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ABSTRACT 

A systems analysis of resource allocation in the Chicago Police Depart­

ment is presented. The analysis is applic~bre to all large metropoHtan 

police depar.tments. 

The analysis has three major parts. The first part developes a cor~ceptt~l 

model of the Police System and defines the ~esource allocation problem. 

Objectives and measures of effectiveness are detg~mined. 

The second part defines a Program Budget and applies it to the Chicago 

Pol:f,ce Dp.jJartment. 

The third part consists of Eroduction mode1f~ for the Response Force. The 

Response Force is the subsystem which responds to calls for service. Simu-

at ion models of the Communications Center and the mobile part of the field 

response subsystem are used to determine efficient combinations of resources. 

The Communications Center simulation evaluates the efficiency of the 

. current system and the need for extensive modi.fications, The field response 

simulation evaluates the benefits from a car locator system and several 

administrative changes, such as interdistrict disPQtching and .the screening 

of calls. 
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CHAPTER I 

INTRODUCTION 

The Problem 

The problem of resource allocation for a police system is similar to that 

of many other public systems, namely: 

1 •. a lack of agreement regarding the objectives of the system, and 

their relative importance; 

2. a lack of knowledge of alterna tive means 1;or accomplishing goals; 

either within or outside the system; 

3. a lack of agreement defining the criteria of performance; and 

4. a lack of kncr.lledge of transfer functions which would enable the 

prediction of output from any given set of inputs. 

Th~ police systec has to be studied as a distinct social system within 

the social structure of society. Optimizing easily quantifiable relation­

ships is likely to obscure the important qualitative aspeets. 

"n.e legitimate point (can be made) that police llyllterns can be understood 

. only as institutions in interaction with the rest of the social s.truct~re."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 how.
2

) 

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

all be in jail before the end of the first day. The lm/s which are s~lected 

for enforcement are those which the power structure of the conmunity wants 

enforced. ,,3) 

Arthur Niederhoffer, 
York: Anchor BooJ.-..s, 

2Jerome H. Skolnick, 
Society (New York: 

Behind the Shield: The Police in Urban Society (New 
1967), p. 13. 

Justice without Trial: taw Enforcement in Democratic 
John Wiley and Sons, 1966). 

3Dan Dodson, Speech delivered at Michigan State University, May 1955, 
reported in Proceedings of the Institute on Police-C~mmunity Relations, 
Hay 15-20, 1955 (East Lansing: The School of Police Administration nnd 
Public Safety, Michigan State University, 1956), p. 75. as quoted in 

. Niederhoffer. op. cit. p. 12. 
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2. 

The second objective, order maintenance, designates the police system as 

a buffer for the social system. This is bound to involve conflict situa­

tions in which there is no consensus as to what constitutes 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 

resources. Often these service. ;ould 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 ae::omplish the objective. 

Often the most important aspect of improving a system is the generation of 

good alternatives. In addit1.on, each null alternative has to be investi­

gated. Instead of de.'oting additional resources to a police system, they 

might produce better results if allocated to the courts or correctional 

agencies, or if used for social 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 ::c:::::::plished. For example, is an average respons'e time to a call 

for service a good criterion; is thu number of traffic citations issued by 

each office a good indicator of traffic manag~ment1 

Lastly, there is a l,!ek of quantitative descriptions of the police sys~em. 

This holds true for descriptions of the sy~tem and i~ environment as well 

as transfer functions 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 carR 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, its interfaces with 

other systems, and ffieasures of effectiveness) 

2. to develop a new structure for allocating costs (an accounting 

system). This structure should facilitate the development of 

f , 

if-
t 



3. 

pr-DductioD mode.ls' :and the evalua tion of benefits. 

3. to develO? produc'tiQn models for the Response Force in order 

to evaluate alt=tives. 

Chapter t"JO :cets the f.!=st: objective by the prescntatio!' of a conceptual 

pedel of the Police Syst~. 

The second objective is achieved through the Program Budget discussed in 

chapter three. Lastly. t.he. third objective is met by the development of 

simulation =de1.s in chapters four, five and six. 

The dissertai:ion proceeds [= the ceta system level do'ilU to IIXldels of 

specific activities'. Y'llS t the Folice Sys tem, its objectives and criteria 

are defined. Secoadly, to mat.e the resocrce allocation problem manageable, 

a sttu.cture is developed for cost-benefit analysl.s. This structure is ! 

called a Progr= Budget and necessitates a .. hole ne'" accounting system. 

The present allocation of resources are clllc __ ';ed for this ne", accounting 

structure. Lastly, production txidels are used to determi!)~ efficient 

combinations of resources. 



CltAPTER II 

SYSTEMS ANALYSIS l ) 

The Technique 

The systems approach is a rational framework for complex problem solving 

emphasizing hierarchies 'of sys tems, and their in terrelationships. 110s t 

often the problem is illstructured and the objectives n~t known. 

"The systems approach is one in which we fit an individlUll action or rela­

tionship into the bigger sys tem of which it is part, and one in which there 

is a tendency to represent the system 1.n a fonnal model. tl2) 

The ~ystems Approach is the methodology used to develop a conceptual model 

of the police system. The model specifies 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 structur!~g 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. 

"A system may be defined as a set of objcc ts, either fixed or mob:l.1e, and 

sll relationships that may exist between the objects. All systems are com­

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

lThe two systems models of this chapter were presented at the Operations 
Re'search Society National Meeting, Philadelphia, Nov. 7, 1968. Session 
on "Models of the Fir:m". 

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

3Kenneth lleathington and Gustave Rath, "The Systems Approach in Traffic 
Engineering," Traffic Engineering, June 1967. 

, ,;:sa. ...Ai ,_ 
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For example, the Police System is in part a member of the Criminal 

Justice System, which is part of the Soc.inl System within which our 

society exists. The Police System, in turn. is a set of suh-syste'lIIS. 

For resource allocation analysis these sub-systems are a set of mission­

oriented (output oriented) sub-systems. These Bub-systems are usually 

called - programs, and the cost structure of the system, with re~pect to 

the given programs. i~ called - nle Program Budget. 

The analyst tries to select a set of ~ub-sYBtems 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 sct of objects that is outside the 

system. It is the aggregate of external conditions which affect the system. 

~"he Systems Approach can be succinctly exhibited in a paradigm. The steps 

to ~ considered in a systecs analysis are: l ) (see Figure 1) 

1. define the desired goals; 

2. develop alternative means fer realizing the goals; 

3. de\~lop resource requirements for each alternative; 

4. 'design a model for determining outputs of each alternative; 

S. establish measurements of e,ffe:ctiveness for evaluating alternatives. 

After a system and its environment have been specified, the analyst should 

consider the objectives of the system, and the resources and general con­

straints which are present. Resources are the total available material 

which can be ailocated. Constraints are limitations imposed on the system. 

lSee G. H. 'Yisher. ''The Analytical Basi.s of Systems Analysis"j ,Rand Corp., 
May 1966, p. 3363. 

A. Hall, A Methodology of Sxstems Engineering (Princeton, N. J.: D. Van 
Nostrand Co. Inc., 1962). 
Van Court Hare, Systems Analxsis: A Diagnostic .Approach (New York: Harcourt 
Brace and World. 1967). 
Charles Hitch and Roland N. MCKean, Economics of Defense in the Nuclear Age 
(Cambridge: Harvard University Press, 1963). 
E. S. Quade, AnalYSis for Military Decisions (Chicago: Ra:nd McNally & Co., 
1964). 
E. S. Quade, "Some. Problems associated with Systems Aoaly·sils." Rand Corp., 
June 1966, P-339l. 
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6. 

The objectives express what the sys~cm is trying to achieve and to what 

end resources should be applied. An objective should be defined f-n such 

a way that an operational, quantitative measure of performance is possible. 

It is of little use to have an obj"ective which cannot be quantified. 

Equally important are measures of performance. They permit evaluation of 

how well the objective is being achieved. 

Alternatives are different means of usin~ resources to achieve objectives. 

Developing alternatives represents one of the more creative and crucial 

steps in the systems an"alysis process. It is here that the analyst can 

seek to define new alternatives that can provide increased effec!";fvenesG 

with respect to the previously considered alterna·tives. 

Once~alternatives have been specified, the cost of resources for each 

alternative has to be determined. This involves considerations of risk, 

time and different type·s of costs. To arrive 'It: the benefits of an alter­

native, a model is necessary. The model determines the output to be 

derived from a given amount of resources. 

Lastly the cost and benefit of each alternative has to be evaluated to 

select the optimal alternative. The criterion function relates costs and 

benefits to system objectives and provides the basiS for selection. 

"It .is my experience that the hardest problel!lS for the systems analyst are 

not "those of analytic techniques. • What distinguishee the useful and 

productive analys~ is his ability to formulate (or design) the problem: 

to choose the appropria.te objectives; to define the relevant, important 

environments. or situations in which to t~5t the alternatives, to judge the 

reliability of "ilis cost and other data, and, finally, and not least, his 

ingenuity in inventing new systems or alternatives to evaluat~."l) 

le. J. Uitch, Decision !.faking for Defense (Berkeley: University of 
California Press, 1965), p. 54. 
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This point cannot be emphasized enough.1) The great danger ~n systems 

analysis lies in not spending enough effort in defining what the system 

under study should be, and instead seeking to optimize the effectiveness 

of a given system. The big payoffs are likely to come from a construction 

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

This point is illustratfd in Figure 1 by the arrows drawn from the evalu­

ation phase to the objectives and the alternatives. 

~lis can be shown as fOllows: 2) 

j .... --------ddernition of a system .... _------_---. 

~::~l~;~~:tSj! Obl,e'tve, 

criteria 

~ 
alternatives ----l .. ~ model_ consequences ------....... evalulltion 

~ 
decision 

maker Systems Analysis Paradigm 

Figure 1.. 

State of the Art 

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

optimization, is in its infancy. Most research into the Criminal Justice 

System has del'.lt exclusively with the social dimensions. Analytical con-. 

tributions have appeared only during the last five years. 

lSee Lindsey Churchill, ·"An Evaluation of the Task Force Report on Science 
and Technology," Russell Sage Foundation mimeo, 1968. 

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

CriBe and Law Enforcement to define the scope of the Criminal Justice 

System problem possible research approaches and technology that could be 

applied. 

"Because of the enormous range of research and de':elopment possibilities 

it 1.s essential to begkl, not with the tec}Jnology, but with the problen1. 

Technolcgical efforts can then be concentrated in the areas most likely 

to be productive. Systems Analysi3 is a valuable method for matching the 

technology to the need. Ill) 

Blumstein and Larson recently published an article which looks at the flow 

of people through the Criwinal Justice Syst~.2) It is not a Syste~q 

Analysis, as they do not discuss objectives or measures of effective~ess, 

" but rather a cescripci"le IOOdel of tb.e flows. This step is important, 

however, as it provides a quantitative description of a portion of the real 

world. 

Description of the Police System 

From a general point of view, a police system is 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, ~itywide, dual-purpose ser.vice 

force. 

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

a good sold in the market in competition with other enterprises, it is a 

public service good,. The cO[IJ!lunity devotes a certain aIDOunt of resources 

to the system and expects an output, which never is too well defined, 

Even if the inputs and the outputs of 'the system were given, the internal 

process of a police system is difficult to optimize. Very little is knOWl 

lThe PreSident's Commission on Law Enforcement and Adoinistration of Justice. 
Task Force Report: Science and Technology (Washington, D.C:: U.S. Cov't 
rrinting Office, 1967), p. J. 

2A• Blumstein and R. Larsen, "Models of a Total Cricinal Justice," 
Qperations Research, Vol. 17. 110. 2 (March-April 1969). 

i' 



9. 

about the transformation of inpucs into outputs - the transfer functions. 

Consequently, tracleoffs between different methods of controlling crime 

(for example, more or less detectives, one or two ~~n ,patrol units) are 

not: known. This is a serious drawback in trying to allocate resources 

and develop a departmental budget. 

Tbe metropolitan police force is usually a par::lJ',Jl.:! t;:r.i l;:ystcm. It is 

characterized by strong internal controls and centralized decision-rrk~king. 

Its o!:'ganizational 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 s truct.t!:'H of the Chicago Police Department is shown 

in figure 1. The Bureau of Field Services is the lurgest uni.t, both in 

ten~~ of manpower and budget. It has primary responsibility.for patrol 

and apprehension. It is sub-divided into Youth, Traffic, Patrol, Detec­

tive and Co~unity Services Divisions. 

Tbe Youth Division is concerned with juveniles. Its missions are to 

establish an effective relationship with local residents and community 

agencies, assist in handling juveniles that Iwve been apprehended, and 

supp'ress delinquent and criminal behavior by juvenil GS. The effec tiveness 

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

",. 

The Traffic Division is responsible 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 function. Hence, the responsibility for 

traffic law enforcement is divided between two divisions. This makes 'it 

difficult to measure 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 

IThe President's Conmission on Law Enforcement, The Police and the 
Community (Berkeley: University of California, Ocr.ober 1966), Field 
Su~eys LV, Vol. 1. 
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cr.1Jninal through investigation. A measure of their effectivcness is the 

ratio Qf cases solved to cascs reported for the different index crimes. 

The Patrol Div:!.. .. ion is organized into six areas, twenty-·one districts and 

more than 400 beats. Its mission is to ansver calls for service and to 

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 cri=es in the city, number of arrests, 

and recovery of stolen property. The lover the tota;L level of crime, tlte 

higher the number of arrests or greater the value of recovered property, 

the better the Patrol Division is doing, 

The ~ommInity 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 coccuoity it serves. 

The Bureau cf Staff Servic~s provides supporting services. n.e Bureau 

of Inspectional Servi.ces provides intellige::lce and liispr.ctional 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 Prograt1 Budget. This crima control function is part of the effo"rts 

of the Crill'inal Justice System; the public service function is part of the 

City Government. A more pr~cise definition of a police system will be 

given in the next section. 

Systems Analysis of the Police Syst~ 

The Police Sys t= is a set of sub-sys t= wich are part of higher order 

systems. (See Figure 2). The Police Syst~ is a member of the Criminal 

Justice System (CJS). Its function is to prevent criminal events and 

f~iling this J to identify and apprehend the offender. There arc other 

members of the Law Enforcement Agencies in addition to Metropolitan Police 

.If -4,4 A[iU;:W:'iU!A(fP~"'. # .. 1%7._. :p)fflr....,'*~~ ... A¥RP,,!P ,,~,l ~ if' £?,Q. ,,4!)!iE, .. ",.":"}C:: '~'."- 4(; < 4<. ,J. ") _p .. ! 5.$,IOWS 
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Systems Analysis of the Criminal 
J\lstice 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 Gov~rnroent. Its Public Service 

mission is a function of the twenty-four hou~, city-wide availability of 

the police force. l~is function could be carried out by people with no 

pelice 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, Comounity Support. The 

generation process of individuals, who may choose a criminal career, is 

deeply rooted in social-psychological-~~onomic variables, over which 

society Ims sOlJ!e control. Crime is the responsibility of society and its 
" control cannot be delegated solely to a Police Department. The Police 

D~partmcnt responsibility is to deter and apprehend offenders. The 

Criminal Justice System can effect dete=ence, but this is conly effective 

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 support, help, ~ resources to the poiice department, and 

by creating means to affect the crime generation process. Instead of 

actively seeking community support, police departments Imve often, in their 

desire to be professional, tended to become systems isolated from the 

community. This has Imd 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 

Syste~. This will permit the specification of objectives for the Police 

System. 

The Criminal Jus tice Sys tern 

To help specify the Police System, which is the focal point of the analysis, 

it is necessary to consider the higher order system. The Criminal Justice 

'. 

~. 
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System (CJS) has been charged by society to regulate and control certain 

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 Correctional 

Agencies. The police identify misconduct and apprehend the offenders. 

The courts determine the facts of the case and rule on its disposition. 

Correctional Agencies administ:er prisons and supervis~ the parole system. 

Systems Hodel 

How does the CJS affect the generative process of criminel events? The 

structure of the crime control function is exhibited by a conceptual 

model. It displays the pertinent sub-systems, decision points and ~cha­

nis~ for char.ge. It permits an analysis of h~. the CJS can affect the 

potential criminal's decision-making and how the impact of crime can' 

resul t in cOUl!ll\mi ty 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 

c01!llllUllity and CJS influence the criminal event, it was hoped that obvious 

suboptimization errors might be detected and avoided. 

The model postulates that the forcing function of the crime generation 

process is a function of social-psychological-economic variables. (See 

Figure 3). These variables affect the indiVidual's utility function and 

consequently affect his propensity towards a criminal career. Th~y 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 outside the scope .of this paper • 

. :-
Welfare programs provide family assistance which gives children a better 

start, thus reducing the likelihood of their pursuing ~ criminal career. 

Job training programs and increased employment opportunities will provide 

an alternative to crime for an income. For example, people might demand 

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

Conceptual Model: Forcing Function 

population 

social 
psychological 
economic I--------------------__ ~J 
variables euvironmen t 

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

generating opportunities has b~en altered. 
i 

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. 

2. 

3. 

4. 

S. 

~ of opportunity (theft, ~obbery, etc. This leaves open the 

question of the appropriate classification): 

~ (usually in dollars); 

availability (this dimension measures the probable degree of 

difficulty of execution associated with the specific opportunity. 

This permits differentiatiou. between a. car that is locked and 

unlo~~ed, located in the street cr in an underground garage); 

location (in space); 

~ (interval of time when opportunity exists). 

For ,a given type of opportunity, d'istributions can be ~er/lted with respect 

to location and time. The set of all cppot't\lDities is called Environment. 

The population considered in the model is the total population of the 

community. It is a set of individuals characterized, for our pc~oses, by 

the following attributes: 

1. the individual's perception of the envi.ronment. The model chooses 

to maintain an actual environment and vary the. individual.'s knowledge 

5 
( 

J 
t 
~ 

l*f!l'?"'o:F,e. ~H*:;!-,%~¥q;:t!Ai,SMih""9'~'tA!' ~'t;;>, ·~·fYjC§§\9i@'}·~iSM? .. > .U,jhA4,.5JI~,"""}f¢+ J «, .¥.{f,; <,,_86T'-4 ,1.,;#4.?I'( 9AJJ.5~.t'. «(4 "r, 



16. 

of the actual opportunities. The value of this attribute would 

fall between 0 and 1. nlat is to say he has incomplete knowledge. 

2. 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, ~~e~ on past perfo~~cc by the police system, the chance 

of being sentenced, and .. he length of the consequenty jailterm and 

amount of fine. Again.:he value loIould fall between 0 and 1. 

(TIlese benefits would be pure number to which a utility transfor­

mation loIould be applied); 

3. 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 explal'<iticn 

of how past states 0/ the individual will influence his present 

decision-making. If an offender committed a succes.sful 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 

a result of his success. The utility concept also permits anal-

ysis of "crimes of passion." The individual puts a low estimation 

on negative benefi~ or the positive benefits are very large. That 

is. the utility function encompasses, among other things, past 

experie~ce, needs and behavior towards risk. 

TIle decision-making process, resulting in a criminal event, can b~ viewed 

as a two-step decision-process. This allows distinguishing between inputs, 

which are a f'm~tion of the past performance of the CJS. and inputs at the 

moment of execution. 

,. 
First, the individual is permitted 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. Knm.>ing 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 deci~ion point is present immediatel~ prior to the execution 

of the planned crimh:al 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 ba5~d on the probable circum­

stances surrounding the event. The second state becomes the actual sample 

reflecting: 

1. the juncture of the .pX'obable circums tances 

2. action taken eitheX' by private groups, (persons) altering the 

geneX'ation 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 departrn! nt may employ a new tactic 

against CTA bus robberies. 

For many events, commonly called "crimes of opportunity," the time inter­

val between the decision points is very small. However, the interval 

cou1d be meaoured in days.l) 

Summarizing the above discussion: 

Figure 1+ 

Conceptual Model: Decision Phase 

social 
psychologica 
economic 
variables 

population 

apriori 
decision 

change 
.----Ioppor tuni ty 

dist. & 
factors 

~ ____ ~~criminal 
event 

ixmnediate 
deterrence 

l"lt has been said that there is a formula for crime: Desire plus oppor­
tunity equal crime." Allen P. BX'istow, Effective Pollee HanpotVer Utili­
zation (Springfield: Thomas Press, 1969). 
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What i8 the CJS reaction to the criminal event and h~ C!Ul it affect the ~I 

crime generation process? j, 

The Police.sub-syutem responds to the criminal event seeking to identify 

and apprehe?d the offe~de.. Police strategy and tactics can influence 

the decision to execute (see page 30). 

The generation process of crime is affected by deterrence. Deterrence 

was defined us the expected value of negative benefits, yhich are a func­

tion of the risk of arrest, chance of sentencing, length of jailterm, and 

fines for different classes of criminal events • 

.f 
The Courts and Correctional Agencies may either emphasize deterrence or 

rehabilitation. Rehabilit.2tion is 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 integrate the individual into society. 

There 1,1> a tradeoff between deterrence and rehabilitati.on. By rehabilita­

ting the offender the CJS lowers the deteFrence effect. The negative pay­

offs cannot be as large with a satisfactory rehabilitation program. 

COlIl!ll\mity Response 

There are usually two parties to a criminal event: the offender and the 

victim. (nle 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 o'f crime on the conxnunity. This becomes 

input for private and civic action. Citizens may arc themselves, private 

groups might hire special police to react to criminal events. 

'the cOIIIIIUIlity (individuals, civic g<:"oups, businesses) IlIay decide to re.'lct 

throtleh the democratic process. nVlt is, have government legislate new 

i 
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pro~rams to nIter social-psychological-economic variables or cormrlt more 

resources to the CJS. They may, in addition, affect the opportunity dis­

tributions through laws (cars shall be locked, banks must have detection 

cameras) or by their own behavior. (The discussion is surranarized in 

Figure 5). 

police System Model 

This section focuses in more detail on the police contribution to the 

crime control function (sec Figure 4). Police system impact on the crime 

process occurs at four poInts: 

1. forcing function 

2. apriori decision 

3. decision to execute 

-14. criminal event 

It will be convenient to analyze the major activities of the police system 

in terms of three sub-systems: 

1. Reactive Force 

2. Preventive Force 

3. Follow-up Force 

Police response to a criminal event can be differentiated with respect to 

the detection process. Detection is defined as the identification of a 

criminal event. The criminal event detected by a person or by the police. 

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

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

the police department. If the police, through offensive tactical patrol, 

detect a crime-in-progress, the person feedback loop need not be actuated. l ) 

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

calls for service. These calls. for service are genera ted by criminal events. 

public service demands a~d reports of sU5'picious ac tivitiell. Public ser­

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

rescue and locating missing persons. Reports on suspicious activities are 

1For "crimes without victims" the detection process is carried out by 
spee~lized police units. 
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an important factor in being able to detect crime-in-progress. 

is an indicator of community cooperation in fighting crime. l ) 

It also 

'Figure 6 

Inputs To The Response Force 
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EVENT 
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the yrobability that the RQ'-pc~e Force will apprehend the offender is 

a fun~tion of the tirn~ elapsed since the crime was committed and the tactic 

used. The elapsed time consists of: 

1. time until citizen detects event and initiates a call to the 

police deparbnent; 

2. processing time by the Communications 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 campaigns, which stimulate citizens to be 

lChicago has a campaign "Operation Crime Stop" to th~s effect. 

2See President's Commission on Law Enforcement: Task Force Report: 
Scien~e and Technology. 
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sensors for the police department, and impress upon them the necessity of 

transmitting the information in a timely manner. This activity might very 

veIl have a larger potential payoff than optimization of police detection 

or response. 

Analysis of the effectiveness of the Reactive Force is of great importance. 

Police departments are being offered hardware such as car locators and 

computerize~ CO~lnications cQCers, buy have present~y no mean to eval­

uate the benefits. ~ow mu~h will the proposed hardwar~ decrease response 

time, and how will this affect the prqbability of apprehension? Finally, 

how much is an increase of the probability of apprenension 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

conduct and apprehend the offender. It also influences the decision to 

execute a criminal event by affecting the perceived presence of police: 

for example, having policemen in unifo~ and marked cars or by giving the 

potential offender an impression of police omnipresence. 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 execute 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 s tree t, e·tc. 

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 

sumnarized in Figure 7. 

Police System OUtputB 

,-

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 arc arrests and impact on the 

i I 
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Figure 7 

Further Development of Police Systecs Inputs and Outputs 
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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 recognizing that an event did in fact occur) and tactics used. 

Follow-up can be characterized by the probability of arrest through in­

vestigation. It is dependent on elapsed time and ~thods used. All of 

the above functions are also dependent on-the type of crime. The trade­

off between the Response and Preventive Forces, given a criminal event, 

is that the latter may detect an event with a low probability, but may 

have a higher probability of ~pprehension (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 special attention in order to 

influence their-propensity towa~ds a criminal career. For ~Xample, special 

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

Th~ conceptual model is able to account for Community Relations programs. 

The Felice System can influence the crime generation process by devoting 

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 I!X)re 

importantly, affect the generative process of crime., These co:mmmication 

links can be called Human Relations, with respect to individuals; and 

Community Relations with regard to groups.l) 

An effeG-tive CaU'/;nunity Relations program seeks to explain the crime gen-
~' 

eratio~ 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 Government, 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 s:smmary. the outputs of the Police System are: 

1. apprehension of offenders 

2. impact on immediate environment on the criminal event 

3. impact on aprieri decision 

4. rehabilitation measures 

5. changing opportunity distributions 

6. public service 

7. community support. 

The ~iscussion io oummarized in Figure 8. 

1For further discussion see James Q. Wilson. ''Dilenmas of Police 
Administration". ,rublic Administration Revi.ew, September/October, 
1968. 
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Police System Obj~ctives 

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 ITk1intenance 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 seriousness and the r.ature of polic~ response. Crime will be 

defined as index crimes and hit-aud-run accidents. A second category 
t· 

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 seriou.9ness than index crimes. und for which the 

maximum sentence is a year in jail and/or a fine. The main offenses are 

disor~erly 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 

COIDWJnity Support objectives conclude the list. 

Mission 

Protection of Life 
and Property 

Maintenance of Peace 
and Order 

Public Service 

Co~nity Support 

" 

Objective. 

1. Crime control 
2. Quasi-criminal control 

3. Public Peace 
4. , Traffic Regulation 

5. Public Service 

6. Community Support 

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

literature. 

The Intenlational City Managers Association listed five police objectives: 1) 

1. Prevention of Criminality 

2. Repressions of Crime 

3. Apprehension of Offenders 

IMunicipal police Administration, Chicago International City Managers 
ASllocia·tion, 1961. 
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4. Recovery of Property 

S. Regulation of Non-criminal Conduct 

Another lis t is: 1) 

1. Prevention of Crime 

2. Investigation of Crimes 

3. Apprc:heflsion of Violator,s 

4. Presentation of Criminals for AdjudicatLon 

S. Services to the Public 

6. Enforcement of Non-criminal Ordinances 

7. Regulation of, Activity within the Public Way 

Peter Szanton defined the following objectives: 2) 

l. Control and reduction of crime .,. 
2. MOvement and control of traffic 

3. Maintenance of Public Order 

4. Provision of Public Service 

The first two lists 'a~e not output oriented in an independent 'manner and 

consequently would be difficult to use in a resource allocation analysis. 

Szanton's'list is excellent but neglects the goodwill aspe~t. it has been 

said that a bulldozer is an effective c~imefighter. This proposItion would 

'be a feasible alternative if there were no objective to represent the social 

system. ror 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. 

IBudgeting workshop. Florida Institute for Law Enforcement, 1966. Both 
as quoted in F,. Leahy, Elanning-Programming-Budgcting for Police Dcpart­
~. Travelers Research Center, Inc., April 1968. 

2peter Szanton, Program Budgeting for Criminal Justice Systems, AppendL~ A.­
Task Force Report: Sc'ience and Technology, OPe 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: 

1. establish total money costs of achieving defined objectives; 

2. facilitate evaluation of alternative ways of achieving an 

objective: 

3. 

4. 
consider tctal costs for extended periods, of time; 

facilitate c03t-effectiveness ana1ysis. 

The ~omplete Program Budget provides a rationa~, 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 applie~ the technique ,to the Department 

of Defense with such success that in Augus,tl965, President Johnson Oireccea 

al,l other government agencieJl to u:oe PPES .1) 

PPBS is usually compared with a line budget (i.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 inputs 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 prcdur.tion 

process is relatively uncomplicated. The Performance budget 1.s lII<'lnagement 

oriented. It provides control and planning information for functioual 

evaluation of organIzational performance. It assesses work-efficiency of 

operating units permitting cost control and estirnatior. 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 errphasizes planning. It seeks 

to provide a forum for resolving competing claims on the resources of the 

organization. I) 

With Planning is meant the systematic consideration of objectives and 

alternatives. Programming incorporates the reduction of plans to specific 

resourfe 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 hel'.rt of the PPBS is the structural or conceptual problem of what 

the end objectives are for the system. and what grouping of activities into 

programs constitllt,:es a logical 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~Progralmling_Budgeting in Education." 
Educational Technology. Saddle Brook. N.J. 1966. 
Gustave Rath. "PPBS is more than a budg~t: It: is a Total Planning Process," 
Nation's Schoo1,e.. Nov. 1968, vol. 81. No.5. 

2For exa~le see: 
Roland N. McKean and Melyin Anshen. Problems, Limita tions and Risks of the 
Program Budeet (Rand Corp., 1965) RM 4377-RC. 
David Novick, Pro~ram 'HlIdgC!ting: Long Range Planning in the Department of 
Defense. (Rand Corp., Nov. 1962) RH 3359-ASDC. 
E.S. Quade, Systems An:JJys~s 'rechniques for Planning-Prov,ra=ing-BlIdgeting 
(Rand Corp., March 1966) P-3322. 
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and analysis. 

By analytical characteristics is Lleant the necessity for an·:J.lysis of objec­

tives and alternatives to develop a relevant decision space for the decision 

maker. Intuition is not sufficient for analysing comp~ex alternatives or 

devising new ones. 

Las tly the PPBS func tions as all info.t:lIl.:l tion sys tern for con trol (how well 

program costs are following budgeted costs) and for building a data base. 

The PPBS is no panacea. By projecting a structure onto a system it empha­

sizes certain aspects and neglects others. A continual review of the 

world view of th~ system is necessary. The analysis of alternatives tends 

to emphasize the quantitative aspects and neglects the qualitative ones. 
I 

However, the argument can b,_, made, that good quantitative information is 

better than none if the cedisioil maker keeps the qualitative dimension in 

mind. 

St~'.?"Lt:..~A.~ 
A few program budgets exist in the literature. Dr. Riggs l ) defines only 

two major objectives for the police system, (1.) control of criminal behavior 

and (ii) public service activities (see Table 1), The program budget 

rna.: ensues is somewhat simplistic. and dif~icult to use as a structure for 

analySis as the programs follow the functional organization of a police 

department. These programs have very little relevance to analytical output 

categories. 

Peter 'Szanton2) 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. 

lRobert Riggs, "A Planning-I'ro8Tamming-Budgeting Sys tern for Law Enforcement, II 
Law Enforcement Science and Technology (Chicago: Academic Press, 196/) , 
Vol. 1. 

2peter Szanton, "Program bud&eting for criminal justice systems," Appendix 
A of Task Force Report: Sc:-nce and Technology, Ope cit. 
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It is difficult to devise a structure which is output oriented and provides 

8 structure that is amenable to analysis. A functional structur.e is the 

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

performance type budget. The hallmark of the Program 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. For profit 

2. Non-for-profit 

E. Youth or Juvenile Crime 

II. Public Service Activities 

A. Emergency Medical Services 

B. Security in Public Buildings 

C. Traffic (Safety and Movement of Goods and Services) 

D. Crowd Control 

E. Inspection & Licenses 

F. Control & Support 
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Figure 

Szanton's Program Budget 

I. CONTROl. AND REDUCTION OF CRIME PROGItAM 
A. Prevcnrion/Supprosion 

I. Gm«al Purpose I'~lrol • 
2. Sl'eciol Purpose P~trol (by type 0{ ofTen .. ) 
3. Intciligmcc 
4. Community Rt:lalioru 

B. InvCltjgation/Apprchc::nsion 
I. Crimes Invoh'ing Major Risk ofPcnonol Injury 

L Murda 
·b. Au.ull 
e. Rope 
d. Armtd Rc""bery 
e. Burglary-·, Homa 
I. Anon 
«. Etc. 

