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ABSTRACT 

The theory of performance measurement (see Deutsch [1976]) tells 

us that the performance measure and the measurement strategy and process 

define the accuracy, reliability and even the appropriateness of any . 
estimate of behavior. The history of modeling the Criminal Justice 

System (CJS) e~hibits a variety of strategies and processes of perform-

ance meacurement: probabilistic models, nonlinear programming models, 

simulation and other models all recur. Tl'7ithout exception, each model 

form and its concomitant methodology pr.escribe and/or restrict the meas-

urement strategy and process, and often leave' the usefulness of a model 

in a p~~p next to a list of necessary assumptions. In many cases, 
f;A'" 

the form of a model also limits the type of performance measure that is 

appropriate, but flexibility to choose the performance measure and, con-
. 

sQquent1y, the form of the model can provide the modeler relief from an 

otherwise fruitless experience. 

This paper examines several models used in the past and assumptions 

and comprc.~mises that were necessary to make them work. Next, an unpub-

·lished individual offender simulation model j.s presented. The variety 

. of parfol:1Il;'lTlce meclsuras that can be gener~ted with this model and the 

model's attributes are described in order to complete the analysis of 

the historical devel.opm~nt of CJS models. In the next section, the ket·­

nel of perfo1.lllance measure.ment th(~o1.·Y is explored within a luodel-building 

environment. The role of the process, mcosur.c: and strategy) is C'.:l-:a.minod 
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further; the orientation and goals of measurement are discussed as well. 

It is shown that the choice of a performance measure for e. model often 

h f f th del Consequently', by evalu-imposes restrictions on t e orm a e mo • 

ating the limitations of the measure and of the proposed model, the 

model builder can ascertain which performance measur.e and model form 

best suits his needs. The benefit of considering such trade-offs is a 

more eclectic approach to modeling, to performance measurement using 

models, and, ·ultimately, to the evaluation of CJS performance. 

In the final section, two simulation approaches to CJS modeling 

are examined. Depe~ding on how offenders are portrayed, lY'hether as in!.. 

dividual entities or aggregate flows, these t"70 model forms can be used 

f f some exactly and some to generate many measures 0 system per ormauce, 

not exa,ctly. The implementation in simulation models of nlany of the . ,. 
'J' .. ~ 

most common measures-·-and of some not as common--is' discussed and each 

measure's attributes are recorded for both model types. It is shown 

that the il1dividual offender simulation requil:es fe't-7er assumpt:i.ons for 

a greater number of these measures than does the flow model. 
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I. XNTRODUCTION 

The consistent application of a uniform performance measurement 

philosophy has been identified as a fundamental element of measuring 

and evaluating the behavior of the Criminal Justice System (CJS). 

Deutsch [1976] proposed. that such a philosophy and technology be de-

veloped, and h~ formulated a strategy for developing lY'hat he called 

"empirical truths" regarding CJS behavior; such facts are only uncovered 

through the repeated application of uniform prinCiples and methodologies 

of performance measurement, and they are an absolutely essential element 

of any effort to explore alternatives to present policy_ 

Prior to Deutsch's presentation, both empiricists and model-builders 
~'''I 

alike had been applying thei:r own philosophi'es and methodologies to the 

Uleasurement of CJS performance. Many analysts, in fact, have formulated 
. . 

m9dels worthy of policy analysj.s and which would be quite useful if only 

the empirical truths neCeSSal"y to validate their. ,!=esearch paradigms were 

available. The purpose of this paper, nonetheless, is not to provide 

insight into the construction of a uniform mea.surement'philQsophy for 

developing empirical truths. Rather) the models which ultimately may be 
, I 

. used for policy studies-but which now must contribute to the develop-

ment. of such truths-are themselves of considerable j.nterest. 

It is the intention of this paper, therefore, to ShO~07 tha t many 

simplifications of CJS behavior found necessary for representing it in 

a mathematical trlodel may be overcome vin the theory of performance IIICi,\S-. . 
urcment. By more fully understanding the attrj.butes of tho pedOrTnc'lnc:e· 

, 
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measure and the strategy and process by which an estimate is obtained, 

it is expected that modeling assumptions cal1 generally be made less 

restrictive, that the models themselves can become more useful, and 

that the choice of a mathematical model to .explore empirical phenomena 

L~ the CJS can be made more judicially and less by.compromise. Such 

optimism is based upon the premise.that .the definition of a measure of 

performance often limits the model builder in the type of model that 

may be constructed and, consequently, in the methodologies of model con­

struction, validation, analysis, and hypothesis testing. Thus, it is 

through.the re-definition of a measure or the substitution of a surrogate 

for the original that enables a modeler to trade-off the characteristics 

of the model with those of the performance'measure. The limitations of 

the model and of the me~sure of system performance arc, then, in some 
~: 4'\ 

sense additive, and the obj ective of the mddeler is to minimize them. 

Thus, the heightened awareness of the nexus between performance measure­

ment and system modeling should nelp the Criminal'Justice community to 

establish a more eclectic philosophy and technology of measurement, model-

ing, and evaluation. 

Other than the conclusions, the balance of this paper ~s divided into 

four sections. The first provides an introduction to several important 

developments in Criminal Justice System (C~S) modeling. The reader gen­

erally familiar with this literature may wish to omit that section, as 

it provides historical ~nsig'hE into the methodology and limitations of 
, 

d I In tl1e ne"', t ~ection, the hj.stod,cal perspective several principal mo e s. n _ 

is maintained in order to examine an unpublished simulation 1ll0de1. This 

model has been used elsewhere to examine the effect of. tho pre-trial delay 
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on several syslem-level performance measures (see Richards and Deutsch 

[1979]), but only the attributes of the basic model and the types of 

performance measures used with that ~odel are considered here, in keep-

ing' with the spirit of the history of CJS modeling presented earlier. 

