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ABSTRACT 

This study wa's undertaken as a practical 
exercise in Oper~tions Research problem formulation 
and solution by a graduate seminar at the 
University of Pennsylvania. The study goal 
was to devise me·thods for determining the best 
forensic science service for a partlcular catchment 
area. In order to accomplish this the demands 

, placed upon this service by the pattern of 
criminal activity and the requirements of the 
judicial system were ana'lyzed for the City of 
Philadelphia and the laboratories serving the states 
of Pennsylvania and New Jersey. On the basis of 
these analyses a simulation model of a laboratory, 
as a production facility subject to constraints 
of time, and a capital budgeting model were 
developed to assist management decisions. Interore­
tations of various factors of the simulation mod~l 
as they apply to forensic laboratories were also 
made. Se'V'eral surveys of crime laboratories were 
conducted and the data used in the models have 
been presented. 
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FOREWORD 

This study was carried out with the support of grant 

NI 71-07'0-6 from the National Institute for Law Enforcement and 

criminal Justice of the LEli\A to Professor Ezra S;. Krendel, Depart-

ment of: Statistics and Operations Research, University of Pennsyl­

vania, with the administrative support of the University City 

Science Center. The study began as a project in a University of 

Pennsylvania graduate seminar as partial fulfillment of the 

requirements of the degree, Master of Science in Operations 

Research. The seminar was led by Professor Ezra S. Krendel and 

Professor Sidney W. Hess and the students '.lIere Messrs. John L. 

.Boyle, IIi Ro Michael Dummer; Leonard R. Freifelder; Dev K.Ghandi; 

David M. Hill; JosephinoLigaya; Ravi Metre; Jack Nickell; Suchin 

Phongsak; and John F. Schank. Th~se students contributed the 

content of the ten technical appendices to this report. 

One of the objectives of the grant 'was to give students in 

operations research an 0ppl::>rtunity to work on criminal justice 

problems, and hopefully, ol11t of this exposure and after graduation, 

to develop an interest anqi! capabili ty of ,applying the techniques 

and. thinking of operations research to the Criminal Justice 

System. 
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Many people involved in tile Criminal Justice System werer 

extremely generous with their time •. assistance and advice. an~\ 
we gratefully acknowledge this help. The active cooperation of\ 

Mr. Vincent cordova and his staff at the Philadelphia Ci,ty Police 

Crime Laboratory was especially invaluable. The work on this 

project would have been impossible without their assistance. 

Others whose assistance we are pleased to acknowledge are: 

Lt. Zanerelli, Sgt. Vander Berghe, Dr. Richard Saferstein, 

Forensic Science Bureau, New Jersey State Police; Capt. Lodwick 

Jenkins, Sgt. James Sagans, Crime Laboratory, Pennsylvania State 

Police; Mr. Taras M. Wochok, Assistant District Attorney, City 

of Philadelphia; Mr. Larry Polanski, Director of Computer Opera-

tions, Court <:)f Common Pleas, City of Philadelphia; Inspector 

James Herron, ;Computer Unit Philadelphia PolicE~ Department; 
t ~ 
j} 

Sgts. Edward McKenna and John Devlin, Records Control, Philadelphia 

Police Department, Inspector Raymond Capper and Chief Inspector 

Joseph Golden, Detective Division, Philadelphia Police D,epartment:. 

Finally, it is our pleasure to acknowledge the support, the 

comments and the encouragement of Dr. E. I. Golding and Miss Sheila 

Perlaky of the National Institute of Law Enforcement and Criminal 

Justice. 
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'CHAPTER '1'. 'INTRODUCTION 

As part of the general trend towards greater use of technology 

in numerous areas of industry and government, almost every law 

enforcement ~gency and judicial system has a forensic science 

service or crime laboratory at its disposal [!, 2, 3, 4:]. These 

facili t.ies were provided in the belief that modern scientific analysis 

of physical material will enable more accurate reconstruction of 

certain aspects of a criminal incident. This, in turn, will result 

in more accurate and efficient dispensing of justice. Such quali-

tative conjectures are undoubtedly true. However, in order to make a 

meani~gful evaluation of the role of forensic science within the 

criminal justice system, quantit'ative information reflecting the 

degree to which justice is affected is necessary. 

The role of a department within a larger organization is deter-

mined not only by its explicit function but also by the traditions 

which derive from its or~gin and position within the larger organ i-

zation. The or~gins of forensic laboratorie~,l in the Northeastern 

united States are relatively diverse. Some b~gan by adding a 

chemist to a Fi~gerprint or Ballistics File Bureau. Others origi-

tlated as a result of some notorious or spectacular crime. The 

Philadelphia Police Laboratory began with the need to analyze 

bootl~g liquor for alcoholic content during prohibition. Many 

others were a re~;ult of general trends and "me too" feelings on the 

part of local ~gencies. Their precise positions within the local 
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justice systems differ somewhat as well. Almost without ex-

ception, the forensic laboratories in Northeastern United States 

are connected with some law enforcement agency, either state, 

r::ounty or city police. However, many laboratories in California 

are connected with the District Attorney's Office. 

It is not obvious what effect, if any, these organizational 

differences have on the operating characteristics of a crime 

laboratory. Regional differences in the organization of the 

criminal justice system may have necessitated the various laboratory 

organizations. Thus, an important part of the research~~s.been a 
N,·,9f. .. 

systems study of the Philadelphia City Police Department and the 

Philadelphia County Criminal Court System. The objectives of this 

study were to determine the responsibilities of these agenc~s and 

hmq they are now fulfilled. This study did gl.ve considerable 

insight into the effects of organizational differences in the 

Criminal Justice Sys.tem, and suggested important organizational 

implications for new laborator.ies. The system was analyzed both 

functionally and structurally. The laboratory position is described 

from both aspects. Further, the role forensic science is playing,. ~ 

could possibly play and ought to play is conside~ed. This is the 

subject matter of Chapter Two .. 

In the Third Chap·ter, an intensive stud:y~ of forensic science 

itself is taken. This work includes a complete system study of 

three particular laboratories. Philadelphia City Police Laboratory, 
~ 
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New Jersey Sta~e P I' ~ 0 1ce Forensic Science Bureau in West Trenton, 

New Jersey and th P 1 e ennsy vania State Police Laboratory in Harris-

burg, Pennsylvania. An in-depth survey was taken at each of the 

laboratories to determine various operat~ng • characteristics. A 

more general questionnaire was mailed to a 
cross section of labora-

tories throughout the United States. This work determined three 

important charact.eristics of crime laboratories: :eirstly, basic 

configurations, bo;::h of equipment and personnel: secondly, methods 

of operation: and thirdly, what type of analys~'::! 
.~ forensic science 

is capable of performing. 

Using the information derived f th rom ese systems studies, a 

mathematical model of a f ' orenS1C laboratory within the criminal 

justice system has been constructed. The work is described in 

Chapter Four. This model consists of a ser~es of f'l • 1 tered queues. 

The fi.lteril1g devices are determined by , requ1rements of the justice 

system, methods of operation and professional standards within the 

laboratory. Further requirements of 
the justice system provide minimum 

performance criteria for the mC,)del. The decision variable is total 

cost required to meet these per:rormance criter.ia. A simulation 

program has been written to ev, aluate ' var10US laboratory configura-

tions in terms of total cost" Using inputs from this simulation, 

a dynamic programming model has been constructed to make marginal 

capital equipment decisions on the bas~s of cost • effectiveness 

-. 
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for existing facilities. 

In the Fifth Chapter, use of the model in making funding 

and grant decisions is described. Suggestions for laboratory 

grant proced,ures are made. Also, methods of collecting and 

assimilating input data for the model are delineated e The 

Sixth Chapter deals with general suggestions and recommendations 

for improving laboratory performance. Some of these suggestions 

are already in operation in at least one laboratory. 

The above rlasearch was carried out in an attempt to attack 

a simply stated but difficult to approach problem: that is, given 
\ 
" a particular criminal justice organization and crime pattern in 

a particular area, what is the optimal forensic science service. 

This study indicates how this problem could be solved. It has 

presented reasonable criteria for defining performance variables 

and for comparing various laboratory configurations. There is a 

clear need for the National Institute of I.,aw Enforcement and 

'Criminal Justice to fill the role of providing evaluation tech­

nique, information exchange, and managerial assistance to the 

various crime laboratories throughout the country. This report 

presents a preliminary version of how the Institute might proceed. 

Reorganizat'ionin the criminal justice syst,em designed to improve 

the role of forensic science was not considered, although changes 

within the present system outside of the laboratory were suggested. 
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, ~TE'R 2'.' , THE' 'CRI'MINAL' 'JUSTI'CE 'SYSTEM 

The o~ganizations in our cities, states and federal govern­

ment charged with the responsibilities of protecting individual 

and corporate rights, maintaini~g behavior within social norms 

and supervising civil order is a collection of agencies loosely 

combined into what may be called the criminal jURtice system. 

These ~gencies include all law enforcement ~gencies as well as 

official court systems. By exp d' t f h en +ng par 0 t eir resources in 

patrols and by bei~g a visible public presence, law enforcement 

agenc~es discourage infringement on individual rights and property. 

Deployment of resources in thi,s way also puts law enforcement 

officers close to scenes of abnormal situations which do arise. 

The officer at such a scene h th th' as e au or1ty and responsibility 

to take charge and resolve the situation, if possible. Finally, 

patrols are charged with the re,sponsib ility for public service 

and assistance. (See F; u 1) Th ' :,-g re. e magn~ tude of thisf function 

cannot be overemphasized. In the City of Philadelphia in 1970, 

1,548,829 of 1,657.000 calls to the Police Department were of a 

noncriminal nature. 

When a situation arises wh;ch 1'S ab 1 .... norma enough to be 

declared criminal, a second phase, that of invest~gation, begins. 

Laboratory analysis is an integral part of this phase. &1 in­

vest;i-gation is basically a reconstruction of the incident 

designed to determine what occurred, whether it was criminal, 

, . 
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and who was involved. The third phase is the presentation of 

the results, of the invest;i.g.ation to a court for deliberation 

and ju~gment. This is usually directed by a member of the 

judiciary but the invest;i.gator provides assistance. 

To ob~erve the role of a forensic labor.atory in a major 

metropolitan area, ~he criminal justice system comprised of 

the Philadelphia Police Department and the criminal section 

of the Philadelphia Court of Co~non Pleas was studied. There 

are no formal o:rganizational links between tr.le police department 

and the courts. The police department is a city agency respon­

sible thro~gh the police commissioner to the mayor. The courts 

-and District Attorney's Office are headed by elected officials 

responsible to the people. The lack of formal communication 

links results in some overlap in responsibility. Rather than 

bei~g redundant, however, this overlap is necessary for proper 

operation of the system as presently o:rganized. Further, this 

casual overlap of responsibilities has important implications 

regarding the crime laboratory's position in the system. 

Once an incident has been declared criminal, the reason for 

investigati~g or reconstructi~g the event is twofold. Firstly, 

the invest;i.gation a.1d eventually the 'court must determine if the 

incident was actually criminal. Secondly, the individual respon-

:1 
I' 
l~ 
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sible for the incident must be identified. The two court pro-
f 

ceedings in which these matters ar.e considered are the preliminary 

hearing and the trial. The hearing acts as a screeni~g device. 

At i:his proceeding two things must be established: first, that 

a crime was committed, second, that the defendant probably 

committed it. A,s a matter of practice, laboratory analysis 

incriminating the defendant is almost never presented at the 

hearing. It is only if scientific analysis is necessary to 

classify an incident as criminal that the laboratory becomes 

involved at this point. Narcotics cases are a prime exam~le. 

Thus, the production-type constraints placed on the laborato-ry 

by the court is that the report be completed by hearing or trial 

date, depending on the function of the report. 

To convict a defendant at trial, guilt beyond a reasonable 

doubt must be established. A weight of evidence type of argument 

is often sufficient in this regard.- Collaborating physical evidence 

can be extremely important in this role. It is important to note 

that reports of laboratory personnel in court are tr.eated in the 

same manner as witness testimonY, with the qualification that it 

is expert testimony. Since any case, which. comes to trial has been 

screened into a probable guilt category, the result which is most 

favorable within the current organization o:e criminal justice is a 

conviction. Naturally, the more physical evidence which can be brought 

to bear on a case, the better the laboratory is serving the aims 
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of the justice system. 

It is gen~rally believed th 
at, as well as linking known 

suspects to 
a particular crime, a f9~nsic laboratory provides 

r 

a good deal 
of assistance to in~J'estigations in act,ually 

identifying 
In fact, physical evidence is almost suspects. 

never used in this 
regard. 

Organizationally, the crime laboratory ~n 
... Philadelphia 

is a service department to the investigating arm. However, func-
tionally, the two departments 

operate almost in parallel. Evidence 
is received by the laboratory through 

the investigating divisions 
and submitted tu the District 

Attorney's Office through these 
same divisions. But there is almost no ' 

~nterchange betwe.en these 
two types of analysis. B th 

o groups are analyzing different types 
of inf~rmation with the 

purpose of presentation in court. When 

the limitations of laboratory 
analysis is considered, it is not 

surprising to disc 't 
over ~ rarely aids in ident~fy~ng ... ... an actual 

suspect. 

The criminal justice system presently d 
emands the following 

things from a forensic laboratory facility: 

l. 

2. 

3. 

4. 

5. 

a sufficient quantity of analysis to have 
effec~ ~n court proceedings, and for less 
bargauung between the prosecutor and the 

accurate analysis with accepted standards, 

a significant 
formal plea 
defense; 

completion of the analysis in time for the 
court proceedings, required 

chain of evidence must b e,maintained, 

providing personnel for 
expert testimony as required. 

Appendices I and II provide 
more detailed descriptions of 

the processes described above. 

, 
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CHAPTER 3. ~mE FORENSIC LABORATORY 

A forensic laboratory is a configuration of men and equip-

ment capable of analyzing certain physical material with the 

purpose of classifying the physical and chemical properties of 

the material. The physical material analyzed has some connec~ 

tion with a criminal incident and the analysis is done at the 

request of the agency investigating the incident. This classi-

fication can playa very important role in criminal justice. 

Firstly, possession, sale or consumption of certain chemicals 

is illegal. Certain drugs, narcotics, and hallucinogens are 

typical examples. Explosives, flammables, and bombs are becoming 

increasingly important in laboratory analysis. In this case, as 

in the case of weapons and firearms analysis, the intent is to 

determine whether the material is dangerous. Making determinations 

of this type are instrumental in, and very often tantamount to, 

classifying an incident as criminal. Another use of analyzing 

physical material connected with a crime is to compare the analysis 

to analysis of physical material connected with a suspect. 

Examples of this are clothing particles, physiological fluid 

samples and paint chips. Comparisons of this type of material 

collected from different crime scenes may also be compared. In 

fact, such comparisons between crimes are rarely made as a matter 
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of course. However, in September 1971, such a program is 

scheduled to begin in Suffolk County, New York under the 

direction of laboratory director Bernard Newman. In addition, 

the ballistic section of the New Jersey State Police Bureau 

of Identification regularly compares all weapons received 

with a reasonable sampling of wea.pons from outstanding un­

solved cases. 

The general organization of forensic science bureaus 

is quite standard and is determined by the analysis techniques 

used. The three main sections of any laboratory are ballistics, 

docu.ments, and chemistry with the latter generally being the 

largest. Depending on the size of the staff and the equipment 

configurations, each of these basic sections may have well·-defined 

organizationaJ. structures. Detailed o!:'ganization and systems 

flowcharts of three area laboratories: Philadelphia City P91ice , 

New Jersey State Police, Pennsylvania State Police, are included 

in Appendix X. 

The processing of physical evidence follows well-defined 

stages. Firstly, material is collected at the scene of a crime 

and submitted to the laboratory. There are several systems of 

submission all of which take care to preserve the chain of 

evidence. In Philadelphia, evidenqe may be collected directly 

by the mobile crime laboratory or submitted in person by the 

officer in charge at the crime scene. Most commonly, evidence 
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(~) is submitted to the Pennsylvania State PoJ.ice Laboratory by 

registered mail. In New York City, off-hours submissions are 

secured in lockers which are emptied the followi~g day by labora­

tory personnel. Information submitted with the evidence may 

vary from just a listi~g of what. is submitted to a description 

of the case and the circumstances of the evidence, to a request 

for specific analysis to be performed. 

Submissions to a forensic science bureau may be made either 

to a si~gle receivi~g office or directly to the individual units, 

that is ballistics, documents or chemistry. Once submitted, the 

evidence is l~gged in to preserve the chain of ,evidence, classi­

fied by analysis and secured in 'a tamper-proof area to await 

processi~g. The classification of evidence by, general type of 

ana 1,ysis required is, generally routine. A quick visual test may 

be involved; for example, distinguishing between marijuana and 

.heroin sampies. Any t' l' non-rou lne ana YS1S decisions are usually 

made by analysts or supervisory personnel. 

The specificity of classification will depend on the size 

and o~ganization of the laboratory. In the ballistics and docu­

ments sections, each analyst is generally prepared to do all types of 

analysis which may be required. The chemistry section, however, 

is usually broken -down in'to chemistry, toxicol~gy and criminalistics 
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subunits. The subunit perferms analysis to, identify chemical 

preperties ef substances. It is generally staffed by the mes t 

highly trained persennel.The texice1egy unit perferms chemical 

and bie1egical analysis ef physie1egical er bedi1y fluids. The 

crimina1istics unit identifies physical preperties and dees 

cemparisen analysis. 

In any event, no, matter hew the 1aberatery itself is erganized 

ence evidence is received j it waits in sterage until the required 

analysis facility is free. The queueing prierity is by earliest 

submissien date. There are cases wh;i.ch will p.reempt these 

prierities. These are generally hemicides er narcetics cases 

in which the hearing date has been advanced, er cases which have 

gained noteriety. Once the analysis is cemp1eted a repert is made 

to the submitting agency and the evidence is either returned to, 

the submitting agency er stered at the laberatery. 

Physical evidence if it is presented at a preliminary hearing 

is dene sO, by stipu1atien, that is only the 1aberatery repert is 

presented. Hewever, at the trial, the analyst must appear as a 

witr:less. Ceurt testimeny is a very impertant part ef an analyst IS 

, functien and eperatiena1ly this means time spent en a case equals 

analysis time plus ceurt time. If the laberatery serves a wide 

geegraphic area, travel time and, thus, ceurt time is ·censiderable. 

This results in an increase in time per case and a decrease in 
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() 
cases per analyst. 

An impertant ebservatien generally to, be Inade abeut crime 

laberateries is that narcetics effenses presently make up the 

largest single crime c1assificatien handled by the laberatery. 

In fact, it cemmenly makes up thirty per cent ef the tetal 

caselead. Further, the cases fer which the analysis is required 

by the ceurt at the time ef the hearing are almest always narcetics 

cases fer it is these cases that require chemical analysis to, 

establish that a crime has been cemmitted. The lab repert fer 

mest ether cases is required O,nly by the laberatery date. This 

fact prevides a cenvenient methed ef segregating cases accerding 

~U to, urgency and analysis simultaneeusly and appertiening reseurces 

accerdingly. 
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CHAPTER 4. A MATHEMATICAL MODEL OF A FORENSIC LABORATORY 

On the basis of the systems studies of the criminal justice 

system and the forensic laboratories described previously, the 

logic",l genre of mode·l to consider is a queueing model. The 

logic is t.wofold., First, L:he functioning of the laboratory 

definitely does have a queueing aspect to it, and second, an 

important factor :because of the nature of the justice systemrs 

constraint, the distribution of time in the system, is a basic 

result of a queueing theory type analysis. 

The actual queueing system is quite intricate but not 

irreducibly complex. It consists of a sequence of service 

facili ~:ies or types of analysis which are all unique but may 

consist of more than one server. Demands are placed on each 

service facility by a common arrival phenomenon, the occurrence 

of a criminal incident. Actual demands are filtered responses to 

these criminal incidents and the filtering device for each service 

facility differs. 

The filte:t'ing occurs in two stages. The type of crime has an 

important pearing on whether and what type of evidence is collected. 

Some types of crime a)::e more likely to yield useful physical evi-

dence. Seriousness of the crime and general police practice with 

respect to collecting physical evidence are clearly important 

factors. 
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To determine the absolute arrival discipline for a particular 

type of analysis, several probabilistic quantities must be defined. 

Let: 'f (t) •••. be the probability density function of the 
occurrence of criminal incidents 'over timei 

c. . •...• 
J. 

e, , 
1.J 

. . . . . 

. :; .... 

be the probability that a given incident is a 
crime of type ii (standard reporting class~­
fications are used and in the case of multJ.ple' 
charges, the most serious charge is used) 

be the probability that evidence of types j 
is obtained at the scene of a crime of type i; 

be the probability that analysis "of type k is 
used to analyze evidence of type j; 

be the probability that analysis of type k 
will be required given a criminal incident 
has occurred. 

Then the filtered device is binomial in character with filter 

probability Pk for analysis of type k. Further, 

L I Pk • '. . . •• i j a jk eij C i • 

sk (t) •.•. 

w
k 

(t) •••• 

g i (t) •••• 

Now is defined: 

to 
of 

to 
of 
of 

to 
of 
in 

be the probab~lity density function 
-service time for analysis of type k; 

be the probability density function 
b::>tal time in the system if analysis 
type k is required; 

be the probability density function 
the time at which anqlysis is needed 
court for a crime of .type i. 

qJ.'k = t a 'k e" to :be the probability that analysis! 
[. J. .. J.J 

j of type k will be required given a crime 
of type i has been committed. 

.-

o o 

o. .0 

Then, 

h, (t) = 
J. 

d 
dt 

is the probability density function of time 
to completion of total laboratory report. 

Furthermore, 

T. = 
J. 

Finally, 

f gi(tl )hi (t2 ) d
tl 

d
t2 

t l > t2 

is the probability that the laboratory 
analysis is done by the time the court 
requires it for a crime of type i. 

T = L c, T. is the probability that the laboratory 
i J. J. 

analysis for a given criminal incid~nt will 
be done in time. 

As a by-product of this analysis, if the number of criminal 

incidents for a fixed period, say R, can be predicted, then 

the demand for analysis of type K can be predicted as: 

In the formulation of the model, the configurations of 

equipment and manpower determine the service densities and 

precise system of queueing. For example, certain equipment 

will reduce the time for certain types of analysis. Also, 

because of the training of the personnel, several types of 

analysis may be performed by one analyst. Then the filter 

probability for that analyst will be p = I p where G is 
keG k 
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the set of analysis types he performs. This means the effective 

arrival rate increases. 

The value T acts as a constraint on the system. There is 

a minimum acceptable value for T and only those configurations 

of equipment and personnel providing at least this acceptable 

value of T are feasible. Naturally, of these feasible configura-

tions, the mini!llum cost configuration would be "optimal". The 

values of{eij lor evidence matrix, and{ajk}o;r analysis matrix 

provide further constraints. Sufficiently high values in the 

evidence matrix insure reasonable use is being made of the 

facilities. Quality of analysis and professional standards are 

embodied in the analysis matrix'. These matrices are useful criteria 

for drawing comparisons between laboratories independent of the 

crime structure in the respective areas. 

To obtain estimates of the probabilistic quantities associated 

with the moael,pilot surveys of fourteen days duration were carried 

out at the Philadelphia city Police Laboratory and the New Jersey 

State Police Laboratory. ).\.pplicable data from 1970 was supplied 

by the Pennsylvania state Police Laboratory and was used as well. 

