1.30850 1.21740 
1~5 4653 3 2.08960 1.00080 1 240 4828 7 1~30AIO 1.16120 
I A,., 4654 3 2.13'640 .99A80 j 241 4829 7 1.C57740 1.19310 
lA7 4655 3 2.1A3(1) .999AO i 242 4837 7 1.30970 1.08990 
lA8 4656 3 2.23270 1.00240 ' ! 243 4838 7 1.47760 1.08990 
lA9 4657 3 2.2A060 1.00200 I 244 4841 7 1.SS720 1.09110 
190 4658 3 2.32640 1.001AO t ?45 4842 7 1.A0540 1.09110 
191 4659 3 2.37720 1.00270 I 

246 4843 7 1.65270 1.09200 'f 
19? 4660 3 2.42540 1.00090 I 247 4844 7 1.70060 1.091S0 i 
193 4661 3 2.47260 1.00110 ! 248 4845 7 1.7t;080 1.09090 

q 1q4 4662 3 2.52480 1.00010 d 249 4846 3 1.AOII0 1.09230 
195 4663 3 2,,57370 1.00490 I 250 4847 3 1.84890 1.09200 I 
196 4664 3 2.60990 .97480 I 251 4848 3 1.A9570 l.o93S0 
1 .. 91 466501 1 2.67020 .98220 1 1'52 4A49 '3 1.94980 1.09340 
1q8 4,.,6502 1 2.621f>0 1.04310 253 4850 3 1.991BO 1.09470 
199 46f!601 1 2.A9840 1.0~740 2t;4 4A51 3 2.03300 1.09520 
200 46,.,602 1 2.65290 1.08440 255 4853 7 1.31070 .99860 
201. 466701 1 2.72890 1.05930 '( 256 4854 7 1.40970 .99920 
202 466702 1 2.67920 1.11850 !I 

2r:;7 4855 7 1.4S760 .99880 ![ 
203 4668 1 2.75880 1.10030 

II 
258 4856 7 1.50540 .99820 

204 4669 1 2.79210 1.13420 259 4857 7 1.r;57?0 1.00000 
205 4670 1 2.83560 1.16500 260 4858 7 1.60490 .99970 
206 4671 1 2.87900 1.19580 ' ! 2(.1 4859 7 1.65200 .999~0 ! i 
207 4672 1 2.92990 1.22960 ! ; 

262 4860 7 1.70050 1.00020 i I F", -t> 

208 4791 4 1.30910 1.52100 ) 1, 263 4861 7 1.74~40 .999~0 .q 
!, I 

:"t 209 4792 4 1.43910 1.52080 r l 2(0,4 4862 3 1.7Q960 .99930 
~~' 210 4793 4 1.56750 1.52140 1 i ?A5 4863 3 1.84670 .99940,· 
"" ~1. 

211 4794 4 1.71160 1.52230 1.89380 .99960 ", : ! 266 4864 3 . , , I 

~ 1 : ~ ;J 
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~ r SAMPLE JOB STREAM [ 

i 

Tax Neigh- i 
Coordinates ! 

Internal Block bor-
ID No. No. hood X Y i I The following series of jobs represents a possible job stream for a 

il 
267 4865 3 1.94580 .99990 

;1 
16-hour sample simulation of the 71st Precinct in New York City. There 

268 486(, 3 1.99220 .99940 are 114 calls for service and 10 OUT.OF.SERVICE events. 
269 4867 3 2.03990 1.000~O 

270 5024 11 • ('3870 1.61740 II 
~ . ; 271 502(, 11 .6"850 1.35430 H 

272 502A 1 1 .A17M) 1.52210 
11 Event Name Time of Event: Duration:J: 

273 5029 ] 1 .99771) 1.52090 ; ! 
Blockt 

274, 5030 11 1.157A(, 1.52170 t I Day Hour Min. Priority Hour Min. 
.81750 1.472AO ! l I 

275 5031 11 11 276 5032 11 .9987(\ 1.47350 ' , JOA.ENTRY 0 0 04 110 1 01 02 * ?77 50331 11 1.113810 1.47400 ~ I JOR.Er-..ITRY 0 0 04 99 3 00 05 * .;' j,j 
I 