The third section examines the theory of performance measurement 
, 

and draws the.connection between it and the many theories of system 

modeling. In this section the orientation and goals of measurement 

are defined, and the measurement process and strategy are illust1:ated 

in a model-building context. While several brief examples of the trade-

offs between performance measurement and model design criteria are de­

scribed in the third section,in the fourth section a detailed example 

is considered. The example illustrates the differences between CJS 

simulat,;ion models a) which track each offender separately and collect .,t.-, 

statistics on the entire simulated population, and b) which aggregate 

offenders in the model into what are often referred to as offender flows. 

These flow models have several modeling advantages over the individual 

offender modHls, but they are defficient in their performance measures. 

This straightforward example illustrates that many problems of perform­

ance measurement may be readily overcome by redefining the measure of 

1.nterest. For other models not simulati0t;s the choice of model will' 

often not be as easy. An approach to simplify the trade-offs for the 

more complex models is demonstrated. 

" 
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II. A HISTORY OF CJS HODELING 

Before examining the connections between performance measurement, 

and model design criteria, a br.ief, history of C.JS modeling from the 

performance measurement perspective is in order. 

The mathematical models most often found are either analytical or 

similar. The analytical models are all 'aggregate representations of 

criminal behavior. To obtain solutions for these models, the scope of 

each is generally limited to addressing one or two specific hypotheses, 

and little interaction among policy variablesever'exists. In general, 

the analytical models can be characterized by: a high level of aggrega-

tion, ,,2, homogeneous criminal population (i. e., differentiation of offen-
."1'., 

ders is assumed not to be important), steady-state behavior, time 

invariant parameters, and lacking in CJS cost and resource components. 

The simulation models, on. the other hand, have emphasized the operations 

of the CJS as opposed to the characteristics of the offender population. 

Thus, they deal directly with the issues of eJS policy-making. lfuereas 

the performance measures of the analytical models have been the crime rate 

(fj.rst offenders and recidivists), the' performance measures of the simu-

J,ation models have:: been varied, using one or more of the follo~vil1g critel'ia: 

annual CJS operating cost, total CJS cost.attributable to the average 

criminal career, CJS resource' availabUJ.ty, delays in processing offenders, 

and recidivism. The greater variety 0f per,formance measur.es of the simu-

lation models is an indication of the grent~r flexibility of that 

n\~thodology in modeling complex phenomena. ] 
r\ 

1 
j 

I 
j 

I 
I 
I 

'! 
I 

I 
" .­
I 

I 
I 
" I 
I 
t 

, I 

I 
, I 
1, I 
; I 
} 

t 
rl 
H ' 

I' i-

I 
~ 

! r 
I 

I 
! 

5 

The simulation models, as will be seen, can be categorized by the 

:P'-- --'manner iri"wiiich the- offei.lders are Diodeled-.- ·S-ome"1Ilodels-si:mtl:la:te,.eaeh~_..,..-=·= ... -~",'""'7~ 
. ~--':.' "":.. ." '''~.'' ~~-~·.;:-_~·M~_~-:-,";-_ '":'~-;-::';"~r"~ ..:...::. .... 7·::-~--; ..... ·;I . .:. .. !. "-:.;;::~~~. -:~~+~~~~.:;;-:-~~~~..::;. ~:~~:~.~ 

ottender ind-ivJ.([uallY.: ·-Th~t: is/ihe- :t~piii: ·tO~:·t'he~·~~d-e1:2f~7cf:#faro:~f~{;b""':·~;:·~:'::':-:':"::.~--:'-~7 

of the number of offenders who are arrested, and this forecast is con-

verted into that many separate entities which are tracked through the 

model. The other approach, most often used in cjs simluations, does 

not convert the input into separate entities; rather, these models main-

tain the aggregate nature of the forecasts by simulating flows of offenders 

through the CJS. These two different mechanisms of simulating offenders 

have considerable impact on the simulation's scope- and limitations. The-ne 

shall become obvious later in this analysis. 

Both the analytical ,and the simulation model forms first reached 

national prominence in 1967 upon the pubiication of the Task Force ReEo~ 
- ,'. 

Science and Technology by the President's Conwission on Law Enforcement' 

and the Administration of Justice. Therein, Christensen [1967] developed 

a nigital simulation model of the IYashington, D.C. judicial system. One 

of Christensen's models forecast the number of first offenders w'ho are 

arrested per year; his other model approximated the number of convictions 

that would be expected during the average recidivist's crDninal career. 

. Although they were simplistic, these descriptive Ulodels sparked the imag-· 

inations of other analytical 'model bUilder's who have developed policy-

or.iente.d models as 'velL 

The first attempt to simulate t}le operations of the CJS was by 

NaVClt'ro, Taylor and Cohen [1%7]. ,Thej.r 'model, called COURTSDI, makes 

use of the General Purpose System Simulation (GPSS) language to trace on 

a day-to-day basis the paths along \.,lhich offenders progrel?s through the 
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Washington, D.C. judicial system. An individual offender orientation 

is taken for this simluation; offend.ers are generated in the model one-

at-a-time, each w'ith its own attributes, and their progress through the 

courts is determined by these attributes, in CJS parameters,. and by 

probability distributions. Processing begins at. the moment of an offen-

der's arrest, but continues only until the presiding magistrate delivers 

his sentence. A limited number of case-specific attributes, such as the 

date of the indictment and the offender's bail status~ accompany each 

simulated case. The COURTSIM study is particularly noteworthy for its 

treatment of court delays; besides including the unavoidable delays as-

sociated lvith processing an offender, capacity and resource scheduling 

constraints were a.lso introduced for each court processor. Hore recent 

court.models, essentially applications of the same methodology, are ....... 

discussed by Chaiken, et al. [1975]. 

COURTSIM is an open-loop model, since only the epoch during which 

an offender is under the direct purview of the CJS is examined. Another 

important open-loop model was first published by Blumstein and Larson 

[1969]. The so-called JUSSIM I model was used to forecast system costs, 

wnrkloads, and resource requirements. Unlike the COURTSIH model, JUSSIM 

does not deal ~Tith individual offenders; such a moriel is said to simulate 

offender flows rather than individual offenders. Queueing phenomena can-

not be exa~j.ned using this 'characterization of offenders. Follovling their 
.. -- -

arrest, offenders are routed through the model by branching ratios that 

specify the proportion who will follow a specific arc at each decision 

. point' in the system. The ldentifier used. to differentiate bet~ ... (wn offan-

der. eatagod,as in JUSSIH's first applicat:i.on , ... as the most· serious crime 

, . 