The values ci' eij' and a jk were estimated by relative frequency 

e s tima tors. The density functionsf(t) and sk(t) were estimated 

by the sample cumulative distribution functions 0 A description of 

the structure of the survey and the complete results are presented 
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in Appendix III. Further, a simulation program of the queueing 

system has been developed to obtain estimates of T for various 

laborCito ry configurations. The simula tion model is described in 

Appendix IV. 

Using the output of the queueing model of the laboratory, 

a method for making capital budgeting decisions in an existing 

laboratory has been developed. The method is most applicable 

in the situation where the laboratory has a fixed amount available 

for capital expenditures and is consider~ only new or improvcld 

versions of existing equipment. First, we define: 

Then 

B 

oe 

oe. 
~ 

e. 
~ 

to be the total capital budget for the period; 

to be the present annual operating budget of 
the labora tory 

to be the annual reduction in operating budget 
if capital expenditure i is made; (of course oe. 
could be negative indicating an increase in ~ 
operating budget) 

to be the cost of capital expenditure i. 

B. = oei is the cost benefit of capital expenditure i. 

~ e· 
~ 

The budgeting decision problem then becomes: 

Max L d. B 
~ ~ i 

subject to I d e < B 
i i i-

where the sum is taken over all capital expepditures wkLch are 

feasible in terms of the time constraints generated by the 

" ! 

; I 
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queueing model. The laboratory configuration including this 

st;ll yields an acceptable value of T. expenditure ..I.. 

This 

be fo rmulated as a IIknapsack ll problem and solved 
problem can 

using the dynamic programming algorithm. A computer program 

this algorithm, and is described in has been developed to perform 

sens ;tiH~ty analysis is presented in Appendix Appendix VII, and a ..I.. _v .... 

If there is no fixed budget or the capital expenditure 

not be ;ng made solely on the basis of cost ef-decisions are ..I.. 

as ;s qu;te reasonable and most likely, calculation 
fectiveness ..I.. ..I.. 

of the B, 's will at least order the prospective expenditures by 
~ 

decreasing cost effectiveness. Thus at least one factor in the 

decision process can be successfully quantified. 

" 
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() 
CHAPTER 5. FUNDING DECISIONS IN THE FORENSIC LABORATORY 

In making funding decisions for a forensic laboratory, cost 

effectiveness of the proposed expenditure should not be the sole 

criteria. Expenditures which cannot be justified on the basis of 

fi improved laboratory performance should be considered in some cases. 

Forensic science is n0t merely a collection of technical procedures, 

and to retain vitality as a science, continuing research is essen-

tial. Funding decisions must consider this possibility" 

Some research in the forensic sciences is being done at the 

university level at John Jay College & the University of California 

(Berkeley), in particular. Some federal laboratories such as the 

. (J Bureau of Narr.otics and Dangerous Drugs and the Federal Bureau of 

Investigation also do research and development work. Decentralized 

research work in the various regional laboratories, however, is 

beneficial from several standpoints. If a laboratory is to be 

staffed by well trained professional personnel some non-routine 

work is essential for the maintenance of skills and for morale 

purposes. If morale is good, better, more imaginative work 

, . 
~, results. Further, the adoption of new equipment or the development 

of new techniques ma~ improve the quality of analysis or allow the 

analysis of previously unusable types of evidence. This will 

result in more effective testimony in court cases and enable 

the laboratory to better serve the objectives of the criminal 
'. , 

'. 
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justipe system. 

In supporti~g the notion of encour~gi~g some decentralized 

forensic research, LEAA would do well to exploit an existi~g loose 

forens ;c laboratories, particularly in the Northeastern organization of ... 

united States. The National Association of Criminal Laboratories 

centered mainly in the Northeast, is a mechanism for communication 

1 , th' rea Informat;on about a new between laboratory personne ~n ~s a. ... 

technique or procedure in use at one laboratory is circulated to the 

other. This is accomplished thro~gh the publication of a newsletter 

and through periodic conferences. Some work is undertaken jointly, 

usi~g variou~ facilities of several laboratories. There has been a 

proposal to initiate a pr~gram of temporary excha~ge of personnel. 

This could be instrumental in unifyi~g laboratory procedures and in 

trying new ones; such as described in App~ndices V and VI. 

There presently exists no central laboratory or research ~gency 

devoted to forensic science research. It is, therefore, proposed 

that this existi~g o~ganization and such other similar groups as 

may exist be exploited for this purpose and that. grants be awarded 

to laboratories thro~gh this organization on the basis of a particular 

proposal's attr~butes as a resear .• , ch proJ'ect If such,grants are 

given the prest~ge of national projects, .la~ge manufacturers may 

give discounts ... ~" on equ;p'~ent costs and may be persuaded, to r.edes'~.··g'n' 

equipment more specifically for forensic science use. A further 

benef·it of well documented research program is that the data 
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and detailed information necessary for h 
ot er laboratories to 

make capital bu~geti~g deCisions Using the proposed model will 

be available. 

For expenditures of a non-research t 
na ure, that is, invest-

ment in tested procedures and equipment d 
esigned to up~rade the 

performance of the laboratory, the bu~geti~g model is a valuable 

tool. Ideally, replacement expenditures or fixed budget expendi­

tures can be justified via the model str;ctly 
.... on the basis of 

cost benefit consideration. Att 
empts to progressively reduce 

laboratory operati~g costs by the introduction of more sophis-

ticated eqUipment are doomed to failure. 
It is well documented 

that laboratory caseloads are increasi~g annually and more personnel 

and equipment will be required to 'd h 
prov~ e t e same level of service. 

In fact, some capital expenditure will be 
necessary just to maintain 

an acceptable value of T. 

The reason laboratory work is increasing is because crime 

themselves are risin. g. In t f th 
erms 0 e queueing model, this 

means the arrival rate or rate of occurrence of criminal incidents 

rates 

has increased. 
By usi~g a projected crime rate in the simulation 

model, various expansion conf' t' 
~gura ~ons can be evaluated to determine 

feasibility. The feas'bl f' 
, ~ e con ~gurations can then be ranked on the 

basis of cost effectiveness. 

" 
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In addition to maintaining the present level of service, 

expenditures designed to upgrade laboratory services should be 

considered. Procedures for evidence receipt or collection may 

be redesigned so that evidence is more likely to be received in 

the event of a criminal incident. Introduction of a mobile crime 

facility or in-field regional laboratory would have this effect. 

This effect will be exhibited by changes in the evidence matrix. 

A change in laboratory analysis procedures would have a similar 

effect on the analysis matrix. The final result is a shift in 

the filtered probabilities. Again the simulation model embodying 

the new filtering matrices can be solved for feasible expenditures 

which will be evaluated on the basis of cost effectiveness by the 

dynamic programming model. Of course, both upg~ade service and 

increasing volume of work expenditures can be evaluated simul-

taneously. 

To aid in making projected estimates of crime rates and 

evidence and analysis matrices a national survey of crime labora-

tories was carried out. Inquiries were made into past histories 

of annual caseload and caseload composition by crime type. Also 

changing breakdowns of analysts' time was surveyed. The material 

was used to. devise methods of making the projections needed for 

the budgeting a~alysis. A description of this work is contained 

in Appendix IX. 
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o 
Finally, as an aid to decision-making, the robustness of 

the evidence and analysis matrices should be examined. These 

matrices characterize a laboratorYi illustrate the constraints 

under which an individual laboratory operates and compares 

methods of operation independently of the crime structure in 

the particular catchment area served. 
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,CHAPTER '6'.' , 'RECOMMENDATIONS', TMPRES'SIONS,' 'CONCLUSTONS 

Through abservi:ng the operation of forensic labc:iratories and 

analyzi:ng the flow of evidence through these laboratories, comparisons 

of methods of operation can be made. Out of these comparisons some 

general recommendations become obvious. First of all, communication, 

not necessarily verbal, between the laboratory analyst and others 

involved in the investigation is important to the analyst's work. 

This statement seems obvious but it is often ignored in practice. 

At the vp.ry least there should be some communication between labora-

tory a~alysts worki:ng on the same case. This will be facilitated 

if all evidence is received and, recorded centrally by the laboratory 

and all reports compiled on a per case basis. Further r submitting 

agencies should be required to supply some information about the 

particular case and the circumstances of the material submitted. 

A submission form requiring this information could be helpful. 

The use of search theory in both evidence collection and 

laboratory analysis has been investigated. If the quantity of 

material available is large so that there is considerable leeway 

for choice, its utility in saving collection or analysis time can 

be demonstrated. Information about the case so that weights can 

be ass~gned to the evidence is a prerequisite. The technique 

along with a computer prpgram is documented in Appendix V. 

As observed earlier, laboratory analysis and work by other 

police invest~gators occurs almost independently of each other. 

This is partly a result of the limitations of laboratory analysis 
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in individualizi~g evidence. While evidence may not be individualized 

readily, positive or n~gative comparisons can be made. This facility 

can be applied to comparison of physical evidence from similar crimes 

to determine if there is a common culprit. Thus, if one crime is 

solved both may be solved. This would provide the invest~gator with 

some feedback from the laboratory. Search theory may be applicable 

here in determini~g the scope to which these comparisons should 

economically be made. 

A major portion of the laboratory's work is spent in determini~g 

whether a substance contains one of a number of prohibited drugs or 

narcotics. 'It would be worthwhile to develop a method of determining 

from a given set of tests with known 'specificity, an optimal, in the 

sense of minimum aver~ge nllilIDer of tests per substance, series of 

tests with well defined stopping rules for a given level of accuracy 

or probability of error. Such a methodology derived from sequential 

testi~g would indicate which characteristics were most valuable in a 

new test for the greatest improvement in the testi~g routine. This 

would provide a means of evaluati~g the value of a new test under 

development. Further research into this area would probably be 

beneficial providi~g assistance with the crime laboratory's largest 

volume. 

In consideration of the fact that requests for dr~g analyses 

make up such a s~gnificant part of the laboratory's workload and 

that this development is relatively recent, it is understandable 

that a, great preoccupation exists amo~g supervisory laboratory 

personnel with how to analyze, great quantities of drugs accurately 
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and efficiently. OVer h' f emp aS1S 0 this aspect of laboratory work 

could be counter-productive. D ' Ur1ng prohibition, the major portion 

of the work in the Philadelphia City Police Laboratory was analysis 
for illegal alcohol. Tod y I t a a mos no alcohol analysis is done. 

This possibility exists with drug analysis as well. Thus, labora-

tories should guard against building up a large, efficient but 

inflexible drug analysis unit. If tests and techniques which may 

have wider applications are instituted, the readjustment of the 

laboratory to falling drug requests would be less traumatic. As 

an example, much of the dru. g facility m' ht b d' 19 e re 1rected to making 
the cross-·crime comparisons su~gested earlier. 

Forensic science has an important role ~n ' 
~ cr1minal justice and 

may in the future be' instrumental in introducing more rigorous methods 

into other area f th ' s 0 e crim1nal justice system by serving as a 

scientific resource within the system. National standards and a data 
base on procedures and performance t~mes are 

~ needed to make the simu-
lation model and the budgeting model more generally applicab ],e. The 
National Institute can serve an important 1 ' ro e 1n coll~cting and 
disseminati~g such data ana information. 

The National Institute should take the necessary action to 

obtain crime laboratory surveys, such as are 
presented in Appendix III, 

on a national basis. The forms and questions should first be pre-

tested on a larger sample than was 'I ava1 able in preparing the report. 
This more widely based data should be used in developing planning 
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models as described in this report. Assistance in planning, as 

'well as information on administrative and technical procedures 

should be disseminated from the National Institute both as a 

generati.ng source for new information as well as a conduit for 

facilitating the exchange of information among laboratories 

throughout the country. 

The organizational position of the crime laboratory in 

the various state criminal justice systems has arisen by 

happenstance. Rationalizing the position of the laboratory in 

terms of its customers and the infrastructure which supports it 

could well be suggested following a.National Institute study 

directed to this 19nd. 
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The work swnrnarized in the followi~g appendices was carried 

out by students enrolled in graduate course, OR800, at the University 

o,f Pennsylvania, in the Spring of 1971. Al tho)-lgh more than one 

student participated in several of the appendices, only the main 

contributors are listed in what follows. What is presented in these 

app~ndices is a much briefer version of more extensive original 

efforts. Much that was learned and many analyses have not been 

presented here because they were either peripheral to this report 

or data limitations made them too tentative. 

In a painful, but almost fitting incident, a, great deal of 

data bearin, g on the measurement of' {e .. } and' {a. k' } matrices as 
l.J "l. 

described in Appendix III were stolen from one our researcher's 

automobiles! 

Michael Dummer and Leonard Freifelder, worki~g as research 

assistants after the conclusion of the semester, both augmented 

their academic efforts and helped to integrate many of the other 

student efforts. 

The student contributors to the various appendices were as follows: 

Appendix I •••••••••••••• Freifelder 
II •••••••••• 5 ••• Ligaya 

III •••••••••• ~ ••• Dummer and Freifelder 
IV ••••••••• ' ••••• Freifelder and Dummer 
v ....•........ . Ghandi 

VI •••••••••••••• Freifelder 
VII •••••••••••••• Boyle and Hill 

VIII •••••••••••••• Shank and Hill 
IX., •••••••••••• Nickell and Metre 

X •••••••••••••• Freifelder 
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() THE POLICE DEPARTMENT 

Figure I-I presents a detailed analysis of the police depart-

ment and its effect upon the criminal justice system. The flows 

· i; represented on the chart specify the entire range of possibilities 

and do not represent the actual procedures followed in any specific 

case. A description of the police department and how its units 

operate follows. 

Responsibility of Patrolmen 
\ 

~he police department responds to all calls for aid and 

APPENDIX I 
assistance by dispatching a pa·trol car to the scene of the 

alleged crime. The patrolmen decide whether the incident is 

not of a criminal nature. Of course, an affirmative decision 

at this stage results in termination of their responsibility 

and action by the police department. If, however, the response 

is not affirmative, investigation continues. 

I Moving to the second stage of the investigation requires 

that a detective team be assigned to the incident - now considered 

a crime. This team may, in important and obvious cases, be requested 

directly by the patrol car, or ordered through the district from 

which the police car was assigned. 

Resp6~sibility of Detectives 
,'"' ;) 

It is the job of the detective to obtain from the patrolmen a 

~o description of the crime and any info~ation subsequently given by 

.- ; 
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witnesses or complaintants. The detectives then begin a search 

of the crime scene to ascertain if there is any physical evidence 

to be collected. If the detective finds evidence, or believes that 

useful evidence may be present, a req~est is made for the mobile 

crime labor~tory. The detective will never collect evidence himselfi 

it is his duty to request the assistance of the mobile lab. 

Depending upon the severity and complexity of the incident, 

the assigned detective team may request additional assistance. 

Such aid takes the form of special detective squads - narcotics, 

homic:ide, etc. - who are specifically trained to investigate a 

particular class of crimes. If called, the special squad and the 

original team will discuss the case and continue the investigation 

as one unit. 

Responsibility of Mobile Cr.ime Laboratory 

Upon arriving at the scene of the crime, the mobile crime 

laboratbry begins evidence collection under the directions of the 

detective. The mobile unit will collect those items designated as 

evidence by the detectives. 

Investigation 

The detectives, once informed as tt.' the nature of the crime, 

may release the patrol ~nit and continue the investigation. In cases 

where the patrol unit has apprehended a suspect at the scene of the 

crime, identifications and statements from witnesses will. be obtained. 

'" ,. 



- I-4 - , 

If a suspect is not immediately found, the detectives will 

attempt to reconstruct the crime through witnesses and any other 

facts of which they are aware. Such procedures will generally 

lead to a suspect, for whom a warrant is obtained, a~ well as 

warrants for specific articles that may link the individual to 

the crime. 

Laboratory 

It is the responsibility of the laboratory to analyze all 

materials and objects brought to them, by the mobile crime labs 

and the various police units. 

There are several possible uses of laboratory findings. If 

the results Of the laboratory's analysis there has been no arrest, 

may lead to arrest of the suspect. If an arrest was made, a 

negative finding by the laboratory may lead to release of the 

suspect. When analysis is positive, the results will be forwarded 

to the judicial branch, for possible use in court. 

Further Investigation 

When the laboratory findings are negative, or not sufficiently 

conclusive, the investigation of the crime may continue. Generally, 

the detective activity will be at a manpower level reduced from Chat 

utilized in the initial stages. Further evidence or suspects un­

covered by such work, will, of course, be submitted to detailed 

-In an attempt to link it to the crime. analysis and examinations .... 
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Ph sical Evidence in the Police Investi ation Process 

On an intuitive basis, one would believe a crime laboratory 

could be of considerable assistance in the investigation of crimes. 

Not only should the lab be of assistance in reconstructing the crime, 

but also in identifying likely suspects. The results of lab.~ratory 

analysis are frequently used to reconstruct the crime in court. 

However, statistics show that physical evidence is almost never 

the basis for making an arrest. In a sample of forty(40) cases 

from early 1971 in the Philadelphia area, only two of the cases had 

the lab analysis completed before the arrest was made. In both of 

these instances, no arrest was made and the case was declared 

inactive. 
The sample was interesting in that it included a spec-

tacular, violent burglary. Much police effort was expended in the 

investigation. The lab personnel had believed that their extensive 

analysis of numerous files for latent fingerprints was responsible 

for the arrests of the defendants. However, the facts reveal that 

the arrests were made four days before the lab analysis was completed. 

Further, to the credit of the Philadelphia crime laboratory, in all 

• narcotics cases, the analysis was completed previous to the prelimi-

nary hearing date. 

The reason laboratory analysis is rarely used in police inves-

tigations is si~ply because the laboratory is incapable of providing 

such fine analysis. The types of functions the laboratory can perform 

, 
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best are either identification of chemicals or comparison of 

physical material. To Plsk the laboratory to identify a particular 

individual on the basis of trace physical elements is unrealistic. 

However, a compromise use of the laboratory is possible which 

is both realistic and helpful to police investigators. Since the 

laboratory can perform comparisons of trace elements effectively, 

it is suggested that a program of comparing physical evidence from 

two separate crimes be instituted to determine whether or not they 

were commi~ted by the same individual. Naturally, making all pos-

sible comparisons over all possible. crimes is again unrealistic. 

However, using the fact that c~rtain types of criminals tend to 

commit similar type crimes repeatedly in the same area, probability 

estimates of getting a positive match for certain types of compari-

sons can be made by police investigators. In fact, this process is 

periodically used on an informal basis already by detectives. Once 

these prior probabilities are made explicit, search theory can be 

used to determine which comparisons are reasonable to make from a 

cost-benefit point of view. 
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COURT' FLOW PROCESSES 

Whether planning for a crime laboratory entails budgeti~g, 

e.g., acquisition of new instruments, or whether it entails al­

location of presently available resources, e.g., sequencing of the 

analysis of evidences submitted to the laboratory, the specific use 

to which the results of the laboratory analysis will be put must 

be taken into consideration. 

To the above ends, a flow chart of the criminal courts system 

has been prepared. The flow chart on Figure II-I, supported in part 

by Figures II-I thro~gh II-7 provides ins~ghts that concern the 

followi~g: 

a) interaction of the criminal laboratory with the courts 
-~-when and in what courts the results of crime laboratory 

analyses of physical evidences are needed 
---when and in what courts personnel of the crime 

laboratory are needed as expert witnesses 
b) disposition rate of cases 

Preliminary Arraignment 

Within twenty-four hours after arrest in Philadelphia, the 

defendant is brought to the Municipal Court for preliminary arraign-

menl:.. It is at this initial stage in the court process that: 

a) the defendant is initially informed of the charge 
against him, and of his right to repr€."i5entation 
by an attorney, 

b) matters pertaining to bail are determined and, 

c) the date for a preliminary hearing is determined, or 
if the sentence for the charge does not exceed two 
years, a date for trial at the Municipal Court level 
is scheduled. 

\~ 
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PH\LADELPI-UA COURT O'F' COMMON PLEAS 

CRIMINAL JU5~TICE SYSTEM 
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Preliminary hearings are to be held three to ten days after 

the preliminary arraignment. If trial will be the next stage, 

however, it is scheduled to be held twenty days to six weeks after 

the preliminary arraignment. 

Cases submitted before the preliminary arraignment courts 

are dismissed only when the District Attorney believes that the 

Commonwealth has no basis for a case against the defendant. This 

happens in very minor cases which accounts for less than one per 

cent of the total cases that enter preliminary c:;:rraignment. 

Preliminary Hearing 

The preliminary hearing is concerned with the establishment 

of a prima facie case against the defendant, i.e., it aims to 

determine: 

a) if a crime has been committed and, 

b) if the defendant may probably have committed it. 

The cour't proceedings last from fifteen to twenty-five minutes and 

are a~tended by the defendant, the judge, a district attorney, a 

defense lawyer or public defender, the arresting police officer and 

eyewitnesses. Though the criminal laboratory personnel who have 

performed analysis on physical evidences that relate to the case 

may be called as expert witnesses, this almost never occurs; 

testimonies from the crime laboratory are usually done by stipu-

lation. Use of physical evidence by the District Attorney to 

. , 
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establish a Erima facie case is maintained at a low l~vel, o 
evidences being cited only if they are imperative to establish 

a case against the defendant, e.g., in charges of possession of 

dangerous drugs. 

Roughly ten per cent of the total cases that enter into 

preliminary hearings are discharged at this stage. The remaining 

ninety per cent are then scheduled for the indicting grand jury 

no S0.~mer thap ten days and usually three to four weeks after the 

preliminary hearing. 

Indicting Grand Jury 

The indicting grand jury hears cases for the same purposes 

as the preliminary hearing, i.e., to determine if a crime has been o. 
co~itted and to determine if the defendant may probably have com-

mitted it. In this stage of the court process, the District 

Attorney reads the case and the results of the preliminary hearing 

before the presiding judge and the grand jury and then leaves the 

court room. 'The gran d jury decides, relying solely on the written 

reports of previous court stages, whether or not to dismiss the 

case. Dismissal of cases happen in less than five per cent of the 

total cases that read the indicting grand jury process. The 

remaining ninety-five per cent are then scheduled for the major 

", 
arraignment 6• usually seven weeks after the indicting grand jury 

heal;'ing. 
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Arraignment 

Arraignment is set only to schedule the trial date and to 

decide issues of bail. The arraignment session is conducted by 

a court administrator with the participation of the District 

Attorney, the defense attorney, and the defendant. By virtue 

of its purpose, no cases are dismissed at this stage. There is 

also no legal rule as to when trial is to be held, though statistics 

reveal that the average time from arraignment to trial is six to 

eleven weeks. 

If the ¢l.efenaant is to remain in jail either because he 

cannot afford to set bailor because no bail has been set for the 

charge against him, then he may file a "180 day" petition. If the 

defendant remains in jail and the trial is not conducted for longer 

than 180 days after the petition is filed, the defendant is released 

and the charge against him automatically dismissed. 

Pre-Trial Hearing 

At pre-trial hearings motions for suppression of evidences or 

testimonies are presented. Pre-trial motions are to be filed with 

the Clerk of Quarter Session no later than ten days before the trial 

date as scheduled ,by the arraignment session. The petition is sent 

to a judge at the Miscellaneous Court who then ~rders a h~~ring on 

the motion. For felonies, the pre~trial hearing is usually held 

to the date of the trial itself. 

,', 
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It is the policy of the District Attorney's Office to cite 

as few physical evidences as possible in the pre-trial stages of 

the criminal court process since. the main concern is only to 

establish that the defendant may probably have committed a crime. 