2. Crimes Not Involving M.jor RiU: of Ptnonal Injury 
L Theft 
b. Unarmed Robbery 
c:. AuJo Theft 
d. Ilurglary-Conllnerciol 
e. .'raud 
I. Forgery 
«. Ftc.. 

3. Vicc ., 
L Narcotic.a 
b. Prostitution 
c:. Gamblin,; 
d. Etc. 

e. Prosecution 
I. Intarog .. ;"" 
2. Prc:paro1tion [or Trial 
S. Trial 

D. R<covery of Propc:r1y 
I. Autos 
2. Otha r<nonol Property 
3. Commercial Property 

E. Generol Support 
I. CommunicationJ 
2. Recorw "nd Dala P,ceasing 
3. Technical Se"'ica 

a. Fingerprint 
b. Dallinic.s 
c. Polygroph 
d. Labocatory AMlysi. 

\' •• \DMINISTRATION A!'ID SUPPORT PROGRAM 
A. Dim:tion and Control 

I. Direction 
2. Planning and Devdopment 
3. Internal Impcction and Review 

B. Trajning and Pcnonnd 
I. Recruitment 
2. Training 

L 3asic 
b. AdY3JlCed 

33. 

II. MOVEMENT AND CONTROL OF TRAI'FIC PRO. 
GRAM 
A. Trallic Movement 

J. Direction of Tnffic 
2. Enforcement oC Traffic--orientcd Pal'kins Rules 
,. Emcrgcnsr Road Scn·icC3 
4. Wcathtt Emr.:rgency ProccdurC1 
S. Identification and Reportin!; of CongCJtion Poinls 

B. Tramc Safety 
I. Enforcement of Re(;lliation. 

L Patrol/Apprehension oC MOVing Violn.tion! 
b. Enforcemcnt of Safety-oriented Pal king Rules 

2. Drh'cr Training 
3. Educaticnal rrosranu 
4. Vehicle hupeetio". 

C. Accident Investigation 

III. MAINTENANCE OF }'UDLIC ORDER PROGRA~[ 
A. Publie Evcnt. 

i: ~~I1~n&~~'~:::~ies 
•• P/U'~des and Reeeption. 
b. Public Meeting. 
Co ComustonC$, ttil 

B. Minor Duturb.lOCr,3 
I. Private Quarrds 
2. }'ardc:s 
S. Drunkenn ... 
4. Drrciicts 
5. MUcdlancou.Nuuances 

e. Chil Dj,order 
J. ;prevention 
2. Supprt33ion 

IV. PROVISION OF PUDLIC SERVICES PROGRAM 
A. Emergency Sen'lea 

I. Fi,'e 
2. Medic.1 
S. POWCT Failure 
4. Flood 
S. Civil Defens. 
6: MUccilaneou, 

B. Jifissing Pmolls 
e. Lost Property 
D. Miscell3~cous 

V. ADMINISTRATION AND SUPPORT PROGRAM­
Continued 

B. Tra.ining And Personnel-Continued 
3. Taring, Evaluatiou, Promotion 

e. Public Rdation. 
D. Suppotting Servita 

I. R~orw (noncrimcl.nd Data PrceCS3ing 
~. Communications 
S. Dudget 
4. Property 
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Program B1ldget 

Th~ conccptual aoQcl has invcstigat~ Police System activities and outputs 

vith respect to Crioe Control, Quasi-Criminal Control, Public peace, Traffic, 

Public Service and Coom.mity SUpport. It I;emains to specify the program 

strt.lcture. It is convenient to define six major progr=, 'Which contribute 

to the IIi::;; objectivcs. TIle d:lfficulty thell is transferred to the sub­

program I> tructure. The. key to the ensuing n.nalysis is the Police Sys teOl 

model presented in chapter two. 

Crime Control is influent;:ed by social-behavioral-psychological factc1rs, 

opportunity distributions and risk. 

The police have aetit·ities directed to all of the above factors as dis­

cUBsedJabovC\. 

Objective: Cr10e Control 

.I'(rograc: Cril:le. Control 

Sub-Prograo: 1. social-psychologicAl-behavioral conditions; 

2. opportunity; 

3. risk. 

HO"OIcver. police contribution to risk arises frOiD the deployumt of its 

r::hree IIlIJJn forces, na:ncly the. preventive, response and foi.lo-... -up forces. 

Different: types of cl<.i.re c.ii.ll for a dif.[ereill: mix of police response. }'or 

example, burglm:y is best handled tbtough a mix of preve::lt:ive. patrol and 

detective follo .... -up of stolen goods. Thct:e is very little that tbe response 

force can do. Conse<iuentI.y it is logical to p::ovidc su:'-sub-progrru:'lS; with 

on,t! program: for each edme. At the present time very'lit:tl!".! has been done 

In determining the productivity of different [ot:ces with rt'-Spect to ind!!X 

c~imes .1) 

Qu.ul-crim.iruJ.1 activi,ty =inly includes disot:derly conduct and, drunkeness 

and needs no subdiv·ision at the current state of knO"Olledge. lOne ,bf the main 

._---_ .. ------------------- -------
Ii. L.:u:son and A.Blto",; teln have analysed the sector pa trol effectiveness 
of II prevcmtive [o~r.:'" for data from Los Angeles. Operations Research for 
PubU.c Svsc:e:::s, cd. Morse, (Cambddge: HITPrass, 1967). 
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reasons for keeping it separate is to emphasize the need to consider other 

forms for handline these activities, such as hospital care and rehabili ta­

tion for drunks, and social care for destitute persons. In other worus is 

the police department and jail the "bes tIt way to handle these demnnds for 

Bocial response? 

Traffic regulation is often a separate entity within the police department. 

If this is the case it will 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 peacefui crowd control, such 

as paratl.:lli amI sporting events; what is the police role in a civil dis­

turbarlce, that is - who.t commitment need the local police force makeZ 

Public Service can be divided into three categories. Again the purpose is 

to highlight ,the commitment of resources and f03:ce a consideration of -thc 

opportunity cost of providing these services. The police department pro­

vides emergenc:t services, such as sick transport. Why should it have this 

function? The fire department, or a special division in a ,public safety 

program or a private firm could provide these as well. Specialized services 

became a Eeparate program to include large activities such as marine pa­

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

Las'tly, community support represents unilateral and bilateral efforts by 

the Police Department to foster goodwill. Connrunity Relations represent 

efforts directed towards reaching groups, and Hwnan Relations arc activi­

ties towards contacting individuals. Public Relations would represent cr.'! 
costs of developing an unilateral i.rna.ge. 

Support is a t~~aditional category which includes general overhead nnd 

support activj,ties such as the Superintendent'.',) staff, the Communi,cations 

Center, Records, Data Processing, main teMnce of departmental vehicles, 

buildings, and radios, etc. 



Table 3 

PROGRAM BUDGET 1) 
for the 

CHICAGO POLICE DEPARTMENT 
(for 1968 budget) 

I CRn1E CONTROL 

SOCIAL PSYCHOLOGICAI. ECONOmC CONDo 

OPPORTUNITY 

RISK 

PREVENTION 

RESPONSE 

FC1I..LC1.1- UP 

II Q~I-CRIMINAL 

III TRAFFIC REGULATION 

IV PUELIC PEACE 

V PU1lI.:IC SERVICE 

EMERGENCY 

SPECIALIZED 

O'l""dER 

VI GOl1l1JUIlY SUPPORT 

COl£-lIJ1lTlY RELATIONS 

IIUMAN RELA TroNS 

PUBLIC RELATIONS 

VII SUPPORT 

TOTAL 

.$ 912 7M3 

o 

30 271 342 

:; 037 8/6 

23 873 127 

5 182 80~ 

11 220 397 

7 737 896 

3 263 7'?':' 

8 423 900 

3 195 57.!. 

455 4'-5 

147 944 
4 435 579 

27 973 365 

1.130 161 .692 

IThe cost figures for the Program Budget vere developed by Sergeant 
Walter P. Gersch at the ChictlBO Police Department. 

36. 
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TIle prog:ram Budget, as presented here, is being applied to the Boston 

, and St. Louis 'Police Departments. Several 'other departments have indica ted 

8 trang 4'tElres ts. 

Measures of Effectiveness 

A knowledge of the objectives of a system is not enough. In order to 

evaluate alternatives ,it is necessary to have criteria o~ mca;~re3 of , 
effectiveness. 

What is neede1 are measures that permit an evaluatlon of how well each 

objective is being achieved and how each objective contribut~s to the 

achievcment of department goal~. 

Thl} firs t problem to be broached i~1 for whom is the sys tem being op timized ; 

the cttizen or the pollce administrator? The police department, as a 1 

public system, should optimize allocation of resources from the citizen's 

point of view. However, as shown below, there fs not Il'.:!cessarily a con­

flict between the two views. 

TIle c1,tizell in evaluating police system output is interested in crime 

control and the amount of public service he receives. He, in, turn, will 

indicate his satisfaction for the quantitativc and qualitative aspects of '. 

police output in terms of support of the department, both in tc~ms of 

resources and individual help. In the aggregate this support can be called 

community support. 

The police administrator is concerned with crime control and with providing 

,8 certain level of public service and generating goodwill for the depart­

ment. l ) Public service, public relations, hU~1n relations and comuunity 

relations are all means of achieving goodwill. Crime control will contri- r 

bute to goodwill, however, there I!'.ay be certain ins tanccs where police 

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

ISee Skolnick, OPe cit. 
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is necessary, people do not appreciate gett,ing tickcts and often focus 

this resentment on the police department. l ) 

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

police services: 
6 

v.':L. Ui Oi 

1';1 

where: Ve total utility of individual 

uie utility derived from i - th program activity 

0i= output gene'rated by i - th program activity 

(by program is meant a program of the Program Budget) 

liot enough is known about the contributions of the different programs to 

totalJutility. As a first order approximation to Lhe resource allocation, 

problem the analysw should focus on those programs absorbing mos t of the 

department resources and which are most important to the individu<ll citizen. 

Approximately 807. of department resources are devoted to crime control and 

public service. Citizens are concerned with the theeat of criminal pcti-

v1ty, expecially crimes against persons. It would seem reasonable then to 

look closer at crime control and public service. 

The citizen is interested in optimizing: 

13 

where: 

v- ~ 
iel 

v= total utility 

uli (l-p:!.) + L Uzj • PS j 
j=l 

u'u= utility derived from not being subjected to i - th type of 
1ndex crime 

P1 c threat of being subjected to a crime of type 1 

Uzj= utility derived from j - th type of Public ServIce activity 

FS
j
= output of public service activities. 

lpresident's' coumission on Law Enforcement; 'The Poltce amI the Community 
(Berkeley: University of California, October 1966), Field Surveys IV, 
Vol. 2. 
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goo2will for the department. 

where: 

Uli c1 Pi +r Uzj PSj + u3 CS 
j 

F= total utility of ,the police decision-maker 

u!s- utility derived from cO!IDDUnity support 

cs= amount o'f c'ommunity support (goodwill) for the police department 

the others as previously definqd 

The level of public service is dete~ined by the n~ber .of public service 

type calls responded to and the quality o~ 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 community ,support programs. However, in many large 

police departments, the public serv~ce fi.Inction is a set eostraint. 0.rl,ando 

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. 

Louis Police Departments use a screening procedure where less "important" 

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

tunity cost of providing a given level of public se,rvice, 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 community 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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The objectives of the police system were: 

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 criminal or public service nature, the response 
force contributes to the first objective. Approximately 70% of calls 
for service are Public Service related. C~nsequently this category repre-
sents the largest drain on response force resources. Lastly, through the 
quality of service, the third objective is affected. 

The organizational' structure of the Chicago Poli<;e Department was disc~ssed 

in Chapter II. The response force, a conceptual force, is a posture of 

the Dis trict Law 'Enforcement force. This latter force belongs to the Fa,trol 

Division and comprises approximately 6~1. of total department manpower. 

As the name would suggest, this force is divided among districts of which 
there 

beats 

beats 

are twenty-one in Chicago. These districts are in turn divided into 

which are patrolled by a patrol car. There are apporxirnately 430 

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

The beat caT Teceives its aSSignments from the c01lllirunications center. When 
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The efficiency of the r~sponse force is a function of: 

1. demands for servi~e in space/time; 

2. positioning of forces in space/time; 

3. assignment 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 seeks to minimize the threat of crime disutility to 

IThe methodology and initial models are presented in the final report of the 
Chicago Police Department Operations Research Task Force, OLEA Grant #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 arrests. l ) 

To be consistent with ,the overall department objec tives, the l'esponse 

force objective should be to maximize the crime disutility rep~esented by 

the offenders arrested. 

A refinement to this measure of effectiveness should, 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 

policelIl5ln? The measure of effectiveness then becomes to maximize the 
,,' 

crime disutility represented by the eases of offenders not dismiss~d 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. 

2. 

How many police units 'should be used for a trapping procedure 

versus having them available to respond to a,call for service? 

Should stacking of calls 'be permitted (tradeoff be~Neen 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 (P~) can be defined in terms of: 

1. the conditional probability of identification (P1) given 

detection of the event, and 

2. the conditional,probability of detection (Pd) given space/time 

coincidence, and 

lWe will disregard the deterrence effect, if any, of the presence of a 
police car responding to a call for service. 
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I I, the preventive force, given an event, and ~'l i!:':~ 
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i ; 4. the elapsed tim.! between the occu=ence of an event and the ;' , 1:1;1 
II arriual of the police (" t). .t '}'.l".,! 11 ..... H'~l::~! 
f i ij:;!jlJ
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t
:.jl~l'" Thus, the probabiL.i:1ee of apprehension for the preventive force and the f'l'!H;:~ 
, respOrir e force can bl' e::[,ressed as follOW'S: 1) ~ ,I',il \:; 

[j 1. Pr~?ent1ve ;:orce. hi'iill'[.l.1 
" Pa .. f (Pr, Pd, Pst' At) d:;~:~ 

I' 2. ~~:~~:: ivlr~ 
I Comparing the two forces, the Preventive Force has a low probability of ::1::.J!:11! 

I: ::::.:: f:~~::~~::::~:::~::::: :::::;::::::~~::. 1.,1.!1'~ 
~: -rq !, ! I may conse~uently be higher for the preventive force. tr'il:J: 

t 1 The probability of detection for the Response Force is by definition equal ~.;;"!~Ii:lll·' 
\1 to unity and the probability of identification should be ide:ntical for the :~'::IP 
f' two forces. The elapsed time is likely to be longer for the aesponse force. ·r,.ill).:; 
II ili:ld;~ 
i ~ , fJ;' jH: ;~ 
},' The important question is hO'J should the tvo forces be deployed? That is, n >~h:i[ 
II'l."ll'" what the tradeoff functions with respect to'different types of activity?l ::dnI1 l':l 'fr i~:1: 

~. '.'" i '. 

Central to the study of the Respons': Force is the concept of elapsed tine. f,:t,:Ill:lf t ! ~ i \', '( :,.. 

! ' The elapsed time between the occu=ence. of an event and the a=ival of ;.'lj!.n,lt 
police at the scene is influenced by three factors: t:;iiHi:, 

! I ,I'" \ ~". 
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} ifW'l~~!' 
tl'l,', (\h: 1 The 'police can influence the first factor by active publicity campaigns ~:1thJ 

, IImnlicit in this measure is the aSE!.lIllption that an "adequate" nwcl>er of ~rh~, I; ~ 111' 
I ' vehicles are available and are assigned for an efficient response. FeT' 
U~'l~ .. I I,;jli 

oj tf~'.il' , ; C>.{ ,,,,1 ;. 
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l~e average response time for each interval and its mode were: 

Time of occurronce to 
communications center 
notification 

Communications Center 
retlponse time 

Field response 

Total police response 

Average 

18.09 min. 

3.18 

5.77 

8.80 

1.0 min. 
y 

1.5 

2.0 

3.5 

At the Chicago Police Department public service is presently a completely 

exogenous demand on police resources. In St. Louis c~lls 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 objec-

tive called goodwill, so that it is in the department's interest to attempt 

a balance between the drain of public service calls on police availability 

li:!ld the goodwill that it generates ..• 

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

goodwill generated for the department. Approximate measure would be the 

number of calls for service and tlie quality of servic'e given. By quality 

is meant dimensions such as: 

time appropriate? 

Was the officer courteous, was the service 

This could perhaps be measured by attitudinal surveys, or as done in a 

research projec t conduc ted by the British \lome office, Police Reseu:cch 

lweR#. "IV .J .... ,,",.5 .'$i.Ii.34F"m40.",,,, ... U"" 3£. ",," st" $.(4.. s: fC.; :;. <$4_ ¥tIC,_, Z Q. .,. ~ wzs=;, __ 
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and Planning Branch. l ) 

.The objective was to determine the impact that a public relations crime 

prevention campaign would have on the public and on the crime rate. 

criteria were used to measure public response: 

1. were parked cars locked with no valuables in ope~ sight; 

2. volume and quality of suspicious person and activity calls; 

3. 

4. 
sales of secu~ity devices; 

floW of criminal intelligencc to the police. 

To measure the effect on crime statistics were gathered on: 

1. 

2. 

burglaries of homes 

burglarics of businesses 

3. larcenies from autos 

4/ auto thefts 

The campaign was measured for three distinct time periods. 

I of calls from public 

Ratio of arrests to 
"other calls" 

I crimes committed 
(includes house & 
business establishments, 
larcenies from autos and 
theft of autos. 

Four 
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service. Various techniques are available to do this. 

The Philadelphia Pal ice Department has tried to use mult!-dimensional 

analysis and multiple regre3sion techniques. l ) The for.mcr teclmique 

assumes that crime occurr~ces 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 

space/time. The factors used were: 2) ime Table 4. 
Cr Prediction Factors 

Day of week 
Month 
Day 
Hour 
Phase of moon 
Snow 

Visibi\ity 
Precipitation 
Wind speed 
Temperature 
Relative hwatdity 
Pressure 
Age percent 15-34 
Age percent 60 and over 
l'ercent males un~mployed 
Percent wage and salary workers 
Percent owner-occupied housi,ng 
Percent sound housing 
Percent with 1.01 or more 

persons per room 

Percent married 
Percent foreign-born 
Percent growth 

'Percent decline 
Percent moved 
Percent families, I or more under 6 years 

Percent non-white 
Percent enrolled in school 

'Average income 
Average persons/house 
Average rent 
Average school years completed 
Number of transit interchanges 

changes 

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

However, to estimate the likelihood o'f a criminal event occurring in 

space/time, it ie necessary 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, it can only be as good as its input data. II.; is 

lDonald P. Stein, Jay-Louise Cr ..... shaw and Captain J~rues C. Herron, ','Crime 
prediction by computer - docs j,t work and is it useful?" L.,'" Enforcement 
Science and Technology II (Chicago: lIT Research Institute. 1968). 

2lbid , page 543. 
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~tremcly difficult to get up-to-date socio-economic informatiml Dnd 

accurate wenther predictions. 

atory factor. 
The weather is often an important cxplan-

Even with the above limitations the analysis should yeild valuable inputs 

to a crime prevention program. The IIlOS t likely locations and time of 

occu=ance could be pinpointed so as to receive increased attenti.on. The 
problem of preventive patrol is illainly one of space/tin~ coincidence be­

-tween a police unit and a misconduct. 

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

to forecas t calls for service. The smoothing process incorporates sea-

80MI, daily and hourly adjustment factors to genercte hourly calls for 

I!ervice • 
.f 

The model is: 

where: 

a x t 
St a ---------- + (1 - a) St-l 

"'t-L "k-m 

-/3 Xt 
-j3 ) w

t -- + (1 w
t

_
L St 

1\;-'( 
Yk 

(1 - t) l~_m' + 
Y 

St c estimated calls per period 

5 t _1 = previous estimate of 'calls 

x t - observed number of calls 

. "'t-1 .. senson,ll adjus t:ment factor 

L • periodicity, of seasonal adjusL1Jlent (L=:53) 

I~-m a hourly adjustment factor 

m a periodicity 
k - hour ot; week (16k ==. l68) 

Yk • actual calls curing k-th hour 

Y • average number of calls per hour 

lAllocation of Patrol H:lnpower Resources in the St. Louis Police Department, 
(St. Louis Police. Department), vol. II, 1968, page 30. 
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A linear prediction model has been tried a't the Chicago Police Deparbnent. 

Adjustment factors wera calculatad for hourly, weekly Ijnd trend effects. 

111e pradictions war a surprisingly accurate, providing that demands for 

servica are generatad.by a stable system. I ) 

Positioning Problem 

111e positioning problem (or manpowar dis tribution p.ro.blem) has two dimen­

sions. One is the assingc~nt of police units to sectors (in Chicago called 

districts), the second their initial positioning within the sector (the 

beat structure). 

111ere e~ist several possible criteria for assignment: 2) 

1. equalize workload 

2. equalize weighted workload 

3. 

4. 
minimize response timo 

minimize weightad response t.ime. 

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

ment is a somewhat simplified version of Wilson's distribution method as 

developed in his book Police Administration. 3) 

The objectiv~ function of his method is to equalize, as far as possible, 

lSee Chicago Police Department Final Report, op. cit. 

2For additional criteria see Allen P. Bristow. Effective Police Mrinpower 
Util1.za tion (Springfield, Ill: Thomas Press, 1%9). 

3Orl ando Wilson, Police Administration (New York: McGraW-Hill, 1963 ed.). 

·£ .. J!.¥_f8i'*'.fl. FilffUhAJ44.4 •.. , ,O'PWWi'*M. ,"(4~Q.A §{" ;0; 
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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 is a function of misconduc t hazards, which C1:e assumed to 

be reflected in the volume of calls for service. 

1. The Total Number of Beats 

This is determine~ by dividing the totsl 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 vatch per beat c<,r 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-

./ eluded in the preventive patrol time. 

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. 

2. Weighted workload 

The veigh ted vorkload is calculated for each district by weight­

ing the calls for service as follows: 

Part I 
Part II 

Other 

crimes 
crimes 

by 4 
by 3 
by 1 

2) 

The veights are suppoDed to reflect the seriousness and the service 

time required of the different categories. 

3. Number of District Beats 

The number of district beats is determined by mUltiplying the 

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

of beats. 

district weighted workload 
Dist.rict beatsD ---------,--------.------------ x no. of beats 

IChicago 'Police D'~partmcnt, planning Division, "Hanpo"c.;:: Distribution," 
29 December, 1965. 

,2par.t I crimes consist of index c.dmes Stich as homocide, serious assault 
and theft. J.'art II crimes arc IUBS serious such as disorderly conduct nnd 
unl<;·.:f~l "lie 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 \leighted \lorklo/3d (OWW)/CWW ratio is compared 

with the District CFS/city-\/ide CFS ratio. If the difference 

is great, the reasons are determined. The object is to 

maiDtain a reasonable cl.x of Part I, Part II and other ~f 

CFS for the patrolman. 

(b) Beats ift a pheripheral, residential district may become too 

large for adequate response time and preventive patrol. 

Then!ore, extra beats may have to be authorized. 

4. Beats per Watch 

The district beats are apportioned to the three \latches byarulti­

plying the \latch \leighted workload/OW ratio by the district 

./ number of beats. The beat structure layout is given by the third 

watch. as it has the greatest relative \lorkload. During the other 

two vatches, \lhen the total number of beats in service is reduced, 

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

5. L'ttensions 

(a) In some dis tricts (nine to be exact) overlapping \latchcs 

(powershifts) are employed to more closely match the actual 

d~ud for CFS \lith available resources. 

(b) Lastly, the t\lo-man and one-man car assignments are made. 

~ttention is given to th2 nu""ber of incidents of resistance 

to police, arultiple arrestees, deadly \leapon involved and 

geogravhical factors affecting ready access by neighboring 

squad ~ars. A ranked list is produced showing t\lo-man cars 

are allocated subject to available manpo\ler. 

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 crtminal activity. One can, however, determine how \lell the 

system accOtOOdates the functions 0: patrol with respect to the given ob­

jective function. 

tJ 
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The present system is designed to equalize workload. Workload is defined 

as a function of calls for service, premise checks, and preventive patrol. 

The question we will address 1s; 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 watches .-
3. between districts 

The week of August 16 - August 22 was exhaustively investigated. The total 

8motmt of time spent on calls for service and assist-calls was tabulated 

for each car. 

Minutes spent on: CFS for tt:e third watch averaged forty minutes per call • 
.j 

Assist-calls were approximate1.Yften 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 

''utilization'' index was defined. 

total time on CFS and Assists 
UtilLzation Index g ------------------------------- x 100 

total time on duty 

This index was determined for both the whole sys tem 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 50% repre­

sents the target ind~x. 

Of the total eight hours available per tour of duty, one half hour is lost 

for lunch and there arc 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 

1s 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 assignment vas 

outside his beat. Only 23~ of ers arc ans~ered by the beat car assigned 

to the beat of occurrence. A car outside the district ~ill respond to 

approximately 137. of the CFS. (Sec Table 5). 

The dema/\d for police service fluctuates in a regular pattern ~ith respect 

to the days of the week, as can be seen in Table 6. Friday, Saturday and 

Sunday represent the busiest days. Department policy, howc.'.Ver, is to 

allocate an equal number of men to each ~eek day. 

The result of this can be seen in the "indices." Friday and Saturday, on 

a total~.systcm basis, exhibit a greater proportion of time spent on CIS. 

The difference is not great. This should be expected from a systcm-~ide 

point 'of vic ......... here many dis tricts are residential. 

Table 6 also reflects some discrepancies with respect to allocation on a 

system basis between watches. Most preventive patrol is perforced in the 

early morning when it probably is needed the least. The representative 

figures seem to be 20-30-fI0 percent for ~eekdays. This identifies a dis­

crep:lDcy since the CFS workload is twice as large on the third watch. 

Between districts, the utilization factors var/ ~i~ely, as can be seen in 

Table 7. Only the third ~a tch h.'lS been shoW'll as it: has the: highes t .. ork­

load. It is quite evident that districts 2, 3, 5,7, 10, 11 and 13 need 

more manpower during peak points. 

The main critique of the present method would have to be. levied agains t the 

objective function. The stated objective is to equalize workload, ass~g 

that four CFS per beat car per watch is the goa:. Even this limitec goal 

is not achieved as has been shoW'll 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 Pa trol 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, is less than seven hours per watch. Table 5 supports the view 

that the beat car strU.!ture is only a good repositioning device and a very 

rough pOSitioning tool. Soon after the beginning of the watch, the beat 

c.ar will be off his beat and the value of knowing a certain area becomes 

!f.,st. ''Magnet beats" pull cars into their areas so that the denSity-space 

. distribution of beat cars approximate the real demand. 

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

patrol i:S car.ried out at a t:i.me 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 uni.ts 

and the Task Force ilre responsible for tactical preventive patrol. When 

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

Force B to respectively carry out CFS, and preventive 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 moB t serious problem is ;;h,~ usc. of an average figure for CFS per day 

for th~ sys tem for !l period of half a year. This is really too grea t an 

aggregation. Too much information which is relevant to the peaking of 

demand::: in the sys tem is los t in the l?rocess. Even though the inclus ion 

of assists will not change the system demands as between days, it docs 

change the needs markedly for beatcars in specific districts. 

Other deficierlc.les center around the critical assumptions made. The 

Ilv!).r,!~ge service time is forty m:~nutes, hot an hour. Calls for service per 

beatcar is not a representative number of workload, as assists often amount 

to an o:!.dditionai call per watch per beatcar. The weights 4-3-1 arc sup­

posed to reflect service time, and seriousness of the call. Instead, 

,.<I h. '!'4Ih .... 'q UPO <;,_. 
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there is often an inverse relationship between seriousness of a crime and 

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

eide and leave 'Ilhen the detectives arrive, while. in a burglary case he 

would have to carry out a more thorough investigation. 

The workload criterion is a rou.gh assignment guide. Optimally, it results 

in an equal workloaJ out in unequal service level of CFS. 

Further refinements are possible by using response time as a criterion. 

'l1le appropriate analytical technique is queuing theory. The advantage is 

that ins tead of only using averages, as the previous method, it vic'Ils de­

mands for service and police response as a stochastic process. The inter­

rellitionships of demand and service times are modeled so as to minimize 

response time • 
.f 

The queuing theory approach focuses on the availability of cars. To mini-

adze resilonse tioe one seeks to minimize the expected average delay before 

a car is available for dispatch within a given sector, 

'l1le St. Louis Project used a ,Poisson input, ~egative exponential service 

time, muttiserver queuiT'g model (m/m/W). Each dis tric t is considered as 

having M parallel channels, where M represents the number of b~. ~ Co"::; • 

A = mean arrival rate (number of calls per unit tioe) 

r .. mean I?ervice rate per channel ( , is the mean tioe difference 
between Time Out and Time In on the RD card) 

c = numbers fJf cars for answering calls 

n a number of calls in the district system 

f • utilization factor for the district; J. ~, 
r. = the steady state (time independent) probability that there 

ft are n calls in the district, both rec~iving service and 
waiting for a service car. 

p(o)= the probability of no 'Ilaiting 

P(>o) = the probability of any waiting 

P(>t)= the probability of waiting greater 

the average number of calls in the 

than time 

queut awaiting service 

W .. the average lola i ting time in the sys te'm 
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Then the following formulas give the p~obability of a delay in finding 
an available car. 

where: 
p - ----------!------------o c-l 

.~ 
n=O 

~:~~~ + _l:~l:--
n! c! (I-f) 

and the expected waiting W Lq/X 

where I'q 
(Cf)C 

----------- Po c! (1-,,)2 

It is pcllsible to refine this analysts to bclude priority queues. This 

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

A two priority queuel ) was uscd with Chicago data. Defin~ng a no-wait­

policy as a lO-secon~, mean waiting time, with 30% of total calls in the 

high. priority category, it was shown that a priority sys tern did not result 

in great savings under normal circumstances. The most important factor was 

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

response force would be mobilized for c:!-vil disorders, the two priority 

system is a necessity. 

Richard Larson2) uses a weighted response time criterion. lie assumes 

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

discussed later. 

The difficulty with the queuing theory applications lie with the assumptions 

lCo~~~sion on Violence Report: Task Force and Civil Disorder Appendix B 
D. Olson and E. Nibson, "Application of Queuing Theory to the Chicago 
Police Beat Structure." 

2Richard C. Larson, Opcrational Study of thc Police Response Systcm 
(Cambridge: MIT, December 1967), Technical Report No. 26. 
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that- have to be made to I113ke the mathetn.:ltic(ll models tractable. Larson 

showed. that for Bostonl ) the assumption of Poisson input was a good 

approximation. In mos t cases the Chi square tes t for the Poi,sson hypothe­

sis was significant at the 0.05 level. Ilis exponential service times 

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

distributic:;s are significantly different from their theorecic(ll equiva-

lents. (Sec T(lble 8) •• 

Row should a response force be positioned and what assignmcnr rules should 

be used for selecting a car to service a cal11 

There exist DO models for evaluating the initial positioning of police 

units once the sector assignment has been made. 

vides a Fough positioning tool. 
~ 

The beat structure pro-

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

often. with a beatcar structure i.t entails u 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 is erroneous. of course, 

but no other information is available with a beat structure. There are 

complications. For administrative reasons interdistrict dispatching is 

not alloved except for emergencies. ot: 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 arc a very important factor of system efficiency. 

Due to the nature of police work, it is very difficult to maintain effective 

superv-!sioo.2) 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 decrease in 

service tiInC. amounted to a saving of sJx ca~s' out of thirty assigned to a . 

J Ibid •• p:1ge 150. 

210 Nev York. policemen would sleep in their ca!'s during the first watch 
some times • 

.I,!,!+! 

~.~. ' 
~ 
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district.~) A car locator system offers a great opportunity in 
supervision. 