. , 

7. 

for which the offender was charged; however, any set of descriptors could 

be used. The JUSSUl model is driven by a forecasting function of the 

total arrest rate. By follot~ing the flow of offenders through the model~ 

analysts can predict the t~orkload on each component of the CJS from 

which it is a simple matter to compute the resou~ces required from the 

workload forecast. The cost per resource unit and the total CJS cost 

follow directly, assuming all CJS costs are variable (see Blumstein and 

Nagin [1977] for a discussion of this assumption). Other ass~ptions of 

JUSSIH I are that delays in processing offenders through the CJS are 

negligible, and that branching ratios do not change with system loads. 

Blumstein and Larson extended the JUSSIM concept to include the re-

arrest of recidivists. JUSSIH II, as it is now called, is a feedback 

model':wherein offenders are tracked from the month of their first arrest 

until they finally leave the Crimina.l Justice System for the last time. 

JUSSIM II necessarily included measures of criminal recidivism (the feed-

back process) in order to'determine if and l'lhen offenders ar.e re-arrested. 

The input to this model, the number of first offenders, is added to the 

number of rec:i.divists to give the total number of arrestees. The input 

may be either an age-specific cohort or the entire fir.st-offender popula­

tion. If offenders are incarcerated, JUS~IH II approximates the delay 

until the imnates are relClased by deter.milling the fraction to be released 

each month, assuming a negative e~:ponential delay distribution. FtJllow­

ing their release, the number of arrest~es who are re-arrested is computed 

assuming this branching probabiliEy to be a.function of an offender's age; 

the delay until the re-arr.est is negative exponential. 'rhe model c.omputes 

the number of offenders arrested for each of sevan crime c~tegories (the 
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UCR index offenses, see Deutsch [1976]) by computing the n~~ber of first--'-
offenders for each crime, type, asstmling each offender is arrested for the 

most serious crime committed, and adding to it the number re-errested for 

each crime category. The latter measure of performance is computed using 

a crime-switch matrix to determine. the number of persons arrested for 

each crime given their previous offenses. 'The'crime-switch matrix is, 

in this case, a matrix of branching probabilities. (Crime-switch beha-

vior is assumed to be Narkoviau; Wolfgang, Figlio and Sellin [1972] 

tested their model and found it to be acceptable using their birth cohort.) 

Since JUSSll1 II analysis of CJS costs a'ttributabl~ to the average 

criminal career is dependent upon the cost estimates derived using JUSSll1 

I, many of the limitations of the open~loop model also apply to the feed-

back model. However, this model is one of the more popular planning tools; 
• t'. . 

several implementations now exist (see Chaiken, et a1. [1975] . and Richards 

and Deutsch [1978]). 

In 1972, an individu~l offender queueing model of the entire CJS was 

designed \Olhich i~corporates a model of recidivism similar to that demon-

strated :in JUSSIH II. The model is called DOTSIN, and acronym for Dynamic 

Offender Tracking Simulation (6). DOTSL~, like COURTSI~l) follows each 

simluated offender through the Criminal Justice System; however, like 

JUSSIH II the input to DOTSll1 is the number of first-offender arrests by 

crime type. DOTSnl has the capability of delaying offenders whenever th(~ 

demai:ld for a particular. CJS"resource exceeds its supply. Thj.s competition 

over scarce resources allows the r)erformancC! of the CJS to be examined 

under policy scenarios which induce resource imbalances and, consequently, 

abnormal queueing behavior in the system. SuC'.h causal hypotheses are the 

~ \. , . 

\ , 

I 
i. 

J; 

. . . 
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next step in refining the modeling paradigm begun by the COURTsur model 

and follmved by the JTJSSIN .family of simulators. (The latter includes 

CANJUS, the Canadian version, and Nathematica's PHILJrn among others. 

See Chaiken, et a1. {l975] aud Richards and Deutsch [1978].) The random 

processing of offenders through DOTSIN lends greater resolution to the 

intricacies of offender-specific policy formulation; the effects of each 

policy scenario can be determined by oe.asurJ.ng the change in the crime 

rate, resource requirements and system costs relative to a baseline policy. 

The costs embedded in the model include those which are directly attrib-

utable to an offender and the indirect costs of equipment and facilities. 

The limitations of DOTSIH depend almost entirely upon the a.ttributes 

of the implementation and not upon the model's individual offender orien­

tation or its rlS resource, delay) or cost components. The initial 
• t·; 
~, ,.~ 

formulation prevented t~e testing of hypotheses which examine differential 

recidivism tendencies of alternate correctional programs or which examine 

t~e performance of the CJS as measured by such career criminal statistics 

as arrest histories, conviction histories, incapacitation effects, and 

career criminal cost. A limitation of a mod'el like'DOTSIH is the amount 

of data requir,ed to accurately simulate the CJS with the amount of detail 

. required by this approach; according to Chailten, et a1. [1975], the extra 

empirical data and the cost of running such a tnodel have been the major 

reasons for. there not being any empirical implementations 'of DOTSIN. 
I 

However, several data bases like PRmnS (Prosecutor's Hanagernent Infor­

mation System; see U. S. bepartmen~ of Justice [1977]) or ORTS (Offender­

Basmd Transaction Statistics; see California Department of Justice [1976]) 

. t d data routinely available--thus removjng the no~., make much of the requ: re 
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empirical restrictions. The cost of operating the simulation may be reduct 

reduced by scaling dO\ffi the model so that the number of offenders simu­

~ated is actually smaller than for the system being simulated. Such a 

device will be demonstrated later in this paper. 

