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ABSTRACT

A systems analysis of resource allocation in the Chicagn Police Depart-

ment is presented. The analysis {s applicébfe to all large metropolitan

policé departments.

.

The analysis has three major parts. The first part develoﬁes a conceptual
model of the Police System and defines the resource allocation problem.

Objectives and measures of effectiveness are determined.

The second part defines a Program Budget and applies it to the Chicago
Lrogram oudgec 8
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Police Department.
The third part consists of production models for the Response Force. The
Response Force is the subsystem which responds to calls for service. Simu-
ation models of the Communications Center and the mobile part of the field ot
‘ﬁ.,
response subsystem are used to determine efficient combinations of resources. %
i
The Communications Center simulation evaluates the efficlency of the H
1
H
.current system and the need for extensive modifications. The field response i
! E
simulation evaluates the benefits from a car locator system and several %
administrative changes, such as interdistrict dispatching and .the screening g
. %
of calls. 3
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CHAPTER X

INTRODUCTION

The Problem
The problem of resource allocation for a police system i3 similar to that
of many other publfc systems, namely:
1. . a lack of agreément regarding the objectives of the system, and
their relative {mportance; ’
2. a lack of knowledge of alternative means for accomplishing goals;
either within or outside the system;
3. a lack of agreement defining the criteria of performance; and
4. a lack of knowledge of transfer functions which would enable the
prediction of output from any given set of inputs.
Tb&‘;olicc systen has to be studied as a distinct social system within
the aodial structure of society. Optimizing easily quantifiable relation-
ships is likely to obscure the important qualitative aspects,

-

"The legitimate point (can be made) that police asystems can be understood
g

. only as institutfons in interaction with the rest of the social spructqre."l),

The Police System objectives are related to Law Enforcement, Order Mainten-

ance and Public Service. Though everyone might agree as to the desirability

of the first objective, there is disagreement on what to enforce and hcw.z)

"“No policeman enforces all the laws of a community. If he did, we would

all be in jail before the end of the first day. The laws which are s=lected

for enforcement are those which the pcwer structure of the community wants
enforced.'ﬁ)

ktthur Niederhoffer, Behind the Shicld: The Police in Urban Society (New
York: Anchor Books, 1967), p. 13.

2Jerome H. Skolnick, Justice without Trial: Law Enforcement in Democratic

" Society (New York: John Wiley and Sons, 1966).

3pan Dodson, Speech delfvered at Michigan State University, May 1955,
reported in Proceedings of the Ingtitute on Police-Csamunity Relations,
May 15-20, 1955 (East Lansing: The School of Police Administration and
Public Safety, Michigan State University, 1956), p. 75, as quoted in

_Niederhoffer, op. cit, p. 12.
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The second objective, ordef maintenance, designates the police systch as

a buffer for the social system. This i3 bound to involve conflict situa-
tions in which there {s no conscnsus és to what congtitutes order and the
propriety of the methods of enforcement employed. The function of public
service is much less controversial, but constitutes a large drain on police
regources. Often these service. :could be more efficiently performed by

other public or private organizations,

Even if an objective such as crime prevention has been agreed upon it is

important to know the alternative methods which can aczomplish the objective.

Often the most important aspect of improving a system is the generation of
good alternatives. In addition, each null alternative has to be investi-
gated. Instead of devoting additional resources to a police system, they
might producé better results 1if allocated to the courts or correcticnal
agencies, or if used for sgcial work or community building. Thus, it is

necessary to consider alternatives outside the police system proper.

Criteria of performance represent the means by which a system is to be
evaluated. They should provide a way of measuring how well objectives

are being zccemplished. For example, is an average response time to a call
for service a good criterion; is the numser of traffic citations issued by

each office a good indicator of traffic management?

Lastly, there is a lack of quantitative descriptions of the police system.
This holds true for descriptions of the system and its environment as well
as transfer funccioné for different activities (a transfer function relates
imputs to outputs for a given activity). It should permit an indication
of, for example, the number of policemen needed to control a mob of 200
people or how many police cars must be in service to achieve a certain
response time to high priority calls and how response time relates to the
probability of arrest.

The dissertation seeks to answer the questions posed on page one. It has
three objectives: '
1. to define the Police System; (its objectives, 1its interfaces with
other systems, and measures of effectiveness)
2, to develop a néw structure for allocating costs (an accounting

system). This structure should facilitate the development of

;%ﬁ
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production models and the evaluation of benefits.
3. to develop production models for the Response Force in order
to evaluate alternatives,

Chapter two meeis the first objective by the presentatior of a conceptuail
podel of the Police System.

The second objective 1s achieved through the Program Budget discusscd in
chapter three. Lastly, the third objective is met by the development of
simulation models in chapters four, five and six, )

The dissertation proceeds from the meta system level down to models of
specific activities, ¥irst the Police System, its objectives and eriteria
are dafined, Secondly, to make the resouvrce allocation problem manageable,
a st‘ruccuret 18 developed for cest-benefit analysis., This structure is '
called a Progran Budget aud necessitates a whole new accounting system.
The present allocation of resources are cale.. %ed for this new accounting
structure. Lastly, production mcdels are used to determire efficient
combinations of resources.
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CHAPTER I1

SYSTEMS AMALYSISY)
The Technique

The systems approach is a rational framework for complex problem solving
emphasizing hierarchies ‘of systems, and their interrelationships. MHost
often the problem is illstructured and the objectives not known.

"The systems approach is one in which we £it an individual action or rela-
tionship into the bigger system of which it is part, and one in which there

16 a tendency to represent the system in a formal model."2)

The Systems Approach is the methodology used to develop a conceptual model
of the police system. The model speéifies the objectives and the outputs
of the police system and consequently permits determination of output
categories (programs) for the Program Budget. The Systems Approach offers
a tool for structuring the analysis, and consequently some protection

against erroneous suboptimizations.

The Police System, as well as the Criminal Justice System, is a largely
uncharted area. Suboptimizations are ever present hazards, in fact, the

optimization of Police System performance’ is itself a suboptimization.

YA system may be defined as a set of objects, either fixed or mobile, and
all relationships that may exist between the objects. All systems are com-

posed of sub-systems and are members of a higher system."3)

lThe two systems models of this chapter were presented at the Operations
Research Society National Meeting, Philadelphia, Nov. 7, 1968. Session
on "Models of the Firm",

2Charles Zwick, Systems Analysis and Urban Planning (Santa Monica: Rand
Corp., 1963),

3Renneth Heathington and Gustave Rath, "The Systems Approach in Traffic
Engineering,' Traffic Engineering, June 1967.
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Por example, the Police System is in part a member of the Criminal
Justice System, which 18 part of the Social System within which our
society exists. The Police System, In turn, is a set of sub-syatéﬁs.

Por resource allocation analysis these sub-systems are a set of mission- .
oriented (output oriented) sub-systems., These sub-systems are usually
called - programs, and the cost structure of the system, with regpect to
the given programs. is called - The Program Budgpet.

The analyst tries to select a set of sub-systems which:

1. are consonants with the plan of the decision maker;

2. have operational objectives and measures of performance;

3. are as independent as possible;

4. facilitate cost-effectiveness analysis,

.

An environment may be defined as a set of objects that is outside the
system. It is the aggregate of external conditions which affect the system.

The Systems Approach can be succinctly exhibited in a paradigm. The steps
to de considered in a systems analysis are:1) (see Figure 1)

1, define the desired goals;

2, develop alternative means for realizing the goals;

3. develop resource requirements for ecach alternative;

4. ‘design a model for determining éutputs of each alternative;

5., establish measurcments of effectiveness for evaluating alternatives.

After a system and its environment have been specified, the analyst should
consgider the objectives of the system, and the resources and general con-
Straints which are present. Resoutces are the total available material
which can be allocated. Constraints are limitations imposed on the system.

lsee ¢, H. Tisher, "The Analytical Basis of Systems Analysis,” Rand Corp.,
May 1966, p. 3363.

A. Hall, A Methodology of Systems Engincering (Princeton, N, J.: D. Van

Nostrand Co. Inc., 1962).

Van Court Hare, Systems Analysis: A Diagnostic_.Approach (New York: Harcourt
Brace and World, 1967).

Charles Hitch and Roland N. McKean, Economics of Defense in the Nuclear Ase
(Cambridge:s ¥Warvard University Press, 1963).

E; S. Quade, Analysis for Military Decisions (Chicago: Rand McNally & Co.,
1964). ' .

E. S. Quade, "Some Problems associated with Systems Analysis," Rand Corp.,

June 1966, P-3391. ‘

A ad oo e RN 7SR St SR B EDag l rt BE23

P

sy



6. -
The objectives express what the system is trying to achieve and téiwhat %
end resources should be applied, An cbjective should be defined In such
a way that an operational, quantitative measure of performance is pcésible.
.It is of little use to have an objective which cannot be quantified. i
| :
' Equally important are measures of performance. They permit evaluation of 3
how well the objective is being achieved. ‘ %,
. Ed
§
Alternatives are different means of using resources to achieve objectives. K
Developing alternatives represents one of the more creative and cruecial §
steps in the systems analysis process., It is here that the analyst can E_
seek to define nmew alternatives that can provide increased effectiveness ‘%
with respect to the previously considered alternatchS. %
Once{alternatives have been specified, the cost of resources for each g
alternative has to be determined. This fnvolves considerations of risk, .
time and different types éf costs. To arrive at the benefits of an alter~ ?
native, a model is necessary. The model determines the output to be §
derived from a given amount of resources, ’ g'
Lastly the cost and benefit of each alternative has to be evaluated to E
select the optimal alternative, The criterion function relates costs and ??
benefits to system objectives and provides the basis for selection, §

s

"It 48 my experience that the hardest problems for the systems analyst are
not ‘those of analytic techniques . . . . What distinguishes the useful and
productivé analyst 18 his ability to formulate (or design) the problem:

to choose the appropriate objectives; to define the relevant, important
environments or situations in which to test the alternatives, to judge the

reliability of 1is cost and other data, and, finally, and not least, his

FANL T MRMSR R ;ss*w:(a-p‘va

ingenuity in inventing new systems or alternatives to evaluate,"1l)

1¢, J, Hitch, Decision Making for Defense (Berkeley: University of

California Press, 1965), p. S4.
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This point cannot be emphasized enougb.n The great dangef in systems
analysis 1ies in not spending enough effort in defining what the system
under study should be, and instead seeking to optimizc the effactiveness
of a given system. The big payoffs aré likely to come from a construcéion

of new world views of problems, rather than optimizing current structures,

This point is illusttatgd in Figure 1 by the arrows drawn from the evalu-
ation phase to the objectives and the alternatives.

This can be shown as follows:z)

q - definition 6f a SysStemeg
j (—————objectives
Tesources
congtraints
criteria

alternatives —————=w model-~—» consequence§ ————————m cvaluation

A
Systems Analysis Paradigm de::;:gn
_ Flgure 1.

State of the Art

The current state of the art, with respect to police resource allocation

optimizatfon, is in its infancy. Most research into the Criminal Justice
System has dealt exclusively with the social dimensions. Analytical con-
tributions have appeared only during the last five years. ’ A

Isce Lindsey Churchill, "An Evaluation of the fask Force Report on Science
and Technology,”" Russell Sage Foundation mimeo, 1968.

2Adapted from Kenneth Heathington and Gustave Rathe, '"The Systems Approach
in Traffic Engincering," op. cit.
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A systems analysis approach was used by the President's Cormission on

Crime and Law Enforcement. to define the scope of the Criminal Justice

g =

System problem possible research approaches and techoology that could be
applied.

R orm b 10 i

"Because of the enormous range of research and develcpment possibilities
it is essential to begim, not with the technology, but with the problen.
Technolcgical efforts can then be concentrated in the areas most likely
to be productive. Systems Analysis 18 a valuable method for matching the
technology to the need."l) ’

s T

s

AR

Blumstein and Larson recently published an article which looks at the flow
of people through the Criminal Justice System.z) It is not a Systems
Analysis, as they do not discuss objectives or measures of effectivegcsa,
but Tather a cescripcive model of the flows. This step is important,
however, as it provides a quantitative description of a portion of the real
world.

afzc L LA e g

Description of the Police System

From a general point of view, a2 police system 18 a service organization,

Its clientele are people who have broken the law as well as people in

need of help., It is a twenty-four hour, citywide, dual-purpose service

force,

.

The police system is not part of the market mechanism. Its output {s not

o

a good so0ld in the market in competition with other énterprises, it is a %i
public service good. The community devotes a certain amount of resources %i
to the system and expects an ouCput,_éhich never is too well defined, ?i
Even {f the inputs and the outputs of the syStem were giVen, tbe internal i)
process of a police system is difficult to optimizef Very little is known g‘

lThe President's Comnission on Law Enforcement and Administration of Justice,
Task Force Report: Science and Technology (Washington, D.C.: U.S, Gov't
Printing Office, 1967), p. 3.

2A. Blumstein and R. Larscen, '"Models of a Total Criminal Justice,”
Operations Research, Vol. 17, lo. 2 (March-April 1969).
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about the transformation of inputs into outputs - the transfer functions.
Consequently, tradeoffs between different methods of controlling crime
(for example, more or less detectives, one or two man patrol units) are
not known, This is a serilous drawback in trying to allocate resources

and develop a departmental budget.

The metropolitan police€ force is usually a pararilitory system. It is
charac:erized by stronpg internal controls and centralized decision-making.
Its organizational goals, as pointed out in the President's Report on‘
Law Enforcement: Field Study San Diegol) are primarily oriented towards
the crime fighting function,

The organizational structara of the Chicago Police Department is shown
in Figure 1. The Bureau of Field Services is the lurgest unit, both in
terr:s of manpower and budget, It has primary responsibility.for patrol
and apprehension, It 1is sub-divided into Youth, Traffic, Patrol, Dectec~
tive and Community Services Divisions. .

The Youth Division i{s concerned with juveniles. 1Its missions are to
establish an effective relationship with local residents and community
agencies, assist in handling juveniles that have been apprehended, and
suppress delinquent and criminal behavior by juveniles, The effectiveness

of this division is in part measured by the incidence of juvenile crime.

The Traffic Division 1s reSponszﬁle for traffic regulation and control,
and Traffic Safety Education, The objective of traffic regulation is the
safe and rapid movement of cars in the city. Officers in the Patrol Divi-
sion also perform the regulation functlon. Hence, the responsibility for
traffic law enforcement is divided between two divisions., This makes it

difficult to measurc the effectiveness of the Traffic Division separately.

The Detective Division's mission is to handle those crimes reported to

them by the other divisions. Their responsibility is to apprehend the

1The President's Commission on Law Enforcement, The Police and the

Community (Berkeley: University of California, Octfober 1966), Field
Surveys LV, Vol. 1.
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From:' Chicago Police Annual Report 1967

ORGANIZATION OF CHICAGO POLICE DEPARTMENT : 1967
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11.

criminal through investigation, A measure of their effectiveness {s the

ratio ¢f cases solved to cases reported for the different index crimes.

The Patrol Division is organized into six areas, twenty-one districts and
more than 400 beats. Its mission is to answer calls for service and te
perform preventive patrol, usually motorized, This division includes the
Task Force, an elite force attached to area headquarters, which provides

additional preventive patrol. The effectiveness of the Patrol Division

is measured by the number of reported crizes in the city, number of arrests,

and recovery of stolen property. The lower the total level of crime, the
higher the number of arrests or greater the value of recovered property,
the better the Patrol Division 1is doing.

The Commmity Service Division is a reflection of the Chicago Police
Department's growing concern with its social purpose: to maintain good

relations and understanding with the corrxmity it serves,

The Bureau cf Staff Services provides supporting services. Ti.e Bureau
of Inspectional Services provides intelligeace and fuspectional services
in addition to vice control.

The Police System does provice two separate services: Crime Control and
Public Service. The former is the main focus of activity as will be shown
in the Program Budget. This crime control function is part of the efforts
of the Criminal Justice System; the public service function is part of the
City Goverument, A more precise definition of a police system will be

given in the next section,

Systems Analysis of the Police System

The Police Systcm is a set of sub-systems which are part of higher order
systems, (See Figure 2). The Police System is a member of the Criminal
Justice System (CJS). Its function is to prevent criminal events and
failinglthis, to identify and apprchend the offender. There arelocher
members of the Law Enforcement Agencies in addition to Metropolitan Police
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Figure 2
Systems Analysis of the Criminal
Justice System
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Departments such as Federal, State, County and special police, such as
Burns, Brinks, etc. ‘

The Police System is also part of the City Govermment, its Public Service
migsion 18 a function of the twenty-four hour, city-wide availability of
the police force, This function could be carried out by people with no
pclice training. This, function includes actions such as animal rescue,
locating missing persons, and ambulance service all of which could be

performed by other city agencies or private groups.

The Police Department has another objective, Commmity Support. The

generation process of individuals, who may choose a criminal career, is
deeply rooted in social-psychological-cconomic variables, over which
soclety has some control. Crime is the responsibility of society and its
coné;ol cannot be delegated solely to a Police Department. The Police
Dcpartmént responsibility is to deter and apprehend offenders. The
Criminal Justice System can effect deterrence, but this is cnly effectivé
to the extent that society (or the social group to which the potential
offender belongs) disapproves of criminal acts.

Community Support is the willingness of the community to fight crime,

both by giving supﬁort, help, and resources to the pbiice department, and
by creating means to affect the crime generation process. Instead of
actively seeking community support, police departments have often, in their
desire to be professional, tended to become systems isolated from the

commmity. This has had some detrimental effect on police effectiveness.

The investigation of the crime control problem will proceed by first ana=-
lysing the Criminal Justice System and then in more detail, the Police
System. This will permit the specificétion of ébjectives for the Police
System.

The Criminal Justice System

To help specify the Police éystem, which is the focal point of the analysis,
it s necéssary to consider the highcf order system. The Criminal Justice

;.
)
:
2
E
e
b4
E:
;
e
;

ORI ST R A N XD 0 SRR

e

S

AR L TR IO R

o




i 'A‘"!E.‘Evii‘i’)i‘dﬂ"’""."i i B i S e G SR et oy e A S b S e S i T

'System (CJ3) has been charged by society to regulate and control cértain
classes of behavior. These classes of behavior are determined by the

legislative branch of government and interpreted by the courts.

The sub-systems of the CJS are: The Police, the Courts and the Correctimal
Agencies. The police identify misconduct and apprehend the offenders.
The courts determine the facts of the case and rule on its disposition.

Correctional Agencies administer prisons and supervise the parole system.

Systems Model

How does the CJS affect the generative process of criminel events? The
structure of the crime control function is exhibited bf a conceptual
model, It displays the pertinent sub-systems, decision points and mecha-
nismé for charge, It pgrmits an analysis of how the CJS can affect the
potential criminal's decision-making and how the impact of crime can -
result in commmity response. .
The model is only conceptual. It was developed to provide a framework for
the analysis of the resource allocation problem., By emphasizing how the
community and CJS influence the criminal event, it was hoped that obvious
suboptimizétion errors might be detected and avoided, '

The model postulates that the forcing funétion of the crime generaéion
process is a function of social-psychélogical;economic’variables. (See
Figure 3). These variables affect the individual's utility function and
consequently affect his propensity towards a criminal céreer. They also
affect the distribution of opportunity, (for definition of opportunity,
see below), by altering the mechanism for generating them. A discussion
of the specific mechancisms is ouEside the scopg.of this paper. .
Welfare programs provide family assistance which gives childrgn a better
start, thus reducing the likelihood of their pursuing a criminal career.
Job training programs and increased emﬁloymcnt opportunit{es will provide
an alternative to crime for an income. For example, people might demaqd

stricter legislation (i.e., cars must have theft proof locks) or elect
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Figure 3

Conéegtual Yodel: Forcing Function

population
social -
psychological
economic —‘.N—“*‘-—-________~ﬂ-
variables ’ environment

voluntarily to lock their cars. In either case, the underlying mechanism

generating opportunities has been altered,
P

Two factors are necessary to create a criminal event. There has to be an

individual or group of individuals and a specific set of opportunities,

A specific opportunity if defined as a factor of:

1. Xype of opportunity (theft, robbery, etc. This leaves open the
question of the appropriate classification);

2. g3in (usually in dollars);

3. availability (this dimension measures the probable degree of
difficulty of execution associated with the'specific opportunity.
bThis permitS differentiation between a:car that is locked and
unlqsked, located in the street cr in an underground garage);

4. location (in space);

5. time (interval of time whep opportunity exists).

For a given type of opportunity, distributions can be gherated with respect

to location and time. The set of all cpportunities is called Environment.

The population considered in the model is the total population of the
commmity, It is a set of individuals characterized, for our pt~poses, by
the following attributes:

1. the individual's perception of the environment, The model chooses

to maintain an actual environment and vary the individual's knowledge
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of the actual opportunities. The value of this attribute would
fall between 0 and 1, That is to say hc has incomplete knowledge.

the individual's knowledge of deterrence., Deterrence is the

expected value of negatives benefits that the Criminal Justice
System contributes to a given type of opportunity. It is a
function of the probability of arrest for a given type of oppor-
tunity, b§§ed.on past performance by the police system, the chance
of being sentenced, and vhe length of the consequenty jailterm and
amount of fine, Again che value would fall between 0 and 1,
(These benefits would be pure number to which a utility trassfor-
mation would be applied);

the individual's utility function. The coefficients of this

function are determined by past social-psychological-economic
effects., The utility function concept will permit an explaraticn
of how past states of the individual will influence his present
decision-making. If an offender committed a successful crime

(i.e. large monetary reward, not apprehended) one day, he is not
likely to attempt another crime the next day. His attitude towards
the risk or estimation of his own abilities may have changed as v

a result of his success, The utility concept also permits anal-
ysis of "erimes of passion,'" The individual puts a low estimation
on negative benefits or the positive benefits are very large. That
is, the utility function encompasses, among other things, past

experience, needs and behavior towards risk.
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The decision-making process, resulting in a criminal event, can be viewed
a8 & two-step decision-process. This allows distinguishing between inputs,
which are a fimction of the past performance of the CJS, and inputs at the

woment of execution.

First, the individual is peéﬁitted to contemplate the opportunities known
to him and make an apriori decision to actually commit a specific crime.
The relevant input from the CJS is deterrence, as defined above, of which
the individual has varying degrees of knowledge. Knowing the individual's
utility function, the opportunity having the greatest utility can be

determined and a ''go-no go" decision made; "
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The second decision point is present immediately p;ior to the cxecution
of the planned crimiial event. The potential offender evaluates the

actual circumstances of the opportunity and makes a go-no go decision,

The first stage was an apriori decision based on the probable eircum-
" gtances surrounding the event. The second state becomes the actual sample
reflecting; .
1. the juncture of the probable circumstances
2, action taken either by private groups, (persbns) altering the
generation of opportunity distributions and/ox their £factors, or
police actions affecting deterrence or opportunity distributions.
For example a person might decide to break his habit of not
locking his car, or the police department may employ. a mew tactic
against CTA bus robberies,
i
For many events, commonly called "crimés of opportunity,” the time inter-
val between the decision points is very small. However, the interval
could be measured in days.l) ) ’

Summarizing the above discussion:

Figure &

Conceptual Model: Decision Phase

change
population indivi- opportunity
}y/” dual dist. &
social factors
apriori
zzzgggi:gical decision| ] decggion »/criminal
variables - : ! execute event

environment

ldetctrence I immediate
deterrence

1"I¢ has been said that there is a formula for crime: Desire plus oppor-
tunity equal crime," Allen P. Bristow, Effective Police Manpower Utili-
zatfon (Springfield: Thomas Press, 1969).
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Criminal Justice System Response

What is the CJS reaction to the criminal event and how can it affect the
crime generation process?

The Police .sub-system responds to the criminal event seeking to identify
and apprehe‘nd the offepde. Police strategy and tactics can influence
the decision to execute (sce page 30).

The generation process of crime is affected by deterrence. Deterrence
was defined us the expected value of negative benefits, which are a func~
tion of the risk of arrest, chance of sentencing, length ¢f jailterm, and

fines for different classes of criminal events.

The (‘::ourts and Correctional Agencies may either emphasize deterrence or
rehabilitation, Rehabilitation 1s the effect the CJS has on the individual
as he is processed through the CJS, resulting in a change in his utility
function. The Police contribute through special handling of juvenile
offenders, the courts by the sentence they provide and the Correctional

Agencies by programs which seek to iantegrate the individual into society.

There §8 a tradeoff between deterrence and rehabilitation. By rehabilita-~
ting the offender the CJS lowers the deterrence effect, The negative pay-

offs cannot be as large with a satisfactory rehabilitation program.

Community Response

.

. .

There are usually two parties to a criminal event: the offender and the
victim, (The exception is "crimes without victims' such as gambling).
We have considered the offender and now turn to the victim. The set of
victims represents the impact of crime on the commmity. This becomes
input for private and civic action. Citizens may aro themselves, private

groups might hire special police to react to criminal events,

The cmmxuhity (individuals, civic groups, businesses) may decide to react

through the democratic process. That is, have government legislate new
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R

programs tc alter sbcinl-psychologicul-economic variables or commit more

resources to the CJS. They may, in addition, affect the opportunity dis- ‘i
tributions through laws (cars.shall be locked, banks must have detection E
cameras) or by their own bechavior. (The discussion is summarized in 3
Figure 5), 4
Police Sysécm Model :
fa

This section focuses in more detail on the police contribution to ihe :
crime control function (sec Figure 4). Police system impact on the crime :
process occurs at fou: polnts: é
1. foreing function I

2, apriori decision ¥

3. decision to execcute i

¢4, criminal event ﬁ

It will be convenient to analyzc the major activities of the police system i
in terms of three sub-systems: ) i
1. Reactive Force ) ¥

2. Preventive Force . -

3. PFollow~-up Force &

‘' Police response to a criminal event can be differentiated with respect to i
the detection process, Detection is defincd as the {dentification of a %
criminal event, The criminal event detected by a person or by the police. {

In the model all non-police detection will be considered as person origin-

s

ating, When a person detects a crime, he initiates a call for service to

PR

the police department., If the police, through offensive tactical patrol,
detect a crime-in-progress, the person feedback loop nced not be actuated,l)

o S gl

The Reactive Force is defined as the police sub-system which responds to

P

calls for service. These calls for service are generated by criminal events,
public service demands and reports of suspicious activitics, Public scrx-

vice demands consists of calls such as sick and 1njured transport, animal

PRI

rescue and locating missing persons, Reports on suspicious activities are

Ypor Ycrimes without victims" the detection process is carried out by
specialized police units.

By
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an important factor in being able to detect crime-in-progress., It also
is an indicator of community cooperation in fighting crime.l)

‘Figure 6
Inputs To The Response Force

. non~
CRIMINAL police
EVENT detec-

tion

Response public
force service
' calls

information
on

suspicious

activities

The vrobability that the ReSponge Force will apprehend the offender is
a fuﬁqtion of the time elapsed since the crime was committed and the tactic
used, The elapsed time consists of: '
1, time until citizen detects event andﬂinitiates a call to the
police department; '
2. processing time by the Commnications Center;

3, travel time for the assigned cars.

It has been shown that the apprehension probability is a decreasing func—

tion with respect to elapsed time.2)

It is possible to initiate campaigﬁs, which stimulate citizens to be

1Chicago has a campaign "Operation Crime Stop" to this effect,

2See President's Cormission on Law Enforcement: Task Force Reporte
Science and Technology.
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gensors for the police department, and impress upon them the necessity of
transmitting the information in a timely manner, This activity might very
well have a larger potential payoff than optimization of police detection

or response.

Analysis of the effectiveness of the Reactive Force is ok great importance.
Police departments are being offered hardware such as car locators and
computerized communicgiions caters, buy have present{y no mean to eval-
uate the benefits. Uow much will the proposed hardware decrease response
time, and how will this affect the prabability of‘apprchension? Finally,
how much is an increase of the probability of apprehension worth?

The Preventive Force is the offensive force in the combat against crime.

It interacts with the crime process in two ways. It seeks to detect mis-
condict and apprehend the offender, It also influences the decision to
execute a criminal event by affecting the perceived presence of police:
for example, haQing policemen in ﬁniforp and marked cars or by giving the
potential offender an impression of police ommnipresence. This can come
about ‘through actual presence as a result of successful positioning of
forces in time and space or through propaganda. The Preventive Force may
also affect the decision to exccute by restricting actual opportunity,
either by removing it completely or changing the factor of availability.
This would be done through premise check, checking parked cars for valu-

ables, removing drunks from the street, etc.

The third sub-system is the Follow-up Force. Its function is to appre-
hend criminals through the investigative process. It also includes the
actions on a case following the booking of an offender. The above is

summarized in Pigure 7.
Police System Outputs

The outputs of the Reactive Force are arrest and public service, The

probability of arrest was expressed as a function of elapsed time and tac-

‘tics used, The Preventive Force outputs are arrests and impact on the
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Figure 7
Further Development of Police Systems Inputs and Outputs
non~police
detection
immediate preven- response public
deterrence tive force service
limitation force : calls
of oppor-
tunity
) y
follow-up information
force on
¥ : suspicious
activities

decision to execute, The probability of apprehension is a function of
elapsed time, probability of detection (i.e. being at the scene of the
event, and recogniéing that an event did in fact occur) and tactics used,
Follow-up éan be characterized by the probability of arrest through in-
vestigation. It is dependent on elapsed time and methods used. All of
-the above functions are also dependenﬁ on: the type of crime. The trade-
off between the Response and Preventive Forces, given a criminal event,
i3 that the latter may detect an event with a low probability, but may
have a higher probability of apprehension (due to shorter elapsed time).

Deterrence is an input to the apriori decision point. The Police System
variable is the probability of arrest for the system (i.e. the combined

efforts of all three sub-systems). | . .
The Police System does affect the forcing function by changing the mechan-
isms generating opportunities. It can also affect an individual's utility

functions through rehabilitation measures. This is mainly with respect to
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juveniles, This group of offenders is given Epecial attention in order to
influence thelr propensity towards a criminal career. For example, special

youth officers handle the cases, and often a station adjustment is made.

The conceptual model is able to account for Community Relations programs.
Kt The Pclice System can influence the crime generation process by devoting
f -~ resources to communication with private groups and individuals. These
measures would influence community support and hopefully encourage the
community to assist the police in the apprehension process and even more
importantly, affect the generative process of crime. These communication
links can be called Human Relations, with respect to individuals; and
Community Relations with regard to groups.l) A
An effecrtive Cemuunity Relations program seeks to explain the crime gen-
eratiah process to the community, what the police role is, what it can be

expected to do, and what the community can do.

There is also a link to Govermnment, for the sake of completeness, to
emphasize that police departments have to make city, state and federal
officials cognizant of Police problems, results and limitations.

In sammary, the outputs of the Police System are:

' 1. apprehension of offenders .
2, 'impact on immediate environment on the criminal event
3. {1impact on apricri decision
4, rehabilitation measures

»f 5. changing opportunity distributions

6. public service

7. commmity support.

The discussion iz summarized in Figure 8.

R

lror further discussion see James Q. Wilson, '"Dilemmas of Police
Administration", Public Administration Review, September/October,
1968,
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Police System Objactives

Three missions and specific outputs have been identified for the Police
System. It remains to specify the objectives of the system.