I 
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Day 

By 
Beat 
Car 

By 
Non-

Dist-
rict 
Car 

Tl1b1«;l 5 

Percent of Calls for Service 

Answered by Beat Car 

16 17 18 
WI 23l 22 20 
W2 23 21 23 
W3 21 22 23 

WI 13t 13 11 
W2 21 18 14 
W3 20 15 15 

" f 
j' 

.' WI -Watch 1 = 0001-0800 hours 

W2 • W~tch 2 = 0801-1600 hours 

W3 a Wateh 3 a 1601-2400 hours 

19 20 

19 24 

24 23 

24 25 

9 9 

17 15 
12 12 

I: 
1 j4J&:i!<J Q. ta;qo:u dC" 4. 1M¥? 

21 

23 

24 

26 

8 

16 

12 

sa. 

22 

25 

22 

8 

15 

13 
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Utilization 
Factors 

Calls for Service 
answered by beat 
cars 

I 

Assists answered 
by beat cars 

Average time 
(min.) per calls 
for Service 

ll'able 6 

Total System Statistics 

Fri. Sat. Sun. 

Watch 1 287. 32 33 
2 43 34 28 
3 55 45 40 

Wateh 1 1151 1232 lli08 
2 181,9 1lI55 1303 
3 2616 2356 2031 

Totel1s 5616 5043 4742 

Watch 1 348 207 303 
2 153 194 241 
3 272 362 428 

Totals 773 763 972 

Watch 1 44 43 [.0 
2 46 45 41 
3 43 40 41 

Mon. Tues. Wed., Thurs. 

26 . 21 24 24 
34 30 33 31 
43 42 39 40 

925 860 1013 898 
1481 1379 1415 1402 
2158 2279 2123 2205 
4564 ',518 4551 4505 

280 220 258 263 
140 161 181 175 
31/, 290 321 311 
734 671 760 749 

46 41 39 43 
45 43 46 42 
42 38 39 38 



System 
factors 557. 447. 40l 427. 40% 397. 
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District 

1 
2 
3 
4 
5 
I,l-

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Table 8 

Test for 

Exponential service time distribution 

by district 

(for 17 degrees of freedom) 

Average Service 
Time (hours) 

.70 

.70 

.66 

.55 

.57 

.57 

.67 

.56 

.52 

.65 

.68 

.60 

.58 

.56 

.53 

.60 

.57 

.66 

.56 

.57 

.67 

2 

31.1 
113.0 
67.1 
30.8 
76.8 
47.1 
78.0 
48.1 
41.3 

111.6 
73.2 
60.6 
51.0 
32.7 
40.6 
37.1 
39.0 
52.4 
B6.6 
60.3 
36.1 
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CHAPTER V 

ANALYSIS OF TIlE RJ1SPONSE FORCE: 

THE CO~CAnONS CENTER 

Descrip'tion 

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 conveyor 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 Motorola designed a c~ications center for the Chicago Police 

Depar~nt. 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. 

Rich~rd Larsonl ) modeled the first type of system using data f~om the 

Boston Police Department. Surkis et al hav~ developed a simUlation model 

of the New York Police Department communications center using GPSS. 2 ) 

Rath and Braun3) prese~ted an initial systems analysis and the structure 

of a Simscript model for the Chicago Police Department communications 

center. 

lRichard C. Larson, Qperational Study of the'Police Response System, 
op. cit. 

2Surkis et aI, Digest of the Second Conference on Applications of Simula­
lli!!., Dec. 2-4, 1968, New York, Share/ACWIEEE/SCi. 

3G.J. Rath and W. Braun, "Systems analysis of a'police communications 
center," Law Enforccment Science and Tcchnology II (Chicago: lIT 
Research Institute,196B). 
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~Ie communications center zt 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

sist-of car assi,gnments 'and information. 

When a citizen dials PO 5-1313, the call is automatically routed to a 

console which handles the area covet'ed 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 console 

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 ;.;anted 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 national files. 

The dispatcher is in charge of radio communications 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 b'eat map of the relevant area. On the' console 

each beat has a small light, which when ilh~inated indicates the car is 

available for assignment; if off, the beat car is busy. 

There are seven telephone lines from the telephone exchange to the console. 

When the call reaches the comnnmications center, a timer is actuatl;>d. 

If 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 ot the overload facility. The overl,oad facility cons is ts of 

.seven desks which can monitor all 56 (8 consoles x 7 lines) incom;l.ng tele­

phone lines. The overload operator takes the call and fills out an IBM 

card. If the c':lll is high-priority, the overload operatQr ~takes it: to .... 

the correct console for dispatching; otherwise he actuates a yellow light 

requesting a messenger to relay the card. 



When calls are received relating to traffic accidents or vi~e they arc 

delivered to the Traffic Division console or the Vice Control desk respec­
tively, 

" 
In addition to the above fW1ctions, the communications center has desks 

for maintaining radio communications with the Preventive Force. If a call 

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

wide frequency. 

Interesting statistics 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 computer inquiry system. (Sec Table 9 for more data). 

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

of them from four o'clock until midnight. 

approximately 10,000 calls. 

The Problem 

A nonnal summer day generates 

The communications c~nter represents a comp~ex system as is evide~t from 

its description. It is difficult to convey the magnitude of this complexity. 
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Tab1.e 9 

ANSWERING STATISTICS FOR CHlIMO POLICE DEPARTMENT 

COMMLlNICATIONS CENTER FOR 13th PERIOD - FROM 5 DECEMBER 1968 TO 1 JAlWARY 1269 

TOTAL NO. U1'DER PER-ZONES OF CALLS 12 CENTAGE 
<., 

1 30360 10461 34.44 

2 29963 12234 40.82 
3 25222 17986 71.29 

4 24858 , 13961 56.15 

5 24223 14657 60.50 

6 28314 16023 56.57 
7 29856 15298 51.23 
8 25488 13383 52.50 

ZONES GRAND UNDER PER-
TOTAL 12 CENTAGE 

1 thru 8 218,284 114,003 52.21 

TO PER-
12-30 GENTAGE 

14048 46.26 

12809 42.74 

4887 19.37 

9262 37.25 

7156 29.53 

9219 l2.55 

ll457 38.36 

9444 37.01+ 

TO PER-
12-30 CENTAGE 

78,282 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 

0-
VI . 
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An enormous llmount of short transactions of many different types are 

continuously being carried out. 

The problem can be s ta ted: 

What is the present response time distribution? 

Is the system operating efficiently? 

66. 

1. 
2. 
3. 

4. 
Can perforn.lo:lnce be improved by cqangi,ng 

Is a eon~letely new system necessary? 

the usc of resources? 

Proposed changes include: 

1. 
2. 
3. 

4. 
-f 

the assignment of manpower to consoles and overload positions; 

handling of computer inquiry at a separate facility; 

iner:aase the mlillber of incoming tnmk lines; 

setting the step-up intervals for letting calls hing at the 

overload and auxiliary desks. 

!he fudel 

HOdel 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. In addition to the response time distribution, it 

is 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 purposes. Operational data of interest include: 

1. Airtime per console 

2. Operator working time 

3. 

4. 
s. 

Dispatcher working time 

Overload and auxiliary operators working time 

Size of differen~.i.les within the system. 

The modeling technique chosen was simulation. Simulation was used 

because the physical structure of the comnrunications center made it 

d1.fficult to apply queuing theory and the necessary distributions were 

not well uehaved .\S was shown i,n the previous chapter. 
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The model is first discussed in tcrms 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 communications center; or be limited to a 

specific communications center activity? 

The analysis of the Response "orce has been divided, into t>.ro parts: the 

cormrunications center response and the field response. H=cver~ the 

distinction is not elearcut. Car assi~[]Jent by the dispatcher is a func­

tion of field response characteristics. 

Within the cOlmllUnications center; a useful distinction can be made bet>.reen 

the hanJling of telephone inputs to the system and radio transmissions. 

The av~age time that a call spends in the telephone input and handling 

stage of the process unti,l it =eaches the dispatcher amounts to 857. 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 

"",lIs. The total time span considered ends with the call (IBM card) being 

put in the disp~tcher's queue. 

The level of ~ for the simulation IOOde1 turned out to be a crucial 

factor. The Silpscript model, =ntioned 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 interaction of a 'great 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 sensitivi~ 

of the system to the computer inquiry activity. This process docs not 

consume a great deal of time, but effectively reduces the telephone input 

handling capacity. Consequently it was decided to model every minute 



transaction in the system. 

The next point to consider is the generation of inputs, that is exogenous 

~. 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. nlC latter 

applies here. 

The output from a simulation model depands en how realistically the real 

world has been modeled. Using generated events, wh~n not necessary, intro­

duces one more element of uncertainty as to the validity of the output. 
-{ 

The input to the communications center has to be characterized as to 

type (telephone call, Paxl ) call)pr:Lority (emergency, non-emer'gency and 

other), space and time. '.l'he 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 til( jel j,nclude: 

1. Radio dispatch calls; 

2. Administrative calls; 

3. Information inquiries; 

4. No Service calls. 

See Figure 9 fo~ the attributes of each type of input. The different 

types of t.elephone calls are: 

1. Radio dispatch (Bell or PaY.) 

2. Radio dispatch (radio or on view) 

3. No service (information) 

4. No service (referral) 

S. Traffic accident 

1The name of the city internal telephone system. 
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6. Vice Conl;rol dispatch 

7. Adminis t:r:a tive call (by radio) 

8. Adminis trative call (by Pax) 

9. License 

the radio dispatch calls represent calls for which a car was dispatched. 

Administrative coalI: represent calls changl.:lg the status of a beat::ar, 

such as lunch, personals, station assignment, etc. These come via Pax 

phone or by radio. Tha latter is included because when the operator is 

not busy. he will often help the dispatcher handle the adminis trative 

radio messages. 

Information inquiry events consist of demands for information re~~rding 

cars and people, such as was the car stolen, was a person wanted on a , 
var~an't? This information may come from the on-line comput~r inquiry 

system, or via the Hot Desk. The Hot Desk is a separate facility, where 

communication is maintained with State of Illinois files in Springfield 

and FBI files in Washington. 

No service calls are either calls which do not result in a beatcar being 

dispatched (the DlM card is ins,te<1d 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 performing the 

different unit operations. 

Time to c01Ilplete information j,nquiry for stolen cars; 

'Time to c01Ilplete information inquiry for warrants; 

Both of. the above; 

1. 

2. 

3. 

4. 
S. 

Tv.le to give information rc,quest to Hot Desk; 

Tillie to haDdl~ return of info~tion from Hot Desk; 

6. Service time for a normal call. 

7. Service time for a non-dispatch call; 

8. ~;!it!:ng time until' a messenger arrives to carry the !EH card 

from overload desks to console; 
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Figure 9 

ATTRIBUTES OF EXOGENOUS EVENT lYPES 

Telephone calls 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

Type (see pages 68 and 69); 

Scheduled time (in seconds from 3:00 o'clock)j 
Service time; 

Beatcarj 

Zone; 

Beat of Occurance; 

Vejrified Incidence Code. 

Administrative calls 

1. Type. (7 or 8); 

2. Timeout; 

3. Timein; 

4. Beatcar; 

5. Zone. 

Information inquiry 

1. Type (9); 

2. Timeout; 

3. Timein; 

4. Zone; 

S • Type (1, 2, 3., 4, 5). 

70. 
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9. Time for IBM card ti be walked back from overload to console; 

10. TiDe to walk from auxiliary desk to console; 

See Appendix A for the respective time distributions. 

Another difficulty in constructing a simulation model !nvolves the choice 

of clock routine. TfJe aM'yst may eith~r use a fixed step increment-or 

a next event type of incre~nt. The second alternative is often faster 

than tbe fo~r 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 the pecessity 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 SPURTI ) subroutines. 

GPSS vas not available at the Northwestern University Computing Center 

and the S1mscript compiler was not entirely reliable. 

A simulation done in Fortran has several advantages. The language is 

easy and its semantics are well defined, though it does not have a 

r~gorous grammar. It compiles very fast in comparison to Simscript, and 

several subroutine packages are available for inclusion in the simulation. 

SPURr is a set of Fortran based subroutine, which provide: 

1. generators for statistical distributions; 

2. list processing capability; 

3. statistical summary macro-routines; 

.4.. special c octput packages; 

S. clock routine. 

ISee Martin Goldberg and Benjamin Mittman, "SPUR'i' - A Simulation Packaee 
for University Research and Teaching," Digest of the Second Conference 
on Ap~lications of Simulation, OPe cit. C 
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Model Structure 

It is hard to convey the complexity of the realistic simulation model 

of the communications center. l ) 

A flowchart of the model is shown in Figure 10. The program is initi-

alizod by a separate subroutine. It initializes relevant lists, reads in 

The parameters, and the initial events to be used in the timing routine. 

timing routine causes the events, both exogenous and endogenous. The 

exogenous events have been mentioned earlier in tilE! section on inputs. 

Endogenous events include the following event types which are necessary 

for the time sequencing of events. Thes"e event;s are scheduled separately 

for each console. 

Endogenous event types: 

1. Operator one return; 

"' 2. Operator two return; 

3. 

4. 
s. 
6. 

7. 
8. 

9. 

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 (.t'. ue; 

Radio dispatch card assigned to dispatch queue; 

Administrative card put in administrative queue for d~spatcher. 

Each call has twelve attributes as it is processed through the system: 

1. 

2. 

3. 

4. 
s. 
6. 

7. 
8. 

Type; 
Time scheduled (final time for statistic); 

Time on service; 

Bcatcarj 

Zone; 

Beat of occurancej 

Verified incidence c9dej 

Time call entered systemj 

l'The: program is 2000 cards long, needs a core of 120,000 (octal) words, 
and takes cleven minutes to simulate eight hours of real time. 
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Flowchart of Simulation MOdel of 
Communications Center 
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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 ~s simply a Fortran array as discuGses. 

Incoming telephone calls are assigned to the telephone input queue. 

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

74. 

If a trunk line is available, the call rings at the approp'ciate console. 

After twelve seconds, if not answered, the call rings at the overload 

position, after thirty seconds at the allxiliary position. 

·f 
One of the console operators (here called operator one) handles infor­

JIlation requests ~.'hich are of five different types. An important question 

to be answered is the sensitivity ·of the syst!?-m to performing 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 

, fac~lity has answered, the priority of the call determines if the Qper­

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

The roodel includes several behavioristic parameters. 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 inmediately, but may wai't a couple of seconds. This is 

modeled ~ith a uniform distribution. 

3. Operator availability. Operators le<;.ve their pOSition for 

short intervals to coordinat.:: 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. T1mc distribution for answering calls. These differ between 

consoles reflecting the type of calls and clientele dem:mding 

, 
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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. 

Validation 

The most difficult phase of constructing a simulation model is the 

validation stage. A theory of validation docs not exist and guidelines 
are almost noncxiste"nt. 

The validation process can be subdivided into the following parts: 
1. 
2. 

3. 

4. 
5~ 
6. 

Validation criteria; 

Exogenous event generation; 

Probability distributions; 

Mod,el ~tructure; 

Initialization; 

Parameters. 

The criteria for validating the model are: 

1. Average time to process a call; 

2. Percentage of calls·answered at console. overload.,and auxi­

liary desks. 

The communications center maintains daily r~cords of where calls arc 
answered. The results indicate: 

Dec. 13 Dec. (total) Year (total) 1968 

Console 537- 53.257- 53.37, 
Overload 317- 35.85% 35.67-
Auxiliary 16% 11.907. 11..1% 

It is noteworthy that the perce~t!ll!;es do not vary. The total volume of 

c;:omrmmications processed differs g~~atly between summer and winter. A 

linear regression was used to determine the relationship betweer number 

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

cant at the 954 level of significance. However, the correlation coeffi­

cient is not very high. It is apparent that the load factor is not the 

only sigIlificant varLlble for explaining the percentage of calls answered 

at the console level. Other factors would be computer inquiry handling, 

and behavioral factors as mentioned above. 

The difference between consoles (as shown in the table) can be explained 

by differing nature of the calls and resultant service tines. 

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

The mean duration of the different ,;mit operations and the percentage of 

calls ans>Tered at the console overload and at the auxiliary desks are 

known. ;The average <:ime was 81.9 seco~. Thif. "as arrived at as shown 

in Table 11. 

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

period. Therefore this part of the siculation 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 distribu­

·tions which were validated against the original data by Chisquare tests. 

An important consideration for simulation models is the start-up interval. 

Bow long should the model run before the influence of the starting condi­

tions are not significant? By investigating the status of the different 

queues in the DX>del, an hour of simulated time was dete=:ined to be ade­

quate. 

The DX>del WQuld not provide reasonable values until the behavioristic 

parameters, mentioned earlier; were introduced. 'It "'as assumed that the 

operator would need a five second "breat11er" between calls and that fIfty 

of the administrative calls were handled by the operator .~en he "'as not 

busy. 

The sensitivil-y of the model to the behavior is tic parameters was determined 

J. 4t&!.JWC£. :;C::;;:::;::S4 _0 t ''* 



Table 10 

Linear Regression of Incoming Calls/3rd Watch Versus Percentage 

of Calls Answered at the Console Level 

y- Regrellsion 

77. 

Tone X Y Intercept Coeff. T-value Core Coeff. 

1 477 .• 40 .67 -.00056 -4.36 -.49 

2 452 .47 .72 -.00056 -4.16 -.47 

3 401 .13 .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 

7 453- .60 .89 -.OG062 -3.19 -.38 

8 403 .58 .69 -.00027 -1.87 -.23 

Sample size per Zone = 63 

X a average number of calls during third watch 

Y D average percentage of calls answered at console 
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Desk tl 

Console 36.2 

Overload 36.2 

AuxiUary 36.2 
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Table 11 

Determination of Avcrage Time for Calls 

t2 

25 

25 

25 

To Reach the Dispatch Queue 

-~ 

t3 t4 t5 Propo:-tion 1;.6 t7 

2 0 0 53Z 63.2 33.5 

2 13 21 311. 97.2 30.13 

2 30 21 161. 114.2 18.27 
f 

Systcn Average 81.90 

tl time to take a call, seconds '. 

t2 time to fill out the IBM card, seconds 

t3 = time interval in vhich the operator decides 
to answer the call, seconds 

t4 c step-up interval 

tS a time to transport IBM-card to console 

t6 = average time at this level 

t7 a weighted average 

hi X$ 



(See Table 12). The answering character~stic and downtime for the 

different operators gave the best fit to real world statistics for: 

1. answering characteristic equal to two seconds; 

2. cousole'operators away from their positions for two minutes 
each per hour; 

3. overload operators we,:e not available for seven minutes each 

per hour. -This is realistic as the overload operators ~lso 
have other duties to perform. 

The random number generator was initialized with different values to 

indicate the variance due to pseudo-random,numbers. This variance 

had 'approximately a two second effect on the average. 

Resul~ 

The questions to be investigated were: 

1. priority classes; 

2. numher of trunk lines; 

3. step-up intervals; 

4. computer inquiry at consoles; 

S. assignment of manpo\;er. 

The validated ~del, which becomes the reference point had an 

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

,. two-priority system w:!,ll 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 answered at consoles, and the waiting time is eight '" -
seconds, the savio.g 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. 

.. ~ 
, . ~ 
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Table 12 

Sen8iti~ity Analysis of 
Behavioristic Parameters 

C D E 

240 400 94.5 

400 600 88.0 

60 420 93.3 

120 420 83.7. 

300 300 88.9 

120 500 88.1 

300 600 91.3 

120 300 88.6 

120 600 91.2 

120 300 85.8 

F G a 

53 41 6 

55 40 5 

57 40 5 

54 41 5 

57 39 4 

55 39 6 

55 40 4 

53 43 5 

53 42 6 

52 44 5 
Actual per formm.:;e 12/13/68 81. 9 53 31 16 

A= answering characteristic in seconds at console 

B= answering characteristic in seconds at overload 

C= seconds that operators are not available qt console 

D= seconds that operators are not available at overload 

E" average throughput tirn~ 

F= percentage of calls answered at console 

~= percent~ge of calls answered at overload 

H= percentage of calls answered at auxiliary 

81. 
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Table 12. 

Sensitivity AnalYSis of 
Bc;/lavioristtc ParameteI;"s 

A B C lJ E F C H 

2. 2 240 400 94.5 53 41 6 
"t1 

2 4 400 600 88.0 55 40 5 
2. 2. 60 420 93.3 57 40 5 

2 2 120 420 83.1 51. 41 5 
2. 4 300 300 88.9 57 39 4 
1 l 2. 120 500 88.1 55 39 6 
2. 2. 300 600 91.3 55 40 4 
2. 2 120 300 $.l8.6 53 43 5 
2. 2 120 600 91.2 53 42 6 
2 2. 120 300 85.8 52 44 5 
Actual perfonnnl:::e 12/13/68 81.9 53 31 16 

A~ lil1.SIoIHring characteristic !n seconds at console 
B- IInsI,I.:lring choracteristic in seconds at overload 
c- seconds that operators arc. nor: avaU,able at conoole 
D- seconds that operators arc not available at overload 
E~ IIverllge throughr,ut time 

r- percentage of calla unswered at console. 
c- percentage of calls onswered at overload 
!I .. pel:'centage of ca'Llu answered at aUXi.liary 

,'~ 

~}'. 



The Btep-up 1r.tervals are currently set at twelve and thirty seconds. 

By lowering the step-up interval, more calls will be answer~d Ht the 

overlOdd. The time before a call is answered will be less, but the 

twenty-one seconds average for being transported back to the console 

would have to be added. The results were: l ) 

Step-up interval (seconds) Average! (seconds) 
I 2 

5 30 84.7 
10 30 86.5 
13 30 83.1 

Step-up interval ~l = from console to overload desks 

Step-up interval 12 = from console to auxiliary desks 

St. Dev. 

36.3 

35.1 

32.4 

As cap be seen, the current intervals arc well chosen for the kind 

of load experienced on December 13. 

How impor~nt is the computer inquiry activity at the console? 

The Sanders activity was deleted from the model and there was no 

significant change. 

Step-up interval (secDnds) Average (seconds) St. Dev. 
I 2 

13 30 83.69 38.57 
5 30 '82.85 30.20 

The deletion of the Computer Inquiry activity di.d not have a si[;n:1.£1-

caot influence on the average throughput tim!. 

Lastly =npower levels are conSidered. The second pOllltioli at the 
console wall augmented by one man and the overload to its full 
8trength of nine. 

Men at Men ar: St. 
~-up interval Position Two Overload Average ~ Comment 

1 2 (seconds) 

13 30 2 6 77.76 31.7 No 

82. 

5 30 2 6 74.70 33.2 Sander's 

5 30 2 9 73.40 30.34 Inquiry 

lABsuming our reference point to be the true p.9P'tilation estimate a 
t-test. can be used to determine how large 11 tll.frcrence of means is 
necessarv fOl: the Ilnrnple meilll to be sir,nificnnt. At the ';15% level of 
Slb'Il.l.I:l.c!lOcc, a differcnce oetween means of lour seconds 1.S neeossar.y. 



Conclusion 

Current Communications Center operations nre efficient. Its 

operations can be improved by adding another man at the console 

lev~l and setting the overload step-up interval at five seconds. 

The mininJum throughput time for the current system is 61.2 seconds. 

It is, at a ~ximu~> possible to lower the average throughput time 

by t'.lenty seconds. Response time is important onLy for priority 

one calls for service. These calls constitute less than five 

percent of total co~unications. 

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

Ilnd f1f~ld response time (travel time) to investigate what savings 

can.,..be made at this later F ~age of the response process. A twenty 

second. reduction at the COI.:munic.?tions Center compares with one 

block of travel time for a motorized beat. 

wzc:==-= 



CHAPTER VI 

ANAI;YSIS OF TIm RESPONSE FORCE: FIELD RESPONSE 

Definition 

By field response is meent the activities performed by a police 

unit after it has been assigned and .until it has completed the 
asaignment. 

The total response time consists of communications center response 

time and ,field response. It was pointed out in the previous chapter 

that the waiting time of a call in the dispatch queue, until a car 

becomes available, is dependent on assignment policies and the 

availability of cars. It becomes convenient to consider the impact 

of stacking and scre~ning policies in the context of the field .; 
response model. 

The measures of effectiveness of the Response Force were defined to 

be: (i) the level of service for Public Service type calls. l~is 
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 disutHity represented by the cnses not dismissed 

by the court for incorrect police bebavior. This measure includes 

the probability of apprehension and its qualita tive aspec ts. It was 

noted earlier that the probability of apprehension is a function of 

the number _of police -.lInits 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 iield response activities entails a complex 

analysis of the effect of the following variables on Response Force 
efficiency. 

1. demand; 

service time; 

3. travel time; 

4. dispatch queue waiting time; 
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5. number of police units in R~sponse Forcc;, 

6. total number of police units in the field. 

The outline of this chapte~ is as follows. The first section 

discusses the field response model developed by Richard Larson.1) 

The next section presents a simulation model of field response 

and the last section 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 is an analytical model which determines the 

mean value and the density functiou of the response time dis tribution. 

l 

The model development is too long to be !presented here. Only l.ts 

~ssumptions and results will be discussed. 

Assumptions: 2) 

1. patrol sector geometry is described by a rectangular grid 

of equidistant streets; 

2. the positions 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 patrolcar is available to service a call with probability 

~ 0.3; 

6. the city is large enough so that no queue of dispatches 

ever forms; 

7 ~ the dispatcher uses a "closes,t center-of-mass" dispatching 

strategy in wh!.ch the exact positions of the patrol units 

are either not known or not considered; 

8. the expected travel t:i.nX'! is equ-'\l 1;0 a "start-up time" and 

expectc~ r:ravel distance divided by the speed of the vehicle. 

~~h2rtC. !.arbon, Operations Study of the Police Response System, 

21bid , page 208. 

85. 
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The first assumption was necessary because the model was developed 

for Boston, which is known for its absence of a rectangular street 

grid. The next assumption pC11nits him to ignore the deterrrcnce effect 

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 ~vailability 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 bea ta. 

Assumption six and seven imply that interdistrict dispatching is 

permitted and no stacking of 'calls is allowed. The dispatching 

strategy is 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. 111is is of 
l 

course not true. The police offi~er llk'ly decide that an adjacent beat 

warrenl:s more preventive patrol than his own. In addition, when 

returning back to his bent after assigneml~ to another beat, it is 

physically ill1fossible for the assumption to be tr\ll~. 

This is probably the most crucial assumption and involves the organi­

zational variables of the sys tern. 

Lastly, to use a contin_ous upproxinution to his originally derived 

discreet formulation of expected travel distance function he adds 

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

linear factor when fitting the curve to real data. 

For the expected travel time Larson gets: 

- 2,/A' 
E tt • ts + j'S V R (2 -J) 

where: 

tt a travel ti~ 

ts ~ start-up time 

S .. speed 

A '" ,area for which cars are dispatched 

K a number of police units 

j "' availability 

Larson also derives an expression for the density function of the 
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He shows that: 

fdriEl (d/El) = {4 d - 4d2 + ; d
3 

3 

l6/3-Sd + 4d2 - 2d t~ 
o 

where d'e d -Iii 

fd (d'/E3i -) 
r/E3ij J 

2d,3/3 _41,2 + 7d'-3 

--d,3/3 + 3d,2 -9d' +9 

o 

d,3/6 Iii 

<-3d,3+12d,2_12d'+4)/6 

iii 
(3d,3 -24d ,2+6Od' -44) /6 

Iii 

9_d,3+12d,2 -48d' +64)/6 

+ 

+ 

+ 

UI 

ot d~ 1 

l~ d~2 

otherwise 

1:lJ~d~\if+ 1 

li\+1 ~ d!.\i \ +2 

otherwi;:e 

-Ed~liJ'(jl -1 

fjl-l~ d s/ij.UI 

P/~d$liJ~pl +1 

o Iii + Ijl +l~d!:\il +lj/+2 
otherwise 
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where d' = d - IiI - Ul 
d Q travel distance in terms of sector lengths 

To fit his functions to Boston data, I~rson was forced to assume 
a multiplicative delay factor. In effect he is reducing the average 
speed at which the police unit is responding to a call for service. 

This is realisti~, because if a car is not on his beat, where he 

should be, the travel 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 ~rson model assumes inter~istrict dispatching 

over. the area concerned, and this is not the dispatch policy in 

Chicago, it would be logical to apply it to~ single district. 

Interdistrict dispatching is allowed only for emergencies and when 

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

vealed that 20:'10 9f all calls for service in a district are answered 
by a non-district car. 

TIle ~rson 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-sqtmre value was 42.28 (for 9 

degrees of freedom) indicating a high likelihood of no fit at all. 

This is probably due to (i) the 20% of interdistrict dispatching 

Which does not permit us to view the fourteenth district as a self­

contained area and (U) the fact that the availability assumption 
is violated. On a Friday night as shown by the simulation model 
8vailabili'.y drops below 0.3. 

Simulation Hodel 

Introduction 

We have seen that the Larson mode! does not exhibit a close fit with 
Chicago data. In addition, the model is very restricted. It can 
only evaluate a very limited :Jet of alternatives. 

88. 
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The application of a simulation approach is ideal. It is very 

difficult to carry out the experioents in the real world; partly 

because of the undesirabilit"J of ill effects if the experiment 

failed. partly because of the difficulty of collecting data on 

system performance. A simulation rodel becomes a very convenient 

tool when evaluating a large set of alternatives. OnCf~ the better 

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

It vas pointed out on page 41 that a lllOdel should permit evaluation 

of: 

1. 

2. 

3. 

4. 

demands for service in space/time (i.e. stacking); 

positioning of forces in space/time (i.e. beat structure); 

assignment rules (i.e. center of mass versus car locator 

system. interdistrict dispatching); 

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 silllulation model has a lOOdulP..r structure developed to accoI!lIJJO-

date all of the above alternatives. 

What outputs are desired fr~ the model? The model should permit 

an evaluation of center of oass cu,o car locator dispatching 

strategiesl ) for different alternatives. Tae evaluation of the 

benefits of a car locator syst= is in:p<Jrtant, bec~use it is a 

fashionable hardware itme for police departments. The system 

represents a great commitment of resources and its possible benefits 

are not too veIl understood. 

Each output from the model include;s response time dis tributi::;r;,$ 

for both strategies for the 'alternative being evaluated. This 

has the advantage of facilitating comparison as all stochastic 

IBy a car locator strategy is ~ant the existence of a system that 
viII provide the dispatcher ~th actual car positions; and the 
closest car is chosen given tiIe assigtlIOC'nt rules. 

""",~""I"·"'?;t'll!!!lSl'!'i$!~.!\!!!!!.f);!I'!i$_t:,!,!, ,!,;"""'''!,,,", .... "!,-:!.,!'l''!l43Z!l .. , __ .. , ''''I}!!'''"'''OQ'''i'l'/lR~;.:z''''.2'',24 ~ .. ,~. ""l'l "Z;"'."":r"!,"'.J?!!'l';:;:cuF.~,,,,,* ...... e"'k"',"'!!'f""A,t+ .... A.W~."'".("' .. ""_.;p,.".,~ ... --------



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

1. percentage of calls answered by beatcar or distri.ctcar 
respectively; 

. . 
2. average number of calls/car/district; 

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

4. number of car services, car repairs, lUnches, and personnals 
, taken. 

To judge system performance (i) average availability (for the 

system as well as district fourteen) and (ii) the probabili~ of 

,.choosing the closest car using center-of-mass dispatching strategy 
1s also computed. 

The scope of the model has two dimensions; the number of districts 

and the set of activities to be included. 

TIle focal point of the simulation model is the fourteenth district 

and its surrounding dis tric ts (eight dis tric ts in all). The reasons 

being the availability of data for the fourteenth district and 

extreme difficulty of collecting data'on other districts. 

The scope of activities includes the handling of calls for service 

and administrative down time. In addition, preventive patrol 

activities are modeled, so that car position can be determined when 

the car is considered for assig.IDJent. It is convenient to include 

the extra waiting time in the dispatch 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. TIle first one is 

the beatcar. Its thirteen attributes are: I: 

~"'"""~""'K'" _. ____ .• < ..... - ) . ,- ,. - W'S' 
_. 
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1. reference point x 

2. reference peint y 

3. delta x for rectangle specification 

4. delta y for rectangle specification 

S. number of officers in car 

6. availability. O=busy, l=avai1ab1e, 2=not in service 

7 •. car is O=outside beat, l=inside (uniform), 2=inside 

(cons trained tmiform) 

8. curren.t locat:ion x 

9. current locat:io:l y 

10. district 

11. beat 

12. time of last c~utation of location 

13. car lunch. 