Another feedback simulation model of CJS operations was developed 

by Pittman [1973] to evaluate alternative correctional policies. His 

model is a }mrkov chain representation similar to the model of crime-

ffivitching behavior used in JUSSI}! II; however, unlike the crime-switch 

model whose states correspond to the seven index crimes, Pittman's offen­

ders may be in any of the following fOllr states: in prison because of 

conviction, in prison b€:ause of a technical violation of parole, on 

parole, and not under CJS supervision. Possessing the transit:on and 

the cost matrices, Pittman simulates the model toesti1'1ate future system •... /'\, 

loads and the crime mix .given the number of first offenders "("ho are ar-

rested and convicted. In ~ddition, the expected number of times the 

offender is re-arrested, the average sentence length, the expected crim-

inal profile, and the expected career criminal cost of an offender can 

all be computed ~nalytically under steady-state co~ditions. Thus, Pitt­

man's model is as much analytical as it is similar. 

Pittman's model is used to analyze the effects on the average 

offender's statistical profile of changes in the transition roatrix and, 

hence, of changes in the po;ticies \.,hich affect the flows of offenders. 

Unfortunately, the associat'ion of: th~ transition probabilities with cha.nges 

in actual policy is not always obvious and therefore threatens such a 

On tIle otller hand, this 'alociel can provide optimal model~s usefulness. 

solutions to problems t>lhich, when modeled using another l1I'?thodology, might 
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other"(vise prove to be intractable. By examining the cost matrix of 

state transitions, for example, this model can be used to develop a 

least-cost solution for reducing crime and thereby overcome one of the 

major deficie.ncies ,dth other analytical models. Of course, the criti-

cisms of Blumstein and Larson's model apply here as well. Theinvariance 

of the transition probabilities could be a problem in forecasting syst~ 

load, while aggregating the costs can also create problems if the future 

cost distribution 'vere to change. In addition, to expand the scope of 

the model 'to include, say, the police and court subsystems of the CJS, 

the da.ta requirements are increased considerably not to mention that it 

complicates the computation of the performance measures. Thus, to raise 

Pittman's model up to the scope of a system-level model would require 

consi~e~ably more data and model analysis in order to draw conclusions 
e
i
• ",. ~ 

about the performance of the entire CJS. 

Since DOTSIH in 1972 'and Pittman's model in 1973, other CJS simu-

lation models have not appeared in the literature. The analytical models 

which have since been developed all tend to possess more of the Criminal 

Justi.ce System's' structure than did Christen'sen' s early efforts. The 

first purely analytica1 model following the Presidential Commission's re-

. port is the ,,,ork of Bellin, Blumstein and Glass [1973], Hho developed a 

feedback model of the CJS. llthough the m'odel contained only t\.,o compo-

nents of th.e CJS, a combined police/court component and a prison component, , 

their obj ective was to model the (l,ntire criminal career. Thus, the feed-, 
. 

l:ack; in the modlll! is the flow of rqcid ivj.sts back into the police subsystem. 

follo~'dng their release from prisolL Offenders released from the. police/ 
. 

c:ourt component arc r.e-arrested with probability a 1 fOlJ.o'~ing 1'1 elapsed 

II 
\ 
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offend ers who are released from corrections are re-arrested years, while 

after T2 years with probability a 2· The delays T and T were both as-I 2 

surned to be the expected values of negative exponential distributions. 

The input to the Belkin, Blumstein and Gla~s model was the number of 

first-offense arrests. The model ~vas used to analyze 9ffender recidi-

vism assuming a = a, (i.e., rehabilitative or special deterrence effects 
1 -'. . . 

do not exist). By varying the model's parameters,·they fit the total 

number of arrests predicted by the model to the FBI's statistics for 

., 1960 Thlo's parametrlo'c analysis resulted in the the decade beginning lon • 

d 1 2 Further analysis sho~ved that the estimates a = .86 an Tl = • years. 

number of offenses by first-offenders had increased over time, \vhile 

recidivism had declined over the same period. (They assumed TZ = 1.) 

To be sure, Belkin, Blumstein and Glass's model reached a much 
"".1' I'~ , 

great~~"'level of sophistication than those of Christensen. They demon-

strated that recidivism can be modeled clOd they later showed that reducing 

the rate of recidivism is a much ~ore effective method of reducing the 

total level of crime than is reducing the virgin arrest rate. Ullfortun-

model does not tell the CJS planner how to reduce recidivism, atel:r, this 

nor does it give any hint as to which alternativcs are' the ~east costly. 

These important problems of policy interpretability, it will be seen, 

arise in each of the analytical models sun:eyed. Only the s:imulation 

truly .structural relationship to the CJS and, as a con­mo~e1s possess a 

b ' o~-effecting solutions in the actual system sequence, an 0 Vloous means • . 
that are obtainable in the modal. 

Th~ first analytical model to possess explicit policy variables 

was developed by.Avi-Itzhak and Shinnar [1973] and later refj.ned by 

[ 975] These authors modcled the criminnl career Shi01\&r and Shinnnt; 1 . 

.. 

" 
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of an offender and incorporated the incapacitation effect of the CJS 

into the model formulation. 'l'wo policy variables were included, the 

length of incarceration and 'the effectiveness of both the polica and 

the prosecution. The processes being modeled were assumed to be in 

steady statc. They further assumed that an offender commits A offenses 
. 

per year according to a Poisson distribution, that q and S are the 

policy variables reEresenting the joint probability that an offender 

is both arrested and convicted and the actual time served in prison, 

respectively, and that J is the conditional probability that an offen-

der is incarcerated following conviction. Thus> if the CJS ~oes not 

affect the behavior of the offender througl) deterrence, incapacitation 
. 

or rehabilitation, the expected n~mber of crimes conmitted by an offen-

der is .,;E (x) = AT, where T is the length of a criminal career. However, . . , 

to include the incapacitative effect of the CJS, n = 1/(1~AqJS) defines 

the p~oportion of an offender's criminal career that he is active (not 

incarcerated), and E(x) ~ AnT. 