The first mission is Protection of Life and Property and maintenance of
Peace and Order. .It becomes convenient to subdivide the broad notion of
crime control into two’classes of events as criminal events differ in
degree of seriousncss and the rature of police response. Crime will be
defined as index crimes and hit-and-run accidents. A second category

of misconduct can be called Quasi-Criminal, whose objective contains acti-
vities devoted to the enforcement of city ordinances to a large degree.
That is, crimes of lesser seriousness than index crimes, and for which the
maximum sentence is a year in jail and/or a fine, The main offenses are

disorgerly conduct and drunkeness,

Maintenance of Peace and Order can be subdivided into an objective called
Public Peace and one called Traffic.Regulation. The Public Service and
Community Support objectives conclude the list.

»

Mission Objective
Protection of Life i 1., Crime control
and Property 2. Quasi-criminal control
Maintenance of Peace 3. Public Peace
and Order 4. Traffic Regulation
Public Service 5. Public Service ) .
Comunity Supporﬁ 6. Comnunity Support

These objectives can be compared with lists of objectives found in the

literature,

The International City Managers Association listed five police objectives:
1, Prevention of Criminality
2, Repressions of Crime

3. Apprehension of Offenders

1Municipa1 Police Administration, Chicago International City Managers
Association, 1961,
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4. Recovery of Property
5. Regulation of Non-criminal Conduct

Another 1list 1s:1)
1. Prevention of Crime
2, Investigation of Crimes
* 3. Apprehension of Violators
4. Presentation of Criminals for Adjudicatdon
5. Services to the Public
6. Enforcement of Non-criminal Ordinances
7. Regulation of Activity within the Public Way

Peter Szanton defined the following objectives:z)
Jl. Control gnd reduction of crime
2. Movement and control of traffic
3. Maintenance of Public Order

4, Provision of Public Service

The first two lists-are not output oriented in an independent manner and
consequently would be difficult to use in a fesource allocation analysis.

Szanton's list 1is excellent but neglects the goodwill aspect., It has been

" said that a bulldozer is an effective crimefighter, This proposltion would
‘be a feasible alternative if there were no objective to represent the social

systemQ For example, repressive police measures might prevent crime, but
if individual's rights are destroyed in the process there should be a way
of indicating this, A

1Budgeting workshop. Florida Institute for Law Enforcement, 1966. Both
as quoted in F., Leahy, Planning-Programming-Budgeting for Police Depart-
ments. Travelers Rescarch Center, Inc., April 1968,

2pater Szanton, Program Budgeting for Criminal Justice Systems, Appendix A.
Task Force Report: Science and Technology, op. cit.
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CHAPTER III

PROGRAM BUDGET

The Technique
The Program Budget is a structuring of organizational activities into

: output categories, These categories should:
v 1. establish total money costs of achieving defined objectives;
. 2, facilitate evaluation of alternative ways of achieving an
objective;
3. consider totul costs for extended periods of time;

4, facilitate cost-effectiveness analysis.

The complete Program Budget provides a rational, coherent structure for
analyzing resource allocation problems, It encompasses efficiency measures

within programs and effectiveness measures between programs.

Planning-Programming-Budgeting System (PPBS) is a modern budgeting system

for planning, management and control,

The PPBS ideas were developed at Rand in the early 50's. Secretary
Robert McNamara and Charles Hitch applied the technique to the Department
of Defense with such success that in August ‘1965, President Johnson directed

1) : : -

all other government agencies to uce PPBS.

- PPBS is usually compared with a line budget (l.e. government appropriations
type budget) and a performance type budget and found to be clearly superior.
A budget is a very versatile tool serving many purposes, and the difference

among the different budgets lies in their emphasis.

The line budget emphasizes control over iInputs and usually follows the
organizational structure. This type of budget is sufficient if one is not

Isee D. Novick, Program Budgeting (Cambridge: Harvard University Press,

1965).
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too concerned with the output of the organization and the preduction

PO Tas o ]

process 18 reclatively uncomplicated. The Performance budget is management
oriented. It provides control and planning informatiom for functignal

evaluation of organizational performance. ‘Ic assesses work-efficiency of
operating units permitting cost control and estimatior of resources needed

to achieve a given output,

This opens the question of what the output of the organization should be.
The PPBS is an output oriented budget which emphasizes planning. It seecks
to provide a forum for resolving competing claims on the resources of the

organization.l)

With Planning is meant the systematic consideration of cobjectives and
alternatives. Programming incorporates the reduction of plans to specific
resourge requirements for an extended period of time. Budgeting consists’

of taking a one-year slice of the program budget.

Program budgeting characteristics are usually given as:2)
1. Structural
2, Analytical
3. Information system

At 'the heart of the PPBS is the structural or conceptual prbblem of what
the end objectives are for the system, and what grouping of activities into

programs constitutes a logicai and a helpful structure for decision making -

lThe obvious conclusion is rather that all these types of budgets are im-
portant in managing an organization. See: Kenneth Heathington and Gustave
Rath, "The Systems Approach in Traffic Engineering,'" Traffic Engineering,
June 1967, .

T.A, Struve and Gustave Rath, "Planning.Programming.Budgeting in Education,"
Bducational Technology, Saddle Brook, N.,J. 1966,

Gustave Rath, PPBS is more than & budget: It is a Total Planning Process,"
Nation's Schools, Nov. 1968, vol, 82, No. 5.

2por example see:

Roland N, McKean and Melvin Andhcn, ProblcmslkLimitations and Risks of the
Program Budget (Rand Corp., 1965) RM 4377-RC.

David Novick, Program -Kudgeting: Long Range Planning in the Department of
Defense (Rand Corp., Nov. 1962) RM 3359-ASDC.

E.S. Quade, Systems Analysis ‘Techniques for Plannigg;Propramming-ﬂudgetiqg
(Rand Corp., March 1966) P-3322,
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and analysis,

By analytical characteristics is veant the necessity for andlysis of objec-
tives and alternatives to develop a relevant decision space for the decision
maker. Intuition is not sufficient for analysing complex alternatives or
devising new ones,

Lastly the PPBS functions as an information system for control (how well
program costs are following budgeted costs) and for building a data base.

The PPBS is no panacea., By projecting a structure 6nto a system it empha-
sizes certain aspects and neglects others. A continual review of the
world view of tha system is necessary. The analysis of alternatives tends
to emphasize the quantitative aspects and neglects the qualitative ones.
Howevéf, the argument can b« made, that good quantitative information is
better than none if the cedision maker keeps the qualitative dimension in

mind,

State of the Art
A few program budgets exist in the literature, Dr, Riggsl) defines only

two major objectives for the police system, (i) control of criminal behavior
and (i) public service activities (see Table 1). The program budget

that ensues is somewhat simplistic and difficult to use as a structure for
analysis as the programs follow the functional organization of a police
departmenﬁ. These programs have very little relevance to analytical output

: categories,

Peter-Szantonz) offers another program structure which is extremely detailed,
Again it is deficient in that it separates output into functional categories.

His budget also lacks a program to indicate relations with the environment.

1Robert Riggs, "A Planning-Programming-Budgeting System for Law Enforcement,"
Law Enforcement Science and Tzchnology (Chicago: Academic Press, 1967),

Vol. 1.

2peter Szanton, "Program budgeting for criminal justice systems,”" Appendix
A of Task Force Report: Sci-nce and Technology, op. cit.
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It is difficult to devise a structure which is output oriented and provides
a structure that is amenable to analysis., A functional structure is the

! obvious first step, but as has been pointed out, it really leads to a

A performance type budget. The hallmark of the Ptoétam Budget is its insis-

tence on systematic_analysis.'

Table 1

Rigg's simplified police structure:
1. Control of Criminal Behavior .
A. Vice (Liquor, Narcotics, Prostitution, Gambling)
B. Rackets (Larceny, Loan Sharking, Organized Crime)
C. Crime Against Property
D. Crimes of Violence to Persons
¥ 1, PorAprofit
2, Non-for-profit
E. 7Youth or Juvenile Crime
II. Public Service Activities
A. Enmergency Medical Services
B, Security in Public Buildings
C. Traffic (Safety and Movement of Goods and Services)
D. Crowd Control
o E. Inspection & Licenses
fi . . F, Control & Support

£ L R T o e i L e e e 2 i s




Figure

Szanton's Program Budget

1. CONTROL AND REDUCTION OF CRIME PROGRAM
A. Prevention /Suppression
1. General Purpose Patrol .
2. Speeial Purpose Patrol (by type of offénse)
3. Intcligence
4. Community Relations
B. Investigation/Apprehension
1. Grimes Involving Major Risk of Personal Injury
a. Murder
b. Asszult
¢. Ripe
d. Armed Reisbery
e. Burglarys. Homes
f. Anon
g. Ete.
2. Grimes Not 1nvolving Major Risk of Personal Injury
l.; '('IJ’ld‘ ed Rob|
. Unarm ol
¢. Auto Theflt bery
d. Burglary—Commercial
e. Fraud
L Forgery
g Ec.
8, Viee ¥
a. Narcotica
b. Prostitution
e. Gambling
d. Etc.
C. Prosccution
1. Interrogation
2. Preparation for Trial
$. Trial
D, Recovery of Property
1. Autos
2. Other Personal Property
3. Commercial Property
E. General Support
). Communications
2. Records and Data Processing
3. Technical Scrvices
&. Fingerprint
b, Balﬁflri!:s

€. Polygraph .

d. Laboratory Analysis

1. MOVEMENT AND CONTROL OF TRAFFIC PRO-
GRAM

A, Traflic Moveinent

1. Dircction of Traflic

2. Enforcement of Traffic-oricnted Parking Rules

3. Emergency Road Services

4. Weatlier Emergency Procedures

5. Identification and Reporting of Congestion Points

Tralffic Safety

1. Enforcement of Regulations
a. Patrol/Apprehension of Mov
b. Enforcement of Safety-orient

2, Driver Training

3. Educaticnal Programs

4. Vchicle Inspections

C. Accident Investigation

111, MAINTENANCE OF PUBLIC ORDER PROGRAM
A. Public Events
1. Sporting Events
2, Public Ceremionics
a. Parades and Receptions
b, Public Mectings
€. Comerstones, etz
B. Minor Disturbances
1. Private Quarrels
2. Parties
3. Drunkenness
4. Derelicts .
5. Miscellaneous Nuisances

C. Givil Disorder
1. Prevention
2. Suppression
1V, PROVISION OF PUBLIC SERVICES PROGRAM
A. Emergency Services
1. Fire
2, Medical
3. Power Failure
lood

5, Civil Defense

6: Miscellancous
B. Missing Persons
C. Lost Property
D. Miscellancous

&

r:f Violations
cd Parking Rules

V. ADMINISTRATION AND SUPPORT PROGRAM
A. Direction and Control
- 1. Direction
2. Planning and Development
3. Internal Inspection and Review
B. Training and Personnel
1. Recruitment
2. Training
a. dasie
b. Advanced

V. ADMINISTRATION AND SUPPORT PROGRAM—

Continued .
B. Training and Personnel—Continued

3. Testing, Evaluation, Promotion
C. Public Relations
D. Supporting Services

). Records (noncrime) and Data Processing

2. Communications

3, Budget

4. Property

IR e e e
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Program Budget

The conceptual model bﬁs investigated Police System activities and outputs
with respect to Crime Control, Quasi-Criminal Control, Public f_eacg, Traffic,
Public Service and Community Support. It xwemains to specify the program
structure. Tt is convenient to define six major programs, which contribute
to the six objectivcs.' The dilfficulty then is transferred to the sub-

program Structure, The key to the ensuing analysis is the Police System
model presented in chapter two,

Crime Control is influenced by social-behavioral-psychological factors,
opportunity distributions and risk.

The police have activities directed to all of the above factors as dis-
cussed<above,

Objective: Crime Control

krogram: Crime Control

Sub-Program: 1. socisl-psychological-behavioral conditions;

‘ 2. opportunity;

3. risk,

However, police contribution to risk arises from the deployment of its

three main forces, namely the preventive, response and follow-up forces.

Different types of ciime call for a different mix of police rzsponse, For
example, burglary is best handled thirough a mix of preveative patrol und
detective follow-up of stolen goods. There is very little that the response
force can do. Consequently it 1s logical to provide sub-sub-prograzs, with
one prégram=£or each crime, At the present time very'littlc has been done
in determining the productivity of different forces with respect to index
ceimes.l)

Quasi-criminal activity mainly includes disorderly conduct and drunkenecss
and neecds no suybdivision at the current state of knowledge. Ome of the main

IR. Larson and A. Blwuitein have analysed the sector patreol effectiveness
of a preventive forys for data from Loz Angeles. Operations Besearch for

Public Systems, ed. Morse, (Cambridge: MIT Press, 1967).
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reasons for keeping it separate is to emphasize the nced to consider other
forms for handling these activities, such as hospital care and rehabilita-
tion for drunks, and social care for destitute persons, 1In other words is
the police department and jail the "best" way to handle these demands for

social response?

Traffic regulation is often a separate entity within the police department.
If this is the case 1t.w111 be convenient to consider it a separate program,
with the contributions of the Beat car force added to those of the Traffic '
Division,

The program Public Peace serves to highlight the following issues: should
the police department provide resources for peaccfui crowdvcontrol, such
as parades aad sporting events; what {s the police role in a civil dis-

turbarce, that is - what commitment nced the local police force make?

Public Service can be divided into three categories, Again the purpése is
to highlight the commitment of resources and force a consideration of ‘the
opportunity cost of providing these services. The police department pro-
vides emergency services, such as sick transport. Why should it have this
function? The fire deﬁartmenc, or a special division in u'ﬁublic safety
program or a ptivate firm could provide these as well, Specialized services
became a geparate prégram to include large activities such as marine pa-

trol, animal care, auto pounds, license investigators, etc.

Lagtly, community support represents unilateral and bilateral efforts by
the Police Department to foster goodwill. Community Relations represent
efforts directed towards reaching groups, and Human Relations are activi-
ties towaxds contacting individuals. Public Relations would represent the

costs of developing an unilateral image.

Support is a traditional category which includes general overhead and
support activities such as the Superintendent's staff, the Communications
Center, Records, Data Processing, maintenance of departmental vehicles,

buildings, and radios, etc.




Table 3

PROGRAM BUDGET 1)
for the
CHICAGO POLICE DEPARTMENT
(for 1968 budget)

I CRIME CONTROL

SOCIAL PSYCHOLOGICAL ECONOMIC COND. .$ 912 748
OPPORTUNITY 0

RISK
PREVENTION 30 271 342
RESPONSE 3 037 8/6
FOLLOW-UP 23 873 127
II QUASI-CRIMINAL ‘ 5 182 80
TII TRAFFIC REGULATION - 11 220 397
IV PUBLIC PEACE 7 737 896

V PUBLIC SERVICE

EMERGENCY ) 3 263 720
SPECTALIZED 8 423 900
OTHER . 3 195 572

- VI COMMUNITY SUPPORT
COMMUNITY RELATIONS ) 455 475
: HUMAN RELATIONS . 177 944
PUBLIC RELATIONS ' 4 435 579
VII SUPPORT 27 973 365
TOTAL $130 161 692

IThe cost figures for the Program Budget were developed by Sergeant
Walter P, Gersch at the Chicago Police Department.




The Program Budget, as presented here, is being upblicd to the Boston ‘

"and St. Louis Police Departments, Several other departments have indicated

strong interests, o -

v

Measures of Effectiveness
A knowledge of the objectives of a system 18 not enough. 1In order to
evaluate alternatives.it is necessary to have criteria oT measures of

effectiveness,

What is ueengare measures that permit an evaluation of how well each
objective is being achieved and how each objective contributes to the

achieveinent of department goals.

The first problem to he broached is for whom is the system beihg optimized;
the citizen or the police administrator? The police departmcnt, as a
public system, should optimize allocation of resources from the citizen's
point of view, However, as shown below, there is not mecessarily a con-

flict between the two views.

The citizen in evaluating police system output 1s interestegd in crime
control and the amount of public service he receives.‘ He, in turn, will
indicaté his satisfaction for the quantitative and qualitative aspects of ™
police output in terms of support of the department, both in terms of
regources and individual help. 1In the aggregate this support can be called

commmnity support,

The police administrator is concerned with crime control and with providing
a certain level of public service and generating goodwill for the depart-
ment.})  Ppublic service, public relations, humin relations and commnity
relations are all means of achieving goodwill, Crime control will céntri-r

bute to goodwill, however, thers may be certain instances wherc police

activities do not result in goodwill, For example, though traffic management

i

lgee Skolnick, op. cit,
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18 necessary, people do not appreciate getting tickets and often: focua
this resentment on the police department, b

The citizen is postulated to have a utility function with respect to

police services:
6

v-k‘z up 04

i=1 .

N

wvhere: V= total utility of individual .
ui= utility derived from i - th program activity
04= output genérated by 1 - th program activity
(by program is meant a program of the Program Budget)

Not enough is known about the contributions of the different programs to
totaliutility. As a first order approximation to the resource allecation,
problem the arnalysis should focus on those programs absorbing most of the

department resources and which are most important to the individual citizen.

Approximately B07 of department resources are devoted to crime control and
public service, Citizens are concerned with the threat of criminal gecti-
vity, expecially crimes against persons, It would seem reascnable then to

Llook closer at crime control and public service.

. The citizen is interested in optimizing:
13

’ = Z upg (1-pd) + Z u2~j . BS;
=1

i=1

vhere: V= total utility

uld= utility derived from not being subjected to 1 - th type of
index crime

py = threat of being subjected to a crime of type'i
uy 5= utility derived from j - th type of Public Service activity
{; PSj= output of public service activities,

1Presidcnt's»Coumission on Law Enforccmcnt;'Thc'Policc and the Community

(Berkeley: University of California, October 1966), Field Surveys 1V,
Vol, 2. ’ )
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The police administrator is‘qoncernedlwith crime.contfol and generating

goolwill for the department.

zu; uyy cipi+z Wy PSj+u3 cs
J .

where: F= total utility of the police decision-maker
uj= utility derived from community support o
CS= amount of cbmmunity support (goodwill) for the §olice deparﬁment
the others as previously defined )

The level of public service is determinea by the npmber\qf public service
type calls responded to and the quality of service, and the provision of
specialized functions such as licensing, dog pounds, etc., The service

level should ideally be considered in competition for resources with the
crime eontrol and cdmmunity_support programs, However, in many large
police departments, the public service function is a set enstraint. Orlando
Wilson set the policy in Chicago, that anyone with a dime for a telephone
call should be able to have a patrolcar arrive within six minutes. This
represents a very large drain on police resources. The Detroit and St.
Louls Police Departments use a screening procedure where less "important"

calls are not responded to. At a minimum, the determirnation of the oppor-

tunity cost of providing a given level of public service, should be an

input to the decision-making process.

At present it is impossible to make a tradeoff between the crime control,
public service and cdmmunity support programs. The production functions
for the police system and the utility functions of the citizens with re-

spect to the services are not known.

This section has provided the structure of the resource allocation pro-
blem. The next chapter will provide production models for a sub-program,

the Response Force.
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CHAPTER 1V

ANALYSTS OF THE RESPONSE FORCE: THE-PROBLEM

Definition

When a citizen dials the police number,

a sequence of events is initiated,
It 1s the purpose of this chapter to examine these events from a resource
allocation point of view.

The response force is defined as those police resources which are com-
mitted to handling calls for service.

two main parts;

This response can be divided into
the communications center response and field respomse.

The objectives of the police system werc:

1. “Protection of Life and Property
Maintenance of Peace and Order

2. Public Service
3. Community Support

The response force contributes to all three objectives., By responding
to calls for service of a ¢riminal or public service nature, the response

force contributes to the first objective. Approximately 70% of calls

for service are Public Service related, Consequently this category repre-

sents the 1argest drain on response force resources, Lastly, through the
qQuality of service, the third objective is affected.

v

The organizational structure of the Chicago Police Department was di'cussed
in Chapter JI. The response force, a conceptual force, is a posture of

the District Law Enforcement force. This latter force belongs to the Patrol
Division and comprises approximately 60% of total department manpower.

As the name would suggest, this force 15 divided among districts of which
there are twenty-one in Chicago. These districts are in turn divided into
beats which are patrolled by a patrol car. There are apporximately 430

beats in the city, of which all are manned on the third watch,

The beat car receives its assignments from the commmnications center. When

Ui ey
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not answering calls, the patrol car is either doing preventivé patrol or

down for an administrative call such as lunch or car service.

The Problem

The resource allocation problem of the response force has two dimensions:
1. How to allocate resources within the response force 50 that the

efficiency of carrying out crime control and public service
activities is optimized?

How to allocate resources among the three forces, s0 that the

effectiveness of the department with respect to crime control
and public service activities is optimized?

The current state of the art is not advanced enough to permit evaluation of

There do not exist models of the effectiveness of each force

force mixes,
-+ .
with respect to different crimes.l)

The analysis of the response force will present models of the commmications

center and field response in an effort to eévaluate combinations of re-

sources and their effectiveness,

The efficiency of the response force is a function of:
1. demsnds for service in space/time;
2. positioning of forces in space/time;
3. assigﬁmenc rules; '
4. organizational variables (such as supervision, car maintenance
policies, etc.);
5. communications center response time,

These are discussed later in this section.

Measures of effectiveness

What should the measures of effectiveness for the response force be?

The police department secks to minimize the threat of crime disutility to

lthe methodology and initial models are presented in the final report of the

Chicago Police Department Operations Research Task Force, OLEA Graat £102,
Sept. 1969, °
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an individual in the city. It is impossible to determine the number of
crimes prevented as a consequence of a certain allocation of resources.
The only observable values are the total number of criminal events for
~each crime type (the level of crime). and the ratio of responses when there
was an arrest to total number of responses to criminal events., The only
way that the response force can affect the level of crime is by arreécs.l)
To be consistent with the overall department objectivas, the vesponse
force ijective should be to maximize the crime disutility represented by

opx

the offenders arrested. -
A refinement to this measure of effectiveness shoul&, if possible, be
included, The quality of arrests is an important factor. That is, did
the court dismiss the case because of incorrect behavior by the arresting
policqun? The measure of effectiveness then becomes to maximize the
crime &isutility reﬁresented by the cases of offenders not dismisscd by
the court for "incorrect" police action, This measure would permit a
more realistic qualitative evaluation of performance than is possible at

present, Both the type of crime and the quality of police performance are
represented,

Examples of tradeoffs to be evaluated are:
1. How many police units -should be used for a trapping procedqré
versus having them available to respond to a.call for service?
2. Should stacking of calls be permitted {(tradeoff between public
service and probability of apprehension)?

A partial measure of effectiveness of the Response and Preventive forces is
the probability of apprehension,

The probability of apprehension (Pa) can be defined in terms of:
1. the conditional probability of identification (Pl) given
detection of the event, and ‘
2. the conditional probability of detection (Pd) given space/time
coincidence, and

lye will disregard the deterrence effect, if any, of the presence of a
police car responding to a call for service,
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3. <he conditional probability of space/time coincidernce (Psr) for
the preventive force, given an event, and )
4. the elapsed time between the occuirence of an event and the
arrival of the police (At).
Thus, the probabil:ties of apprehension for the preventive force and the
responre force can be expressed as follows:l)
1. Pr:;enttve force.
Py = £ (P1, P4, Py, L)
2, Resporise forcel)
P, =g (91,425:)

Comparing the two forces, the Preventive Force has a low probability of
being at‘the scene and a low probability of detection of the event.
However, the elapsed time will be less than had the Re5poﬁse Force re-
sponded and for certain types of events the probability of apprehensica
may conseguently be higher for the preventive force.

The probability of detection for the Responsé Force is by definitjon equal
to unity and the probability of identification should be identical for the
two forces. The elapsed time is likely to be longer for the Response force,

The important question is how should the two forces be deployed? That is,
what the tradeoff functions with respect to different types of activity?

Central to the study of Eﬁe Respons:vForce i1s the concept of glapsed tipe,
The elapsed time betweeﬁ the occurrence. of an event and the arrival of
police at the scene is influenced by three factors:
1. The interval between the time of occurrence and the time the
Commmnications Center is notified.
2. Elapsed time between the arrival of a call in the Comrmumications
Center and the assignment of a beat car.
3. Travel time of a beat car to the scene.

The police can influence the first factor by active publicity campaigns

1

Ioplicit in this measure is the aseumption that an "adequate" number of
vehicles are available and are assigned for an efficient response,

YT




soliciting citizen cooperation in the detection of crime and timely
reporting, "Operation Crime-Stop" is a good example. The other two
factors are under the direct control of the Departiment. This section will

concentrate on the second factor cnumerated above,

A special study was carried out at the Chicago Police Department to deter-
mine the different time intervals. The study focused on robbery calls for
service In the second district, Partly because robbery is a large volume
ccime, partly because it is one crime for which the time ofloccurrencc is

more likely to be known and the incident reported as soon as possible,

The average response time for each interval and its mode were:

: Average Y¥ode

Time of occurrance to ‘
communications center 18,09 min, 1.0 min,
notification ¥
Communications Center

response time 3.18 1.5

Field response 5.77 2.0
Total police response 8.80 3.5

At the Chicago Police Department public service is presently a completely
exogenous demand on police resources. In St. Louis calls are screened by

a police officer in an effort to determine the utility of the police ser~
vice that would be rendered. Note that the‘police department has an objeec-
tive called goodwill, so that it is in the department's interest to attempt
& balance between the drain of public service calls on police availability
&nd the goodwill that it gencrates,

The measure of effectiveness ok public service should be the amount of

goodwill generated for the department., Appfoximate measure would be the
number of callsAfof service and the qualit& of service given. By quality
i8 meant dimensions such as: Was the officer courteous, was the service

time appropriate?

This could perhaps be measured by attitudinal surveys, or as done in a
research project conducted by the British Home office, Police Reseurch
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and Planning Branch,l)

2 SRR e GRS

.The objective was to determine the impact that a public relations crime
prevention campaign would have on the public and on the crime rate, Four

criteria were used to measure public response:

‘1. were parked cars locked with no valuables in open sight;
2. volume and quality of suspicious person and activity calls;

3. sales of secu}ity devices;

SRS

4. flow of criminal intelligence to the police;

To measure the effect on crime stapistics were gachered'on:
i, burglaries of homes
2, burglaries of businesses
3. larcenies from autos

]

4. auto thefts

The campaign was measured for three distinct time periods.

: Pre-campaign Campaign Post-campaign
period - period period :
? -{& wks) (6 wks) (6 wks)
g # of calls from public 1996 2340 2205
Ratio of arrests to
Yother calls" .085 064 .062

; # crimes committed

(includes house &

business establishments, 769 550 552
larcenies from autos and

theft of autos.

! ' Ratio of arrest to crime 065 111 .140
| Larcenies from vehicles 182 137 157
Stolen autos 146 139 138

Table 4

Demands for Service

In order to optimally allocate patrol manpower in space and time with re-

spect to future demand, it {5 necessary to be able to forecast demands for

13.A, Bright, "An Evaluation of Crime Cut Shefficld," Home Office Police
Research and Planning Branch (London, September 1967), No. 14/67. (See

Table 4). . : .

As presented in Frank J, Leahy, Jr., A Literature Review of Police Planning
and Research," The Travelers Rescarch Center, Inc., Hartford, Conn., pp. 9-10.
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service, Varilous techniques.are available to do this.

The Philadelphia Police Department has tried to use multf-dimensional
analysis and multiple regression techniques.l) The former technique
assumes that crime occurrances can be predicted from factors which co-
occur with crimes. The objective would be to input values of crime factors

and determine a probability of a certain crime type occuring at a given

J2) Table 4,
space/time, The factors used were: Crime Prediction Factors
Day of week : Percent married
Month Percent forcign-born
Day : Percent growth
Hour ‘Percent decline
Phase of moon . Percent moved
Snow ‘ Percent families, 1 or more under 6 years
Visibility Percent non-white
Precipltation Percent enrolled in school
Wind speed :

Temperature

Relative humidity ‘Average income

Pressure Average persons/house

Age percent 15-34 Average rent

Age percent 60 and over -Average school years completed

Percent males unemployed Number of transit interchanges

Percent wage and salary workers changes

Percent owner-occupied housing

Percent sound housing

Percent with 1,01 or more
persons per room

Number of Elementary school(s)
Number of Junior Highs
Number of Senior, Highs

However, to estimate the likelihood of a criminal event occurring in

space/time, it is neceséary to know in how many instances a specific occur-
ance of factors did not result in a crime, This information is not avail-
able, Consequently, the use of this technique for predictive purposes for

response force allocation is not recommended.

Another difficulty is that though multi-dimensional analysis is a very
powerful technique, £t can only be as good as its input data. Ir is

lponald p. Stein, Jay~Louise Crawshaw and Captain James C. Herron, 'Crime
prediction by computer - does it work and is it useful?" Law Enforcement
Science and Technology IY (Chicago: IIT Research Institute, 1968),

2Ibid, page 543,
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extremely difficult to get up-to

accurate weather predictions,

-date socio-economic fnformation and

The weather is often an important explan-

atory fuctor,

Even with the above limitations the analysis should yeild valuable inputs
to a crime prevention program. The most likely locations and time of

occurrance could be pinpointed so as to receive increased attention. The

problem of prcvchive'patrol is mainly one of space/time coincidence be-
-tween a police unit and a misconduct,

The St. Louis Police Departmentl) uses an exponential smoothing technique

to forecast calls for service.

The smoothing process incorporates sea-

sonal, daily and hourly adjustment factors to generete hourly calls for

gservice,
¥
The model is:
a x,
t o -;I;:f‘-ﬁ;c-x; -+ (1 - 8) St'l
x
v '/3 5 ’*‘.(1 '/5) Yeel,
Yie

where: St = estimated calls per period

S¢.1 ® previous estimate of calls

X, = observed number of callé

- We.l = seasonal adjustment factor

L = periodicity of seasonal adjustment (L=53)
Wy, = hourly adjustment factor

m = periodicity
k = hour of week (L4 k < 168)

Y, = actual calls curing k-th hour

X = average number of calls per hour

IAllocation of Patrol Manpower Resources in the St, Louis Police Department,
(St. louis Police Department), vol. II, 1968, page 30,
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The St, Louls Project reports that the variation in the predicted number

of calls for service accounts for approximately 907 of the total v&riation.

A linear predictfon model has been tried z¢ the Chicago Police Department.
Adjustment factors were calculated for hourly, weekly and trend effects.

The predictions were surprisingly accurate, providing that demands for
service are generated,by a stable systcm.l)

Positioning Problem

The positioning problem (or manpower distribution problem) has two dimen-
sions. One is the assingment of police units to sectors (in Chicago called

districts), the second their initial positionimé within the sector (the
beat structure),

There eiist several possible criteria for assignmenc:z)
1. equalize workload
2, equalize weighted workload
3. minimize response timc

4. minimize weighted response fime,

Equalizing workload usually means determining a workload such as four
calls/watch/car and then dividing total number of calls over a given
period by four to determine the number of units needed.

The current method of allocating personnel at the Chicago Police Depart-
wmwent is a somewhat simplified version of Wilson's distribution method as

developed in his book Police Administration.3)

The objectivé function of his method i{s to equalize, as far as possible,

Isee Chicago Police Department Final Report, op. cit.

2por additional criteria see Allen P. Bristow. Effective Police Manpowar
Utilization (Springfield, Ill: Thomas Press, 1269).

3or1ando Wilson, Police Administration (New York: McGraw-Hill, 1963 ed.).
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the weighted workload for each ‘beat car. The workload is a function of
calls for service, required premise checks, and preventive patrol., Pre-
%
ventive patrol 18 a function of misconduct hazards, which sre assumed to
i be reflected in the volume of calls for service.