This is generally the case for all charges except that of possession 

of dangerous drugs where chemical identification of the drug in 

question is usually needed. General court principles aim to insure, 

however, that each party has the chance to rebut any arguments of 

the opposing party. Hence, if the defense believes that there 

are other physical evidences available to the District Attorney but 

which have not been cited in previous court session, the defense 

may file a bill of particulars to request that the District Attorney 

declare all the evidences at his disposal. 

Trial 

Trial is held to determine if "guilt beyond reasonable doubt" 

may be established or not. Trial is held from six to ten \V'eeks 

after arraignment and involves the defendant, the. judge, the jury 

(if a jury trial is selected), the district attorney, the defense 

attorney and witnesses (eyewitnesses, .expert witnesses and arresting 

officers). Trial sessions usually last for one day only, but 

special characteristics of cases extend this length to much longer 

sessions. Furthermore, sentence mayor may not be given at the 

trial date itself. 
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At this stage in the court process the results of the analysis 

by the crime laboratory of the physical evidences relating to the 

case on trial must be available to the District Attorney for use 

as he sees appropriate for the proper disposition of the case. Also, 

though testimony by personnel of the crime laboratory can be admitted 

by stipulation, analysts from the crime laboratory are called to the 

court sessions as expert witnesses, not only to testify on the 

results of the andlyses done on the physical evidences, but also 

to establish their credibilitYi i.e., that they have special 

knowledge. The value of crime laboratory personnel testimony may 

be fortified or denegated by examination as to his general experience, 
,:;q,-

his means of knowledge in a particular case, and the facts and reasons 

on which he bases his conclusion. 
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The results pf the surveys of both the. Philadelphia Crime 

Laboratory and the New Jersey state Crime Laboratory are presented 

on the followi:ng f~gures. Both sets of data were obtained by two 

week surveys usi:ng forms as presented in' the followi:ng pages. The 

data from the Philadelphia Laboratory are in the form of proportions; 

whereas, the data from the New Jersey State Crime Laboratory Survey 

are expressed in terms of. entries. Not all the data have been pre-

sented here because of the small number of entries in some cases. 

The survey allowed the computation of processi:ng times and queue 

le:ngths as well, and these values were helpful in establishing credible 

ranges ~or the parameters in the simulation described in Appendix IV. 

F~gure III-I illustrates th~ approach we have taken in analyzi:ng 

the cri..-ae laboratory. The data needed to describe the last two boxes, 

the' {eij } and the' {akj } matrices implied in Figure 1II-2 were gene~ated 

from the crime laboratory surveys. Table III-I presents t.he·' {eij } matrix 

as obtained from the Philadelphia datf,l. and Table 1II-2 the {akj } matrix 

as derived from the same source. Table 1II-3 through 1II-5 are similar 

akj matrices from the New Jersey State Laboratory. Although additional 

data were obtained, the size of the samples due to the limited time 

,interval.under ~tudy do not warrant their inclusion. The survey forms 

which are presented are s~sgested as prototypes for a subsequent larger 

survey by tl!:AA,. 
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PHILADE~PHIA CRIME LABORATORY 

Spring 1971 
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Rape .207 .035 .137 29 

Misc. .01 .01 .01 .01 .01 

Miscellaneous Class Consists Mainly Of: Arson, SUicide, Suspicious Death, Threatening Letters 
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PHILADELPHIA CRIME LABORATORY 

Spring 1971 

Distribution of Analysis/Given Evidence 
(same conventions as previous chart) 
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Nb"'W JERSEY STATE CRIME LABORATORY 

EVIDENCE/CRIME MATRIX 

Entries From Chemistry and Crimina1istics Survey 
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NEW JERSEY STATE CRIME LABORA'IDRY 

EVIDENCE/CRIME MATRIX 

Entries From Firearms, Latent Prints and Documents Survey 
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The data presented fruitl the Pennsylvania State Police 

Laboratory were not collected through the same survey conducted 

at West Trenton and Philadelphia and, therefore, does not follow 

the same format. It is being collected as a matter of ordinary 

record reporting. It is a good example of the type of records 

now being kept which, with a little encouragement from the National 

Institute, could be turned into a valuable source of analysis to 

assist in planning for crime laboratories. 

The evidence and analysis matrices for New Jersey and 

Pennsylvania State Police Laboratories have not been normalized 

because appropriate crime rates were not presently available. 
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LEAA CRIME LAB SURVEY 

Evidence Fact Sheet Latent Print Analysis 

A. Crime Classification of Case: 

B. 

C. 

Do 

1. Aggravated Assault 
2. Arson 
3. Burglary 
4. Carrying Concealed 

Deadly Weapon 
5. Forgery 
6. Gambling 

Type of Evidence: 

l. Latent Print Analysis 

Time Data: 

Receipt of Evidence 

Analysis by Technician Begins 

Analysis by Technician Ends 

Results of Analys:i-..§.: 

An { 
Identification 
Comparison 

E. ~mount of Evidence: 

7. Homicide 
8. Larceny 
9. Liquor Law Viol. 

10. Narco tics 
11. Rape 
12. Robbery 
13. Other (Specify) 

2. Other (Specify) 

Date Time AM 
/ / PM 

AM 
/ / Pl1 

AM 
/ / PM 

Could 
Could ,not } be mhade on th~ basis 

of t e anal'ys~s. 

The number of pieces of evidence was ------------------------
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LEAA CRIME LAB SURVEX 

Evidence Fact Sheet 

A. Crime Classification of Case: 

1. Aggravated Assault 
2. Arson 
3. Bur-glary 
4. Carrying Concealed 

Deadly Weapon 
S. Forgery 
6. Gambling, 

7. 
8. 
9. 

10. 
II. 

, 12. 
13. 

B. Type ,of Evidence to be Analyzed: 

Documents 

Homicide 
Larceny 
Liquor Law Viol. 
Narcotics 
Rape 
Robbery 
Other (Specify) 

1. Handwriting Identification 3. Machine Identification 
2. Ink and Paper Comparison 

C. Type of Analysis: 

1. Comparison 

D~ Results of Analysis: 

E. 

An' { Identification 
Comparison 

Amount of Evidence: 

4. Other 

2. Identification 

Could } be made on the basis 
Could not of the analysis. 

The number of pieces of evidence was 

F. Time Data: 

Receipt of Evidence 

Analysis by Technician 

Analysis by Technician 

. ' ' 

Date 
/ 

Begins / 

Ends / 

/ 

/ 

/ 

Time AM 
PM 
AM 
PM 
AM 
PM 

o 
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LEAA CRIME LAB STJRVEY 

Evidence Fact Sheet Firearms 

A. S~rime ClassifJca tiol1 of Case: 

1. Aggravated Assault 
2. Arson 
3. Burglary 
4. Carrying Concealed 

Deadly Weapon 
5. Fo:t\gery 
6. GambJ.ing 

7. 
8. 
9. 

10. 
II. 
12. 
13. 

Homici.de 
Larceny 
Liquor Law Viol. 
Narcotics 
Rape 
Robbery 
Other (Specify) 

B. ~ of Evidence to be Analyzed: 

1. Casings 
2. Shells 
6. Bullets 

C. Type of Analysis: 

1. Comparison 

D. Results of Analysis: 

4. Ammo 
5. Weapons 

2. Identification 

Identification 
Comparison 

Could 
Could not } be made on the basis 

of the analysis. 

E. 

F. 

Amount of Evidence: 

The number of pieces of evidence was 

Time Data: 

Receipt of Evidence 

Analysis by T,echnician Begins 

Analysis by Technician Ends 

------------------

Date 
/ / 

/ / 

/ / 

'" .. " .. 

Time AM 
PM 
AM 
PM 
AM 
PM 
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LEAA CRIME LAB SURVEY 

Evidence Fact Sheet Lalmdry &. Jewelry Marks 

A. ~Le Classification of ~: 

1. Aggravated Assault 7. Homicide 
2. Arson 8. Larceny 
3. Burglary 9. Liquor Law Viol. 4. Carrying Concealed 10. Narcotics 

Deadly Weapon II. Rape 
5. Forgery 12. Robbf~ry 
6. Gambling 13. Other (Specify) 

B. ~e of Evid~: 

I. Laundry and Jewelry Marks 2. 'Other (Specify) 

C. Time Data: 

Da't:.e Time AM Receipt of Evidence / / PM 
AM Analysis by Technician Begins / / PM 

",' 

AM Analysis by Technician Ends / / PM 

D. Results of Imalysis: 

An { ldentification Could } be made on the basis Comparison Could not of the analY,sis. 

E. Amount of Evidence: 

The number of pieces of evidence was ______________________ __ 

~----,~------'-"."< '· .. ·_·r 
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LEAA CRIME LAB SURVEY 

Evidence Fact Sheet Voice Pri.nt: 

[\. Crime Classification of Case: 

l. Aggra'Vc.l ted Assault 7. Homicide 
2. Arson 8. Larceny 
3. Burglc.,ry 9. Liquor r~aw Viol. 4. Carrying Concealed 10. Na:l."cotic5 

De adly We,apon II. Rape 
5. Forgery 12. Robbery 
6. Gambling 13. Other (Specify) 

B. TYEe of Evidence: 

1. Voice Print 2. Other (Specify) 

c. Time Data~ 

Date Time AM Receipt of Evidence / / ~ 
AM Analysis by Technician Begins / / PM 

Analysis by Technician Ends 
AM 

/ / PM 

D. Results of Analysis: 

An { Iden tifica tion. Could } be made on the basis Comparison Could not of the analysis. 

E. Amount of Evidence: 

The number of piece of evidence was 
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LEAA CRIME LAB SURVEY 

Evidence Fact Sheet 

A. .£,.rime ClaEl'§.iB...£2.!:ion of Case: 

1. Aggravated Assault 
2. Arson 
3. Burglary 
4. carrying Concealed 

Deadly Weapon 
5. Forgery 
6. Gambling 

B. Evidence collected: 

1. Ph~ tographs 

C. Time r~: 

Receipt of Call 

Call Answered 

Call Finished 

'\ 

7 / 
... J, .~. 

Mobile Crime Collection 

7. Homicide 
8. Larceny 
9. Liquor Law Viol. 

10. Narcotics 
11 •. Rape 
12. Robbery 
13. Other (specify) 

2. Other (Specify) 

Date Time 

/ / --

/ I 

/ / 

. , 

AM 
PM 
AM 
PM 
AM 
PM 

o 

0 .. 

.' . 

1 
.J 
.1 

" 

I . 
,/ 
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. 
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LEAA CRIME LAB SURVEY 

EVIDENCE FACT SHEET CHEMlSTRY 

A. Crime Classifications of Case: 

1. Aggravated Assault 
2. Arson 
3. Burglary 
4. Carrying Concealed 

Deadly Weapon 

B. Type of Evidence to be Analyzed: 

1. Alcohol in Blood 
2. Building Materials 

---wire ---glass 
---insulation 

3. Corrosive Materials 
---acids ---alkalines 

4. Drugs in Urine 
5. Explosives 
6. Fibers 

---human ---textile 
---animal ---vegetabJ.,e 

C. Type of Analysis 

1. Comparison 

,. 
,< 

" 

& CRIMINALISTICS 

5. Forgery 
\3. Gambling 
7. Homicide 
8. Larceny 
9. Liquor Law Violations 

7. Fire Producing Material 
8. Gunpowder Residues 
9. Hallucinogens 

10. Narcotics 
11. Prescription Drugs 
12. Impressions 

---shoe ---tire 
---hand 

13',' Lacrymators 
14. Liquor 
15. Paint Chips 

2. Identification 

I' 
i 

10. Narcotics 
11. Rape 
12. Robbery 
13. Other (Specify) 

16. 

17. 
18. 
19. 

20. 
21. 

Physiological FlUids 
---blood ---semen 
---urine ---saliva 
Poisons 
Soil Samples 
Stains 
---lipstick 
---tar 
---food 
Tool Marks 
Other 

---grease 
---oil 
---gasoline 

H 
H 
H 
I 
IV 
o 

, -. 

, 

\ 

, 

(\ 
, 
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D. Nature of thf~ Analysis: 

LEAA CRIME LAB SURVEY ' 

EVJ,DENCE FACT SHEET CHEMISTRY (continued) 
& CRIMINALISTICS 

-

In the matr,i.x below please record the type of evidence analyzed (by it s number) in the blank spaces at the 
top; and in the corresponding columns, check the squares of the techniques used to analyze the evidenc~, 

-t-Type...!2.! Evidence 

Analvsis 1 2 3 4 5 6 7 8 9 10 

Chemical 
melting point 

Physical refractive index 
density 

Chroma- gas 
" tography thin layer 

Microscopy 

Spectrography--emission 
infrared 

Spectro- ultraviolet 
photometry visible 

fluorescence 
Immunology 

"-
Other: 

" 

E. Results of the Analysis: 
An { Identificatton 

Compari son " (Please indicate appropriate wording) 

F. Amount of Evidence: 

The nUmb~r of pieces of evidence analyzed 

G. Time Data: Date Time 

Receipt of Evidence / / 

Analysis by Technician Begins / I 

Analysis by Technician Ends / i 

-.,-___ >-y""_A-.-..... ''''''.''"'''_,,_,.,.. ____ -~·- .-. . 

h.', .' 'Z"" , 

. 
t / 

11 

Could 
Could 

AM 
PM 
AM 
PM 
AM 
PM 

12 13 

" 

14 15 16 17 18 19 20 

. 

be mad(~ on the basis of the 
analysis performed on this 
evid'Emce. 
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SUPLAB SIMULATION 

The SUPLAB simulation program is designed to simulate the 

operations of a crime laboratory. The program is composed of a 

main routine and nine subroutines, which simulate the arrival of 

cases to the crime laboratory, develop statistics about the type 

of case, the amounts and ~ypes of evidence, and the servicing 

each case receives. In addition, the program determines the 

number of arrived, but as yet unserved, cases at various points 

in the day, as well as determining the probability that a case 

involving a crime of type i is serviced before it is needed in 

court. 

There are two major policy assumptions with which the program 

operates. The fir$t is that each unit of a crime laboratory can 

be handled separately, simulating at one time on17 arrival and '. 
service for cases to the Chemistry Unit or the Ballistic,s Unit, 

for example. Second, the time is measured in minutes from 1 to 

1440, which 1 represents 5 p.m. of the preceding calendar day, and 

1440 represents 4:59 p.m. of the next. Of course, the simulation 

would operate efficiently if, represented 12:00 a.m. and 1440 11:59 

p.m. However, under the first scheme, the working day of the 

laboratory (9 a.m. - 5 p.m.) become minutes 960 to 1440. Analysis 

of the output of the progl."am will show that no service begins before 

1080 (11 a.m.). Here again operation has been simplified by loading 

I 

\ i: 
i , 
I 

, 
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the time spent for lunch, coffee-breaks, etc. onto the front of 

the day (960 - 1080). 

Description of the Program 

The Main p~Dgram 

There are three major functions performed by the main 

routine: 

1) initialization 
2) input of data 
3) control 

The main routine is used to set the original values of 

many of the program variables to zero. This function is performed 

to meet compiler requirements and serve as a check against error. 

All data necessary to operate the SUPLAB is entered 

through read statements in the main routine. The nature and 

handling of this data will be explained in a later section 

entitled "Data Requirements." 

The final function of the main routine is to generate 

the case arriving to the laboratory on a given day. Once the 

case is generated, the main routine calls the vaJ:ious subroutines 

to develop the characteristics of the case. At the end of the day, 

the main routine calls the various statistical routines included 

in the simulation. 

o 

o~ 
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CHOOS Subroutine 

CHOOS is a function subroutine that determines the value 

of the random number generated by RANNOS. These random numbers 

are uniformly distributed between 0 and 1 and must be converted 

to their corresponding value. CHOOS performs this conversion by 

comparing the 0-1 random variate to the cumulative distribution 

function for the item being simulated. The actual value simulated 

is the first value of the random variable whose cumulative proba-

bi1ity value is greater than the 0-1 variate. 

EXAMPLE: ARRIV (t') =' Cumu1a ti ve probability for 
the interarrival time is t minutes 

Assume the probability of arrivals 1, 2, 3 minutes apart 

is .05, .05, .10 respectively. 

Then ARRIV(l) = .05, ARRIV(2) = .10, ARRIV(3) = .20 

if the random variate is .16, then the program has simu-

lated two arrivals three minutes apart. 

CTYPE Subroutine 

CTYPE determines the type of case, the number of dif-

ferent types of evidence submitteq, and the specific types of 

evidence submitted on this case. It is called by the main routine 

immediately 3fter each case enters the system. All simulated values 

are stored for the particular day of the simulation until the end 

of that day. 
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ANLTIM Subroutine 

After determining the type of crime and evidence data, 

the program then determines the amount of time the case needs for 

service. For each type of evidence, a simulated service time is 

obtained and the 'time for servicing each case is then determined 

through summation. 

BUSY Subroutine 

At the end of each simulated day, the entire day's cases 

receive se~vicing in BUSY. After determining the case priority 

(note: only cases arriving before 1080 can be priority cases), 

each case is handled by the first server available at or after the 

case arrived. The MAXAMI subroutine is used to determine which server 

is available, by calculating, for each server, when his last service 

ended and then picking the smallest time. If all servers are busy 

until the end of the day, the date of service is incremented to the 

next calendar day. 

STAT, AVGS, QUEUES Subroutines 

These three routines compile statistical information about 

the laboratory's operation on ~ daily basis. The STA'.I' routine gives 

the total of each type of crime the laboratory received. In addition, 

the information ciDoUi:. each case - the number of typ~s of evidence, 

analysis methods, etc. - are printed here. 
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o AVGS routine determines the ave':J::'aSTe time between arrivals, 

\:he average len9'th of a service, and the clVt:lrage waiting time in 

the queue. 

The QtffiUES routine determines the length of the queue 

throughout the day and the average queue length. 

SNEED Subrout]ne 

The SN:B:ED routine calculates the probability that a case 

of crime type i is serviced on or before the time at which the analysis 

results are needed in court. SNEED generates thE~ date the analysis 

is needed through the TNEED array (time data needed) and compares 

this date with the date upon which the analysis was completed. The 

.0 number of successful completions is compared to thEl total number of 

cases of each crime type to determine the probability that the analysis 

is done in time. 

Data Requirements 

To operate the program, nineteen different types of data are 

required. 

The data can be divided into three major types. The first 

applies to all units of the laboratory. The record types varies by 

laboratory uni t and ·trie third varies bx laboratory unit and type of 

crime. 
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(1) For all labo~atory units: 

ISEED 

I DAY 

NDAY 

NU 

TNl~ED 

PRIOR 

QUECHK 

.. ' 

must be an 8 digit odd integer, which is used 
to initialize the sequence of random numbers 
generated by RANNOS function (This data may have 
to change for use on another compiler with a 
different random number generator.). 

the maximum elapsed time (in days) for a case 
to be needed in court. This should be a limiting 
value for all types of cases and should be re­
quested from court agencies serviced by the 
laboratory 

is the number of days being simulated. This 
value is under the operator IS cont.rol. The 
choice should be ,large enough to assure steady­
state being reached. Current array size limits 
NDAY to 30. 

is the number of units to be simulated. 

is the pro~ability distribution of the number of 
days until the case goes to court. The operator 
will require court records for each type of crime 
classification considered. 

is the probability that a case is a priority case. 
Labora tory records will generally no't contain. 
information indicating this type of data. Several 
alternatives are possible: 

1) discussions with laboratory personnel 
2) request that all cases for a trial 

period be marked priority or non-priority 
3) request a set of case histories from the 

laboratory. Check for all cases handled 
in a substantially shorter period of time 
than average and assume this percentage 
represents priority cases. 

this array contains the times at which the len:gth 
of the queue is to be checked. These val~es are 
currently 9 a.m. to 5 p.m. by the hour (corresponding 
to minutes 960 to '1440 in increments of 60). However, 
they can be changed at the decision maker's discretion. 
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(2) Individual unit data: 

NWKR 

NMIN 

NTEVI 

NANAL 

NTT 

OUT 

CRIM 

ARRIV 

t~e number of workers in the unit. This figure 
w~ll vary from uni t to uni't and should be obtained 
from the laboratory director. Both day and night 
workers should be considered. 

th~ maximum time any individual analysis takes. 
Th~s data can be obtained through use of the survey 
forms discussed in the paper. 

the total number of distinct types of evidence. 
Since classification procedures vary the value for 
N~EVI should be obtained through direct conversation 
w~th the laboratory director. 

the total number of distinct analysis methods. This 
d~ta. must be obtained through use of a survey. ,1\ 
l~st~nsr of equipment that perform different fb.nctions 
may yiElld an incorrect estimate. For example in 
Philadelphia, narcotics are analyzed under tw~ 
methods -- one involving spectroscopy and one not 
both methods, however, use more than one technique. 
Hence here NANAL would be two, not three or four: 

is the maximlli~ time between two successive arrivals. 
~he value of NTT will generally be available through 
laboratory records, as most laboratories log the time 
each case arrives. . 

is the distribution of the probability that people 
are out on a given day. Laboratory records of ab­
sences should be requested to obtain these values. 

~s ,the distribution of the probability that a case 
~nvolves a crime of type i. Requesting laboratnry 
records for the previous 6 to 12 months indicating 
t~e.nunilier of each type of case should provide suf­
f~c~ent estimates. 

is the probability d~stribution that the time between 
arrivals i~ K minut~B'. Here again the laboratory 
should be able to supply this information from past 
case records. 
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is the prob'ability that L different types ~f 
evidence ar:e submitted on a case. To obta~n 
these probi:1bil,i ties it may be necessary to 
request analy,sis reports and/or pro1?erty, re­
ceipts ei t:her of which should cbnta~n th~s 
information. 

is the prohabLl:Lty distribution that evidence 
received is of i~ specific type. If rec::ord , 
keeping in the laboratory is spar~e, analys~s 

reports may be necessary., Otherw~se, monthly 
or yearly analysis 5umrnar~es may be used. 

(3) Da ta for uni ts and crime: 

d t t~me of analysis, or type of Often the amount of a a, ~ 

th particular crime, as well as analysis depends upon e 
the laborato:r:Y unit. 

ANALTY 

TIM' 

is the distribution' for the probability that 
an analysis for unit I, involving crime J, uses 
method L. It wiLl be rare for data to be kept 
in 'such a manner, but in the interest of accuracy 
such data should be obtained. Use of the afore­
mentioned survey form for a short period (one, 
month) will generate enough data to supply th~s 
matrix. 

for an analysis of type L, '7IM ~ont~ins t~e 
probability that the ahalys~s t~me ~s ~ m~nutes. 

Here again data is generally not kept ~n such , 
detail, but sufficient information can be obta~ned 
through the survey. 

As was stated previously, when probability data i~ ent7red, 
'h ;t must be converted to curnul~t~ve d~str~-~nto t e program, ~ 

bution form. 

Use of SUPLAB Program 

d be used to test various configurations of The program shoul 

I t th most cost effective a :pr~OEEdor existing laboratory to se ec e " 

arrangement. 

, .,,,---,----- ••• __ ~ 0 ,, ___ ._,,;..,...~ __ ~_~ ___ --.- '~-.--
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o Once the input data has been obtained for a base or original 

configuration, testing other structures is relatively simple. At 

present there are only two changes a laboratory can make in its 

configuration - machines and men. 