1.42510 ,I ?82 278 503 l t 11 .81720 \1 JOB.ENTRY 0 0 07 3 01 25 * 279 503!; 11 .99890 1.42630 .1 JOR.ENTRY 0 0 12 118 3 00 03 * l! 
280 5036 11 1.15810 1.42740 f.i J08.FNTRY 0 0 20 62 3 00 16 * 281 5037 11 .81650 1.37850 I! JOB.ENTRY 0 0 27 51 3 00 18 * 282 503A 11 .99930 1.37790 if OUT.Of.C;fRVICE 0 0 31 ? 21 * 2A3 5039 11 1.15A90 1.37780 j 1 JOR.ENTRY 0 0 38 38 3 00 10 * II 
2A4 5042 10 .BIMiO' 1.32430 1 ! J08.FNTRY 0 (\ 42 17 1 00 22 * 2A5 5043 10 .99990 1.32450 1 i JOR.ENTRY 0 0 48 21 3 43 * 'I 00 ','c 286 5044 10 1.15900 1.32360 1 JOR.ENTRY 0 0 49 19 3 00 38 * I 
?R7 5045 10 f/8?090 1.27320 l JOB.ENTRY 0 0 49 255 1 00 19 * 2R8 5046 10 .99890 1.27260 ; JOB.ENTRY 0 0 51 274 3 00 52 * ft 

289 5047 10 1.1159)0 1.26940 It JOR.ENTRY 0 0 52 118 3 09 * 
"("> ' I 00 

290 5048 10 .A?330 1.21900 
: 1 

JOR.ENTRY 0 1 21 290 3 00 08 * 291 5049 10 .99980 1.21780 JOB.ENTRY 0 1 26 242 3 00 19 * '-i- 292 5050 10 1. PiRRO 1.21700 , JOA.F'NTRY 0 1 33 161 3 00 40 * 293 5054 10 .6A120 1.14170 1 JOR.F.NTQY 0 1 35 130 3 00 06 * 294 5055 i 0 ~82170 1.16240 l JOR.E.NTRY 0 1 37 24 3 00 0(, * " ~ I 295 5056 10 .99940 1.16290 ){ JOR.ENTRY 0 1 59 275 3 00 14 * 296 5057 10 1.1':'060 1.16170 ' l JOA.~NTRY. 0 2 11 89 3 01 06 -It i j 297 5062 10 .66040 1.03930 , "2 JOR.ENTRY 0 ? 15 123 3 00 48 * ?9A 5063 II) .713RO 1.06110 ;1 JOR.E.NTRY 0 2 16 116 3 00 SA ~ 

299 5064 10 .8?830 1.09330 
] {" JOR. E't>.ITRY 0 2 17 293 1 00 21 .. D ) ! 

300 5065 10 1.00090 1.09160 i! JOB.ENTRY 0 ? ~5 91 3 00 04 * 301 5066 10 1.16120 1.09070 II JOB.ENTPY 0 ? 40 292 3 00 09 * ; j 3n2 508301 10 .83560 1.01700 
!1 

JOB. ENTRY 0 3 01 118 3 00 12 * 
;':% 303 508302 10 .83140 .98100 OUT. OF • C;ERV I C"E. 0 3 lA 4 15 * ~. ~,l 

31"4 5084 10 1.00040 1.00010 ' , 
JOR.ENTRY 0 3 22 io * 11 61 3 00 ~ < i 

H i-~ 305 5085 10 1.16080 1.00070 JOR.ENTRY 0 3 26 213 00 33 * ':: ~! JOB.ENTRY 0 3 3 40 * ~j 
50 31 3 '00 

11 
'j. 

II ~"! 
'''''1 

(~, ~ I! :~:'J 
,~! II 
tl \1 
~'l d 
~i.l H ·,.?,f II '1 ) ':, I 
~r d 
~<l II "fe, ~ 

~ 
1, : :4 11 ;1 ' , 

t 
" J 
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Event Name Time of Event Duration 

Day Hour l>lin. 
Event Name Time of Event Duration Block Priority Hour Min. 