1. The Total Kumber of Beats

| This is determined by dividing the total number of calls for

service (CFS) for the last identical season, This will provide

the average daily number of CFS. It is assumed that four calls

per watch per beat car with one hour devoted to each call would
be an appropriate workload leaving "approximately four hours for
preventing patrol during a tour of duty" (from the official doc-

ument on Assignment Method).l) The premise checks would be in-
¢ ¢luded in the preventive patrol time.

i The total number of beats for three watches is arrived at by dividing

average calls for service by four, as each beat car handles four calls.

é 2, Weighted workload

. The weighted workload is calculated for each district by weight-
: ing the calls for service as follows:

3 : Part I  crimes by 4 2
: Part IT crimes by 3
i Other by 1

The weights are supposed to reflect the seriousness and the service
time required of the different categories.
E 3. Number of District Beats

The number of district beats is determined by multiplying the

JroRS A

: district share of citywide weighted workload (CWW) by the number
of beats.

district weighted workload

District beats=s ----cw-u- m——m— et S D x no. of beats

-

j lchicago Police Deﬁartmcnc, Planning Divisibn, "Manpower Distribution,™
i 29 December, 1965.

, ‘2ran: I crimes consist of index cximes such as homocide, serious assault
: and theft, Part IT crimes are less serious such as disorderly conduct and

unlc:ful use of weapons. Other includes public service events like family
disturbances.
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The above statistic is subject to the following constraints:

(a) the district weighted workload (DWW)/CWW ratio is compared
vith the District CFS/city-wide CFS ratio. If the difference
is great, the reasons are determined. The object is to
maintain a reasonable mix of Part I, Part II and other of
CFS for the patrolman.

(b) Beats in a pheripheral, residential district may become too
large for adequate response time and preventive patrol.

Thenfore, extra beats may have to be authorized.

4. Beats per Watch

The district beats are apportioned to the three watches by multi-
pPlying the watch weighted workload/DWW ratio by the district
number of beats. The beat structure layout is given by the third
watch, as it has the greatest relative workload. During the other
two watches, when the total number of beats in service is reduced,

each of the eliminated beats is covered by an adjacent car,

5. Extensions ‘
(a) In some districts (nine to be exact) overlapping watches
(powershifts) are employed to more closely match the actual

damzod for CFS with available resources.

(b) Lastly, the two-man and one-man car assigoments are made.
JAttention is given to tha number of incidents of resistance
to police, multiple arrestees, deadly weapon involved and
geographical factors affecting ready access by neighboring
8quad cars. A ranked list is produced showing two-man cars

are allocated subject to available manpower.

The criterion for judging a police system should, at least in part, be its
impact on crime. It is not possible, at this state, to relate manpower
allocation to criminal activity. One can, however, dctermine how well the
system accomodates the functions of patrol with respect to the given ob-

Jective functionm.
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The present system is designcd to equalize workload, Workload is defined
as a function of calls for service, premise checks, and preventive patrol.
The question we will address {s: How well does the present distribution
method achieve this objective? - The specific distributions to be scrutin-
ized are:

1. between days of the week

2, among vatcheg '

3. between distkic:s

The week of August 16 - August 22 was exhaustively investigated. The total
amount of time spent on calls for service and assist-calls was tabulated

for each car.

Minutes spent on CFS for the third watch averaged forty minutes per call,
7
Assist-calls were approximacelyﬁten minutes shorter. The number of CFS

per beat car per watch exceeded the target of four calls in most instances.,

Assists, in many cases, amounted to one additional call per beat per watch.
To be able to evaluate the time spent on the CFS and Assist function, a
"utflization" index was defined.

total time on CFS and Assists

Utflization Index = mvememccmcoommacae e x 100
total time on duty

This index was determined for both the whole system and the individual
districts by watch.

The desired utilization index (target index) of the present assignment
system depends on the assumptions made., If four hours should be spent on
CFS and Assists, and total working hours is eight hours, then 507 repre-

aents the target index. .

Of the total eight hours available per tour of duty, one half hour is lost
for lunch and there are usually two fifteen minute coffeebreaks. Premise
checks, absorb approximately five minutes per beat car per watch. There-

fore the target index become 407%.
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There exists another time consuming factor, travel time. The above index
is calculated from the Time-out and Time-in stamp on the radio dispatch
cards, The beat car still has to return to his beat if the assigument was
outside his beat. Only 237 of CFS are answered by the beat car assigned
to the beat of occurrance. A car outside the district will respond to
approximately 137 of the CFS. (See Table 5).

The demand for police service fluctuates in a regular pattern with respect
to the days of the week, as can be seen in Table 6. Friday, Saturday and
Sunday represent the busfest days. Department policy, however, is to

allocate an equal number of men to each week day.

The result of this can be seen in the "indices." Friday and Saturday, on
a tOCalésystem basis, exhibit a greater proportion of time spent on CFS.
The difference is not great, This should be expected from a system-wide

point of view, where many districts are residential.

Table 6 also reflects some discrepancies with respect to allocation on a
system basis between watches, Most preventive patrol is performed in the
. early morning when 1t probably 4s needed the least. The representative

figures seem to be 20-30-40 percent for weekdays. This identifies a dis-
crepancy since the CFS workload is twice as large on the third watch.

Between districts, the utilization factors vary widely, as can be seen in
Table 7. Only the third watch has been shown as it has the highest wark-~
load. It is quite evident that districts 2, 3, 5, 7, 10, 11 and 13 nced

more manpower during peak points,

The main critique of the present method would have to be levied against the
objective function. The stated objective is to equalize workload, assuming
that four CFS per beat car per watch is the goal., Even this limited goal

15 not achieved as has been shown in the previous sections.

The more relevant objective should be to minimize some function of response

time and maximize the probability of halting or preventing a crime through
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selective preventive or tactical patrol. This should determine the num-

ber of men in Patrol and how they should be deployed,

It has been shown that the actual time a patrol unit is available, when

lunch, personals, administrative calls and increased travel time are con-

sidered, 1is less than scven hours per watch., Table 5 subports the view

that the beat car structure is only a good repositioning device and a very

rough positioning tool. Soon after the beginning of the watch, the beat
car will be off his beat and the value of knowing a certain arca becomes

Lust, "Magnet beats" pull cars into their areas so that the density-space

- distributicn of beat cars approximate the real demand,

It is perhaps evident from the discussion so far that wvery little preventive

patrol #s carried out at a time when it is needed the most, For example,

the Task Force (a flexible tactical unit) works from 1800 hours to 0200

hours. Indeed, it seems that the beat car force is in practice only respon-

ding to CFS and doing minor premise checks., The Detective tactical units
and the Task Force are responsible for tactical preventive patrol. When

this state of affairs is reaiized, the step to deploying a Force A and

Force B to respectively carry out CFS, and prevcntiﬁc patrol as in St. Louis,

becomes obvious. The current approach results in a waste of resources due

to deficiencies in the assignment method and the difficulty of control.

The most serious problem is the use of an average figure for CFS per day
for the system for a period of half a year, This is reall} too great an
aggregation. Too much information which is relevant to the peaking of
demands in the system is lost in the process. Even though the inclusion
of assists will not change the system demands as between days, it does

change the needs markedly for beatcars in specific districts.,

Other deficiernzies center around the critical assumptions made, The
aversge service time is forty minutes, hot an hour. Calls for service per
beatcar is not a representative number of workload, as assists often amount
to an additional call per watch per beatcar. The weights 4-3-1 are sup-

posed to reflect service time, and seriousness of the call. Instead,
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there 1s often an inverse relationship between seriousness of a crime and

service time, A patrolman will only write a preliminary report on a homo- -

cide and leave when the detectives arrive, while in a burglary case he

would have to carry out a more thorough investigation.

The workload criterion is a rough assignment guide, Optimaliy.it results
in an equal workload but in unequal service level of CFS.
FPurther refinements are possible by using response time as a criterion.
The appropriate analytical technique is queuing theory. The advantage is
that instcad of only using averages, as the previous method, it views de-
mands for service and police response as a stochastic process. The inter-
relationships of demand and service times are modeled so as to minimize
response’time.

oV
The queuing theory approach focuses on the availability of cars. To mini-
mize xesponse time one seeks to minimize the expected average delay before

a car is available for dispatch within a given sector,

The St, Louis Project used a Poisson input, ﬁegative exponential service
time, multiserver queuing model (m/m/M). Each districr is considered as

having M parallel channels, where M represents the number of be. & cacs,

X mean arrival rate (number of calls per unit time)

P = mean service rate per channel (»‘is the mean tice difference
between Time Out and Time In on the RD card)

= numbers of cars for answering calls
n = number of calls in the district system
§f = utilization factor for the district; J" oy

Fu = the steady state (time independent) prebability that there
are n calls in the district, both receiving service and
walting for a service car.

P(o)= the probability of no waiting

P()o).= the probability of any waiting

P(>T )= the probability of waiting greater than time R
L; = the average number of calls in the quew awaiting service

W.= the average waiting time in the sysFem,
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Then the following formulas give the probability of a delay in finding
an available car, i

P(>0) = e85

c'u-y)
where: Py = memeeeoee- L S
CZ-_ el -chz-_-
=5 n! c! (l-y)

and the expected waiting W = Lq/l

It is poSsible to refine this analysis to include priority queues. This

is a very realistic step as it is important that emergency calls be answered
qQuickly, while certain calls can wait,

A two priority queuel) was used with Chicago data. Defining a no-wait-
policy as a 10-second, mean waiting time, with 30% of total calls in the
high priority category, it was shown that a priority system did not result
in great savings under normal circumstances. The moSt important factor was

the average service time. However, under circumstances when half the

' response force would be mobilized for civil disorders, the two priority

system is a necessity.

Richard Larson2) uses a8 weighted response time criterion. He assumes

interdistrict dispatching and minimizes. travel time. His model will be

_discussed later,

The difficulty with the queuing théory-applications lie with the assumptions

eommission on Violence Report: Task Force and Civil Disorder Appendix B
D. Olson and E. Nilsson, "Application of Queuing Theory to the Chlcago
Police Beat Structure,"

2Richard C. Larson, Operational Study'of thc Police Responsc System
(Cambridge: MIT, December 1967), Technical Report No. 26.
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tgat have to be made to make the mathematical models tractable, Larson
showed, that for Bostonl) the assumption of Poisson input was a good
approximation, In most cases the Chi square test for the Poisson hypothe-
s8is was significant at the 0.05 level., His expenential service times

did not fit the real world data very well. In Chicago both empirical

: distributicas are significantly different from théir theoretical equiva-

A lents. (See Table 8).

How should a response force be positioned and what assignment rules should

i be used for selecting a car to service a call?

L There exist no models for evaluating the initial positfoning of police

units once the sector assipgnment has been made. The beat structure pro-

vides a rough positicning tool.
&

The assignment rule is usually left to the Individual dispatcher. Most

often, with a beatcar structure it entails a center of mass dispatching

strategy. That means, that if the beatcar is not busy, he is assumed to
be positioned at the center of his beat. This 1is erroneous, of course,
but no other information is available with a beat structure., There are

¢ complications, For administrative reasons interdistrict dispatching is
not allowed except for emergencies, or if the district is out of cars.

‘ Another difficulty is the judgement of how many men/cars to send in on the
; call,

Organizational variable are a very important factor of system efficiency.
Due to the nature of police work, it is very difficult toc maintain effective

supervisiou.z) If supervision is lacking, service times tend to increase

and the availability of cars is decreased.. Most queues are’very sensitive
to the service time variable. It was found that a 10 minute decrcase in
gservice time amounted to a saving of six cars out of thirty assigned to a’

’ ! Tibid., page 150. ,
: 21n New York, policemen would sleep in their cars during the first watch
sometimes.
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distrlct.}) A car locator system offers a great opportunity in

supervision.
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1p. Olson and E, Nilsson, op. cit.
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: Table 5
Percent of Calls for Service
Answered by Beat Car
Day 16 17 18
By w1l 237 22 20
7 Beat .
Car w2 23 21 23
w3 21 22 23
By Wl 137 13 11
Non- .
Dist- w2 21 18 14
rict W3 20 15 15
3 Car +
{ A
o' WL = Hatch 1 = 0001-0800 hours
W2 = Watch 2 = 0801-1600 hours
W3 = Watch 3 = 1601-2400 hours
i
i
&
1
|
¢
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Zable 6
Total System Statistics

Fri. Sat., Sun. Mon. Tues. Wed. Thurs.
Utilization Watch 1 287 32 33 26° 21 24 24
Factors 2 43 34 28 34 30 33 31
3 55 45 40 43 42 39 40
Calls for Service Watch 1 1151 1232 1408 925 860 1013 898
answered by beat 2 1849 1455 1303 1481 1379 1415 1402
cars 3 2616 2356 2031 2158 2279 2123 2205
Totals 5616 5043 4742 4564 4518 4551 4508

£

Assists answered Watch 1 348 207 303 280 220 258 263
by beat cars 2 153 194 241 140 16 181 175
3 272 362 428 314 290 321 311
Totals 773 763 972 734 671 760 749
Average time Watch 1 44 43 40 46 41 39 43
(min,) per calls 2 46 45 41 45 43 46 42
for Service 3 43 40 41 42 38 39 38

Ty
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‘Table 7

Utilization Indices for Third Watch (in Percent)

°

August 1617 18 19 20 21 22

Districts 1 7% 31 26 27 31, 28 2’.7 ‘
2

3 53 ~63 42° 44 48 45 45

4 42 7 50 47 39 35 31 26-

5 62 60 41 41 51 43 40

6 57 34 40 41 39 43 34

7
8
9

57 31 24 42 36 24 27
41 23 29 32 25 31 37
10 72 70 56 56 L) 47 63
11 57 52 52 55 46 48 44
12 65 52 36 50 31 41 33
13 73 52 40 43 45 54 48
14 60 38 32 47 34 46 40
15 56 40 33 50 41 33 42
16 64 29 3s 31 42 29 28
17 50 36 53 40 46 31 45
18 52 42 31 35 51 55 35
19 37 31 40 49 41 34 42
20 57 45 36 37 . 39 35 33
21 45 31 34 22 30 32 30
System
factors 557 447 407 HhZZ, 427, 407 39%
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Table 8
Test for
Exponential service time distribution
) by district

(for 17 degrees of freedom)

District : Average Service 2 3
] Time Chours) 3
1 070 31.1 i
2 «70 113.0 f)
3 ; 66 67.1 g
4 ‘ 55 30.8 5
5 57 76.8 -
& 57 47.1 :
7 067 78.0 ¢
8 .56 48.1 :
9 52 41.3 i
10 +65 - 111.6 B
11 +68 73,2 i
2 «60 60,6 ¥
13 58 51.0 7
14 +56 32,7 3
15 «53 40.6 ;
16 +60 37.1
17 57 39,0
18 «66 52.4
19 56 86.6
20 57 60.3
21 «67 36.1
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CHAPTER V

ANALYSIS OF THE RiISPONSE FORCE:
THE COMMUNICATIONS CENTER

Description

There exists three different types of communication centers (cc). One
is the old conveyor belt type, where calls are answered by a telephone
operator, a card filled out and sent on a coanveyor belt to the dis-

patcher(s). This system was introduced with the use of police radios over

forty years ago. In fact, the Cleveland Police Department still has the

original communications center in operation,

In 1961 Motorcla designed a commumications center for the Chicago Police

Deparfﬁent. It is still at the state of the art, It will be described
later,

The third type is represented by the SPRINT system being designed by
IBM for the New York Police Department. It will include a car locator,
computerized dispatching and teleprinters in cars.

Richérd Larsonl) modeled the first type of system using data from the
Boston Police Department. Surkis et al have developed a simulation model
of the New York Police Department communications center using GPSS.Z)

Rath and Brauna) presented an initial systems analysis and the structure

of a Simscript model for the Chicago Police Department communications
center,

lRichard C, Larson, Operational Study of the Police Response System,
op. cit, ] ] )

2surkis et al, Digest of the Second Conference on Applications of Simula-
tion, Dec, 2-4, 1968, New York, Share/AC§VIEEE/SCi.

3G.J. Rath and W. Braun, “Systems analysis of a'police communications
center," Law Enforccment Science and Technology II (Chicago: IIT

Research Institute, 1968).
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The commmications center at the Chicago Police Department is a facility
for processing information. Information inputs include demands for ser-
vice, and information requests from citizens and policemen. Outputs con-

sistof car assignments.and information,

¥hen a citizen dials PO 5-1313, the call is automatically routed to a
console which handles the area covered by the telephone exchange through
which the call was received. There are approximately sixty telephone
exchanges in the city. Each console is staffed by one or more comsole

operators who answer calls and a dispatcher who assigns police units,

In addition to answering calls, one of the console operators is in charge
of a computer on-line inquiry unit which processes inquiries from the
field regarding stolen cars and persons wanted on warrants. The console
operato“;:s can also query the "hot desk". This is a facility in a separate
room providing 24-hour access to files on missing persons and information
stored in Springfield, Illinois and in natiomal files.

The dispatcher is in charge of radio commmications with beat cars in the

area assigned to his console. He receives requests for and transmits

information, assigns cars and maintains a status map of car availability.
Car status is indicated on a beat map of the relevant area. On the console
each beat has a small light, which when illuminated indicates the car is
available for assignment; 1f off, the beat car is busy.

There are seven telephone lines from the telephone exchange to the console.
When the call reéches the communications center,‘a timer is actuated,

1f the console has not answered the call within twelve seconds, an over-
load facility is actuated. The incoming call can now be answered at either
the console of the overload facility, The overload facility consists of
.seven desks which can monitor all 56 (8 consélés % 7 lines) incoming tele~
phone lines, The overload operator takes the call and fills out an IBM
card. If the call is high-priority, the overload operator .takes it to . .
the correct console for dispatching; otherwise he actuates a yellow light

requesting a messenger to relay the card.
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" for maintaining radio communications with the Preventive Forece. If a call

~wide frequency,

‘ During the 4th of July, 1969, over 15,000 calls were answered, about half

The Problem
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If the incoming call has not been answered within thirty seconds, the
call is permitted to ring at the auxiliary desk, which has four operators.
Ihe call is handled the same way as at the overload desks,

The different zones (exchanges) generate approximately the same numbef

of calls, The ratios among console, overload and auxiliary 1s approxi-
mately 50: 35: 15, (See Table 9), The distribution of calls during the
twenty-four hour period is about 0J01-0800 (15%), 0800-1600 (35%) and
1600-2400 (50%). The volume of incoming calls varies‘betwcen seasons, It
is lower in the winter than in the summer .,

When calls are received relating to traffic accidents or vice they are
delivered to the Traffic Division console or the Vice Control desk respec-
tively;

In addition to the above functions, the communications center has desks

is of an emergency nature, such as a crime-in-progress or a policeman in

need of help, the dispatchers can send out a call to all cars on a city-

Interesting étatistics abound.- For example, 3,261,738 calls were answered
during 1968, Total calls which a car was dispatched amounted to 1,942,599.
In addition, there were 1,723,597 administrative and miscellaneous calls
which were handled. All in all 837,943 inquiries were made on the on-line
real time combuter 1n§uiry system. (See Table 9 for more data).

of them from four o'clock until midnight. A normal summer day generates
approximately 10,000 calls,

The communications center represents a complex system as is evident from

its description., It is difficult to convey the magnitude of thls complexity,
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' TOTAL NO,
ZONES OF CALLS
1 30360
2 29963
3 25222
4 24858
5 264223
6 28314
7 29856
8 25488
ZONES GRAND

TOTAL
: 1 thru 8 218,284

Table
ANSWERING STATISTICS FOR CHIAGO POLICE DEPARTMENT
COMMUNICATIONS CENTER FOR 13th PERIOD - FROM 5 DECEMBER 1968 T0 1 JANUARY 1969

UNDER
12

10461
12234
17986

. 13961

14657
16023
15298
13383

UNDER
12

114,002

P

PER=-
CENTAGE

*
34,44
40,82
71.29
56.15
60.50
564,57
51.23

52.50

CENTAGE

52,21

0
12-30

14048
12809

4887 -

9262
7156
9219
11457
9444

12-30

78,282

PER-
CENTAGE
46.26
42.74
19.3Z
37.25
29,53
32.55
38.36
37.04

PER-
CENTAGE

35.85

OVER

30
5851
4920
2349
1635
2410
3072
3101

2661.

OVER
30

25,999

PER-
CENTAGE
19.26
16,41
09.31
06.57
09.94
10.84
10.38

10.43

PER-
CENTAGE

11.90
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An enormous amount of short transactions of many different types are
continuously being carried out,

The protlem can be stated:
1. What is the present response time distribution?
2. 1Is the system operating efficfently?
3. Can performance be improved by changing the use of resources?
4. 1Is a completely new system necessary? .
Proposed changes include:
1, the assignment of manpower to consoles and overload positions;
2, handling of computer inquiry at a separate facility;
3. increoase the number of incoming trunk lines;
4. setting the step-up intervals for letting calls ring at the

overload and auxiliary desks.

The Model
Model structure and complexity are determined by the system being modeled
and the output that is desired.

The previous section identified some of the questions that the model should
be able to answer. 1In addition to the response time distribution, it
i3 necessary to know the average time to process a call and the percentage
of calls answered at the three different levels respectively for valida-
tion purposés. Operational data of interest include:

1. Afrtime per console '

2, Operator working time

3. Dispatcher working time

4, Overload and auxiliary operators working time

5. Size of different quaues within the system,

The modeling technique chosen was simulation. Simulation was used
because the physical structurc of the communications center made it
difficult to apply qucuing theory and the necessary distributions were

.

not well behaved s was shown in the previous chapter.
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The model 1s first discussed in terms of its scope, level of detail and
input demanded, Then the structure will be presented.

What should the scope of the model be? Should it include field response
activities; be limited to the commmications center; or be limited to a
specific communications center activity?

The analysis of the Response Force has been divided into two parts: the
communications center response and the field :eSpdnse. However, the
distinction is not clearcut. Car assignment by the dispatcher is a func-
tion of field response characteristics. o ‘

Within the communications center, a useful distinction can be made between
the hanlling of telephone inputs to the system and radio transmissions,
The avé;age time that a call spends in the telephone input and handling
stage of the process until it reaches the dispatcher amounts to 85% of

the total average call handling time for the communications center. Queues

form infrequently at the dispatcher,

Consequently it was decided to concentrate on the processing of telephone
¢zlls, The total time span considered ends wiph the call (IBM éard) being
put in the dispatcher's queue,

The level of detail for the simulation model turmed out to be a crucial
factor. The Simscript model, mentioned earlier, was modeled at too high

a level; It proved impossible to generate internal queues, The main
difficulty with the analysis of the Chicago Police Department communica-
tions center is the inteéraction of a,éreat number of events of very short

duration, often not longer than thirty seconds.

One of the main questions to be answered by the model is the sensitivitcy
of the system to the computer inquixy activity. This process does not
consume a great deal of time, but effectively reduces the telephone input

handling capacity. Consequently it was decided to model every minute
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transaction in the system.

The next point to consider is the generation of inputs, that is exogenous
events, In a simulation model these can be generated by the program or
actual events can be read in. When it is difficult or impossible to
obtain data on’specific events, or the events can be characterized by a
theoretical distribution it is often advantageous to generate the events.
However, if the events are available and cannot be .approximated by a
theoretical distribution, the real events should be used. The latter
applies here,

The output from a simulation model depands cn how realistically the xeal
world has been modeled, Using generated events, when not necessary, intro-

duces one more element of uncertainty as to the validity of the output,
K )

The input to the communications center has to be characterized as to
type (telephone call, Paxl) call) priority (emergency, non-emergency and
other), space and time, 'The events themselves were available; and were

therefore used,

Data was collected for the third watch on Friday, December 13, 1968,
The data on exogenous events collected for the wr lel include:

1. Radio dispatch calls; .

2, Administrative calls;

3. Information inquiries;

4. No Service calls,

See Figure 9 for the attributes of each type of input. The different
types of telephone calls are:

1, Radio dispatch (Bell or Pax)

2, Radio dispatch (radio or on view)

3. No serviée (information)

4. No service (referral)

5. Traffic accident

B L e v s

1The name of the city internal telephone system,
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6. Vice Control dispatch

7. Administrative call (by radio)
8. Administrative call (by Pax)
9. License »

The radio dispatch calls represent calls for which a car was dispatched,
Administrative c511§ represent calls changing the status of a beatcar,
such as lunch, personals, station assignment, etc. These come via Pax
phone or by radio, Tue latter is included because when the operator is
not busy, he will often help the dispatcher handle the administrative
radio messages. ’

Information inquiry events consist of demands for information regarding
cars and people, such as was the car stolen, was a person wanted on a
warwaﬁz? This information may come from the on-line computer inquiry
gystem, or via the Hot Desk. The Hot Desk is a separate facility, where
commmication is maintained with State of Illinois files in Springfield
and FBI files in Washington, ' '

¥o service calls are either calls which do not result in a beatcar being
dispatched (the IBM card is instead routed to the Traffic or Vice Control
desks) or are simply information requests from citizens or wrong numbers.
Data was also collected to determine the distributions for performiﬁg the
different unit operations.

1. Time to complete information inquiry for stolen cars;

2. ‘Time to complete information inquiry for wérrants;

3. Both of ihe above;

. 4, Tire to give information request to Hot Desk;

5. Time to handle return of information from Hot Desk;

6. Service time for a normal call;

7. Service time for a non-dispatch call;

8. Waitjag time until 'a messenger arrives to carry the IEM card
from overload desks to console;
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Figure 9
- ATTRIBUTES OF EXOGENOUS EVENT TYPES

Telephone calls

1. Type (see pages 68 and 69); .
2. Scheduled time (in seconds from 3:00 o'clock);
3. Service time;

4. Beatcar;

5. Zone;

6. Beat of Occurance;

7. Verified Incidence Code,

Administrative calls

1. Type (7 or 8);
2. Timeout;
3. Timein;
4, Beatcar;

5. 2one. )

Information inquiry

1. Type (5);

2, Timeout{
3., Timein;
4. Zone;

5. Type (1, 2, 3, 4, 5).
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9. Time for IBM card ti be walked back from overload to console;
10. Time to walk from auxiliary desk to console;

See Appendix A for the respective time distributions.

Another difficulty in constructing a simulation model Jnvolves the choice
of clock routine, The analyst may either use a fixed step increment-or
a next event type of incremwent. The second alternative is often faster
than the former and permits an accurate specification of when an event
should occur, With the fixed increment alternative the increment deter-

mines the resolution of the system.

In this simulation a fixed increment of one second was chosen, Because
of thelpecessity of checking the status of each queue for the twelve and
thirty second intervals and the short duration of each event, a fixed

increment seemed justified, As the input data was only accurate to the

nearest second, additional accuracy would have been illusory.

The language used for the simulation is Fortran with spuRTL) subroutines,
GPSS was not available at the Northwestern University Computing Center
and the Simscript compiler was not entirely reliable.

A simulation done in Fortran has several advantages. The language is
easy and 1its semantics are well defined, though it does not have a
rigorous grammar, It compiles very fast in comparison to Simscript, and

geveral subroutine packages are available for inclusion in the simulation,

SPURT is a set of Fortran based subroutine, which provide:
1. generators for statistical distributions;
2, 1list processing capability;
3, statistical summary macro-routines;
.4.. special output packages;
5. clock routine.

e Sl S G el R W i e i ;ih LY
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1See Martin Goldberg and Benjamin Mittman, "SPURT - A Simulation Package
for University Research and Teaching,' Digest of the Second Conference
on Applications of Simulation, op. cit.’
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timing routine causé€s the events, both exogenous and endogenous, The

i for the time sequencing of events, These events are scheduled separately

1,

+
2,
3.
4,
5.
6.
7.
8.
9.

JGPREPESE UL Sp T

E , Bach call has twelve attributes as it 1s processed through the system:

1.
2,
3.
4.
5.
6.
7.
i 8.

Model Structure

i It 18 hard to convey the complexity of the realistic simulation model
of the communications ccnter.l)

A flowchart of the model 1s shown in Figure 10, The program is initi-
alized by a separate subroutine, It initializes relevant lists, reads in
parameters, and the initial events to be used in the timing routine, The

exogenous events have been mentioned earlier in the section on inputs,

Endogenous events include the following event types which are nccéssary

for each console,

Endogenous event types:

Operator one return;

Operator two return;

Overload operator return;

Auxiliary operator return;

Administrative-Pax queue to be answered by operator;

Information returning from Hot Desk to operator one;

Completed information card put in radio out (. ue;
Radio dispatch card assigned to dispatch queue;
Administrative card put in administrative queue for dispatcher.

.

Type;

Time scheduled (final time for statistic);

Time on service;

Beatcar; ’ '

Zone;

Beat of occurance;
Verified incidence code;
Time call entered system;

i Y The program is 2000 cards long, needs a corc of 120,000 (octal) words,'
§ and takes eleven minutes to simulate eight hours of real time.

. =




igure 10
Flowchart of Sinmulation Mpdel of
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9. Priority for assignment;

10. Time entering console; )

11. Presence of call console, overload or auxiliary queues, for
purging purposes;

12, Sequential number of call for purging purposes,
The Timing routine jis simply a Fortran array as diséusses.

Incoming telephone calls are assigned to the telephone input queue.

This permits loading of the system (more demand, more trunk lines).

If a trunk line is available, the call rings at the appropriate console.
After twelve seconds, if not answered, the call rings at the overload

position, after thirty seconds at the amxiliary positicn.

¥

One of the console operators (here called operator one) handles infor-
mation requests which are of five different types, An important question
to be answered is the sensitivity .of the system to performfng this func-
tion in a separate facility, ' Calls are answered and if handled at the
zone level are put directly into the diSpatch.queue. If the overload

* facility has answered, the priority cf the call determines if the oper-

ator or a messenger will carry the IBM card to the dispatch queue.

The nodel includes several behavioristic patameters, These include:

1. Number of seconds after handling a call until the operator is
ready to handle the next call. )

"2. Answering characteristic. The operator does not answer the
call immediately, but may wait a couple of seconds. This is
modeled with a uniform distribution,

3. Operator availability. Operators lesve their position for
short intervals to coordinate response with another zone or
for personal reasons.

4, Proportion of administrative radio messages handled by operators.
The operators often help the dispatcher by taking the informa-
tion and filling out the appropriate card.

S. Time distribution for ansﬁcring calls, These differ between
consoles reflecting thé type of calls and clientele demanding

.
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service, An operator may work different consoles on different
nights, thus the difference in call-handling time is a zone

characteristic,

The most difficult phase of constructing a simulation model is the
validation stage, A theory of validation does not exist and guildelines

are almost nonexistent,

The validation process can be subdivided into the following parts:
1. Validation criteria;
2, Exogenous event generation;
3. Probability distributions;
4, Model structure;
Sir Ini%ialization;
6. 'Parameters.

The criteria for validating the model are:
l. Average time to process a call;

2, Percentage of calls answered at console, overload, and auxi-

liary desks.

The communicatjons center maintains daily records of where calls are
answered. The results indicate:
Dec, 13 Dec. (total) Year (total) 1968

Console 53% 53,257 53.3%
overload 317 35.85% 35,6%
Awdliary 167 11.907 11,17

It is noteworthy that the percentages do not vary. The total volume of
conmmications processed differs groatly between summer and winter, A
linear regression was used to determine the relationship between number

of incoming calls and percentage of calls enswered at the console level.
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As can be seen in Table 10, the regression coefficients are all signifi-

cant at the 95% level of significance. However, the correlation coeffi-
cient is not ﬁery'hiwl. It is apparent that the load factor is not the
only significant variable for explaining the percentage of calls answereé
at the console level. Other factors would be computer inquiry handling,
| and behavioral factors as mentioned above. ’

.