Attributes one through four define the beat. It is assumed to be ./ 
rectangular. The refer~ce points x and y represent the center-of-

f~~_iirll"J 
mass of the beat. Delta z and Delta yare the distances from the 

center to the beat ~ries. 

The next attribute re£e:rs to how many men are assigned to the car. 

___ This is necessary as in;:>ut to the car aSSignment subrouti.ne. 

Availability provides information on car status. 'If equal to two, 

the car is not in sero":l.ce that evening. Attributes number 7, 8, 9 

and 12 are C'0~sary for determining the pOSition of availagle cars 

in the sy :Dlese. vi..1.1 be discussed further in the posit:i?ning 

subr(;ntinl. 

statistics 

.-!. Attributes 10 and 11 permit the program to gather 

~ p~forcance and re1atcthis to the administrative 

structure of u:istrict ... ud beat numbers. The last item is a control 

variable to keep tra~ of haw many personnals a car has had and if 

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

coding: 



Car 

Lunch Yes 

No 
o 
1 

Pcrflonnals 
Yes 1 
2 

3 

Calls for service have the follo~ing attributes: 

Input format.of exogenous events 

1: type of event radio dispatch 1-89; 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

10. 

11. 

timeoutj 

timeinj 

beat of occurencej 

arr~st, learrestj 0=00 arrest; 

quadrantj 

x locationj 

y location; 
y 

~yj 

number of cars; 

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, misce11aneeus noncriminal cases 

etc. 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 eervice for handling th,e arrest, 

which usually amounts to one hour and one half. The next three j,tIDeS 

determine the loea'tion of the even t. The ninth item is included to 

permit sinll).lation of more than one day at a time. The last two 

factors represent the actual number of cars and the number of cen 

assigned to the call. This is used in the assignment routine to 

determine the number of cars to send in. 

nle structure of the program can be seen in figure 12. 

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 



be specified. The clock routine schedules the events, either calls 

for service or administrative calli. If, the former, screening or 

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

The subroutine assigns calls _ the subroutine ~ which generates 

the center-of-mass location of all available cars in the system and 

ranks them on dis ~ance away from the ever, t: loca tion. The ranked 

list includes the distance, di.strict, beat and manning for each 

available car. 

Assign next calls subroutine Cars. Given the number of men needed, 

~ chooses a car (or cars) according to the (1ssignment rule speci­

fied. 

To generate the actual travel distance for the assigned car. 

~ calls Positio.~, which generates the actual location of all 
.; 

livailablr.. cars. This routine is really the heart of the whole 

simulation. 

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

y and 2 Delta x. 

93. 

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

~: the uniform case. If item ~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 - t>x, X +AX) 

yloc - Randin (y -by, Y +Ay) 
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! i Case II; the constrained uniform ense. If a car is assigned to a (f':j! 
1 ~ "(;\ Ii call inside his beat item seven is set to 2, item 12 to the time whim fi'!. 
I! h{; comes back up Ilnd items 8 and 9 to the coordinlltes of the event. ~, , 
1 ~1. 

r 
l 

**.\s· 

I 

Naturally the cars position Ilfter he beeomes available is a function .1 

of the time thllt has passl1d since he came back up. His location can 

be generated by determining the union of the beat rectllngle and the 

rectangle, the sides of which are equal to time elapsed since his 

last known location times speed of travel. It is now possihle to 

generate his location Iorith a uniform distribution.as before. 

Case III: Outside bent. The more difficult case appears when the 
car is assigned outside his beat. Item seven of the car attributes 
is set e.qual to O. As before the coordinates of the event are 
fltored and the time is entered in item 12. 

Three dist.inct alternatives are apparent: 

G~-_-~~~~ 
I I 

~ ~ C 
The car may be in the general direction of A, B. or cl >. We assume 

that the car returns by the shortes~ route to his beat and that 

there is 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 elapsed to reach the beat boundary ,his location 

viII be: (x +c.time • speed, y). If there is additional time, item 

seven is set equal to two, itc.m 12 is set e<;~al to the travel. time 

needed to reach the boundary plus the original time and transfer 

to ease II is ~de. 

IThe argument is symmetrical. 

~' 
f 

-"...- . 
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Alternative It. nle same calculations arc performed for the y 

coordinate for an initial position of B. 

Alternative III. For the third alternative C, some simplifying 

assumptions are made. Th(! car is assur.x!d to travel north/south 

or cast/west until his extended beat bOlmdary is reached, at which 

he follows the bo~ndary to the beat corner. The initial direction 

is determined by a random function with 5C17. chan~c for either 

direction. 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 II. 

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 

cars are not actually assigned). The position of the center-of-

mass assigned cars are used to compare. travel dis tances betw'een 

the two strategies; as the actual locations of the center-of-cass 
dispatched cars are now known. 

Administrative calls are events Such as: 

1. car service (gas); 

2. car repair (radiO, tires, engine); 

3. personnalsj 

4. lunch. 

The initialization routine takes 25k of the cars out of service, as 

Boon as the watch begins, to fill theLr tanks. The rest of the 

car services are taken during the \.latch. 'i.Then each car becomes 

available after a call for service or adcinistrative call, a uniform 

random number betw'een ooe and sixty is drawn to determine when the car 

should try to.tnke a personnal, lunch or car service. 

The distribut.ion or lunches (see figure 13) as a function of tiDe, 

vere used to c.e.tenatne cumuli:ltive probability functions for taking 

a car out of service •. The service tioe was a unifonn number between 

10 and 20 for personIVtls and car service and a empirical distribu­

tion for lunches (sec figure 14). 

-.,~, ;;:;: ... _. (A'. ? -" • , 
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97. 

Validation 

Ideally, the simulation model should be compar~'d with actunf response 

times and key chnrncteris tics of the real world. for all eight dis tric ts. 

However, data is only available for the Fourteenth distr.ict on response 
times. 

The model must th?refore be validated ag'linst Fourteenth district 

data'; A great obstacle is the fact that there arc too many lU1known 

parameters. 

1. return speed; 

2. return route; 

3. response speed; 

4. start-up time. 

When a beatcar has been assigned ()utside his beat, his pOSition, 

on returning to his beat, is a f.unction of return speed llnd 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. 1) To 

detennine the actual speed of Response Force cars, patrol Cal:S were 

asked to give their location when assigned. Knowing the response 

time pennitted the determinatiun 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 :"here the office, thought he ought 

to have been. In fact, both the response speed and the distance 

cove::ed 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 knOl-lrl. The 

statt-up time represents the time for receiving the ass ignrncnt and 

reporting time of arrival to the dispatcher. 

I 
David Olson, Finnl Report: Operations Rcsearch Task Force, Chicago 
Police Department, 1969 
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It is necessary to include this so that comparisons can be l11.J.dc with 

actual response times. The start-up time is set eq\k1.1 to 30 seconds. 

Fixing the retUnl speed at 9.2 mph. and determining the responso 

spoed which yields the best response distribution fit to real data, 

yields 9.6 plph. and a start-up time of one minute (Chi-squa:ce is 

6.00 for 15 degrees of freedom, which is significant at 2.5% level). 

99. 

The dilcrrrna is resolved by assuming that depat:tment policy is followed. 

After completing an aSSignment, the beatcar will proceed at preven­

tive patrol speed following the shortes t route to his beat. The 

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

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

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

would be like under department policy and the assumed Speeds. This 

is a valid problem for~Jlation 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 cat: locatot: 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, car repairs, lunche~ and personnals. 

The average percent of calls answered by the beatcar is approximately 

237. and 63% for district cars. Howcver, the!:£! figures arc for 
Augus t of las t ye~lr. 

DClJland has increased approximately 10% so that the figures arc 

closer to 20% and 60% respectively. The simulation. model gets 

177. and 55% respectively. 

The simulation model generates the administrative downtime. Two 

weeks of data on administrative calls ~lere collected in February. 

$-"~ 

• 1 ; 1 
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Downtime is related to behavioristic parameters, so that it is 

safe to assume that these data will be representative. Approxima­

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

The r,imulation model generates 64.3 minutes during eight hours of 

sinn.llated time. The number of administrative events were: 

121 car services 

1 car repairs 

127 lunches 

162 personnals. 

There are 132 cars in the system that is simulated and almost all 

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

lunch, and got at least one personnal each. 

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

~Sometimes an officer skips lunch and personnals have co be per­

m:1.tted by the dispatcher. If availability is low, permission is 

llot granted. 

102. 

Different initialization periods were used; one half hour, one hour 

and one and one half hour. A one hour initialization period was 

sufficient to load the ·system. 

Real world response times for the fourteenth district are shown in 

figure 10. The mean is 7.68 minutes 'and the standard deviation 

5.65 minutes. 

The statistics generated by the simulation model 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

istics; (i) mean and standard deviation of the response time dis~ri­

bution and (ii) availability of cars for all eight districts and 

the fourteenth district in particular. 
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Results 

First a comparison will be made betwecn actual systcm (eight dtstricts) 

performance and tha); predicted by the simulation model following 

department policies. 

Figure 18. 

Comparison Betwecn R2al World Performmlce 

~ 
Simulated Performance Following Department Polic~ 

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 84 

Observations 

Availability 357- 357-
percent of 

calls answcred: 

a. by beatcar 207- 177-
b. by district car 607- 557. 

The distributions are remarkably similar. Given the Bcope of the 

response distribution curve and relativcly low number of obscrva-



tions the mode is a better characterIstic for comparison than the 

mean. 

The alternatives to be investigated are center-of-mass (eM) and 

car locator (eL) strategies with respect to: 

1. Present aSSignment rules 

I),. normal workload 

b. reduced workload 

2. Interdistrict dispatching 

8. normal workload 

b. reduced workload 

Case La: Present Assignment rules, normal workload. 

The 8 tatis tics for the present sys tem fol10'''ing department policy 

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

i locator system. The important characteristics are the average 

response time, its standard deviation and availability. Avail­

ability is related to the abilil-y to carry out trapping and search 

maneuvers. The only difference between the ~o alternatives 

evaluated is' the knowledge of the ~~ct location of dle car using 

a car locator, (sec figures 20 and 21 for graphic representation). 

Figure 12. 

Comparison of Two Dis'pa tching S tra tegies 

~ 
Normal Assignment Rules and Workload 

Standard 
Hean Deviation Mode Availability 

CM: System 8.50 min. 10.3 3.0 min. 35% 

Fourteenth 6.44 min. 5.81 4.0 min. 33% District 

CL: System 4.82 min. 3.73 

The car loactor reduces the mean response tioe substantially. 

105. 
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FIGURE 20. 
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Case Ib: Present assignment rules, reduced workload 

One effective way of increasing availability and decreasing 

~esponee times, is to decrease the number of calls responded to. 

This policy has been ins tituted in St. Loui,s and Detroit. In-

coming calls are evaluated by an experienced police officer to 

determine if police. service really is needed. A thirty percent 

reduction of miscellaneous-other calls is assumed. This would 

pr'obably represent an upper limit of call scree~ing (see figures 

23 and 24 for graphs). 

CM: System 

Fourteenth 
District 

CL: System 

Figure 22. 

Comparison of Two Dispatching Strategies 

vith Reduced Workload 

Standard 

Mean Deviation Mode Availability 

5.92 min. 6.98 3.0 min. 457-

4.68 2.24 4.0 487. 

3.77 2.87 2.0 

The outcome is a reduction in response time Hhich is greater than 

that shown by using a car locator in the previous case. 

Case 2a: Interdistrict dispatching, normal workload. 

Interdistrict dispatching means that 'the nearest car is dispatched, 

even if the car belongs to a district different from the location 

of the call for service. Current department policy for reasons of 

administt'ative efficiency does not permit this alternative (see 

,f~gures 26 and 27 for graphs). 
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CH: System 

Fourteenth 
District 

CL: System 

Figure 25. 

Comparison of Two Dispatching Strategies 

with Interdistrict Dispatching 

Standard 
Mean Deviation Mode Availability 
5.&9 7.47 3,0 39% 

6.16 9.97 5.0 397. 

4.37 3.90 3.0 

Comparing these results with the previous case, it is clear that 

reduced workload has a larger effect (the availability factor is 

much greater) (han 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. 

Qomparison of Two Dispatching Strategies 

with Interdistrict Dispatching and Reduced Workload 

Standard 
Hean Deviation Mode __ Availability 

CH:System 4.53 4.37 2.0 487. 
Fourteenth 

3.86 1.85 4.0 47% District 

CL:System 3.66 3.10 2.0 

It 1s clear that still more improvement in response time occurred. 

Availability did not change much from er~mple lb. 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? 

Ill. 
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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 Dlspatching Strategies 

with Interdistrict Dispatching 

and Reduced Workload with Car Locator Assignment 

Standard 
Mean Deviation Mode Availabiiity 

eM: System 4.43 4.36 2.0 

Fourteenth 3.69 1.97 2.0 Sen. District 

CL: System 3.69 2.96 2.0 481. 

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, is negligeable. 

Sunmary 

It is clear that the car locator system does not improve system 

efficiency greatly by itself. At most two minutes are b .:;;. ,. 

When interdistrict dispatching or screening are allowed ~he' 

average value falls by approximately 2.5 minutes. }fuen both 

policies are used the saving ia 4,ndnutes. 

'. 

By making an administrative change interdistrict dispatching will 

increase the average availability from 35% to 397.. 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 

112. 
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offers a saving of an additional minute. 

The conclusion must be that the greatest savings lie in policy 

changes rather than hardware. However, the car. locator system 

might be lJorthwhile 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 sllpervisory personnel 

for other duties. 

113. 
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CHAPTER VII 

CONCLUSION 

Tbe 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 

police departme~t.l) It establishes, without doubt, that most 

police resources are devoted to the prevention ,and control of 

crime. 

The Communications Center was shown to be efficient. The removal 

of the on-line 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 in,stalling a computerized dispatching 

system. The most logical ~~tension of center capacity would come 

from the addition of extra consoles. 

The analySis of the field response force found tha t adminis trative 

changes, such as interdistrict dispatching and screening of calls 

would have a greater effect on systems efficiency than a car 

locator per see 

Future Research 

The need for future analysis in the police sys tern is grea t. Pro­

fitable areas include: 

1. determine the functions of response time versus probability 

of arrest for different types of crime; 

2. 

3. 

4. 
S. 

6. 

analysis 

analySis 

analYSis 

analYSis 

analySis 

of Response Force strategies and tactics; 

of the Preventive Force; 

of Follow-up Force; 

of Public Service function; 

of Police-Community relations. 

t This program budget is ,being implemented in Boston and St. Louis 
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Hoving to the higher level system, the Criminal Justice System, 

it is evident that the interfaces between the criminal jus tice 

system sub-systems need be investigated as well as the sub-
systems proper. 

However. there is ~ need to stop at thig level. The Bocial 
system itself s1,:ould be analyzed as to why in(lividuals commit 

criminal acts. That is, what are the dynamics of the forcing 

function referre1 r. J in the conceptual model. It is very likely 
that changing the socio-economic.-behavioral variables will have 

a greater effect on crininality than increaSing the effectiveness 

of the Criminal Justice System and its sub-systems. 
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VTEST,CHNA9000-3305.CM120000,T600. 
RUNIS) . 
ASSIGNIAC,PLDT,GP,F6/ 
LIBRARY( SPURTl, SPURT2. SPURT4, SPURT61 
LGO. 

END OF RECORD 
PROGRAM SIMULA I INPUT,OUTPUT, TAPE60~rNPUT, TAPE6l=OUTPUT, 

1 TAPE5~TAP~60, .TAPE6~ TAPE61,PLOT. TAPE99=PLOT,PUNCH) 

*' • .. 
• ,. 
• • i' ,. 
• • • 
• 
• • 
* • 
If 

If 

• 
• 
If ,. 
• 
If 

BEAT CHARACTERISTICS 

WORD 

1 
2 
3 / 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

CAR 
LUNCH 

CONTENT 

REFERENCE POINT X 
REFERENCE POINT Y 
DELTA X FOR RECTANGLE SPECIFICATION 
DELTA Y FOR RECTANGLE SPECIFICATION 
MANCAR 
AVAILABILITY, O=BUSY. 1=AVAJL'2~ NOT IN SERVICE 
CAR IS 0= OUTSIDE BEAT 1= INSIDEIUNIFORMI 2= INSIDECCONSTI 

.CURRENT LOCA nON x 
£URRENT LOCATION Y 
DISTRICT 
BEAT 
TIME OF LAST COMPUTATION OF LOCATION 
CAR LUNCH 

NO 
YES 

NO 
o 
1 

PERSONNALS 
YES(lI YES(2) 

2 5 
3 4 

*:1 · ," ,. ;Il! 
-* •••••••• * ••••• ** •••••••• * ••• ****.*.**.******* ••••• _.********··******.******.*I~ 
if m 
: INPUT FORMAT OF EXOGENOUS EVENTS j~ 

• {jl, * WORD COriTENT • 
it 1 TYPE OF 
" 2 TIMEOUT - 3 TlMEIN - 4 BEAT OF - 5 ARREST, 

EVENT RADIO DISPATCH 1-8~, AOM(200-2031 

OCCURENCE 
I .. ARREST 

;11 
;, 
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.11 
,11 
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• 
tI 

tI 

tI 

tI 

tI 

4 
tI 

tI 

tI 

6 QUADRANT 
7 )( LOCATION 
8 Y LOCATION 
9 DAY 

10 NUMBER OF CARS 
11 NUMBER OF MEN NEEDED 11,2,3.41 

ENDOGENOUS EVENTS 
ADMINISTRATIVE CALLS ARE READ AS EXOGENOUS EVENTS. BUT THERE IS 
THE POSSIBILITY IN THE MODEL TO GENERATE THEM STOCHASTICALLY 

II ALGORITHM FOR CODING 
II 

II 50000 + UNIT ASSIGNED CAR COMING BACK UP 
tI 60000 + UNIT ASSIGNED TRANSFER TO TIMEOUT FOR ASSIGNMENT 
tI 10000 END OF DAY FOR ENDOGENOUS EVENTS 
II 

tI 

tI 

tI 

100 JUMP TO SUBROUTINE AVAIL TO DETERMINE CAR AVAILABILITY 

III1*tltI.*.****.**.* •• ***** •• *.*** •• * ••• *.* •• ***.********.***.*.***~*.*.* •• * ••• 

:OMMON/AI INDEX. TOTAL 
COMMON/CLOCKI/DUM1.NEVCNiDUM2.NEVEO,LUN 
C :li'1M0!"4.10UTPUT ICARSUS Y { 120' ,I COUNT. CARRSP.2 ( 700) • I COUNT2. CARRSP3(700) 

1),ICOUNT3.ICOUNT4,NUMX 
COI~MONIDI MINUTEC 19,30). IADHItIC 19,30) 
COMMOI1IINPUTI EXOGEN(lOltlll ,CAR(19.30.l3) .NUM 
COMMON/TIMEI ITIME,IDAY 

COMMON/NILSSONI XAVAILI191 
'DIMENSION IAUTOS(191 
INTEGER RANDIN 
INTEGER CAR 
OATA IlEND/OI 
DATA lDAY 141 
DATA KSWITCH/OI 

Kl=60 
IENO=1440 
lLIJNCH=960 
JLUNCH= 14'10 

2 CONTINUE 
CALL INITIAL 
ONTINUE 
CALL CLOCKI4.NEWT.NEWJ) 

j CONTINUE' 

IFI EXOGENINUM.ZI.LT.NEWTI 10.Z0 

C HANDLE CALLS FOR SERVICE 

10 ITIME= EXOGENINUM,ZI 
IF! ICQUNTZ .GT. 6951 GO TO 9002 
IFI ITIME .GT.iENDI GO TO 900Z 

6 CALL ASSIGN 
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13 
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C 
C 
C 
20 

104 

105 

C 

120 

130 

125 

126 

NU,"1"'NUI~-l . 
Ifl NUM.fO.IZEND) 11,5 

fFIKSWITCH.EO.11 GO TO 9002 
00 12 [=l,zOO 
READ 13.IEXOGENII01-I.Jl,J~1,11) 
JFIEOF!60) 1 4,14 
FORMAT( llF5.0) 
CONTINUE 
IKl=EXOGEN(lOl-I.ZI 
IK2=EXOGENIIOI-I,31 
IK1= [KII100 
lK2=IK21100 
EXOGENIIOl-I,2)= EXOGENCIOl-l,2l-IKl*40 
EXOGENIIOI-I.3)= EXOGENII01-1,3) -IK2*40 
IFIEXOGENIIOI-I.31.LE.EXOGENII01-I'~I)EXOGENCIOI_I,31=EX0JENIIOI-I.31 

1,11 + RANOINIZO.50J 
CJNTINUE 

. NUM=lOO 
GO TO 5 
NtJM"lOO 
}ZENDalOl-I 
t 3WITCH=1 
GO TO 5 

HANDLE ENDOGENOUS EVENTS 

ITIME= 'NEWT 
IFI ITIME .GT.IENDJ GO TO 9002 
IFI NEWJ.EQ.I00) 104,105 
CALL AVAIL 
GO TO'l 
IFI' NEWJ.EQ.90000l GO TO 9000 
KK= (NEWJ/IOOOOI*lOOOO 
to[ST= (NEWJ-KKI/IOO 
NUMBER= NEWJ-KK-IOIST *100 
11/ KK.EQ.60000) GO TO 126 

CAR COM[NG BACK UP 

CAR/[OIST,NUMBER.6J= 1 
CARI[OIST.NUMBER,12J= ITIME 

IF( XAVAIl(IOISTJ.LT.0.25J GO TO 125 
IF( CAR(IDIST,NUMBER,13J.EQ.0 .OR. CARIIDIST,NUMBER,131.EQ.2.0R.CAR 

lR(IDIST.NUMBER,13).EQ.SJ 130,125 
CALL LUNCH/ IDIST,NUM8ER) 

GO TO 1 
CALL CLOCKI2,ITIME+RANOIN(1,Kl I. 60000+IOIST *100+NUM8ER) 
GO TO 1 

IF HERE THERE ARE ADMINISTRATIVE EVENTS (STOCHASTIC) 

CONTINUE 
IFICARI!OIST.NUMBER,61.EQ.OI GO TO 1 

IFe XAVAll(10ISTJ.LT.0.Z51 GO TO 125 
C\lL TIMEOUTI IDIST,NUMBERJ 
GJ TO 1 



I' 

C END OF SIMULATED DAY 

C END OF SIMULATION RUN 

9000 CONTINUE 
900Z CALL DAYSTAT 

CALL NM>lPLT 
:ALL LARSON 
CALL LARSON 
CALL ENDPL T 
PRINT 9001 

9001 FORMATI10X,*END OF SIMU~ATION*1 
END 

SUBROUTINE INITIAL 
C 

COMMON/CLOCKI/DUMl,NEVEN,DUM2.NEVEQ,LUN 
COMMON/TIMEI ITIME,IDAy 

II COMMON/IN~UTI EXOGENIIOl,11).CARI19.30,13),NUM 
COMMON/A/ INDEX. TOTAL 
COMMON/C/ TRAVDIS(700), ICOUN 
COMMON/D/ MINUTEI19,30). IADMINI19,30) 
COMMON/OUTPUT/CARBUSYIIZO),ICOUNT,CARRSPZI700).ICOUNTZ,CARRSP3(700) 
11,ICO~NT3,lCOUNT4.NUMX 

COMMON MTL(500).JUMP(SuO),MTQIIOI,JUMQ(lO) 
COMMON/EI ISTAT(2Z).JSTAT!22).I<STAT(2ZI 
COMMON/EXTRAI ICOUNTS,CARRSP5CIOO) 
C~MMON/K/ISUMl,ISUMZ.ISUM3.ISUM4 

i' DIMENSION ITYPE(7) 
INTEGER RANDIN 
INTEGER CAR 

J' 

11 
I) 
[1 
Ii C 

P 

Ii 
,I 

II 
Ii 
I 
i.1 

i 

(\LL RANSETIS55.S) 
CALL SETCLKIMtL,JUMP,500,MTQ,JUMQ,101 

IBE=1020 
KZ"60 

DETERMINE END OF DAY 

CALL CLOCKI 2.I8E,100) 
CALL CLOCKIZ,1440,90000) 
ITIME=960 
NUMX=O 
NUM:zl 

INDEX",O 
TOTAL=O 
I:OUN=O 
ISUMl=ISUM2=ISUM3=ISUM4=O 

ICOLJNT=O 
ICOUNT2=O 
ICOUNT3=O 
ICOUNT4=O 
ICOUNT5=O 
0061=1.22 
ISTATlII=O 
KSTATIII=O 

\ ~ " 

I' 
:1\' 
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I 
i 

Ii c 

P 100 , I 
\1 
j; 20 

101 

120 
200 
300 

, , 
i l 

c 

350 

JSTATCII>:O 
DO 5 1,,11,19 
r') 5 J=I.30 
JADMINII,JI=O 
MINUTElloJl"O 
CARIl.J.6/" 2 

READ IN REFERENCE POINTS 

CONTINUE 
READ 1 • I ,J .CAR I J ,J rl ) ,CAR I 1 oj, 21 .CAR I I tJ. 3 I • CAR I I • J. 41 
FORMATI 212,214.2131 
IFfl.Ea.991 GO TO 100 
PRINT 2,1 ,J. ICARI I.J,K".K:l.41 
FORMAT( lOX. 2J2.415, 
CARl ltJ,51= 2 
TOTAL" TOTAL+l 
CARII.J.6'''l 
CARIItJ,71= 1 
CARII,J.8/= 0 
':ARIItJ,9' .. 0 
CARIItJ,lOI= 1 
:ARII,J.lll= J 

CARII.J,121= 960 
CARIl,J,131= ° 
GO TO 9 

,; 

READ IN MANNING PER CAR 

CONTINUE 
READ 20,I,JJ.ICARII.J.51.J=1,JJI 
FORMATI ax, 212. 30111 
IFI I.EO.OI 120.101 
CONTINUE 
PRINT 20.r,JJ.(CARII,J.51.J=I.JJ' 
GO TO 10C 
CONTINUE 
READ 300. IEXOGENIII.I=1,111" 
FORMA T< llF5.0 I 
IKl- EXOGENINUM.21 
tK2=EXOGENINUM,31 
JU<=IKI/100 
11I:2=IK2I100 
EXOGENINUM.21= EXOGEN(NUM.2'-IK1*40 
EXOGENINUM.3,= EXOGENINUM,3)-IK2*40 
DO 401' ,"'11,19 
IFI I.EO.121 GO TO 401 
[) 400 J=1.30 
IFI CARII.J,61.EQ.21 GO TO 400 
IF, RANDINll,61.EQ.ll GO TO 350 
CALL CLOCKI 2, ITIME+ RANDIN( 1,KZ', 60000+100.I+J' 
GC TO 400 

CAR RECEIVES CAR SERVICE RIGHT AWAY 

CON'rINUE 
IVALUE= RANDINIIO.301 
CALL CLOCK(2,ITIME+ IVALUE, 50000+10D*I+J) 
IADMINII.JI .. IADMIN( I ,JI+IVALUE 

'\ 



, I 

I , , 
<"! 

" L 1 

li 
I: 

L 
1, 
\ 
I 

L 
! ; 
L~ 

i 

t 
, ~ 

400 
401 

Z 

10 
C 
C 
C 

30 

40 

ZO 
60 

80 

90 
10 ' 

C 
C 
C 
5 
200 

Z03 

CARlltJ.61"0 
ISUMl"ISUMl+l 
CONTINUE 
CONTINUE 
RETURN 
END 

SUBROUTI~E TIMEOUTII.JI 
COMMON/TIME/ ITIME,IDAY 
COMMON/INPUT/ EXOGENIIOl.11J.CAR(19.30.13,.NUM 
COMMON/D/ MINUTEI19.30,. IADMINI19.301 ' 
COHMON/K/ISUMl,ISUMZ.ISUM3.ISUM~ 

OrMEN510N XXIl71 
C\TA XX/O.O. 0.14.0.Z5.0.37.0.5.0.37,O.Z5,O.14,0.O,O.14. 

I. 0.5.0.37.0.25.0.14.0.0/ 
INTEGER CAR 
INTEGER RANDIN 
LOGICAL DRAW 
KZ .. 60 
J'ERIOD= IITIME-9601/30+1 
IF( DRAW(XXIIPERIOOIIIZ.5 
ISUM4=15UM4+1 
IFI CARII.J,13'.LT.21 10.Z0 
IV\LUE-RANDINIIO,ZO' 
l 

PERSONNAL5 

CALL CLOCK(Z.JTIME+IYALUE,50000+I·I00+J} 
IADMINII.Jl= IAOMJNII.J}+IYALUE 
CARII.J.61"0 ' 

CARII.J.IZ,= CARII.J,lZ, + IYALUE 
IF(CARCI.J,13,.Ea.O,30.40 
CARII.J.13,,,2 
C:.) TO 50 
CAReI.J,131"3 
GO TO 50 
IFi CARII.J,131.NE.4 .AND. ITIME .GT.1200' 60.201 
IVALUE=RAND:~.iO,201 
IADMIN(J,JI~ IADMINII,JI+IYALUE 
CALL (LO(~12.ITIME+IYALUE,SOOOO+I.100+J) 
CAR'.I-J.61= 0 
CARll.J,12)~ CARII,J.lZ,+IYALUE 

,FCCARII,J,13).EO.31 60.90 
CARlItJ.13):J 4 
GO TO 50 
CARII.J.13): 5 

CONTINUE 
RETURN 

CAR SERVICE 

IFI ORAWIO.20)1200.Z01 
I~( DRAweo.OlSI) GO TO 202 
J5UMl=ISUMl+l 
IVALUE= RANDIN(lO.201 
CONTINUE 
IADMINII,JI= IADHIN( I.JI+IYALUE 
CA~L CLOCKI2.(TIME+IVALUE 

\'.' 
", 

_lit I" ::.:. '=<~:!A£ti!H,!.~,~!Ol"""""''',,\"!;Ii,",~b~_ . .i'''-~.,gz'!'lI~::::U!,:,-,4,!?t%"!,"""'i'I!, ~'!!¥~ .. 'iI'I"""'~."aoIi"k§;I!!.~'*""">,!,.'''?''t!l''', l>!*"'~" ~.ifbfI""d,!,~'1'1, "",.'.!4!"'W!"IS",.f.JQL"!',;-_ ""e. .. ,,!' d"'M,"" ... "' ... ."j< ... (..".~'!'~:+''''',:t'''''!"l',., ........ ."g ... "''''"' ___ ,, ____ ~ ___ d·r 
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I 

201 

C 
202 

CARII,J,12)2 CARII,J.IZ)+ IVALUE 
CAR( ItJ.61=0 

RETURN 
CONTINUE 

CALL CLOCKIZ.ITIME+RANDINIl,Kll,60000+1*100+JI 
lETURN 

CAR REPAIR 
I/ALUE= RANOINI60.240) 
ISUMZ: lSUM2+1 
GO TO 203 
END 

SUBROUTINE LUNCHI IOIST.NUMBERJ 
COMMON/TIME/ lTIME,IOAY 
COMMON/INPUT/ EXOGENIIOl.11).CARI19.30.13) .NUM 
COMMON/O! MINUTEI19.301. IAOMIN(19.30) 
COMMON/K/ISUMI.ISUM2.ISUM3.ISUM4 
DIMENSION OATUM(16) 
DIMENSION XX (7) ,XXX I 1,7) .ORI 7) .ORD 11.7) " 
DATA DATVM/Z4.0.57.0.87.0.1Z1.0.192.0.Z79.0,399.0.5B8.0~779.0. 