Tbe Avi-Itzhak model is a powerful tool because it relates the ex-

pected number of offenses per offender, E(x), to the policy variables q 

and S. As with other models of this type, the model is highly aggregate 

and does not differentiate bet,~een the' treatment of classes of offenders. 

The :\,arameters q, J, and S must be. estj.matcd separately for each offender 

category in order to tcst differential tr~atment hypotheses. The lack 

of a cost function and a resource component precludes both the minimiza-

tion of total CJS and career criminal costs, and tha maximization of the 
I 

incremental reduction in crime per incremcl'\~al inCr(~~iSC in cost. 

An e>:tension of the Avi-Itzhak nnd Shinnor model incorpor.ates the 
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deterrence hypothesis into the earlier formulation and conceives the 

ne~o1 model in an opt~mization framework. Blumstein and Nugin' s model 

[1977] is a nonlinear program which minimizes the level of crime, given 

a capacity constraint on the number of offenders who can be imprisoned 

at anyone time. Although such a constraint appears to hold nationally, 

local or regional capacity may not be so static. Blumstein and Nagin's 

expression for the aggregate crime rate is C =. AnI', where P, the fraction 

of the population that is criminal, is a logistic function of the disutil-· 

ity of imprisonment, and the product An is the effective c.rime rate per 

offender. The average number of persons incarcerated, I = qJCS, must be 

less that the prison capacity constraint U. Since both C and I are non-

linear, use of this model requires searching over the acceptable ranges 

of bo~~ Q and S, so that C is minimized subject to ~ ~ U. 

A problem particul?rly evident with this model, however, is its 

inabiJ.:i.ty to determine an' optimal dynamic policy. Neither this nor the 

ot,her analytical models facilitate the exploration of transient behavior 

bet",'een a current and 11 proposed policy. Such a dynamic model would be 

of particular interest to CJS policy analysts even though system delays, 

missing in the Blumstein and Nagin model, would confound the results for 

, the incapac:l,t.:ation effect if these delays were to increase with an in-

crease in q.. In addition, the possibility of an infeasible level of 

incarcerati,on IlS the result of 11 policy change makes the exami-nntion of 

the dynamic response a critical shortcoming of this and the other anll­

lyticnl models surveyed h~re. In ~he next section, a simulation model 

designed to take into account the dynamics of CJS policy io introduced. 

Offenders (!r(! modeled as indivj,duals and, hanco, the model c:an be used 

'1 .. ' 

; j' 

.. 
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to enalyze performance measures like those used in the COURTSIH and DOTSIH 

models. 

.. ,.;,:';.. 

.• 'f' \ 
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III. A DYNAHIC CJS SIHULATOR OF INDIVIDUAL OFFENDERS 

To complete the history of CJS modeling, a final simulation model 

is examined "t"hich can be used to explore dynamic hypotheses concerning 

the behavior and performance of the Syst~m and individual offenders who 

make ,a career of crime. Unlike the DOTSIH model J this simulator is not 

more recent development makes the model to be described proprietary; i~s 

k 1 b of J.·ntere~t now to CJS modelers and analysts. thamore 1i-e y to .e __ The 

. resource allocation, cost, and dynamic simulator combines the queueJ.ng, 

recidivism capabilities ascribed to the DOTSIH model, but the deta.il in 

the recidivism component, the extra array of performance measures~ and 

the ab;~ity to categorize offenders by other variables in addition to 

all 'helP to dJ.·fferentiate this ~odel from its pre­the crime committed 

decessors. 

has be~n constructed usinrr the Generalized Network This simulator - <OJ 

Simulator, GNS. Historically, GNS evolved from the General Evaluation 

and Review Technique Simulator (GERTS) series of net"tvork models (see 

Hogg, et a1. [1972] and Tonegawa [1973]). Combining in~o one simulator 

the ql,1eueing, resource allocation, and costing capabilit:i,es that were 

avaj.lab1e in the Q, R, and C versions of GERTS III, GNS is a .sophisti-

b planners of a variety of systems including criminal cated tool for use y 

justice. GNS difff~rs f~om ';~;lY net\."ork flow models in that the nodes 

for these other models represent either. the initiating or terminating 

t d 1 the arc GNS, on the other. events of the activity represen, e a ong, • 

. that the nodes represent activities nnd that the arcs hnnd, requires 

'1 
t~ - '. 
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portray precedence relationships between the nodes. Offenders travel 

through the network along the arcs. If multiple arcs leave a particular 

node, GNS allows the user to choose the method of arc selection: it may 

be probabilistic or it may be a special user-designed rule. Technically 

speaking, the nodes of the GNS net~."ork are referred to as either nodes 

or boxes, the former representing an event with a duration of zero and 

the latter representing nn activity with a positive duration. A certain 

type of box, called a queue box, also allows the model builder to speci-

fy the maximum number of servers available 'io/hich, when all servers are 

busy creates a queue of entities vlaiting to be served. Only one server 

is.required to process each entity, but an unlimited number of resources 

of not more than 30 types (at this time) may also be required to process 

each entity. An unlimited number of servers can be associated with each • w I'~ 
It. .,~ 

queue box, but resource~ may be shared between two or more queue boxes. 

GNS has several costing options Hhich may be implemented at: a 

u~er's discretion. First, there may be costs associated with the entire 

project (model): a one-time set-tip cost and an overhead cost per time 

period. Second; there InDY be costs associated 'i."ith each queue box: a 

one-time set-up cost and a cost of operating a box each time period. 

Finally, since each queue box may also require resources to process an ' . 

entity, each resource may have a cost per unit time of use that is also 

attributed ,to the appropriate box. Hence, the costing and the resource , 

allocati'on capabilities are comprehensive. 