The difference betwecn consoles (as shown in the table) can be explained
by differing nature of the calls and resultant service times,

The average time for service calls to be processed can be calculated.

The mean duration of the different nnit operations and the percentage of
calls answered at the console overload and at the auxiliary desks‘aré
knnwn.’;The average time was 81.9 seconds. This was arrived at as shown
in Table 1l.

The exogenous events consist of all the actual svents for a given time

period. Therefore this part of the sirmulation model did not pose any
difficulties, The probability distributions for completing the unit
operations were determined by taking samples of .their duration, These
distributions were then used to specify cumulative probability dist:z::'Lbu-
‘tions whicﬁ were validated against the original data by Chisquare tests,
An important consideration for simulation models is the start-up interval.
How long should the model run before the influence of the starting condi-
fions are not significant? By investigating the status of the different

queues in the model, an hour of simulated time was deterzzined to be ade-

quateo

S The model would not provide reasonable values until the behavioristic
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v g -

parameters, mentioned earlier, were introduced, It was assumed that the

operator would need a five second "breather' between calls and that fifty
of the administrative calls were handled by the operator when he was not
busy.

The sensitivity of the model to the behavioristic parameters was determined
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Table 10
}
Linear Regression of Incoming Calls/3rd Watch Versus Percentage
‘ of Calis Answered at the Console Level
s - - Y- Regression
; Tone X Y ° Intercept Coeff, T-value Core Coeff,
1 477 .,40 +67 -+00056 ~4.36 .49
‘ 2 452 47 .72 -,00056 ~4,16 ~e47
b 3 401 .73 .87 -.00035 -2.42 -.30
4 ., 385 .58 .71 -.00033 -2.28 -.28
5 378 .67 .87 -.00054 -2.65 -.32
: 6 454 .60 .80 -.00044 -2.97 ~.36
. 7 463 .60 .89 -.06062 43,19 -.38
j 8 403 .58 .69 -.00027 -1.87 ~-.23
- Sample size per Zone = 63
. N
X= average number of calls.during third watch
f = gverage percentage of calls answered at console
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Table 11
Determination of Average Time for Calls
To Reach the Dispatch Queue

Desk tl t2 3 t4 tS Proportion t6 t7
Console 36,2 25 2 o . 0 53% 63.2 33.5
Overload 36,2 25 2 13 21 312 97.2 30,13
Auxiliary 56.2 25 2 30 21 - 16% 114.2 18,27

17

System Average 81,90

tl = time to take a call, secondsw

t2 = time to £fill out the IEBM card, seconds

t3 = time interval in which the operator decides

to answer the call, seconds

t4 = step-up interval

G
u

t6 = average time at this level

t? = weighted average .

time to transport IBX-card to console




(See Table 12). The answcring characteristic and downtime for the
different operators gave the best fit to real world statistics for:

1. answering characteristic equal to two seconds;

2, console opcrators away from their positions for two minutes
each per hour;v

3. overload operators were not available for seven minutes each
per hour, :This is realistic as the overload operators zlso
have other duties to perform,

The random numbcr generator was initialized with different values to
indicate the variance due to pseudo- random numbers. This variance

had approximately a two second effect on thc average,

Results

The questions to be investigated were:
1. priority classes;
2, number of trunk lines;
3. step-ﬁp intervals;
4. computer induiry at consoles;
S. assignment of manpover,

"The validated model, which becomes the reference point had an

average of 83.1 seconds and a standard deviation of 32.9 seconds,

A tvwo-priority system will have a shorter response time for priority
one calls, The time-saving is realized where the overload or auxili-
ary operator walks the IBM card over to the appropriate console
instead of waiting for the messenger to arrive, Since half of the
calls are not angyetga at consoles, and the waiting time is eight !
seconds, the saviug is four seconds plus the shorter wait in the

dispatch queue.

The current number of trunk lines is not a limiting factor. Statis-.
tics are collected on the number of occurrences when all seven

lines are busy and an eighth tries to enter, It is infrequent in
the real world during winter season,

Ly,
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l ’ ‘ Service Time
i :g?‘;:r Distibution For Communications Center-
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i Table 12
Senaitivity Analysis of
S ‘ : Behavioristic Parameters
A B c D B F ¢ =
2 2 240 400 94.5 53 41 6
, 2 4 400 500 88.0 55 40 5 :
2 2 60 420 93.3 57 40 5 LB
2 2 120 420 83.1 54 41 5 &
} 2 4 300 300 88.9 57 39 4
2 72 120 s00 88.1 55 39 6 £
2 2 300 600 91.3 55 40 4 .
2 2 120 300 88.6 53 43 5 3
2 2 120 600 91.2 53 42 6 ' L
2 2 120 300 85.8 52 44 5
. . Actual performance 12/13/68 81.9 53 31 16 -
A= answering chara;teristic in seconds at console . g
B= answering characteristic in seconds at overload a8
5 o C= seconds that operators are not available at console E
'_“' D= seconds that operators are not available at overload 5} !
E= average throughput tim: g
F=  percentage of calls answered at console E 3
G= percentuge of calls answered at overload L
¢ H= pércentage of calls answered at auxiliary . i’
. . & E
‘g"‘.
=
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2 2 300

2 2 120

[
S ]

120

2 2 120

Table

U
400
600
420
420
300
500
600
300
600

300

12

Sensitivity Analysis of
Behavioristic Parameters

94.5
88.0
93.3
83.1
88.9
88.1
91.3
48.6
91.2

85.8

Actual performarze 12/13/68 81.9

E= averzge throughput time

53
55
57

57
55

55

53
33
52

53

F=  percentage of calls snswered at console
G= percentage of calls answered at overload

H= percentage of calls answered at auxiliary

s i) st

4

41
40
40
41
33
39
40
43
42

44

31

A= answaring characterdstic in seconds at console
B= ansysring characteristic {n seconds at overload

C= seconds that operators are not available at congole

15

D= seconds that operators are not available at overload
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The step-up irtervals are currently set at twelve and thirty scconds, :
By lowering the step-up interval, more calls will be answered at the
overlopad, The time before a call is answered will be less, but the
'Q' twenty-one seconds average for being transﬁorted back to the console
. would have to be added, The results were:l) %
Step-up interval (seconds) Average (seconds) St. Dev. ? :
e 5 30 84.7 36.3 §
’ 10 30 86.5 35.1 i
13 30 8.1 32,4 ;
Step-up interval #1 = from console to overload desks ]
Step-up interval #2 = from console to auxiliary desks %
As cap be seen, the current intervals are well chosen for the kind g
of load experienced on December 13, g ;
%
How important is the computer inquiry activity at the console? ;
The Sanders activity was deleted from the model and there was no b
significant change. %
Step-up interval (seconds) Average (seconds) St. Dev. i
1 2 , !
13 30 83.69 38,57 4
5 30 82,85 30.20
The deletion of the Computer Inquiry activity did not have a signifi- f
“cant influence on the average throughput time. %
Lastly manpower levels are considered, The second position at the ¥
console wai augmented by one man and the overload to its full ? é LEkl
strength of nine, Men at Men at St. g % ,g
Step-up interval Position Two Overload Average Dev. Comment b ?‘ f
1 2 (seconds) £ L i
? 13 30 2 6 77.76  31.7 Mo P
5 30 6 74,70 33,2 Sander's
s 30 9 73.40  30.34 Inquiry b
1Assuming our reference point to be the true population estimate a

t-test can be used to determine how large u diifercnce of means is A

cess for th¢ sample mean to be significant. At the 95% level of
gigﬁif%gznce& g 3if%ckcncc ctween mcagg o% lour secoan 18 neccssary.
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Conclusion : ®
Current Communications Center operations are efficienc. Its
operations can be improved by adding another man at the console

level and setting the overload step-up interval at five secouds,

The minimum thréughput time for the current system 18 61.2 seconds.
It 18, at a meximum, possible to lower the average throughput time
by twenty seconds, Response time 1s important only for priority
one calls for service. These calls constitute less than five

percent of total communications,

B R R

It wouid seem valuable at this time to build a model of dispatch

A

and field response time (travel time) to investigate what savings
can be made at this later rkage of the response process, A twenty
second reduction at the Cotmunications Center compares with one

block of travel time for a motorized beat,
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ARALYSIS OF THE RESPONSE FORCE: 'FIELD RESPONSE
Definition
By field response is mesnt the activities performed by a police
unit after it has been assigned and until it has completed the
dsaignmént.
fhé cot;l response time consists of commmications center response
time and field response. Tt was pointed out in the previous chapter
that the Qaiting time of a call in the dispatch queue, until a car
becomes availabie, is dependent on assignment policies and the
availability of cars. It becomes convenient to consider the impact

of stacking and screening policies in the context of the field

4
response model,

The measures of effectiveness of the Response Force were defined to

be: (1) the level of service for Public Service type calls. This

would include the rapid response needed for sick and injured trans-
port and the less urgent calls that could be stacked or screened;
and (ii) the crime disutility represented by the cases not dismissed

ot

B o & T e

by the court for incorrect police behavior. This measure includes

the probability of apprehension and its qualitative aspects, It was

noted earlier that the probability of apprehension is a function of

the number of police wnits responding within a given number of minutes,

This refers to the use of trapping and search procedures to capture
an offender. Police units would be assigned from those available,

including the Preventive and Follow-up forces., However, it is very

likely that the availability of Response Force proper in an area will

be an important variable.

The analysis of the fieid response activities entails g complex
analysis of the effect of the following variables oﬁ Response Force
efficiency.

1. demand;

2, service time;

3. travel time;

4, dispatch queue walting time;
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5. number of polfce units in Response Forcej,
6. total number of police units in the field.

The outline of this chapter 1is as foliows. The first section
discusses the field response model developed byvkichard Larscn.l)
The next section presents a simulation model of field response

and the last scction uses the.simulation model to evaluate a number
of alternatives, »

The Larson Model

The Larson model is still the state of the art with respect to field
response models, It {9 an anzlytical model which determines the

mean value and the density function of the response time distributdion,
The model development is too long to be ipresented here. Only its
éssuuptions and results will be discussed.

ABBumptionS:z)

1. patroi sector geometry 1s described by a rectangular grid
of equidistant streets;

2. theupositions of patrol and the incident are statistically
independent; -

3. all points on the grid are equally probable;

4. the patrolcar follows a shortest route to the scene of the
reported incident;

5. a patrolear is available to service a call with probability
2 0.3;

6. the city is large enough so that no queue of dispatches
ever forms; '

7. the dispatcher uses a "closesF center-of-mass" dispatching
strategy in which the exact positions of the patrol units
are either not known or not considered;

8, the expected travel time is equal to a "start-up time" and

expected rravel distance divided by the speed of the vehicle,

18§°h3{§ C. larson, QOperutions Study of the Police Response System,

zibid, page 208,
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The first assumption was necessary because the model was developed
for Boston, which is known for its ubsénce of a rectangular street
grid. The next assumption permits him to ignore the deterrrence éffcct
of police presence on calls for service. The third assumption is a

convenient one and he shows that his result is insensitive to it,

Larson assumes an availability of cars greater or Equal to 0.3, This

assumption implies that at least one car is always available in one

of the four adjacent beats,

Assumption six and seven imply that interdistrict dispatching is
permitted and no stacking of ‘calls is allowed. The dispatching
strategy 13 the same as the one used in Chicago. If a car is avail-
able he is assumed to be in the center of his beat. This is of
coJrse not true. The police officer may decide that an adjacent beat
warrents more preventive patrol than his own. In addition, when
returning back to his beat after assignemtn to another beat, it is
physically impossible for the assumption to be true,

This is probably the most crucial assumption and involves the organi-
zational variables of the system,

Lastly, to use a continesous approximation to his originally dexrived
discreet formulation of expected travel distance function he adds

a constant term called "start-up'" time, It can also be used as a

"1linear factor when fitting the curve to real data,

For the expected travel time Larson gets:

-~ 2 ”A’
E e ™8 *3573 g 2D

where:

= travel time

= gtart-up time
= gpeed

area for which cars are dispatched

number of police units
availability

“Yyx > wa” &
u

Larson also derives an expression for the density function of the
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response time distribution,
-~

f4,.(d) = Pr(E1) f4,/E; (4/E)) +;1 Pr[EZk] £4 /BZk(d/EZk

+ Zz PefE3) £4 /23 (/830

where
Po(E}) = F ~
P(Ey) = (1 —y)z“(k*“l) “3a - a-nh k=1,2, ...

Po(E3) = (1 - )21 “HAL a4y gl 2,3 .....

There are essentially three different cases we must consider to
derive the probability demsity function of dy:
El - Patrol car (0,0) assigned to service the call

E, - A patrol car (0,1i) or (1,0) assigned to service the call
{f - non-zero integer)

E3ij - A patrol car (i,j) assigned to service the call
(1,3 - non-zero integers),

He shows that:

2
fajp, @/2) = (40 - 4aa? +5 & 0£d%1
16/3-84 + 4d2 ~ 24° 73 1£4d%2
0 otherwise
£, @YE, )= (4% - a¥3 4] -1 d =il
d /E,. 23
r 21 X
24373 4302 4 7413 WedLi+ 1
'—d'3/3 + 3d'2 -9d' 49 li\‘+1'é.d£u\ +2
0 otherwice
vhere d'= qd -|1|
£, @/E, ) = a6 S ML+ ] 2€agliefy -1
r/E31] 4

(-3¢+%412a'%-124" 44 /6
B+ 5] -14 a2 fif+ gj

(3d*3-24a"%460d"-44) /6
1 + lj}ﬁdfli)&b‘[ +1
9-a*412a%% 484" +64)/6

) W+ 43 HLedeli] +[§+2
0 otherwise
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where d* =d - 4] - it
d & travel distance in terms of sector lengths

To fit his functions to Boston data, Larson was forced to assume
a multiplicative delay factor. Im effect hé is reducing the average
speed at which the police unit is responding to a call for service,
This is realistic, because if a car is not on his beat, where he
should be, the Crével distance will be longer; or to fit the model
the effective travel speed would be slower,

The only response time data available at the Chicago Police Depart-
ment was collected for an experiment conducted in the fourteenth
district. As the Larson model assumes interdistrict dispatching
over the area concerned, and this is not the dispatch policy in
Chicago, f{t would be logical to apply it to-a single district,
Interdistrict dispatching is allowed only for emergencies and when

vthe distriet is out of cars. Checking the Radio Dispatch tapes re-

vealed that 20% of all calls for service in a district are answered

by a non-district car.

The Larson model was fitted to the response curve shown in figure 12,
The best fit (lowest Chi-square value) occurred at a speed of 12 mph
#nd an availability of 40%. The Chi-square value was 42.28 (for 9
degrees of fteédom) indicating a high likelihood of no fit at all,

This is probably due to (i) the 207 of interdistriet dispatching
which does not permit us to view the fourteenth district as a self~
contained area and (ii) the fact that the availability assumption
is violated. On a Friday nighf as shown by the simulation modol
availabili~y drops below 0.3.

Simulation Model

Introduction

We have seen that the Larson modef'does'not exhibit a close Fit with
Chicago data. 1In addition, the model is very restricted. It can
only evaluate a very limited set of alternatives, '
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The application of a simulation approach is ideal. It is very
difficult to carry out the experiments in the real world; partly
because of the undesirability of 11l effects if the experiment
failed, partly because of the difficulty of collecting data on
system performance. A simulation model becomes a very convenient
tool when evaluating a large set of alternatives., Once the better

alternatives have been found, they can be tested in the real world.

It was pointed out on page 41 that a model should permit evaluation
of: ‘
1. demands for service in space/time (i.e. stacking);
2, positioning of forces in space/time (i.e., beat structure);
3. assignment rules (i.e. center of mass versus car locator
system, interdistrict dispatching);

4. organizational variables (for example a decrease in

. service time, more on-beat patrol, less car down time

for repairs on the third shift etc).

The Model .
The simulation model has a modular structure developed to accommo-
date all of the above alternatives. A '

VWhat outputs are desired from the model? The model should permit
an evaluation of center of mass and car locator dispatching

strategiesl) for different alternatives. The evaluation of the

" bemefits of a car locator systen is important, because it is a

fashionable hardware itme for police departments. The system
represents a great commitment of resources and its possible benefits

are not too weil understood.

Each output from the model includes response time distributions
for both strategies for the alternative being evaluated. This

has the advantage of facilirating comparison as all stochastic

1By a car locator strategy is meant the existence of a system that
will provide the dispatcher with actual car positions; and the
closest car is chosen given the assignment rules,

89.
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elements will have the same value, In addition, the travel distance
saved by the car locator system is exhibited,

For validation purposes, the model provides operationsl information
such as: -

1. percentage of calls answered by beatcar or districtcar
:espectiyely;

2. average number of calls/car/district;

3. minutes spent on calls for service and administrative
calls;'

4. number of car services, car repairs, lhnches, and personnals
* taken,

To judge system performance (i) average availability (for the
system as well as district fourteen) and (11) the probability of
fchoosing the closest car using ceﬁter-of-mass dispatching strategy
15 also computed,

The scope of the model has two dimensions; the number of districts
and the set of activities to be included,

The focal point of the simulation model is the fourteenth district
and its surrounding districts (eight districts in all), The reasons
being the availability of data for the fourteenth district and .
extreme difficulty of cellecting data' on other districts.

The scope of activities includes the handling of calls for service
and administrative down time, 1In addition, preventive patrol
activities are modeled, so that car position can be determined when
the car is considered for assigument, It is convenient to include
the extra waiting time in the disPafch queue‘as a result of stacking
procedures, Screening is easily handled by reducing the exogenous

events,

There are two types of entities in the system. The first one is

the beatcar. Its thirteen attributes are:

B i to SR Tt
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1. reference point x
2, rxeference point y
3. delta x for rectangle specification
4. delta y for rectangle specification
5. number of officers in car
6. availability, O=busy, l=available, 2=not in service
7. . car is O=ocutside beat, l=inside (uniform), 2=inside
(conBCrained.uniform)
8. current location x
9. current location y
10, district
11. beat
12, time of last cogputation of location
13, car lunch.

, Attributes one through four define the beat, It is assumed to be

rectangular, The reference points x and y represent the center-of-

( )1)
-3"--7// }

ik

mass of the beat, Deltz x and Delta y are the distances from the
center to the beat bowodaries.

The next attribute refers to how many men are assigncd‘to the car.
This is necessary as imput to the car assignment subroutine,

Availability provides information on car status. I1f eﬁual to two,
the car 1s not in service that evening. Attributes number 7, 8, 9

and 12 are r-cessary for determining the position of availagle cars

in the sy These will be discussed further in the positioning
subrenting 1t Attributes 10 and 11 permit the program to gather
gtatistics +c performance and relatethis to the administrative

structure of uistrict and beat numbers, The last item is a control
variable to keep track of how many personnals a car has had and if

‘he has had lunch. This is done conveniently through the following

coding:




Calls for service have the following attributes:

Input format of exogenous events

¢

92.
1: .

|

il Pergonnals

1{ \\\\ No Yes (1) Yes (2)

{1 Car No [ 0 2 5

{% Lunch Yes 1 3 4
i
1

I, type of event radio dispatch 1-89;
@ 2, timeout;
¢ 3. timein;

4. beat of occurence;

! 5. arreast, l=arrest; 0=no arrest;

6. quadrant;

7. x location;

8. ¥ location;

9. day;

‘g 10. number of cars; ) .
g 11, number of men needed (1, 2, 3, 4).

By type of event is meant the thirteen category coding used by the

Police Department for index crimes, miscellanecus noncriminal cases

etcs The timeout and timein items schedule the event and provide
- the service time for handling the call, The arrest variable is

necessary so the car is taken out of sexvice for handling the arrest,

which usually amounts to one hour and one half., The next three itmes
' determine the location of the event, The ninth item is included to
. . f permit sinwlation of more than one day at a time. The last two

factors represent the actual number of cars and the number of men
assigned to the call. This is used in the assigmment routine to
determine the number of cars to send in,

.

The structure of the program can be seen in figure 12,

R

The initialization routine sets parameters and zeros out the

necessary lists, It reads in the car attributes. The advantage of

this arrangement is that alternative positioning methods can easily
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be specified. The clock routine schedules the events, either calls
for service or administrative calls. I£, the former, screening or

stacking may be employed before the call is assigned to a car.

The subroutine assigns calls e the subroutine Center which generates
the center-of-mass location of all available cars in the syécam and
ranks them on distance away from the event location. The ranked

list includes the'distance, district, beat and manning for each
available car. »

Assign next calls subroutine Caxs. Given the number of men needed,
Cars chooses a car (or cars) according to the pssignmént rule speci-

fied,

To generate the actual travel distance for the assigned car.

Assign calls Position, which generates the actual location of all

¥ svailable cars. This routine is really the heart of the whole

simulation.

Assume a rectangular beat with 1ts center at (x,y) and sides 2 Delta

y and 2 Delta x,

by asy

PY.$S

Three main cases can be distinguished for generating a car's location.

e,
Case I: the uniform case, If item s%en of the car attributes is

equal to one, the car is patrolling inside his beat. His location
can be determined by a drawing from a uniform distribution (Randin).
xloc = Randin (x -#x, % +5%)

yloc = Randin (y -8y, vy +aYy)
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.

; Case IT; the constrained uniform case, If a car 1s assigned to a

call inside his beat item seven is set to 2, item 12 to the time when
he comes back up and items 8 and 9 to the coordinates of the event,
Naturally the cars position after he becomes available is a function
: 4 of the time that has passed since he came back up. His location can
: s ) i be generated by determining the union of the beat rectangle and the
rectangle, the sides of which are equal to time elapsed since his

i last known location times speed of travel, It is now possible to

generate his location with a uniform distribution.as before.

Case III: OQutside beat. The more difficult case appears when the

car is assigned outside his beat., Ttem seven of the car attributes
1s set equal to 0, As before the coordinates of the event are
stored and the time is entered in item 12,

Three distwinct alternatives are apparent:

. fa) A

B C

The car may be in the general direction of A, B, or Cl). We assume

T that the car returns by the shoxtest route to his beat and that
N 3 .+ there 1s a rectangular street grid.

Alternative I. From point A the .car will proceed along the same

y-coordinate until the boundary of the beat is reached. If not )
enough time has clapsed to reach the beat boundary his location
vill be: (x +Atime ¢ speed, y). If there is additional time, item

o 3 seven is set equal to two, item 12 is set equal to the travel time

needed to reach the boundary plus‘the‘original time and transfer

te case II is made. ;

1Thc argument is symmetrical.
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Alternative I1. The same caleculations are performed for the y
coordinate for an initial position of B,

Alternative III., For the third alternative C, some simplifying
assumptions are made, The car is assumed to travel notth/south

or east/west until his extended beat bowmdary is reached, at which
he follows the boyndaty to the beat cormer, The initial direction
is determined by a random function with 507 chance for either
directionl As before the distance to be covered is determined
from the time and speed. When the car reaches the beat boundary
proper fransfer is made to Case IT. )

After the actual locations of the cars have been determined a
ranked list, like before, is generated. The same assignment
routine with the same assignment rules is called (though the

, ©ars are not actually assigned)., The position of the center~of-
v

mass assigned cars are used to compare travel distances between
the two strategies; as the actual locations of the center-of-mass

dispatched cars are now known.

Administrative calls are events such as:
1. car service (gas);
2. car repair (radio, tires, engine);
3. persomnals;
4. lunch.

The initialization routine takes 257 of rhe cars out of service, as
soon as the watch begins, to £411 their tanks. The rest of the

car services are taken during the watch. When each car becomes
available after a call for service or administrative call, a uniform
random number between one and sixty is drawn to determine when the car

should try to take a personnal, Iunch or car service,

The distribution of’l&nches (see figﬁr& 13) as a function of tinme,
wvere used to determine cumulative probability functions for taking
a car out of service. 'The service time was a uniform number between
10 and 20 for personnals and car service and a empirical distribu-

tion for lunches (see figure 14),

-
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Validation

Ideally, the simulation model should be compared with actual response
times and key characteristics of the real world.for all eight districts,

However, data is only available for the Fourteenth district on response
times,

The model must thgrcfore be validated against Fourteenth district

data. A great obstacle is the fact that there are too many unknown
parameters,

1. return speed;
2, return route;
3. response speed;
4. start-up time,

When a beatcar has been assigned outside his beat, his position,

, on returning to his beat, is a function of return speed and the

route taken. The beatcar is supposed to return by the shortest

route and carry out preventive patrol inside his beat.

The patrol speed of a Task Force patrol unit is 9.2 mph.l) To
determine the actual speed of Response Force cars, patrol cars were
asked to give their location when assigned. Knowing the response

time permitted the determinaticn cf the response speed (see figure 15).
The average speed was 6.5 mph., This clearly indicates that a loca-
tion was given which represented where the officer thought he ought

to have been, In fact, both the response speed and the distance
covered were higher. The conclusion must be that the shortest

route back to the beat is not taken.

Neither the response speed not the start-up time are known. The

statt-up time represents the time for receiving the assignment and
reporting timec of arrival to the dispatcher.

David Olson, Final Report: Operations Research Task Force, Chicago
Police Department, 1969
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would be like under department policy and the assumed speeds, This

It 15 necessary to include this §0 that comparisons can be made with
actual response times, The start-up time is set equal to 30 seconds.
Fixing the return speed at 9,2 mph. and determining the response
speed which yields the best response distribution fit to real data,
yields 9.6 mph, and a start-up time of one minute (Chi~-square is

6.00 for 15 degrees of freedom, which is significant at 2,5% level).

The dilemma is resolved by assuming that department policy is followed,
After completing an assignment, the beatcar will proceed at preven- i'%
tive patrol speed following the shortest route to his beat. The I

response speed is assumed to be twelve wph. Larson used this speed

P

in his model, and experienced police officers felt that it was a
good estimate,

AT

The simulation model therefore is a plcture of what the real world

P

i a valid problem formulation for the following reason, The beat

structure functions as a rough positioning tool and car locator

mechanism, It is this system, working as it should, which is

compared with a car locator system.

The model is validated against the following criteria:
1. percent of calls for service answered by beatcar or district

car;

2. minutes spent on administrative calls;

3. number of car services; ear repafrs, lunches, and personnals.

The average percent of calls answered by the beatcar is approximately

237 and 637 for district cars.

August of last year,

However, these figures are for

.

Demand has increased approximately 10% so that the figures arxe

gty

B AT A i < G T

closer to 207% and 60% respectively,
17% and 557 respectively,

The simulation model gets

The simulation model generates the administrative downtime. Two

weeks of data on administrative calls were collected in February,

L
é:-

K 13
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Downtime is related to behavioristic parameters, so that it is

safe to assume that these data will be representative, Approxima~ »

Citpies et b LS P L b R

tely 69 minutes were spent on administrative calls per car/waﬁch.

The sirmulation model generates 64,3 minutes during eight hours of

by S

: simulated time, The number of administrative events were: N -
» 121 car services L

: 1 car repairs

127 Lunches

¥ 162 personnals,

TR AR B

There are 132 cars in the system that is simuldted and alwost all

need service during an eight hour tour. Just about every unit had

lunch, and got at least one personnal each.

It is not necessary that all cars get two personnals or lunch.

! JSometimes an officer skips lunch and personnals have to be per-
L }. mj tted by the dispatcher. If availability 4s low, permission is
: not granted, ‘

o : Different initialization pericds were used; one half hour, one hour
¥ ' and one and one half hour. A one hour initialization period was

sufficient to load the system.

-

2 Real world response times for the fourteenth district are shown in
' figure 16, The mean is 7,68 minutes'and the standard deviation
5.65 minutes,

St A R

The statistics generated by the simulation wodel are random variates.

An important question is the change that may be attributed to a

different random number seed. Values are given for the key character-
7;i> § istics; (i) mean and standard deviation of the response time distri-

bution and (1i) availability of cars for all eight distxicts and

the fourteenth district in particular.
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Figure 17, Evj
?
Test of Random Number Seeds §~
System Variable Fourteenth District it
Test 1 Test 2 ‘ Test 1 Test 2 3 :;.
Mean Response 8.50 min. 7.37 min. 6.44 min, 6.13 min, i
Time %
Standard 10.32 7.59 5.81 4,99 £
Deviation ?
Availability 357 35% 33% 387, % !
£l
Results £

Pirst a comparison will be made between actual system (eight districts)

performance and tha% predicted by the simulation model following
department policies.

Figure 18.

=

Comparison Between Rezal World Performance

and

Simulated Performance Following Department Policy

Real World Simulation
Mean Response 7.68 min, 6.44 min,
Time
Standard 5.65 . 5.81 . .
Deviation '
Mode 4.00 4,00
Number of 454 -
Observations
Availability 35% 35%
Percent of
calls answered:
a. by beatcar 207 177
b. by district car 607 55%

The distributions are remarkably similar. Given the scope of the

response distribution curve and relatively low number of observa-

T Y e RO ey Y e



i
H
i
!

oy e Yl T S N i R o (R S

tions the mode {s a better characteristic for comparison than the
mean,

The alternatives to be investigated are center-of-mass (CM) and
car locator (CL) strategies with respect to:
1, Present assignment rules
a. wnormal workload
b. reduced workload
2., Interdistrict dispatching
a, normal workload

b. reduced workload

Case la: Present Assignment rules, normal workload,
The statistics for the present system following department policy

under a center-of-mass dispatching strategy is cowmpared with a car

; locator system. The important characterilstics are the average

response time, its standard deviation and availability. Avail~
ability is related to éhc ability to carry out trapping and search
maneuvers, The only difference between the two alternatives
evaluated is the knowledge of the exact location of the car using

a car locator.(see figures 20 and 21 for graphic representation).
Figure 19.

Comparison of Two Dispatching Strategies

with )
Normal Assigmment Rules and Workload

Standard
Kean Deviation Mode Availabiliey
CM: System 8.50 min. 10.3 3.0 min. 357
Pourteenth
District 6.44 min. 5.8 . 4.0 min, 337
CL: System 4,82 min, 3.73 - -

The car loactor reduces the mean response time substantially.

105.
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é Case 1b: Present assignment rules, reduced workload &’
‘é One effective way of increasing availability and decreasing %;‘
i yresponce times, 1s to decrease the number of calls responded to. % ;

; This policy has been instituted in St. Louis and Detroit. Im- i

é coming calls are evaluated by an experienced police officer to ;f

‘% determine i{f police service really is needed. A thirty percent R

{ ;eduction of miscellaneous-other calls is assumed, This would E

' probably represeét an upper limit of call screening (see figures ?

é : 23 and 24 for graphs). %

i g ‘

Figure 22, g

. Comparison of Two Dispatching Strategles ?

;i ' with Reduced Workload %

Standard ‘ k.

T %1 ) Mean Deviation Mode Availability ?

o " oM: System 5,92 min.  6.98 3.0 min. 45% i

Fourteenth 468 2.2 4.0 48,
: System 3.77 . 2,87 2.0
’ The outcome is a reduction in response time which is greater than
that shown by using a car locator in the previous case,

.