1 986.0.1134.0.1298.0,1402.0.1469.0,1494.0,1518.01 
DATA XX/0.0.092.0.22~U.5.0.61.0.98.1.0f 
DATA OR/18.0.Z3.0.26.0.Z9.0.30.0.37.0,~?OI 
LOGICAL DRAW 
I,NTEGER RAND I N 
I 'HEGER CAR 
I.HEGER TIN 

C DETERMIN~ IF CAR GETS LUNCH 

KZ 2 60 
J \= 960 
TOTAL=1518 
IPERIOD= IITIME-IA)/30 +1 
XK:DATUMIIPERIODJ 
1~IDRAW'XK/TOTAL))101.901 

101 TIN= 101ST*100 ~ NUMBER + 50000 
DO 100 1=1.7 

XXX Cl. 1 I:· XX I r ) 
100 OROII.I)= ORII) 

C DETERMINE FOR HOW LONG THE CAR WILL STAY DOWN 

rVALUE~ STOGNZ 17.XXX,ORb.ll 
ISUM3=lSliM3+1 
C~LL CLOCK(Z.ITIME+ [VALUE.TIN) 
IADMINIIDIST,NUMBER)=IADMIN(IDlST.NUMBERJ+JVA~UE 

IF« CARfI0IST.NUM8ER.13).EQ.0) 105.106 
105 CAR'IDIST.NUMBER.13)~ 1 

GO TO 110 
106 IFf CARII0IST,NUMBER.131.EQ.2) 107,108 
107 CARIIDIST.NUMBER.13)=3 

GO TO 110 
108 CARIIDIST.NUMBER.131= 4 
110 CONTINUE 

CAR([0IST.NUMBER.61= 0 
CARIIDIST.NUMBER.1Z)= CARIIDIST.HUMBER.IZ)+IVALUE 

?F :!£ ... 
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101 

c 

c 
C 
c 
C 
C 
c 

3 

10 

C 

ReTURN 
CONTrNUE 

. " 

~ 
, J ~~ 

,'I , 
CALL CLOCK(2.IT1ME+RANDIN(1.KZ 
R!:TURI; 

).60000+IDISY·I00+NUM8ERI "' i 
END 

., 
k .. ~ 
~ 

if SUBROUTINE ASS'G~ !~ 
COMMON/OUTPUT/CAR8USY(1201.ICOUNT.CARRSP2(7001.ICOUNT2.CARRSP3(70C'1, 

IJ.tCOUNT3.ICOUNT4.NUMX
r
,' 

COMMON/TIMEI ITIME,IDAY ;'. 
COMMON/INPUTI EXOGENCIOI.11).CARCI9.30.13} , NUM 1 
COMMON/AI INDEX, TOTAL ::~ 
COMMON/8/ LIST(200.4), LENGTH1 
COMMON/CI TRAVDIS(7001. ICOUN U 
COMMON/DI MINUTE(19.30), IADHIN(19.30) . 'I' 
COMMON/EI ISTAT(221 \.JSTAT(22) .KSTATC2211. 
:OMMONICARSI KKl.KK2,YDISTAN .J 

COHMON/EXTRA! ICOUNfS,CARRSPS(lOOII 
DIMENSION KK(3). KL(3) :} 
DIMENSION IAUTOS(19) J 
INTfGER, OPTION I. 
INTEGER CAR .1. 
INTEGER RANDIN .f~ 
DATA lAUTOS/lO*O. 15,Otl7.19.13,11,13,22.23/.1. 
(;1PTION "1 1 IB£:1020 t 
SPEED=12.0 ~ 
BETA"'O.5.~ 
SP~ED= SPEEDWSOO.O/60.0 1~ 

WHEN OPTION = 0 • CENTER OF MASS DISPATCHING 1S USED 

THIS 
1. 
2. 
3. 

SUBROUTINE HAS FIVE PARTS 
DETERMINE EVENT ~OCATION 
DETERMINE LOCATION OF ALL CARS 
DETERMINE MEN NEEDED 

4. 
5. 

FIND CLOSEST AVAILABL~ CARIGIVEN RESOLUTION OF 
ASSIGN CAR 

IFIRANDINIl.31.EQ.1 .AND. EXOGENINUM.l).GT.S9) 
J~C EXOGENINUM.61.EO.1) GO TO 10 
CONTINUE 
RETURN 

CC'&TINUE 

IXZ~EXOGENINUM.4) 
I XZZ" I Xl/IOO 

IFIIXZ.GT.IXZZ.I00+!AUTOSIIXZZ»)GO TO 3 

GO. TO 700 

, i:~ 
rj 
:;~ 
';;"j 

!' ~{ 
}l 
::f 

\!'f 
i'';::' 

I NFORMA TI O/~ t! 
;~J 

!:{ 

.;! 
If. 

l·l 
Il! .;, 
~[ 
l! 

.~ 
I 

DETERMINE RESPONSE DISTANCE WITH CENTER OF MASS DISPATCHING 

CALL CENTER 
C~LL CARSIKLI11.KLCZ),KL(3)) 



,1 i 

I: 
Ii 

II "leL! 11 
f(.Kl=LISTlII.2) 

KK2s:LIST 111.3) 
CALL POSIToN 
00 200 r-l.3 
IFI KLIll.LT •. ll KL<l)= RANDINIl;lOI 
IFe KL(fl.EQ.OI GO TO 210 
II-leUII 
U-LlSTIIJ.2) 
1(2" Ll 5 Til I • :3 ) 
IFIOPT[ON .EO.l) GO TO 200 
C\RIKl.K2.6)=0 
CARIKl.K2.7)::0 
IEXOG= EXOGENINUM.4)T 0.0001 
IFI IEXOG.EQ.Kl*100H.2) 51.52 

51 CONTINUE 
CARIKl,K2.7'=2 
J'=I I.GT.}) GO TO 54 
IFe fUME .LY.IBEIGO TO 54 

C ISTAT= SAME aEAT 
C JSTAT" SAME DISTRICT 
C I<.STAT: NUMBER OF CALLS 

ISTATIKll=ISTATIKl)+l 
GO TO 53 

52 CONTINuE 
IFI I.GT.lI GO TO, 54 
IFI ITIME .LT.IBElGO TO 54 
tDOUBT=EXOGENINUM,4)/IOO 
IF(Kl.EO.IDOU6T)JSTAT(Kl':JST~T(Kl'+1 

53 K5TATIK1)=KSTAT(Kl)+1 

54 CONTINUE 
CARIKl.K2.Bl= EXOGENINUM.7) 
CARIKl,K2,9)= EXOGENINUM.8) 
NEXT=fXOGENINUM.:3' 
IFIEXOGENINUM.5,.EO.1) NEXT=NEXT+RANDIN(60.1201 
NEWJ=50000+Kl*lOO +K2 . 
CALL CLOCKIZ.NEXT,NEWJl 

200 CONT 1 i;UE 
210 CONTINUE 

~ CAR LOCATOR INFORMATION AVAILABLE 

c 
IF( OPTION .NE.l) GO TO 110 

CALL CARSIKKIl).KK(Z'.KKC:3') 
C1 100 11 .. 1.3 
If I KKlIl).£O.O) GO TO 110 
10- LISTlIl.Z' 
1<.2" LISTlIl.3) 

C ASSIGN CAR 

50 CONTINUE 



61 

62 

63 
64 
~ 
C 
C 
C 

100 
110 

C 

C 
C 
C 

C 

500 

600 

310 

C 

CARIKl.KZ.6'=0 
.CARIKl.KZ.7)=0 
IEXOGa EXOGENINUM.4)+0.0001 
IF( IEXO~.EO.Kl.100+K2'61,62 
CJNTINUE 
CARIKl.I(Z.7)", 2 
IFI "I.GT.lI GO TO 64 
IFIITIME.LT.IBE) GO TO 64 
ISTAT(Kllc ISTATCK11+l 

GO TO 6! 
CONTINUE 
IF( I.GT.ll GO TO 64 

1Ft ITIME.LT.IBE! GO TO 64 
IDOUBT2 EXOGENINUM.4)/IOO 
IFI Kl.EO.IDOUBT) JSTATIK1)= JSTATCK1)+1 
KSTATIKll= KSTATCKl)+1 
CONTINUE 

YDISTAN 2 CM DISTANCE 
XDISTAN: CL DISTANCE 

CARIKl.KZ.8). EXOGENCNUM.7) 
CARIK1.K2.9)2 EXOGENCNUM.$) 
~~XT= EXOGENCNUM.3) 

IF( EXOGENCNUH.5).EQ.l) NEXT-NEXT+ RANDINC60.120) 
NEWJ= 50000+Kl.100+K2 
CALL CLOCKC2.NEXT.NEWJ) 

XDISTAN= LIST/II·I) 
:ONTINUE 
CONTINUE 

IF( ITIHE .LT.IBEIGO TO 700 

CALCULATE STATISTICS 

1. WAS THE SAME ASSIGNMENT MADE BY DISPATCHER 
THAT IS WAS THE NEAREST CAR CHOSEN 

3. TRAVEL DISTANCE 

TRAVEL DISTANCE SAVED 
tFIOPTJON.EQ.OI XDISTA~=LISTCl.l) 
ICOUNT2=ICOUNTZ+I 
C'RRSP2CICOUNTZI= YDISTAN/SPEED + BETA 
ICOUNT3=JCOUNT3+ 1 
CAQRSP3CICOUNT3'= XDISTAN/SPEED +BETA 
I TRIP= IE'XOG 

IFI ITRIP/IOO .EO.14) 500.310 
ICOUNT5=ICOUNT5+1 
PUNCH 600.YDISTAN 
FORMATI FIO.2) 
CARRSP5CICOUNT5': YDISTAN/SPEED +BETA 
CONTINUE 
ICOUN= ICOUN+l 
TRAVDISIICOUN'= YDISTAN- XDISTAN 
IFITRAVDISIICOUN I.LT.O) TRAVDISIICOUN '~O 

CALCULATE PROBABILITY OF NOT ASSIGNING THE ~LOSEST CAR 

i~ 



; j 

lCOUNT4 c ICOUNT4+1 
J~!KKI*lOO+KK2.EO.LISTCl.2)·IOO+LIST!I.3))NUMX~NUMX+I 
IXI: EXOGENCNUM.2J/IOO 
IX2= EXOGENCNUM.3)/IOO 
MINUTEIKl.KZ)= MINUTECKl.K2)+ EXOGENtNUM.3)-EXOGEN(NUH.2) 

700 CONTINUE 
RETURN 

END 

SUBROUTINE SORTC LIST.N.M. INDEX.NUMBERI 
DIMENSioN LISTCN,MI 
'~UM=NUr~BER 
JO 30 12c:l.NUI-1 
IjalZ+l 
IFINUM.LT.I31 GO TO 30 
DO ZO I:: l3. NUM 
IF( LIST(I.INDEXI.GE. LISTII2.INDEX))GO TO 20 
DO 10 K=l.M 
ITEMP= LISTlI.KI 
LIST/I.K)= LISTCIZ.KI 

10 LISTCIZ.KI= ITEMP 
zei CONTINUE 
30 CONiINUE 

RETURN 
END 

SUBROUTINE CENTER 
COMMON I INPUT I EXOGEUC 101.111 .CAR' 19.30,} 31 .NUM 
COMMON/TIMEI ITIME.IDAY 
COMMONIBI LIST!200,4), LENGTH 
INTEGER CAR 
~~OC= EXOGENCNUM.7i 
YLOC= EXOGENINUM.8) 
NU =:0 
DO 11 r" 11 • 1 9 
IF! I.EO.121 GO TO 11 ...... 
00-10 J=1.30 
J=( CARCI.J.61 -1) 10.30.10 

30 IDISTAN= ABS{CAR'I.J,ll-XLOC) + ABSICAR(!,J.2J-YLOC; 
NU"NU+l 
LISTCNU .1)= IDISTAN 
LI -;TlNU .Z) = CAR C I,j .10) 
LISTINU .31= CARCI.J~II) 
LISTINU .4'= CARII.J.5) 

10 (ONTINUE 
11 CONTINUE 

IF! NU .GT.200) PRINT 40 
40 FORMAT! lOX •• TROUBLE IN SORT.) 

LENGTH: NU 
:ALL SORTCLIST.ZOO.4.1.NU 
tlETURN 
E'40 

SUBROUTINE AVAIL 

, 
-' 
" 



5 

6 

25 
20 

30 
40 

50 

COMMON/NILSSONI XAVAIll19l ~I 
COMMON/OUTPUT/CARBUSY(120).ICOUNT.CARRSP21700I,leOUNT2.eARRSP3C700.1 

1 J .leOUND ,I COUNT4 .NUMX ~I 
COMMONIAI INDEX. TOTAL:! 
COMMON/INPUTI EXOGENIIOl.111,CARI19.30.13) .NUMl 
COMMON/TIMEI 11IME,IDAY ~ 
COHMON/CLOCKI/DUMl,NEVEN.DUM2.NEVEQ.LUN 1 
COMMON/KAJSAI FOUIHEN( 120) ':1 
(?MMON HTLI500),JUMPI5001,MTQII0) ,JUMQIIO' i 

'>IMEHSION IAUTOS(19)! 
DATA IAUTOS/I040.15,0.17.19.13,11.13,22,231 J 
INTEGER CAR d 
XAVAILl12l: 0 
NU sO 
I:OUNT=ICOUNT+l 
00 6 1=11,lg 

XZ·O 
IF' I.EQ.12) GO TO 6 
DC 5 J:: 1.30 
IF! CAR!I.J.6).eQ. 1) NU -NU +1 
IFICARII,J,61.EQ.1) Xl=Xl+l 
CONT IIlUE 
XAVAILlI)"XUIAUTOSCI) 
CONTINUE 
CARBUSY(ICOUNT1= NU/13Z.0 
pRINT 10,CARBUSYIICOUNT) .ITIME.fXAVAIL/l ),1"'11,19) 
~ORMAT\ X. *CARBUSY*FIO.3,* ITIME*15, 10FS.3) 
FOURTENIICOUNT1=XAVAILCI4) 
~~WT= ITIME + ~ 
NEWJ= 100 
CALL CLOCKIZ.NEWT,NEWJ) 

GO TO 50 
LENGTH=NEVEN 
DO 20 l=I,LENGTH 
pRINT 25.MTLI!).JUMPII) 
fORMATI 10X •• TIME~16,* TYPE·II0) 
CONTINUE 
DO 40 l"lltl9 
Tf"c I.EO.l21 GO TO 40 
DO 40 J=1.30 
IF! CAR!!.J.61.EO.Z) GO TO 40 
pRINT 30,ICARIJ.J,K),K=1,13) 
fORMAT I lOX.13IB) 
CONTINUE 
C?NTINUE 
R.::rURN 
END 

SUBROUTINE POSITON 
( )MMON/INPUT I EXOGENClOI.11) .CAR 119.30.131, NUM 
COHHON/OUTPUT/CARBUSY(lZO).ICOUNT,CARRSP2(700),lCOUNT2.CARRSP3(700) 

IJ.JCOUNT3.ICOUNT4.NUMX 
COMMON/BI LIST!ZOO.4), LENGTH 
(C·'MON/CARSI KKI,KK2.YDrS TAN 
COMMON/TIMEI IT/ME.IDAY 



(I' 

, " 
; 

( 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
~ 
C 
C 
C 
C 
C 
C 
C 
C 
C, 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1030 

1032 
1031 

INTEGEk XLOC.YLO( 
liTEGER CAR.RAN~IN 
INTEGER DELTAX. DELTAY 

IX. X LOCATION OF EVENT 
IY • YLOCATION OF EVENT 
LIST 2 MATRIX OF CARS RANKED ON DISTANCE 

WORD 

1 
2 
3 
4 

CONTENT 

DISTANCE 
DISTRICT 
BEAT 
MANCAR 

.CASE 3 

•••••• lI ••• !tit ..... * •• ' •• ----------
• • 
• • 
• • • • BEAT • ·CASE 
• REF POINT • 
• • 
• • 
••• J ••••• * •• I*** ••••• ----_____ _ 

I 
I 

.O.SE 1 I 

S?EED=9.2 
SPEED= SPEED .800/60.0 
IX2 EXOGENINUM.7) 
IY= EXOGENINUM.8) 
NOM=O 
DO 1002 1=11.19 
IF( I.EO.l2) GO TO 1002 
DO 1001 J=1.30 
IF( CARII.J.6).NE. 1) GO TO 1001 
DElTAX= CARII.J.3) 
DELTAY= CAP.(I.J.4) 
INDf.X=CARII.J.7)+1 

I 
I 
I 

IFI INDEX.LT.l .OR. INDEX.GT.3) 1030.1031 
INDEX=2 

PRINT 1032. CAR(I.J,7).I.J 
FORMATIIOX.* INDEX IN POSITION IS BAD·.3161 

CONTINUE 
GO TO 1100.200.300) INDEX 

2 
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( 

( 

( 

100 

( 

10 

11 

C 
C 

'f 

',9 

50 

( 

20 

30 

60 

c 

40 

···,,t;;,,,,.{"-''Q"-nJ1)t>c J~'i.ll'Hi"'X'-;'h '''':'~'OI'''t: 

IOOa OUTSIDE BEAT 
200e INSIDE BEAT IUNIFORM) 
300- lNSIDEICONSTRAINED UNIFORM) 

ASSUMPTION THAT CAR RETURNS BY SHORTEST ROUTE 

lBsCARII.J.Bl 
1 A", DELTAX 
l("(ARI 1.Jt1) 
IFIIB.GE.IC-IA.AND.IB.LF..IC+IA)10.20 

WE HAVE C~SE NUMBER ONE 

IN=2 
1 F (CAR I I. J. 9) • GT. CAR I I • J. 2) ) I N= 1 
lDlSTAN=JA8S(CAR( I.J.9)-CAR( I.J.2)+(-1)**IN*CAR( I .,).4» . 

THIS IS THE DISTANCE TO THE BORDER OF THE BEAT. NOW NEED TO 
DETERMINE IF CAR IS STILL OUTSIDE 

lRANGE=SPEED.(ITIME-CAR(I.J.12») 
IFIIDISTAN.LT.IRANGE) GO TO 50 
NOM=NOM+l 
CARII.J.9)=CAR(I.J.9) +1-l~**IN*IRANGE 
(ARII,J,12)=ITIME 
LI ST ( NOM. 1 ) =IABS I IX-CAR (J .J. B) j+IABS (IY-CAR (I. J.9) I 
USTlNOM.2)= I 
L1ST( NOM.3)= J 
LlSTINOM.4)= CARII.J.5) 

GO TO 1000 
CARIJ.J.12).CAR(I.J.12)+ JDISTAN/SPEED 
(\Rll.J.9)= CAR(I.J.2)+(-1) •• IN*DELT~Y *1-1) 
GJ TO 300 

CASE NUMBER 2. THE CAR IS EAST OR WEST OF ITS REFERENCE POINT 

IB=CAR(J.J.9) 
1\= DELTAY 
1(=CARII.J.2) 
IFIIB .GE.IC-IA.AND.IB.LE.IC+IA)30.40 
IN=2 
1~ICARIl.J.B).Gr.CAR(I.J.l)IN=l 

10lSTAN=IABS(CARI I.J.B)- CAR( I.J.l)+(-lJ.-IN.DELTAXI 
lRANGE=SPEED l IITIME-CAR(I.J.12)) 
IF( IDlSTAN.LT.IRANGE) 60.'f9 
CARIl.J.12)=CAR(I.J.12)+ IDISTAN/SPEED 
CARIl.J.S'= CARII.J.l'+(-l) •• IN*DELTAX ·1-1) 
GO T0300 

THE CAR 15 AT A DIAGONAL FROM ITS REFERENCE POINT 

CJNTlNUE 
IFI RANDINIl.2).EO.2) GO TO 1010 
IN=2 
IF(CARI 1.J.S).GT.CARil .J.l)) IN-I 
lRANGE= SPEEDllrTIME-I.ARII.J.lZ' 
IFIIN.EQ.21 GO TO 1005 
IFI(ARII.J.B)-IRANGE.LT.CARII.J.l)+DELTAX ) 100301004 

" 



I' 

i 
" I 
:t 
'F 
f :,t 
J, 
f 

'i' .' ,;! 

I 
;i 

,I 
~ 1 
H 
I' 
11 
'I 

1· 

.1003 

1004 

1005 
1006 

1010 

C 

,-
1013 

1014 
1015 

C 

1024 

c 

.200 

4000 
4051 

4002 

CARII,J,S,cCARII,J,l)+DELTAX 
CARII,J,12J-CARII,J,12, +IABSICARII.J.l)+DELTAX 

l/':ED 
GO TO 100 

NOM=NOM+l 
(\RIltJ.S)= CAR(I.J,S) + lRANGE 
LISTINOM,l'= IABSICARII,J.SI-IXI + IABSICARII,J,91-IYI 
LIST( NOM,2'= I 
Ll STC NOM,3 I '" J 
LISTINOM.41= CARII,J.5j 
GO TO 1000 

IFI CARIl.J.SI+IRANGE.GT. CARIl,J,lJ~DELTAX 
CARII,J,SI: CARII,J,ll-DELTAX 

CARII,J,lZ'= CARII,J,lZI+IABSICARII,J,ll-DELTAX 
1EED ' 

11006,1004 ;~ 
f.: 
j). 

-CAR (ItJ ,SII/sf! 
I' 

" GC TO 100 r' 
~ . 

CONTINUE 1: 

'N':' HERE IS MEI.S ThAT THE. DIMENSION of CASE' IS BEIN. EXPLD~ 

If'e CARII.J,91.GT.CARII,J,2J1IN=1 il 
IRANGE=IITIME-CARII,J,lZII*SPEED ~ 
IF, IN.EO.Z' GO TO 1020 . ;'\ 

. IF( CAkl I ,J,91-IRANGE.LT.CARI I tJ,Z,+DELTAY , 1013d014 ~, 
CARII,J,IZ,=CARII,J,IZ'+lft9SICARCI,J.21+DELTAY -CARCI.J,91"~1 

1PEED. ,'! 
CARfI,J.9'~ CARII,J.21+ DELTAY ; 
GO TO 100 :1. 
CARII,J.91=CARII,J,9'-IRANGE ~ 
CONTINUE ' ? 
LISTINOM,l': IABSICARII.J.SI-IX) + IABSICARII,J.9,-IYI 4 
LISTI NOM,~I= I ~ 
LISTI NOM.3'= J ~ 
LISTINOM.4'= CARII,J,5, ~ 

GO TO 1000 ~';II 
CAR IS S9UTH OF REFERENCE POINT • 

i' 

IFICARII,J.9'+IRANGE.GT.CARII,J,2,-DELTAY 11021.10Z4 J 
CARI!,J,12'=CARII,J,121+IABSICARCI,J.21-DELTAY 

lSPEED 
CARII,J,9': CARl I,J,Z)-DELTAY 
GO TO 100 

:ARII,J.9,= CARII.J,9, + IRANGE 
G.) TO 1015 

UNIFORM DISTRIBUTION CASE 

( )NT INUE 
IBEGIN= CARll,J.l' - DELTAX 
If( IBEGIN.LT.O) If:lEGIN=O 
rENDz CARll,J,l' + DELTAX 
IF( IEND.LE. IBEGINI 4000,4002 
PRINT 4051 
FORMATIIOX,* TROUBLE WITH JX*I 

lEND- IBEGIN+l 
CONTINUE 

-CARII,J,9!"" 
~; 
~,. 



JX= RANDIN( IBEGIN. lEND) 
IBEGIN= CARII.J.2)- DELTAY 
IFe IBEGIN.LT.O) IBEGIN=O 
IFND".cARlloJ.2) + DELTAY 
IFe IEND.LE. IBEGIN) 4600. 4610 

4600 PRINT 4601 
4601 FORMATI lOX.* TROUBLE WITH JY ') 

I END= I BEG I N+I 
4610 CONT I NUE 

JY= RANDINI IBEGIN.IEND) 
NOM:NOM+l 
L15TiNOM;I)~ IABSIJX-IX) + IABSIJY-IY) 
U S ~i I NO~\. 2) = I 
US'fINOI-\.3)-J 
L!STINOM.4)= CAR(I.J.5) 
CARIltJ.71= 1 
GO TO 1000 

300 CoNTINUE 

C THE CONSTRAINED UNIFORM CASE 

2001 

2002 

4010 
4001 

4012 

IRANGE=IITIME -CARfI.J.12)I*SPEED 
1.=e IRANGE.LT.ll IRANGE =1 
IFe IRANGE.GT.2*DELTAY.AND.IRANGE.GT. 2*DELTAX)2001.2002 
CARII.J.7)= 1 
GO TO 200 

CONTINUE 
IYMIN" CAR( I.J.9)-IRANGE 

IFe IYMIN.LT.O) IYMIN=O 
MINY= CARII.J.2)-DELTAY 
IF1 MINY.LT.O) M1NY=0 
IFe IYMIN.LT.MINY) IYMIN=MINY 

I(MAX=CARCt.J.9,+IRANGE 
MAXY=CARI I oJ.2)+CARI I.J.4) 
IF( IYMAX.GT.MAX ) IYMAX=MAXY 
IF( IYMIN.GE. IYMAX) 4010.4012 
PRlfH 4001. IYMIN. IYMAX 
FORMATII0X.*IYMIN* IS •• IYMAX* 15) 
IYMIN= IYMA.X-I 
CONTINUE 
YLOC=RANDINIIYMIN.IYMAX) 

IXMIN=CARII.J.S)-IRANG-E 
IFe IXMIN.LT.O) IXMIN=O 
MINX=CARII.J.II-DELTAX 
IFe MINX.LT.O) KINX=O 
IF( IXMIN.LT.MINXi IXMIN=MINX 

IXMAX=CARII.J.81+IRANGE 
MAXX=CARII,J.I)+DELTAX 
IF~ IXMAX.GT.MAXX) IXMAX=MAXX 
J~(IXMIN.GE.IXMAX) 4003.4005 

4003 P.H NT 4004. I XM IN. I XMAX 
.• 0)4 FORMATI lOX •• IX~·lIN'. 15. • IXMAX* 15) 



4005 

3000 

1000 
9001 
1001 
1002 

7000 

C 
C 
C 
C 
C 
C 

100 
C 
C 
C 
C 

102 
104 

103 

101 
105 

IX'lAX= IXMIN+1 
CONTINUE 

~LCC= RANDINIIXMIN.IXMAX) 

NOM:NOM+l 
LISTINOM.I): IABSIIY.-XLOC)+lABSIIY-YLOC) 
L1STINOM.2)= I 
LI S T ( NOM. 3) = J 
~lST!NOM.4)= CAR(I.J.5) 
CARII.J.7):2 
I?I KKl.EO.I.AND.KK2.EO.J) 9001.1001 
YDISTAN=LISTINOM.l) 

CONTINUE 
CONTINUE 

IFI NOM.GT.200) PRINT 7000 
FORMATI lOX.. NOM IS TOO LARGE~) 
LENGTH=NOM 
CALL SORTILIST.200.4.1.NOM) 
RETURN 
END 

SUBROUTINE CARSIIANSl.IANS2.IANS3) 
COMMON/BI LISTI200.4). LENGTH 
COMMONIINPUT/EXOGENII01.11). CARI19.30.13).NUM 
INTEGER RANDIN 

IANSl=O 
IANS2=0 
IANS3=0 
,:ODE= EXOGENINUM.l) 
ICARS=EXOGEN(NUM.IO) 
IMEN=EXOGENINUM,ll) 
IFI IMEN .LT.I .OR.IMEN.GT. 
ICIST- EXOGENINUM.4)/IOO 
IF! LENGTH.Gl.20) LENGTH=20 
GO TO (100.200.300.400) IMEN 
CONTINUE 

4) IMEN=2 

NOW IT ASSIGNS THE CLOSEST CAR 
CLOSEST THAT IS WITH~N THE DISTRICT TO BEGIN WITH 

)0 101 1=I.LENGTH. 
GO TO 104 
1~(ICODE.LT.B6.AND. RANDlfl~I'4)~EO.l) 
IFI I.EO.20) GO TO 103 . 
I~I LIST41.2).EO.IDIST) 102.101 
CONTINUE 

IANSI=I 
GO TO 105 

IANSI: RANDINIl.5) 
GO TO 105 
CONTINUE 
CONTINUE 

GO TO 104 



C 
C 
C 
.: 
200 

201 
196 

199 

202 

198 

2P4 
205 

206 

210 

203 
207 
208 

to9 

300 

.)01 
302 

400 

402 
403 

404 

405 

401 

l 

." j k4..'*~ R"AA . ~_~)\4:';' ':,;. ... . -' , ,. "{4'~w..~liI>tu.';I.i.Q~~' .. ~-J::,.t 
;:i 

RETURN 

FIND CLOSEST TWO MAN CAR OR TWO ONE-MAN CARS AND ASSIGN 
CLOSEST COMBINATION 

DO 201 l=l,LENGTH 
GO TO 202 
IF( ICODE.LT.86.AND.RANDIN(1,4).EO.1) GO TO 202 
I~( LISTII,4).Ea.2 .AND. LIST(I,2).Ea.IDlST) GO TO 196 

I F ( I. Ea. 20) G'O TO 1 9 9 
CONTINUE 
ICARl=I 
GC TO 198 
ICAR1~ RANDIN(l.51 
GO TO 198 
CONTINUE 
rCARl=l 
CONTINUE 
ISWITCH=O 
DO 203 I=l,LENGTH ,0 TO 205 

IF( ICO~E.LT.86.AND.RANDIN(l,4).Ea.l) GO TO 205 
I~( LIST(I,4).EO.l.AND.LIST( 1,2).EO.IDIST)204,210 
IFIISWITCH.Ea.O) 205,206 
ICAR2=I 
rSWITCH=l 
GO TO 203 
ICAR3=I 
GO TO 207 

IF! I.Ea.20) GO TO 208 
I SWITCH=1 
CONTINUE 
IFIMAXO(LISTIICAR2,1),LIST!ICAR3,l)).GT.LISTI!CARl,1))208,209 

IANSl=ICAR1 
RETURN 
IANSl=ICI>R2 
IANS2=ICAR3 
RETURN 
IANS1=1 
NEED=IMEN-LIST(1.4) 
IFI NEED.GT.21 NEED=2 
C1 301 I=2,LENGTH 
IiI NEED.EO.LIST(I,41)GO TO 302 
CONTINUE 
IANS2=I 
R£TURN 

CONTINUE 
13WITCH=0 
DO 401 I=I.LENGTH 

IFILISTII,41.Ea. 2) 402.401 
IFI ISWITCHI 405,403,404 

I :ARl= I 
GO TO 401 
CAR2;1 
ISWITCH=-1 
GO TO 401 
ICAR3=I 
GO TO 407 

CONTINUE 



401 

c 

c ,. ... 
C 
C 
C 
C 
C,.. 

1 

10 

<0 

30 

40 

100 

CONTINUE 
RETURN 
END 

SUBROUTINE DAYSTAT 

COMMONICI TRAVDIS(700], ICOUN 

I: ~ 
1'1 
U 

I ~ 
ii 
i, 
1:~ 
i! 
U 
'I 

COHMON/DI ~1::VTE(19,301, IADHlIl(19,30) i:l 
COMHONIEI ISTAT(221.JSiATr221.K.STAT(221 '{ 
COMHONIOUTPUT/CARBUSYIIZO).ICOUNT.CARRSP2(700),ICOUNT2,CARRSP3(70Ct 

1).ICOUNT3.ICCUNT4,NUMX I 
CO:~MON/EXTRAI ICOUrnS,CARRSP5(10U) ~ til 
COMMON/K/ISUHl,ISUH2,ISUM3,lSUH4 
rtMENSION IAU10S(19) II 
o I MENS I 011 SAVE I 19 I ~l 
DATA IAUTOSIl0*Otl5,O,17,19.13,ll.l3,22,231 ",Ii 

STATISTICS FOR •••• 

3. 
4. 

PRINT 1 

1. AVAILABILITY OF 
z. RESPONSE TIMES 

CARS 
A. FOR CENTER OF MASS 
B. CAR lOCATOR SYSTEM 

PERCENTAGE OF BEATCAR ANSWERING CFS ON HIS BEAT 
PR05A5ILITY OF NOT ASSIGNING THE CLOSEST CAR 

F 

FORMAT( 30X,. STATISTICAL DAllY SUMMARY.,IIII) 
IF! ICOUNT2.LT.21 GO TO 10 
CALL STIX7(CA~RSP2.ICOUNT2,O.5,50.0,1.O,7HMINUTES,l,0,1.42HTRAVEL 

l\ 1; 
i ~ 
if 
~ ~ n 

n 
~ I 
'it 

~ I 
1'. 