The GNS model of thi Criminal,Justice System is displayed in Figure 1 
\ 

using the notation established by Tonegm"a [1973J. It is a feedback model, 

similar to that developed by Belkin, Blumstcjn and Glass; howeve~, each 
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~ffender is modeled separately in a manner similar to DOTSIH. By simu-

lating each offender as he progresses through the CJS, the delays in the 

system can be simulated. In addition, the emphasis on the offender and 

the special capabilities of GNS enable the analysis of the effects that 

limited resources have on. the system. Since the resources are frequently 

shared bet .. 7een tt~O or more que!-le boxes) each offender must also compete 

for the resources that are available. Hence, the observed queueing be-

havior may be ~onfounded by limited resources. This is another contribu-

tion of this model to CJS analysis; the ability to model the effect of 

scarce resources in this manner has not, to our knowledge, been attempted 

heretofore. 

Each queue box, represented by a rectangle with a circle intersecting 

the box's inputs, has associated with it exponentially distributed sel~ice 
!, .,::~ 

t:lJUes specified for each of the FBI's seven 'index offenses. CJS resources 

are also specified; each server i.n the model corresponds to one unit of 

at least one ,type of resource. Thus, for each offender processed at a 

queue box, at least one resource unit is be:l.ng consumed and its cost 

added to the cost of the system. 

Another special event is the sink node. This node is 'differentiated 

from the other nodes by its half-moon shape. The function of these nodes 

is to remove offenders from the simulation.lists. For this particular 

model, this happens only if an offender dies (Node 3) or if he is never 

re-arrested (Nodes 7, l~, 27, 34, 35, 36 and 46). Thus, an offender's 

criminal career begins upon hi~ first being arrested by the police, and 

it ends when he reaches a sink node, The lengths of criminal crlreer.s, 

and the age Llt'dcach arc both generate.d from probability di:slriblltions t 
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and are stor~d along with the other attributes of each offender: current 

age, demographic category, career criminal cost,. total number of arrests, 

and types and ordinal arrangement of offenses committed. 

Two measures of performance which have not been in eJS simulation 

modeling before are the number of times an offender is arrested during 

his criminal career and the career criminal cost. The manner in lY'hich 

an offender's career criminal cost is determined is very similar to that 

used by Pittman; all set-up costs are assumed zero. The fixed costs of 

operating the CJS per time period and of operating each queue box are 

also assumed zero. The only mechanism used to' impute the cost of opera-

ting the CJS to each offender is through the usage of resources. The 

actual career criminal cost for the ith offender, (eCe).) is updated by 
~ 

the amount of each resource k required for processing him at activity e .. ~: .. ~. 
by the relation 

(cee). = (ceC). + L Ck T . R k' 
J. J. k eJ..e. 

wnere Ck is the cost of resource k per offender per time, Tei is the pro­

cessing time of offender i at activity e, and Rek is one if resource k 

is required to process offenders at activity e and it is zero otherwise. 

In a sample run, it ,vas assumed that ten different resource types 

are sufficicrLt to describe the resource sca,rcity and queueing interaction. 

See Table 1.: Three types of career criminal statistics are sho~m in Fig-

ures 2-4 for both male and female offenders. (See Richards and Deutsch 
.. -- ... 

[1978] for details not presented here.) Figures 2 and 3 show five time 

series beginning af ter 20 years of initializing the model. These results 

show tl~t the average rates of recidivism per offender and the career 
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Table 1. GNS Hodel Resources 

Resource Queue Box 
Ck Type Numbers \ 

Prosecu tion 23 J 28, 37, 39 $ 425 

Police 5 4010 

Superior Court 37, 39 1550 

Other Courts 8, 9, 21, 25 336 

Grand Jury 28 474 

Juvenile Corrections 12, 13, 14, 15 103 

Adult Incarceration 26, .40, 41, 51 20 

Parole and Probation 42, 45 10 

Pre-Trial Detention 10, 22 145 

Indigent Defense 25: 39 544 
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criminal costs as defined are stationary and, hence, may be represented 

by their mean values (even though the total arrest rate is increasing 

as demonstrated by the total CJS cost time series). The distributions 

of the number of arrests per criminal career appear to be negative expo-

nential distributions, whereas the distribution of career criminal cost 

appears to be gamma. Thus, this simulation model can be used to analyze 

career criminal behavior, in addition to the resource allocation and 

delay processes in the CJS, by relying on the expected value and the 

shape parameter of the observations of these time series. However, 

since time series data are also collected for the career criminal. the 

queue, 'and resource consumption statistics, dynamic analysis of the CJS 

is easily pursued. 

'. 
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IV. PERFORHANCE HEASUREHENT THEORY AS HODEL DESIGN CRITERIA' 

Having studied the measures of performance, the strengths and the 

weaknesses of many state-of-the-:-art models of the Criminal Justice System, 

we no,., re-examine the theory of performance measurement in order to as-

sign it a proper role in a CJS modeling paradigm. The objective of such 

an analysis is to obviate certain choices open to model builders and 

p.ersons 't-lishing to use already available models, and to present these' 

options in such a way that these technology users may better meet the 

objectives mandated by the problems at hand. What follows, then, will 

.aid both the modeling community and the host of empiricists aiming to 

establish those empirical truths discussed by Deutsch through the use 

of such models. By offering a performance measurement structure to the 

problem of model design, the future of CJS modeling is expected to 

yield a more eclectic, g<?al-Ol"iented philosophy of modeling which is 

fundamentally in consonance with the notiou of a uniform philosophy of 

performance measurement, and it is expected to' produce modelers and ana-

lysts who are alert to the alternatives available to them. Although it 

would be pretentious to assume that some of the considerations which 

follov1 are n?t already understood by mucn of: the intended audience, sub­

tleties arisi.ng out of the aforementioned: perspective can assist the most 

astute reader. 

According to Deutsch [1976], good performance measurement depends 

upon appropriate. measurement goals backed-~p by good performance measures, 

strategy and processes. The goals of CJS performance measurement might 
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be summarized as providing robust measures of system performance, using 

a uniform philosophy and appropriate technologies to describe: 

1. The impact of the CJS on criminal b·ehavl."or and society. at large, . 

2. How well the CJS meets the objectives outlined for it, 

3. The processes by which it attempts to achieve its goals and ob­

j ectives. 

The 1esources it finds necessary to expend to operate, and 

5. -Its response to its environment. 