To test a change in manpower, the operator must change only 

two pieces of data - NWKR and OUT. Changing NWKR involves only 

simple addition or subtraction. To change the OUT cumulative 

probability distribution is more complex, but still fairly straight-

forward. The laboratory di~ector and/or the program operator must 

discuss and decide the probability of the added (deleted) man's 

being'. absent.. Application of probability rules then determines the 

new OUT probabilities. 

An addition or repla:cement of a machine is equally simple. 

Here only the ANALTY and TIMdis~ributions change to reflect the new 

probabilities of choosing each .analysis method or to iriclude a new 

method. Change of the TIM array is simple if the machine directly 

replaces an old machinl8. A system's analysis of the contributiQn 

(in terms of time) of the old machine determines the time to be 

subtracted from entries in TIM and must be replaced by the operating 

time of the new machine. If the machine is strictly an addition, a 

new method must be added to ANALTYand a new row to TIM. 

The optimal configurations for each facility depends, of course, 

upon the cost of operating the laboratory. While the costs incurred 
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for additional manpower and equipment can be accurately ascertained, 

d h d t are imp·ossib1e to estimate. From 
many indirect ~n over ea cos s 

a study of three laboratories, these costs were seen to vary widely 

without any recognizable pattern. For this reason, it seems in­

expeditious to attempt such an evaluation in the program, and is left 

to the program operator. 

Improvements and Extensions 

k. d the SUPLAB program represents, with As presently struc~re , 

1 and ml.'nl.'ma1 computer costs, the operation of a 
reasonab e accuracy 

crime laboratory. 

In the interest of realism and accuracy, several extensions 

might be considered: 

l} 

2) 

3} 

Presently all analysts are considered identical. Th~y 
are all assumed to be able to perform the same functl.ons 
with equal skill. Admitteoly, most laboratories do not 

operate in this manner. 

Presently no overtime is considered in the system. It 
should be pm;sible to create overtime services if the 
queue backs up beyond a certain level. 

Structuring the system to fit a 12 a.m. - 12 p.m. day. 
This would involve making the analyst busy in the middle 

of the day, etc. 

These are possible area~ of improvement for the simulation. 

While none are be.lieved to be crucial, each one could add to the 

program's utility. 
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:1 

<=) SUPLAB PROGRAM; 

Variable List * 

Main Program 

Symbol Description 

Constants 

NDAy •••••.•••. is the number of days to be simulated 
NU •.•.•••••••. is the number of laboratory units simulated 
NWKR ••••.•••.• is the number of workers on the laboratory unit 
NMIN ••...••••. is the maximum time that any evidence analysis 

may take 
NTEVI .•••••••• is the number of possible types of evidence the 

unit can receive 
NANAL •••••••.. is the number of distinct analyses the unit can 

perform on a piece of evidence 
NTT ••••••••••• is the maximum time between two successive case 

arrivals 
NDAyP ••••••••• extends the number of days the system uses in 

order to accommodate the service times for each case 
NOVT .••••••••• is the number of workers out on a given day 
TARR .•.•.••••• is the time of last arrival to laboratory unit 
KCOMP •.••••••• is the number of cases coming to the laborat.ory 

unit on a given day. 
NAVL •.•••••••• is the number of workers available to process 

cases 
INTER •••.••••• is the interarriva1 time between cases K and (K+1) 
SIM •••••.••••• is the random number generated by the system 

Arrays 

PRIOR ••••••.•. contains· the probability that a given case is 
or is not a priority case 

QUECHK •••••••• designates the times at which the length of the 
queue is to be checked 

OUT ••••••••••• contains the probabilities that 1, 2, 3, 
workers are out today, 

ARRIV .•••.• " •• contains the probabilities that the time between 
two successive arrivals is 0, 1, 2, --- minutes 

CRIM •••••••••• the probability distribution to det.ermine the crime 
represented by each case received at the laboratory 

*On1y those variables not previously described are listed. 

" 
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Arrays 

ICRR ••.•• ~ .' •.• records the # of types of evidence involved 
in the case . 

ICRI •.•••••..• records the type of case that just arrived to 
the laboratory 

NCR ••••••.•••• keeps a total for the day of the number of 
homicides, rapes, assaults, ••• the lab processes 

TANAL ••••••••• records the case I that the Jth type of evidence 
was of type K 

ANLTIM Subroutine 

Constants 

IFAKE •..•••.•• records the type of evidence that was the Kth 
evidence presented on the ith case 

ITY ............ represents the analysis method chosen for the 
Kth piece of evidence 

NTIM •••••••••• the amount of time the above analysis takes 

Variables 

CTIM •••••••••• records the total analysis time consumed by the 
ith case 

ANTY ••••••••.• a dummy array used to access the correct row of 
the ANALTY array (depends upon the type of 
evidence) 

IAN ••••••••••• records the type of analysis for the Kth txpe of 
evidence 

ATlMES •••••••• a dummy array used to obtain the correct row of the 
TIM array (depends upon type of analysis chosen) 

ETIM •••••••••• records the time spe.nt analyzing each piece of 
evidence 

BUSY Subroutine 

Constants 

Kl •••••••••••• day upon which case is serviced 
'I4 •••••••••••• the number of cases serviced 
~PRIOR •••••••• constant telling whether we are servicing 

priority or non-.priority cases 
IDENT ••••••••• an identifier to tell program whether all the 

day's cases have been Se2!:viced 
I BUSY •••• ••••• a constant which is set equal to the time when 

the analyst's last service finished 

o () 

/ 
i 
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Arrays (continued) 

EVI ••••••••••• is the probability distribution that 1, 2, 3, 
or more distinct types of evidence were sub­
mitted on the case 

TEVI •.•••••••• the pr~bability distribution describing the 
chances that the evidence was type 1, 2, 3, •••. 

ANALTY ••••••.• contains the probabilities that for unit I, and 
case type J the method of analysis used was K 

TIM •.••••••••• contains the probabilities that an analysis using 
method K took.L minutes 

IAVL •.••.••..• contains the number of analysts available to work 
each day the system operates 

APRIOR .•.••..• contains a 1 or a z designating whether the case 
is non-rush or rush, respectively 

TINTAR •..•..•• contains the arrival time of each simulated case 
ITECH ••.•••••• contains the times over which the technicians are 

busy servicing cases 
INTAR ••.•• ~ •.• contains the time between each set of successive 

cases 

CHOOS Subroutine 

Constants 

I •..•..••••••• dummy index representing maximum value of array 
being considered. 

J •••••.••••••• dummy index representing value for array being 
simulated 

Arrays 

A •••..••• ~ •••• dummy array which contains values of simulated 
array 

CTYPE Subroutine 

Constants 

ICR ••••••••••• a constant whose value (1_2 ••• 20)designates the 
type of case that has just arrived to the lab 

NEVI •••.•••••• the number of types of evidence presented by the case 
IEVI ••••.••••• a constant whose value (1, 2, 3 ••• )designates each 

specific type of evidence for ••• the case that just 
arrived 

1. 

, 
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Arrays 

KTECH ••••••••• records the arrival date of the case being 
serviced 

LTECH ••••••••• records the case number from arrival date 
ATECH ••••••••. records the time that the case arrived to 

the labora tory 
SyST •••••••••• evaluates the time that the case spent in 

the system (waiting plus service time) 

MAXIM! Subrout:tne 

constants 

JR ••••.••••••. ~s the number of cases handled by the technician 
up to this point in time 

KMIN ••••.••••• is the minimum for which an analyst is available 
to service another case 

JZI ••••••••.•• is the number of the first available analyst 
13 •.•.•••••••• is the nunmer of 'cases handled today by the 

analyst, who will handle this case 

Array:s 

KLARGE •••••••• is the latest until which the analyst is busy 

STAT Subroutine 

constants 

17 •...•••••.•. dummy constant into which the values of ICR2 
are put 

AVGS Subroutine 

~., ~I 

constants 

TOTA •••••••••• sum of the interarrival times between each 
pair of successive cases 

TOTSyS •••••••• total time spent in the system by all cases 
TOTSER ......... total time spent in servicing all the laboratory 

cases 

.. ' 

, . , 

(~) . 

, . . '-
J 

1 

11 

() 

,. 

J (~) 
oj -

-
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Arrays 

AVGA ••••• ~ •••• average 
AVGSER •.••••.. average 

day K 

time between interarrival for d~y K 
service time for a case arriving on 

AVGSyS.: .••••• ave7a~e time spent in the system by a 
arr~v~ng on day K 

AVGNT ••••••••• average waiting time prior to service 

QUEUES 

Constant 

case 

IQUE.· ••••••••• a counter indexing the number of times that 
, ~he queue's length is checked (currently 10) 

NQUE, •.•••••••. ~s the number of cases arriving to the queue 
. between checking times 
NSERV •.••••••• is the number of servicing finished between 

the previous and the current time at which 
the queue is checked 

NETIlC!U •.••••••• is the number of additions or sUbtractions to 
the queue's length 

LQUE: .••••••••• is the length of the queue at the previous 
check 

TOTQUE ..•.••.• is the total number of cases in the queue over 
the en tire day 

AVGQUE .••••••• is the average length of the queue for day K 

Arrays 

QUET ••••••..•. is the actual lerigth of the queue at various 
times 

:f' 
, 
I Q 

i 
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SIMPLIFIED SUPLAB PROGRAM 

I 
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1 
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.0 

SIMPLIFIED 
SUPLAB PROGRAM 

Flow Charts 
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The fOlloWing is a simplified descriptive flow chart of the operation 
of the SUPLAB simulation program. 

C S'l'ART 

in main routine 

READ INPUT 
--simulated days 
-- simulated units 
--simulated workers 
--simulated types of 
--simulated types of analysis 
--maximum service time 
--maximum interarrival'time 

READ PROBABILI1Y INPUT 
--distr. of workers absent (by lab unit) 
--distr. of,arrival times (by lab unit) 
--distr. of 'types of Gases (by lab unit) 
--distr. of types o~ evidence (by lab unit) 
--distr. of analysis methods (by case) 
--distr. of times spent in analy. (by analy. 
--distr. of case P~iority method) 
--distr. of numbers of t pes of eVid. (b / lab unit) 

,.....---~'-----, ~ ~~ ~s +11c-ev 
STAR1' SIMULATION ~ L 

OF DAY K 

ARRIVAL OF CASE NUMBER 
KCOMP ARRIVAL ~ 

KCOMP+1. B ----.. 

record pr.:i,ority 
number 

record arrival 
time of case 

erase final 
case from 
memory 

determine all 
the case infor_ 
mation in 

Ul'YPE 
ANLTIM 

f \ 
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SIMPLIFIED 

SUPLAB PROGRAM 

CALL BUSY 
to determine 
servicing pat­
tern for the 
entire day's 

cases 

- IV-18 

CALL AVGS 
to record 

--average time bet. arrivals ~ 
--average service time ~ 
... -average waiting time 

CALL STAT 
to record 

--the no. of ea. type of case r9C. 0, .. G' 
--the types of evidence 
--the types of analysis 

CALL QUEUES 
--determine the length of the 

queue throughout the day 

CALL SNEED 
--to determine the percentage~ ______ ~ 

of cases done in time 

-----~ no 

______ )" no 

o 

o 

'~" 

i.e 

" 
;) 

fl 
I.

·.·.,I 
" 

rJ 
;. 

".Jj., .. 
. ;0 

f 
I .•... , 

,. , 

I 
1 

SIMPLIFIED 

SUPLAB PROGRAM 

CTYPE SUBROUTINE 

case has arrived 
at the laboratory 

q~ 

determine the 
type of case 

'if 

determine the no. 
of different types 
of evidence submitted 

determine the specific 
types of eVidence 

ANLTIM SUBROUTnm 

the case is of type J 

with n types of evidence, U,R,S ••• 

~ 

I for each type of evidence 
determine the method of 

analysis 

r " j for each typa of analysis 
determine the length of 
the analYSis 

1 o 
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G 
l 

the time taken to process . 
the case is the sume of the 
individual analysis times 

(0 
J BUSY SUBROUTINE 

all case information 
analysis tj":les have 

determined 

1 
determine date, time 
service to process -

time in 
service 
arrival 

(0 

and 
been 

and 
Kth case 

1 AVGS SUBROUTINE 

prints daily data summary 

! 
---average time case spends 

in system 
---average waiting time 
---~verage interarrival 

, 



~STAT SUBROUTINE 

prints daily data summary 

i 
OUTPUT 
---total no. of each type 

of crime received by 
laboratory 

P QUEUES SUBROUTINE 

determine the no. of cases 
in the queue during day 

determine total no. of 
arrivals between time a 
and time b 

determine total no. of 
services between time a 
and time b 

"'~ 
QUEUE = DIFFERENCE in 

services anciarrivals 
plus,the number of 
cases already queued 

\ If 

SIMPLIFIED 

SUPLAB PROGRAM 

------------------------------------

no 
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d~termine the average queue 
length over the day 

SUBROUTINE 

determine the prob. that a case 
involving a crime of type j is 
done when needed in court 

! 
determine the dat by which 
the case is needed 

record a 
success 

record 
.------)~ the 

case 
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SUP LAB PROGRAM FLOWCHART 
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MAIN ROUTINE 

DONE(IH) = 0 
Sets the initial 
number of cases 
of crime type IH 
to 0 

CASE(IH) = 0 
Sets the number 
of cases of type 
IH to 0 

FOR Kl = 1,30 
ICEl = 1,10 
IKEl = 1,30 

ITECH(Kl, ICE1,IKE1) 
= 0 

Sets time the IKElth 
service by the ICElth 
analy st on day Kl to 
o initially 

INPUT: ISEED 7 
Seed # for random 
generator 
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SUPLAB PROGRAM FLOWalART 

INPUT: !DAY 
The maximum time 
until a case is 
needed in court 

INPUT: .NDAY, NU ;/ 
(1) the total no. of 

day s to simulate 
(2) the no. of unit 

to simulate 

= 1,20 

INPUT: TNEED (IR, ID) 
The distribution of 
time (in days) for 
when a case involving 
crime IR is needed 
in court 

INPUT: PRIOR (I) 
I = 1 or I = 2 
the probability that 
a case is a priority 
(1=2) or non-priority 

INPUT: QUECHK(I), 1=1,10 
Reads the times at which 
the queue's length is 
be checked 
QUECHK(l) =0 ALWAYS 



1000 
FOR I = 1, NU 
Detennines unit 
being simulated 

INPUT: NWKR, NMIN 
(1) NWKR is the no. 

of analy st s for 
unit 

(2) NMIN is maximum 
time an analysis 
takes 

INPUT: NTEVI, NAWAL 
(1) NTEVI is maximum 

no. of evidence 
types in one case 

(2) NANAL is total 
types of 
analysis 

IN'RUT: NTT 
Maximum time 
cases arriving 
lab unit 

INPUT: OUT (J) 
is probability that 
J peopl~ are out on 
a given d'ay ---_ .. 

INPUT: ARRIV (I) 
is probability that 
the time between two 
su cc'e.ssi ve arrival 
is I minutes 

. - , 
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Probability that a 
case is a crime of 
type K (robbery, 
homicide, etc.) 

INPUT: EVI (J) 
Probability that J 
different types of 
eVidence are present 
in case. 

INPUT: TEVI (J) 
Probability that 
case's evidence 
of type J. 

1, NTEVI 

INPUT: ANALTY (I, IR, JR) 
Probability that for 
unit I and eVidence 
type J, analysis method 
K is used. 

= 1, NANAL 

INPUT: TIM(IR, JR) 
Probability that an 
analysis using method 
IR takes JR minutes 

o () 

I 

. O~ 

/ 
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I NDAYP= NDAY+lO 
Extends days 
available to 
servi ce cases by 
10 days (to account 
for large queues) 

FOR K :::; 1, NDAYP 
DAYS 1 to NDAYP 

SIM = RANNOS(ISEED) 
Generate random no. 

CALL CHaOS (OUT, NWKR, (0 
NQUT) detennines # of t-~~ A 
workers out on DAY K 

NOUT = NOUT - 1 
to make NOUT ,.. 0 
to NWKR-l, ie it is 
possible that no 
workers are out, 
CHaOS cannot return 
a 0 value 

IAVL(K) = NWKR-NOUT 
# of workers available 
on day K. 

A 
yes~~ 

no 

1, NOUT 

~~ ______ ~ __________ J 

yes 

decides which 
worker is out 

.Ie 
FOR IRST = 1, 30 

+ 1 

, 

)" ITECH(K,IZT,IRST) 

ITECH(K, IZT,IRST) = 1441 
Server busy till end 

of day 

Er 3007 

3005 ... __ 3_0_0_B ______ Co __ n_t_i_n_u __ e ____ • 3005 

2000 FOR K = 1, NDAY 
Simulating Day K 

1 
FOR ICR = 1, 20 

1 
NCR(ICR) = 0 
initially no 
cases present 

j, 

" 

I ' 



TARR = 0.0 
Last arrival 
time is 0 

KCOMP = 0 
Present # of 
complete cases 

is 0 

NAVL = IAVL(K) 
NAVL Analysts 
are in today 

KCOMP = KCOMP+1 
Generate (KCOMP 
+ 1) st case 

Call CHOOS(PRIOR, 
2,NP) Determine 
whether case is 
a priority 

APRIOR(KCOMP) 
= NP 

Records priority 
index 

Call CHOOS (ARRIV, 
N."., NINTER) 
Generate inter­
arrival time 

.. ' 

----- -- -------------~ 
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? 
NINTER = NINTER - 1 
to make a, 0 inter-
arrival time possible 

.1 
T INTAR (KCOMP) = 
TARR + NINTER 
records arrival 
time of NOOMP case 

1 
INTAR(KCOMP)=NINTER 
Interarriva1 time 
of KCOMP case 

.L 
TARR = TINTAR(KCOMP) 
Records time of 
last case 

KCOMP=RCOMP-1 
erases last ----~ 

case 

no 

CALL SUBROUTINES 
CTYPE <ii) 
ANLTIM ----Io~@ 

CALL SUBROUTINES 
BUSY 
AVGS --------+ ... 
STAT 
QUEUES 
SNEED 

- -------------~ 
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0 I 0 
:/ 

:1 
ONTIME (Ie) 

J = 
DONE (Ie)/CASE (IC) 
% of cases of crime 

i 
type IC processed 
by data needed 

1 

1 

l OUTPUT: 
UNIT NO. 

OUTPUT: CASE CIO, 
ONTIME (Ie) 
total # of cases of 
each crime type 
probability analysis 
done in time 

0_ I .0 ~l 

\ 

, 

"--y----------- -:::;::::::::::::::"":::'="",=--~,,,,-,,,=~--,,,.-=t:;;::=~=..:::::::::;;:;:;;:;:::;;;:;::::::::::;;;:::;;:::::;::"~:::::::::;:;,=-::~.:..-:==-:--:-_--:--_~:.'~r-":,---"-~,:"-,-,_--",,_~_, ____ ,~ ___ , ____ , __ ~_ ...... -".--.,,~, 

"";.".-." ..... !.'''''-M'''"<~ ,~~, .~t" .•. ",,'''', 
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0-yes 

o 
1 

SUBROUTINE CHOOS 

J = IH 
Random number 
corresponds to 
variable IH 

--- ----------~ ~-----------,----------
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.-

o 
1 

SUBROUTINE cr.rYPE 

CALL CHOOS (CRIM,20,ICR) 
w;.----I determine type of crime 

being simulated 

ICRI(KCOMP) = ICR 
case KOOMP :irs a crime 

of type ICR 

NCR(ICR) = NCR(ICR) + 1 
total cases of type 
ICR incremented by one 

CALL CHOOS(EVI, 25, NEVI) 
to determine the # of 
types of evidence pre­
sented by simulated 
case 

o 

o. 

\.1 , 

, , 

l 
,c 

" 

f'! ==".==""~=~~_"",,,,"~_=~, ____ ==-=,::;:m~=-~,::-;;:;~~~~~"""""l"~":::='~c-u.n''l:-''-~'''''''::-':;'>lI"-:,,;~~:==;::::It==:.::::;!..,~.;::::c_ ...... ,...-t:.~~1.'rJ;:'.;:: 

I 
,I 

1 

1 

o 
I FOR IT = l,NEVI I 

1 
rw = IT - 1 
Counter one less 
than the current 

'# of eVidence 
being can side red 
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CALL CHOOS(TEVI, 20, lEVI 0 
determine the specific - A 
type of eVidence 

TANAL(KCOMP,IT) = rEVI 
ITthevidence for case 
KCOMP is of type rEVr 

yes ---.. , 

no~ 

yes 



" 

* 

SUBROUTINE ANLTIM 

CTIM(KOOMP) = 0 
Current 'processing 
time for case is O. 

, 
FOR IQ = 1, NEVI 
The # of types of 
evidence to be 
analyzed. 

,~ 

IFAKE = TA~AL(KCOMP,IQ) 
Records IQ h evidence 
for case KCOMP 

81M = RANNOS ( ISEED) 

FOR IK = 1, N~~ 

... 