I Day Hour Min. Block Priority Hour Hin. 
! <','- JOR e'Et-.ITRY 0 :3 55 21 3 00 26 * JOR.ENTRY 0 4 02 294 3 00 JS * I JOB. Et-.JTRY 0 Hi 46 89 3 00 01 * OUT.OF.C:;ERVICE 
( JOB.ENTRY 0 10 47 20 0 4 02 3 70 * il 3 00 24 ~ 

JOR.ENTRY 0 4 12 155 3 00 54 * JOR.FNTRY 0 10 48 125 1 00 02 * JOR,ENTRY '6 4 15 155 
1 JOR.ENYRY 0 10 52 89 1 01 15 3 00 15 '* 

" 

* .. :j 
-t JOR.ENTRY 0 4 19 294 3 00 09 * ! JOR.ENTRY 0 11 00 P6 .1 00 07 * , 

22 " JOR.ENTRY 0 11 05 271 JOR.ENTRY 0 4 77 3 00 17 '* -j .1 00 01 * JOR.Et-.ITRY 0 4 23 34 1 00 42 * il JOR.ENTRY 0 11 13 10 .1 00 38 * JOB.ENTRY 0 4 27 A4 .1 00 05 '* 14 JOB.ENTRY 0 11 16 127 3 00 55 * i i 

JOB.ENTRY 0 4 39 67 3 00 38 * 'I 
JOR.ENTRY 0 11 18 lA2 3 00 09 * JOR.ENTRY 0 4 41 300 .1 00 16 '* JOB.ENTRY 0 11 28 297 :3 00 1A * JOR.ENTRY 0 4 47 301 3 00 36 * JOR.ENTRY 0 11 43 146 .1 00 013 * JOR. Et-ITPY 0 4 58 285 3 00 15 * JOB~E~ITRY 0 11 45 104 .1 00 S4 * JOB.ENTRY 0 4 58 260 3 00 13 * JORQENTRY 0 11 45 205 3 00 10 * JOR.ENTRY 0 5 06 17 3 00 06 * JOB.ENTRy 0 11 51 146 "3 no lR .. 

JOB.ENTRY 0 :.; 10 301 3 00 06 '* JOB.ENTRY 0 11 53 271 1 00 32 * JOR.ENTRY 0 S 10 218 3 00 08 * JOA.FNTRY 0 12 16 243 3 00 01 * JOB.ENTRY 0 5 11 218 .1 02 06 * OUT.OF.SERVICE U 12 lR 1 ';0 * JOR.ENTRY 0 5 22 34 1 00 20 '* JOR.ENTRY 0 12 31 2R4 3 00 1A * -,,\I JOR.ENTRY 0 5 30 16 1 00 08 * JOR.ENTRY 0 12 47 253 3 00 54 * JOR.ENTRY 0 5 34 290 3 00 55 '* JOB.ENTRY 0 I? 58 2?1 "3 00 11 '- * JOB. Et-ITRY 0 5 36 145 3 00 03 * JOB.ENTRY 0 12 59 134 3 00 30 '* ,;'<' 

JOR.ENTRY 0 5 45 126 3 00 12 '* JOR.ENTRY 0 13 01 225 3 00 08 * JOB.ENTRY 0 5 51 161 .1 00 07 '* JOB.ENTRY 0 13 1 1 242 3 01 n2 * JOR.ENTRY 0 (., 01 241 3 00 16 '* JOR.ENTRY 0 13 17 76 3 00 OA '* JOR.ENTRY 0 (., 32 (,,9 3 00 19 '* 
I JOB. ENTRY 0 13 23 129 3 ,;'11 00 OR * JOR.ENTRY 0 6 37 241 3 01 OR .. JOR.ENTRY 0 13 33 162 3 00 32 * JOR.E'NTRY 0 6 51 103 3 00 01 '* JOR. Et-ITRY 0 13 37 57 3 00 09 * JOR.ENTRY 0 7 1 1 99 3 00 09 * JOA.ENTRY 0 13 39. 104 .1 00 0(-, .. 

