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INTRODUCTION

The significant efforts of organizations to find
a comprehensive evaluation model and to re-
move and eliminate the existing disadvantages in
traditional evaluation methods has led to the in-
troduction of the organizational improvement
models in different sciences Tangen, (2004). In
this regard, the research science in operations has
the extensive application in the fields of decision-
making Cooper et al. (2006). A branch of re-
search science in operations is the coverage
analysis of data (DEA) which as a non-paramet-
ric linear programming method enables the man-
agement to compare the units with the best
decision-making unit (DMU) and for this pur-
pose, presents some models in order to improve
the efficient DMUs. This method calculates the
ratio of outputs to inputs of each DMU in the
form of a linear programming model and calls it
a relative efficiency score Avkian, (2001).

Over time, many studies have been done in this
area, for example: Roodposhti et al. (2010), Hos-
seinzadeh et.al. (2016), Shokrollahpour et.al.
(2016), Siaby-Serajehlo et.al. (2016), Zare
Haghighi et.al. (2016) and Vaez-Ghasmi and
Moghaddas, (2017) have presented some papers
in this area.

In many DEA models, a unit whose relative ef-
ficiency score is lhas the best performance and
efficiency Noura et al. (2011).

Evaluation of performance provides a suitable
context to create motivation and to facilitate the
organization goals and the relationship between
organizational resources and the amount of per-
formed work and efforts and the degree of
achievement of organizational goals can be
measured through it. In addition, the evaluation
leads to organizational units and individuals’
proper feedback and also provides information
for them about strengths and weaknesses and
provides the conditions for their improvement
Anvari Rostami et al. (2011).

Based on the performed studies and reviews,
the DEA method is an appropriate model to eval-
uate the relative efficiency of police units. This
method has great flexibility and it provides the
weaknesses of each studied units by determining
the efficient frontier. Also, it can present some
recommendations about reducing the amount of
inputs or increasing the output level of each unit
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in order to achieve efficient frontier Anvari Ros-
tami et al. (2011).

Many studies have been done on this organiza-
tion; for instance, Drake and Simper, (2005) stud-
ied the efficiency of 38 units of police forces
through this method. Gorman and Ruggiero,
(2008) showed the inefficiency of less than half
of the evaluated units through DEA three-step
method. Also, the articles by Anvari Rostami
et.al. (2009), Wu et.al. (2010), Dadres and Vali-
vand Zamani, (2013) can be cited. In most of im-
plemented researches on police organizations in
order to increase their efficiency, it was tried to
increase outputs and decrease inputs simultane-
ously. But because in these organizations some
special instructions and trainings are presented
for some forces in order to professionalize the in-
dividuals, these organizations are not willing to
dismiss or transfer these forces to other units or
organizations and if they want to transfer their
force, they do this transfer and replacement due
to the their distance from desired units or organ-
izations. Therefore, in this paper we have tried to
present an effective and efficient model by con-
sidering these limitations in order to improve the
efficiency of all inefficient units.

REVIEW ON DEA MODELS

The evaluation of efficiency of the independent
units through the non-parametric methods has
been studied by scholars over several decades.
The proposed model by considering n decision-
making units like {DMU, : z=1,...,n}was pro-
posed so that each unit with m different input
produces s different output . Also, Xiz, (i=1,...
,m) is ith input and Y., (r=1,..,s) is rth output
from z decision-making unit and if it is supposed
that Vi, (i=1,...,m) is the weight of inputs and Ur
, (r=1,..,s) is the weight of outputs, so the effi-
ciency of zth unit is calculated through (1) rela-
tionship:

L4
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m
i=1 ViXiz

(1)

This perspective developed and a mathematic
programming model was presented as non-linear
and fraction model which has the capability of
measuring the efficiency with several inputs and



outputs. This developed model is called CCR
which can be presented like model 2:
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The model 2 is known as input-based CCR
model. By converting the fractional model 2 to
the linear model, the input-based multiple CCR
model with form 3 will be obtained:
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Cover models are dual multiple models which
calculate the efficiency based on estimation of
production function and the comparison of eval-
uated units with efficiency frontier (Mosadq
Khah et al., 2011). The form of dual model 3 is
as follows:

