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Abstract

In this article a method (or methods) is presented which by em-
ploying it, the amount of the existing congestion in each input index
can be worked out. congestion (input congestion) occurs whenever de-
creasing one or some inputs is associated with increases one or some
outputs, without worsening other inputs or outputs and increasing one
or some inputs decreases some outputs without improving other inputs
or outputs. Then, we can determine the increase in the amount of the
discretionary outputs, if a specific amount should be added to the dis-
cretionary inputs of a decision making unit, and it can be provided that
the efficiency will improve to a hypothetical level.

This method will be employed for the determination of congestion of
human resources in bank branches, and thus in case of requests for an in-
crease in the human labor, the amounts of expectations for the increase
in the output or the efficiency of that branch will be calculated.

Mathematics Subject Classification: Operations Research, 90
Keywords: Data Envelopment Analysis, efficiency, congestion, discretionary

1Corresponding author, Email addresses: hosseinzadeh lotfi@yahoo.com
2Tel.:+98-21-44804172, Fax: +98-21-44804172, P.O. Box 14155/775 and 14155/4933,

Post code: 1477893855



724 A. Divandari et. al.

factors.

1. Introduction
Congestion indicates an economic state where inputs are overly invested.

The main target of all economic organizations, production units and executive
and service institutions, is to try to improve the effective usage of various re-
sources like labor force, investment, materials, energy and information, among
which the human assets play a very important role. Human asset has been
one of the most important and at the same time the most valuable production
factors in any institution, especially in service institutions like banks. Thus
this factor can contribute to the success of the banking system, provided the
system has experienced, capable and high capacity personnel at its avail. This
in turn requires correct training in accordance with the needs in creating op-
portunities for the personnel to develop their capabilities.

More than 151,000 Iranians are bank employees. That means for every
396,000 Iranians there is one bank employee who offers the bank services to
them. Thus the key to the success or the failure of the country’s banking
system may be in the hands of such employees. Twenty four percent ofsuch
employees work in the administrative sector of banks but 76% of them are the
very employees who work from 8 to 5 in the 14579 branches across the country
and abroad before the eyes of the people, and the bank customers expect them
to be orderly, responsible, polite and help people rapidly, accurately and in
good spirit.

The increase in the number of bank employees in the recent years has been
less than the needed personnel for the new branches. The banks have used
the administrative employees for the new branches instead of increasing new
employments. Because many cases the delegation of authority has been given
to the branches which in turn will decrease the number of administrative per-
sonnel. Regarding the fact that banks are financial institutions with the main
aim of gaining interest, the increase in the efficiency of human resources can
help banks in achieving such a goal. Thus having a good knowledge of the
human resource conditions is the most important economic objective in any
industrial or service organization. Since offering bank services depend directly
on the human capabilities in the banking industry, and because it is one of
the major factors for the promotion of the efficiency of the bank, the study of
human resources and the affecting factors besides their effect on the efficiency
of banks can be a proper instrument for future planning in order to increase
the productivity in this industry.

The evaluation of the human resource condition of any organization refers
to getting information on the educational background, job experience and the
position of each employee. In this research, the human force of each branch is
evaluated according to the three above-mentioned factors and the importance
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of their sub-factors. Hence, in this article, we will focus on the input variables
of Bank branches of Iran.

Data Envelopment Analysis (DEA), is a technique used to calculate the
relative efficiency of a group of congruent decision making units. In most ap-
plied cases, knowledge of the relative efficiency of all the units can not solely
help to make the strategy and the policy of an organization. So in the past
decade most basic models have developed DEA in such a way that enables
them find the relative efficiency as well as other information from the units,
for example finding the amount of existing congestion in the input which has
been developed by Brockett [2] and Cooper [5, 6, 7, 8 and 10].

One of the applications of other models of DEA is the estimation of output
in order to reach a relative desired level. It can be said that along with chang-
ing some of the independent variables in DEA model, more desirable results
are achieved. In this way, we can mention to work Jahanshahloo [9]. This
article includes the following sections: In the second section the basic models
and congestion is discussed. The suggested model in the third section and the
application of this method in the bank branches and the analysis of the results
will present in section four and finally in section five the conclusions are made.