our if OF •. SERV.I CE 0 7 13 1 42 .. JOB.F.NTRY 0 13 40 129 3 00 02 .. 
JOR.F.:NTRY 0 7 15 15 3 00 06 '* OUT.OF.SERVICE 0 13 42 ,; ?2 '* JOB.ENTRY 0 7 19 1(" 3 00 21 '* JOB .. ENTRY 0 13 45 27A 3 Or) 51 '* JOB.ENTRY 0 7 25 135 3 00 39.. w JOB.ENTRY 0 14 21 19 3 00 ·30 * JOR.Ef\JTRY 0 A 05 11 3 00 39 '* JOBGENTRY n 14 31 133 3 00 02 .. 
JOR.ENTRY 0 8 09 13 3 00 1(" '* JOB.FNTRY 0 14 31 ?99 3 00 09 * JOB.ENTRY 0 A 12 126 3 00 25 '* JOB.ENTRY 0 14 45 160 3 00 10 * JOB"t'NTRY 0 A 24 90 3 01 03 '* JOR.ENTRY 0 14 49 203 3 00 31 * JOB.ENTRY 0 A 25 156 3 00 31 * JOB.ENt~Y 0 15 00 2Al 1 00 06 * JOB.ENTRY 0 A 34 293 3 00 13 '* i JOB. EN-TR·Y 0 15 09 57 3 00 22 .. 
JOR.ENTRY 0 8 35 291 00 16 '* 

1 JOR.F.:NTR.Y 0 If; 09 2.,3 3 00 3 Ii 21 .. 
JOR.ENTRY 0 8 40 llA 3 00 17 '* :1 Ol}:f .OF .SERVICE 0 15 14 7 40 '* tl JOR.ENTRY 0 A 40 125 3 01 00 .. 11 JORtlENTRY 0 IS 18 242 3 12 JOB.ENTRY 42 00 lA I 00 '* t 0 8 86 3 '* ;\ , '\ JOR.ENTRY 0 15 23 .d JOR.ENTRY 0 9 04 166 00 2.1 .. !! 191 3 00 09 '* ii 

3 JOR.ENrRY 0 15 53 OUT.OF.SFRVICf.: 0 9 28 19 '* 1 107 3 00 03 '* 4 ;-\ JOR.E'NTRY 0 1(" 10 116 JOR.ENTRY 0 9 30 IS 3 01 22 '* ! \ 
3 00 32 '* :~ JOB.ENTRY 0 9 42 00 20 * !l'~ 62 3 t 

1:1 
OUT. OF. SER'V I CE 0 9 57' r; 38 * : ~,} For OUT.OF.SERVICE events this field contains the number of the car 
JOB.ENTRY '0 }O 01 28 .. I, to be placed out of service • 1 1 293 3 tj 

'-l OUT.OF.SERVICE *For OUT.OF.SERVICE events this field contains ~ 0 10 20 2 16 '* 
I 

, I 

the length of time that If 
~'- "., 

il ,- t the car is to remain out of service (in minutes). 
'1: -w ' I 
j } 
~ i ; i 
F! j 
;~ 
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Appendix D 

A DEFINITION OF EACH GLOBAL SIMULATION VARIABLE 

Ie ENTITIES AND THEIR ATTRIBUTES 

~ Attribute 

Permanent TAXNO 

Permanent 

Permanent 

XCORD 

YCORD 

NBDID 

NBD.NAl.'\fE 

N.ADJACENT 

N. SECTOR. CARS 

P .NBD.RSPONSE 
n 

CAR. NAME 

XI .. OC 

YLOC 

NUMB. SECTORS 

ASSIGNMENT 

T.START.RESPONSE 

NEXT. EVENT 

See notes on p. 97. 

Mode* Description 

I The external identification 
number associated with the 
block. 

R 

R 

I 

A 

I 

I 

R 

A 

R 

R 

I 

I 

R 

I 

The x coordinate of the center 
of the block. 
The y coordinate of the center 
of the block. 
The internal reference number 
of the neighborhood to which 
the block belongs. 

The 4-character name associat·ed 
with the neighborhood. 
The number of cars designated 
as adjacent resources for the 
neighborhood. 
The number of sector cars 
assigned to the neighborhood. 
The time until the arrival of 
the first car at an incident 
of priority n(n=1, ••• ,5) that 
occurred in the neighborhood 
(used as statistIcs-gathering 
variables) • 

The 4-character name associated 
with the car. 
The x coordinate of the car's 
current location. 
The y coordinate of the car's 
current location. 
The number of neighborhoods 
to which this car is assigned 
as a sector car. 
The internal identification 
number of the job on which the 
car is currently working (if 
any) • 
The time at which the car 
began responding to its cur
rent job. 
The internal identification 
number of the next event that 
is scheduled to occur for 
the car. 
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Entity" Attribute Mode* 

SPT I 

. SOT I 

SWT I 

CENTROID I 

IN.SECT.JOBS I 

OUT~SECT.JOBS I 

P.CLASS Permanent JOB. RESPONSE. TIME R 

VELOCITY R 

COUNT r 

WAIT. TIME R 

Description 

The priority of the job cur
rently being serviced by the 
car (out-af-service jobs 
have Priority 6; if the car 
is available, its SPT is zero). 
= 1 if the unit is working as 

primary car. 
= 2 if the unit is working as 

backup car. 
= 3 if the unit ia working as 

a tertiary car. 
= 0 if the unit is on patrol 

in its sector. 
= 1 if the. unit is returning 

to sector from an outside 
call. 