ANTY(IK) = 
ANALTY(NU, IFAKE, IK) 
Records probability of 
various analysis tech-
niques given evidence 
type 

Can CHOOS(ANTY ,NANAL, ITY) 
Determine type of analysis 
used on ev;i.dence 
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* Accesses correct row of right hand side matrix 

.-

~ 
IAN(KCOMP,IQ) = ITY 
For case KCOMP, evidence 
IQ was analyzed by 
technique ITY 

~ 

SIM = RANNOS (ISEED») 

1 

, 
FOR IK2 = 1, NMIN -1 

* ATIMES (lK2) :-TIM( lTY ,lK2) I 
Records probability of 
analysis taking IK2 
minutes using method ITY 

.11 r CHOOS(ATlMES, NMlN, 
NTIM) Determine actual 
time of analysis 

I 

ET1M (KCOMP, IQ) := NTIM 
Analy sis IQ for case KCOMP 
took NTIM minutes 

CTIM(KroMP) = CTIM(KCOMP) 
TNT 1M 
Increment processing 
time for case 

~ 

~ r roNTINUE 1 

o 
I 

\ 
t 

.0 

/ 

o 
1 

SUBROUTINE BUSY 

ITE
r l := K 

Day of service 
is day of arrival' 

of day 

LPRIOR = 1 
Priority no. of 

cases 

IDENT := 0 
Control constant 

FOR ICE := 1, KCOMP 
case # ICE 

- IV-3Q 

.J---,"""," 8 
Do not 
process 

case 

~ ___ yes ~e 

no 

&-no_ 

APP..IOR(I CE) := 1 
Change priority 

of case 

~~~~------r~--L-L-~-----I-

I~ 

IBUSY:=ITECH(Kl,J~l,B) 
On day Kl, SERVER 
JZl was busy with 
His 13 service until 
time in ITECH(Kl,JZl,I3) 

ITECH(Kl,JZl, 13 

- no ---- 13rd service completed q TINTAR(ICE) was 

before. caye ICE 
arr~ved 

> 

"-
yes 

IBUSY := TINTAR(ICE) 
Service begins 
upon arrival 

ITECH(Kl,JZI,I4)=IBUSY 
+ CI'IM(ICE) 

Service for case ICE 
ends at time in ITECH 
(Kl J JZl, 14) 

0' 

I 
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KTECH(JZ1, 14) = K 
Arrival Date of 14th Case 
served by JZl 

L1TECH(JZ1, 14) = IKE 
Case # on day K of 14th 
case served by JZI 

ATECH(JZ1, 14) = TINTAR(ICE) 
Time case ICF arrived 

SYST(ICE) = KI-K)* 1440 
+ ITECH(Kl, JZ1,I4) -
ATECH(JZ1, 14) 

Case ICE spent SYST(ICE) 
minutes in the system 

OUTPUT: 

Print 
---arrival date 
---case number 
---arrival time 
---service begins 
-_-service ends 
---server no • 
...,--service date 
---system time 
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.-

G) 
I 

SUBROUTINE AVGS 

J, 
AVGA(K) = 0 
AVGSER(K) = 0 
AVGSYS(K) = 0 
AVGWT(K) = 0 

Average inter-
arrival, service, 
system, waiting 
times are 0 for 
day K 

",II 

FOR 1G = 1, KCOMP 
The number of cases 

on day K 

," 
TOTA = TOTA + INAR(TG) 
Total interarrival time 
is sum of individual 
interarrival times 

J, 
TOTSYS = TOTSYS + SYST(IG) 
Total system time is sum 
of individual system times 

TOTSER = TOTSER + CTIM(IG) 
Total time spent in service 

----------

r.····1 ~ 

ti 
tJ 

I 
! 

! 
! 

'1 

is sum of individual service 
times 

1 
AVGA(K) = TOTA/KCOMP 
AVGSER(K) = TOTSER/KCOMP 
AVGSYS(K) = TOTSYS/KCOMP 

AVERAGES 

.~ . 

.. 

,I i '.', f, W" \ t"' 0) 
I 

SUBROUTINE STAT 

OUTPUT: 

, 
OUTPUT: TANAL (KCOMP, 

L IAN (KCOMP , 16) 
Type of eVidence and 
analysis method 
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~---~------------------, 
~OUTPUT: NCR(I) 

/ Total number of 
type of case on 

I
' NQUE = 

NQUE + 1 

SUBROUTINE QUEUES 

! 
TOTQUE = 0 
AVGQUE = 0 
Total length & 
avg. length aTe 0 

FOR IQUE = 2, 10 

NQUE = 0 
NSERV = 0 
# of arrivals and services 

FOR lCASE = 1, KCOMP 
day's cases 

did arrival 
~occur between 

~yes -~ ~UECHK(IQUE-l) /' 
& ~UECHK( IQUE) 

~ 
no 

'----;iO) e-.....;)~ '----:---f 

c0 



/ 

.I 
11 

FOR IANAL= 1, NWKR 
service 

FOR t SERV = 1, 30 
service 1-30 

Did serv~ 
,finish b~~:e~ no 
" QUECHK(IQUE-l)~ 

and QUECHK(IQUE) 

""( 
yes 

yes 

lDONE=IDONE + 1 
case finished on 
overtime 

NEWQU=NQUE-NSERV 
Additions (subtractions) 

to queue 
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.• F 

'~UET(IQUE) = LQUE + NEWQ 
~ueue length is original 

amt. and additions 

LQUE = QUET(IQUE) 
Latest queue length 

I LQUE = LQUE - looNE 
Subtract cases done on time 

FOR IQUE = 

TOTQUE = TOTQUE + QUE(I~UE 
sum of QUEUE lengths 

VGQUE = TOTQUE 
9 

OUTPUT: QUET (I), AVGQUE 
queue lengths by the 
hour and avg. length 

. , 
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'- ~ 

FOR IGY = 1, KCOMP 
Day's cases 

1 
no _____ .. ~ 

RASE = ICRI(IGY) 
Case of type KASE 

,II 

For IY = 1, IDAyl 

..... 
UNEED(IY) = TNEED(KASE, IY) 
Probability case must be ) 
finished by day IY 

\11 

SIM = RANNOS(ISEED) 1 
... 

~ C) CALL CHOOS(UNEED, IDAY, IND) I 
determine # of days for 
which case must be complete j 

,II 

INEED = IND* 1440 
Converts need time into 

minutes 

, ~:c;;:;:.~:::;::;,.--/.::.;:;~:;.:h:.:::::;:;-;.::.;:..~-=:c:!~':'~::r~-:::;:::<'~'l~=.::.:;~~,;f'ti;l"'~~~':r.~·=::.":X;~.z:;-.,.;;t.~~.;:.:=~:.i:;:;:.-::;=:::.:::;.::,:':"_"';~·:::~~:::;.':::·:::.'::::~"'".::': ::-:~.~c-.--.-

/ 

DONE(RASE) = DONE (KASE) + 1 
successful completion 

CASE(KASE) = CASE(RASE) + 1 
total number of cases 
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J 

SUBROUTINE MAXANI 

In = K 
First day for 
service is arrival 

date 
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1, NWKRR--------I 

ITECH(Kl, lCE1, 1) 

/! 1441 '!-___ yes " / worker is out 

"-/ 
no 

ITECH(In, lCEl, 1 
= 1080 

KLARGE(I2) = 
ITECH(Kl, 12, 14) 

Last service ended at 
time in ITECH(Kl, 12, 14) 

JR = Il 
KLARGE(I2) = (TECH(Kl, 12,JR) 
Last service ended at 
1TECH(Kl, 12, JR) 

JZ(IZ) = JR 
Records number 
of services 

r? 

o 

KLARGE(IZ) ~ 1440 

Gt--yes-< JZ(I2~r=;0 /' ~ Day or total 

e,--~K.. 

number of services 

eXha,/ 

~o 
/"" 2 

ITECH(Kl, 12, Il) = 0 _, 
Is this an allocated >- no () 

service ~~ -- . 

810 
yes 

JR = Il - 1 
# of actual services 
is one less than 
indicated. 

KLARGE(12) = ITECH(Kl,I2'JR)1 
Last service completed 
at time in ITECH 

'----;,~---~.-.-.. -'"' _ ... 
• 't' 

------.---

", 

q I' , , 
L . r I 
I 

(I 

/ 

, 
;:;:::.:::::t'-~t'..:::..~1:!~~ ___ ---~=='==========='l:;=._"""'"""""=:U:r..::~~=_~ ______ < ... ~,'_,.._~_ •• ~_. __ ",~,.~",,,,,_.,,, ___ , __ ,",,.y~,,,,,, .. ,,,q-.=,,,,,,,,,_,=,,-~,~~"';::;::;::::'.:~::::'.:";'::::"::' 
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JZ(I2) = JR 
# of case 1 ast 
handled 

KLARGE(I2) > 1440 --B 
/' JZ(I2) = 30 ,_ yes 815 
"-.Day of max. # of/, 

services exhausted 

~/ 
no 

Kl = Kl + 1 

4 Try next day to 
service case 

I 
KLARGE (12) = ITECH(Kl, 12,1) I 
Analyst begins at 9 a.m. 

,.....-..,. OONTINUE 

KM1N = KLARGE (1) 
Man 1 is available 
at KM1N 

JZl = 1 
Server No.1 

&- /KLARGE(I2) <.KMIN 
830 no -, 

. Anyone availabl 
before WKR 1 

""I yes 

oJ, 
KMIN=KLARGE( 12) 

JZl = 12 
WKR 12 is first 
available at KMIN 

. , 
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SU;E>LAB PROGRAM AND TYPICAL PRINTOUT 
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12 r.1"J,,,\4rl~ I~""'I INTI\)(li1) 
11 -:(\'4 .... )'11 1f\C;C;/ IAVlI!i(l1 
14 r.l\11.41\J ITT T I JIWK~ I tuUr.' 
Iii r."I""Ir)" I I",UJl 11A.1Ur fl")tii. SVSTI"" 
'" ::IlU .... ,"J IVVVI PRIORI?), APitlORflirn 
17 r.:l'"",i" I~~"'I .'IflVl • Jll 
t!' C'l~"'O'~ I1ZU ITFCIH11),lO'1tll 
1 Q L 'Jut = n 
it') n.1 7"'4 1(1 = I.'" 
?'1 r)1 76., ,pq. 1, ii) 
it? nil 7"~ IIC I=}, =1,10 
73 !TFr.HIKl.lC~l.lj([ill .. i 
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~= itr)2t) :~~~~;~~~! 5~4~~~ IVrr'J;;'-. ""1J;-::".'I.',""7.?I'- ... _-- ......... __ . 
4n RF.AO 21"120, ( CPI'HJI , J 11: l,n1 
41 Dt:An 2("11.0, i FvltJi. J .. [,25 I 
47 I(F.An "''''t', ITFVIIJI. J .. ),20 I 
41 1)1 AJO I~ .. 1. NTFVI 

:~ Rd? ·d~~I~u~" ( AN"" TYfNl" p •• JQ I JQ. _!.t.!~l 
4h r')" PIn tq .. I. NA~At. 
41 !tE4N >'J'u. tTrqlllt, Jt(i , JP= i.N'1j\lj 
4" "I~ Cn"TlNIlF 
4q I'JUF -a I) 
1)0 '10hyP I; ~nAY .. 10 
ij i h.l '\(105 K .. i, NiAvp 
52: SPI .. ·:)ANNns(~qI41q41 I 
i)'i tAlC I.HIIIIS\ tillj, Nwkk. i\j'lOf 
1j.4 ~'UT " 'nUT -1 
1;$ IAvLlRj = f'lwRO'- Nhllf 
Ij.,.. IFIN111T .fQ • .., I GO Ttl ll)OIj. 
Ii? 01 j"o$\ tijj: I; l. KlOiH 
SR ~1'4 = nAN'Ioc:;c"ql<tI94ll 
ipj ill III' c; un ml ki{ .. ) 
60 no 1()07 FJ~T • 1.30 
111 ITeCtilK, Pt, IlIsTl = 1441) 
67 l:'"1'l7 r.J'ITt'lUF 

"'1 10nlt r.O'lTI'IIIE 
h4 '30tlS cn'lTPoIUE 
Ill) 0") 7(,)on )( = 1, NJAY 
66 D'l BO fCR l1li I,'a 
67 I'" Nr.PfJCR) '" ') 
6R TA:1o .. · 0.0 
69 Kr.O"lP • 0 
70 NAVL .. I AVI.( 1(1 
71 1"rl1 <crl"'P .. KCn"lP +1 
71 c:;pt l1li PANNnC:;ltl9141Q411 
71 Chll CHnn~fPRrr'fl.2.NPI 
74 APR.HJR(l(cn'4PI .. NP 
7S ~t'" '11 RANNnc;c~q141q411 
7b CALL CHoose ,\qRIV,NTT,NINTERI 
77 NI~TER II: NINTER -1 
78 TlNTAk( KCOHP I = TARR .. NINTER 
79 INTMIKcn"lPI .. NINTER 
HO T 4RR- TINT Art (KeDHP J 
81 IF ( TARR- 1440.0 I L,2,2 
82 2 KCOMP '" KCOHP -1 

------~~r.!~----rl ig~~~o~I----------------------------
115. CALL CTYPE 
Jib CALL ANltlA 
87 GO TO 3000 
88 2001 CALL BUSY 

------~~rn~,-----~~~:~~~ ~~~~~~------------------- .-~------------------------
91 CALL CUEllES 
92 20UO CONTlNUE: 
q3 lUOO CONTINUE 
94 STOP 
95 END 

96 SUOJ\OUTlNE CHOOS CA. I .J I 
rJ7 DtMENSION A( II 
98 COHMON I ONEI SIM, KCO'1P 
99 DO 12 IH -ltl 

100 IFC Sl~ - M IHI I 4.4.5 
101 4 J a IH 
102 GO Til 11 
In1 S CONTINUE 
104 12 CONTINUE: 
105 n CIlNTlNIJF. 
106 q,ETV!l:N 
107 END 

10H SIIBHOUTINE CTYPE 
109 CUH~It)N I ONEI S 1M. ~COHP 
110 C[).otHON IHWI TANALeSO,20',NCRC20,. NEVI ----.• ~--------~ 

~ g ~~~~~3~ :~~g;1 C~~M'201' EY It 2rr-;-rn,Tm"I----------------------------------
11'1 emU·hlN lTe~1 ICR1I50', IANISO.201. lCR2(501 
114 SUi ill "ANNllSlb91419431 

-,~.~_I~I:h:~---Cr.I~~~~~Ti~~~~g~~ffi~TI"'C.~C~~7~rr~~.2~0~.~'IC~~~I,_ _______________ __ 
117 NCQ{lC!U '"' NCRCIC~i .. 1 
llH SI"1 III RANNtlS(hq14l9lt3i 
119 CALL CHooStevI,25. NEVI' 
120 ICR2 CKC.l1MPI '"' NEVI 
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14b IfAII.E = TANI\l.CKCOMP t IlH 
141 STir'-1fAfm"TST6'~"n4jl 

tZ~ 425 ~C,H~dK: ~!;f;;;~~f;;,~(H'I • .,I~FTA'"RE"'.-rI~----·--· ... --- --------- '-
150 CALL CH[)OSi40NrY,NlINAl..ITV' 

---rrl--T.r~rRtnHp, 10J .. ltV 

---..;t~~~~- ·~N;SoR1~~~f!b~A1A~_43-'--.---- --- -. 

~~; 451) iUtE~llA~~:ATrM~,;.r;'N...;.Ic;~;;r';':tr"rl--------' 
15h FTI"IIKCOHP. 10) II:! "Htl.4 
is? ('"t~1f1 11 C'tIHiKto",P, + NTtFJ---~'--- .. - .. 
l5" 4013 CI)~T I~UE 
l5q ttfTUt{~ 

LbO END 

1hl SUBROUT JNE HUSY 

___ ~t:~~~--:-~~~~~19No~r~C~~~~'!gb.qpLTF.C~11D,30" _AT.~C.!!!.!~..!-!!!I._ ... ~ _ 

11,4 r.O"lIUN ITB>\F.EI CTJH14001, K 
165 GiHl1lN / 11001 IINIAK ([Oui, Si'St(SOI 

___ ...;l~%:::~:---._;;,;.;.g;,;~:;;~o:;;o~;....;~,;,~.;~v;;'w~;....;,~.;,[;;t~:::R:'::.!:Z';~~h,.:A:.:P~R,,-IO!:.~;::I:..:S:.:O..:.I--. ___ • ___ . ___ •.• __ .• ______ ._. 

---~t:~::---:-~;;g;;~;;:~::gN~N-"~;.;~'~~.;.;.;.~...;:~~:,.ETCAH'I~'~O-.~lO~.~.~O~I-------'-'--'--'-----
H~ tOQq ~nk~r,t~~~'Al1t.qQAC uAIE'.5X.'t4SE riiJ.'.5X,'Ai',l{lvAl IIH'eE,..'..,.5nX,."T',..S~El{nv ... I----------------------­

ICE E!~OS'.3X,tSERVER NO.'.5X,'SERVJCE unE', lOX, ·SYST~~p".!~' 
112 k 1 • k 

------~~~~~~------nl~~.ni~ov~,.~[----------------------------------------
175 toENT :::r a 
[16 DO ,6" leEl '" [, NAvL 
171 1bS tT~CtHKl, ICE1,. 11 • 10ao 
118 lAo Dl1 160 ICE '" 1. keJAP 
179 IF I APKIORIICE I .EO. LPRIORI GO ro 760 

lAO 
181 
1A2 

CALL MAXAM I 
IJ 1/1 14-l 
IRUSY" nECBfK1,JZl, 13, 

IA3 IFfITECIHKl,JZl.J3' .LT. TlNTAI\CICEII 
ICE I 

UUSy----.-tlNfAR·rj'I-----------------------

IA4 
185 

freCHCKl .Jll, 141 '1:1. 

KTFC~fJll, 141:;: K 
IBUSY +C-fTiiim,----·-------------------------

IAh 
IA1 
18K 
189 

190 
191 
192 
1", 
19. 

LTECHfJZl. 14 •• ICE 
UECH'Jll. 141 .. TlNT4RClCE' 

------_._--
SYSTttCFI :lCK1-t(.I. 1440.0 + ITECHCKl.Jll,I", - ATECH(Jll, 141 
PR.INT l008 , KTEC~{JZl. I4I,LTECHlJZl.14', ATECHtJl1.l4l, ITECHCK1, 

lJZl.lltl. JZl ,Kl , SYSTCICEI 
10ea FO"''''AT (1 OX. 15 .10X .15. lOX of lO.3 .10X. I 5, lOX I 15,lOX, 15,10X, FO.3, 

160 CON T I NUJ: 
IF' IOENT .~Q. 11 GO TO 785 
LP~ (DR. .. 2 
IDENr • t 

iqs 
19h 

GO To 7HO 
7a~ RETURN ._---- -- - .. -----~----------197 END 

------_._------_.- -----.~--

lqR SUHRUUTlNE ~AXAHI 
lqq DIMENSION JZOOJ 
700 DP4Eo,jSJON KLAI{GEllOI 
201 CO.'1MON /THREE} CTII1140CI, K 

----~~;.:,g~~----\~~g~,~:~g~ .:~~~: ~:~tl~o~ll 
204 COI1 .... nN 1"1'1"11 14 
205 CO'1"toN fILl! ITECHI30.10.301 
20b 1<1 1:1 K 
207 DO sao 12-l, NAVL 
20R KLARGE (121 • ITECHCKl. J2, 141 
209 Ala on 810 11 ... l.,O ---- ... - ... _, -- -'u 

210 IF(lTECH(Kl. 12, 11) .LE. KLARGElt2" GO TO 808 ... ~ ..... 
211 JH. .. 1l ./1--- --...... 

212 B12 KLA:tGE( 12' .. ITECHlKl. 12, JRI 
213 JltJ2J .. JR 
~:; ~~I~~L!~gEll21 .Gr_ 14401 .OR. ·IJZI121..A!?d.~I.I.J!'L!!!..llL. ___ • ____ . 
~~~ aOR ~~I!T~i~~K1.I2.IlI .NE. III GO TO 810 ___ _ _ _ ________________________ _ 

7tH Kl.UGEfl21'" ITECHIK1.12. JRJ ___ , ___ ..... _. __ •. P 

21q . JlllZI .. Jit 
~~~ ~~'~ciL:~gEllll .Gr. 14401 .DR. IJlll2..!~..!!'J.1Gq !'L8.l.~ _____________________________ _ 

222 B10 CUNTINUE 
221 till TO lIOO 
274 IH S 1(1 .. K 1 .. 1 
22') KLARGEIIZ) .,. lTEtHIi\t, 12. '!J 

---~~~.~'1l~--·8"'OO,.....!~!li::~f.,N,I'~0~INc.i~~~~O-------.----.------'" - ..... ~ .. -- ... -._._+. -------
228 K"4IN .. KLAIUiElll 
229 jl1 .. 1 

~~~ ~~(~~~R~;;I~; ~~~~ KHINI GO TO-~----·~-'-"· ..... _-_ .. ---.... -.---------.-----------------
232 KI11N .. KLAC,GEII~ I 
Z33 JlI .. 12 

----~~~1-i;~-~A!-"!:!a~~~~N!,;!.!.IN~J~~ii,·J;o;Z'i'I·1 -------------~ •• ----- .. - ... -
236 14 .. 13 +1 
1.37 /otFTIlt{N 
738 E',,1l -_ .. _-_ ... ------
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~i__- .. --~~~~.:Z_:f~~fti~rfWr~~.!~.~~..'i!l:~ t ~~e.~1 

24'i CI)"II1Jt~ IlI-NI ICqll~OI, IANI50.201, tCR2CSO' 

- IV-40 -

}44 "t{I~T 1012 • ~ -':- ---------------
____ -"~4~5~~l.Q.~~~O~};~-d!~!-:.~~~~~~~~ii~'-!2~,'l!~e O.F. CAS.~_'t5)t,'Ey.I.Qe.t!c. ~ .... __ ..... __ • ______ . _____ _ 

~:~ ·4!~_~2.~c{trr~jKCOM-P------.--- ... - - "._._ •. , __ ._. ___ . ___ _ 

--....,.-'~;;:IT~f--·1111·i ~~~~!Tt~~,tio!~i~~1~!!H,i5X,131 r. ___ . ____ '"-___ .•. . ------------------
2')0 on qOl 16:1 1.11 
251 PRINT 1014, UNALiJ5.lb), IANCJ~,I6) 
157 l014 FIlR.'1AT( ';iSX t f.7.2, 10(, Ibl 
15i 0.;01 CIlI'-ltINUE - .. ---------
754 <Ion C lf~T fNUE 
B5 PR tNt 1016 
156 10lb FUH.'ofAr (IHO. 5X. 'OAV'. 50X, 'TOTAL OF CASE TVPES" 
21$7 PRIM 101' 
251i t01\~'}~HA~Cl?::' ,::' 1@'::'11

3
,::'. l~-~~ .::' t! I.;.:;~r'-.-------------....,;.--------

254 
2M 
261 
2b2 

2' 10 I,' 17 ',' 1ft 't' 19 '.' 20'1 
PiUNi IOoLR. i NLI"(JUI. IU & 1,201 

lOla FU~HAT I l5x, 20151 
RfliJRN 
END 

'6J Su/\KOOflNF AVG!j ._-... _--.---_._--._-------------
~t~ gg~~g~ h~~i~/S~~iA~~H~~. r--... -----.~---.---... --. --"--'- -----------------------

----~;.;:n~;-----i~n;g~~N~N~X~t~~~', AVGSVSC 30 I.!....~~~!.~~! .. A~V.E~!~~~2 ,. __ , ______ • 

268 COHMON ., UUUI TINTAIt (lOO,. SYSTC501 
76q AVGAIRI II:! 0.0 

---...;';,;2~:,;~;----:ii~"'2;;;~1<~;;.~r.:~;;:;-· ,,:"'0°"'.0"°'------------.-~.- ~ ~ .. -.-----.--.-
____ §~;;.:§~----'~n~"¥:.x~.!.T"'!~ .. ~~'o,.:·~u.!:.o~-________ .. ___ .~_ .. ___ . _~_ .. 

27't TQTSYS" C1.0 
715 WISER .0.0 
276 all 950 IG- 1, KCOHP 
277 ioTA .. fOTA+ (NTARllGl -_._----.. _-----_ •.. -------------
278 TIlTSYS" 10rSVS+ !>YSTlIGJ 
21q lOTsEI\ .. fOlSER + tTlRtltl 
;tRO qSIl CUNTJNIJF. 
2Al iilVbAiKl • IIiIA/ReuAP 
282 AVGSVSI KI :. raTSYSI Kca"lP 
283 AVGSERIKI • fOiSERI kCO~P 
784 AVCiWT(KI • AVGSVSIKI -AVtiSER(K' 
'95 PklNI 101'i. AVGlHk" AVGSERIKJ. AVC1lrrKI 
2B6 1015 FIIR~AT C 1H • 'AVERAGE INTERARRIYAL TIME', 3X,F1.2, lOX, 'AVERAGE S 

267 
2AA 

2q2 
791 

JERVICE ill'1fi.3X.FI.2dOX,IAYERAGE QUEuE HAll i t3X,FI.ZI 
RETURN 
ENO 

SUK.aUlINE QUEUES 
1J1"ENSItIN OOEr 1101 
COMMON I ONEI SIM, KCOHP 
COHI10N IIAo:tEf/ e11Al400i. K 
COM"IIN IIHIRTE I OUECHKI1:~0c:.I _______ _ 

~g~~g~ ~T~~~, N~~:T Aq ~~~~». SYST (50 ,._-- --........ -----------------------------

297 
298 

CUI1MJN IIlll lTECH(30,10.30) 
TfJTUUE .. 0.0 
AVGCUE .. 0..0 
PH.INT l021 , K 29. 