Min (7]
n
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DETERMINATION OF INPUTS, OUTPUTS
AND MODELING OF THE DATA

Through the evaluation of m=8 units of police
organization, it was observed that a year’s per-
formance of these units can be modeled as two
input-based BBC models. The first model is
called the discovery model and the second model
is called sending and following model. Each of

these models has one input and five outputs. The
input of each model is the personnel of each unit
and the outputs of discovery model are violent
crimes, number of discoveries of stolen objects,
number of discovery of illegal entries, number of
discovery of injuries or fatal accidents, and the
number of discovery of murders, respectively.
Also, the outputs of sending and following model
are the number of answers to the contacts, num-
ber of investigating the complaints, number of
110 missions, number of available forces in order
to deploy and send for missions and number of
cases that the individuals are inspected, respec-
tively. The amount of input and output of each
model is presented in Table 1.

Suppose that X" is the used input amount
DMU;, i=1,...,8 for implementing the model n,
n=1,2 and y" is produced output amount of each
unit after performing the model n, n=1,2. Also,
o(n) is the number of outputs of model n. based
on these assumptions, the input-based BCC
model is formulated as follows:

B =min B
m

n . .n mn
s.t. pla < fal,
T

14

D PRENE J= e, (5)
I=
m

. pi=1,

=1
pt=0,VvVi=1,..,m.

After implementing the two models, the data in
Table 2 were resulted.

In the Table, B and a"=p" x;"-x;" show the
amount of efficiency and inefficiency of each
unit, respectively. Due to the definitions of the
scores of efficiency of inefficient and efficient
units and due to the data from Table 2, it can be
seen that some units are efficient and some units
are inefficient.

Iranian Journal of Optimization, 10(1): 59-65, 2018

61



62

Table 1: Input and outputs values

xi' y11 y21 y31 y41 ys2 Xi? y12 yz2 y32 y42 ys2
DMU\ 12 51 32 2 1 1 14 25 14 8 10 0
DMU: 5 3 2 2 0 0 9 29 7 8 3
DMUs 4 0 0 0 12 17 0
DMU. 4 1 3 0 0 0 15 25 16 6 15 4
DMUs 11 42 2 0 0 1 8 18 6 12 9 1
DMUse 8 27 2 0 0 0 12 11 5 3 7 1
DMU- 5 1 1 0 0 0 11 25 10 10 7 1
DMUs 7 20 20 0 0 0 6 27 9 8 9 0

Table 2: Input values, efficiency and inefficiency Scores

xi! B a xi B o?
DMU: 12 0 14 1 0
DMU: 5 1 0 9 1 0
DMUs 5 0.86 -0.7 12 0.50 -6
DMU, 4 1 0 15 1 0
DMUs 11 8 1 0
DMUs 8 1 0 12 1 0
DMU- 0.80 -1 11 0.58 -5.04
DMUs 7 1 0 6 1 0

REALLOCTION DESPITE THE LIMI-
TATIONS

According to the definitions of efficient scores,
in most DEA models, the effective model is the
one whose efficiency score is 1. The super effi-
cient scores were presented by Anderson-Peter-
son in 1993. Based on this method, an efficient
model in an input-based super efficient model
has the efficient scores which are greater or equal
to one. This model is formulated as follows:

super ,
ik = min ~PT

n.,n super.,.n
ik i=1p1xi£ﬁpxrl
irr
m
i=1pi y}L = }’;1 ’ = 1,. ...,ﬂ)(n)’
i*r
m
n
P =1
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Using this model, we present a plan which
eliminates all the inefficacies of inefficient units
so that no is created in efficiency of efficient
units. For this purpose, first we calculate the
super efficient scores of efficient units according
to Table 6 and then replace the infinite super ef-
ficient scores with the highest amount among the
super efficient scores for each model separately.
These scores will be shown with * index in Table
3.