-" 2 if the unit is responding 
to a call in sector. 

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

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

= 5 if the unit is working on 
a callout of sector. 

= 6 if the unit is out of 
service. 

The block to which the unit 
goes when it returns to patrol 
in its secto"r after responding 
to a job outside its sector. 
The total number of sector jobs 
the car has responded to so far. 
The total number of out-of
sector jobs the car has re
sponded to so far. 

The time until the arrival of 
the first car at a given inci
dent of thi~ priority class 
(used as a statistics-gathering 
variap1e) • 
The average speed at which cars 
respond to incidents of this 
priority class. 
The number of cars .actua11y dis
patched to a specific incident 
of this priority c*e.~~ (a 
statistics-gathering ~~riable). 
The time that a specifil(~ inci
dent of this priority c~)ass 
spends waiting in queua/ 
before a unit is dispatched 
to it (a statistics-gathering 
variable) • 
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Entity ~ Attribute Mode* Description 

JOB Temporary LOCATION I The internal block number with-
in which the job occurs. 

ENTRY. TIME R The time at which the ca11 is 
received (in days since the 
start of the simulation). 

PRIORITY I .The priori ty of the job 
(1-5) • 

STATUS I = 0: No car has yet arrived 
at the scene. 

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

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

DURATION R The length of time the primary 
car is required to work at 
the job (in minutes). 

II. LISTS 

Owner Member 
Name Entity Entity ~ Definition 

QUEUE P.CLASS JOB FIFO Jobs waiting to be dispatched. 
ASSIGNED. CARS JOB CAR FIFO The cars assigned to a job. 

* The symbols used in this column have the following meaning: 
I Integer 
R Real 
A. Alphanumeric 



Name 

ADJACENT. CARS 

SECTORS 

P.DURATION 

REGION.NAME 

TITLE 

Variable 

N.B10CK 

N.NBD 

N.CAR 
N.P.CLASS 

MAX. SENT 

MEAL.DURATION 

TOUR. LENGTH 

No.of 1st 
Dimen- Dimen-
sions sion 

2 ' N.NBD 

2 N.CAR 

1 3 
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III. ARRAYS 

2nd 
Dimension 

N.CAR 

NUMB. SECTORS (CAR) 

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. 

1 20 The alphanumeric name of 
the region being simulated 
(maximum 80 characters). 

1 20 A title identifying the 
simulation run (maximum 80 
characters). The title is 
printed at the top of each 
output report. 

IV. SYSTEM VARIABLES - INPUT 

* Mode Description 

I The total number of BLOCKs in the region being 
simulated. 

I The total number of NBDs in the region being 
simulated. 

I The number of cars being simulated. 
I The number of priority classes (set at 5 

in the simulation docmented here). 
I The maximum number of cars that can be dis

patched to a Priority 1 incident. 
I The length of an internally scheduled OUT.OF. 

SERVICE job. 
I The length of each car's work day. 

!iFf. 

t 
! 

[ 
!l 
Ii 
Ii 
i 

._----- -- ._------._---
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V. SYSTEM VARIABLES - INTERNAL AND OUTPUT 

Variable Description 

N.AVAILABLE The .current number of cars available for 
dispatch. 

OUTSIDE. 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. 

MQ, VQ, PROBQ The mean, variance, and histogram of the 
queue lengths for each of the QUEUEs. 

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

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

MRT, VRT, NRT, FREQ The mean, variance, number, and histogram 
of JOB.F~SPONSE.TIME. 

MSRT , VSRT , NSRT , 
n n n 

MAV, VAV, HISTAV 

The mean, variance., and number of P ~NBD. 
RESPONSE (n~l, 2, ••• , 5). n 
The mean, variance, and histogram of 
!IT. AVAILABLE. 
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