100 
301 
102 

l02l FIIR"IAT (lHO, lO.<, ' NUMBER OF C..!i.!LU,-OUEUE ON OAY', 51(, 15' 
PRINT l022 

1022 FOH."IAT { IHOtlOX.'AT',5X.' 9 A"I I,' 10 AM',' 11 AH',' 12 "H', , 1 P 
I \j '.' Z PH '.' 3 PH ',' 4 PH ",, 5 PH " 

103 DO 970 IUUE .. 2,10 
304 IOUEl 11 laUE -l 
305 NQUE =0 0 
30b NSERV .. 0 
307 .00 qBO I CASE a 1, KCO"lP 
lOA IFIITINIA'IICASEI .GT. QUECHKIIOUEIII .AND. illNTARllCASEI .LE. QU 

IECHKIIOUEIII NOUE' NQUE + 
30q 980 CONT INUF 

-----3~1:t-;~~---,g;;;gH;::=~ :~~~~ : t3~WI<~ 
-----"ll"l'---....,dWW~~~~· ~~~~~~ m~~: rtll~·~ijc~Kh~~W·H·(J-'-A!'O.'-I-I-T-EC-H-1 K.' IAN~A!:.L!... _______________________ _ 

311 qqO CONTINUF 
314 ql3~ CIJNffNUE 
1l':i NEWOU 1:1 NOUE - NSERV 
31h OUFT( luuei .. NEWOU .. LQUE 

------~~I~I~~--~9~1~0~~~~~~I~U~~E~T~I~IQ~U~E~I--------------- -----_ .. - -----------------........,~-----
319 on qbO laUE .. 2.10 
.120 'ilia t010UE ~ fnfotJF.+ ouell 100Et 
'i2l AVr,OUE c TOTOUE I q 
322 Pi(HH lOlO. ( (SuEt( loGEI. (cuE .. z.rn----- - ~------

___ .l'~~~:~---'1~O~2~0....;;=~ i l~2~ ~X ~v~~~e 1 I 

315 l021 FOiOM4T ( 1HO. 40X. ' 4veQ,AGE ~UEUE LENGTH (~_~.!.'."E!!,2. 
3Z6 RfHUlH,I 
3'7 END ----.. -- ._.-.. -- .. _----------
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1.00_ •• ________ ,~_ ---_._------------

------·-!.----~---------!-----·-l~ljo-·-·---·- ·if·· - ---.-
_!~9~ __ .~ ___ _« __ o__ .... ~ _. ___ • __ 

z.aD -1 

-------------------~-----T~~:g~g~-·----·: 

1.00 .}----------------------------------------2.00 

___________ .. __________________ . ...J.,~O ... __ . ______ 2. ____ _ 

3.00 l 

~:gg--- ---._-t-... ------
----------_._-_. -----------

1.00 

1.00 

1.00 
z.oo 

-------;-----;-;i------,--------.-,---10 

II 
2.00 

---------------------------------------:~:gg 
12 

1.00 
1.00 

11 
2.00 

14 
2.00 

IS 
1.00 

I. 
2.00 

17 
1.00 3 

18 
2.00 

19 
2.00 

20 
1.00 

21 
1.00 
3.00 

22 
3.00 

23 
i.oo 

24 
3.00 
1.00 

nAy tOtAL OF CASE tyPES 
B 9 10 II 12 U I~ 15 l6 17 18 19 20 
ouooOOOOdOOOO 

---------~NUm~,,"reE~~'OMF~tTA~~~· ,~":,QmUreEITuG~·~·Or.N~OA~Y.-----;--------------~----------------------------------

--------.. AT"T--'·~~A_rrAR 12 AM 1 P'" 2 PI1 0) PI1 4 PM 5 IIR 
1&.0 11.0 lB.O· 0.0 u.O 0.0 0.0 0.0 0.0 

AVERAGE OUEue LENGTH IS 5.67 
IRRlvAl DATE Cl,SE ''''Q. ARRIVAL lIRE SE;(vICE ENDS SERYER NO. SERVICE DAlE SystEM liME 

2 17 1019.000 lOBI 1 2 62.000 
7. I 96.600 [062 2 2 984.000 
2 2 113.000 1005 3 2 912.000 
2 3 211.000 1082 it 2 8tl.ODO 

-----------~~r--------i~------~!~tn~~:*gg~gr------;I~g~gTi-----~----Y§------~~6;~rr.:~g~g~g--------------------
'2 t. 412.000 1083 7 2 67(.000 
i 1 437.000 [OS4 8 2 &41.000 
2 8 ft44. 000 1082 1 2 6'}8.000 
Z 9 556,.000 1085 1 2 $l9.000 

--------------~§r----------flT~----------~6ntg~§~:*gg~gr_--·------i-g:~~----------~~r-----------~§~------~~i~s~5:~gmg~g--------------------
2 12 717.000 108B 5 2 371.000 
2 13 190.000 10B4 2 294.000 
Z 14 838.000 10a4 2 2~6.000 
2 [5 951.ouO 1085 2 13·i.ODO 
2. 16 977.000 1087 2 110.000 
Z 18 1093.000 ,1100 2 hOOD 

--------------~§r---------~~~~----------~!~~~~:~:~ggmgT-------.,}~!~;r.~----------.,r-----------:----------~:r.:~gwgg~-------------------
? 21 1302.0ao 1311 2 9.000 
1 ZZ [409.000 1410 2 1.000 

AVf~AGE INTE~A~~IVAL TlH~ 64.05 AVE~'GE SERVICE T1H~ 3.00 AV~UGE OU~UE WAIT 396.73 
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( ) USE OF SEARCH THEORY 'IN 'SEEKING' AND' 'IN ANAL YZ!ING' P'HYS'I'Cm; EVIDENCE 

.0 

/ 

A basic problem in deali!lg with physical evidence is that of 

finding and properly ascribing "ownership" of the objects. Detecting 

blood stains in a group of items br0'!lght to the lab and identification 

of the set that may be ascribed to the criminal or victim illustrates 

the problem. 

The technicians who analyze physical evidence may have intuitive 

notions, reinforced by their experience about the most effective search 

procedures. It is reasonable to assume that these analysts will be able 

to translate their intuition and knowledge into estimates of Erior 

probabilities of discovery of objects sO'!lght in a space of possibilities 

and that they will be able to introduce effective measures to the testing 

procedure they employ. A reasonable estimate of prior probabilities --

not essentially the pinpoint accuracy -- is sufficient in applying the 

model proposed in this Appendix. There is an advantage in analysis in 

moving from random searches to decision rules which incorporate the 

probability estimates and effectiveness measures described presently 

together with the cost estimates (cost being man-hours of work done). 

The method by which such decision rules can be. generated is discussed 

here. 

Conceptual Formulation of the Proposed Model 

Let S be the set of objects 0. from which the evidence is sought. 
~ 

For every object 0i in S, assign parameters: 

Pi = probability that X is in 0i 

~i = probability that X will not be detected in 0i given that 

X is in 0i (this parameter is determined by the se~rch 

effective probability of the series of tests and the 



/ 
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sensitivity of instrUments applied and can be estimated 

by analysts on tfie' job) 

e i = cost of search in 0i (can be in terms of time spent) 

S'e'arch 'a't' 'the' 'S'c'e'n'e' 'o'f' 'a' 'Cr'ime 

Here S may be defined to be a la~ge area where a f1eei~g criminal 

has supposedly left an object which is so~ght. (The model applies 

even to the case when the object is not there -- it minimizes the time 

in windi~g up the search quickly.) Then, each 0. in this case is 
1 

different (ro~gh1y circumscribed) suba,rea that could contain the 

obJ'ect with probability p .• A full description of ~ case and what , 1 

took place can,great1y help the estimation of p.'s. Or, again, our 
1 . 

S may be the whole town and 0. 's as different parts of the town where 
]. ~ 

a criminal could be hiding. In general, detectives and other searchers 

have their prior p. 's as to where a criminal could be. 
1 

Se'ar'dhProposedIn the Crime 'Laboratory 
., 

Here, S is t~ken as the space or collection of all pieces of 

evidences and they can be very numerous, collected from the scene of 

crime. Now our parameters are translated as follows: 

Let: 

7 I 

X be the clue being searched for, e.g., blood stain 
on item, etc. 

0. = the piece of evidence brought to the lab 
1 

Pi = the probability that X is in 0i 

N ~.­..... r 1,., 

, .' 

probability of nondetection of X given that X 
is in 0. piece . ~ 

]. 

() () 

o 

.. 0'" .. 
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Since the search is usually to be 'done 'by analytical procedures 

(instruments and types of 'tests), ~. may fairly be estimated as a 
1 

function of fhese analytical procedures, i.e., a. = 1-f (analytical 
1 

procedures·to detect the existence of clue X in 0.). 
1 

Such rules apply to both cases 1 and 2. 

1) Set an arbitrary upper bound M for the total number of analysis 

or search cycles, e.g., at the crime scene searching all the 

Oils once, not finding what we ,are looking for and repeating 

the round of search again constitutes a cycle. At the crime 

laboratory, a cycle would be completing the search for all 

pieces once and then starting the second round a second time. 

~) Let N be the total number of objects. All the 0. 's be given 
1 

a number tag with estimates of Pi's and ai'S written on them. 

3) Construct a Spectrum IT of numbers II.ij' s, such that 

IT = { II.ij .••• N.j = 1, 
1 

and then the set of ratios 

, {' IT ij 
R = ____ ., i = 1, e •• N.J- = 1 M} e. l' .,. 

1 

Arrange the elements of R into a non-increasing 

Then: 

•• •• M} 

sequence 

if the nth number of n is IT .. / the search of ith 1J e., 1 

K. 

object is the nth search or analysis in the procedure • 

~he procedure stated above will always be consistent, e.g., the 

29th se~rch for object 5 will never be s~ggested by the sequence before 

the 27th or 10th search of the same object. 

i p 
!; 
q 

'n I -:v -() 



- V-4 -

AP'r'o'o'f' 'f'o'r' 'the' 'Op't,i)rnaT D'ec:Ls:i:dri :P'r'dc:e'du:re 

Suppose our clue is in or on one of the y possible locations 

(y~ 2), let Pi's and ~i's be as defined before. We clearly have 

~p. = 1 andO<~.< 1. The, general process may be described as follows: 
L ~ - ~ 

Suppose at some st~ge, when one of the 10cations',~say, j, is searched, 

the objects are not found. Then for i = 1, ••• r, the poster-

ior probability Pi* that the object is in location i is by use of 

Bayes Theorem: 

p.* 
J 

= "P'j ~'j' 

Pj ~j + 1-Pj 
••••••• ~ ••••••••••••••••••••••••••••• (l) 

p. * = p ~ , i -=-----
p.d. + 1-p. 

J J J 

Procedure must be determined that will minimize the expected 

total cost (in terms of time) of the searching process. 

For any probabilities P1' p~, ••• p , we shall let L (P1' P2' .... y 

••• p ) denote the expected total cost of the searching process. 
y 

functional equation that must be satisfied by L is as follows: 

The 

Suppose that the first search is made in a certain location, say 

j . Then the probability is p. (1-~.) that the object will be terminated. 
J J 

On the other hand, the probability is p.~.(l-p.) that the clue will 
J J J 

not be found in the first se~rch. If is is not found, the posterior 

probabilities P1*' Py* as specified by (1), and the expected cost of 

the remainder of the process when an optimal procedure is adopted is 

L* (P1' ••• P2 *). After w,e add the cost of c j of the first search, the 

'expected total cost of searchi!lg in location j first and then 

------~'--

o o 

o. 

/ 

----------------,~.~----------~------
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continuin, g with an optimal procedure will be c. + (p. ~ . + 1-p.)L(Pl*' 
J J J J 

••• P2*>. Since one of ther locations must be searched first, 

L(P1, ••• P2> Inust satisfy the fo110wi!lg equation: 

L (P1' ••• Py) = min. { + . '1 c. J=", •• y J 

Now, since L(Pi, ••• P2) is the expected total cost of an optimal 

procedure, its value cannot be greater than the expected cost of the 

procedure under which locations 1 through r are searched cyclically 

until the clue has been found. This also gives an upper bound on the 

cost as foi10ws: 

Suppose first the clue is in location i. Then 1 

1-~. 
~ 

is the 

expected number of searches in. location i which will be needed to find 

the c1ue~ Since the cost of each cycle of searches, of all r locations 

is c1 + ... c y , it follows the expected cost of finding the clue will 

not be more than (c1 + c 2 + ••• cy)/(l-~i). Expecting over all possible 

locations r gives the upper bound on expected cost as 
2 

(c1 + •••• c y ) L Pi ••••••••••••••••••• : ••••••••••• (3) 

E1 1-~. 
~ 

Equation (2) is difficult to solve but the following line of 

attack gives the same optimal procedure as (2). 

For an 'sequential procedure and for i = 1, •••• rand j = 1,], ••• , 

we shall let flij be the probability under 'any proceudre that the clue 

will be found for the first time and the search cease during the jth 

search of location i. Then, r~gard1ess of number of times other 

locations have been searched before the jth search of 10ca.tion i is 
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made, ,the probability 'II"ij ,is 

j < ., 1 i =: 1,.~,.. 2 . 
'll'iJ' =: 'Pl..' a 4 (i .... a·l.." ) ... j =: 1,2, •.•• • ••••••••••••••••• (4) 

Every search procedure specifies, at each st~ge n(n=1,2, •••• ) 

that a certain one of locations 1, •••• 2 should be searched if the clue 

has not yet been found. (Note that our appLicatiuns,' :st~ge is equi va-

lent to each subarea at the crime scene or each piece bro~ght to the 

crime lab.) For any given procedure D, we let Rn denote the cost of 

the search that is made at the nth stage, and we let An aenote the 

probability that the clue will be found at the nth stage; e.g., if 

D speaifies that the location i sh~u1d be searched for the jth time 

at the nth stage, then. Rn = c i and An= 'll'ij. Let M denote the total 

number of searches required to find ~he clue. Then the expected total 

cost p'(D)' of finding the clue can be written as follows: 

00 00 00 

P (D) = r u ~}A =I (I ;I..) Rm 
n=l m~I' n m=l n=m n 

00 

••••••••••••••••••••••• (5) 

o o 
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> ••••••••••••••••••• (6) ...... 

In' o'the'r' wo:rds',' 'i'f 'aT1' VaTu'e's' 'o'f Hie' 'r'a't'i'o' ''II''iJ 'fox' 'aT1' VaTu'e's' 'o'f i 

'a'nd' J 'aYe' 'a'r'r'a'rfg'e'd' 'i'n' 'o'rd'ex' 'o'f' 'cte'c'r'e'a's'~n'g' ma'g'n'i't'ude, then this 

, 'o'rderi'n'g 'is' 'the' 's'e1gu'e'n'c'e' 'in: whi'c'h the searches should be made. 

Proof of Optimality: suppose that D is a procedure for which 

some value of n, • •••••••••••••••••• (7) A < 
n 

R n 

Suppose also that D' specifies that location i should be searched at 

the nth stage and location k at the (n + 1) st stage. By (7) we know 

i F k. Let D* be the procedure that specifies that the location k 

should be searched at the nth stage and i at the (n + l)but which 

agrees with procedure D at all other stages. Let ~*and rm* be the 

cost and probability at the mth stage for procedure D*, then the 

following relations must be,satisfied. 

Rn* = Rn + I and ,A"b' = An + 1 

Rn + 1 = Rn and.At + 1 = An 

R = R and A = A'm for m F nand m F n + 1 n m m 

m=l We can now obtain the following result from equations (5), (7), 

Not,e: The final result in (5) is' 'a'p'pro'pri'ate' 'eve!!, for a 

procedure D under which there exists a time proba-

bility of never findi~g the object. 

We now prove that the optimal procedure specifies that the search 

should be performed so that the fol10wi~g relation is satisfied: 

. i' 

- " 

and (8): 

P(D') = P(D*) = Rn (1 -A 1 - ••••••••••••• An-1) 

+ Rh + 1 (1 A 1 •••••••••• A n-1 - An) 

- Rn + 1 (1 - A1 ........... A n 1 ) 

R n (1 -. A 1 - •••••••••••• - A .n-l - A n + 1) 

Hence, the result: 

= R A + 1 - R + 1 A > 0 ••••••• (9) 
n' n n n 
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Note: The dynamic point of view is clearly implicit in the 

above px:-ocedure. Observe equations (1) and (4). The optimal pro-

cedure has the followi~g forceful and dynamic interpretation. At 

any given st~ge of process, let Px*' •• a. p
y

* be the current posterior 

probabilities that the clue is in each. of the y poss~ble locations. 

Then the next search should be made in the location for which the 

value of p.* (1 - ai) is the probability of actually finding the 1 

object in a si~gle search of location i, the optimal procedure at 

each st~ge is simply to search in the location for which there is 

the highest probability per unit search cost of finding the clue in 

the next search. Also note that. in case costs are equal, the optimal 

procedure will minimize the expected'nun~er of searches needed to 

find the object. 

A computer pr~gram illustrating the for~going procedure follows. 

The sample runs, using data from tb~: Philadelphia City Police 

Laboratory indicate that the use of search theory is clearly cost 

effective if twenty or more items or areas are considered. 
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COMMENTS ON THE SEARCH AND SEQUENCING ALGORITHM 

Inputs 

1. NUM = number of objects; maximum allowable is 1000. 

2. MAX = number of search cycles; maximum value is 8. 

3. PROB(I) , I = I, NUM; PROB(I) = prior prob"a1JD.ity measure 
that the item being searched for is in object I. 

NOTE: the inputted values for arl"'ay PROB are automatically 
normalized into mathematicc:,,~ probability numbers 
using: 

PROB (I) = inputted PROB(I) 
1:. (inputted PROB (I) 

4. EFFI(I), I = 1, NUM: 
EFFI(I) = search effectiveness probability (in %) of 

discovering the item searched for in object I 
given that it is in that object. 

5. COST(I) , I = I, NUM: 
COST(I) = cost per unit search in object I. 

6. KSIG = 1 means the complete P(I,J) matrix is ;to be 
printed out. 

7. NOTE: All the inputted numbers must be positive numbers. 

Computational Scheme 

1. The array P (I ,J) is ca.lculated using: 

-=-P~R~OB~C~I)~*~E~F~F=I~(~I~)_*~(l~-~E~F~F~IiI~)~)~J __ -__ l P (I, J) = - - -
COST (I) 

2. The matrix P(I,J) is then sequenced in descending order to 
determine the analysis sequence for the individual objects. 

, ' 

I 
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Print - Out Of Results 

1. All the raw data are printed out (for verification 
purposes) . 

2. The suggested sequence of analysis of the objects 
are printed-out with the corresponding P(I,J) ratio. 

The sequence is valid only for pOl3itive P(I,J) = C/E ratio. 

C/E values of -1.00 are to be disregarded as they are used 
only for art:anging P (I, J) in descending order. 

. -' .-
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PROGRAM SEARCH PRINTOUT 
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5 EOIIiVALENCE IEFFI.VALI 

r. 
6 4 
7 ,Jj FottllAH [4F5.d) 

r-- LAST 10 COLU~NS ARE FOR IDENTIFICATION PURPOSES. 
FIRqat (f/lk.15RubJEtt HQ)4BEtl t .... 5. 1 ill1 1 HAS PRtJA vALUE. ,1'"1U./.1 
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2SURFs/l .• ,.. 

---~:'4~~-:J:..;~!... =~:::f: :~f=:i~HSE(RtH-EFFftft VENfSS vaLUES II 
17 15 F00.,.ATfl/l)C,25Hr,OST OF SE:A'tCH PElt OBJECT It 
18 Ib Fnl{"'ATillllX,(rslil=J:;u OF ANALysIS 1111, 
19 17 FOR ... AT(lHl1 C---------
?o 9q READ 4,NU ....... AX,KSIG 

IFhu .... fO.oi GO TO 500 
c r~pUT .LOCATrnNA.L PROBABILJTV'. VALUES 

AF,6.1) 5. CPROR( f) .1-l.NIJI1' 
C INPUT PE~CE,'H VAlUFS OF SE4~CH EFFECTIVENESS PROf'A9ILlHES 

23 READ 5. (EFFie ti.t-t,Nil'H 
r. ,,.,,PUT cn~T PFP.- SEARCH IN E4CH OnJECT 

24 READ $, Icosfl f i .I-t ,NOHi 

PI{ I 'H nuT RAW DnA '5 P'U~T 12.NUM.MAX,KSIG 
2t, PRPa {'!,(pi\o6tll,t-{,qOlO\i 
2', PRI~T 14 
28 p!\PJf il.(EFFIi JI.I-I.NOM' 
lq PRINT IS 
30 PRPH i).feaSH 1I.t-I.Nukl 

E StARt CokPOUTloRs 
-------.nl __ ..2C~~N~o~RV~!~tifff~j~!~N~~~~~~T~E~n~PR~0~8~A~8~IL~I~T~Y_!VA~L~U~E~S ________ . ______________________________________________________________ __ 

"l' nn 100 I-t,NU'" 
.n IF(PROBIIJ.LT.O.ol pURt b,t,PROfU" 
14 IF(P!:108f1t.lT.O.OI PROBfl'-O. 

~ . .... - ..... ~ -- . '''- .. , -----r-· .... 
35 V4U 11 • VALll1 + PROfUI I 
3. 100 CONTINUE 

C 
37 PRINT 13.VALI l' 
3~ ~o 101 rgl.NuM 
39 PRORC Ii - PROf\( r I VALlI i 
40 EFFlC II III F.FFH It 100. 
41 101 CONTI NUF 

C 
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43 P~INT Il.cnST( 1. 
44 PRINT 11,EfFJll) 

C 
C COMPUTE PI I,J I 

45 00 ito J-l,,~uilt 
46 on 110 Jol.MAX 
47 P((,Jj • PnosUi • Ef'FitIi 111.0 - EFFIIIIi iI' (J-III 
48 IJO.JI - PCI,JI I COSTen 
44 no CDNTI NUF 

C 
50 PRINt 1],15(1.11 

.$1 If(KStG.~b.(\iC:u TO JOO 
PRINT-OUT OF COST-WEIGHTEO SEARCH PROBABILITIES 

5i 
51 

SA INT 1 
NOBJlll • 0 
on 205 l-t,NUM 54 

55 
5& 
57 

~er~M~\i,~g~~H\ :I\j.'n'----------------~~-------------------------
!tB 
59 20~ 
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C~NrINUE 

t 
100 60 CONTINUE 
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h4 301 CIlNTlNUE 
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69 IFrptl,Ji.LE.RiGHI GO TO 349 
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t1 Ni\OW - 1 
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13 341) C pH ("WE 
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1'i vallkl - RlbA 
7b NORJflO • ~~rJ)I 
tt P ONjA.NCjLl - -2. 