Case 2a: 1Interdistrict dispatching, normal workload,

Interdistrict dispatching means that the nearest car is dispatched,
g even 1f the car belongs to a district different from the location

4 of the call for service. Current department policy for reasons of
administrative efficiency does not permit this alternative (see

figures 26 and 27 for graphs).
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Figure 25, . - ?3

. Comparison of Two Dispatehing Strategles .5%
@ with Interdistrict Dispatching f;f
Standard , ';:

Mean Deviation Mode Availability R

. ;(

3 CM: System 5.89 7.47 3,0 397 jﬂ
£ Fourteenth . fﬁ 
District 6,16 9.97 5.0 39% i

CL: System 4,37 3.90 3.0

.

reduced workload has a larger effect (the availability factor is

i

i
Comparing these results with the previous case, it is clear that ﬁ

i
much greater) than simply allowing interdistrict dispatching,

Case 2b: Interdistrict dispatching and reduced workload '?

The possibility certainly exists to combine the two alternatives
(see figure: 29), ’

Figure 28,

by
Comparison of Two Dispatching Strategies £
with Interdistrict Dispatching and Reduced Workload

: Standard
! Mean Deviation - . Mode Availabiliey
i CM:System 4,53 4,37 2,0 487
: : Fourteenth .
. District 3.86 1.85 4,0 477
CL:System 3.66 3.10 2,0

It i8 clear that still more improvement in response time occurred,
Availability did not change much from example 1b. The above

examples have evaluated two systems. However, cars were dispatched

using the center-of-mass strategy. What bias is introduced into

the car locator strategy results by not actually dispatching
according to this strategy? i
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: To determine this, cars were dispatched using the car locator

assignment criteria for the interdistrict, reduced workload case.
Figure 30,

Comparison of Two Dispatching Strategies

with Interdistrict Dispatching

>

and Reduced Workload with Car Iocator Assigmment

i ‘ Standard )
3 Mean Deviation Mode Availability
CM: System 4,43 . 4,36 2.0
Fourteenth
District 3.69 1,97 2.0 S50%
CL: System 3.69 2,96 2.0 487

It is evident that the error introduced by evaluating a car
locator system, when cars are actually dispatched according to

the center-of-mass strategy, 1s negligeable,

Sunmagi

It is clear that the car locator system does not improve system

efficiency greatly by itself. At most two minutes are &-s2..
When interdistrict dispatching or screening are allowed ihe’
average value falls by approximately 2.5 minutes., When both

- policies are used the saving 1s 4 minutes.

By making an administrative change interdistrict dispatching will
increase the average availability from 35% to 39%. This saving
is realized solely from less cross travel as everything else remains

the same for the two alternatives,

The most spectacular result is a combination of the two major

alternatives. The average response time and standard deviation
: drops in half and the modal value drops by a full minute, and
» the availability factor increases from 297 to 487. The car locator




offers a saving of an additional minute.

The conclusion must be that the greatest savings lie in polidy

changes rather than hardware. Hcwever, the car locator system

might be worthwhile given the other changes.

In addition, the car locator offers great opportunities for
supervision, This would probably result in shorter service times,

more time on beat patrol, and release of supervisory personnel
for other duties, '
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FIGURE 27.
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CHAPTER VII

CONCLUSION

The foremost conclusion is that quantitative analysis can contri-

bute to the understanding and improvement of police systems,

The program budget is the first to be defined and applied to a
b It establishes, without doubt, that most

police resources are devoted to the prevention .and control of

police department,

-erime,

The Communications Center was shown to be efficient. The removal
of the on-fire computer inquiry activity from the consoles did
not decrease communications center response time., It was shown
that the most effective change in response time would be realised

from adding a third man to answering telephone calls at the console.

.It is not likely that great improvements can be realized at the

Chicago Police Department by installing a computerized dispatching
system, The most logical extension of center capacity would come

from the addition of extra consoles,

The analysis of the field response force found that administrative
changes, such as interdistrict dispatching and screening of calls
would have a greater effect on systems efficiency than a car

locator per se,

Future Research
The need for future analysis in the police system is great. Pro-
fitable areas include: ’

1. determine the functions of response time versus probability

of arrest for different types of crime;

2. analysis of Response Force strategics and tactics;

3, analysis of the Preventive Force;

4. analysis of Follow-up Force;

5. analysis of Public Service function;

6. analysis of Police-Community relations,

1Thia program budget is being implemented in Boston and St. Louis




Moving to the higher level system, the Criminal Justice System,
it is evident that the interfaces between the criminal justice
system sub-systems need be investigated as well as the sub-

systems proper,

However, there is mo need to stop at this level. The social
system itself should be analyzed as to why individuals commit
criminal acts, That is, what are the dynamics of the forcing
function referred ¢35 in the conceptual model. It is very likely
that changing the socio-economic-behavieral variables will have
a greater effect on criminality than increasing the effectiveness
of the Criminal Justice System and its sub-systems,
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B 1 VTEST.CHNA9000-33055CM120000, 7600,
1 RUN(S)
A 1 ASSIGN(ACsPLOTGPF6)
LIBRARY( SPURT1» SPURT2s SPURT4s SPURT6)
LGO.
' END OF RECORD :
PROCRAM SIMULA [ INPUT,OUTPUT, TAPE60=INPUT,» TAPE61=0UTPUT,
1 TAPES=TAPEGOs TAPE6= TAPE6L,PLOT. TAPES9=PLOT,PUNCH)
¢ ' :
4 I X2 222222 TXXE ‘*I**i"“.’**‘**ﬂ{*f‘*i*'*i**i‘*‘l l*l.".*"l**fﬁ*********.*f{*i’*
4 ¢
c
: s DISTRICT 14 IS SURROUNDED BY DISTRICTS 11413515,16,17518,19
¢ CONSEQUENTLY 1T IS NECESSARY TO MODEL ALL OF THEM AS A SvSIEM

HOWEVER DISTRICT 14 1S THE FOCAL POINT OF THE SIMULATION

}{li!{}*!**l**l*l#i*{*Iii‘k**{}*#*#*{ii*****il*i*i*i**l*‘-i{l‘***l*l’!i*{**{{l’(‘! *l'i

BEAT CHARACTERISTICS . i
WORD CONTENT i

REFERENCE POINRT X i
. REFERENCE POINT 'Y : il
P DELTA X FOR RECTANGLE SPECIFICATION
DELTA ¥ FOR RECTANGLE SPECIFICATION 5
MANCAR ) : ‘
AVAILABILITYs 0=BUSY, 1=AVAIL,2= NOT IN SERVICE
CAR 1S 0= OUTSIDE BEAT 1= INSIDE(UNIFORM) 2 INSIDE[CONST)
CURRENT LOCATION X
, CURRENT LOCATION Y
10 DISTRICT
11 BEAT c !
12 TIME OF LAST COMPUTATION OF LOCATION 18
13 CAR LUNCH i

VRNPW P2 WN-

PERSONNALS .

NO  YES(1)  YES(2)
CAR NO 0 2 5
LUNCH YES 1 3 4

L R R N Y

8
i
i

i‘iiii&*}{ﬁ-li{{**}li}f !\{**i**-l**i*****}*i‘*i!‘i*&!***}{f%*ii*fliiii**i**&ii!ill»*[;

INPUT FORMAT OF EXQOGENOUS EVENTS

WORD CONTENT

B T G e r—

TYPE OF EVENT RADIO DISPATCH 1-8v, ADM(200-203)
TIMEOUT :

TIMEIN

BEAT OF OCCURENCE

ARRESTy 1= ARREST

A AL R R N R L R R R

U & WN

o,

R
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QUADRANT

X LOGATION

Y LOCATION

DAY

NUMBER OF CARS

NUMBER OF MEN NEEDED (1+253s4)

OV

1
1

ADMINISTRATIVE CALLS ARE READ AS EXOGENOUS EVENTS, BUT THERE IS
THE POSSIBILITY IN THE MODEL TO GENERATE THEM STOCHASTICALLY

*
*

#

*

L

*

* {
@ ENDOGENOUS EVENTS }y
# i
M ;
*

* ALGORITHM FOR CODING

* |
# 50000 + UNIT ASSIGNED CAR COMING BACK UP §
60000 + UNIT ASSIGNED TRANSFER TO TIMEOUT FOR ASSIGNMENT
70000 END OF DAY FOR ENDOGENOUS EVENTS :F

*

*

*

# 100 JUMP TO SUBROUTINE AVAIL TO DETERMINE CAR AVAILABILITY
*

#

*

(222 S22 R E RS2 EE S22 S TR PR EEETE 21 EEREERETLENEERETASTFERRRETARE TR RN E5 6]

~OMMON/A/ INDEX, TOTAL

COMMON/CLOCK1/DUML ¢y NEVEH ; DUM2 s NEVEQ s LUN

CJMMONJOUTPUT/CARBUSY(120)rIfObNTyCARRSP2l700)aICOUNTZcCARRSP3(700)

1)+ ICOUNT3 s ICOUNT4 s NUMX

. COMMON/D/ MINUTE(19+30), IADMIN({19+30]

: COMMO!/ INPUT/ EXQGEN(101+11)+CAR(19+30,13) sNUM
COMMON/TIME/ 1TIME,IDAY

; COMMON/NILSSON/ XAVAIL(19)

: "DIMENSION IAUTOS(19)

: INTEGER RANDIN

: INTEGER CAR

[ DATA IZEND/O/

: DATA I1DAY/4/

DATA KSWITCH/0/

KZ=60
TEND=1440
ILUNCH=960
JLUNCH=1440
2 CONTINUE
i CALL INITIAL
P CONTINUVE
i CALL CLOCK (4 yNEWT sNEWJ)
o3 CONTINYE

I1F{ EXOGEN(NUM2) o LT«NEWT) 10,20

¢ HANDLE CALLS FOR SERVICE

10 ITIME= EXOGEN(NUM»2) : ‘ !
. IF{ ICOUNT2 .GT, 695) GO TQ 9002

IFC ITIME +GT.IEND) GO TO 9002

gy 6 CALL ASSIGN ' ;




8 NUMsNUM-1 .
IF( NUMeEQeTZEND) 11,5

1l IF(KSWITCHsEQs1) GO TO 9002
¥ 0O 12 121,100
"READ 13+ (EXOGEN(101-I¢J)sJaly11)
. IFLEOF{60)) 4514
13 FORMAT( 11F5.0)
14 CONTINUE
g 1K1=EXOGEN(101~152)
5 IK2=EXOGEN{101-113)
1K1=1K1/100 :
1K2=1K2/100
EXOGEN{101~142)= EXOGEN(101-1+2)=IK1#40
EXOGEN(101~1»3)= EXOGEN(101~1+3) ~IK2#40
IF(EXOGEN{101-1+3)4LE.EXOGENI101-12) )EXOGEN(101~ 1;3)—EXQQEN(101 1:3)
192) + RANDIN(20+50)
12 CONTINUE , i
! . NUM=100 ¥
i G0 T0 5 [
- NUM=100 e
§ 12ZEND=101-] |
K3WITCH=1 :
{ GO TO 5 i

d p ,
C HANDLE ENDOGENOUS EVENTS : , o
C
2

0 ITIME= NEWT

IF{ ITIME +GT.IEND} GO TO 9002
: - 1F{ NEWJWEQe100) 1044105
104  CALL AVAIL ’

GO 101
105  IF{ NEWJ+EQe90000) GO TO 9000
i KK= (NEWJ/10000)%10000
! IDIST= (NEWJ-KK)/100
i NUMBER= NEWJ-KK~1DIST %100
IF1 KK<EQe60000) GO TO 126

C CAR COMING BACK UP

| 120 CAR(IDIST,NUMBER+6)= 1

X CAR(IDISTsNUMBER12)= ITIME

i 1F(¢ XAVAIL(IDIST),L.Ts0425) GO TO 125

L IF{ CAR(IDISTyNUMBERs13)4EG.0 +ORs CAR(IDISTNUMBERs13)+EQs240R4CAR
b IR(IDISTsNUMBER+13)4EQe5) 1305125

!l 130 CALL LUNCHI IDIST,NUMBER)

i 6o 10 1

Il 125  CALL CLOCK(2,ITIME+RANDIN(1+KZ )» 60000+IDIST *100+NUMBER)

60 T0 1

IF HERE THERE ARE ADMINISTRATIVE EVENTS (STOCHASTIC)

£

126 CONTINUE
IF(CAR{IDISTsNUMBER6),EQs0) GO TO 1
IF( XAVAIL(IDIST}4LTe0425) GO TO 125
CALL TIMEOUT( IDISTsNUMBER)
GY 10 1

!
:
i
;

R S
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C

9000
9002

9001

END OF SIMULATED DAY

END OF SIMULATION RUN

CONTINUE
CALL DAYSTAT
CALL NAMPLTY
ZALL LARSON
CALL LARSON
CALL ENDPLT
PRINT 9001
FORMAT(10Xs*END OF SIMULATION®)
END

SUBROUTINE INITIAL

COMMON/CLOCK1/DUM1 sNEVEN »DUM2 4 NEVEQ s LUN

COMMON/TIME/ ITIME,IDAY

COMMON/ INPUT/ EXOGEN(101+11)5CAR(19230+13) sHUM

COMMON/A/ INDEX, TOTAL

COMMON/C/ TRAVDIS(700), ICOUN

COMMON/D/ MINUTE(19,30), IADMIN(194+30) -
COMMON/OUTPUT/CARBUSY(120);ICOUNTyCARRSPZ(7OO)’ICOUNT29CARRSP3(7OO)
1) 2 ICOUNT3 o ICOUNTG s NUMX

COMMON MTL(500) »JUMP (500} »MTQ(10) 4 JUMQ(10}

COMMON/E/ ISTAT(122)9JSTAT(22)sKSTAT(22)

COMMON/EXTRA/ ICOUNT55CARRSP5(100)

COMMON/K/1SUML » 1SUM2 » 15UM3 1 SUM

DIMENSION ITYPE(T)

INTEGER RANDIN

INTEGER CAR

" CALL RANSET(555.5)

CALL SETCLK(NMTL»JUMP 500 sMTQsJUMQ»10)

IBE=1020
KZ260
DETERMINE END OF DAY

CALL CLOCK( 2+1BE»100)
CALL CLOCK(2+1440+90000)
1TIME=960
NUMX=0
NUM=1
INDEX=0
TOTAL=U
120UN=0
ISUM1=1SUM2=1SUM3=1SUM4=0
ICOUNT =0
ICOUNT2=C
1COUNT3=0
ICOUNT4=0
1COUNT5=0
DO61=1,22
ISTAT(1)=0
KSTAT(13=0
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100
20

101
120

200
300

350

JSTAT(1)=0
DO 5 1=11,19
CY 5 J=1430
1ADMIN{IsJ) =0
MINUTE(I+J) =0
CARUIsJs6)m 2

READ IN REFERENCE POINTS

CONTINUE
READI’I:J!CAR(Ianl)'kARlle'Z)vCAR‘IoJo3)’CAR(I’J 41
FORMAT( 2129214,213)
IF{1.EQs99) GO TO 100

PRINT 2919 Js (CAR(I9JsK)WK=14)
FORMAT( 10Xs 2129415)
CAR(I9J95)= 2

TOTAL= TOTAL+1

CARI(1+J96) =]
CAR(I+J9s7)= 1
CAR(19Js8)= O

TAR(IsJ99)= O
CAR(IsJs10)= 1
SAR(IsJs1Y)= 4y
CAR(I9Js12)= 960
CAR(I+J913)= 0
GO TO 9
R4

READ IN MANNING PER CAR

CONT INUE

READ 20215 JJs(CAR(TsJs5)sd=19dJ)
FORMAT( 8X» 212, 3011)

IF( 14€Qe0) 120,101

CONTINUE

PRINT ZOOI’JJG(CAR(IQJ’5)OJ 1sJJ)
GO 10 100

CONTINUE

READ 300y (EXOGENUII)sl=1411)"
FORMAT( 11F5.0)

1Kl= EXOGEN(NUIMs2)

. IK2=EXOGEN{NUM,43)

1{1=1K1/100

1A2=1K2/100

EXOGEN(NUMs 2 )= EXOGEN(NUMy231-TK1%40
EXOGEN(NUM»3 )= EXOGEN(NUMs3)-1K2%40
00 401 1=11419

IF( 1.EQ.12) GO TO 401

€) 400 J=1,30

IFU CAR{I+J2614EQe2) GO TO 400

IF{ RANDIN(1,6)+EQesl) GO TO 350
CALL CLOCK( 2y ITIME+ RANDIN( 1,K2)» 60000+100%1+J)
GC TO 400 )

CAR RECEIVES CAR SERVICE RIGHT AWAY

CONT INUE

IVALUE= RANDIN(10430)

CALL CLOCK(2,ITIME+ IVALUE, 50000+100%1+J)
TADMIN(1sJ) = TADMIN(I,J)+IVALUE

RS
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CAR(1+J96)=0 .

1SUMI=lSUML+1 . .
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE TIMEOUT(1sJ)

COMMON/TIME/ ITIMEsIDAY

COMMON/ INPUT/ EXOGEN{101s111sCAR{(194+30+13)»NUM

COMMON/D/ MINUTE(19+30)s [ADMIN(19+30])
COMMON/K/1SUML » 1SUM2 21 SUM3 s [SUMS

DIMENSION XX(17)

CATA XX/0e0s 0061430625503 730¢59063750+2550+142040+0414,

19 06590e379042520¢1450,0/

INTEGER CAR

INTEGER RANDIN

LOGICAL DRAW

KZ=60

19ERIOD= (ITIME~S60)/30+1
IF( DRAW(XX(IPERIOD})}2,5
ISUM4=TSUMG+1

IF( CAR[1+J913)4LT42} 10420
IVALUE=RANDIN(10,+20)

S

PERSONNALS

CALL CLOCK(2sITIME+IVALUE»50000+]1%100+J}
TADMIN(Is )= IADMIN(};J)+IVALUE
CAR(I9sJs61=0
CAR({I+Js122)= CAR(IsJ912) + IVALUE
{F(CAR(I9J913),EQe0)30440
CAR(I9Js13)=2
G) TO 50
CAR(19J»13)=3
GO TO 50 .
1F{ CAR(1+J9131eNEe4 oANDe ITIME oGTe1200) 604201
IVALUE=RANDIN{10920) .
IADMIN(T ;U= JTADMIN(IsJ)+]IVALUE
CALL ZLOCK(2+ITIME+IVALUESsS0000+1%1004J)
CAR(I-Js6)2 O
CAl{1sJ912)= CAR(IyJ»)221+]1VALUE
IF(CAR(I9J313)EQu3) 80,50
CAR(Is 9131 & .
GO TO 50
CAR(I»Js13)= S
CONTINUE
RETURN

CAR SERVICE

1F( DRAW(0420)1200,201

17( DRAW(0.015)) GO TO 202
J5UM1=15SUM1+1

IVALUE= RANDIN(10+20)

CONTINUE

JADMIN(IsJ)= TADMIN(I1,yJU)+IVALUE

CALL CLOCK(;-[TIME+IVALUE +50000+1%100+J)

f";:
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101

100

105

10¢
107

108
110

CARI19J»12)= CAR(IsJ912)+ IVALUE
CAR(IyJs6)=0
RETURN
CONTINUE
CALL CLOCK{2»ITIME+RANDINI(1,KZ}60000+1%100+J)
RETURN
CAR REPAIR
I /ALUE= RANDIN(GO+240)
ISUM2= TSUM2+1
GO TO 203
END

SUBROUTINE LUNCH( [DIST,NUMBER)

COMMON/TIME/ 1TIMEsIDAY

COMMON/ INPUT/ EXOGEN(101,11)+CAR(19+30513) sNUM
COMMON/D/ MINUTE(19+30), 1ADMIN{19,30)
COMMON/K/TSUM1y ISUM2 1 SUM3 s I SUM4

DIMENSION DATUM(16}

DIMENSION XXU{T7)sXXX{1s7)sOR(T7)sORDILT) # )
DATA DATUM/ 2440357403987 409121009192609279401399409588¢0977960»
1 986¢091134,0912984091402.05146940:1494,041518,0/

DATA XX/O.O.092-0.22:»0.590.61v0.98,I.Or‘

DATA OR/1840+23¢03526404529,0530,03537.0522.0/

LOGICAL DRAW

INTEGER RANDIN

INTEGER CAR

INTEGER TIN

DETERMINE IF CAR GETS LUNCH

KZ=60

Ii= 960
TOTAL=1518 :
IPERIOD= (ITIME~1A)/30 +1 -
XK=DATUM({IPERIOD)

1= (DRAW(XK/TOTAL}1101,901
TIN= IDIST#100 + NUMBER + 50000
DO 100 I=1,7

XXX(1ol3 XX(T)
ORD{1s1)= OR(])

DETERMINE FOR HOW LONG THE CAR WILL STAY DOWN

IVALUE= STOGNZ (7+XXXyORD»s 1)

[SUM3=]1SUM3+1

CALL CLOCK(2sITIME+ IVALUEsTIN)
JADMINCIDISToNUMBER)=FADMIN(IDIST yNUMBER ) +IVAILUE

1F{ CAR{IDIST+NUMBER¢13)+EQ 0} 105,106
CAR(IDISTsNUMBER»13)= 1

GO TO 110

IF( CAR(CIDISToNUMBER+131,EQe2) 107,108
CAR(IDIST+NUMBER,»13)=3

GO TO 110

CAR(IDISToNUMBERs13)= 4

CONTINUE

CAR(IDISTosNUMBERs6)= O

CAR(IDISTsNUMBER12)= CAR(IDIST,HUMBER121+IVALUE
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10

RETURN 5
CONTINUE Al
CALL CLOCKU2sITIME+RANDIN(LsKZ )560000+1DIST#100+NUMBER ) g
RETURN
END

s

SUBROUTINE ASSIGN
COHMON/OUTPUT/CARBUSY(120),ICOUNTvCARRSP2(7OD)-lCOUNTZoCARRSPB(?OC
1) s TCOUNT3» 1COUNT4 s NUMX ~§
COMMON/TIME/ ITIME,IDAY ki
COMMON/INPUT/ EXOGEN(101+1219CAR(19+30,13) s NUM .
COMMON/A/ INDEX, $OTAL i
COMMON/B/ LIST{200+4)s LENGTH &
COMMON/C/ TRAVDIS(T00Is ICOUN :
COMMON/D/ MINUTE(19,30), IADMIN(19,30) “h
COMMON/E/ ISTAT(22)vJSTAT{22} s KETAT(22] iy

- ZOMMON/CARS/ KK1sKK2,YDISTAN
COMMON/EXTRA/Z ICOUNTS,CARRSPS{100)
DIMENSION KK(3), KL{3} 1
DIMENSION TAUTOS(19)

INTEGER QPTION

INTEGER CAR

INTEGER RANDIN

DATA 1AUTOS/1040, 15!0017D19113'11013,22’23/
OPTION =1}

I8E=1020

SPEED=12.0

BEIA=005

SPEED= SPEED¥*B80040/60.0

WHEN OPTION = 0 » CENTER OF MASS DISPATCHING 1S USED

THIS SUBROUTINE HAS FIVE PARTS
1. DETERMINE EVENT LOCATION ' L
2. DETERMINE LOCATION OF ALL CARS ;t
3, DETERMINE MEN NEEDED i
4s FIND CLOSEST AVAILABLE CAR(GIVEN RESOLUTION OF INFORMATION!

5. ASSIGN CAR 4

TF(RANDIN(1+3).EQel «AND. EXOGENINUM11)eGT+89) GO TO 700 :
170 EXOGEN(NUMy6)4EQ.1) GO TO 10 ok
CONTINUE
RETURN

CCUTINVE

IXZ=EXOGEN(NUM4)
IXZZ=1X2/100
IF(IXZeGToIXZZ%100+JAUTOSIIXZZ)IGO TO 3

DEVERMINE RESPONSE DISTANCE WITH CENTER OF MASS DISPATCHING

CALL CENTER
CALL CARSIKLAL}oKLI2)sKL (31




i TI=KL(1} :
a KK1=LIST(I1»2) .
i KK2=L1ST (11+3)
¥ CALL POSITON
;- DO 2u0 I=1s3 , ’
v 1F0 KLI1)eLTe.1) KL(1)= RANDIN(1+10)
: IF{ KL(TJ.EGQ.0} GO TO 210
- TI=KL(1)

! . K1sLISTIII92)
b K2aLIST(11+3) L
L IF(OPTION +EQe«l) GO TO 200 : )
Lo CAR(K14K246)=0 2

! CAR(K13K2,71=0 . g

i 1EXOG= EXOGEN(NUM»s»4)+ 0,000l ik
IF( 1EXOG.EQ.K1%#100+K2) 5152 fof

i 51 CONTINUE

{ CARIK]1$K2,7)=2

:

!

¥ 15 1.6T.1) GO TO 54 f
- IF( ITIME oLT4IBEIGO TO 54 i

ISTAT= SAME BEAT ki
JSTAT= SAME DISTRICT
KSTAT= NUMBER OF CALLS

[a N aKal

i ISTATIK1)=1STAT(K1)+1 |

o GO TO 53 i
! 52 CONTINUE . i
; IF( 1.GT«1} GO TO, 54 '

IFt 1TIME +LT.1BE}GO TO 54

4 1DOUBT=EXOGENINUM»41/100

L IF(K1.EQ. IDOUBT)JSTAT(K1) =JSTAT(KI)+1
' 53 K3TAT(K1)=KSTAT(K1}+1 ‘q

54 CONTINUE

T CARIK1,K248)= EXOGENINUMSsT)

! : CAR{(K1+K219)= EXOGEN(RUM+8)

; ’ NEXT=EXOGEN (NUM,3) :
IF(EXOGENINUMs5) e EQel) NEXT=NEXT+RAND!N(60’120)

; 3
g. i
;é NEWJ=50000+K1%100 +K2 g
i CALL CLOCK!2sNEXT¢NEWJ) )
i 200  CONTIRUE : 2k
! 210 CONTINUE _ - 5
Y > CAR LOCATOR INFORMATION AVAILABLE ik
o ‘{;;
i : _ : . .
s IF( OPTION JNE.1) GO TO 110 ﬁi
! CALL CARS(KK(L1)sKK{2)2KK(3)]} 4
i £ 100 112143 )
4 ! 1F( KK(T11+EQe0) GO TO 110 g
; Kl= LIST(I1s2) ;

K27 LISTUI1+3)
C ASSIGN CAR

50 CONT INUE

b
b
153
;; :3
i
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CARI(K1+K246)=0
CAR(KL+K2+7)=0
1EXOG= EXOGEN({NUM»41)+40,0001
IF( TEXOCeEQeK1%#100+K2)61,62
CONTINUE
CAR(K14K2+7)= 2
IFL 1.6T.1) GO TO 64
IF(ITIMECLTLIBE)Y GO TO 64
ISTAT(K1)= ISTAT(K1)+1
GO TO 62 ‘
CONTINUE !
IF{ 1.GT.1) GO TO 64
IF{ ITIMELLT.IBE) GO TO 64
I1DOUBT= EXOGEN(NUMy4)/100
IF( K14EQ4IDOUBT) JSTATIK1)= JSTATIK1)+1
KSTAT(K1)= KSTAT(K1)+1
CONTINUE

YDISTAN = CM DISTANCE
XDISTAN= CL DISTANCE

CAR(K1sK258)= EXCGEN(NUM,T)
CAR(K1sK2+9)= EXOGEN(NUMsE)
NZIXT=  EXOGEN(KUM,3)
IF{ EXOGEN(NUM5)«EQel) NEXT=NEXT+ RANDIN(60,»120)
NEWJ= S50000+K1%100+K2
CALL CLOCK(2 /NEXTsNEWD)

XDISTAN= LIST{(I1.1}
SONTEINUE

CONTINUE :

IF( ITIME 4LTW.IBE)GO TO 700

CALCULATE STATISTICS

1o WAS THE SAME ASSIGNMENT MADE BY DISPATCHER
THAT IS WAS THE NEAREST CAR CHOSEN
3+ TRAVEL DISTANCE

TRAVEL DISTANCE SAVED
IF{OPTION«EQ.O) XDISTAN=LIST(1,1)
ICOUNT2=1COUNT2+1

CARRSP2(ICOUNT2)= YDISTAN/SPEED + BETA
ICOUNT3=]COUNT 3+ 1 ,
CARRSP3(1COUNT3)= XDISTAN/SPEED +BETA

1TRIP= 1EXOG

IF( ITRIP/100 .EQel14) 5004310
ICOUNTS=ICOUNTS5+1
PUNCH 600sYDISTAN
FORMAT( F10e2)
CARRSPS {ICOUNTS)= YDISTAN/SPEED +BETA
CONTINUE : '
1COUN= [COUN+1
TRAVDISUICOUN)= YDISTAN- XDISTAN
IF(TRAVDIS({ICOUN el Te0) TRAVDIS(ICOUN 1=0

CALCULATE PROBABILITY OF NOT ASSIGNING THE CLOSEST CAR

et
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30

10
11

o

I

ICOUNT4=TCOUNTG4+1

JT(KKI#100+KK2,EQeLIST(1+2)%100+LIST(13) I NUMX=NUMX+]

IX1=s EXOGEN(NUM»2) /100
1X2= EXOGEN{NUM+31/100

MINUTE(K19K2)= MINUTE(K1sK2)4 EXOGEN(NUM:B)-EXOGEN(NUH-Z)

CONTINUE
RETURN
END

SUBROUTINE SORT( LISTsN+Ms INDEXs+NUMBER)
DIMENSION LIST(NsM)

NUM=NUMBER

OO0 30 [2=14NUM

131241

IFINUM,LT.I3) GO TO 30

DO 20 1=13,NUM

IFC LISTUIsINDEX)eGEs LIST(I24INDEX) GO TO 20
DO 10 K=1,M

ITEMP= LIST(1.K)

LIST(IsKi= LIST(I25K)

LIST(I2:K)= ITEMP

CONTINUE ’

CONTINUE

RETURN

END

SUBROUTINE CENTER
COMMON/ INPUT/ EXOGEN(101+11)sCAR(19+30,131 sNUM
COMMON/TIME/ 1TIMEsIDAY

COMMON/B/ LIST(200,4)s LENGTH

INTEGER CAR -

© ¥.0C= EXOGEN(NUMs7Tj

YLOC= EXQGEN(NUM,8)

NU =0
0O 11 [=11,19
IF( 14EQe12) GO TO 11 - -

Dp0-10 U=1,30

1730 CAR(IsJs6) -1) 10s30,10
IDISTAN= ABS(CAR(I+Js1)=XLOC) + ABS(CAR{I,J;2}=-YLCC}
NU=NU+1

LISTI(NU +1)= IDISTAN

LISTINU »2)= CAR(IsJs910)
LISTINU +3)= CAR(1+Jy11)
LISTINU o4)= CAR(19J95}
CONTINUE

CONTINUE

1IFL NU oGTe200) PRINT 40
FORMAT( 10X»* TROUBLE IN SORT#)

LENGTH= NU

ZALL SORT(LIST»200e491sNU )
RETURN

END

SUBROUTINE AVAIL

P —
PPttt sl
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COMMON/NILSSON/ XAVAIL(19} 3
COMMON./OUTPUT/CARBUSY (120} + 1 COUNT +CARRSP2{7G01+1COUNT2yCARRSP3( 700 ¢
1)+ ICOUNT 2 ICOUNT 4 s NUMX H
COMMON/A/ INDEXs TOTAL
COMMON/INPUT/ EXOGEN{101+11)sCAR(19+30413) »NUM
COMMON/TIME/ 1TIME,IDAY
COMMON/CLOCK1/DUMI sNEVEN s DUM2 » NEVER » LUN
COMMON/KAJSA/ FOURTEN(120)
COMMON MTLIS00) »JUMP (5001 »MTQI1G1 4 JUMG(10]
DIMENSION 1AUTOS(19)
DATA ITAUTOS/1040515+0+17+19913521:13+22423/ |
INTEGER CAR 2
XAVAIL{12)= © :
NU =0 ’ -~ s
1 ZOUNT=ICOUNT+1 . :
DO & 1=11,1%
X220 A0
IF{ 1+EQ.12) GO TO 6
DC 5 J= 1930
IF( CAR{IsJe6)4EQs 1) NU =NU +1
IFLCARII+J16)4EQal} XZ=XZ+1

5 CONTINUE
XAVAIL(I}=XZ/TAUTOSTI) i
. 6 CONTINUE :
i 4 CARBUSY(ICOUNT)= NU/132.0 . o
y i PRINT 10,CARBUSY({ICOUNT) » ITIME» (XAVAIL{1)¢1=11419)} ¥l

10 TORMATH Xy #CARBUSYXF10439% ITIME*IS5, 10F843)
FOURTEN{ICOUNT }=XAVAIL(14)
NIWT= ITIME + 5
NEWJ= 100
CALL CLOCK(2+NEWTyNEWJ)

Pap

GO T0 50 : %
LENGTH=NEVEN - E
no 20 1=1sLENGTH . :
PRINT 25 :MTLIL)sJUMPI(I)

25 FORMAT( 10Xs*TIME®[6,% TYPE®[10)

20 CONTINVE
DO 40 I=11419 M
IF( T4EQe127 GO TO 40
DO 40 J=1+30
IF({ CAR(I+J36),EQ.2) GO TO 40
PRINT 305 {CAR{IsJsK)sK=1113)

30 FORMAT( 10X+1318)

40 CONT INUE :

50 CINTINUE

RETURN
END

T ST TR

SUBROUTINE POSITON

¢ IMMON/ INPUT/ EXOGEN(101+111sCAR(19+30+131,NUM
COMMON/OUTPUT/CARBUSY (120) s ICOUNT»CARRSP2(T700) » ICOUNT2CARRSP3(700)
1) » ICOUNT3» ICOUNT4 s NUMX
COMMON/B/ L1ST(200+4)s LENGTH
CC IMON/CARS/ KK1+KK2+YDISTAN
COMMON/TIME/ ITIME+IDAY

SipaiCletada, Aaad T e T T T T T Y Y s - S
fal Lot T




INTEGER XLOC,»YLOC i
INTEGER CAR,RANDIN g
) . INTEGER DELTAXs DELTAY :
C
C IX= X LOCATION OF EVENT
C 1Y » YLOCATION OF EVENT :
C LIST = MATRIX OF CARS RAMNKED ON DISTANCE :
C i
C L
C WORD CONTENT i
C . ;
C 1 DISTANCE 5
C 2 DISTRICT ;
“ 3 BEAT ¢ ;
< 4 MANCAR , +L
C 1 4
C 1 s
C 1 :
' < 1 #CASE 3 ;

C 1 i
C 1 :
(o4 I T TR R TP ERT R TR PR S :
Cs » . . %
C * * ;
C #* % H
C . # BEAT * #CASE 2
c ® REF POINT * i
C L » i
c » - i
C (3 1 2 R Ty Y Ny T, «‘
¢ I I %
¢ 1 1 A
C 1 #CASE 1 1 !
C 1 1 §
C 1 1 i
C 1 1 4
C !
¢ .
C

SPEED=942

SPEED= SPEED ¥800/60.0 !