~' ~j 
lTIME FOR CENTER OF ~lASS DISPATCHING ,42) I" 

CONT I NUE f; 
IF! ICOUNT3.LT.2] GO TO 20 i.! 
CALL STIX7!CARRSP3,ICOUNT3.0.5,50.0.1.0,7HHINUTES,l,O,l,39HTRAVEL hl 

lTIME FOR CAR LOCATOR DiSPATCHING .39),' 
CONTINUE " 
IF! ICOUNT.LT.21 GO TO 30 j; 
CALL STIX7!TRAVDIS,ICOUN ,O.0,500.0,50.0,7HNUMBERS,l,O,l,ZlHTRAVElll 

1 DISTMICE SAVED ,21] d 
CONTINUE H 

IF( ICOUNT5.LT.2) GO TO 40 tl' 
CALL STIX7tCARRSP5,ICOUNT5,O.5,50.0,1.0,7HMINUTES,l,O,l,34HTRAVEL I 

1 TIME FOR 14TEEIHH DISTRICT ,34) j, 
CONTINUE d 
5UM3=0 

5UM4=0 
SUM5=0 

PRINT 100 
FORMATI IH1.9X,.PERCENT OF CALLS ANSWERED BY 
111I,lOX,.~ISTRICT. 5X,-SEATCAR* 5X,*DISTRICT 
lLLS.5X,.AVERAGE NUMBER OF CALLS/CAR-Ill 
00 5 I =11.19 
1":"( I.EO.IZ) GO TO 5 
X.(=I(STATIII 
SUM3=SUH3+XX 
PI- ISTATIII/XX 
5VM4=5UH4+ISTAT(11 
PZa JSTATCII/XX 

II 

!l 
P 
1! 

BEAT OR DISTRICT CAR*\~ 
CAR', $X.' NUMBER OF CA \1 

.j 
II 
,,} 

" r; 
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101 
5 

102 

105 

SUM5=SUM5+JSTATI)1 
AVE= XXII AUTOS I I ) 
SAVEII)=AVE 

h 
~, ~ 

PRINT 101. I,Pl,PZ.XX.AVE 
FORMAT( lOX.14, 7X.F5.2,lOX,F5.2.10X,F7.2.1SX.F7.Z) 

CONTINUE 
.SUM4=SUM41 SUM3 
! JM5 c SU,'-IS/SUt-l3 
SUM6=SUM31132.0 
PRINT 102.SUM4. SUM5.SUM3.SUM6 
FORMATI/,9X.*AVERAGES*4X,F5.2,10X.F5.2.10X,f7.2.15X,F7.2) 

n 
1\ 
H 
if 
11 
[I 

tl II 
i1 
Il I. 

PRINT 105 P 
FORMATI 1111.10X.*MINUTES SPENT ON CALLS FO~ SERVICE AND ADMI~ CA~ 

lLLS*.11.10X.*DISTRICT* 5X.* MIN ON CFS •• 5X.*MIN ON ADMIN-. ,.l,., 

110X.*MIN/CALL*.II) 
SUM7 c O I~ 
SUMBcO ~ 
DO 202 1=11.19 1,,1 
IFI I.EO.12l GO TO 202 .~ 
SUMl =0 't 
SUMZ=O 1 
DO 20 1 J = 1 ; 30 I 

SUM7=SUM7+MINUTEII.J) t 
SUM1=SUMl +MINUTEII.J) I 
f'JMB=SlJMB+ IADMINII.J) tl 
SJMZ= SUt~2 + IADMINII.J) Iii.",. 

SUMI=SUMI/IAUTOSIII 
SUM2=SU~I2I1 AUTOS I I ) I', 
SUM9=SUM1/SAVEI!) ~ 
PRINT ZOO.I.SUMI. SUM2 .SUM9 ri 
F)RMATI lOX. IStlOX.F7.1.l0X. F7.lol0X.F7.11 H' 

CONTINUE " 
SUM7=SUM7/13Z.0 f~':."! 
SUt~B=SUMB/132.0 t 

PRINT Z05.SUM7.SUM8 • 
FORMATIIOX.*AVERAGES*7X.F7.1.11X,F7.Z) i~"ll~. 
PP= NUMX/SUM3 
pRlrHllO,pp 
FORMATIIII.IOX.*THE PROBABILITY OF ASSIGNING THE CLOSEST CAR-.I, ~ 

1 IOX.* USING CENTER OF MASS DISPATCHING STRATEGY IS- f7.2) n 
SUMMA: 0 11 
DO 3001= I.ICOUNT II 
,UMMA= SUMMA+ CARBUSY ( I ) It 
SUMMA= SU~MAI ICOUNT .1 
F~!NT 301.SUMMA ~ 
FORMAT( 1111. 10X.- AVERAGE AVAILABILITY = • c6.Z) t.1 

PRINT 310,ISUMl.ISUM2 .ISUM3 ,ISUM4 ~ 
FORMATIIII.IOX.*THERE WERE*I5,. CAR SERVICES·,1,10X.*ANO*I4* CAR 

lREPAIRS*.1.10X.* AND* 15,' LUNCHES TAKEN*,IOX.*AND*16* PERSONNALS* 
11 

RETURN 
END 

SUBROUTINE LARSON 
COMMON/DI MINUTEI19.30), IADMINI19,30) 



J 

C 

C 

C 
C 

1 

3 

C 

10 

C 

40 

C 

45 

20 

(JMMON/EI ISTAT(2Z) ,JSTA(22).KSTAT(22) "U 
COMMON/OUTPUT/CARUUSY(lZO) ,[CDUNT.CARRSP2(700),ICOUNT2,CARRSP3(~ 

1).ICOUNT3.ICOUNT4.NUMX ~ 
COMMON/AI INDEX.TOTAL 'II 
COMMON/KAJSAI FOURTEN(120) 1 
( )MI~ON I N I RH03 !'~ 

DIMENSION F(lOH. E(102) I! 
INT~GER OPTION " 
DATA OPTION/-ll ~ 
CC"IMON/EXTRAI ICOUNTS ,CARRSP5 (100) ('I~ 

OPTION ~ 0 MEANS THAT 14TH DISTRICT ONLY IS PLOTTED I I 
L 

OPTION=OPTlON+l 
SPEED=12.0 

(FIOPTION .EO.o! GO TO 40 
DETERMINf AVAILABILITY 

rHAT IS FIND RH03 FOR DISTRICT 14 
SUM=O 
DO 1 1",1.ICOUNT 
SUM=SUM+FOURTEN(I) 
RH03=SUM/ICOUN1 
PRINT 3, RHO] 
FORMAT(II.lOX.*14-TEENTH DIST~ICT RHO=*F6.3,11) 
AA=ICOUNT5 
K=19 
CONST: SORT(7.752/K)*90.0/SPEED 

CALCULATE THE MEAN RESPONSE TIME FOR LARSON SETUP 

XMEAN=0.5 +2.0*60.0/(3.0*12.0) .SORTI7.752/19).(2 -RH03) 
PRINT 10,XMEAN 
FORMAT( II.IOX,*THE LARSON PREDICTED MEAN IS*FB.2) 
GO TO 45 

CJNST- 90.0 • SORT(7B.513/TOTAL)1 
OJ 2 I'" 1 , r COUNT 
SUM=SUM+CARBUSY(I) 
RH03=SUM/ICQUNT 

SPEED 

CALCULATE THE MEAN RESPONSE TIME FOR LARSON SETUP 

XMEAN= 0.5 +2.0 4 60.0/(3.0*12.0,*SORT(7B.513/132.0).(Z-RH03) 
PRINT 10,XMEAN 
AA: ICOUNT4 
CC'IT lNt:E 
PRINT 20,TOTAL.CONST,AA,SPEED 
FORMATIlOX,*TOTAL*FlO.3,* CONST*F6.2," AA*F6.2,· SPEED. F6.2) 
ORO=-0.05 
DO 50 J=1,60 
ORO: ORO + 0.05 
ECJI= ORO·CONST 
SUMl=RESULTl(DRC) 
"(111 SUMl .RHO] 
~2.RESULT2 (ORO) 
X jaRESUi.T] (ORO I 

I, ~ {-! 
~i 

fl 
~I 
!I 
1~ 
H li 
II 
1'(: 

i1 
II 
H 

f1 
~',1 ·t 
~ 

fl 
t~ 
tl 
rl 
" 