______ ~~~~--~1~6~~--,~~~~~~~r:N;~~FT,nlij~,.~.,-.~1-------------------------------------------------------------~------------------------
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8" JH«i(.f--llI.I4, PRIR! q.~U,,<.HAX: 
8'» IF{KI(J(.Gf.l'tl KI(~ • 0 
"' 1F((ll"'-7h)'bl.UI GO to JOI ,.- ---_ .. -~-----.- .. - ._-----------

. ______ -.;:C:......---------------------~£ .;nr-·O-r··-. ·NATV5I$" - .. 
I 
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____ ~NU~M~.~~r2 .• 0 ... ~«----"-.~-.~===~~~-=-=-=-=-=-=-=-~~K~S~I~G_~'--~I~ ______________ . ____________________________________________ -======= 
PROBABIL lTV ~EA!.~l(.e5 1.000 "-.000 

1. "00 8.060 3.000 1 .. 000 i.ooo i.otio z.ooo .I 1.000 2.01)0 ~.nOI) 4 .. 000 1.01)0" .~ 
1.00') ?JIlJ 5.000 5.000 1.00('1 I.OOC 

'iFAR;CH-FFFFCT I VENESS VALUES 

- ----=-=;;-=-;;-,"""o;;;n--;rr:loo9ii:01lO9922 .;(of'j,iQo--;a!i1Bj";.OOOOOO 9 z .. 0'0 0 9"..000 90 .. :)OJ B 1. 000 A9.000 119.0:10 85.1)00 91.;)00 90.0:>0 BO.OOO 
aq.DOO 79.000 8!J.OOO a2.000 Q4.l)oa 

99.505 a7.0·CO 42.000 

10.000 10.000 [0.000 20.000 
IC.OOO 11.000 11.000 15.0~0 
53.doo 
0.019 

15.1)00 
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13.000 
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0.530 
0.001 

SFARCH 4~O SEOIJENC'NG .. A~~O~tTH'4 

RATtns useD Til c:eOIlENCE SEARCH 

OBJECT NUMr,!:R 

CYCLE NUMBER 
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CENTRi>:G LABORATORY RECEIVING OFFICE 

Analysis has shown that the investigative arm cf the 

Philad.~lphia Pclice Department, which of ccurse includes the 

several divisicns cf the crime labcratcry, actually cperates as 

several independent invest~gating agencies when viewed macrcsccp-

ically. Each unit effectively ccllects, analyzes, and repcrts 

results to' the ccurt system in their cwn specialized prcvince cf 

respcnsib~lity, in ~gncrance cf cther investigaticns being dcne Dn 

the same case. Operati~g under such ccnditicns cf ~gncrance, 

the lab analyst is severely restricted in sccpe cf analysis; and the 

effectiveness cf his wcrk falls far belcw its pctential. Having 

little cr no kncwle~ge cf the circumstances cf the crime cr cf the 

physical evidence received, the analyst will cften be ccmpelled 

by circumstances to' perfcrm a curscry, standardized analysis since 

the ccmplete prccedure cf using every pcssible test is infeasible 

and inefficient, if nct impcssible. 

A mcre int~grated apprcach to' the invest~gaticn cf crimes 

is the lcgical scluticn to this dilemma. The prcblem is to' intrc-

duce an inter ... ccmmunicaticn prccedure which will nct be so. time 

ccnsumi~g as to' reduce the effectiveness cf the primary functicn cf 

invest~gaticn and which will still leave clearly defined areas cf 

respcnsibility. Since the detective divisicns are likely to' 

view such inter .... ccmmun icat ion , schemes as in·t.erference and extensicn 

cf influence by the lab, the second ccnsideratiQn is especially 

impcrtant. At the very least, hcwever, the varicus activities cf 

the lab shculd be ccO.rdinated cn a per case basis. 

.( 
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The first step in coordinating the internal lab activities 

is to have all physical evidence received centrally by the lab 

at least conceptually. To perform this, a Central Laboratory 

Receiving Office (CLRO) is proposed. This CLRO would receive all 

evidence and information relating to a particular crime, 1) deter-

mine the analysis advisable for each piece of evidence, 2) receive 

the results of the analysis, and assemble 3) a complete report 

based on the total analysis for each case. Most of the clerical 

and administrative staff would be concentrated in this unit. Some 

experienced analysts should also be attached to the CLRO to make 

decisions r~gardi~g the routi~g of evidence. Much of this routing 

will of course be routine. Furthermore ,:, ;the', CLRo. should have the 

ability to re-direct analysis on the ,basis of interim results. This 

scheMa will force such interaction between the various units of the 

laboratory. Knowledge of the results of other analyses should 

result in more purposeful testing by each analyst. 

The CLRO would also be invested with the responsibility of 

obtaining necessary information about the Gase and circumstances 

of the evidence submitted. Thus, it would act as the communications 

link between the detective divisions and the lab. 

Further, the CLRO would be instrumerttal in implementing the 

use of search theory in lab analysis. This technique imposes the 

discipline of certain data requirements. The needed data would be 

collected or requested through this agency. 

Thus, a Central Laboratory Receiving Office will be a mechanism 

for coordinating investigation effort and improving communication 

both within the lab and between lab and police invest~gators • 

. , ' .-
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c) 
Further, it will provide the 

capability to introduce other proposals 
relating to the internal lab 

operations, and create a more unified 
records system. 
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, 'CAPITAL' :BUD'GE"I"ING MODEL 

Allocatir..~ bu~getary resources in some optimal fashion is a 

management problem of lo~g standing and, general concern. Predicti~g 

future demands, determini~~ incremental costs and benefits, and 

selecting and ranki~g from areo~g alternatives are all actions which 

have been performed in a variety of production and marketing centers. 

In the case of a crime laboratory, the selection and ra.nking of 

expenditures subject to a fixed capital budget is often quite simple. 

If the set of possible expenditures is small., the optimal combination 

can be found by enumerati~g the measures of performance for E~ach 

bud,getarily possible combination. The number of iterations will 

be small and easily carried out by paper and pencil techniques. As 

the set of possible expenditures expands, more sophisticated tech-

niques are needed to specify optimal combinations of capi.tal expendi-

tures. The problem can be formulated as a "knapsack" problem and 

dynamic programming used to solve for a. set on optimal allocation 

of resources. This appendix illustrates this process. 

'A Dyn'am:i:c' 'P'r'o'gYarnmi'n'g FormuTation 

Consider the situation in which the effects of new capital 

purchases on our measures of performance are independent. Thus, when 

our value function is, l c.T. 
. i ~ ~ 

then a project raises the value to 

I c.T.' 
i ~ ~ no matter what other projects m~ght be added. Let us consider 

a set of J possible pieces of capital equipment to be added, where 

the decision at each of the J st~ges is to add 0 'or I unit of that 

project. (This is a reasonable assumption when consideri~g major 

i 

" I, 
j, 
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project expenditures. But for a situation in which the decision 

maker is willi!lg to add m units of a project m =.0, 1, •.• , M, he 

need only to include M identical cat~gories (st~ges) within the 

set of J possible expenditures.) 

Let us now assume we have a set of J possible purchases about 

which to make 0 or 1 decisions. First we define: 

B to be the total capital budget for the period 

Oc 

Oc. J. 

to be the present annual operating bu~get of the laboratory 

to be the annual reduction in operating budget if capital 
expenditure i is made (of course, Oc.' could be negative 

, indic~,ting an increase in opera ti!lg J. bu~get) • 

to be the cost of capital expenditure i C. J. 

Tilen B. = J. 
Oc. J. is the cost benefit of capital expenditure i. 
C. J. 

The bu~geting decision problem then becomes: 

Max L d.B. , where dJ.' = 0 or 1 is in number Of units of . J. J. J. 
equipment j added, subject to L d.c. < B , where the sum is 

i J. J. -
taken over all capital expenditures judged feasible by the 

ql2.·cueing model; that is, the laboratory configuration including 

this expenditure still yields an acceptable value of T. 

We now rank the J projects in order of increasi~g cost. (This 

is. done purely for convenience in working the problem.) Then as a 

dynamic program, 

stage 1 is the decision to buy d l units (0 or I) project 1 
st~ge 2 is the decision to buy d 2 units (0 or I) project 2 

st~ge J 
.. 

the decision to buy d
J 

units (0 or I) project J. J.s 

The stage j input: remaini!lg funds available := k. 
J 

''f'- t .... 

, , ' 

1 
I 
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" 
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The st~ge j return: r. (d.) = d.B. 
J J J J 

The st~ge transformation: k. 1 = k. d.a. 
J- J J J 

Let [~J' k. mean the la~gest int~ger less than or equal to --1-
a. a. 

J J 

Then the recursion relation is: 
M A X .. k. 

f j Ck j } = 0 < d j ' ~ min 'r 1, [ + ] 
j = 1, 2, •••• , J 

f (-) = 0 o 

k. = B 
J 

J 
} . {d.B. + f. l(k. - d.a.}} 

J J J- J J J 

Where fj (k j ) is t:he optimal incremental value from j stages 

when k j is the amount of funding available at the jth stage. 

Or, equivalen'tly, 

f. (k.) = J J 

f (-) = o 

k. = 
J 

f. 1 (k . ) , implying d. = J- J J 
MAX {f. 1 (k.) , implyi!lg J- J 

B. + f.-l(k. - a. } , 
J J J J 

for k. > a. 
J - J 

o 

B. 

0 for k. < a. 
J J 

d. = 0; 
J 
implying d. = 

J 
I} 

A pr~gram for accomplishing this has been written and 

is presented in Appendix VIII. 

2' 

, 



f I 

RESEARCH 

I 
I 

- VII-4 -

I INF='ORMAT/ON / 
-_._----------.".- --

TO .E VALUATE- "-
DECISIONS "-

" "-
" "-

.-

" 

REDUCE COSTS 

INCREASED 
DEMAND 

IMPROVING, 
SERVICE 

o 

.f)\ 
'V , 

'i 

" 

o 

J 

< 

I 
'} 

APPENDIX VIII 

.0 

\ 
j ~ 

.. 

I . ,. 



.... -, .. , 

r I 

.,j 

" , 

,../ 

. , 
.. -

() .,. 

,I 

,.. , 

", 

- VIII-I -

, 'S'ENS'ITIVITY 'ANAL YS'I S 

Once a combination of projects is outlined by the cost benefit 

model as being the best selections under the prevailing situation, 

a further step is required. This is to perform a sensitivity analysis 

of the model~ i.e., hOff sensitive or critical the answers are to 

changes in the parameters of the model. Some of the parameters 

inputed to the model are predictions or approximations of what is 

expected to happen. It is quite possible that these predictions may 

be slightly higher or lower than what will ultimately be realized. 

If we rank the possib,le combinations of the projects by their total 

cost benefit and find that the top two or three combinations are 

fairly close together, we can see that a slight change in the para-

meters may alter the ranking. Therefore, one must consider the range 

of the parametexs over which the solution remains optimal so as to 

understand the solution better as well as to determine what efforts 

should be expended in further refining the estimates of the parameters. 

The three parameters that directly come into the model are the 

predicted caseloads for the coming year, the cost of the projects, 

and the incremental economies associated with adding a piece of 

equipment. We shall consider the effects of changes on each of these, ~, 

outline the pur~ose of the attached computer program and make suggestions 

for future studies in this area. The equipment and numbers referred 

to are derived from those used in the examples in Appendix VII, but 

the statements are. general and should be considered as such • 

r 
1 
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Perturbing the Predicted Economies Effects of _ 

. . OC., represents The predicted economies for expend~ture~, ~ 

d f r the coming year. of the cost saving expecte Q the estimate 'rhese 

by considering the data available numbers may be obtained from other 

laboratories or research reports. Therefore, the figures may be 

. t d for all the expenditures, or the overestimated or underest~ma e 

two se:.tions may be affected. estimate for only one or 

Since the OCi's are f th cost benefit used in the numerators 0 e 

an overestimate or underestimate ratio for every piece of equipment, 

should produce a proportionate rise or fall in all the cost benefits. 

An increase in OCi may f 't ratios for the two change the cost bene-~ 

projects in such a way excluded "P:L'oj ects may provide that previously 

higher cost-benefit ratios than some that were previously included 

in the optimal answer. h t th excluded That is, the proportion t a e 

t b ef ;t ;ncreases project's cos en,...... ... may be greater than the proportion 

cost benefit inc~eases by enough to that the included project's 

two projects cost benefit ratios. overcome the difference in the 

. the opposite sense where a The same situation could happen ~n ; 

Previously higher ranked project to decrease in Ci may force a 

become lower. d t test the s'8,;nsitivity The Prog'ram is designe 0 , , 

through a series of perturbati<'~s of the a particular solution 

input parameters. 

h Costs of the Expenditures Effects of Perturbing t e 

of 

. f equipment, one may not . the cost of a p~ece 0 When consider~ng 

able to arrive at an exact figure. always be 

·7 I 

The actual cost"--~ay \be (,. 

o 
() 

([)~ 

.. 
CO 
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somewhat higher or lower th~l~l anticipated when employing the model. 

This situation could conceivably exist in those crime labs where 

most of the purchases are undertaken on a lowest bid basis. The 

question comes up then of how a change in cost will affect the model. 

Unlike the prior situation of the predicted caseload, a change 

in cost for a certain expenditure will affect only that piece of 

estimated, it is possible that the revised cost may lower the cost benefit ratio by enough to force· a new entry into the optimal solution. The opposite may also occur, where a project not in the final solution 

equipment's cost benefit ratio. Since the cost enters in the 

denominator of the cost benefit ratio, an increase in cost will 

mean a decrease in cost benefit ratio and vice versa. Therefore, if 

the cost of a project that is in the optimal solution has been under-

may be able to enter the optimal solution because its cost was Over-
estimated. 

We can calculate the new cost benefit ratio that will come 

about by a change in cost from C. 
J to C'j as: 

new cost benefit j C. = initial cost benefit j x -2-
C' . 

J 
If we look at the perturbations on the costs in the computer 

program, we can see that the optimal solution remains the same even 

when changing costs by 10% in each direction. This should not be 

taken to mean that the model is fairly insensitive to changes in 

cost, however. If we again look at the computer ",program, we can see 

that for the base case the total cost benefit for combination 

456 is slightly higher than that for combination 356. If we 

increase the cost of project 4 by 1%, however, the order of these 

, , 
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two combinations are reversed. This reversal will also occur for 

a decrease in cost of 1% for project 3. This occurs because the 

two combinations have total cost benefits that are very similar. 

Therefore, when talking of the sensitivity of the model to 

changes in cost, we can only say that if the total cost benefits 

are fairly dissimilar, the model is insensitive, and if the total 

cost benefits are similar, the model is sensitive. What should be 

done then is to determine if the optimal combination has a total 

cost benefit close to that of another combination; and, if so, 

then try to determine if the ordering will change for increases 

or decreases in costs. 

The Computer Program and Suggested Changes 

The computer program that follows does the following: 

1. Finds all combinations of expenditures that satisfy 

the budget. 

2. Finds the optimal combination for the base case. 

3. Finds the optimal combinations by perturbing three 

variables for the base case. 

What is done in effect is to provide the solution of a number of 

slightly different situations. It would appear to be more bene-

ficial if ranges could be found over which the base case holds as 

optimal. That is, what would be desired is the optimal solution and 

the values of the variables over which this solution remains optimal. 

It would then be known what degree of accuracy is required in 

supplying the variables. 
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CRIME LABORATORY SURV~Y ANALYSIS 

This appendix contains sample questionnaire forms from a 

nation-wide survey of Forensic science laboratories deaigned to 

compile statistics regarding case distribution, manpower alloca-

tion, costs and historical trends over the past ten years. Results 

of the 35 responses from the 106 laboratories surveyed and possible 

projections using the data are presented. The purpose of this 

section of the overall study was to assist in both long term a.nd 

proj ections for a speci·fic laborat.ory as well as to relate a specific 

laboratory to the performance standards of laboratories nation-wide. 

Five years ago the John Jay College of Criminal Justice, 

City University of New York, con.ducted a national survey of crime 

laboratories. That survey resulted in. a compilation of basic sta-

tistics on ninety-two crime laboratories and an appendix (dated 

April 1967) containing a list of 106 crime laboratories in the 

United States (and four labs in Canada), (4). The seven member 

Advisory Board of consultants for the John Jay College stp:dy 

"set a criterion that a laboratory which did not at leaF;t do 

wet chemistry was not to be included in the data analy~is." (1) 

"One hundred and forty (140) replies to the John LTay college 

questionnaire were receivect; f~or'l the remaining, 55 letters were 
'\> 

recei ved indicating that thej;:e was no such laboratory, and five 

laboratories known to exist did not reply to the questionnaire. II 
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The results of the John Jay survey have served as a basis for 

subsequent studies on crime laboratories, including the recent 

!'1idwest R:esearch Insti.tute report. This latter report together 

with the John Jay study provide the most comprehensive collection 

of crime lab statistics presently available. However, there are 

certain deficiencies in the existing data base which limit 

analyses of crime lab operations and funding. First, the John. Jay 

study reflects laboratory conditions in the mid-Sixties, the survey 

having been. conducted in 1966. Second, the survey does not provide 

historical data to show changing trends in laboratory demands and 

capabilities. Third, the John Jay survey data is not homogeneous. 

For example, lab budgets shown mayor may not include salaries. 

Also, case load data includes a mixture of various types of cases 

depending on the definition of case load to the individual crime 

laboratory. Problems then ari~e in trying to analyze changes in 

the data base over time. 

.To establish a consistent data base which could serve as a 

basis for analysis of crime laboratory systems and to aid in under-

standing organization.al considerations affecting funding of'crime 

laboratories, a criminalistics laboratory survey w.as designed and 

distributed to the 106 crime laboratories in the United States, 

listed in Appendix No. 2 of the John Jay College Report. (4) 
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The results of this University of Pennsylvania survey and 

comparison with John Jay results are interesting not only from 

! 
the standpoint of describing some of the basic features of crime 

laboratories but also for the questions that are raised as a result 

of analysis of the data. 

The University of Pennsylvania crime lab survey was designed 

to obtain operational and funding data for the past ten years. The 

questions were designed to gather sufficient data to gain an under-

standing of crime lab funding and operation~ and to provide a basis 

for analysis of changes in basic crime lab variables over time. 

Unfortunately, the information requested could not be provided by 

many of the crime laboratories. Responses were received from 

thirty-five laboratories, or roughly one-third of those surveyed. 

Though few labs were able to complete the survey fully, neverthe-

less, the information that was provided does provide some insights 

into the significant changes taking place in crime labs. In this 

1 
'j 
'1. 

I 
respect the survey has been a help in ~he major effort of this 

study, describing and explaining funding 'and decision processes 

relating to crime laboratories. 
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.1. 

SURVEY FORMS FOR THE NATIONAL CRIME LABORATORY SURVEY 

() 
to. 

() 
p 

~, 

- , 2. 

1\ 
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Criminalistics Ldboralor)' Survey 

What has be~n the fotal case load handled by your crime laboral'ory 
during each of the pasl' tel'! years? ' 

r---:--- ~ 

Year 

---
1961 

---,--
f 1962 
----

1963 
-----

1964 
----\>---" 

1965 

1966 
1--' 

1967 
-

1968 

---- --------.,--
Tof'al C ases Index Crimes O1'her 

. ~ ----- ------ --------~------ -------

-'- -- ------- -.....: .. -------- ,--
~-- ---- ---I--.-----'--,~--

... _---------------1------

.. _ ... _---------- --------1------- --
-

--------

---1-__ _ 1 .----j--­
----,--.--!-:--==.~-=--~---~--.. --[=-

1-------.. _-----
1969 

-- ,------, 
1970 

- -
If further breakdown of cases un'der the "others" hecldi ng is available, 
please indicate on ~eparat~ sheet. 

It is generally true that the average effort differs widel)' from one crime 
type 10 anol'her. , Some crime labs keep dal'a on manhour ufi lization by 
crime types. Do you keep such records? Yes No __ _ 

in any case an intelligent guess of f'his would be helpful. 

Pleclse indicate the distribution of manhour percenl'clges in I-he following 
table. If the data is readily availclble you meW break down I'he "others" 

- category in further delail. You may go back tJ5 many years in f'be table 
as are conveniently available. 

II 
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~~i;:-T;.:e ~1197~'T969 . _196~ __ 
Drugs " 

oI __ ~_n_:_~:-rs--+=~~~j - -----

~--------~--,--

3. The geographical area under your juri,sdicf'ion mayor may' nol' be stri,ctly 
defined. 

4. 

Do you have a well d~fined .jurisdicf'ion? Yes ____ _ No 

If so, is the jurisdic{'ion defined by Law Past Pracl'i ce ? -- .....---
Is your' jurisdicl'ion d,~fi!1ed by Municipality ____ , City __ , County ___ , 

, Sf'al'e __ , Other __ 1 If 1I01'herll please explain. , ' 

Any furl'her c1~ri fi caNons? 

On the basis of your judgemenl' and any ddl'a available, what would be the 
current percentage breakdown of number 'of 'cases and manhours origi nating 
from ~{p'hin your jurisdi dion a~ opposed f~ i'hose, referre~ from outside? 

• •• • •• • •• ~. l • 

-------------.--------- ------------
% Cases % Man power 

---... -""""~--.-.---
. , ---------------.--" 

WiI'hin Juddicf'ion ' 
------------- ,--------------------------
Outside Jurisdi c;l'ion 
(other Jabs or other 
aufhoraie~) , 

- ______ ,_..,.-__ ~--.--------_ . __ Io.-l~_--:"_----...,... .. ----

WhClt ,Iype of crime index do you usc inrefation to your ar'::laof opercltion? 
What i!> I'hegeographi ced orca, covereq? 

o , 

£~ ,. 
~ 

-~----~.--

,] 

I 

5. 

6. 