Table 3: Input values, supper efficiency and inefficiency Scores

xi! Bitsuper o Xi2 Bi2super o?
DMU+ 12 1.27* 3.24 14 1.83* 11.62
DMU: 1.27* 1.35 9 1.83* 7.47
DMU:; 5 0.86 -0.7 12 0.50 -6
DMU. 4 1.25 1 15 1.83* 12.45
DMUs 11 1.27* 2.97 8 1.83* 6.64
DMUs 8 1.02 0.16 12 0.58 -5.04
DMU- 5 0.80 -1 11 1.83* 9.13
DMUs 1.24 1.68 6 1.83* 4.98

Based on the data from unit 6, from the 8 avail- as follows:

able personnel in first performance, 4 people are
specialist in both performances and the 4 remain-
ing people just have the essential specialty (pro-
ficiency) in first performance and from the 12
available people in second performance, 3 people
have the needed specialty in both performances
and the 9 remaining people just have the neces-
sary proficiency in second performance. Also, in
unit 7, from the 5 available people in the first per-
formance, 2 people in both performances and 3
people in second performance have the needed
specialty and from 11 available people in second
performance, 6 people are professional and spe-
cialist in both performances and the 5 remaining
people only have the needed specialty in second
performance. Another limitation is that the dis-
tance of unit 3 from units 1 and 4 is very high
and there is no possibility for transferring the
force between these two units. Now, due to the
limitations and restrictions, at first we put the
units in three separate categories based on their
efficiency scores. The units of first category are
those units which are inefficient in both perform-
ances, the second category consists of the units
which are super efficient in both performances
and the third category comprises the units which
are super efficient in one performance and inef-
ficient in another performance. It is necessary
that the units which belong to first category elim-
inate their extra individuals in both performances
in order to increase their efficiency and the units
which belong to second category do not need to
reallocate their forces because of their super ef-
ficient feature. But the units which belong to
third category need reallocation of some of their
forces. Therefore, we implement this reallocation

Step 1: we identify the minimum efficiency
score among the two performances of units
which belong to second category.

Step 2: the degree of possible reallocation may
be limited by ABS[B:" xi"- xi" ] and the degree of
super efficiency [B:" ****" xi"- x" ] . Now, we re-
allocate the number of extra individuals of that
identified performance according to the limita-
tions of the super efficient performance of that
(the same) unit.

Step 3: the step 1 and 2 are repeated again so
that no reallocation can be possible among the
performances of each unit.

Step 4: when no reallocation between the per-
formances of each unit is possible, we identify
the minimum remaining inefficiency score
among the two performances of inefficient units.

Step S: we reallocate the number of extra indi-
viduals of that unit in that identified performance
according to the limitations of unit which has the
maximum available super efficiency score in the
same performance. The degree of reallocation is
calculated in a manner similar to step 2.

Step 6: The steps 4 and 5 will be repeated so
that no reallocation is needed.

Now the resulting data after implementing the
plan are according to Table 4:
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Table 4: Input values, efficiency and inefficiency scores
after implementation of design

xi' B’ a X2 B o?
DMU: 14.86 1 0 14 1 0
DMU: 5 1 0 1 0
DMUs 4.3 1 0 1 0
DMU. 4 1 0 16.98 1 0
DMUs 11.7 1 0 8 1 0
DMUs 8.14 1 0 7.02 1 0
DMU- 4 1 0 18 1 0
DMUs 7 1 0 6 1 0

According to the data of Table 4, it can be ob-
served that despite the available limitations, all
the inefficacy of inefficient units was eliminated
so that there is no fault and damage in the ineffi-
cacy of efficient units.

CONCLUSION

In this paper, a plan was presented in order to
increase the efficacy of several units of police or-
ganization. Because some units provided special
instructions and education in order to profession-
alize some people, they were reluctant to transfer
and reallocate these people and also due to their
distance from some units, if they wanted to trans-
fer their other forces, this replacement was im-
possible, but despite all these limitations, this
plan was so flexible that after its implementation,
all the inefficient units achieved the needed effi-
cacy and the purposes of management were sat-
isfied.
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