II 
r' .\ 
II 
tl 

II 

~~~~ ______ ""';""'; ___ "' ____________ .' ______ .1." ••• ~"¢!"<t.. S (,.-'- ~41.i'P*.-L 
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I 
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1'

.11 fit 
~\\ 

I! FIJI=IXI -+-XZ ... X3 )/CONST ifAA tt 
M P~INT ZOO.FIJJ,E(JJ ~ 
!i 200 -FORMATIIOX, Flo.2.F20.2) n~, 
f' 50 ' GONT 1 NUE i'r" 
Ii 100 CONTINUE J 
iI CALL PLOTTERIF,EJ 1 
:' RETURN ~, 

fl . ;~~CTION HESUL T1 I DRO) /,,'1,' 

:! CO;~MONINI RH03 ' 

t
l,I,! I F I ORO. L:E .1) 10,20 

10 P~SULTl= 4*ORO -4*DRO**2 +Z.0/3.0 *ORO**3 1 
Ii .!O ~;;~~~.GT.2)GO TO 30 ';i,. 

I'll, t RESULTl= 16.0/3.0-S*DRO+4*ORO**Z-Z.0/3.0*DRO**3 

II 30 RESULTl=O "~TURN ~: 
n F!TURN 
H END I.: 
" FUNCTION RESULTZ CORO I L 

COMMON/NI RH03 'II, 

Ii 

II 
11 
!' 
" 

',' 
\ 
') 
i 
\ 
l 

of 

10 

20 
30 

40" 
50 

60 
80 

100 

10 

20 
30 

SL"t=O 
00 100 K=l,l I 
IFI DRO.GE. K-l .AND. ORO.LE. K) 10,ZO I' 
DELTA= ORO**2- 1~0/3.0*DRO**3 , 
GO TO 80 I 
IF( DRO.GT.K.ANU.ORO.LE.K+l)30,40 I', .. ",.,' 

DELTA= 2.0/3 *ORO**3-4*DRO**2+7~DRO-3 " 
GO TO SO 

Y,. , IFIDRO.GT.K+1.AND.ORO.LE.K+Z)50,60 P 
JELTA= -1.Oj3.0*DRO**3+3*DRO**Z-9*DRO+9 r 
~~E~~~~g ~ 
CO~TINUE U 
SUM=SUM +DELTA.{ (l-RH03).. 12*K*{K+IJ-3)*{1-II-RH031**4JI ~1 

CONTINUE Il! 
RESUL T Z =SUM J: 

RETURN 4 
;~~CTI0N RESULT3(DRO) ,,',:1',' COMMONIHI RH03 
5UM=0 
DO 100 L=Z.2 
IF( DRO.GE. L-2 .AHD. DRO.LE. L-l) 10,ZO 1'1 
DELTA= 1.0/6.0 .DRO**3 ; 
GO TO 80 1 
IFIDRO.GT.L-1.AND.DRO.LE.L)30,40 I 

DELTA= 1.J/6.0*1-3*DRO**3+12*DRO**2-1Z*DRO+4) d 
I, 40 

GO TO 80 r 
IFIDRO.GE.L.AND.DRO.LT.L+I)50,6D [ 

i 
I: 
I 
I 
t , 
! 

50 

aD 
70 

.75 
80 
100 

t:LTA= 1.0/6 *13*DRO**3-Z4*DRO**Z+60*DRO-44) .~ 
(;0 TO SO ! 
IFIDRO.GE.L+l.ANO.DRO.LT.L+2)70.75 
DELTA: ( -DRO**3+1Z*DRO**Z-4S*ORO+64)/6.0 
G::> TO 80 ' , 

DELTA=O 
,JM=SUM+DELTA*III-RH03)**IZ*l**Z-Z*L+ll*!!-11-RH031**14*L-4)JJ 
CONTINUE 
RESULT3"SUM 
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I .~~.~"., 

II 
I' 

l! 
ij 
i 1 

I' 
11 
fl 

I 
I 

.f 

1 

10 

20 

~~ RETURN 
END fi~ 

..' ~ 

SUBROUTINE PLOTTERIF.E) . ~ 
COMMON/OUTPUT/CARBUSY(120).ICOUNT.CARRSP21700).ICOUNT2'CARRSP3t700~t 

1),ICOUNT3.ICOUNT4.NUI-IX 1fi 
COMMON/EXTRA/ ICOUNTS.CARRSPStlOO) ~ 
DIMENSION HII00) if 
DIMENSION NUMBER(40) !~. 
DIMENSION CENTl-ltlO~). CARLOC(102) f' 

DIMENSION FI102lt EII02)' 
REAL IVAL2 1 
REAL NUMBER ~ .• 
DATA ISWITCH/O/ ',i, 
00 2 I" 1 • 21 :' 
NUMBERIII=I-l ': 

1: ' 

CALL SCALEIF. 8.0. 60.1) 
CALL SCALEIE. 6.0. 60.1) 
FI6l): 0 
E1611= 0 

IFI ISWITCH.EO.l) GO TO 100 

ISWITCH=ISWITCH+l 
DO 1 1 .. 1.100 
<!NTMII'=O 
CARLOCI I 1= 0 

DO 10 I=1.ICOUNT2 
IX= (CARRSP21I)+0.S)+1 
CE'ITMIIXI= CEN7MtIX)+1 
00 20 I=1.ICOUNT3 
IX: ICARRSP31I)+0.S)+1 
CARLOCtIX)= CARLOCIIX)+1 

CALL SCALEICENTM. 8.0.20.11 
CALL SCALEICARLOC. 8.0.20.1 

C!NTM(21)= 0 
CARLOCI 211 =0 
NU:-IBERI 211=0 
IVAL2 " ,..AXlIFI 62), CENTM(22), CARLOC(22) 

F(621= IVAL2 
CENTM(22)= IVAL2 
CARLOC( 22)= IVAL2 
NUMBER(22)= E( 62) 

CALL LINEIE.F.60.1,1,0) 
CALL LINE! NUMBER.CENTM. 20.1.1.2) 
CALL LINEI NUMBER. CARLO(.20.1.1.11) 

CALL AXISI 0.0.0.0.9HFREOUENCY .9. 8.0.90.0.0.0. IVAL2) 

g" 
J ~ 
It 
l~ 
t~ 
11 
::ll I., 
[II 

~K 
f~ 
~~, 
r~ 
II 
rt 

I
t 

I 
:[ 
:! 

·1 
~t 

~ 



C 
\; 
, 

)<J 100 
" Ii 
lJ 
j; 

50 

. CALL AXISIO.O.O.O.7HMINUTE5.-7. 6.0.0.0.0;0.EI 6ZI1 

CALL 
CALL 
CALL 
O~L 
CALL 
CALL 
CALL 

SYMBOL(Z.5.B.5.0.15.Z3HGRAPH OF RESPONSE TIMES .0.0.Z31 
SYMBOLI Z.5~8.1.0.12.0.0.0.~I) 

SYMBOL (Z.8.8.0.0.1Z.ZZH=CENTER OF MASS-LARSON .0.0.2Z) 
SYMBOL(2.5.7.6.0.1Z.2.0.0,-1) 
SYMBOL(Z.B. 7.5.0.12.27H=CENTER 
SYMBOL(Z.5.7.1.0.1Z.11.0.0.-1) 
SYMBOLI2.8.7.0.0.1Z.Z4H=CAR LOCATOR DISPATCHING .0.0.Z41 

CALL PLOTIZO.0.0.0.-31 
RETURN 

PRINT RESULTS OF 14 TEENTH DISTRICT 

:ONTINUE 
DO 50 1=1.ICOUNT5 
IX"CARRSP5( 11+1.5 
ZZ/IX)=ZZIIX)+l 
Zz / Z1I =0 
NUMBER/Zll =0 
NUMBER/2ZI= E(6Z1 
ZZ(ZZ)= F(62) 
CALL LINEINUMBER.ZZ.ZO.1.1.2J 
CALL LINEIE.F.60.1.1.01 
CALL AXISIO.O,O.0.9HFREQUENCY.9. B.0.90.0.0.0.ZZ(22» 
CALL AXISIO.0.0.0.7HMINUTES.-7.6.0.0.0.0.0.E(62) I 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 

SYMEOLI3.0.B.5.0.l5.Z7HGRAPH OF 14-TEENTH DISTRICT.0.0.271 
SYMBOL(3.0.B.0.0.15.14HRESPONSE TIMES.0.0.14) 
SYMBOL(3.0.7.5.0.12.0.0.0,-1) 
SYMBOL(3.2.7.5.0.12.22H=CENiER OF MASS-LARSON.O.0,22) 
SYMBOL(3.0.7.0.0.1Z.2.0.0.-11 
SYMBOL(3.Z.7.0,O.lZ,27H=CENTER OF MASS DISPATCHING ,0.0.Z71 

CALL PLOTIZO.O.0.O.-3) 
RETURN 
END 

END OF RECORD 
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VTEST,t~NA~000-1JG5,CM4COOO'T50. b 
HE~lNU(INPUTI ~ 
C~PYSU ( I I.JPUT. T M't: X I it 
HE,ilNU(f{If'Ex) !~ 
CCPYCF ( r APEX, OU r .JUT I !F 
HEWINU(IAPEX) l~ 
COPYCf (IM)EX.OtJTPUTI It 
REWINlJ(lMJEx) 11 
CCPyCF(TnPEX,CUIPUTI ~ 
~::PYO ( r APEX.:':U r PUll !~ 
REV/INU (!,\fJEX)' .f 

l~ 
CCPYCF (rt\flEX.OUTPUT) :~ 
KEWINIJ(TAPEX) ~ 
COPYCF(rAPEX,OUrpUT) ~ 

fJ~C~HAM SIMULA INPUr,OUTPUT, TAPE60=[NPUT, T"~EA1=OUTPUT. ~ 
1 TM.JE5=T/d'EbO, TAPEr:= IIIPEbl,PLOT, TAPE99=PLCT • ...,UNCH) ii 

C k 
•••••• ~.a~ ••••• DDD~oaO.~.o.~ •••• a ••• ao •• aa ••••• a.aooo.o •••• a •• o.aoo.o.ooooooil 

. ~ 
g ~ 
C DISTRICT 14 IS SUINCIJNDE.u HY DISTRICTS I1tl3ol5.l6tlrtl8,19 l~ 
C CONS~UUENTLY IT IS ~~CESSAHY TO MODEL ALL OF THE~ AS A SYSTEM ~ 
C HCWEVUo( OISTIiICT 14 IS TH.E FOCAL POINT OF THF. SH'ULATION i! 
C . . ,f 
••••• <f.HH! .H> ••• H' .aOllaa a<l a •• fI'" a a •• 0 o ••••••••• aa .ao 0 O<>,H> " 0 .aa. <H' ...... aoo* ao it <>."0<> ~f 
• l' 11 

'I • 
ef 

" • 
ef 

• 
ef 

ef 

• 
" 
" • 
" 
" 
" • 
II 

\ I 0 

• 
• 
• 
I> 

• 
• 
" " 
" " 11 

~EAT CHAkACTEKlSTlCS !l 
" I' 

WORD 

1 
.2 

3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 

(.A~ 

LUNCH 

f;' 
F. 
Ii 

REFEHENCE POINT X I~ 
REf ikE'IC!:. t'o 1 '" T Y 1., 
OELrA X FO~ RECTANGLE SPECIFICATION 11 
OELlA Y FOR RECTANGLE SPECIFICIlT1:':'J \ 
~'ANCM .11 
ftVAILA8ILlTV, O=BU5Y, l=AVAIL,?= N~T TN SERVICE ~ 
CA~ IS 0= OUTSIDE BEAT 1= INSIDE!U~IFCRM' 2= ]NSIDEICONSTlj 
CUk~ENT LOCATION X I 
CUfiKEN r LOCA T ION Y ~ 
DlSI~tCT I" 

HEAl I 
TIME OF LAST COMPUTATION OF LCCATION r 
CAk lUNC~ ~ 

f~ 

YES 

NC 
o 
1 

PEI{SONNALS 
I'ES(l) YESC?) 
2 5 
3 4 

l' II 
! 
~ 

.QOOOO~O~~OOOo~'~~*o~U~~·~~O~~QO~~*O~6UOO~~OOOOOOOOO~o~oooooooooo~oooooooooo~o '. • '. • 
• 

INPUT FOHMAT UF EXOGENOUS EVENTS 

WO~O CONltNT 

~: 1 TYPt OF ~V~Nr ~ADIO DISPATCH 1-H~. nOM(200-20JI ~ 
:i" 2 THltel" ,! 
S;"""p""\1i",,"*,,,,,",,.ilf\'i l,*Vi' •• ,j,·.n·· "',",:)"''''''''''''l!'~'''"!'\i-.t'''''''''-'~''"''''''''''*'''''""!J&s-';"'~V'~!'<""B-"''''E'~'''''''~:· 



',4 

, , . , 
, '-I 

" 

! 
:,J: 

, .1 

~ ~ 

~ i 

I' 

II 

II 
0 

II 

1\ 

II 
11 

• 
II 

o 
II 

k rJl':\t ... "\~Ft~~·-"':'~~i';W'·''''·I'"~l·iM'r'''''';·''b·''''~Hi;1o.~~~~~"'~""""'~':'~~~j 
It IHEII I OF CCCUIH'.NCE • I 

5 /If'HEST. 1: IIKHEST ,1 
& QUAU~ANT ~ 
7 X LtCATIGN I 

B Y LOC~1ION { 
~ DAY ! 

10 NUM~ER OF CARS 1 
II f'IU~1tjEf~ OF -~I:::r~ NEEDED (1.2.3.4) ,~ 

ENDOGI:::NCUS ~V~NTS 
Af)~HJJSII,ATlvt: CflLLS- ",·,E READ AS EXOGENOUS r;:VENTS. LlllT THERE IS 
THE I'GS~lHILlry IN THE HCDEL TO GENERAT/:. THEn STOCHASTICALLY 

~ 
)~ 
t 
J 

ALGORITHM FOR C~vDING i 
: 50000 + UN IT A;,51 ciNED CAR COM 1 NG HAC~. UP I 
II 60000 • UN IT II;;S r I'>N[I) TRANSFER T G T 1 '-1F;CIJT FGR ASS I GNMENT :,',i 

II 90000 ~NU OF UAy FOR ENDOGENOUS EVENTS I 
I. II ,~ 

\! : 100 JUHt> TO SU'3KOUTINE -WAIL TO DETEHI1!NE CAR I\V/IILABILITY it 

;1 . 

; ) 

i i 

:IIIIOOIIOOOO~II0Il0GDaQQo.ftQD •• QOOOoOO.OO.IIOllllllllollooa*ooo.00.0000000000. 110 0 0 0000°1 

2 

5 

C 

10 

.; 
COMf"ON/AI [I~DEX. TOTAL . 
Cor~MCN/LLCCK J IOU." l • r·IEVEN. DUI~2, NEVEQ. LU~I 
COMr..,ONIGUl PUT ICI\"I!US Y ( I cO) , I COUN T • CARFlSP2 (700) • I COIJt-.lT2. Ci\FIHSP3 (700) 

11,ICOUNT3.ICGUN14,NUMA 
COI.,MCN/DI r·lli~lJTf.1l9,3Ll). IAL)~'IN(}9.30) 
CO'1r"CNI!I~PUTI C:XG(;EN(lOl.ll) ,CAR(I9.30.D) ,NUM 
tOMMON/Tl~EI ITI~E.IOAY 
CCMMON/~lLSSO~1 A~VAIL(19) 

U(MENSICN IAUTCSllq) 
lrHEGER t1ANDIN 
WTEGER CAH 
LlA1A IZENi)/OI 
OATA IUAY/41 
OATA KSWI1CH/01 

II.Z=60 
JENU=144G 
lLUNCH=%O . ' 

.JLUNCH=!440 
CONT II~UE 
CALL IN1Tl~\L 
<"CNTINLJE 
CALL CLOCK(4.NEwr.NEWJI 
CC;I~TI NUS-

JF( EXCG[~(NUM.2).LT.NE~T) 10.20 

HANDLE. GIILLS r or~ 5t.'l" I Ct:: 

lrlME: EXGGEN(~UM;~) 
IF! IC~UNT2 .Gr. 6qSl GC TO 9002 
IF( In~lE. .Gl.I!:.N[)) GO TO 9002 
CALL IISS!ljN 
NUM=NUM-I 
HI NUM.f:;'h!lF·~I» II.? 

~~ 
k! 

~ 
.~ 
:~ 
fi 
I 

'" ,I" 



-'-> 

F'r····"'~~'[";2''1T:r~:·~·~;Yl"'.~~~~~i:'~.........,.,.,.'"'''''~.;;;..,''' .,i ..... ,ili· ............. ""'~·.*';'l'r.itt!'"'·*'.:.i,\ 
ii ~EAU 13.(U,C(i~,'oj(!tJl-l,J"J=ltll) • Ie 
\i IFrECF(6011 4.1'+ i~ 
)1 13 f::;~MAT( IIF5.QI ~ 
\1 14 CCNIINUE i~ II lKl=EXCuEN(lOI-I,Z) 'Ir 
I, JK2=Excl>E~'(lOl-It)1 I~ 
! lK!=lKl/100 ~ 

:j JKt!=IK2/10., i~ 
" t.XCGE"II}(il-I,?I: ExCGf.~(101-I,2)-IKl°l.J Ii! 
, f.xCGEN(.lOl-It3I= t.XGGi:.N(l01-I,3) -lK7. o 40 ;~ 

ili 1~H:AC(jE'HII)1-I,jl.LE.E"'OlJ!:.N(101-I'2))EXCGEI~(lOl-I,3j=EXCGi:.NCI01-l,)) :!~ 
:1 1,2) • RAl\iD[rH?0,;)u) i~ 
I
t
.\· 12 c:;rHINUE 1M 

NVM=loo ,~ 
I! bC TC <; in 
,I 4 NU;.1=loo lil 
I JltND=IOl-I ! . 

! ~~fI gC~~l Ii; 
II C il~' 

C HANDLE (NUCGENCUS ~VENTS ~ 

C ~ 
20 1 riME: NE~!T !~ H ,. 

n ., ..If ( ITIME .6T. u:: m) GO rc 9~02 ,i.i 
10 
I' II 

II 

J 

Jf( NEWJ.~Q~100) 104,1J5 l 

104 CALL AV~lL if. 
t;C TC Ii 
IFe 1~t:·I/J.f..lo~')OtJl.I) r;c TO 9000 l~ 

II 

ii 
II 
II 

105 

c 

120 

130 

125 

c 

126 

I' C 
fl 
I'. 

c 

.! 9000 
(1)02 

, ' ~, 

l; 

K~: (NEWJ/IOOn~)al~OOO ~ 
JOIST= (NEWJ-K~)il~O ' 
N0~BER= NEwJ-K~-lDyST '100 8 
IF( KK.EQ.~0000) GC TO 126 I 

CAR CC·1ING iJIICI< UP / w..( 1f);~T )~~ II.P.j ~ ::rl~ I~ 
CMnIOIST.'~Ut1IiErl,I))= V t 

IF e CAR (11)1 ST .rJU·Hr:lh 13) .E').O .CR. CAR (ll)ysr.tNI\llER, 13) .E0.2.CR.CAR I' 
1~(IUISTHjlJ'18.E_R.JJI .F.U.S) 130,1"25 ~ 

C,\LL LUNCHI Ju!ST,tW·,Hf:':t-/) ~.: 
GC Ta 1 ~ 
CALL CLaCr{(2t1Tl··'E.~AtlutN(},KZ)t 60000~II)IST ~lOO.NIY>1r'£R) 1 
6a 1C 1 I 

IF HERE THERE: "HE AUll UJlSTRATlVE EVENTS IS rOC-IAST!C) I~, 
I~ . 

CONTINUE ~ 
JF(CAR(J{JISltW:'1.jER.61.EQ.O) GC T:': 1 I~ 
Jf o.AVAIL (JOisTl.L T .f), 2) GC 1 C l,cS I, 

~~L ~ 0 T: ME OU fI '" IS r. "'J".e,, , I 
ENI) Cf' 5 h1:tUi I En D/W H I 
END CF SIM')l.AIIC'J ~u~ 

cc',r INUE 
CALL IlAY",>rAT 

CALL NAMi-'LT 
CALL LAKS:;rj 
C~LL LM~5~1'1 
C'-LL ENUjJLT 

Ii .. ~IIH 9VOI 
CJ 900} "'~r\HAr(l:)I.f)f:',~t) ~F' SrtttfLJ'lr~Ni,)' 

•• ....... ..,. .. 'I'!'I'!Y""1.>~'o,g!l'!' • .,.\.,..) ... I'!ii""~.''"';,..,,,~.~&..v-"'~";,..A4;.;,k~44;.,.11.,;".;",".;..1 .............. , "'i~;""''''';;'<i> ..... ';''~';'i!1';'''''·A'''_';''.'-.'''''''''''''''1!!Ii4"',""""'~ __ "~~ o;'~ _________ ~_ 



c 

; \ 

5 

CALL RAN~El (17.0) 
CAL L 5 E I elK (r-1 T L , J U II P , 5 () 0 , M I () , J U II, C, 1 of 

1131:.=1020 
,:I\L=60 

DETERMINE END OF DAY 

CALL CLOCK( 2.IUE,lOO) 
CALL CLGCK(2,144V,900001 
J 1 J ~lE=960 
NUMX=O 
NUH=-l 

INDEX=O 
lCIAL=O 
ICOUN=O 
lSUMI=ISUM2=!SUMJ=ISUM4=O 

lCOUNT=O 
.ICCUNT2=0 
lrOUN13=O 
lCCUNT4=O 
lCCUNTS=O 
[J061=1.22 
ISTAT(I)=O 
KSTATIII=O 
JSIAT(II=O 
IJC 5 1=11 • .19 
UO 5 J."l. 3(1 

lAUi'lIN(l,JI=O 
MINUTE (1 •. )1 =0 
tAk(J,j,6)= 2 

CC:-I11 NUE 
kf.l\tJ 1 • I' j. CAll ( T , J , 1 I • C 1\ K ( I ,J t 2 I , CAR ( I • J t 31 , CAR ( r , J. 4) 
tC~MAT( il?,21~t~1~) 
IF(1.EO.94) GG TO 100 
I>HINT 2. I •. J. (CAK (I •. JtK) .K=1 ,4) 
fCKHAT( lOX, ?12.4IS) I 
CAk(I,j.S)= 2 
lC1AL= TCrill-) 
CA .. (I.j.6)::1 II 
CMdI.j.·f): I) 

j.I:}::;;>~':"'~"!$'~;'f!"';~!'_~!!4~~.(,!!,I!I"':~':!'I';A:"";'(:~~'''''*=~~.'~~''!'!;??'!'''!iI'l"-_'''''''''YiI"""",,~""~;f:t#f"'."'1,"*~.~,A".t'1l'jjiS~_?"-~,,",,!.E'"i'!!'l$P"",-.,!!. __ "":l'J",~", .. ·~.Jl!'~Rl!#!II' .. 1".'#'"'""'~A~kM .... 41l"'~M.,.;.~,_."~ __ i!1'!;A!..,C ... ~ .... "'!; .... "",.>""-' ... ""._""."""'e ...... J .... "".!i .. "'"..,_~!i 



:<,: 
Ii 

~ll' 
\( 
",i 
(, 
I 

l 
" !i 

,_,~t.J:..lr·'''j;lhM··.:;i4&-<,.,;;,;,q.H';''~~·A?!··-·''''._'f·'· i"6"~ n CAk«(,J'}OI: I 
" CA~(ltJt1I)= J 
11 CAHII.J'!~)= 960 
H CAHIl,JtiJ)= 0 
;[ ('0 ra 9 

'Ii ,I 

" 

I 
.! 

'I 
Ii 
:/ 
'I 

Ii 

[j 
Il 
tl n 
II 
fl 
q 

~ 
1; 
II 

C 

100 

ZO 

101 

120 
ZOO 
300 

HEAD IN MANNING pER CAH 

CONTINUE 
HEAU 20, I ,JJ.IC:\I~ (I.J,'5) '1,)=1 ,JJ) 
FORMAT! 8~. 2!2. 30ri) 
IF ( I.EO.O) 12,)0 tU\ 
CONTINUe. 
PRINT 20, I ,JJ. (C!.l'{! 1 d,!:» ,J=1 ,JJ) 
GO TO 100 
CONTINU!:: 
H£I-IU 300, tEXc",£.nnd=ldlJ 
fOt-lHAT( 1IF5.()) 
I K 1 = EXCGE.I.J(NIJI1. c) 
IK2=EXC b ENCNUM.31 

'lKl=IKliloo 
lK2=IK2/1()1) 
E,1.CGEN CNlJ..!. 2):: r::.(CGF.N (rmr-1, 2) - I I< 1 <140 
EXC6EN(~UM,3)= E~GG~N(NUM.3)-IK2.40 
00 401 I=11d9 
,I F« 1. EO. 12) GO f 0 40 I 
00 400 .)=1.30 
IF« CAR (1 ,J,6) .E'l.?) vD TO 400 
IF« HANDII~(I,6).t.IJ.ll GO Te; 350 

11 
CALL CLOCK( 2, IfIME. HAND!N( 1,KZ), 
&0 TO 400 -

60000"100 1l [+J) 

I!. 1 h 
i 

" 

:1 
I. 

Ii 
11 

j1 
1 
I 

J 
! 
! 

11 
;1 

,I 
H 
lj 
'J 

C 

350 

40Cl 
401 

CAR REC~IVFS CAR SERVICE HIGHT AWAY 

CONTINUE 
lVALUE= HAlIlJ11.r(lU.30) 
CALL CLCC,."I',JrIHE+ HALUE. 50000.100~I.J) 
IA{)MIN( Z,JI = II\Ur1Ir/1I .J) +I VALUE 
CAH(I,J,b):O ' 
ISu:~\=ISlJtl1 +} 

C:':~IT I NUE 
CCtJT 1 NUl:. 
HEl'UHN --
Er~L> 

SUBROUTINE TH1EOU1! r ,J) 
COMMON/TINll ITJM[,!L>nY 
COI1r"'ON/!rJPIIII EAGI1Fri () 01,11) 'C(\~ (19,30,13) ,NUM 
CCI-IMON/OI ~llNllr( (IQ,3(), IMJMIN 119.30) 
CCMMCN/K/I ~11t-11 .J ~\\JM?, J SlJI13, I SUI.14 
(J l,·:t::NS rUN ;0; II 'f) 
IJAJA Xt.IO.(H n.l,+.O.2:;.,O.3'7,O.5,O.37.n.2!',o.1, •• U.O.O.14. 

I. U.5,O.37.0.2::.,0.1~.U.01 
INTE.GER CAH 
IN1EGE(~ H/lrtUIH 
Leu 1 CAL IHiM-' 
IQ=60 
IPEHIOO= (Irr~~-ihO)/30.1 
IF I DRAWIX>. (lpl:'<J~I))) le,5 
1 SU,.,4 = 1 SI)/-14 + 1 
IH CMH 1.Jd ~j .LI .• ,,) te',2(1 
IVI\LI)E"'~ArIPjN( iCHiO) 

~ .. , 



~".iiT?·~·C7:'LL""'ctot~"j;'It'7J"J;rL':'t",,;,~vti(r: i' ~ 15·~:.LJ)'''')i>,,,,.j:;Ne ..... ·'s"':'''''Y'··e.\. fd' 'do,,;;;,,· . !', '\{ 

:'! . II\OMINlItJ)= liIIHilNlItJ)+IVALlJE P-

I CAHII,J'hl=O ~ ,! CAlql.J~121= CflhlI.Jtl2) + IVALUE 'I, 
:! IF ICARIltJtl3) .t:. ll.O)3(,,40 ~ 

! 30 CAfi II .Jtl3) =2 jl 

40 

i 20 
,\ 60 
d 
; ~ 

P,: 
;! 80 ,. 
;~ 

)! 90 
~f 50 " 

C 
C 
C 
5 

\j 
'I 

200 

1\ 203 
11 

11 

ij. 

201 

C 
202 

GO TO 50 ]. 
CARII,J,13)=3 ' 
GO 10 SOf 
IF! CI\RIl,jt13).,~E.4 .ANO. HIM!: .GT.1200) 60,2c.l ~ 
IVALUE=~I\N0INIIO'2n) ~, 
lAOMlNIL,J)= IflDMINII,J)+lVALUE I 

CALL CL~CKI2'lTl~E.IVALU~.50000·IolOO.JI 1 
CARII.J,6)= o· fi 
CARII,J,12'= CAKII,J,12'+IVAlUE 

IF ICAH (I ,j. 13) .EIJ.31 (iO,liO 
CAK" ,J' 13) = 4 
e.O TO 50 
CARII,J,13'= S 

CONTINUE 
HETURN 

CAR SERVICE 

IF I ORAW 10.20),2('\),201 
JFI ORA~IQ.C15» b~ TO 202 
ISUMl=ISUM)+l 
IVAlUE= HAN~IN(lJ'20) 
COrH INUE 
lAI>MIN 11 ,J) = TAO'~lN (I ,j) + IVALUE 
CALL CLCCK(Z,TTII1blVAlUE ,SOOOO+IillOO+J) 
CARCI,J,12)= CARII,J,12)+ IVALUE 
'CAHII,J,6)=O 
RETURN 

CONTINUE 
CA(l CLOCKI2,ITJ~E+HANOINI1,KZ) ,6QJOO+I o IOO+J) 
kEluKN 

CAR REPAIR 
IVAlVE= RANDINC6~.Z40) 
lSLJM2= I SU'.lc + I 
GO TO 203 
EN/) 

SU£lHOUT INE LUNCli ( mIST ,.'lJU,-1BEH) 
COMMON/TIME' ITIA~.IOAY 
COI1'~CN/,1,NPUr' U.:;r;ENll:)l,ll) ,CAH(19,30,13) 'NUI~ 
COMr-101~/D/ r.uN"T~(1l}.30), I:wMINI19,'30) 
CO~IMON/K/ I SUI"'.! • I ::'IJ~It!' ISdN! '3, 15t1:'14 
OIr-lt;:NSIGN DAlll"-1(lo) 
OIHEN<;I;;N X1.(7) ,~XX\l'71.GR(ll ,eRnll,7) 
DATA DATUM/2~.U.~1.n'~7.)~1~1.O,lq2.0.27q.O,199.0,5HA.O,779.0. 

I 9H6.0,1134.0.li~~.n,1402.0,14b~.O,14q4.0,1~ld.01 
DATA XX!0,O.O~~.0.?2,0~5,a.61,O.q~,1.01 . 
DAlA OR/IH.O.2J.J,26.U;2?u.30.0.37.0.)9.01 
LOGICAL ORI\\~ 

\ 
I 
1 IN1[(;EH RM'JD)N 

INTF.uEH CAH 
INTEGER THI 

-j 

,j C OETERr~l~jt:: IF CAR GErS L01~Cft 
'.'1 I 

~ Kl=60 I 
I lA= 960 ~ 

,.1 'Cllll=15111 . i;i 
e~j':';;:::;::;¥f1I!~:~, :C{¢ '<A.t~,?4 t3 ,~ .. sq·kG,$~'f?!ttJ~~~tb~;r.,;_A ;,..~,~;'··:Cg!u* .. ;;!~J.J4.k_IA: (if.iII\i!fk"_~~ 



.,.,,-~-~,-

'I I, 

i 
;? 

d 101 
ri ,... 

100 
<, 

:.~ 

I C d 
I' 

I; 

IDS 

106 
i 107 

f; 

109 
! 1 0 

901 

c 

~K;UATUMII~t~ICD) 

If 1()~fI'..,(.a:.r<'/T:-:IAL» l')l.'JOI 
UN: IIJIST<>lJQ • NIJ/·tHtR • sooan 
UO lUO 1=1.' 
)(XX(},!): XX(!) 

CRu (1, I) = ~Il Ii) 

DETERMINE FOi~ Ii::;>'! LQ'~G THE CAR WILL STAY ~OWN 

IVALUE= STOGN2 17.xXX'Q~D.IJ 
1 SUM]= 1 SU.~3 + 1 
CALL CLOCK' (l, I T HE. I VI\LdE. TIN) 
lAUMlN I lOIS r .rJUf·h.H:.I~) =lM);'1li~ I IDIST ,NW·1RER) + IVALU£ 

IFI CAHIIOISr,NU.·ldF.,(.3.I.EIJ'.l» lOStl06 
CAR I 101ST ,INt·\Iit:><, \'n = l 

GO TO 110 
If I CAR(I0IST.NU~rlER,l~).E~.2) l07,10M 
CAR I IDI~T .1·IUdll£K. 1'3) =3 
GO TO 110 

CAHIIDIsr,IJU'1dEKo13)= 't 

C:>.JT l/JLlE 
CAKIIOIST.fJU'lqEK,:'/= 0 
CMH 10 I ST .i~U:·IHCIl. I;?): C!.\R I lUI ST, NU~H3ER .121 • I VALUE 
t3EruRN 
tONTINIJF. 
CALL CLeCr( I?', I T I dE .JV\Nl! 1)~ I 1 ./(Z ) ,/iOOOI)+ ID IS TOl 0(1+ NllMRE,'') 
HE IlJRN 
ENU 

SU6HOllT HIE 1\'>5 1 GI~ 
COHMCN/OU rpUT ICI\,(rlIJS Y I 1 ~O) .1 CGUNT • Ci\RRSP2 I 'lOO) • I COIJNT2, CARRSP 3 (700) 

1) , 1 C~UN 13 oJ COWJI 't, NLl/M 
CCI~/·l~NI r 111U T f 1 lit:, lilA Y 
CCI-1MONIJ.,rJPtfl / E"UG[N ( 1 0 1 , 11) ; CAR CI 9,30,131 , NUM 
COI1r10N/~1 tl~UEX.. T:,)TAL 
COMM~N/U/ LISTliUO,4), LENGlH 
COI~I-1~tUC/ JHAVI,lISI7(0). lCGliJ~ 
COMM~N/UI :H'~lIrE (19.3(;), IAUI1INl1t),30) 
(;OMN~N/F.:I 15TAI(~2),JSTM(?2).KSTAT(221 
COI~I~::''1;/CI\f~S/ Kr<; 1 ,KK2' 'fOlSTAN 
COMMON/EXTRA I ICCUNT5,cnHHS~~(100) 
Olt1EI~Slcr~ KK(3)' KL(3) 
DIMENSION Inur~Sll9) 
IN1EI.;El< 'CPl iGN 
INTEGER CM~ 
INTEGER Rk'~OI'J 
OAT A IAUTC5/1n a O, 15.0,17.l9.13,11.13.22,231 
IJATA OpfICN/'JI 
Ifl[=11)21) 
SPEEt)= 8.6 
IiElA=0.70 
SPE.lU= SPEF.UuHOUo,)/60.n 
IF(EXO~EN(WU~,tl.Gr.b6.ANU, RANDIN(1,3/.EQ.IIG~TC 700 

WilEN OPTION = 0 • CEI'lTEH CF MflSS DISPATCHING IS USED 

;'.CC THIS sunRotJfII~E liAS FtVE PARTS I 
1. UETE"~INE EVLNr LOCATION ! 

iC Z. IlEft::RrHNE LCC."·, [O'~ OF ALL CARS .II. 
·C J. UF.IEfJ~IlI~[ '~[N IJEL::U~:I) ~ jg 4. fII~D CL:;srsr l\il,\ILIIIJLE CAHIGIVEN RESCLlJTI::N OF If.!FOHMAT:ONI ,~ 

I· ,.tp!4J(_~~"",1:.; . .!G;~: ~~~~~'"'l'l!"''i\4'-!.''''''''''''~''. \!i,}'l!."Gf.· .. F,>( .• ! ..-,'" ,N4,,",,,,, . ~".M'l*'" .. '''.iiS,",,4lM.O .. A _. J 



3 
IF ( EXOGEN(f~U''',1)1 .F.(h 1) lie fa 10 
CONTINUE 
HETURN 

10 CONTINUE 

C 

1 Xl=£XaGEN C tIUt-1, 4) 
IXZL=I,(L/lOO 

IF(IXZ.GT.I'(Zt~!UU+JAUTaSCIXZZ»GC TO 3 

DETERMINE RESPONSE U!STftNCE WITH CENTER OF M~SS DISPATCHING 

CALL CENTER' 
CALL CAHSIKL(1) ,KLIZ) ,KLI))) 
U=KL Cl i 
KKl=LIS!CII,Z) 

KK2=LIST CIY,3) 
CALL POS I Tal~ 
bo 200 'i=1,3 
IF( KLijl.LT. I) KLllJ= HM~l)INCltlOJ 
IF( KL I I) .EU.o) GO TO 210 
Il::KL C I I' 

,.Kl::LIST (I I,(,!) 
K2=LlsT (II,) 
IF (OPTION .E(J.l) Go TO 200 
CAR(Kl,K2,61=O 
CARCKl,K2,7)=0 Ii 

!I 
Ii 

Ii 51 

lEXOG= EXaGl~INUM'4). 0.0001 
IF( IEXoG.tO.Kl~lUO.K2) ~1,52 
CONTINUE 
CARIKl,K2,7)=2 

S3 

IF( I.GT.ll Go TO 54 
jF( IT1M[ .• LT.lH~IGO' Te 54 

ISTAT= StIllE ~lU\T· 
JSTAI= SAME UISTRICT 
KSTA!= NUMBEH OF CALLS 

ISTAT(KIJ::ISTAT(Kll+l 
GO TO 5J 
CONTINUE 
IF( I.GT.ll GO TO 54 
IF( ITI~E .LT.IH~)GC TO 54 
IDOUBT=tXOGENCNUM,4)/lOO 
IF(Kl.E~.IDGURTJJSTATCKl)=JSTATIKl)+l 
KSTAT(K!)=K~TATCKl)+l 

54 CON r r r~UE 
CARIH1.K2'81= EAOGENCNUM,7) 
CAM(Kl.KZ.91= ,EXCUENCNUM,H) 
NEX 1 =EXOGEN (NlJM. J) 

IF (EXOGt.N (NlJM,!:») "E().l) N[:( r=NExT +RANDIN (60, 1201 
NEWJ=50aOO+Kl~10ti .K~ 
CALL CLOCKII.,NEXT.NF.WJ) 

,200 CONT I NUt. 
'210 CONT INUE 

it CAll LOCATOR I:~FOMr'lATIOIl AVAILAAt.E 
I,.. ',. 
t 

____ , d ~,,~,,~,1!"A2a ..•. 81"7 .. ?" \_ 

".~\:\ 
~, 

n 
f\ 
) 



I·t~~'l:.'~~~~~ ri ··,i"-"! ...... +.~laJi'\lM~~~~ .. U~,·" 
l! CALL CARS(KK<1),r\KIZ),Kr-(J» 
II oe 100 11=1.) fI IF( KI«'y'lI.ln.O) GO TO 110 
;J Kl= LIST(Il,2!) 

K2= LIS!!ll-3) 

C ASSIGN CAR 

50 

100 
j 110 

" 
I' 

II 
t: 

i: : 
I! C 

11 C 

Ii' I) C 

i\ 
I'l 
i 
1 
I 500 i 

tl 600 

11 310 ,\ 
,! 

, 
l' 
i: 
[1 C ,I 
,I 
Ii 

" [i 

il 
; 

I, 
1" 

'; 

1'00 
:i 
I 

fi 
! 

; ~ 

Ii 
f· 

CONTINUE 

CAR(Kl.K2.6)=O 
CAHIKl,"'2,7)=O 
iF(EXOGENINUH,4).EO.KIGIOOOK2) CAR(Kl,K2,7)22 
CAM Cl'\l ,1<2,8):: tc.)I;~GEN (NUM.7) 
~AH (1'\1, K2, 9):: EX8Gf.N (NU.H, £l) 

NEXT: E.t.OGErI(NU~"3) 
IF( EXOGENCNUM,S).EO.l) NEXT=NEXT+ RANDINC60,12d) 

NEWJ= 50000-K1 0 100+K?' 
CALL CLOCK(~.NEX!'NEWJl 

XDISTAN= LIST(Il.l) 
CONTINUE 
CO~lTWUE 

~F( ITI~E .LT.IB~)Ge Te 700 

CALCULATE STA!ISTICS 

1. WAS THE SAME ASSIGNMENT HADE BY DISPATcHER 
THAT IS \>If.S TItE NEAHEST CAR CHOSEN 

3. TRAVEL ulSTANCE 

TRAVEL DISTANCE SAVED 
IF(CPTICN.EU.O) XDISTAN=LISTll.1) 
lCCU~T2~ICOUNT2+1 
CAHHSP2CICCUNTZI= YDISTAN/SPEED • BETA 
iCCUNT3=ICOUNT3+ 1 
CARHSP3(iCCUNT3)= XOISTnN/SPEED ~9ETA 
lTRIP= 1EXCG 
IF( IT~IP/IOO .EQ.14) SOO.310 

ICCUNT5=ICC llrHS+l 
PUNCH 600,YDISTAN 
r~AHAT C FlO.Z) 
CARRSPSCIC:UNTS)= YDIS1AN/SPEED +SETA 
CONTINUE . 
lCOUN= lCOUN+l 
TRAVOlS¥tCOUN)= YUISTAN- XUISTAN 
Ir(THAV~IS(ICCUN ).IT.O) TRAVOISIICCUN )=0 

CALCULATE PHGuARIlITY OF NCT ASSIGNING THE CLCSEST CAR 

lCOUNT4=Icoum4.1 
IF(KKlo100+KKZ.Eu.LIST(!,2)OIOO·lIST(I,3)'NUMX=NUNX+l 
lX1= EX~GEN (rllll~,i!) 1100 
IX2: EXCGENINUM,J)/I00 
MINUTE (K1 ,Ke) = 1I11~IITEIKl ,1\2" EXOGEN (NUt-h3) -EXGGEN (NUH,2) 

CONTINUE 
RETURN 

END 

~ 
SUBH:UTINE ~CHT! LIST,N,M, INDEX. NUMBER) 

. DIMENSION L1STIN,M) -==:!!!!!!!!!-..... .. ~...;.;...;;.;;.. ... .::..:-.:...:...:.:...-......:...--~-~-~-,--~-----~- --'- ------ -

\ 
1 
l! 
I' 

II 
[! 
), 



~~"tJ::;"':3tr"'~R':.~"rt't'iili-~"~Pll'" '''1''. ,~~ .. '''''''' ';n'~ . < '''''',,.,' ,.",,,.:,., ...... "*".~~:. .• "";li''''' .... I'.1 
i I IJc;:12+i ! 
: ' ~6 I ~gM i; I j ! ~~J/1 GO To 30 \: 

I, Ifl LISICl,INDEX).(;E. LlSTtI2tINDEXl )GO TO 20 \.:';' ::! tio 10 K;l.M . 
I, lTEt-1P= LlSl <l,KI 

LIS T ( I ,K ) = I. 1sT ( 1 2 t K ) 
10 LISTII2.KI: ITEMP 
20 CONTINUE 
30 CONTINUI:: 

I: 
Ii 30 
Ii I, 
Ii 

If 
!! 10 

11 

, 

RETURt.! -
END 

SUBROUTINE tENTEW 
COMMCNI{NPIJTI OOGEN(lOltlll.CAR(19.30d3) ,NUH 
COMMCN/TIME/ ITIME.rUAY 
COMMON/HI LIST(ZUO.4), LENGTH 
INTEGER CAR 
XLOC= EXOGENCNUM,7) 
YLOC= EXOGEIJlNUlltd) 
NU =0 
00 11 1= 11.19 
if I 1.EU.l~) ,,0 TO 11 

-IDC 10 J';l.~O 
IFI CARtr.Jf6) -1) 10,30tlO 
lOISTAN= ABS(CARCI,J,l)-XLCC) + ABSCCAR(I.J,2)-YLOC) 
NU=NU.l 
L!STCNU .1)= JIlISTAN 
LISTINU ,2):: CAH(l,J,lO) 
LISTINU .3)= CAH(I.J,ll) 
LISTINU ,4)= CAH(I,J,S) 
CON iINUE 
tONT !NUl:. 
If( NU .GT.~OO) PRINT 40 
fORMAT( lOX,. THGURL[ IN SORTo) 
LENGTH= NU 
CALL SORTILlST.20Q.4,1,NU 
kETURN 
END 

SUBRCUTI NE Noh I I. 
COMKON/NILSSCIJI XiI VA I l C 1 q) 

CCMMCN/CUTPUT ICI\K!lIJS Y C 120) , I eCUNT, CARRSP2 (700) • I CCUNT2, CAKRSP3 17 00' 
1) ,ICCUN 1301 COlIIH4, NIJHX 

COMMON/AI IlmEx. TCTAl 
ceHMON/iNPUTI EXCGENllnl.ll)'CARC19.30,13"NUH 
CCMHCN/rIHEI nII'IE, WAY 
COHMON/tLoc~ 1I0ur·, 1, NE VEIJ ,IJUM2, NEVEQ, LlIN 
CCMMCN/KAJst,/ I-CUllTEN (120) 
COMI1CN tHL (~,(;()) ,JUr·tp·(SOO) • rHQ (10) ,JlJWl (10) 

OIMENSION IAIITC~ (19)' . 
OATA IAUTCS/IouO.1S.O.17.19,13,11,13.Z2,231 
INTEGER CAR 
XAVAIL(12)= 0 
NU =0 
lCCUIH=lCCLJNT.l 
00 (, 1= 11 , 19 

Xl=O 
1Ft I.EO.12) GC fO 6 
DC ~ J= 1.30 
IF'( CARII..l,61.EI~. 1) Nil =IHl .1 
IF ICAlI (J •• J,(" .1::1).1) 1./"=)([.1 

~a-I:j====""""""""...."",....",~~_,-~- -~~- '-
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il )I,.A.VAILll)=XI.I\I\UI:;SII) 
li 6 C:NT ltHIF. 
,; CAf.(ljUsYIICCUNT/= f4U/132.0 H Io>HlfH lO,CAHHUS YIICcUNll,ITIt1E.IXAVAIL(1).I=11.19) 
\. 10 t-:HMAT! x. ~CIII~Il\)S'!'\)f-10.3.1> lTHIEI>I5, lUFA.3) 
ii fOUfHEr,liCr:UfH)="I\VAIL(\I.) 
II NEwT= IIII'IE. 5 

N(WJ= too -
I i CALL CL:CK Ie. 1·'E\~r, NEW~) 
I' 
i1 
! ~ 

;~I 
I') ,. 
I: 
j: 
I' 25 i ,I 20 ! 
~ : 
I I, 

\i 
',J 

" 

r 30 
/1 40 
,I 

11 
II 

f: 
il 
~ ; 

'I 

!\ 
'I 
11 
I! 

)
l!. ~ 
: C 

H C 
Ii C .. C 

C 
C 
C 

Ii C q 
J'i C 
ij C 
II C 
11 C 
'i C 
Ii C 
rl·c 
!i C 
~) C 
it 

(l Cc 
'I t; C 
II 
;; C 

U ~ 

50 

(;0 10 50 
Lf.~GTH=tJEVF.N 
00 20 I=l,LErIG'rH 
PRINT 2~,M1LII),JUMP(1) 
fOHMATI 10X,I>T[r·ll"16,<I TYPc.<lIlO) 
CONTINUE . 
00 40 1=11.19 
IF( I.EO.12) GO 10 40 
00 40 J=1,30 
IF( CAHII.J.6).EI';.?) GQ Tr: ltD 
PR}NT 30, (C/.\I~ (l,J,K) .K=\-l3) 
fOHMATI lUX.13IR) 
COtH INUE 
corn ltJUt:. 
HETUf{N ' 
ENO 

SU8RCIITlNE PQS I TOr-J 
COMt-lCN'I HH'IJ'r I E7,::b[t-J ( 1 () 1. i 1 ) , CAR (19.30.13) ,NUt~ 
COHMCN/dlJTP\)T /C!II-<iHJS YI 120) ,1 COUNT, CARRSP2 (700) , I COU~JT2, CARRSP3 (700) 

1), ICOUN"(3, lCCIJi~T4.NUMX 
COMMON/AI LIST (2U(),4), I.ENGTH 
COMMON/CARSI KKl'KK?'!'DISTAN 
tOMMON/lIMEI IflME,IOAY 
INTE(;f-)~' XLOC. YLOI; 
1 NTErJEf{ CI'IH, HAI.II)! I~ 
INTEGEf{ DELTAK, UELTA'!' 

lX= X LOCilT 101-J OF t:.VlNT 
lY = YLCC4TtON OF r.VENT 
LIST = ~ll\Tf{ IX OF CJ\HS R/\f.KED eN DISTANCE 

W:.JfW 

1 
? 
3 
4 

cCNH.I-JT 

III S I ANC!; 
{)ISrKICT 
HF.AI' 
MANCAK 

I 
I 
1 
I 
I 
I 

OCASE J 

o~~oooooooo~oU~OO~O~O _________ _ 

o • 
o .. 
o o tiEAT 

• 
• 
o .. OCASF. 2 

~i 
~ 

r , .. , , 

·1 
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H ell 
\1 C I I 

'C I oCAS£ 1 I 
C I I 
C I I 
C I I 
C 

(\ g 

1030 

1032-
1031 

c 
c 

;c 
" c 
~' 

n , 

ii 
" n 
;1 

\! 50 

SPEt:O= 7.0 
SPEEU= SPF.ED Oi-l\)V/(,f).U 

IX= E)(~GEIj(tJlJt1t (l 
If= E)(~(jEN(IJlH~.f;) 
1-1014=0 
DC 1 U02 1=11" 'I 
IF ( I.EQ.IZI GO r::: 1002 
OC 1001 J= I dO 
IFI CAH!loJ.6).NE. II (j~ TG 1001 
OELTAX= CAH(I.J,J) 
OELTAY= CA~(I,J,~) 
INOEX=CAR(l,J,I)+l 
If( IND!:.x.Uol .GR. I1~f)EX.GT.3) l030d03l 

/ INOEX=2 
PM1N( 1032. CAR(1,J,7I,I,J 

FCHMAT(}UX.o INO~X IN POSITION]5 BADO,3I6) 
CONTINU!:: 
GO TO (lOO.~OO,jVV) 11,IDE'( 

100= OUT,IIlE HEAT 
200= INSIDF H~AT (UNIFORM) 
300= 11~5IDE(CCNST~I\IIH:O UNIFORM) 

"ASSUMPTIGN THAT CAR RETURNS BY SHORTEST ROUTE 

IH=CAR(l.J.B) 
I A:: UEL TAX' 
lC=CAlI (I ~J.l) 
IF (IH,bE. IC-l/~.I\.'lU.IB.U:, 1(;+111)10,20 

WE HAVE CASE NUM~~R ONE 

W=2 
1 F I CAR ( t ,J •. '}) , G f , C I\~ ( 1 • ,It ~) ) I N= I 
lOlsrA~=IAHS(CA~(I.JI91-~AH(I.JI2)·'-1)o .. INOCARli.JI4)) 

THIS IS T~E ulSTANCE TO Trl£ BORDER OF lrlE ~EAT, ~OW NEED TO 
DETERMINE IF ~A~ IS jfILL cU15lDE 

IHANbE=S»Ef.DO ( 111'V::-C .\111 [ • J, 12) ) 
IFIIUISIA~J.Lr,Irll\NGE) ljC T;,: :;0 
NO~l::NCM; 1 
CAH(ItJ'9/::CI\~(1.J,q) +(-l)G~INOIRANGE 
CAH(ltJ'121~lTI~~ . 
LISI ( NOM.I)=IAHS(IA-Cn~(1.J'8)}·IABS(tY-CARII.J,4») 
LISl (NOM,Z) = l 
LIST( N:::~l")/= J 
LIST(NCM,4/= CAHII.J,5) 

GO ra lOU~ 
CAR (I ,J' Ie) =CMf (1 d., 2)' [III STAN/SPEED 
CAI-iIl,J.'I)= CI\t«l •. It?)+(~ll~0I1'.IOI)F.:LrAY O(_}) 

'bO TO JOO 
,0 s,. 22m UCL~~,.. __ ........... __ ... f ............ - ............ ----..".;,-..... -----~-



n .. 
30 

L 60 

I; 
f·; 
u C ~ '. 
,-: 
I: 

40 
H ., 

t! 
j"; 

1003 

II I 

li 1004 
il 

Ii 
II 
II )-; 

, ' 
1005 

; 1006 
II 

1013 

.\1014 
;1015 
j 

w .......... ~'7".".,,';_c;;·.,., .. ~ ;";'~~~~''''''''''''',ioi~~.~';i 

IH=CAR ([ tJt'1) 
IA= DELTAY 
IC=CMH L ,j,.:!) 
IF([B .GE.IC-14"~"lIl.lll.LE.IC'IA)30.40 
IN=? 
: r 'C AR , 1 ,.J ./3) .13 r • C l\R ( l • j, 1 ) ) I N= 1 

10 1 5 rAN:: 1 J\ H SIC 1\, l ( I "It ij ) - ell H ( l ,J f I ) • I -1 ) 0 0 IN" I) E L T A X ) 
lRANGE=SPlEDO(1ILMf.-Cl\~(1,J.12)1 
IFI IDI~TAN'LT.liANGEI 60,49 
CAf.!' I ,j, (2) =C,\fl (I'J,l2)' IIJIS1AN/SPEr.n 
CAkII,J,8): Cllklt'J.ll'l-llooINoDELTAX Ol-I} 
GO T0300 

THE CAR IS AT A lll/lf30N'\L FROM ITS REFERENCE POINT 

COI~) I NUE 
IF( RA.N OIN(1,?).E(l.2) GO TO 1010 
IN:2 
IF (CAR (I .J.H).\1 r ,CM? I I oj, 1) IN::} 
lRANGE~ SPE~OUIIllME-CA~(I.J'12) 
IF(lN.EQ.2) GO rO IO')!:> 
IF ICAH (1 ,J,{J) - tHAI~Gr:.L T .CJ\H (I,J, 1) .DEl TAX ) 1003.1004 

CARIltJ.'3I::CAHIl.Jtl) '[)EL1Ax 
CAI«1,J'lZ)=CM1II'J,12) +IAt;SICARII.Jd)+DEUAX -CARCI.J,8)I/SP 

lEED 
GO fO ioo 
NO~'=NC~1·1 

CAHII,J,H)= CAK(l"J,fll • lfVINGE. 
LISfCNC!'It!):: IAbSICMHI,J.I:l)-IX) • IABStCAR<I,J,9)-IY) 
LIST( NCt-1.2)= 1 
LIST' NOM.3):: j 

LlSfCNCM,4):: CAri(l,J,~) 
GO TO 1000 

lFC C~HIJ.J.U)+lRANuE.GT. CAHII,J,l)-DELTJ\X )1006.1004 
CA~ll,j.H)= CAK(I,J,)-DELTAX 

CAHIl.J'lZ,= CAHIJ,J,12)+IAUSICAHII,J.1)-DELTAX -CARII,J,81)/SPEED 
1EEI) 

uO TO 100 
C:)T,IT I'vUE 

IF ~EHE IS MEANS THAT TH( Y OlMENSICN Of CASE 3 IS BEING EXPLORED 

IN'"Z 
IF( CAHII'J,9).Gf.caRI(,j.2)IN::l 
1~ANijE=IITI~E-CAH(I.J.12')~SPEfU 
IFI IN.E(J.;;) GO 10 lOcO 
1ft CAR' I •• lt9) -ITli\N(iE.U .CAK I I ,j,2) "OELTAY '1013.}014 
CA~II.J'12)=CPKII.J.IZ)+IAH5(CARII,J.2,.UELTAY -CAR(I.J.9»)/S 

IPEf;.D 
CA~ll,J.9)= CAHI!'J,21. UEL1AY 
b ;TO 100 
C~.H I I ,J.9) =CIl,~ (1 ,J·.91-lh'M/uE 
CeNT INUE 
LISflNCHol): T/lb!:>(Ci\HI/.J,I.l)-tX) • IAR5CCAHIltJ.91.IYl 
LIST ( ~:~M.r.) == I 
LIST( NCMdl= j 

LISTINCr-1,4)= CM!( I,Jt51 
(j~ TO 1000 

1.. 
{ 

'C CAR IS SOUTH Of I<Et-EKE.NCf:. POINT 

1020 
1021 

",1 M;,. 
H I CAF I I • J, <J, • jl<Mf(,E. (, I • eM< ( r ,J. 21 - OEL T A Y I 102 \ ,107.4 

C At~ II • J. 1 ~ 1 =Cfdl ( f • ,j, 1 c J • IMfS (C Aft ( I ,.1,21 -11£ L rAy _ c I\f~ , I •• 10 9) ) I 
lSf'tc.t.l . 
P 'Va ea 



" :1 
Ii 
'i II 

II 
II 
11. 
(\ 
'.\ 

11 
I 

1 
1 
1 
1 ,I 

q 
I' 

J,i 

n 
Ii 
Il 
1i 

U 
I) 

\1 ,I 
Ii 
'I 
II 
1! 
I' ,I 
!1 

.... 

C 

200 

4UOO 
40~l 

4002 

4600 
4601 

4610 

300 

C 

2001 

2002 

401U 
4001 

4012 

cCIJr INUE 
luc.uIN= CMdl.J,l, - UELlA.( 
ltc"U= CAk (loJ.!) + DEL T UA 
If ( IHlD.L£. IH[Gl!J) '.000,4002 

p;.tlNT ~O:'l 
FCRMAT (lOX. <> nl:':ulll.E rill H J;(O) 

1£"IU= !AEGIN+I 
C:;~J rr IlUE 

jX= HAtlDIN( IHECHd, lUlU) 
IHEGIN= CA~(I.J.~)- DELTAY 
lE~U= CAHII.J.2). UELrAY 
IF ( IENU.LE. IHt::GlrJ) 4hUU, 4bl0 
PkINT 4601 
FCr<HAT( lO~.,<> ltl:';UHLE ylllH JY 
IEIJO= I[3EGHI+l 
CCI.T I NUt:. 
jY= RfIl'lUlrJf IHF.GIQ.JErJ[) 
.tt~~::N~I-1.1 

.) 

LlsTtN~M'l)= [hUS(JX-IX) + lA8sIJY-IY) 
LI~TtNO"',?')= I 
LIST·(·JCM,) =J 
LlSTINC~~'41= CMHI,.J,5) 
Cf,H{ r .Ji7):: 
GO T::: IOOu 

lHE CCtISTHAII-lcO UNIFGI1M CASE 

IHANGE=I[TtME -CAall.J·12)<>SPEED 
IF I IRAtJGF.:.l;T .?<lI)tL TA f .AND. IRt..\lGE.GT. 2~f)E L TA.()?OOI ,2002 
CMHI,J,7)= 1 
c.;c 1::: 200 

c:;rH lrWF. 
lYIHN= Cflill 1.J.9)-lHfI'H~E 

MI'/Y= CARI!,J.~)~LlF.LTlY 
1ft I'fMIN.LI.'II,H) I'("II'~=MIIH 

IYMAX:CAUII,J.y)+jQANGE 
HA X Y=CI\K I I • J. 2) • t: AR ( 1 ,.J. I.) 
IF! l'l"~A.r..GT.w\Xi) t,(I,,'\(=HA;(Y 
1Ft IY~IN.GE. IY~A() 4010,4012 
f'Kiln 4001. lYllI l h In.;." ... 
"~kHAT(10.(.vJY:H'~o IS," IYI11IX<> IS) 
I nlHI: 1 YHi\.(-\ 
eel-If INUE 
YLCC=iolAlm 1"1 (r Y'1lo'lt I '(11.\.>,) 

lAMlN=CA~tI,J.H)-lnAN~E 
HINA=CA~tl.J.I)-UELrAA 
!F( lXM1.tj.'-T.!~INA) [;(t~IN=Mltj( 

lA~A'=CAHtl.J.~)·l~ANGE 
MA'''=CA~( 1.J.I) .1)1::1. r hA 

iiiiiiiilF t 1 !."d ... • ', r •.. ,., ...... ) l.<·~,';.='IA" ... 

'i h 

I 
II 
\1 

~ 
\ 
f 
I 



~ : 
i 
i' 
I' 

tl 
11 
II 1; 
,! 

30uO 

1000 
9001 
rOOl 
1002 

1000 

ti 100 
'c 
C 
C 
C 

102 
104 

101 
hl!) 

NGI'I=I~CM +1 
LIST(NCM.l)= InH~(I~-~LCC)·IA8S(IY-YLCC) 
LISr(NCM,Z)= I 
LIST( NUM,)= J 
LIS1 (NOM,I+)= Ci\R(I.J,S) 
CAt{ll,J,7)=2 
lfl KKl.EIJ.l,I\IW,.KK2.l,).J) ':1001,1001 
YDIS1A'~=L [ST (NC''''I) 

CG',j IINUE 
CONTINUE 

IF I NCM.Gr .201) PRINT 7000 
FC~MATI lOA,o NOM IS rcc LARGEO) 
LENGTH=NCI4 
CALL soHTILIsr.2uO,4,I,NCM) 
RETURN 
END 

~U~RCUTINE CAHS(IA~SI'IANS2.IANS3) 
CCMMON/81 LlST(ZOU,4), LENGlrl 
CC~*~CN/INf-'IJT 1F.Y,CuEN (lUI, 11), CAR (19,3(1,13) ,NUM 
INTEGER H/\I\lUIN 

T HIS SU:'HWU lli~E I)EfEil~lI NF..S wflI CH CARS ARE TO BE ASS I GNEO BASEO CN 
MINIMUM Tf-'i\~EL OISfANCE AND NUMRER OF MtN NEFUEn 
AND HETl.lkNS THE. LCUdIO(\) OF THE LIST TO HE ASSIGNED 

JANS1=0 
IANS2=O 
II\NS3=0 
ICCDE= EXCG~N(NUM,!) 
ICI>HS=EXGGt"f'.: (rlU~\ll(11 
IMEN=EXuGEhl (1'lIp·I, 11) 
IF< IMEN .Ll.! .CH,II1!:."l,GT. 
IOISf= ~XOb~N(NUM'4)/IOU 
IFI LENaTrl.GT,30) LEN~Trl =30 
GO TO (100,200.:JuU,40u) l~\EN 

CONTiNUE 

4) IMEN=2 

NOW IT ASS!GN~ THE CLCS~ST CAR 
CLOSEST lHJ\T IS I'IIIHll~ lJlE DISTRICT TO UEGIN \~XTH 

00- 101 1= I. U::~Ir.:.1 rt 
IFI ICODE.L1.il" .1\N0.I;A.~i)lNU,I+).EQ.1l GO TC 
IF' I.E(ld~) fiC I::; IO~ 

H ( Lt::' r ( J t 2) • EIJ. III I S T) I Ut', 101 
C::;NTlNLJE 

1M"SI=I 
(,0 1:': lO~ 
IVi.L= ~1\1·JI)rN(I.I) 
lANSl::IVAL 
GO 10 10:' 
CGNTINUt. 
CaNTINU~ 
kflUHN . 

FIND CLC~~~l I~C MkN CAH OR lWC ONE-MAN CAHS ANn ASSIGN 
CLCSE<'l CC'lrl!14'\TIO/1 

I' 
'. 



I 
}i 

t, ~~~:Jo........u~.i"'~~l.,<..I>··"·("".[f .... •. , .. )=c: ..... "f'.:.·!t";';~ S\ qn' H. t.'~ __ ::..:.lW.:,.,,.~.;_ .• '::.~~t..:r....·"""i·· '''Q'd''',;h'~~'''"''''l' 
~1i."V-·LT';;-""1 L'-'H .. , .)1" 

j • f I 1 COD t. • Ll • P 6 • At., [' • R 1\ N lJ I" l\ • 4 ) • E Q • 11 GO TO? 0 2 
! Ifl LISIII.4).EU.?, .!\fo;n. L1STII.2).EO.IDISf) GO TO 202 

IF ( I.EU.30) (;8 I C 202 
(;crH I NUt. 
l8NTINUE 
1 CflR ),= I 
151'/1 T c'H=O 
lIO 203 1=I.LE;"GTH 
bO TO 204 

, 204 
2(;5 

IF t ICOUt:..LT .A6 .MIi).~AI'lDItlll. 4) .rQ.l) GC TO 20S 
If I Li S! i 1 .4) .[U.l .Mlll.LIS I (I,?) .Ea.IDIST) 204. 21 0 
IF(IS~ITC~.Eu.u) ~us,206 

200 

210 

1 C',HZ= I 
l~WITCH=l 
GO TO 20) 
leAR3=I 
bO TC 207 

I r ( I. E () • 30) 1,0 r 0 2 (1;1 

ISwITCH;;'l 
CONTINUE ,203 

207 
20B 

IFIMAXOILISr(ICflI12.1) .UST (ICAR3,)) .GT.LISTIIC"Rl,l) )203.209 
llIt~Sl=!C"~l 

HE1URN .. 
209 

300 

IArIS) =! CA>'? 
"I Ai>lS2= 1 ~AI{3 

HE rUriN 
IANSi=l 
NEEO=IMEN-LlST(1.4) 
UC 301 1=2.LEnGTd 
IF I NEEO.En.LIS! (1.4» GG TC 302 
CG!oITINU t 
IMJS2=1 -
kElURN 

400 C::JNTI NUE 
lSWITCH=O 
UO 401 f.=l .LE~IGlri 

!FtLIST(I,4).£::O. ~) 41)c!,lltll 

402 1Ft ISHI'(CI!) 40~.4(13,/ln't. 
'+03 {eAfu=!. 

~G TO '.0) 
404 e/lH2= I 

IswlTCH=-l 
('0 TO 4 v l 

405 leAH3=I 
be 10 407 

~OI CCtJTINuE 
407 CONTINUE 

H!::TUHN 
EN,) 

SUUROUTI~r UAYSI~I 

COr-1MON/CI TH.\I/())::' \71l,)) I ICCI)N 
C:::M~IO"J/UI !llN'lTt::llq.3tl), ll\:Jt~IN(}9.30) 
CC;~~':::N/t./ 15TIII (.:::~) .J:'TIITlcc:) .KSTArI2?) 

I COMMOt\l/Gu fPUT le,l'h",,, y ( 1 cO) • 1 CGu"JT ,CARRSP2 ( TOO) • J CGIJNT2 t ChHRSD 3 (700 I 
1l,lCOlml3. (COll"l14,""~IX 
C:::MM:N/~XTRA/ !C~UNT5.CA~HS~S(lOO) 
COMMCN/K/t SUI·II • ).:.l,I'" -? J SUM). 1511'\4 
UI~ENSIGN IAUTOS(I~) 
UIMt:.NSIGN SAVE'l~) 
UATA IAUI~"/1~oU'I~.".lr,1~.13,llt13,?2,2J/ 

"'_~7"-~ ----=-------~----

I 
\ 
I 
I 
I 
i , 
I 
r 
I 

I 



, 
.'::'cl ,', ",,,~~-7i·i:a1PS.'1ll7JiI!\~f""\;;l ... .., ... -~.,,,,,,.:;;IIl>I"~"''''''''~'_''' ___ '''''''_ 

~r~~t~~1J2~:lri"~'I'~~'~~~'~~~~~~"'~~""'~~'''' ';:'i"!~~' \ 
r
:1 c 2. HESPGI~<;t: II'IE.S A. F:)R CENTER Of ~l"";S. ~ 
lIe H. C"R LGCArGK SYSrtM } 
jJe 3. PEHCENTAb~ ~f ~EArCA~ A~SWERING CFS'O~ HIS REAT lie 4. PHOHAH)LIIY ~F NOT ASSIGNING THE CLCSEST CAR 
!1 
I , 

)1 
'I 

)j 
!11O 
II 
Ii 
11 20 

H 

I 
II ~Ol 

I 
,I 
n 
I! 

II 
i: 
ii 
1/ 
!! 
il 
" II 
lJ 

102 

105 

PKINT 1 
fOIMAT( }II'<.O Sl'\Tr"TlC~L DAILY SUMMARyo,llll) 
If( lCGlJf~r2.LT.cl r,~ f;; 10 
CALL Sf 1:0 (CfI"lHSr' ~ ,1 t.:'J,~T2. 0 .• 5 .50.0,1.0, 7HMI WU J'[S, \ ,0 ,l ,42H TRAVEL 

1 rI~j£ F:)l~ CEI~TE'I JF MASS lHSPATCHII>.(G ,421 
C:,;NTINUt. 
IF( ICOUNO.LT.21 r;~ ro 20 
CALL sn). 7 (C,';lif/!>"J. I celmT 3. D.5 .50.0 tl .0, 71H INUT S$. 1 ,n,l .1?HTHAVEL 

IT1Mf FOR CAR Locnr:R UliPATCHING ,39) 
CONTINUE 
IF! lCcuNT.LT.2) Go TO 30 
CALL ST~X7,rRflvUls.ICC0~ .O.O,500.0.S0.0,7HNUM8~KS.l,O,lI2IHrRAVEL 

1 uISTANCE SAVFO .21) 
CONl'INUt:. 
In lcOUNr~.,.r • .:!) <3:; T~ 40 

CALL STIX7(CA~~5~S.tCG0~rs.o.5,SO.0,].O'7HMINurES,1,o.1,34HT~AVEL 
1",,1111E fOR 14TJ;:E.Nrh OIST~ICT ,34) 

(.C;.JflNU!:: 

5UI-13=0 
SUM4:::0 
SI)t-15=O 

PRINT 100 
FORMAT( IH1.9X.~~~4CE.~T OF CALLS ANSWERED ~y HE~T OR DISTRICT CARD 

1111,10X.*DIST4ICla 5A •• ~EAICAR. 5x,OOISTR!CT CA~ •• ~X"NUMHER OF CA 
lLLSo5X •• A~~RAG~ NU~~E~ JF CALLS/CAR~II) 

VO 51=11919 
IFI I.€(~.12) /;0 fa 5 
~)(=KSTAt (f) 
SUM3:<""S\JI:n + '1.,1, 
1-1'= ISTAj (l)/X>; 
SUM4=SUM4+ISTAI(II 
1J2= JSl ~T (tl/~ x 
SUM5=SUMS+JST6T(1) 
AVE: XXI I AtHOS {II 
SAVE (n =/llJ1;: 
PRINT 101. l,p},PZ.XX.AVE 
f C,I.MA T ( lOX., '" I,.. F5 .2,10 x, F5 .2 t 1 OX tF7 .2. 15 X • F7 .2) 

CONTINUE. 
SU~14=Sur14 ISU~n 
SUM5=5UM~/$UH3 
SU,"'6=SUM3/132. C 
PRINT lV~.5UM4. ~U~5,SU~3,SUM6 
FO~MAT(/,9~'.A~~~DGfS~q~'r~.2'lOX.F5.2'lOK'F7.2.15X'F7.2) 

O[e; 

t'tlINT 105 
tOHMATI IJ;'.IUx,.~r~01ES SPENl ON CALLS FOR SFRVrCE AND AOMIN CALLS 
llLSo.ll,lOx,.nISIHIC1~ ~A,O MIN eN CFS.,5X.oMlN GN AnMINo, 
11(JA' oMl':/Ct,LL (>. I II 
~llIH=O 
SIJMf.i=O 
u:; 202 1=11,1<.1 
If! 1.~()ol21 c;c 1:1 202 
~Uill =0 
SU,"Il=O 
00 ~"l J=I.3n 

(if Irt!..l-~l.1L.LW'''.'''''·.l.l1l.:'_(I,.;T~ • ...:.:' \ _____ _ 



~------------------------------.......... ~;--------------------
~ " 
,~ . 
~~~~'W;~'w.~':oIvj~;.ti'~~~,u..:,o,.~~~-·"A''1''''I;;:'4.; .... ;:w.:..;t~~ ~~\ ~.C,.ii .;xl''''''~~·)'k·~· I,·t>, ~"I>'~~~~~~~~.t~~~.w~~ 
" ~UHlJ=~lIIill' 11\1I11Jl-lq • .11 