2. Background
Suppose n is the existing decision making unit in which each of the different

input m are used to produce the output s. Suppose Xj ∈ Rm and Yj ∈ Rs are
input and output vectors of the j− th decision making unit. The basic models
CCR [3] and BCC [1] in the corresponding input of the unit p the decision
making unit are as follows:

CCR Model

Min θ
s.t. Σn

j=1λjxij + s−i = θxip, i = 1, ..., m, (1)
Σn

j=1λjyrj − s+
i = yrp, r = 1, ..., s,

λj, s−i , s+
r ≥ 0, j = 1, ..., n, i = 1, ..., m, r = 1, ..., s.

BCC Model

Min θ
s.t. Σn

j=1λjxij + s−i = θxip, i = 1, ..., m, (2)
Σn

j=1λjyrj − s+
i = yrp, r = 1, ..., s,

Σn
j=1λj = 1,

λj, s−i , s+
r ≥ 0, j = 1, ..., n, i = 1, ..., m, r = 1, ..., s.



726 A. Divandari et. al.

In these models if in the answer we have θ∗ = 1, in this case DMUp is effi-
cient. In the applied cases it is possible that the input increase not only does
not cause output increase, but also may reduce it. In other words, the more
than necessary increase in one or more input may have negative effects on the
increase of the outputs. In this case there will be congestion in the inputs. For
further clarification note below Figure (Fig.1).
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Fig. 1. The present of congestion

In Figure 1, the point C with more input compared to B, has the same amount
of output as B, but the point D with more input consumption compared to C
has less amount of output than C. In this case, we say there is congestion in D
and the amount of the congestion is equal to the difference of inputs between
D and C. Note, there is not congestion in E, because increasing its input
decreases may be improving its output. In order to determine the amount of
congestion in the input of DMUp, the following model should be primarily
solved [4].

Max −→e S+

s.t. Σn
j=1λjXj + S− = Xp, (3)

Σn
j=1λjYj − S+ = Yp,

Σn
j=1λj = 1,

S−, S+ ≥ 0
λj ≥ 0, j = 1, ..., n.

Suppose the optimum solution for the model (3) is S+∗. In this case, let
Ŷp = Yp + S+∗ . Then, solve the below model:
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Max −→e S−

s.t. Σn
j=1λjXj + S− = Xp, (4)

Σn
j=1λjYj = Ŷp,

Σn
j=1λj = 1,

S− ≥ 0
λj ≥ 0, j = 1, ..., n.

Suppose S−∗ is the optimum solution for model(4) and let X̂p = Xp − S−∗.
Finally in order to determine the congestion in each input index the below
model should be solved.

Max −→e δ
s.t. Σn

j=1λjXj − δ = X̂p, (5)

Σn
j=1λjYj = Ŷp,

Σn
j=1λj = 1,

δ ≤ S−∗

δ ≥ 0
λj ≥ 0, j = 1, ..., n.

If δ∗ in the optimum solution for model (5), then the amount of congestion in
each input index is obtain as follows:
Ci = S−∗

i − δ∗i , i = 1, ..., m.

3. Proposed Method
In this section we would like to suggest a method which by using it, max-

imum discretionary outputs can be predicted, provided that we could add or
change some of the inputs to get a desirable level of relative efficiency. Having
this purpose in mind, suppose DI and DO are the summations of all the dis-
cretionary input and output factors respectively, and NDI and NDO are the
summation of all the non-discretionary input and output factors. CCR model
for the evaluation of DMU will be as follows:

Min z = θ
s.t. Σn

j=1λjxij + s−i = θxip, i ∈ DI (6)
Σn

j=1λjxij + s−i = xip, i ∈ NDI
Σn

j=1λjyrj − s+
i = yrp, r = 1, ..., s,

λj, s−i , s+
r ≥ 0, j = 1, ..., n, i = 1, ..., m, r = 1, ..., s.