I1Xa EXOGEN(NUM,T) :

1Y= EXOGEN(NUM+B) i

NOM=0

DO 1002 1=11419 é

IF{ 1.E0.12) GO TO 1002 :

DO 1001 J=1130 %

IF( CAR{1,Js6)NE. 1) GO TO 1001 4

DELTAX= CAR(1sJr3)

DELTAY= CAR{1sJsd)

INDEX=CARILIsJra 7141

IF({ INDEX.LTel oORe INDEX.GTe3) 1030,1031
1030 INDEX=2 . ;

PRINT 1032y CARILsJ2T)p14J :
1032  FORMAT(10Xs# INDEX IN POSITION IS BAD®*,316) R
1031  CONTINUE ;

GO TO (100+200+300) INDEX
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100

10

11

9

50

20

30

60

40

100= QUTSIDE BEAT
200= INSIDE BEAT (UNIFORM)
300= [NSIDE{CONSTRAINED UNIFORM} ’

ASSUMPTION THAT CAR RETURNS BY SHORTEST ROUTE

IB=CAR(1+Jr8)

1A= DELTAX

J1C=CAR(I+sJs1)

IF(IBeGEsIC—1A.ANDIB LE.1C+IA)10420

WE HAVE CASE NUMBER ONE

IN=2 ) :
JIF{CAR({19J99)eGT«CAR(I+Js2))IN=1
IDXSTAN=IABS(CAR(Iko9)—CAR(I;Jo2)+('1)**IN*CAR(lonQ))

THIS 1S THE DISTANCE TO THE BORDER OF THE BEAT. NOW NEED TO
DETERMINE IF CAR 1S sTILL OUTSIDE :

IRANGE=SPEED® (I TIME~CAR{T9J912))
IF(IDISTANSLT.IRANGE) 60 TO 50
NOM=NOM+1
CAR(I1+J19)=CAR( 1999} +(=12**IN*IRANGE
CAR{1+J912)=ITIME
LIST! NOM.1)=IABS(IX—CAR(IprB))+IABS(IY—CAR(1,J09))
LISTINOMs21= |
LIST( NOMy3)= J
LIST(NOMs#)= CAR(I9Js5)

GO TO 1000
CAR(1+J922)3CAR(19Js12)+ IDISTAN/SPEED
CAR(1sJ19)= CAR(I»Js2)+(~1)**IN*DELTAY *(-1)
G2 TO 300 E

CASE NUMBER 2. THE CAR 1S EAST OR WEST OF ITS REFERENCE POINT

18=CAR{I+J1s9)
11= DELTAY
1C=CAR(TsJ¢2)
IF(IB «GE«IC-1AcAND«IB.LE.IC+TA}30,40
IN=2

I=(CAR(19J98B)eGTeCARITsJr1))IN=1
IDISTAN=TIABS(CAR(1sJe8)~ CAR{ 1ol )+ (~1) 28 IN¥DELTAX)
IRANGE=SPEED®{ ITIME~CAR(1,Js12))
IF{ IDISTANGLTLIRANGE) 60+49
CAR(1,Js12)=CAR(L1+Js12})+ IDISTAN/SPEED
CAR{(19Js8)= CAR(I»Js 1)+ (~1)E®INFDELTAX *{-1)

GO 70300
THE CAR 15 AT A DIAGONAL FROM ITS REFERENCE POINT

CONTINUE

1FL RANDIN(1,2).EQe2) GO TO 1010

IN=2

!F(CAR(loJ-B).GT-CAR(I.JvI))lN-l

IRANGE= SPEED¥(ITIME-CAR(1sJs12) )

IF(IN.EQs2) GO TO 1005
lF(CAR(loJoB)—IRANGE-LT.CAR(ltJ'l)+DELTAX )1003+1004
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1003 CAR(I190s8)=CAR{T»J91)+DELTAX

CAR(I9J9121=CARIT¥JI»12) +lABS(CAR(IvJv1)+D‘LTAX ~CAR(I9J98))/ ¢
18ED . ¢
GC 70 100 ¥
1004 NOM=NOM+1 ’

CAR(IsJeB)= CAR([9+Js8) + IRANGE .
LIST{NOMs1)= IABS(CAR(1,J9B}—IX) + IABS({CARI{sJs?)-IY)
LIST( NOMy2)= 1

LIST( NOMs3)= J

LIST(NOMy4)= CAR(I19J9s5)

GO TO 1000 A

1005 IF{ CARU{IpJ98)+IRANGE.GTe CAR{19J223=DELTAX 1100691004 k
1006 CAR{19J98)= CAR{IsJs1)~DELTAX
CAR(19J912)= CAR(I3J912)+IABS(CAR(I’Jvl)—DELTAX =CAR{1sJ 8))/§
1EED - .
GC T0 100
1010  CONTINUE
C IF HERE 15 MEAN3S ThAT THE Y DIMENSION OF CASE 3 IS BEING EXPLO;
IN=2 {

IFC CAR(IoJ19)eGTeCAR(I9Js2) ) IN=1
IRARGE=(ITIME~CAR(1+J912) ) %SPEED

IF( INJEQe2) GO TO 1020
< S IF( CAK{IsJe9)~IRANGE«LT«CAR(TI»Js2)+DELTAY )101311014 3
1013 CAR({I9J»12)=CARITsJ»12)+IABSICAR(I2J+23+DELTAY ~CAR(19J99)) /¢
1PEED :
CAR(I3J99)3 CAR(IsJs 21+ DEkTAY
GO TO 100

1014 CAR(XvJy9)‘CAR(IoJ’9)-IRANGE
1015 CONTINUE
LIST(NOMy1)= IABS(CAR(I.J-S)-IX} + IABS(CAR(I»Js9)-1Y)
LIST( NOMs2)= | :
-~ LIST( NOMs3)= U

LIST(NOMs4)= CAR(I5J15)
GO TO 100¢
d CAR 1S SQUTH OF REFERENCE POINT
1020 IF(CAR(I+Js9)+IRANGE.GT4CAR(IvJ»2)~DELTAY 1102151024
1021 CAR(15Je12)=CAR(IsJr12)+1ABSICAR(T+Js2)~DELTAY ~CAR(I»J091)/
1SPEED
CAR(I5sJs9)= CAR( 15Js2)-DELTAY
GO TO 100
1024  ZAR(IsJs9)= CAR(I+J99) + IRANGE
GO TO 1015
C UNIFORM DISTRIBUTION CASE

. 200 CINTINUE

IBEGIN= CAR(1sJsl) -~ DELTAX
IF( IBEGIN.LYT«0) IBEGIN=0
IEND= CAR(1sJsl) + DELTAX
1F{ 1END.LE. IBEGIN} 4000,4002
4000 PRINT 4051
4051 FORMAT{10Xs% TROUBLE WITH JX#)
TEND= IBEGIN+1
4002 CONTINUE
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4600
4601

4610

300

2002

4010
4001

- 4012

‘

JX= RANDIN( IBEGINs IEND)

IBEGIN= CAR(1+J92)~- DELTAY

1F ¢ lBEGlN-LToO) IBEGIN=0

1END= .CAR(1sJ02) + DELTAY

1IFC 1ENDJLEs IBEGIN) 4600y 4610
PRINT 4601

FORMAT({ 10X+% TROUBLE WITH JY *)
fEND= IBEGIN+1

CONTINUE

JY= RANDIN{ IBEGINyIEND)

NOM=NOM+1

LISTI{NCM:1)Y= TABS(JX~-IX) + 1ABS(JY-1Y)
LYISTINOMy2)=

LISTINOMs3) =)

LISTINOMs4) = CARI(IsJ95)

CAR(YsJeT)= 1

GO 10 1000

CONTINUE
THE CONSTRAINED UNIFORM CASE

IRANGE=(ITIME -CARI[1sJ,12))%SPEED

3¢ TRANGE.LTe1l) IRANGE =1

1F ¢ xRANGE.GT.Z*DELTAY.AND.IRANGE.GT. 2*DELTAX)2001,2002
CAR{19J97)= 1

GO YO 200

CONTINUVE

IYMIN= CAR( I4J99)-1RANGE
IFCIYMINGLTS0) IYMIN=O
MINY= CAR(19+Jy»2)-DELTAY
1F{ MINY.LTo0) MINY=O

IFC IYMINGLTWSMINY) IYMIN=MINY

1 tMAX=CAR({+Js9)+IRANGE
MAXY=CAR(1+Js2)+CARIIJy4)

IFC IYMAX.GT4MAX ) [YMAX=MAXY

IF( IYMIN.GE. IYMAX) 4010,4012
PRINT 4001y IYMIN» 1YMAX
FORMAT(10Xs#*IYMIN* 1598 JYMAX¥* 153)
IYMIN= 1YMAX-1 .
CONTINUE

) YLOC=RANDIN(IYMIN, 1YMAX)

4003
#0234

IXMIN=CAR(sJsB)~1RANGE

1FC IXMINGLT 0} IXMIN=0
MINX=CAR(1sJ9s1)-DELTAX .
IFC MINXeLTa0) MINX=0 ,

IFC IXMINGLTeMINX) IXMIN=MINX

IXMAX=CAR(1+Js8)+IRANGE
MAXX=CAR(Iv+Js1)+DELTAX

1F CIXMAXeGTaMAXX) TXMAX=MAXX

17 CIXMINGGE « I XMAX) 4003,+4005

PRINT 4004y IXMINs IXMAX

FORMAT( 10Xs% [XMIN® [5, % IXMAX® 15)
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IX'1AX= IXMIN+1
4005 CONTINUE ’
ALQC= RANDINIIXMINS IXMAX)

e g

o T 5o s R AT

s s

3000 NOM=NOM+1
LISTI(NOMs1l)= TABS(IX-XLOC)}+IABS(I¥-YLOC)
i LIST(NOMs2)= 1
B LIST( NOMy3)= U
LISTINOMe4 )= CARIT9J95)
CAR(TsJs7)=2
1000 17( KK1leEQeIlsANDeKK2sEQed) 900151001
9001 YDISTAN=LIST{(NOM+1)
1001 CONTINUE
1002 CONTINUE
fF( NOMeGTo200) PRINT 7000
7000 FORMAT( 10Xe# NOM IS TOO LARGEY)
LENGTH=NOM
CALL SORTI(L1IST 42009451 ,NOM)
RETURN
END
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SUBROUTINE CARS(IANS1sIANS29+1ANS3)

COMMON/B/ L1ST(200s4)» LENGTH

COMMON/ INPUT/EXOGEN(101511)s CAR(15+30+13)NUM
INTEGER RANDIN

e

%

AR

29
i
i

?
i
4

THIS SUBROUTINE DETERMINES WHICH CARS ARE TO BE ASSIGNED BASED
MINIMUM TRAVEL DISTANCE AND NUMBER OF MEN NEEDED
AND RETURNS THE LOCATION OF THE LIST TO BE ASSIGNED

AT
6 XaXaXaXakal

IANS1=0

1ANS2=0

1ANS3=0

] ODE= EXOGEN(NUM»1)

ICARS=EXOGEN(NUM»10)

IMEN=EXOGEN(NUM,11)

IF¢ IMEN oLTosl +OReIMEN.GTe 4) IMEN=2

1IC1ST= EXOGEN(NUM»4)/100

IF{ LENGTHeGT420) LENGTH=20

: GO TO (100+200+300,400) IMEN

100 CONTINUE

NOW IT ASSIGNS THE CLOSEST CAR
CLOSEST THAT IS WITHI'N THE DISTRICT TO BEGIN WITH

[aNaNaNal

- 70 101 I=1sLENGTH
! ; GO TO 104 :
17(1CODESLTeB64ANDe RANDIN(13414EQs1) GO TO 104
1F( 14EQ620) GO T0 103
IFt LISTUI+2).EQ.IDIST) 102+101
102 CONTINUE
104 IANS1=1
GO TO 105
103 - JANS1= RANDINI(1)5)
. GO TO 105
101 CONTINUE
105 CONTINUE

B R —




NONNN

201
196

199
202

198

204
205
206
210
203
207
208

109

300

301
302

400

402
403

404

405

401

RETURN

FIND CLOSEST TWO MAN CAR OR TWO ONE~MAN CARS AND ASSIGN
CLOSEST COMBINATION

DO 201 I=1,LENGTH

GO T0 202

IF( ICODELT.86.AND.RANDIN{1+4).EQs1) GO TO 202
170 LIST(114)4EQs2 +AND, LIST(1+2)4EQ.IDIST) GO TO 196
IFt 1.£Q.20) GO TO199

CONTINUE

1CAR1=1

GC TO 198 .

ICAR1= RANDIN(1s5)

GO TO 198

CONTINUE

ICAR1=1

CONTINUE

ISWITCH=0

DO 203 I1=1sLENGTH

30 TO 205
IF{ ICODE.LT+B6+AND.RANDIN(144)+EQsl) GO TO 205

I7( LIST(I+4)eEGe1oAND.LIST(152)4EQaIDIST)I2045210

IFCISWITCH.EQ.0) 2054206

1CAR2=1

ISWITCH=1

GO TO 203

1CAR3=1

GO To 207
IFL 1,EG.20) GO TO 208

ISWITCH=1

CONTINUE , ,

IF (MAXO(LIST(1CAR2s1)sLISTIICAR3»1))eGT4LISTIICARL1))208,209
1ANS1=1CAR]

RETURN

IANS1=1CAR2

IANS2=1CAR3

RETURN

1ANS1=1

NEED=IMEN-LIST(14) - -

IFl NEED.GT.2) NEED=2

£Y 301 I=2yLENGTH

1F( NEEDJEQ.LIST(I»4))G0 TO 302

CONTINUE

1ANS2=1

RETURN

CONTINUE

15WITCH=0

DO 401 I=1sLENGTH
IFCLISTUIv4)eEQe 2) 4029401
IF( ISWITCH) 40594039404
1ZAR1=1

GO TO 401

CAR2=1

ISWITCH=-1

GO TO 401

1CAR3=1

GO 7O 407

CONTINUE
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407
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10

20

30

40

100

CONTINUE
RETURN - .
END
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SUBROUTINE DAYSTAT

-

COMMON/C/ TRAVDIS(T7001, ICOUN
COMMON/D/ MINUTE{19,301, IADMIN(19430)
COMMON/E/ ISTAT(22)+J5TATI22)4KSTAT(22)
COHHON/OUTPUt/CARBUSY(120)-ICOUNT,CARRSP2(700).lCOUNTZ.CARRSP3(7O(
1)+ ICOUNT 3, ICCUNTS s NUMX s
COMMON/EXTRA/ ICOUNTSsCARRSPS(100)
COMMON /K /1SUML » 1SUM2 y 1 SUM3 » 1 SUMSL
CIMENSION 1AUTOS(19) '
DIMENSION SAVE(19)

DATA I1AUTOS/1040+1550917+19+12+11,13,22+23/

S e

STATISTICS FOReess
ls AVAILABILITY OF CARS :
2« RESPONSE TIMES A. FOR CENTER OF MASS {1
Be CAR LOCATOR SYSTEM
3, PERCENTAGE OF BEATCAR ANSWERING CFS ON HIS BEAT
4o PROBABILITY OF MNOT ASSIGNING THE CLOSEST CAR

¥

s it b i it e 8 5.

PRINT 1

FORMAT( 30Xxs® STATISTICAL DAILY SUMMARY*+////)
IF({ ICQUNT2.LT.2) GO TO 10 |
CALL STIXT(CARRSP2,ICOUNT210¢5+504091.0» THMINUTES 14091 542HTRAVEL
1TIME FOR CENTER OF MASS DISPATCHING V421
CONTINUE

IF{ 1COUNT3,.LT.2) GO TO 20 3!
CALL STIX7(CARRSP34I1COUNT3:0:5550.0+1c0sTHMINUTES»15091+39HTRAVEL !
1TIME FOR CAR LOCATOR DISPATCHING 4 39)
CONTINUE * i
IF{ ICOUNT.LT.2}) GO TO 30 :
CALL STIX7{TRAYDIS»ICOUN +0.0+50040150.097THNUMBERS+1+041+21HTRAVEL]
1 DISTANCE SAVED 21}

CONTINUE

IF( ICOUNTS5.LT.2) GO TO 40

CALL STIXT(CARRSPS»1COUNTS5+0+45150402140yTHMINUTES 15091 +34HTRAVEL
1 TIME FOR 14TEENTH DISTRICT » 34)

CONTINUE

SUM3=0
SUM&=0
SUMS=0

PRINT 100

FORMAT( 1H1+9X,#PERCENT OF CALLS ANSWERED BY BEAT OR DISTRICT CAR*

1777 +10Xs#DISTRICT* 5X,23EATCAR® SXs*DISTRICT CAR*s5X+*NUMBER OF CA
1LLS#¥5X, *AVERAGE NUMBER GF CALLS/CAR*//) 3

DO 51=11,19

17 1.,6EQ.12) GO TO 5

XK=KSTAT(])

SUM3=SUM3+XX

Pl= ISTAT(I)/XX

SUML=SUML+ISTATI(I)

P2= JSTATI{11/XX

”
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101

102

105

201

200 -

202

205

110

300

301

310

SUMS=S5UMS+USTATI(])

AVE= XX/IAUTOS(I])

SAVE(1)=AVE

PRINT 101y 1Pl eP2+sXX»AVE

FORMAT( 10XsIf4y TXsF562010X9sF5:2910X9FT22+15XsF762)
CONTINUE '

SUM4=SUM4 7 SUM3

€ JM5=SUM5/SUM3

SUM6=SUM3/132.0

PRINT 102sSUM&4, SUMS»SUM3+SUME

FORMAT (/99K s *AVERAGESH*4X yF5421 10X sF52910X5F 7420 15X9FT42)

PRINT 105

FORMAT( ////,10X+*MINUTES SPENT ON CALLS FOR SERVICE AND ADMI& CAY

1LLS¥*5/ /s 10Xs*DISTRICT* 5X,#% MIN ON CFS%,5X»*MIN ON ADMIN#,
110X+ #MIN/CALL¥4//)
SUM7=0
SUMB=0
DO 202 1=11,19
IF( 1.£Q.12} GO TO 202
SUM1=0
SUM2=0
DO 201 J=14+30
SUMT=SUMT+MINUTE (1+J)
SUML=SUM1 +MINUTE(TsJ)
SUMB=SUMB+ TADMIN(I»J)
SJM2= SUM2 + IADMIN(I,J)
SUM1=SUML/1AUTOS(1)
SUM2=SUM2/1AUTOS(1)
SUM9=SUM1/SAVE(1)
PRINT 200s1»SUM1ys SUM2 4SUM9
FORMAT( 10X» 15410XsF741910Xs F7e1s10XsF741)
CONTINUE
SUMT7=SUM7/13240
SUMB=SUMB/13240
PRINT 2055 SUMT,SUMB ,
FORMAT (10X » *AVERAGES*TX»FTa1511XsF742)
PP= NUMX/SUM3
PRINT110,PP .
FORMAT(///+10Xs*THE PROBABILITY OF ASSIGNING THE CLOSEST CAR®+/»
1 10X»* USING CENTER OF MASS DISPATCHING STRATEGY IS% F7.2)
SUMMA= ©
DO 300 I= 1»ICOUNT
SUMMA= SUMMA+ CARBUSY(I)
SUMMA= SUMMA/ 1COUNT .
FRINT 301sSUMMA
FORMAT( ////+ 10Xs* AVERAGE AVAILABILITY = # €6,2)
PRINT 310, ISUMLsISUM2 4 ISUM3 »ISUM4
FORMAT (/77 +10X s *THERE WERE*15,% CAR SERVICES® s/, 10Xy *AND®#14% CAR
LREPAIRS® s/ 310X s* AND* 15,% LUNCHES TAKEN¥,10X»*AND*16% PERSONNALSH
1
RETURN
END

SUBROUTINE LARSON )
COMMON/D/ MINUTE(19+30)s IADMIN(19+30)

RS
e

|
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+KSTATI(22)

CIMMON/E/ T1STAT(22)+J5Tai(22) » ’
v ICOUNT+CARRSP2(T700) s ICOUNT2y» CARRSP 3

COMMON/QUTPUT/CARBUSY{120)
1) 2 ICOUNT3+ TCOUNTY s NUMX

* COMMON/A/ INDEX»TOTAL
COMMON/KAJSA/ FOURTEN{120)
€ IMMON/N/ RHO3

: DIMENSION F(102¥s E{(102)
; INTEGER OPTION

i DATA OPTION/-1/

' CCYMON/EXTRA/ ICOUNT5,CARRSP5(100}

§

i

Y S

—

C OPTION = 0 MEANS THAT 14TH DISTRICT ONLY IS PLOTTED
c .
’ OPTION=OPTION+] '
SPEED=12.0 41
IF(OPTION +EQ.0} GO TO 40
c DETERMINE AVAILABILITY
. C THAT 1S FIND RIO3 FOR DISTRICT 14 ‘
< SUM:O 5.‘
. DO 1 I=1s1COUNT %
! 1 SUM=SUM+FOURTEN( 1)
; RHO3=SUM/ ICOUNY
PRINT 3, RHO?
3 FORMAT(//+10Xs#14=TEENTH DISTFICT RHO=XF6¢34//} 1
AA=ICOUNTS i
K=19 i
CONST= SORT(7.752/K)*90,0/SPEED ¢
C CALCULATE THE MEAN RESPONSE TIME FOR LARSON SETUP 5
XMEAN=O& +2.0%60+0/(3,0%1240) #SORT(7.752/19)%(2 ~RHO3)} ;
PRINT 10sXMEAN 5
10 FORMAT( /710X ,*THE LARSON PREDICTED MEAN I5#F8.2) '
GO TO 45 i
c ;
40 CINST= 90.0 ¥ SORT(78.513/TOTAL)/ SPEED
: DO 2 I=1,1COUNT

fw

SUM=SUM+CARBUSY (1) o
RHO3=5SUM/ 1COUNT ;

C CALCULATE THE MEAN RESPONSE TIME FOR LARSON SETUP

XMEAN= 0.5 +2.0%6040/(3,0%12.0)*SORT(784513/132,0)*(2~-RHD3)

PRINT 10yXMEAN

AA=z JCOUNT4
45 CCHTINUE

PRINT 20+TOTAL,CONST»AA,SPEED
20 FORMAT (10X s *TOTAL#F10,3 4% CONSTXF6e29% AA%F6e2,% SPEED®* F6.2)

DRO=-0.05

DO 50 J=1+60

DRO= DRO + 0.05

E(J)= DRO=CONST

SUM1=RESULT1(DRC)

X1=SUM1#RHO3

‘K2=RESULTZ2 (DRO)

X 3=RESULT3(DRO)

»
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200
50
100

10
20

30

10

20
30

40 ..

.50

60
80

100

10

20
30

40
50
60
70

.15

80
100

- FUNCTION RESULTI1(DRO}

FIJI=(X1 + X2 + X3 )/CONST #AA
PRINT 200sF (J) 4E(J)
"FORMAT(10X» F10.25F20,2)

CONT INUE

CONTINUE

CALL PLOTTER(F4E)

RETURN

END

COMMON/N/ RHO3
IF{DROLLEW1) 10520
RISULT12 4#DRO ~4%DRO*%2 +2.0/3.0 #DRO**3
RETURN .
JF{DROLGT#23G0 TO 30 .
RESULT1= 1640/340-8%DRO+4%DRO##2~2,0/3.0%DRO**3
RETURN
RESULT1=0
£ ZTURN
END
FUNCTION RESULT2(DROJ :
COMMON/N/ RHO3 : 3
SU=0 ) .
DO 100 K=1s1 .
1Fl DROWGEe K=1 «ANDs DROWLE. K} 10920
DELTA= DRO#*#2~ 140/3.0%#DRO*%*3
GO TO 80 ’
1F{ DROWGTsKeANDDROWLE K+1)30540
DELTA= 2,0/3 *DRO¥¥3~4*DRO*¥*2+7%#DRO-3
GO 70 80
IF{DROsGTaK+1+ANDDROLLEWK+2)50460
DELTA= =1.0/3.0%DRO*%#343%DRO¥#2-9%DRO+9
GJ TO 80 :
DELTA=0
CONTINUE v ,
SUM=SUM +DELTA*{ (1-RHO3}#** (2%K®{K+1)-3)%¥(1~(1-RHO3 ) #%4))
CONT INUE
RESULT2=5UM
RETURN
END
FUNCTION RESULT3(DRO)
COMMON/N/ RHO3
SUM=0
DO 100 L=2,2
IF{ DRO+GEs L~2 «ANDe DROWLEs L-1) 10,20
DELTA= 1,0/6,0 ¥DRO¥*%3 :
GO TO 80 . E
1
{

IF(DROeGTeL~1sANDeDROLESL) 30440
DELTA= 1e0/6sQ%#{~3%DRO*¥3+12#DRO*#2-12%DRO+4) :
GO TO 80 . ’ &
IF{DROSGE oL ¢ ANDsDROLT.L+1)50960 ) Cy
CILTA= 140/6 *(3#DRO*#3-24¥DRO**2+60*DRO-44)

GJ TO 80

IF(DROGGEoL+14ANDDROCLT«L+21704+75

DELTA= ( -0RO**3*12*0RO*‘2-48‘DRO+64)/6.9

GO T0 80 ’

DELTA=O v ,
€ IM=SUM+DELTA®{{1-RHO3)## (2% R&2-2% +]1)#(1-{1=-RHO3)%#*({4%L-4)))
CONTINUE : )

RESULT3=SUM

R T D D N T - e
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RETURN
END

SUBROUTINE PLOTTER(FE)

COMMON/OUTPUT/CARBUSY(120)’ICOUNT¢CARRSP2(700).ICOUNTZ.CARR5P3(7OO

1) 9 ICOUNT3» ICOUNT 4 HUMX
COMMON/EXTRA/ ICOUNTS5+CARRSP51100)
DIMENSION Z21{100)

DIMENSION NUMBER (40}

DIMENSION CENTM(1023 CARLOC(102)

DIMENSION F(1021)s E(102)

REAL IVAL2
REAL NUMBER
DATA ISWITCH/0/

DO 2 1=1,21
NUMBER(I})=1-1

CALL SCALE(Fs 8409 6051}
CALL SCALE(Es 640» 6091)
Ft6l)i= O R
eléely= 0
IF( ISWITCH.EQ.,1}) GO TO 100

ISWITCH=ISWITCH+1

DO 1 1=1,100
CINTM(I)=0
CARLOC(I)= O

DO 10 1=19I1COUNT2

1X= (CARRSP2{11+0e5)+1
CE4TMIIX)= CENTMIIX)+1
DO 20 I=1»1COUNT3

1X= (CARRSP3(1)+0.5)+1
CARLOCtIX)= CARLOC(IX)+1

CALL SCALE(CENTMs B840420+1)
CALL SCALE(CARLOCs Ba03s20+1 )

CINTMI21)= O
CARLOC(21)=0
NUMBER( 21)=0
IVAL2 = MAXL(F({ 62)s CENTM(22)» CARLOC(22))

Fl62)= IVAL2
CENTM(22)= IVAL2
CARLOC( 22)= IVAL2
NUMBER(22)= E( 62)

CALL LINE(E+F+609191+0)
CALL LINE{ NUMBERsCENTM, 20519142}
CALL LINE( NUMBER» CARLOC1209191911)

CALL AXISt 0609009 SHFREQUENCY t9{,8-0$90.090.0.
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CALL Ax15(00090.007HMINUTES|-i) 6.000.090.04E( 621)

TR

CALL SYMBOL({2455B8¢590615,23HGRAPH OF RESPONSE TIMES 9040+23)
CALL SYMBOL{ 265+84190612+0404¢09-1)

CALL SYMBOL (248384090412, 22H=CENTER OF MASS~LARSON +040+22) hi
CALL SYMBOL{(2e5974¢69041292+0e09~1) - i

CALL SYMBOL(248s 7¢5+0412927H=CENTER OF MASS DISPATCHING 04027}
CALL SYMBOL{(2¢5970¢190612911500»-1)