These five areas of responsi~ility of the performance measurement community 

have been referred to by Deutsch and Richards [197,9] as the several orien­

tations of performance measurement, and they fairly-~.,ell map out the 

entire CJS measurement domain. 

Ta~see how well the models reviewed earlier span tpese five dimen-

sions, the orientation~ in ,.,hich several f - measures 0 performance appear 

'strongest a're marked in Table 2. A ' . J Sl.l!ll. .ar approach Ulay be taken in 

evaluating the usefulness of a particular model or a series of models 

whose purpose it is to examine the spectrum of CJS activity. By grouping 

the measures into categories based upon measurement's objectives, as is 

done in Table 2, an analyst Can see where within each set of objectives 

a deficiency in the measurement strategy lic9. For example, take the 

objective of cost measur~mnnt. A complet t t f ~ ~ 'C s ra egy 'or measuring cost 

would not rely strictly on'CJS cost as defined since only three orienta­

tions apply. In fact, i~ ma.y not be of any value to evaluate social costs 

since thay also cover the same elil~ensions; instead, Cl more complete stra­

tegy'would also include the annual change' in cost in oreler to estimate 
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Table 2. Performance Heasure Orientations 

Heasures 

Cr'i:m.es/Arrests: 

Crime Rate 
Arrest Rate 
Recidivism Rate 

CJS Effects: 

General Deterrence 
Special Deterrence and 

Rehabilitation 
Incapacitation 

Costs: ','.', 

CJS Costs 
Social Costs 
Career Criminal Costs 
Annual CJS Cost Change 

Resources: 

Facilities 
Personnel 

,Career Criminal Usage 

Delays: 

Procedural Delays 
Delays from Resource 

Shortages 
Total Delays Over Career 

Due Process: 
Bias 
Procedural Guarantees 

Orientations l 
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IAn "X" in a column means that the measure in whose rot., it appears has 
the orientation of that column. 
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the response dimension of CJS cost. For hypothesis testi~g and perform-

ance optimization, an objective function would be quantified from those 

measures ,.,hose obj ec tive dimension scores highly. 

'Other elements of the measurement strategy relate to the type of 

model considered, and hence, the methodology used in constructing it. 

Although it is impossible to judge 'vhether the definition of a model 

presupposes that a particular methodology will be used, whether knOl';-

ledge of.a partic'l:llar modeling paradigm predetermines the type of model 

that results from a model-building session, or whether the form of a 

model simultaneously accompa?ies the selection of a methodology of model 

building, the etiology of such relationships is immaterial, here~ 

However, of considerable 'i:m.portance is that the measurement strategy not 
. 

be constrained to either one model or method a p'riorj.; an eclectic model-
1,' l:~ 

ing approach is prescribed, in l.;thich the obj ectives of measurement dictate 

,the measure, the strategy for modeling the system and collecting the 

estimates of the measure, and the process of usJ.ng the model to obtain 

the necessary data. The methodology for modeling and for analyzing a 

model, then, comprises part of the strategy and p~ocess of performance 

measurement which is dictated py the measurement goals. The measure, 

. according to its importance in the performance measurement paradigm, is 

therefore equally important as the model and accompanying methodologies, 

but--to ,b~!' sure--this is not new to experienced analysts. 

WIla t is important to model build ers and users, ho,~ever, is the. 

following mandata: when formulat:i:ng a measurement strategy in '~hi~h the 

limitations of a particular model and methodology seem to outt.'eigh the 

advantage arising f·rom their use, re-exploring the nexus .bet\.1cen the at-
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tribu~es of the performance measure and the attributes of the model can 

sho~-l hOH changing the attributes of both will favorably effect the out-

come of measurement tm-lard meeting its obj ectives. Consider, for example, 

the list of performance measurC?s and characteristics of those models, 

surveyed earlier, given in Table 3. 't-.'11en vie~-led in this admittedly per-

functory manner, the trade-offs between model attributes and methodologies, 

and the performance measures obtainable are readily seen. This allows 

an analyst to better choose between competing strategies and processes, 

models and methodologies. Since such trade-offs should be obvious to 

most without this tabulation., the question remains: How can this sim-

pH.stic approach to analyzing design trade-offs benefit the experienced 

analyst? A detailed example of the design trade-offs in model and meas-
. 

ure attributes of simulation models, and the importance of performance .. ~ ,-\ 

measurement theory in evaluating such decisions follows. This example 

also helps to distinguish the individual offenders and the offender flow 

models by their abilities to meet the objectives of performance measure-

JIlent. 

..-- .. 
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Christensen (1967) A D X X X .X X 

COURTSIH (1967) BO F. X X X X X X . 
JUSSIl1 I (1969) BF E X X X X . 
JUSSIN :u (1969) BF E X X X X X ,X X X X X X X X 

DOTSIH (1972) BO E X X X X X X v X X .. :\.. 

Pittman (1973) Bli' E X X X X X X X X 

Belkin .. Blumstein . 
A C X X ·X X X " and Glass (1973) A 

Avi-Itzhak and 
A E Shinnar (1973) ·x X . X X 

Blumstein Dnd Nagin . 
(1977) A E X X X X X X X X 

Richard~ and Deutsch 
BO E X X X X X. X X X X X X X X X (1978) 

" 

lNodel types are: Analytical (A); Simulation--Individual Offender O~ientation(nO); Simulation--Offender 
Flow Orientation (DF). 

ZPrimary model purpose is: Descript:l,ve (C) t Predictive (D), Presct:iptiye ·(E). 
3An "XII in a column means that the particular performance measure or model characteristic is present i\'l. 
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v. SI}ruLATION MODEL DESIGN TRADE-OFFS 

In this section, performance measurement and other model design 

criteria are critiqued for two approaches for simulating the ~riminal 

Justice System. The individual offender' and tlie aggregate £lm" models 

have' been quite popular tools for exploring system behavior; Table 3 

in the preceding section shows which models surveyed in this paper fall 

into the two categories. The obj ective of this exerc!ise is to show by 

way of a detailed example how elements of performance measurement are 

at least equally important to the more typj,cal model design considera­

tions. The misconception that the issue of performance measurement will 

resolve: itself after th~ model has been specified is one that needs to 

be dispelled. It is both the model builder's and the user's responsibility 

to ensure that the compatibility. between the prob.lem and the measures of 

p'erformance be guaranteed as much as possible by designing t.he CJS model 

according to the objectives of performance measurement. 