20 1 ~UM~:: 51J/'\2 • I flUI-\1 N ( ( ,J 1 -
SUtll=5UH I/JAII10!:>(I) 

!:.Ur·12=SIJt-l<!/ 1 AU rc:, ( J I 
~0M~=SUMl/SAYE III 
"'HINT 200d,5I1Nl, "III>,,? ,SU/~lf 

200 tOf{MAT( tux, It;,H,X.H.ldl.,X, n:ltl',)X,F7.ll 
202 GCNTtNlIf: 

511r·n =SVf1 (11 32. () 
5Uf·\B= SUHH!I ol2 • 0 
1-'1-< I I'll 2U~. ')IN7 ,SU/'f\ 

20~ FCHHATC 1.tI X,oAI/(KI'L'F.V/X,F7.l'llX,F7.2l 
~P= NUHX/SVM3 . ". 
f.'~ I NTll U u)P 

110 fGKH/,T(fIl,l(l .... *lbf Pi,GtjAtilLITY OF ASSlt,NJN(J THf Ct.D'iEST CAJ.;~,/, 
1 lOA,· ~~lNb rE~lrR Or ~AS~ DISPATCHING srKAIEbY ISD F7.?) 

SUHI1A:: 0 
Dc 300 1= j,lCCUNT 

300 SUMMA: SU~MA. CA~~IJ~Y\I) 
&UMHA= SUMMA! JCCUNT 
Pf{!NT 301, SUM~IA 

301 ~OHM~TI II/I, lOA,. AVE~Au~ AVAILAal~lTY = ~ F6.2) 
!>HINT 31(-, lSU'11, l~lJ'-lc ,1SU'/,3 ,ISU1'l4 

310 ~~KI1I\r'/lltlOX,(}I/I!:)~f. '-!:.~I:\>I:'.(} CAR Sf:RVICt.Sl>;/dOX,I.'/\NO-"T411 CIlI'? 
H(EPA1RS~,;,ltl1,1> "NI>~ 1:>,I>'LUNCI1ES T/lXE~'IJo,lOXfl>f'NUII1{,l> PE~{SCNN"LS\> 
1 ) 

KETURN 
i:.NV 

SUdRCUTINf. LAPSO!) 
CDNHCN/()I H1N/J1E.119,:Jt» f 1I<UMIN(J9,30) 
CCMMONIt.1 151/1 (c!2) f"J:'T 1>1 lee!) ',KSTAT (22) 
LeMMON/ell (PUT I (.AH~IJ"IS Y ( J 2(1) , 1 COlJNT • CARRSP? (7001 , 1 COliN 1 C, crlHHSP3 (700 I 

1) .IC(}I)NIJ, I CO!l"T', , r"ltlf,11. 
<-eHMON/AI1NIIH.IOl t'L 
GC~It-WN/Kt'_ISAI FClil~rEN( l2(;) 
(.Of.l~lCN/I// I</lC3 

lJIHf.NSro;,/ ~ <\1.'2), FllQ2J 
lNl£l;f~R CPTlC:1 
IJAIA cprJ:}r,I"jl 
COfi/·ICII/E).lhl\( tC;CUN1?, C4HKSPS (100 I 

C OPTION = 0 ~l~~s rllAr IqTH DISTRICT C~LY rs ~LCTTfn 

c 
cprrCN:CI'1IC~1·1 

SfiE.ELJ= 17' (: 

H1CPTICN .LCI.r') Sc 10 qO 
C UEfEHHINL 4VI\jlAnlL1Tf 
CIIIAr 1::' F' lilf) )~IICj 1-0" I)J!>TtHCV 14 

SUr-\::O 
UO I I::; t, ! CClh T 
5U"1=$UM-f Cllrllr.~J (1) 
HII03::SlJr.j/1 CJtlt~ J 
PH WT 3. ~'IJC3 
~:)HHt.T(//.IO>..&l't-TF.f:-.NTt1 OISHnCr fHlO="FIl.3';1) 
~A:: rCoutofT;, 
"':::l~ 
<':ONSr= $1 .. 11 {7. 7SUtO "'I{l.O/SPEf,O 

',; C 

"~:);'il'l.' _....:'..:'-:"'ii::::w:ii~')oM=-="="-1Iii·~tiil!iil;·i~ii~;;~;;"'iij"tPiii"'i""iii .$;"'i7IWWIi" "."Ii'iiim i1li"iir&Iil:·.'iliWW." iiiiiiiiii'1il1'IIi_.-~"i!II" ____ .. ______________ ..;".blill_-= ____ ...... =-________________________ _ 



~~II"'"~t..;..:,·~",,"FW~""';'·i·;···f'·"""';''i''i'''Y-'~·~'''t~~,,",H~''':'';''f~~i 
r>H I N r I (J • ...,:1: MI 

)0 ~CHM/lr( //,)ox,<>llIf lI\I,~CN PRfDICTED ilEAN ISOfe.2) 
lie Tc 4!> 

C 

40 tCNST= ~o.o 0 Su~r(7B.~13/TDiALll SPEED 
LJO 2 1=1 d CClJt<1 

" ~IJI'\=SUM.(:(.I(HUc,y (1) 
KIIOJ=SUHI i CCUtJl 

I C CALClJL(.Tt:.lllf' 1·1F.MJ t<r.'SPCNSE TIME fCR LAriSCN ~I:lIJP 

, 
'. ,. 
r 
t~ 
~ , 
!: 

j, .. 
11 
!l 
I' 
j 

\1 ,I , 

AMEAN= O.~ '2.()Oou.n/(j.O~12.0)ASORT(7R.51J/IJ2.0)·(2-R~C3) 

I-'H I NT 10, M\I::.f\~! 
AA= I CC'-' .. 11 4 

45 tOrnINlIE 
PRINT 2 u , rCTAI..CC~IST.I\A,Sf'EC:D 

20 FCHMAT(ln~,01nrftLuF10.J,. CCNS1·F6~2,a AAaFb¥~,u SpFEDo F6.2) 
lJIW=-O.(J, 

200 
50 
100 

10 

zu 

30 

liC 50 .J= t ,!,(J 
ORC'" OIlC • 0.05 
E. (.J):: OdC O C01ISl 
bUI11=RE<;tlL 11 (11I/CJ 
"1 =SUI~ 1 "~IIOj 

'X2=Hf.SULl (' . ({Jp:n 
X3=j'lt::SULT:l WI<:;) 
f (J!=(XI + X2 • AJ I/CC"/ST I>AA 
PHIrJf 2·U\1,F(JJ.l: (.JI 
~ Cf~~lI\T (1\':-., Flli.i,F?O.C') 

. lCNT lt~uE 
CotH I NUt:: 
tALL PLCTT~H(F.f) 
HlTUtH-J 
fONU 
~UNCTICN l)f~lJLT1(IHI[:1 
CC~1MCN/rll f-IHOJ 
H (oHC. L!: • 1 I 1 t .• i(J 
H!:.SULn= '.UUHD -"lll)f.lC<:Oc, .2.0/J.0 CI.DRC·HI 3 
kt-lUHN 
H (01<0.(,1' .?IGn TO 3(~ 
RESUL11: 16.0/J.U-H uOHO+4 D UHc·a2-2.0/3.0 0 DHO·aJ 
hE. rUHI~ 

RESUL H=O 
kE IUHN 
eN!) 
f ur~c n eN 1<!:·5UL r? (IIRO I 
t.OMM:':NII~/ ImO:l 
~oJH=O 
uc 100 1<=1.1 
If! lJRC.(,t-:. K-l •• J\~I[1. f'IW.L~., KI 10,20 

III litLTA: VIt.;'H1c_ 1.v/3.(JI'UIlO·"3 
<>0 TC IlO 

2u 11'( UflC.~il.h.fV'/ll'IJn:).L!..K.·) 1:10,40 
J() U!:.LTI\: c!.()/j ';[lHOvt>J-11 v!)HCl: 1I 2.7 vORO-3 

uC Te fiO 
H IOHC.('I''''·I·11I~I),flll:;.LE.''·2)50'60 

lJEL I A= -1,11/3 .(H'IIIIOll0.3 • .3'>(Jtl(,;!l!l2-9"DJ·1C.Q 
l,:; iG UO 

6(} 
flu 

LJU.r A=U 
C.CNTINUt:. 
~lJrl:!jUH "I1H.!A"( C1-I(IIC.I)0. !2 Ci ),OCK+1)-J)a(1-CI"Hr'03)·"4)1 

1(10 (cnT IIJlJF. 
,,£ :,UL 1 c = 0;,(11-\ 
HFIUIHI 
till' 
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20 
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40 
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bO 
70 

7!> 
8U 
100 

Ii 10 
r, 
Ii 

I! 21) 

.,: 

" i: 
fJ 30 

(;CI,1I1CN/I'I/ f!,:'~ , 
~UM=O 
UC 100 L"'coc 
iF t URC.(,r. L-f' .Millo III/C.Lt. L-l I 10.20 
UI:·LrA= 1.L1/b.1l <>lh<C'H'J 
,,::; TO AU 
it WIlC.lI r .l-l • /H IV. nl!~ • L F. • L) 30,40 
UF.L' A= 1.t,//:> .no (-J o IJHc u0 3+ 12 0 DRc oo 2-1?O[)PC+41 
uC TO BU 
11- WHO .ut: • L • AI/llo IJ,<::;. LT. L· 11 ~O. 60 
U[LTI\=' l.n/b "(~"IJI-J::;"oJ-2'IIIIJHCOo2+60onRC~441 

\>0 ro 80' 
'F(UHO.uE.L·l~aNv.n~0.Lr.L·2170.75 
!JELIA= ( -UHCuII3·'2AU~811112-4ti"DRO.64)/6.n 
1:10 10 AO 

IJI:LTA=U 
::;Uf~=SUIHI)t:L r Ao ( ( I-PI-jC3) 110 (2 U L o02-2 0 L+l) c. ( 1- ( 1-HIlC3) 00 (4 0 L-4) I I 
C01~11 NIJE 
HfSUl T3=SI)~1 
H['rUKN 
£1'10 

COMMCN/CIJTl'lJT ICM~>1lJSY ( 120) • i caUNT. CAlmSP2 (700 I 0 1 CCUNf 2, CAI~HSP3 (700) 
1).lCCUNI]dCCIII~14.1~1):~l( . 
CCI'-1I~CN/D 1 RAI 1 CCIJNT:5. C AflflSPS ( 100) 
lJiHErlS1Cri ZL (1001 
ulr1EI~Sra1J IJUH[IEH (-,01 
u 111ErJS I CI~ r.t"lHI ( l' Ii? I. CAHl.CC ( 102 I 
Ul;"1ENSIC~1 F(l'J?). (1l121 

kEAL tVAL? 
HeAL NU~'Hf:H 
UrdA lSWITCH/(l/ 
DC 2 1=1.21 
NIJ~'8f.R ( !l :: I-I 

CAll SCAL[(F.)O.U. 6(-.)1 
~ALl SCAL~(E. d.U. hn,l) 
r(61)= 0 
E.(bll= U 
1ft 15WI1Ci1.Fll.11 GG 10 100 

lSHITCH=l'io,JITCH+l 
va 1 1::1.100 
CENTr1 (i I =J 
CI\t-<LGC!ll= 0 

[10 10 1=ldC:;UNI2 
l~= tCARHS~?(II.u.~I+l 
Ct:.~T'-:( IX):: CUI[.-1( IX) +1 
un 20 1.=ldC:;IINIJ 'i.= (Cf,",.5~3 (1) +;).1) 1+1 
{;/\I{LOC ( i" 1= Cl\llLOC ( r x I ~ I 

CALL SC~LF.(CfNrrl, R.0,20,1) 
tALL Sel\!.!: (eMil.Ce. ~.II,cO, 1 I 
fJillrH 30. Fir,:». r:r.l'TI~(221.CAHLC;C(221.f.(6?).I\j(Jl~'IFH(2?1 
t :; H:"I A r ( I.:> .... I> f (h r.) .. r f 0 I. ." C t: "j T rH 2? ) 0 F f, • 2 ." C f). II L {; C; ( C? ) '1 F (, • ? • II 

1.Fu.?,a ,.lj.,lIirJi(b')O rh.?) u 
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'1 LI\J<LGC{clJ=L' . 

i NU~~fRI 211=0 

P 1,1 

J Vl\l2 = r'.~'(lIFl tI.:!lt tfNTI-I{~2). CARLOCI.;?» 

t-(62)=I'//\L2 
C~~TM(2~)= IVh~2 
c..i~LOC(2c):: jv{,L? 
~UMHEH(2~)= ~I 6~1 
f'~lNT 30. Fib?). CnJTI1 (22) ,CAr'LeC(22).E !6?) ,NU"HER (22) 

:ALL LlkF.:IF.F,')(ltl.l .0) 
tALL L f"lr. ( tlV"·it.l<. CEN 11-1. 20 tl tl .2) 
L~LL Ltr~r.( 1'~U·)I~t-_k. cM<lnC,2u'llfltll) 
PHIN[ 30. f- (6?J. CF:tHil'<22) .CARLeC(22) .EIG?) •• '1lJ~1~ER(2?) 

LALL AXISI o.n.U.U.9HFkEUUE~CY .9.10.0.90.0.q.O. rV~L21 

CALL AXJ510.0.0.u.7HMINUTES.-7. R.OtQ.O.O.O.EI 62» 

CALL SYM~Ol(4.0.d.~.(.15.23HGRAPH OF RESPONSE lIME~ .0.0.23) 
C. J< L l S Y Nb:; l ( I •• V. d. 1 • (, • 1 2. IJ • O. 0, - 1) 
CAll SYM~~l (4.J,~.).O.)2,22H=cEMTER OF MASS-lAkSOM .0.0.22' 
(,ALL SYMllOL (If .\/, 1.1i ,0.lc'Z.O.O.-1, 
'~AlLSyMriCL(4.J, 1.~.u.I2.c7H=CENTER OF MASS Dr~PATCHING .0.0.271 
tALL SYMHr:L (4 .'" (.1.0.12.11 .0.0.-1) 
CALL SYMrlOL(4.3,1.O.O.12.24H=CAR LeCATCR DISPATCHING ,0.0,24} 

CALL PlOrl'Cv.o·e.v.-31 
t<EIURN 

C PRINT PESUlfS Cf 14 fEENTH DISTRICT 

100 eOI~ rINlif. 
vo 50 1:1. reGllt:l ~ 
IA=CARR~P5(I).1.~ 

so LZ(I~)=ll'lX)'l 
LZ(21}=0 
NUMHt::f«cl) =0 
NU~BER(22)= E(h~) 

LL(22)= F t1l2) 
CALL LINE(MU~HrH'll,?~,1,1'2) 
C,\LL Lltlf:(F.F.:':ld,h!l) 
CALL AXIS((1.O':' • .J'''l:4r~£tWENCY.9.10.0.qO.0.O.O,lL(221' 
(/ILL AXIS (n.O. Ii .v.7HtHtIUTF.5 ,-7. ~J.O. O.O,O.O,!: (62) ) 

CALL SYM~GlI4.~.~.S.r.15f27HGRAPH CF 1~-TPENrH f)[STRICT.o.0,27) 
(.J\Ll 5YIIIlGL<~.(.d.:1.Gol5t!C,HRESPCNSE Ty:.'.CS,O.(hl~) • 
CALL Syil'lGL (4. t.), ( • c; - (/. I rl. 0 • 0 • 0,. -1 ) 
(./4LL SY~\I,OL(,..;.o.(.s,O.Ir!..c?H"'r:ENTER Cf I/'AS5-lAf~SCN.0.0.2?' 
C/l.LL SYMt!~L /4.::. 1.1).0. i.,·,~.(l.~h~ll 
Cllll syNIl:JL<f •• ?.{.O,0.12.Z"m=CI:NiER OF HASS DI~;v.HCHIt·m ,().Q.2n 

CulL PLCr(?0.n.v.u.-J J 

HEIURN 
. t.r~u 
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