; CALL SYMBOL(248397¢020e12924H=CAR LOCATOR dISPATCHING 20.0924)

CALL PLOT(2040+0e09-3)

RETURN . i

c PRINT RESULTS OF 14 TEENTH DISTRICT Yo

L ) )

i 100 ZONTINUE ' ii

i DO 50 1=1+1COUNT5 ' :
! 1X=2CARRSP5(1)1+145

50 220IX)1=22(1X)+1 . o
. 22(21)=0 , 3%
NUMBER(21) =0 £
NUMBER(22)= E(62)
5 ; 2Z(22)= F(62)
i CALL LINE(NUMBERY2Z2+20419152)
! CALL LINE(E+Fs601111+0)
CALL AXIS({040s0¢0s9HFREQUENCY 19y 840190,090405221(22)} i
CALL AX15(0+03040s7THMINUTESs=7+640504010605E(621) i

CALL SYMROL{34098¢5+0015927THGRAPH OF 14-TEENTH DISTRICT 9040427}
CALL SYMBOL(3409B8e090e159y14HRESPONSE TIMES»040914) @
CALL SYMBOL(340+7¢5106129090405-1) &
CALL SYMBOL{3¢297¢530+12922H=CENTER OF MASS—~LARSON»0+0422}

CALL SYMBOL{3403740906129240409~1)

CALL SYMBOL(3¢2970090412927H=CENTER OF MASS DISPATCHING +0e0+27)

ot e o,
e TR AP ANBL A P S0 o
R

CALL PLOT{20¢0s04035-3)
RETURN
END

' END OF RECORD

R
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VIEST +LHNAYOOU= 3305, CM4C000 TS50, L
O REWINDCLHPUT) Lo
«ﬁ CoPYSCE ( INPUT o TAPEX) . .
REWIND (TAPEX)
COPYCF (ITAPEX CUTRUT)
REWINU(TAREX)
COPYCF (IAPEX s ZUTPUT)
REWIND (TAPEX)
CoPYCF (TAPEX CUIPUT)
SCPYCH { (RPEX s UUTPUT)
REWIND (TAPEX)
COPYCF{TAPEXsSUTPUT)
RENIND{TAPEX)
CoPYCF (TAPEX»yCUTPUT) . N
PRCORAM SIMmULA  ( [MPUT»CUTRPUTy TAPEAG=INPUTe TnPEAI=CUTPUTS
1 TAPES=TALPEbLO, TAPEG= TAPEGLsPLCT, TAPEQO=PLIOT +0UNCH)

TR

hﬁ“@ﬁ“ﬁ%u“ﬁb““&&uu%#“006099000900050GOQQQOQOD¢QGGGGO¢°GGQGQ9&0490&90090009&&

DISTRICT 14 IS SURRGUNDEU BY DISTRICTS 11+13.15:16+17418,19
CONSEOUENTLY 1T 15 NECESSARY T MCDEL ALL CF THEM AS A SYSTEM §
CWEVER DISTKICT 14 IS THE FCCAL PCINT CF THE SIMULATICON y

: i
ob#&dﬂﬁﬁQQ#GQGQQ““#Q#“D&QGGQD#QODG§QGQQQGQQDDQQOGQQQcOQQOdGOOQQGGGQQDFQOQOﬁé

I3 i

BEAT CHARACTEKRISTICS

i WORD COMTENT 5
1 REFERENCE PCINT X g
.2 REFEREMCE POINT Y i
3 NELTA X FCR RECTANGLE SPECIFICATICa ;
4 NELTA v FCR RECTANGLE SPECIFICATIU: j
S MANCAR -
6 AVALLARILLITYy O=BUSY, 1=AVAIL?= N2T 1N SERVICE 1,
7 CAR IS 0= CUTSIDE BEAT 1= INSIDE!{UNMIFaR4) 2= INSIDE(CCHST)
8 CUKHENT LCCATICH X
9 CUFMNENT LCCATICN Y
, 10 pDISIKRICT
; 11 HEAT
i 12 TIME OF LAST CCMPUTATICN COF LCCATICN
13 CAK LUNCH
PERSCNNALS
NC YES (1) YES(2)
CAR NO 0 2 )
LUNCH YES 1 3 4

RPN RN R QP OEE IR RRUT LG NAIHABROLDBOTOPRARINONARCOVLATORRODROLIDRARCRA0O0000CE

INPUT FORMAT OF EXCGENCUS EVENTS

e ;. ¢ & ¢ 28 P G0 0SB GOSN VOO SO K EEOCETEQAYOEEOCEOCOONDOOOOOD D

WCRD CONIENT .
: 1 TYPE oF EVENT RANDIC DISPATCH 1=HYs ADM(200-203) ;
‘ TIMECHT ;

SRR R G i it gotingiin b g ik drcociion
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Loe 4 REAL OF CCCUHENCE : ﬁ
o, 5 ARKEST, l= ARREST : A
e 6 AUAURANT : .
feoe 7 X Locaricw 3
e 8 .Y LCCATICN
e 9 DAY : ;
e 10 MUMUER OF CARS :
* 11 HMUMBER CF WAEN NEEDED (1929344) ;
«*
o ENDCGENCUS EVENTS :
o ADMINTSTRATIVE CALLS ARE READ AS EXCGENCUS EVENTS, BUT THERE IS 4
;o8 THE POSSIBILLITY [N THE MCDEL To GENERATE THEn STOCHASTICALLY £
iow
C e ALGCRITHM FCR CoDIMG
- ) . £
# 50000 ¢ UNIT ASSTGNED CAR CCMING BaCwk .up i
) 60000 + UNIT ASSIGNLED TRANSFER TC TIMECUT FZR ASSIGNMENT i
e 90000 ENU oF UAy FOR ENDCGENCUS EVENTS i
1
f% L4 100 JUMP TC SUSRCUTINE AVAIL ¥C DETERMINE CAR AVAILABILITY ;
IR i
° ;
N oaaaao#aauoaaaocuun&daﬁa&uuw#Odoua%#ounaoaquaooﬁ&&»aoﬁon¢uaaabaaoabdupoqcoonQ
< -
. COMMON/A/  TNDEXy TOTAL .
. COMMON/CLGCR ] /ZDUAL g MEVENy DUMZ y NEVEQ s LUN
i CCMMCN/CU]PUT/CAKUUSV(1&0)’ICCUNT.CARRSP2(700)oICCUNTZvCAPRSP3(700)
b 1) o ICCUNT3 ICOUNT4 e NUMA
L COMMON/D/ MINUTE (19,309 TADMIN(1930)

COMMCN/ZINPUT/ EACGEN{L101911) 9CAR(19¢3041)3) sHUM
i CCHMON/TIMEZ 1TIVE, TDAY
& COMMON/INTILSSSN/ AaVALL (1Y)
: OIMENSICN TAUTSS{19)

INFEGER RANDIN

INTEGER CaX

bata 1zZEND/O/

DATA TDAY/4/

UATA KSWITCH/n/

et
i
i
21
8

KRZ=60
1ENU=1440
: ILUNCH=Y6D
[ JLUNCH=1440
n2 CONTINUE
CALL INLTIAL
1 CSNTINUE
CALL CLOCK(44MEWT oNEWY)
-] CONTINUG

o s i T A i
s e

IF ¢ EXCOEN(NUMI2) o ToMNEAT) 104520
€ HANDLE CALLS FOR SERVICE
R ITIME= EXSGEN(NUMs D)

IF( LoounT? oG1e 695) GC TS 9002
IFCITEME JGT,IRNDY GC TS 9002

o,
e

6 CALL ASSIGN
8 NUM=N(UM« | §
‘ IF 6 NUMeEUJZEZFND) 115 . . ﬁ
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i US 12 I=1+100 q
! READ J3¢ (EXCUHEN(LIVYI=19J)sd=101]) ]
i IF{ESF(60)) 4414 i
% 13 FCHRMAT( 11F5.0) i
Hoola CONTINUE )
| IK1=EXCOEN(101=1142) k
| IK22EXSLEM(10)~193) )
IK1=1K1/100 |
IK2=IK2/100 |
EXCGEN(IGYI=142)= EXCGEN(101=]42)=1K1®40 u
, EXCGEN(L01=193)= EXSGENI10L=143) =IK2040 i
; lF(EksGEN(lOl-le).LE.EACGLN(lol—[.E))EXCGEN(10]-1'3)=EXCG&N(101'1v3)§%
: 192) ¢ RANDIn(20420) ﬁ
12 CONTINUE ‘
NUM=100 . \ ﬁ
65 TC 5 I
4 NUM=100 i I
IZEHD=101~] i
KSWITCHT] i
. GC I2 S :
Toc HANDLE ENDCGEWCUS EVENTS k
c “ . B
420 ITIME= NEwWT g
' AFC ITIME JGT.IEWDY GT IS 9002 i
JF{ NEWJSER.1GG) 1069105 ;
104  CALL AVAlL f
6o 1S 1 . 3
105 IF( NEWJL.EWe990U0Y) S TS 9300 :
KK= (NEWJ/10009)%19000 it
10DIST= (NEWJ-KK) /100 i
NUMBER= MEWJ-Kk<=1DIST 2100 4
IFt KKeEGes0NND) UC TT 126 ﬁ
C CAR CCMING HACK UP ATV SN\ ¥ ),ﬂ) = JT :
120 CAR(TOIST «NUMBERs6) = )
IFC CARCIDIST HUMERY13) oENWD oCRe CAR(INDTISToNUNBER13)4ER.2+CRLCAR
! IR(IDISTOMIMBER 1) LFU.5) 1309125
I 130 CALL LUNCH( TUISTNU-BER)
, 62 TS 1
| 125  Cabl CLOCK(251TIMESRANDIN(LI«KZ }o 60000+INIST #100¢NUMBER)
6C T2 1
(o IF HERE THERE ARE AUMINISTRATIVE EVENTS (STCCHASTIC)
126 CCNTINUE
IF(CAR(IUISY 9 WUMHERS) 4 EQe0) GC TC 1
; IF(XAVAILLIDIST) «LT.0.2) GC 1C 125
i CaLL TIMESUT( IDISTytUHBER)
g 6 12 1
* {
[ END CF SIduLAlED DAY
i
c END OF SIMiLAVIZ #uN
"L 9000 CIoHTINUE
L8002 CALL DAYSTAT
o CAaLL NaMpbL [
¢ CALL LAKSZH
: CalLlL LANSOH
o CallL ENUPLY
¢ PRINT 9UO} 1
Lab M

9001 FCREATY (197 o0k OF SINULAT [ SHY)

R SOt i e 2 £ Mt e * P
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SUMRCUTINE INTTIAL

COMMON/CLSCRYZDUM L ¢ NEVEN s DUM2 y MEVEQ s LUN
COMMONZTTIE/Z ITIME DAY

CUMON/ZINPUT/ EALGEM(IGI w117 9CAR(19930513) 9 NUM
CCMMON/ZA/Z INDEXy TOTAL

CMMON/L/ TRAVDIS (70U) s ICUUN

SHMMON/ZUZ HINMUTECL9430) s TAUMINGIG30)
COMMON/SUTRUT ZCARRLSY (120) « ICSUNT yCARRSP2 (700) s TCCUMT2yCARRSP3 (700)
1V o ICCUNT 3y [CTHET o MUK v

COMMON MTL(500) s JUHP (500) 91 TO(10) y JUMN(30)

CMMOIN/ZE/ I5TAT(22) o JOTAT(22) o KSTAT(2?)
COMMON/ZEXTRA/Z 1CCUNTSy CARRSPS (100)
COMMON/ZKZ {SUMY ¢ 15UMR2 « 1 51UM3 y [ SUMS

DIMENSICN 1TYRE(T) :

INTEGER RanDIt

INTEGER CaAR

CALL RANSEY(17.0) .
CalLL SEICLK(MTL;JUMPvSOO’MIUgJUMQg10)

18E=1020° , o
MKeL=60 L
DETERMINE ENU OF DAY

Call CLOCK( 2+ILEs10M
CALL CLTOCK(29144U4s90000)
1TIME=960
NUMX=0
NUm=1
INDEX=0
1C1AL=0
ICCUN=0
ISuMlI=1SUMP=]SUMI=TSUM4=0
1CCUNT=0
ICCUNTR2=0
JICCUNYI3=0
1CCUNT4=0
1CCUNTS=0
DCel=)+22
ISTAT(1)=0
KSTAT(1}=0
JSTAT(])=0
UG 5 I=11419
s 5 Jxle30
LauMIN(Lly) =0
MINUTE (L) =0
CAR(T 296 = 2

KEAD IN REFEKENCE PCINTS

CTHTIN
HEAD{'gsJoCAR(IvJvl)vCAR(IvJ!?)9CAR(X;J;3"CAR([vJ-4)
FORMAT( 217921%1217)

IF (I sEWe9Yy) GO TC 100

PRINT 20199 (CAR(IyJ0K) 9K=114)
FCRMAT( 10Xs 2120415)
CAH(I4Je5)= 2

TCI1AL= TCIAL+}

CAL(1yJr6) =1

CAH(Lsdo )= ]

CAR(IsJat)= O

IR

TR TR

ey

e
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Voo ks YT
I G gl ciid e S ALt Es Ak hadiaiis il PPRERA S Ty Coig



Lo iyl o L e g e e T L e R
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f; CaR(iydrl= |
i CAR(Yode )= U
S CAR(I4Jy12)= 960
I CARUI U1 )= 0
: c1c9
¥
i C READ IN MANNING PER CAR
100 CONTINUE :
: HEAD 209 1900s (CAKIT e Js5) 2 U= JY)
420 FOKRMAT ( 8X, 212y 3011}
; IF( [4EQety 120stU1
i 101 CONTINUE
i PRINT 20014000 (CHR(T0d95) 4J=150d)
; 6 TC 100 .
i 120  CONTINUE
I 200  READ 300y (EXQuEJII)9I=1s10)
i 300 FORMAT( LIF5.0) , ;
] IK1= EXCOEN (NUIs2) ' %
it IK2=EXQUEN (NUMy 3! i
| “IK1=1K1/100 |
i 1K2=1K2/101) .
! EXCOEN(NUMIZ) = EASGEN (NUMe2) =1K1%40 i
I EXCOEN(NUHy3) = EASGEN (NUMs 31 = ]K2040 i
f DS 401 I=11919 ?
] AF( TEQe12) GC 12 401 ;
D 400 J=1.30 C
IFL CAR(1sJs6y.ENe2) LC T2 40D ﬁ
IF( RANDIN(ls6) st 1) GO TS 350 ‘ E
CALL CLCCK( 2y 1TiMEs RANGING 1eKZ)y 600004100%1+J) !
GC TS 400 ;
c CAR RECLIVES CAR SERVICE RIGHT AWAY i

350 CONTINUE .
IVALUE= RANDIN{(1039) ' N
Call CLCTCR(Z41T1MEs TVALUEs 50000¢100#1¢J)
TabmMIN(Iod) = IaUMIrI(LeJ) ¢ IVALUE
CAR(I9Uv6)=0 '
IsumMi=ISuril+]

400 CUNTINUE

401 CHTINUE
RETURN -
END

T

i SUBRCUTINE TIMECSUT (T9d)
o CHMMON/TIME . TTINE,, T0NY .
A COMMON/ANPUT Y/, EADHEFS(In19 1 1) 9CAR (190309130 sNUM
: CCHMON/ZD/Z MIRHITE (194300 TAUMIN(19¢30)
’ CMMON/ZK/ZTSUMY o 1 SUMP 9 JSUN3 s TSUMG
" . UIMENSTUN XA(17)
. UAIA x,./o.()’ n.]‘9;0.2590.37'0.5r0.3700.2570ol’00(i.0o0.lln ()025,00370

1 005v003700.25_!(~'cl/DOUcO/
INTEGER CAK
INTEGER RArUIH
i LTOICAL DAY
i KZ2=60
: IPERICD= (LT IME=960) 73001
! IF{ DRAWIXACIPERICDY YIS '

2 1SUMG=]1SUNG + ]

IF € CAR(LeJ9137L1.2) 10420

lu IWVALUE=RANN N (116G 20)

«
T S T

~
v

PERS

MNMALS

L R A




s
e LB

- - gy A S T B g e S Y K s e an sy e Ak AR R el gas 2y
ﬁd‘&“ call CLOCH (e o I TIVIE « TVALUE 9DUUQ0*T#100+J)
3 © LADMIN(Ied) = [ALMIM(IsJ)*IVALUE
3 CAR(I+Jrp)=0
CaltlyJel2)= CAR(I,J012) ¢ 1VALUE
o IF(CAR(T2U4123) eEH.0) 30940 £
130 CAR(1yJr13)=2 : . ‘ 2
B 58 TC S0 ’ )
40 CAr{lodel3d)=3 #
68 12 50 ‘
Ho20 IFC CARMLWU913) oNE 4 JAND, ITIME ,GT,1200) 60,2C1
4 60 IVALUE=RANDIN(10920)
1 TAOMINCGLy ) = TALMIN(Y9) ¢ LVALUE
x CALL CLCCK (25 1TIMESIVALUE+S00004128100+.))
! CAR(lsJ¥6)= O
i CAR(I,J912)= CARLIyJ912) +IVALUE
!

IF(CAR(T9J913)4EW,3) 50490 N
80 CARIJ13)= o .
4 6C 10 50
1 90 CAR(14J013)= 5
41 50 COCNTINUE
i KETURN

CAR SERVICE

IF( DRAW(0.20)) 201,201
00 JAF( DRAW{Q,C1S)) 6Z TC 202
3 ISUMI=1SUMY+1
% IVALUE= RANUIN(19+2D)
203  COWTINUE
IADMINCL e )= TADMIN(TeJ) +IVALUE
CaLL CLUCK (29 1TIMESIVALUE +50000+12100+J) “
CAR(IsJsl2)= CAR(I,Jy12)¢ IVALUE ;
CAR(IsJ96)=0
RETURN
;201 CONTINUE
CALL CLCCK(29ITIME+RANDIN(LsKZ) 960000+12100+J)
KETURN
¢ CAR REPAIR
202  IVALUJE= RANDIN(6U240)
ISUM2= [SuMZe)
35 TS 203
END

SUBRCUTINE LUNCH( IDISTyNUABER) _
COMMON/TIMEZ (TIAE.IDAY ]
CHMMTIN/ZANPUT/ EASGEN(IOL911) vCAR(1¢430013) sniUM N
SMMCN/Z0/ MINUTE(19430)y TAUMIN(]9+30) : ’
CoMMT N/K/IﬁuMlvIﬁUMPvlSUM3olSUM4 -
DIMENSICN DATUM (Lo : ,
DIMENSICN XA(7),&XK(197)03R(7)|uRn(lc7) ;
DATA DATUM/2%.D937,0987¢39121,00192,00279, 0s7399, 00588 0v779 O :
1 9B640y1134.0,1299, n.laﬂ? Ovléb?oOcléQQ.Oleld N/ .
DATA XX’O»O-OQZ'U-??’O-JvJ.ol90 9841.0/
DATA “R/lH.OcZJ.JoPﬁ.Ude.Uo30 0937.0.19 O/
LSO6ICAL DRaw
INTEGER RANDIN
INTEGER CAR
INTEGER TIN

i
|
i
!
i
H

iéc DETERMINE 1F CaR GETS LUNWCH
oo

: KZz60
N IA= 960
o T21AL=1510
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105

1106
L1107

‘108
2110

© 901

AK=DATUM(IPEATCH)

IF (DRAN(AR/TRTALY Y101 ,4901 4
TINE JDIST®100 ¢ NUMHER + 50000 i
US 100 i=1.7 i

XXX{1ed)= xX (1) !
CRO(lsI)= SR(])

DETERHINE £2il HOW LONG THE CAR WILL STAY OCWHN ]
IVALUE= STOGN2 (T3XAX1230Ds1) i
ISUM3=1SUM43+1 {
CALL CLCCK(2,ITIMEs [VALUETIN) b
TAUMIN(IDIST o HUMBER)Y =1ADMINC(IDIST yNUMRER) ¢ IVALUE
IF O CARUIDIST ¢USHEY (3) «EN.0) 1055106

CAR(IDLST yWUMBER13) = |
GS 1C 110
IFC CARUIDIST NUMHER Y 13) «Ee2) 107,108
CAR(IDIATyNUMBERS13)=3 ‘

32 12 110

CAR{IDLISIyNUMBERS13)= o

CHNTINUE
CARCIDISTHIMERIS)Y= O
CARCIDISToUMHER12)= CAR(IDISTINUMBER12) ¢+ IVALUE
RETUHN . :

ONTINUE
CaLL CLOCK(22ITIMESRANDIN{] ¢K2Z ) 160000+ 1DISTP10Q+NUMRER) 3
HETURN ¥
END ]
SUBRSUTINE ASsIGH . é
CCHMCN/CUFPUT/CANduSY(120)oICCUNT.CARRSPa(VOO)vICCUNTZoCARRSPB(700) &

1) o JCSUNI3» JCOUNT 4 o NUMKX i
COMMSN/ I TME/ TTIOE, IDAY ‘ A

CHMON/ZANPUT/ ERCGEN(INL11) yCAR(19430s13) sNUM 4
CHMCN/A/Z THUEXs TOTAL &
COMMCON/B/ LIST(2U0y4)y LENGTH 4
CHMON/C/ TRAVDIS(TO0) s JCCUN ]
CCHMMCN/UZ MINUTE (19430) s TADMIN(I9430)

COMMON/EY/ 1STAal(d2) 4 JSTAT(Z22) 4KSTAT(22)
COHMMOM/CARS/ KK1IKK29YDISTAN

COMMCM/EXTRA/Z ICCUNTS «CARRSHS (100)
DIMENSICON KK{3)y KL (3)

DIMENSICUN 1AUTCS(L9)

INTEGER CPT{CN

INTEGER CaR

INTEGER RANDIN )
DATA JTAUTCS/Z10%#0y 15¢0917T919013911013422423/
DATA cplIcu/ay

I1BEC=102n

SPEENZ Beb

BETA=070

SPEEU= SPEFD#ROV/H00

IF (EXCSYEN(NUMy 1) o 3To6hANUY RANDIN(143).EQ41)1GCTS 700

WHEN CPTICH = 0 o CENTER OF MASS DISPATCHING IS USED

THIS SUARCUTINE HAS FIVE PARTS !

le DETERAINE EVENT LLCCATICN §
Ce ODEIERMINE LCCATICN CF ALL CARS g
3¢ DFIERMINE MEN HEFUED -
o FIND CLUSFST AVALLABLE CAR(GIVEN RESGLUTIAN OF [NFSRMAT.CN) :
Se ASSLrl CAR . i

R e b ot atalll et T A A s o e i S kit S ol e i stoe 1 T




1.3 CONTINUE
RETURN

IF ¢ EXCOEM(NUMH) JENWL) 62 TS 10

10 CONT INUE

1xZ=EXCGEN(NUMo45
IXZ2=14A2/100
IF(IXZoGToIAZ/¢ VU TAUTSS([X22))60 TC 3

: € DETERMINE RESPONSE OISTANCE WITH

CALL CENTER ™
CALL CAHS(KQ(I)OKL(Z)vKL(j))
II=KL(D)
; KK1=LISI(I1+2)
i KK2=LIST (I1,3)
! CALL PCSITCH
DC 200 =143
IFC KL{idelTe 1) KL(l)= HANDIN{(1y10)
1F ¢ KL(I) EQe0) G2 70 210
II=KL(I)Y
KI=sLIST(II )
K2=LISTII1,43) .
IF(CPTICN LEQ.1) Go TS 200
CAR(KYl K296} =0
CAR(K) yK247)=0
LIEXCG= EXCGEN(NUMyg) s 0.0001
IF{ JIEXCG.EU.K1I#L00+K2) $1952
51 CONT INUE
CAR(K]yK2y7) =2
IF( 1.6Te1) GC 10 54
IFC ITIME. LT, IHE)GS T8 54

R e

c ISTAT= SAME BEAT *
c JSTAl= sAME DISTRICT
c KSTAT= NUMBER CF CALLS

f ISTAT(K1)=ISTAT(K1)+1

; C TC 53

152 CNTINUE

| IF( 1.G6T4l) GO 7C 54

i IFC ITIME LLY.IBEIGS TC S4

IDCUBT=EXCGEN (NUM4) /100

IF(K1.EQeIDC URT)JSTAT(KI)—JSTAT(Kl)01
53 KSTAF(K‘)—KJTAT(RI)OI

54 CNTINUE
R B CAR({iX1+4K298) = EACGEN(NUMT)

: CAR(K14K249)= EXCGEN(NUM 8}
NEXT=EXCGEN (NUMe 3)
IF (EXCGEN (NUMy5) oEQa 1) Ntir NExToRANDxN(eooIZO)
NEWJ=50000¢K 4100 oK2
CALL CLCOCK(Z2sNEXTINEW)

200 CCONTINUE

210 CONTINUE

CAR LCCATCR INFCRMATICH AVAILABLE

P




[

B 3 A T e R LY AT T AP T

..... e i ; Al LA B A B i e R G e Sl g o

50

100
110

(22 ¢X o] (s}

(¢}

500
600

310

CALL CAAS’KR(X:;KK(Z)yKh(3))

0C 100 L1=1+3
IFC KK(T1).ER,0) G3 TC 110
K1= LIST(I1s2)
K22 LIST(I143)

ASSIGN CAR
CONTINUE

CAR(K14K296) =0

CAR(K14K2e7)=0

IFLEXCOEN (NUM &) «ENJKI¥100+K2) CAR(K14K247)32

CAR (K1 yKZy8)= EATGEN(NUMsT) .

CARI(K] K249 = EXCGEN(NWAYB) .

NEXT= EXSGEHN(NUMe3) .
IF( EXCGEN(NUMIS) ,EQe)) NEXT=NEXTe RANDIN(60+120}

NEWJ= 50000+K12100+K2

CALL CLCCK(Z2oNEXToKEVWJ)

XDISTAN= LIST(Il+1)
CONTINVE

CCNTINUE
IFC ATIME LLT,IBE)GS TO 700

CALCULATE STATISTICS

1o WAS THE SAME ASSIGNMENT MADE BY DISPATCHER
THAT IS WAS THE NEAREST CAR CHCSEN
3, TRAVEL UISTANCE

) TRAVEL DISTANCE SAVED

IF (CPTIONGEQe0) XDISTAN=LIST(141)
1CSUNT2SICTUNTR41 '

CARRSPZ (ICCUNT2) = YDISTAN/SPEED + BETA

ICOUNTI=ICOUNTSe )
CARRSP3LiCoUNTA) = XDISTAN/SPEED +BETA
ITRIP= LEXSG

IF( ITRIP/I00 «EG,14) 5004310
ICCUNTS=ICEUNTS )
PUNCH 6009YDISTAN
FORMAT( F10.2) :
CARRSPS (1CSUNT51= YDISTAN/SPEED +BETA
SNTINUE
ICCUN= [CCUN+)
TRAVOIS (ICSUN) = YDISTAN- XDISTAN
IF (TRAVUIS(ICCUN ) ,LT+0) TRAVDIS(ICCUN 1=0

CALCULATE PRCUBARILITY CF NCT ASSIGNING THE CLCSEST CAR

ICCUNT4=ICoUNTSG )

IF(KK12100erK2, &U-LIST(’o2)°100‘LIST(1o3))NUMX =NUMX ¢ ]
1X1=s EXCGEN(riLMe2) /100

IX2= EXCGEN (MM, 3) /100

MINUTE(K]1»KZ) = MINUTE(K)L9K2) ¢ EXCSGEN(NUMy3) =EXCGEN (NUM2)

CCNTINUE

RETURN
END

SUBRCUTINE SCRT! L1STeNeMy INDEXoNUMBER)

O DIMENSICN L1ST (MM




I3s]12+}
IFANUMLLT.13) G Tg 30
0% 20 1=I3,MuM
IF{ LISHITZINDEX) oGE, LISTUIZHINDEX) 3GC TC 20
00 10 K=)eM
ITEMP= LIST(1,K)
LIST(IyK)= L.IsT(12,K)
10 LIST(124K)= ITEMP

i " , it e e e L S ¥ i s £ A e g v'.’.x‘ 2 fria Ll e i A s i AN e A A
{? UST3UTYe=T il

1

|

1

3

¥

Jad

pe

]

. 20 SNTINUE
© 30 CONT INUE
; RETURN

! END

SUBRCUTINE CENTEN
COMMCN/ INPUT/ FvaEN(lnlvll)'CAR(19v30-13)oNUM
COMMON/TIME/ ITIHME, IDAY
3 COMMON/B/ L1ST(2U0+4)9 LENGTH
i INTEGER CAR
XLCC= EXCGEMN(NUMT)
YLCC= EXCGEN (NUNMyB)
NU =0
C 11 I=11,19
lf( l.EWa12) 60 TC 1)
C 10 J=1,30
xF( CAR‘Ion6) ~1) 10130+10
30 IDISTAN® ABS(CAR(I,Jv1)=XLOC) o ABS(CAR(1+Js2)=YLEC)
NU=NU+1} .
ISTINU ¢l)= JDISTAN
LISTUANU o2)= CARIL1,J910)
LISTINU #3)= CcAH{I U1l
LIST(NU y44)= CAR(I,U45)
10 CONTINUE
11 CONTINUE
B IF( NU .6T,700) PRINT 640
| 40 FCRMAT { 10Xy# TRCUBLE IN SCRTe)
LENGTH= NU
CALL SCRT(LIST»200s491eNU )
KETURN
END

SRS I I

I T T

SUBRSUTINE AVATY,
COMMON/NILSSS/ XAVAIL(19)
B C"MMCN/CUTPUT/LAHHUSY(120)oICCUNToCARRSP2(700)oICCUNTZoCAHRSPB(?OO)
H l)QICCUNl39]CCUNT40NUHX
CMMCN/A/Z THNDEXs ToTAL
i COMMONZ INPUT/ EXCGEN{1IOLe21)9CAR(19930+13) sNUM
COMMON/TIME, 1TIME,IDAY
COMMON/CLCCH1/0UM] g NEVENDUM2 4 NEVEQ s LUN
i COMMON/KAJUSAZ FOURTEN(120) :
i CMHMTN MTL (5¢0) 2 JUMPI500) +MTR (10) 4 JUMR (10)
X OIMENSICN IAUTZS(19) ,
: DATA TAUTCS/10400159091741991391141342242737
INTEGER CARr
ki XKAVAIL(12)= ©
; NU =0
| ICCUNT=1CoUNTe1
: UC 6 I=11419
XZ=0
IF{ 1.,EQ.12) GC TS 6
DC S U= 1.30 .
; IFC CAR(Tv 061 EHe 1) NU =HU o)
jé$=r__}F(CAR(IoJ.0) Pu-l) xz xzol
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XAVAIL({)=XA/1A ISG(I) ,
6 CCNTIMUE
CARBUSY (ICOoUNT)= HU/Y32.0
PRINT 10sCARBUSYLICC UN1)-ITXME0(XAVAIL(I)01 11.19)
10 FORMAT ¢ Xo  oCARBUSYOF10e390 ITIME®IS, 10FB43)
FCURTEN(ICOUNT) SAAVATL (1)
NEWT= I)IME ¢ 5
. NEWJ= 100
N CALL CLOCK(ZyNEWT o NEWJ) -

3C 18 50
LENGTH=NEVEN
LS 20 [=1,LENGTH .
PRINT 25¢MIL(I)»JUMP (D)
25 FCRMAT ( 10XsoT[ribk416e% TYPE®I10)

120 CONT INUE

OO AN AAMONN0O0O0O0N000

D2 40 I=11,419
IF( 1.EQ.12) GC 1T 40
DS 40 J=1,30
IF( CAR{IVJ16) JEL.P) GG T8 40
PRINT 309 (CAR(14JoK) 1K={e13)
30 FORMAT ( 10X, 1318)
40 CONTINUE
S0 CCHTINUE
RETURN
END

SUBRCUTINE POSTTON
CMMON/ LNPUT/ EXCOEM(102011) 1CAR(19+30913) s NUM
C“hMuvaUTruq/CAHMUSY(XHO)'ICCUNT,CARRSP?(7OO)0 C“UMTZ.CARRSP3(700)
1) s ICOUNT3, 1COHINT 4 e NUMK
COMMCN/R/ LIST(2UU4) s - LENGTH
COMMON/ CARS/ KK #KK29YDISTAN
COMMON/ZTIME/ 1TIME, IDAY
INTEGER XLCCyYLOU
INTEGER CAR,HANDLIN
INTEGER DELTAXy VELTAY

IX= X LCCATIOW OF EVENT
1Y = YLCCATICN OF EVENT
LIST = MATRIX OF CARYS RANKED ON DISTANCE

WORD CONTENT

1 H1STANCE
e DISIRICT
3 HEAT
4 MANCAR
i
.1 _
"1 -
1 @CASE 3
I
1
GeRRGIRNRAPNOUNBEUH NV marvonmeane
e .
[ )
° - ’ L
o ® dEAT o © 8CASE 2
o N PUINT o
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GCASE )

— e )

1
1
1
I

OO OOHOOONO

SPE€U= Te0

SPEEU= 5PFED oRUU/4N.0

IX= EXCGEH(tiUte 1)

Iv= EXSGEN(HUMeE) .