In the analysis that follO\ys, rather than compare t~·;o specialized 

implementations of each model form, we examine two hypo·thetical feedback 

models like the JUSSIH II flow model and the GNS individual offender 

model discussed earlier. The usual criteria for choosing between two 
. 

such model forms depends upon: 

1. The cost of the simulation in manhours, computer time, and it;l 

elapsed time; 

2. The assumptions that fhe analyst 'is willing to make about the 
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model that are necessary for its construction and analysis. 

These criteria, of course, presume that the measure of performance is 

fixed, but this is not normally the case. As shown in the previous 

section, measures of performance can be categorized by measurement ob-

jectives and the five dimensions of measure orientation. It is conceivable 

and even likely that another measure can be substituted for one 'Hhich 

impo~es unreasonable constraints on the model structure or its analysis. 

Thus, not. only must the two guidelines above be examined when choosing 

between competing s~mulation models, but the measures of performance--

which in many 'ivays dictate the model form, see Table 3 for examples-~must 

be scrutinized simultaneously with the criteria resulting from those 

guidelines. The linkages between measure and model, and model and meth-

odology: are too strong to ignore in the design of or selection bet'oleen .. ~.~ 

competing measurement strategies and processes. 

To illustrate these results, we choose to examine the attributes 

0:1; potential measures of performance that may be inplemented in the hypo-

thetical aggragate flmy and individual offender models. Table 4 presents 

the attributes of each measure of performance, i. e., of those already 

discussed with regard to Table 2, as it would be implem7nted in these 

model~. Host of the characteristics ar'e defined by Deutsch and Richar.ds 

{1979], while the others are self-explanatory. The purpose of such a 

tabulation is to pinpoint the strengths and \Yeaknesses of each model rela.- . 

tive to the performance.measures available. The table shows that the flow 

model cannot accomodate career criminal statistics. In addition, the 

flow model must: rely on surrogo,te mcasures:--a surrogate measure is one 

that substitutes' for anather--for incapacitation, resource usage, ane! de-
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Table 4. Characteristics of Performance Heasures As 
ImplelI!ented in T,vo Simulation Hode1s 

Measure Characteristics l 
(!I 
.u C!J 

Cll til .u ~ .u 'rl-I 0 til ~ ~ ~ }feasures ~- ~ ~ .~ .u ~ on til -M til .u. 
~ ~ ~ CI) :< .u 00 .u 0 
Cil ri 0 .u 0 0 0 0 Cll 

~ .u p. c. 0 ~ C!J ~" ~ .,., 
r-I S c: Cil p. ~ ~4' 'r-, .0 I:! £ 'rl o· x -2' 'rl =' ..0 =' ::> til u ~ ~ til 0 til 

Crimes/ Arrests: 

Crime Rate FO FO FO FO FO FO 
Arrest Rate FO FO FO FO FO FO 
Recidivism. Rate FO FO FO I FO FO FO 

CJS Effects: I 
Gen~ra1 Deterrence FO FO FO I FO FO FO 
Special Deterrence 

and Rehabilitation FO fO FO FO FO FO 
Incapacitation FO FO FO I FO 0 F 0 F 

..... 
Costs: 

CJS Costs FO FO FO 0 F FO 0 F 
Social Costs FO FO FO FO FO FO 
Career Criminal Costs 0 0 0 0 a a 
Annual CJS Cost Change FO FO FO I 0 F FO 0 F 

Resource Usage: I 
Facilities FO F 0 0 F 0 F 0 F 
p.ersonnel Fa F 0 0 F a F 0 £~ 

Career Criminal Usage 0 0 a 0 0 0 

Delays: 
Procedural Delays FO FO FO 0 F.O F 0 F 
Delays from Shortages FO FO FO FO 0 F FO 
':F0tal Delays over 

Career 0 0 0 0 0 0 
-

Due Process: 

Bias FO FO FO FO FO 
Procedural Guarantees FO FO 

1 
FO FO FO 
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~ 
~ > 
~ orf 

.j.J 

.u d ~ ~ 
Cil .u .u ~ .j.J 'rl ~ 'r! .u .u 
ri I:! 0 Cil 
d til en ri 
::l ::l ~ ~ 
0- 0- p::: 

FO' EO FO 
FO FO FO 
FO FO 

FO FO 

FO FO 
FO 0 F 

I 
.. 

FO FO £'0 
FO FO FO 
0 0 a 

FO FO 

FO Fa Fa 
FO FO FO 
0 0 a 

FO FO FO 
Fa FO FO 

0 0 a 

FO FO FO 
FO FO FO FO 

lAn "F" in a column indicates that the measure of: that row would h:.tve this 
cbaracteristic when the measure is implemented in a flow model. Similarly) 
an "0" is the designation for ccasures implemented in individual offender 
models. 
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lay measures; approxim~tions are also required for cost and delay measures 

that are not necessary for the individual offender model. 

The foregoing analysis demonstrates that the measures of perform-

ance can play an important role in choosing between CJS models. Rather 

than analyzing two existing models, a modeler should also conduct such 

an analysis of model forms (or modeling paradigms) before beginning to 

construct the model itself. If properly executed, he should not be 1inli-

ted by the restrictions on the performance measures as severely as if he 

had been satisfied to compromise the measurement process by defining it 

around a particular model. The conclusion, then~ is that careful analysis 

of perfo'rmance measures to be incorporated in a model should be undertaken 

as a necessary step of model selection or design to guarantee that the 

measuF~ment process, as embodied by the 'model and the methodology needed 
~ .. ' .': 

to evaluate its performance, approach the objective reflected in the 

.measurement strategy. 

, ' 
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