" 
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P'7ase give data on th~ Crime Index r~r the mea you menHon, 
Please give indices by crilne Iype, if dal'a is availablej olherwi-lie, 
give I'he single indc>~ you may usc, 

~~~11970-fJ969-~;~~-~-967-1i96611~;65-~964~9~~~;~;-TIl~-6~--
Drugs r-~-- ----, ----- --~---E'--1----- --- ~---I----' ,------,-------, -------. ---r---- --:--:- -""""1---' . 
Index I ',' , " ~ 

Ofh~:i~--, r- ~-~-" ---~J- , I---~, --' ,----L-' ---, -
----~---- ---- -" - ---- -"'"'-- ---- ~-------- -------

If you 11::Ive )/our own separate c1assiffcal'ion of 'crime type please atl'ach 
simi lar datq on I'hat basis, ' 

Please give fhe br~al:-clown by number of personnel and I'otal salary * expenses 
unde~ the followiqg cah3f1ories:' :--------, 

_~==~=~r-· • ~~~~~~~~ .. ---. s:'af?~~SfS---l 
, -r------------·--'------------------, 

_La~~~~ess~oncrls. . L--___ ,', j 
Clerical ' , -----------------------

_._-------------_--._------_ .. _------- ' 

* Total salories include salary, fringe benefits, l-raveling, overtime, etc, 

What is,l'he vary approximate to 1'0 I value ai' curren!' replacernent prices of 
the eq~lprnent that you have at present? 

/ ~=:~~'====~=~~~=="-~~-'------~=-~~~~~====~=~~==.,=~~~:~~~=~ .. ~:.:.:~,~~.~ .. -" .. ~,~:',--.. ----'--------~--'-~~~--'----'---
~,' ~·i " ,< 

, 

.' i,,' 
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• 
Please provide Cl breakdown of your expenses for the post }'ears and \·he 
current year's budget under the rollo .... "ing headings (in !·holJsands of dollars). 

• . • I' • . •• 

-----

- ._- --'--11-----1---- .---- ----

Total 
Salaries 

Total 
Equipmc'nt 

-----
Payment·s to 
Other labs 

1-------_0
' 

.,. I 

Payments to . . . . . 

Public Agencies . ..' 

Others ~-~-. ~-I·- --- ---r-~-- ---' r--_____ _ ___ J _______________ _ 
~.------

Please show the percentage breakdown of your source of funds in the table 
below. You may give dollar figures instead of percenf'ages, if it is more 
conven ient • 

M';lnicipal 

City 
1-----------------1----1------- . 

County in which 
lab is sit-uaf'ed 

Coun1'ics for which 
lab handles cases 

" 

----c---. . 

----

--:~:I -=-= -~ =r~~~F"-~: == -==-
------._---------.. - .... _------_._--_.-._----.. __ ..... _--_.--.---.~.--.-----
In c,clditian )'CI!J m:::l}' h~vc some fl!i,ds flcnc:'cll'cd hI' fh() work you hClve dono for 
oth~r crime labs. Plccl;:o nlcnlion lhe cUITcl11' levol of this sourcc. ~ 

Do you exercise anycontro I on thc! choi co of casp.s f"lwl' you work on? 

• .. -I, . -

.f 

I . 
I 

• 
() 
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RESULTS AND ANALYSIS OF THE QUESTIONNAIRE 
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CRIME LAB RA'J.'IOS C01,D,JOSI'l':i:: OF JOHN JAY ,A..~D Ul~IV. 'OF PENNA. SURVEYS 

(2 (3 ) (4 ) ( 5) (6) (7 ) (8 ) 

Cost Per Cases Per Cases Per Cost Per Examiners Percent Percent Cases Per 
Case Examiner CunHa '. Emplo\"3e Per Caui h Clerks Police I Officer Laboratory 

(Dollars) x. 10" • XlOo-

1. Kern County, Cal. 

2. Los Angeles, Cal. 19' 482~180 2.6 8.1 5.4 13 14 41 

3. San Bern!l.clino, Cal. 16 575 955 .3 11.3 5.7 33 27 . 0 

4. Contra Costa, Cal. 20 51 104~ 457 7.0 15.4 16:6 6.7 25 29 33 

5. San Hateo, Cal. 1 48 8n 333 1.3 1S.E 0 14 I 0 
-----------~------~r_~r---r_~--~r_~--~r_--r_~r_--r_--r_--~--r_--~--~--~--

6" Monroe County, N.Y. 89 ,62 11.9 21.3 6.4 ,33 ,25 ° 20C:600 1.3 
I , 

7. S11f folk County, N.Y. 56 17': 30()i-=]~._ •. _6-t-__ -i __ -i,r...:1:.5:...:..+ 7--,-,8c..... ~0f--i-=1::..::0+-.:7---1f-8:..:9~1-_l---'-l-___ 

_ 8.:.-._A_u_b_lir_n . ...:, __ Al_e._b_s._m_B_.:...-+_6_0+1:..:.0_2+-_l_94! ... _2_3.-t:\...::.1::..::._2~1:..!. • .!-7 7.,~~1_1,_7_.-tl--=6:.:...~OI--'-7..!...~3 __ 2_8-l_2_9~~O_I--_I __ ~_, 
g. Sacramento, Ce.l. 66 126 382118913.3 5.9 1-25~r17.3 8.6131.2 ° 27 ° 

-----·----+---I--+-·--+l--i--t--l I 
10. Des lloines,~n He~Labprat~,~~_~.~ __ ~. ~~I_.~~~_3_._2t __ +? __ 5~~._~~~~~i'~_ 

14 61 1114 236 1.6 .5 13.8 12.2~4 2.1~ 14 0 11. Basten, Mass. 

12. Lansing, Mich. 
! I 1-1 ._-C-~_ 

13 124 7921154. 3.2 1.0 I 8.·1) 1O.Ri---,4~'~O";'f--6_._8-1i--l_.1-+-J.2_9 __ l-8_3_+ __ ~-I--_+-I. __ 
27 I 21 25~ 650 .6 l. 9 6.9 13. E ?;:; 3.2 0 ° i 0 13. Detroit, ~ich. 

19. San Fran_c_i s._c_o_,_r_~a_l_.-+-_2_0-ti~1._8+-4_9_0+-7_9_;)+-8_._5-t;_]._S_a_ ('+ _8_.-+~_1_1_'-t (1_7_0_3+2_2_.+ r1_9---,I_l_6-41_7_7---t!~---i:_--!IL-_ ,. 
_2_0_' _S_a_n_ta_A_n~_" ,~?_al_' __ t-_t-~,_:3+1_2_5+9_3_0+-_3_. c-t'" _1_2_. ~r~+-1_5._. (1-2 ._9-+_1_2_.+ ~_-+1_3_3--1-_1_0_0-l-Ii __ ..:..1, __ I-__ ;l 
2l. Chicago, Illinois -h 637 6.£ 11' I 85 I i 
"'2 IT OIL ~·-'3+-h-O-t-2-0-7-t-~+ '3-5-t-~+,...-,,-· -ir --1-'-7-+ 1'-+---+---1·----if-.--l--'--Ii':1 
.:: • • ~e'li r eans, a. _ u • .1. .:.U • .: .... \ 

--.:-.:..----=-..:...:.;.:.-..;..~-=-~-l---+__-_+_-_+_--_+_--+- ; 

-+- I 33.{ 6.0 100. 50 --~ 
24. Duluth, l,~in:1. 71 3.::: -(-'-1

1 

,------l---r----t----I--~.-'-~_+~-+~_+~_+----+--+--+~-+---J.--J_J\ 

23. G·ranG. P..!::pics, Uich. 

25. Kans;:..s City, iJc. 3S 1.?21 2.£ 6.11 10 .. 16.1 11 7 50 1\ 
26. St. L011i&, ~io. 9 56 252 417 l.:: :3.3 2.11130:: 4.d 20.q 17 33 1 60 
~~~~~~r~~+=~~~~~~~·~-~~~~~~~~-: 
,,-:2=7c..%.--=.;.K r.:.o.;' V',,-' ..::;Y.:::..o r:..:¥.:=..._ ...:;C..::.i..:..c ~!.l' t'-.:..:N_:.;' Y:...:.=+-....:1=--1--3:...:0~:.:.22~8~--l--.:2::...:.:...:(. ~ 6. 5 • 3 10 • : :3 96 

23 D t Ob ' 6" 23 210 ~".- ro {, .... ° 1" I 9 1 - 9 ' I( 25 ' 91+ ,--.ii,· . . ayon, 10 i..J I i)"",,-> ,1.""' .... ,:'). i.:!.~ t. 1.\ , 

-=2~9~.~P~h!=i~la~~~F~a.~------r-7~0~_4~.5~1~4~9~1 __ _+-=1~.t_E--~_~9~.4~, __ ~--~--~~1=O~-~~4~3~-- III I--~ 
30. Alexandria, Va. 2 80 109 210 5.~ .2 14.1 50.( 14 14 100 

~, ~~-~~~---r-~~~.-+--+-~~~4--+--+-~--~4-~--~~---
" Q:. ",31. Soa ttle, \';ush '11 

',c22. H~ri:forc., qppn. f -," 
,-"'-'"'----+---I---I----l---I-..:....::......I--~f--__+--__+-! 

~33. Tl'enton, N.J. '\,,1;1/ 
_~arrisburi". Pa.. 87 130 .2 10.' _ UT~-I--8-+---'-~6-7-+--+--I----·· 

-,.---.,.._ ... _... to--=.! , 

I ' 
,I ~ 

.... 
, 
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COm'oarison of S\t!'ve~ Responses 
1965 C~:l e .Lo:l.a R~nklngs 'Of' L(\ bora. tories 
John Jay a~a Univ. of Pennsylvania Surveys 

Sources: John Jay Survey . 
Univ. or Penna, Survey 

. Key: 

John Jay Responses 

Univ. of Penna. 
Responses If 

, . 

N.A. OTH::F.S 

19G5 Gase Lond (Thousands of Cases per Year) 

20 - 39 

Co~uarison of Cost Per Case 
John Jay vs. Univ. of Penna. Su~veys 

1965 vs. 1970 

Constant 1965 Dollars 

Key and Sources : 

John .Jay ._~~ Univ. of Penna. 
Survey Data ~ Survey Data 

1965 . . 1970 

3 

t;Q - 59 
Cost Per' Cp..no 

.-

o 

.j 

j 

o , t) 

20 

NW·:SER 
OF 

LA!30RATORIES 

NUMBER 
OF 

·LMORATORIES 

15 

20 

15 

10. 

5 

I 
o 

10 

4 
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FREQUENCY DISTRIBUTION 
CASE LOAD PER EXr.r~INER 

(UNIVERSITY OF PENNSYLVANIA SURVEY) 

SOURCE: 
UNIV. OF PENNSYLVANIA SURVEY 
PlAY, 1971 

2 2 2 2 . 0
3 

... --.-J] I rl::l:':P'~.:6-
1 2 3 " 5 6 7 8 9 10 11 1 2 20 

20 

14 

2 

9 

CASES PER EXAtm:m (HU:-lDREDS OF CASES) 

5 

FREQUENCY DISTRIBUTION 
CASE LC'AD PER EXAfHNER 

(JOHN JAY STUDY) 

4 4 

SOURCE: 
JOHN JAY COLtEGE 
NATIONAL SURVEY 
O.L.E.A. 
APRIL, 1968 

4 

2 2 JJ 
3 

3 4 5 6 7 8 9 10 11 12 20 

CASES PER EXAMINER (HUNDREDS OF CASES) 

il , 
H 
~ J 

~ 
ri :~ 

f 
} ~ 
~. 
11 

,'! 
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200 

1 1970
150 

lJ~l". of r-~ l;ost p ., ..... 
ens;'c. 

( ~ 
• '6,5 Doll~l':;) 

100 

5') , 

o 

HUNDREDS OF 
CASES PER 

, EY.AMINER 
(1970) 

8 

7 
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Cost P er Case • 19 

C 
• 70 vs 106 

onstant 1965 D 1 ", 5 o lars 

'i h /.0""'" John J. . , Univ. or ~urvey , 
-Survey o .. -anna • Su"ve 
1965 ana~19¥brfent EuslnesG 

250 
50 . I :-----~:---=--~~ 

1965 • h 100 »0. n Jlly Study _ r. 150 -----
.-ost'Per Case 

CASES PER' EXAMINER: 

i 
9 

! 
10 

tl:-rl----
20 

or c.p.f. 

o 

o 

h;. , 
~:.r\;, .. 

. , 

1 
l 
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,~j 

-I 

I 
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CASE MIX B • . 
NEW YORK Y YEAR • CITY CRIME LAB 

50 

40 

CASES 
, (THOll,SANDS) 

30 

20 

10 

~----------

I 
INDEX CRIw~S 

_~.'.c 
___ ~Tr"'f"\ .... --

1961 I • -o'I.o·~II..'\...r"";,)J·{·J'I"'~:::=j==;====-1 i ,._."-
1965 I YEM -, 1970 

CASES 
(TENS OF 
THOUSANDS) 

10 

9 

CASE LOAD GRO'oJTH 
1951 - 1970 

12 LABS (E 

SOURCE' 
U"IV • SURVEyOFM'~yENNSYLVANIA 

• LI'\ • 1971 

XCLUDES NYC lAB) 

NEW YORK CITY LAB 

5_ 

4 -1-_.-' 

3 

2 _ -----------..-

YEAR 

SOI~RCE' 
UNiv, Or: P ]I,m ENNSYLVANIA STUDY 

i' 
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This Appendix presents detailed organizational charts of the 

Philadelphia Crime Laboratory, the New Jersey Criminal Justice 

System and Crime Laboratory, and less detailed charts and a sample 

Laboratory Analysis Form from the Pennsylvania Crime Laboratory. 

The purpose of presenti~g this archival material is to aid the 

reader in placi~g the crime laboratory in perspective with the 

overall organization it serves. 

The Philadelphia Crime Laboratory o~ganization charts follow. 

The Criminal Justice System flow charts for Philadelphia have been 

presented previously. 
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SUPERVISOR, 

Po.1.."1'GRAPH 

UNIT 

B- DETEC.TIVE 
EXAMINERS 

2- SE'RG.E~N'TS 

. . '\. 

. y » 

I 

ORGANIZATION CHART 

CRIME LABORJ\TORV 

CITY OF PHILADELPHIA 

CH/I!!F INsPECTOR I 
I 

I ,NSP.ECTOR I 
I 

I CAPTAIN I 

5UP.ERVISOR SUPERVISOR- SUP.E~VIsOR. SUPERVISOR, 
cAMeRA .EXAMINER. MOBIJ,..S CRIMINALISTIC 

CONTROL DOC.UMENTS CRIM£ UNIT . 
UNIT UNIT UNITS 

7- POLICE EXAMIN.ER 4T£AMS OF 2-CRIMI NAL ISTrc-

OFFICER.S (POLICE i-SERGEANT TECHNICIANS 

OFFICER) S-TECHNICI- 1- MEl>ICAL 

~NS TECHNlelAN 

" 

.I 
i 

,..---~ 
I !)fI~ECTOR ] 
I 
I 
I I APMIN'ST~TIVE~ 
I ASSISTANT CPO~!CE L:r.) 

~ 
r 

SUPERVISOR, SUPERVISOR, 

r-- CHEMISTRY FIREARMS 
I UNIT IDeNTI FfCATION 
I UNIT 
I 
I 
I _~:POLIC:E I , - Se:RGE 

I 
I 
I 

1-1. ___ L_-
4- F=1REARMS I I 

I I 3- ANALYSTs E'XAMINER~ 
I ---
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I ExAMINERS , 

3 -c:z..E'~KS 1. _____________ 
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LAB DIRECTOR 
Vince Cordova 

If LAB SUPERVISOR 

1 
I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 
I 
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CHEMISTRY 
SERVICES 

J. 
ANALYSIS 

QUEUE 
1 Chemist 

I 

ANALYSIS QUEUE/ 
REPORT REVIEW 
SUPERVISOR 

.J. 
TYPING SERVICES 

& CLERKS 

- - - Proposed 
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PHILADELPHIA CRIME LABORATORY 

J. 
ANALYSIS 

QUEUE 
1 Chemist 

JUNE 1971 

CHEMISTRY - CRIMINALISTICS 

--I • ~------~-----=~ 
EVIDENCE RECEIPT, 

RECORDS 

.J.. 
ANALYSIS 

QUEUE 
1 Chemist 

.L 
CRIMINALISTICS 

SERVICES 

• .. 
ANALYSIS 

QUEUE 
2 Crimina1-
istic Tech. 

-\ 

~~ ~I 
TOXICOLOGY ~ 
1 Analyst 21 I 

E-i 

1 
I II L l-

ANALYSIS Z 
H 

qUEUE ~I 
1 Medical ~ 

::> 
Technician 0 

~J 
H 
t:1 

~~ 1 
ANALYS IS QUEUE/ REPORT 

1 
I 

REPORT 
REVIEW 

REPORT REVIEW REVIEW J 
1 SUPERVI~ ._ ___ __-_ -.=f- ) 
_ .. 

REPORTS TO 
BISTRICT ATTORNEY 
SUBMITTING AGENCY 

FILES 

, 
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PHILADELPHIA CRIME LABORATORY 

FIREARMS lDENTI FICAT'.ON (ifUN.E. 1971) 

" 

EVIDENCE. 
FLOVV 

EV1DENCE 

LOG 

" EXAMINATION 
OF EVIDENCE 

BY ANAL"<S, 

- 16 ANALYSTs 

REPORTSTO: 

- FILES 1 
- RE.QUE.STINEi AGEN,Y 

- COURTS I 

.- , 

'. 
~ " 

o 
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PHILADELPHIA CRIME LABORATORY 

STORAGE OF 

EVIDENCE, 

DOCUMEN'T ANALYSIS UNIT (;rUNE 1971) 

-~ 

EVIDENCE 
FLOW , 

! EVID.ENCE 
L..OC3! 

,r 
EX-A MINATICN OF 

EVIDENCE S"< 

ANALYSIS 

REPO.RTS 
TO: 

, r 
" 

- F'IL .. ES 

- RE~UEST/N~ 
A~ENC.V 

- COtJf.:T SYSTEM 
~. : 

,-,I 

-:3 ANALYSTS 

~ 
INF"OR MAT/ON 

o AN 
REPO RTS 

SLJP.ERVISORY • 
REVIEW 

• IN THE I>OC.UMENTS UNJ'T, THE StJP.E}tVISOR IS AN ",NAL"'(ST 

AS WELL 
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PH!LADELPHIA CRIME LABORATORY 

MOBILE CRIME UNIT (JUNE 1971) 

E. V I DE NeE. 
COL.L.ECTION AT 
CR,IME SCE.NE 

MOBILE cRIME. 
"TEAM TO SCEN.E.. 
OF C-RIM~ 

EVIDENCE. COLLE-CTION 

AT SCENE 

EVIDENCE RE.TURNED 

...----1 TO CRIME LABORATORY 

p''EPORTS a 1-'~OUTINGi 
IN FORM,AT'ON r ~ ________ L-________ ~ 

TO ANAI...'(SIS UNITS 
OF J...ABORATORY 

L..-__ ... - J..AS PE.RSONNEJ.. 
,- Fll.J!!:S 

S£~VICE 
RE.q,UEST ,r FOR 

-- LATENT 
FINGiER,..PRINT 
EXAMINATION 

" TEA~l ExAMINATION TO 
5- EVIDENCE OETERMINE. 

TECHNICIANS 
1- F'NtiERPR'NT- WHETHER. 

E'V1DENCE PRINTS cAN 
TECHNICIAN B£ MATCHED 
(PHYSICAL..-

REPORT TO 

N0tl SU8MITT1N~ 

REA-b-
A!u .. E ACSENCY 

PRocESSES~ 
&'VII)ENce,a 
PRINTS) 

READABL.E. 
PRINT 

4-TEAMS 

LATENT 
PRINT 
Re~lJESTS 

lr 
COMPARISON 
WITH PRINTS 
ON FILE. 

- FIl_ES 
- SUSMITTIN~ 

A<:iENCY 

'. v .,~ 
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NEW JERSEY CRIMINAL JUSTICE SySTEM 

MUNICIPAL POLICE 
AGENCIES. • • • 443 
OFFICERS •••• 13,591 
CIVILIANS ••• 1,216 

STATE POLICE 
STORAGE FACILITY 

(Trenton) 

..-.~--

1969 figures 
State Population (est.) 
Total Index' Crimes 

7,283,440 
175,554 

*Tota1 Non-Index Crimes 
**Ca~es Completed by F.S.B. 

STATE POLICE 

OFFICERS •••• 1,439 
CIVILIANS .•• ",414 

PHYSICAL EVIDENCE 

Submission 
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OFFICERS •••• 2,047 
CIVILIANS .•• 517 
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FORENSIC SCIENCE BUREAU "(FSB) OF THE STATE OF NEW JERSEY 

nJNE 1971 
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I CLERICAL I 
I 

LATENT DOCUMENT 
PRINT EXAMINATION & 

VOICE PRINT 

Det. Sgt. FC 
V. Peterson Det. R. Tiden 

I Ii CRIMlNALIS'l'ICS I I I SEROLOGY 

I 1 

I 1 
,. 2 

1 
, 1 

REG IONAL NORTH 

Prine Forensic Chemist 
Senior Forensic Chemi.st I 
Forensic Chemists 
Prine Lab Technician 
PrinCipal Clerk 

-.- - - - - -' 
o 

SUPERVISOR, FSB 

Lt. W. A. laninelli 

ASSISTANT SUPERVISOR, FSB 

Sgt. R. J. Vanden Berghe 

I MEDICAL EXAMINERS LIAISON 1 
-'- I 

SUPERVISOR PHOTOGRAPHIC & LAUNDRY MARKS 
CHEMISTRY/PHYSICS COMPOSITE JEWELRY MARKS 

CHIEF DRAWING 
FORENSIC CHEMIST 

Det.Sgt. G. Hona 
Dr. R. Saferstein DSFC T. Barna DSFC T. Barna 

ASSISTANT SUPERVISOR 
CHEMISTRY/PHYSICS 

PRIN. FORENS Ie CHEM ~ 
Sgt. Vanden'Berghe 

-
I , INSTRUMENTATION J NARCOTICS & 
I DRUGS 
( 

REGIONAL EAST REGIONAL SOUTH 
I 

11 Prine Forensic Chemist I 1 Prin. ,Forensic Chemist I ,1 Senior Forensic Clemist
l 1 Senior Forensic Chemist 

12 Forensic Chemists 2 Forensic Chemists I 
.1 Pring Lab Technician I I 1 Prine Lab Technician 

J. Principal Clerk. 1 Principal Clerk 
I I - - - - - -
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& TOOL MARKS 
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I I TOXICOLOGY I 
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EVIDENCE RECEIVING 
OFFICE 

PHOTOGRAPHY L::::::::RE:C:O:RD::S~::::::::~::::::=:::~~::::~ COMPOS ITE ART t: 
(Inventory & RECORDS 
Control Only) 

BALLISTICS 
(Firearms) 
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MARIJUANA 
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FORENSIC SCIENCE BUREAU OF THE STATE OF NEW JERSEY 

JUNE 1971 

CHEMISTRY/PHYSICS LABORATORY 

EVIDENCE CLASSIFICATION 
& ROUTING BY SUSPECTED CONTENTS 

LABORATORY DIVISION,S 

_..-.'",-.... 1 
INSTRUMENTATION 

SERVICES 
SEROLOGY 
SERVICES 

TOXICOLOGY 
SERVICES 

CRIMINALISTICS 
SERVICES 

I 

I 
J. 

, 
-

ANALYS IS QUEUES 

1 1 
HEROIN LARGE 

MIXED 
DRUGS 

.J,. 
SMALL 
MIXED 
DRUGS 

" 

I 
J.... - -I t;j 
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I _,J. ___ _ 

1 ~ ~ ANALY SIS QUEUES 

I t:: ~ J, .J, 
ZI-'J 

I t.=l ~ 
01-1 
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ANALYSIS REPORT 
REV,IEWjADMINIS. 

RAPE/ 
HOMICIDE 

CASES 

CHIEF FORENSIC CHEMIST 

J, ,~ 
" REPORTS TO: 

---file 
---submitting agent 
---courts 

ARSON/ 
HIT & RUN 
BREAKING & 
ENTERING 
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PENNSYLVANIA - STATE POLICE 
LABORATORY DIVISION 

FLOW OF EVIDENCE 
HARRISBURG, PENNSYLVANIA 

CONTRI BUTOR 

CRIME LAB 

. CHEMISTRY BALLISTICS DOCUME.NTS 

CONTRIBUTOR 
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sP ~ • 212 (5 • 69) FOR CRIME LABORATORY USE 

PENNSYLVANIA STATE POLICE DATE RECEIVED l LABORATORY NO. 
LABORATORY, DIVISION 

21st. & HERR sTs., HARRISBURG. PA. 17103 TEL: 717·234·~O51 

REQUEST FOR LABORATORY ANALYSIS SECTION 

1. OFFENSE 12 .. LOCATION (CITY· BOROUGH· TOWNSHIP.COUNTY) 3. INCIDENT NO. 14. DATE OCCURRED 

5. VICTIM 16. ACCUSED 7. SHSPECT 

8. TYPE OF EXAMINATION REQUESTED 9. SUBMIT REPORT TO (NAME AND ADDRESS OF AGENCY) 

. 
10. QUANTITY I ITEM NO. I DESCRIPTION 

- X-14 -

i 
\ 

I 
-! 

11. REMARKS 

12. IF LABORATORY RESULTS ARE NEGATIVE, THE 'USTED 13. SIGNATURE or REQUESTER 14. DATE 

,EVIDENCE /MY BE DESTROYEO'; O'YES ONO 
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LABORATORY DIVISION 
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DIRECTOR 
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BALLISTICS DOCUMENT 

I 
C.HEMlsTRY 

(TS II r) CTS n1) (SERGEANT) 

.1,- TS:rrr i-TS JU I 
2. -TS J:r f-TS 1I r '\ I I 
1 - CIS I i-TPR. ATTACH-
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1-TPR. ED FROM 
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WYOMiNti 

2- CRWI. IL 
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