C=0

0C 1002 I=11419

IF( 1.,EQ.12) 62 V2 1002

0C 1001 J=le30 _

1F{ CAR(IvJe6)oNESL 1) 673 TC 1001

DELTAX= CAR(I4Jsd)

DELTAY= CAR(lsJs¥)

INDEX=CAR(1sJe /) *1 ,

1IF O INDEXSL.Te1 «CR, INDEX.GT«3) 103041031
1630 , INDEx=2 '

PRINT 1032y CAR(leJyT)oled
1032 FORMAT(10X+9 [HWUEX IN PCSITICN 1S 8AD° 316)
1031 CONTINUE

GS TS (100,200+3V0) [HDEK

(o] (s Ko Xy

100= SUT3INE BEAT
200= INSINDF BEAT (UNIFCRM) .
300= INSIDE(CCHSTRATHED UNIFTRM)

TASSUMPTION THAT C£AR RETUKNS BY SHCRTEST RCUTE

100 IB=CAR(I1+Js8)
1A= DELTAX
1C=CAR(Tsde 1)
IF (IB,GE1C=[Aeniil, TB.LELTC+TA) 10420

c WE HAVE CASE NUMRER TNE
10 In=2
- . IFtCAR(T9J09} ,GTe CAR(l.:.z))XN 1
a1 IDISTAN= IAH;(CAK(I.Js9)-L\R(IoJ9?)0(-1)°°IN°CAR(IOJ'A))
e THIS IS THE UISTANCE TC THE BCRDER OF THE BEAT. NCW NEED
;éc DETERMINE IF CaAr 1§ 3TILL CUISIDE
/ .
B IRANGE=SPEEDe (11 IME-CAttL9J912))
L IF(IDISIANGLTLIRANGEY G2 T3 50
i SMINCMe ]
o CARIy U191 =CAR(T9J49) (=11 ST IN?TRANGE
. CAM(I4J9l25=TT1rlE
Y LISt NvM!])—XAHS({A-CAR(LoJ'B);OIABS(IY CAR(191'9))

LIST(NCMe2)= |
LIST( NOMyH)= U
LISTU(NCMss) = CARLI,U95)
6C T2 1000 )
S0 CAR(I 2 J712)=CAR (Le.3412) ¢ 1DISTAN/SPEED
CAH(loded)= CAR(Ly Jo2) o (=1) 22 IN®DELTAY °(~1)
S 1C 300

T

YT T
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30

60

40

1003

}
h

11 1004

{
i
|
i
1
i

" 1005
;z1006

i51013

11014
51018

et
id
b

I8=CAR (T4 Jyy)

[A= UELTAY

IC=CAR(Lvdy o)

IF s .GE.XC-IQ.ﬂﬂh.(U.LE.IC’IA)BOoQO

in=2

XF(CAR(I-J.G).Gf.caR(IvJol))IN=l -
lDlSlAN=IAHS(CA&iI.JyB)- CARITsJel) s (] )00 INODELTAX)
lRANGE=SPtED“(1IlME-CAR(l;Jylz))
IF{ IDISTANGLT14aNGE) 60949
CAR(I;J912)=CAR(10J-12)‘ IDISTAN/SPEED
CAR(I,4e8)= CAH(loJ.l)0(-1)”“IN“DELTAX @(=])
GC TC300

THE CAR IS AT A UIAGONAL FRIOM ITS REFERENCE PCINT

CCNY INUE
IF O RANDIN(192).80,2) 62 TC 1010
IN=2
IF(CAR(I I 8) ,GTeCARILsUy])) IN=) ;
IRANGE = SPE&D"(I]JME-CA&(I:J’12) )
IF(INLEQ.2) GO TO 1005 Lt
lF(CAR(IgJyB)-IHANGE.LT.CAR(I.Jol)oDELTAX 11003,1004
CAR(TodeB)=CARII U l) +DELTAX
CAH(I;J'12)=CAN(I!J’12) $LABS{CAR(Is Jo2) «DELTAX ~CAR(IvJyB))/SP
1EED
3¢ T 100
OM=NCMe ]
CAR(14JyH) = Car(ls.je8) + IRANGE
LISTUNC!Tel) = TABSICAR(IIJsBI~IX) » IABS{CAR(19sUs9)~1Y)
LIST{ NCMy2)= 1
LIST( NCMy3)=
LISTINCMya) = CARLI,Js5)
G T2 1000 . :
LF CAR{IsJaB3) *1RANVE.GT, CAR(I4Je))~DELTAX 1100641004
CAR(TIsUrHY= CARI{T 4 Jr))~DELTAX
CAK(LlsUv12)= CAN(A.Jtl?)’lﬂUSlCAH(!kol)-DELTAX ~CAR(I4J9B) ) /SPEED
1EED
6GC TC 100
CHTINUE

If HEHE IS »EANS THAD THE Y DIMENSION OF CASE 3 IS BEING EXPLCRED

INz2

JF O CARGE2J19)oGToCaRLeJde2) ) INSL

JRANGE= CITIME-CAR{T«Js12) ) o SPEED

IF( INGERL?) 60 10 1020

IFU CARUT v )9 = TAANGE L ToCAR T ¢ Ly 2) +DELTAY 1101341014

CAR(IJ412)=ChntiToJet2) +IABS(CAR (I ¢ Js2) ¢DELTAY ~CAR(IvJ99)) /S

IPELED

CARtleue9)= CaHILlrgy2)s UELIAY

6> IC 100

Cort(led29) 2CAR(I v d g0} = [RANGE

ComT INUE

LISTINCMe )= TabSICARIT1Jes)=1A) XARS(CAH(I{J-Q?-IY)
LISTE miMeZ)2 1

LISTYE NOMy3r=

LISTINCMe4)= cARLL,Js5)

OL TS 1000

CAR 1S SCUIH OF REFEKENCE POINT

IFICARTIT v us9) ¢ TANBE T o CAR T oo 25 ~DELTAY 1102141024
cau(iod'ltizcnw(r.d'anoIAHS(CAa(L.J.Z)-UELIAY “CAR{1s09))/
1Spt e ) ’

R T TR




1
E,

200

4000
4051

4002

4600
4601

4610

300

2001

2002

4010
4001

4012

IF CLAAAX G o MARKY T AMRASMARK

i o S ja‘;«?—“ﬁ';iu,."‘i&"‘ﬁ.ﬂ“’ R : Ry T R RN Q»u‘i B T N T T T S ‘{
L2 i 100 .

Ca{Tedeu)= Carllydey) ¢ JRANGE
c 12 1015

UNIFCRM DISTHIHUTICN CASE

CoHTIMNUE
IBEOGINE Cap(ledel) - VELTAL
IEnU= CAK(14J41) ¢ DELTAR ,
1IF( IEND.LE. IBESLH) 600046002
PRINT “405]
FORMAT(IOR e THOURLE ALTH JXe)
1ENU= JREGIN+]
CoNTINUE .
Jx= HAMNDIN( INEGLd, TLHD)
IBEGINS CAR{]leJed)= DELTAY
1E70= CAR{(I9J42) ¢ LELTAY
IF ( IENUVSLES IHEGIN) 4600 4610
PRINT 4601
CHMATL 10xee THUURLE vIIH JY %)
1END= IBEGINMe]}
Cornitinut
JY= RAMDING TREGIN,IEMND)
NCH=NCI4e ]
LISTI(NCMel) = TaUSLJX=IX) + 1ABS(JY=IY)
LISTI(NCHe2)= |
LIST(NTMy3Y=J
LIST(MNCMyu)= CAR(L,.195)
Coaritlods )= }
Gg T2 1000

CCNTIHUE
THE CCOHSTRALMED UNIFORM CASE

IRANGE=(ITIME =~CA(leJdel2))o5PEED

IF{ IRANGE,.GT2RUELTAT.AND« IRANGE.GT, 290DELTAXI2001+2002
Cakt(ledeT)= 1

GC 1C 200

COHTIHUE

IYMINS CAR( T19J99)=1RANGE
MYz CAR(TeJs2)=DFLTAY

LEC FYMINGLY oMINY) TYMINEMINY

1YMAX=CAR (T9Je9) ¢ [QANGE
MAXYSCAR(T+J92) tLAR( L de0)

IF( IYMAX.OGTeMAXY) TYIFAXTMARY

1FC IYMINGGE. [YHMAX) 401194012
PRINT 4001« 1yMItdy [YMAA

FOHMAT (A0XeeTYHINe [S9e [YMAX® 15)
FymIn=s IYMAX=}y

CoHT IMUE

YLOC=RANDIN(TY LN [ YMAA)

LAMINSCAR ([ s JeH) =IRANGE
MINK=CART] o Jo ] ) =UELTAA
IFC IXMENGLToMINA)  [XMIN=MIIX

FAHAX=CAH{ [ s JeR) *IRANLE
MAKX=CAR( Loy 1) oDE TAK
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H 4003
- 4004

i
?{4005

{
{ 3000

i

1000
1 9001
|| root
11902

O OO0

PRINT 40064, IxMIny [X4AY

FORMATL 10Xe® [AMIN® [H5y & [XMAX® 15)
IAMAX= TXMIN+)

CCNTINUE

XLCC= RANDIN(TXMIN, [ Xf14X)

NOM=NCMe )

LIST(NCMs1)= TABS([A=ALSC) ¢ 1ABS(IY=YLCC)
LISTI(NCMy2)= 1

LIST( NUMe3)= U

LISTINGMea)= CARLIJ8)

CAaR(lyJeT)=2

IF( KKLeEN 1 eARNKK2sERWJ) 900191001
YOISTANSLIST (NCWsY)

CCNITINUE .

CONTINVE %

IF ( NOMeGT, 200 PRINT 7000
FORMATL 10K9® nNOM 1S TCC LARGE®)
LENGTH=NCH

CALL SCRT(LIST12U0s491NCM)
RETURN

END

SUBRCUTINE CARS(IANSLy IANSZ+1ANS3)

COMMON/B/ LIST(20U44) s LENGIH
CoMMON/ZINPUT/ZERSUEN {1V 11y CAR{19+30913) +NUM
INTEGER RANUIM

THIS SUMKCUTLINE NETERMINES wHICH CARS ARE TC BE ASSIGNED BASED ON

MINIMUM TPAVEL DISTANCE AND NUMBER CF MEN NEFDED
AN() KETUKNS THE LCCATION OF THE LIST TC HE ASSIGNED

- 1aNSl=0

1ANS2=0

I1AMNS3=0

ICCDE= EXCSGEN (MUMyY)
ICARS=EXTGEN (UMY IO
IMENSEXUGEN (nlie 1]

IF( IMEN JLTs1 oOH,IMENGGTe 4) IMEN=2
101ST= EXCSGEN(NUMy4) /100

IF( LENGTH OGT,30) LERLTH =30

6o TC (100»200430U4,400) IMEN

CONTINUE ¢

NCW IT ASSIGNS THE CLOSEST CAR
CLSSEST THAT IS WwITHIN THE DISTRICT TG BEGIN WITH

0O 101 T=1.LEfLId

LF( ICONELLToRA sANDSRANDINTL &) 4EQs1) GC TC 104
IF O 1,6Qe30) S 1T 103 .
JE O LIST(1e2) oEVeINIST) 1029101
CONTINUE :

1ams)=y

0Z 1C 105 - )
IVAL= RAMBIN(YSI) C
lansl=1vag :

03 T2 105

CUNTINUE

canTInuE

KE TURN

FIHD CLSSEST Vwg MaN CAR TR TWC CNE-MAM CARS AND ASSIGN
CLOSEST CorpluaTiCh

R AT Y £ - FE S ——
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y2ol
302

400

402
403

404

401
407

c

el

xus.:'”‘l.\l‘:‘Ll"‘-4 * ek ..\’_"., it
LF U ICODELLTeRE sANDs RAMDINGL4) LEQLY) GC TS 202
1F ( LlS!(I'h).EU-R «ANDe LEST(I92)4EQ,IDISTY GC TC 202
iF( 1.EGQ.30) 68 1T 202 :
CONTINUE
ANTINUE
1ICARI'=1
{SWITCH=0
LS 203 I=14LENGTH
62 TC 204
IF( ICCDELTeRE ontehANDIN(1+4)4EQel) GO TS 205
IFE LIST I o4 EWel JANULLISI(142)4EQeIDISTIZ044210
IF (ISHITCHENL,U) 2059206
1CARZ=T
1swlTCcH=1
G2 TC 203 ’ v
ICAR3=] .
6C TC 207
I7¢ 1.EQ.30) 6C I3 20K
1SWITCH=1 .
ConTINUE -
1F (MAXO(LIST(ICAR2,1) s 1LIST(ICAR3»1)) «GT4LIST(ICAR]L,1))208+209
IANSI=4CAn]
HETURN
[ArSY=ICARD
LanS2=1CAaKD
HRE TURN
14aNS1=1
NEED=SIMEN-{.IST(1v4)
Vs 301 1=2.LEnGTH
IF( NEEDENLLISI{I,4))6C TS 302
CoMTINUE
1anrS2e=]
KETURN
CUNTINUE
1SWITCH=0
UC 401 4=3+.LENGTH
IFLLIST(T44) (EQe 2) 80d96UL
IFC ISYWITCH) 4050403,404
[CARI=1
6o TS 401
Cak2z=1 '
ISWITCH=~1
GC TC 4vil
1CAR3=]

-G 10 407

CCNTINYE
CONT INUE
KE TURM
END

SUBRCUTINE DAYSTAT

CCMMTM/C/ TRAVDIS(700), [CUUN

COMMON/UYZ HINGTE(19430) s IADMINT1G30)

CUMAMON/ZEZ ISTATIE2) o d5TAT(22) WK5TAT(22)

COMMCN/SUTPUT /7CANSISY (12001 « ICCUNT G CARRSP2(700) ¢ JCTHNT2 3 CARRSP 3 (700)
119 1CSUNT 3 [CTUNT 9 et IMA

CSMMON/ZEXTRA/Z (CTOUMTS«CARRSPS{100)

COHMON/KZISUMY ¢ 1 5120 1 SUMI ¢ SIS

DIMENSICH [AUTSS (1Y)

DIMENSICN SAVE(LY)

DATA JAUISS/1000e15,Ne17e1e13411,513422923/

by ok 3 > - e
R e et o ——— s eeeTwTaI— - ey e i
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he “ly AVAILARILITY CF CARS
e 2. RESPONSE JIMES A, FCR CENTER OF MASS
fic Be CAR LOCATOR SYSTEM
e 3. PERCENTAGE SF JEATCAR ANSWERING CFS ON MIS REAT
e 4. PRORABILIIY OF NGT ASSIGNING THE CLCSEST CAR
PRINT 1
) SHMAT( 3UK+® STATISTICAL DAILY SUMMARY®,////)

1F¢ ICSUNT2LT 2} a3 1D 10
CALL STIA7(CARRSPZ 18 UNT240e5950.00)o0 7HMINUTES 1900 0 42HTRAVEL
1TIME FCR CENTER OF MASS DISPATCHING 142
10 CONT Ut
IF( TCCUNT3LTL2) 63 TS 20
CALL SYIRT(CAMIRSP3,JCOUNT300+5¢50.0¢1.0¢ THAINUTES 11601 439HTRAVEL .
1TIME FOR CAR [ OCATSR UISPATCHING v 39)
20 CONTINUE
| IF{ ICOUNTLLT.2) 62 T3 30
. CALL STLX7(TRAVULISICTUN +0.04500,0450. O.THVUMsrRs.I‘O 1s21HIRAVEL DIS
i 1 UDISTANCE gAvVFD  +21)
130 CONTINUE
; IF ¢ IC"UNI&.:Y 2) 53 T3 49
! CALL STIXT (CARRSPS  [COUNTS1065950,007 .09 THMINUTES» 19 Qe 1o J4HTRAVEL
1V AMME FOR J6TEENTH DISTAICT y 34)
40 CONTINUE

sSumM3=9
SUM4=0
SUMS=0
PRINT 100

T

1 100

101
S

105

FORMAT( 1H]y9X«2PERCERY OF CALLS ANSWERED BY BEAT QR DISTRICT CAR®
1/7/74910X¢¥NISTRICT® Sx+23EAICARY SXyoDISTRICT CARBeHXy#NUMBER OF ca
ILLSBSX g PAVERAGE NUYHER JF CALLS/CAR=//)

UC SI=11919

IFU 1,80.12) 8 To 5
XX=KSTAL (D)
SUMIBSUII+ X4

F1E ISTAJ (1) /XX
SUMAGESUM4+ [STal LI}
Pe= JSTHT(11/xX
SUMS=SUMS+ JSTAT (L)
AVE= XX/Z1AUToS{1?
SAVE ([} =AVE

PRINT 101« I9PYaPZeXXe

ave

SHMATL LOXe!4e [XgF5.2910XsF5.2410XcFT742¢15X¢F742)

CONTINUE
SUMG=SUM4/SUMT
SUM5=5UMS/5UM3
SumMb=SUM3/132.4C

PRINT JVgySUM&Gs SURSISUM3 s SUMG
“HMAI(/oQK;“AJtdﬁ’VS°“Rof5.2-lOX'FS.E'IOXvFT-E'15X9F7-2)

PRINT 105

FORMAT( /47741000 ¢MINUIES SPENT ON CALLS  FOR SFRVICE AND ADMIN CALLS
ILL5%9//v QR #NISERICT® SXe® MIN ON CFSEeSXs#MIN TN ANMING,

LIoKseMIri/Cculiee/7)
Suar=0
SUmMAsQO
LT 202 I=114+109
WFU L.EQ¢)2) O I3 202
SUM) =0
Sude=g
UC 2v1 J=1+30
SIS =611 D ed Tepd ik (T, )

.
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SUMBELSUMn s [AIILY 4 )
201 SUsd= SUM2 o 1ALMIN{TLvJ) .
SUitl=sUR] /1 AaTSs (1) ; R
SUMZ=SUM2/1AUTS L) ;
SUKRY=SUMT/SAVE (1) B
PHRINT 2004125Umly SUNE ySUMY . .
+ 200 PORMAT( 10Xy 15016X0Ffo)all&e FTale10%,F7, )
202 CONT I NUE
SUMt=sUmrsi3z.0
SUMB=SsUMR/Y 32,0
FHINT 20%,5Us7,5UnR
20% FOHMAT (LOXy CAVERAGES® 1A F T 1011 X9FT42)
. PP= NUMK/SUM3 o
FRINTIIO PP ) .
110 FCORMAT(//7/410a#1bE PROHAMILITY CF ASSIGNING THFE CLOSEST CANZ,./,
1 JORee YUSING CENIER OF MASS DISPATCHING STRALEGY 168 F7.2)
SUMHA= 0 ,
D2 300 1= 1elcoUNT o
300 SUMMA= SUNMMA+ CARnlaYLY)
SUMMA= SUmMMA/ JCOUNT
PRINT 301 ¢suUMnA o
301 FORMAT( /7775 10Ass AVERAGE AVAILABILITY = ¢ Fb.2)
PRINT 310, 1SUML LSUM2 1 1SUM3 4 1SUMG B
310 FORMAT (/770 0% @ INERE nEREDIS, % CAR SERVICES® /2 10% s #ANDST4® CAR
IEPATRSY /51098 OpL® 595 LUNCHES TAKEM#, 10X e FANDST14® PERSONMALS®

v

1)

RETURN

END
i SUZROUT IWE LARSOH ;
f COMMON/DZ MINUTE L1943 30) r TADMIN{)1Gy30)

COMMON/E/ 181HT(L2) +JSTATIPL) VKSTAT (22) : .
CGMMGN/CUIPUT;L5H¥HSY(IEO):lCCUNT'CARRSP2(7OO)yICCUNYP.CAHRSP3(700)
1Yo ICOUT 3¢ LCOUNMT 4y A4

COMMON/ZAZ INDEALISTAL

COMMON/ZKAISAZ FOURTEM{L2U)

: COMMON/HY/ KHOZ

i UIMENSTON F(102)y F(102)

g INTEGER CHT10:

i UATR OPTISR/~1/

i COMMCH/ZEATIA/ LCOUNTS s COHHSFS (1007

%T c CPTICH ='o MEAKS THAT J4TH DISTHICT oMLY TS wLSITED

CHTION=0PTION )
SPEEU=1&,C

TE(SPYION (G0 S0 13 40
G VETERMINL AVATLABLLITY
¢ THAT 15 Finh wnls #On UISTRICT 14
SUM=0 .
US | IspefqounT
i SUM=SUMFSURTEM L)
HHO3ESUM/1C3U T
PHINT 3, HHO3
3 CHMAT(Z7/+) 0N e a~TEENTA ODISTRICT RHO=9FR.34//)
i AA=ICCUNTS
8 K=1Y
COMST= SLal(7.7592/7K) 2490, Q/5VEED

) i C CALCUL ATE THE HFAN KESFCHSE VIME FOR LAHSCN SETHR

S R O S
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10

40

45
20

200
50
100

iy e e e e
PRINT JUy asib i ) —
CHMAT( /710X % IHF LAKSON PREDICTED MEAN [S°FE.2)
LG TC 4b .

CONMST= 90.0 # SOUHT(TB.513/T07AL)/ SPEED
LS 2 I=1.[cCUs

QUM=SUMe CalHUsY (1)

RHCI=SUM/ 1 CCUnT

CALCULATE THE MEAM HESPONSE TIME FOR LAASON SETuP

AMEANS 0.5 #2,0%00,0/14.0%12.0)%SORT(7R.513/132,0)#(2-RHC3)
FRINT 10yambhp

aA= 1CoVYrI4

CoNTINUE .

PRINT 2Us TGTAL «CONSToARYSPEED

FOHMAT (10K, 0T ALUF10.398 CONSTUF6.240 AABFOL20¢ SPFEDe F6L2)

URC==-0.0%

US 50 J=lyhU
DRC= DHRTC + 0.05
E(J)= DRCECTHST
SUMI=RESULT L (nRS)
Al=SuUMi®rnc3

X2=RESULTZ (DR

X3=RESULT 3 (LKD)

FLIT=(X] + %2 ¢ A2 )/CONST #AA
PRINT 2004F (J)+E (D)

PORMAT (10ay FliiedyfFP0+2)

S LONTINUE

COMTINUE

CaLl PLOTTRRI(F &)
He TUKRN
END
FUNCTION RESULTI (DS
COMMON/N/ HHGZ

1F (DHROWLEL YY) TLe 20
HESULTLS a6PRE =49pRC%e2 +2.0/3.0 %DRC443
KETURN :

L (DRSLOT 20060 TS 30
HESULT 1= 16.0/5U=BURSe4PPDRO#B2=2,0/3. 02 ORO% 4]
HETURN

RESULT1=0
HE TURN
[ FVA]
FUNCTION HESULTZ{DRD)

OMMUN/IS/Z RHGT
SuM=0
Us 100 K=1,1

1IF{ DROeGE, KelusnpDe PG.LEe K) 10920
VELTA= Vitgetd- Jeu/3elbunse a3
L6C TS HO

1l URG et oo ANDeRGLi o ReTIB0440
UELTAS dofi/d SDHUYG3=64ORCE424T9DR0~T

b8 TC KO

l*(ORC.bI.K0|-uNU.nVC.LE-k‘E)SO'ﬁo
LDELTA= =100/, 080HoE0I s 3XOREPE2-GDIC 9
g 10 BU

DELTA=U ,
gﬁéléﬁgt~n;L1A»L (1-Hus g &0 {26KP({Ke1) =310 (1= (1=RHCI) @0d) )
CoHT INUE .
wESULTZ=5n
HE TURKN
(2318

e A B i e e
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20
30

40
50

B0
i T0
75

§ 80
ﬁ 100
5

10

.20

i
;

L
‘J
i
s
i
i

L ;-.,3.’«;‘ Giki et

COMMON/N/ R R
SUM=0

C 100 L=2.2

LF{ VDRCeGF, L=7 entlle NHT.Lte L=1) 10420

VELTA=Z 1.0/640 #UKCGES :

Wl IC AV :

I (ORCLUT L=l ontiUeNNOelEell) 30,40

VELTAZ 1.0L/6403(=30RC493+)12#DRCB02=12020R0+4)

,LC TC 8U

JE (DHS oLE oL e Al e UNS LT oL 41150460

UELTAZ 1.00/6 & {39Np0eR 3-244)REe®24600NR0~44)

LZ IC 80~

IFIORC O o1 ANUGNRS L ToL*2) 70975

UFLTAZ ( =DRC#e3+(29DAS%e2=480DRE+64) /6.0

02 TC 80 . .
LDELTA=V

SUMZSUMDELTAL ( {1~RHC3) a2 (20l aaPapat o) € (1~ (1=RUC3)#2 (40 ~4)))

CONTINUE ’

KHESULT3=5uUn

RETURN

EMD

YSUMRSUTINE PLOTTER(FeE,

CCMMCN/CUTPUT/CAR%USY(120)vtCCUNT.CARRSPZ(?OO)-1CCUN12vCAHRSP3(700)

Yo ICCUNT 34 1COUNT 49 lIAX

COMMON/ZEXTRA/ 1CCUNTS»CARRSPS(100)

DIMENSION Z2(100)

UIMENSTION NUMRER («0)

UIMENSICN CENTHEL92) s CARLTCL102)
DIMENSICN FL102)e E(102)

KEAL TVAL?

HEAL MUMRE#

UATA ISWITCH/0/

DC 2 1I=ls21

NUMBER (1) =1=1

CalLL SCALE(F110e0e 6Us1)
CALL SCALE(Eas eV 6091) = e
r(6ll= 0
E(6ll= U
1F( ISWITCH.F3el) G0 18 100

o s 5 et

1SHITCH=TISWITCH]
UC 1 1=19400
CENTH(£)=D

CanLEZCID)= O

w3 10 l=l,1Cnuniz

1Xz (CARRSP2 (1) +UeB) el
CENTHM(IXY= ChMIMEIX) 4]
U3 20 I=telCouMiES

L4z (CAMSPI (1) +Uen) ¢+l
CARLSC(IX)= CARLSC(IX)#]

CALL SCALE(CEMTie Be9200 1}

CALL SCALE (CARLCLa 84112001 )

FIRINT 30 F(Ah2)s CENTM22) s CARLGC (22) «E(62) s NUMRER (22) ,
POHMAT (Ao HF (12)9FF e2v® CENTMIZ22)PFA200 CRULICIERIOFH4208 E(62)% FO,P .

FoF0e2e8 (WAFIT (IO Fhald) .




P e s B e e e ety Bk v ea L s (I e s e e
CrplSCiel) =0 ’
NUMBER( 21)=0"
lvat,2 = Mmakl{F( v2)y CENTM(22)s CARLOC!IZP))
F(o2)= IVALZ

CeNTM(221= IVALR

CARLCC L 22Y= IVYALR

NUMBER (22)= E{ &6¢)

FRINT 30« F(621s CFMTHM(Z22) vCARLCC(22) sE{62) ¢NUMIER (22}

TabL LIRE(FsFynttel 140)
CALL LINR({ MNUYIENGCENTMy 208145192}

CalL LINK( RUSEERY GAKLOC 2Uslvle1l)

PHINI 30 F(621s (FNTH(EZ)vCﬂRL“C(ZZ).E(G?),NUMvFR(E?) .
CALL AXIS( Oa0eUeUs9HFREQUENCY

19410,0+9040+0.0¢ [VALZ)

CALL AXIS(0.Q¢eUsPHMINUTES =T 84050,040.0¢E¢( 52} )

Call., SYMHDL (4,0e¢8.5,Ce]15923HGRAPH OF RESPCONSE TIMES +0.0423)
Cull SYMROLE 4e094a190e129040,09~1) ]

Call SYMADL (Ge3149.090412922H=CEMNTER OF MASS=LAKSCN 10,0022}
CaLl SYM’;CLUl.“!/;ﬁcOtlZ'?'OoO"’l)

FLALL SYMHEOL (4.3 7eSeUe1292THZCENTER OF MASS DISPATCHING ¢0D.0927)
CALL SYMBOL (4etrs (14061 2411¢0,D0=1)

Cat L SYMﬁQL(Q.3’7-070o12!24H=CAR LCCATCR DISPATCHING 90409269
Catl PLOT{ZUs(eCouy=3) )

KE TURN

PRINT PESULIS CF 14 TEENTH DISTRICT

CONTINUE
Uo 50 1=1,ICCIpHa15
TX=CAKRIPS ([)elaeD
LZ(1K)=LZ(1x)+1
£72(21)=0C
NUMBER (<1} =0
NUMBER(22)= Ethe)
LL122)= Fise)

Caltl LIME (HMUMHEKRSZ42Uyba192)

CALL LINR(FoF 0141 0)

Capl AxxS(J.O...JvQ”fNEQUhNCYong0.0.QO 040022 1(22))

CALL AXIS(0.0ctdeus THHINUTESs=T98e010,090.09E(62))

CALL SYMARL(G, 29850, 15:27THGRAPH COF 14=-TFENTH DISTRICT+0.027)
caLL QYHHuL(b.LOu-ﬂv;~15014HRE5P NSE TIMES0.081%)

Call SYMHSL (4.0 (+5-0a129000a0n~1)

CALL SYMBOL (9,797 45,00 1&v22H=CENTER 8F MKASS-LAKSCH,0,0+22)

Cotl SYMHOL(4.0s/e0s0c179200000 1)

CaLl SY”u Lifele f o001 2y27HECENTER sU.092T)

SF MASS DISHATCHING

Cut.l. PLST(PC. ﬂthU|-3)
'RETURN
END
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