Suppose the manager wants to utilize more discretionary inputs in order
to reach a level of efficiency. In other words he wants to increase the present
input level by α, that is, x̂i = xip + αi, i ∈ DI. He also wants to receive
more input and increase the efficiency to a certain level more than its previous
level θ, for example to the amount of %z. In that case, we want to know how
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much output can we get out of this unit with these suppositions. Of course
it is not expected to improve the non-discretionary outputs.Thus the corre-
sponding problem gets a direction and the expected maximum input will be
as follows:

Max Σ
r∈DO

wryr

s.t.Σn
j=1λjxij+s−i = θ∗(1+ z

100
)(xip+αi), i ∈ DI (7)

Σn
j=1λjxij+s−i = xip, i ∈ NDI
Σn

j=1λjyrj − s+
i = yr, r ∈ DO

Σn
j=1λjyrj − s+

i = yrp, r ∈ NDO
λj, s−i , s+

r ≥ 0, j = 1, ..., n, i = 1, ..., m, r = 1, ..., s.

In this model yr, (r ∈ DO) is unknown which should be estimated and wrs are
the weights of the importance of each of the discretionary outputs which are
known quantities.

4. Using a real data set on Iranian banking industry

4.1. Inputs and Outputs

In this research the Bank branches of Iran have been chosen to be evaluated.
As we pointed out the personnel factor in the Bank branches of Iran are of
particular importance, and since all the branches use the personnel in order
to reach their target and increase apparent efficiency and because only the
external factors are the criteria for the efficiency of the of the banks, thus the
high number of and good quality of personnel are things that are encouraged in
the bank and all branches request for more and more qualified personnel form
the headquarters of the region regularly. Hence, at first we tried to determine
the amount of congestion in the branches (if it exists) and then to estimate the
amount of discretionary output for the branches that ask for more personnel.
In this way, the increase in the personnel input should cause an increase in
the discretionary in each branch and otherwise it will cause congestion. The
selected input and output indexes for each branch are listed as below:

Table 1. Inputs and Outputs Indices
Input Input Output Output

NO. Discretionary No. Non-Discretionary No. Discretionary No. Non-Discretionary
1 Personnel Number 1 Paid Interest 1 deposit 1 Interest

2 Overdue Debts 2 Facilities
3 Resources
4 Fee

4.2. The Analysis of the Results
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The amount of congestion and the number of the personnel for each branch
has been found by collecting the input and output data for 50 branches Banks
of Iran in the period of 8 months (March 2002 to October 2002) utilizing the
models (3), (4), and (5). The results are listed here.

Table 2. The Congestion in the branches in the period of 8 months
Number of n month Congestion
in the period of eight months 0 1 2 3 4 5 6 7 8

Number of Branches 18 16 8 0 2 2 3 0 1

Table 2 shows the number of branches which had congestion during the dif-
ferent months of the study. For example; the number of branches with no
congestion in the period of eight months was 18. Accordingly the number of
branches which had congestion in four months was 2. Regarding Table 2, we
conclude that the number of branches that had congestion in more months
is much less than the number of branches that had congestion in less num-
bers. With regard to the above-mentioned results approximately the number
of branches with the relatively high number of congestion in different months
is few. And this shows the fast that these branches have a relatively unique
situation. Hence, we have to be more cautious about these branches in order
to make correct decisions about why they have congestion in most or all the
months of the study. For example, one branch in all the months of this study
and two branches in four months of this study have congestion, so these three
branches have to be further studied.

Table 3. The results of the efficiency of the branches in a period of eight
months

Month March April May June July August September October

Average Efficiency 0.78 0.79 0.77 0.82 0.81 0.80 0.78 0.79

No. of Efficient Branches 15 17 21 19 22 20 22 21

Variance of Efficiency 0.41 0.28 0.3 0.21 0.22 0.24 0.29 0.24

Min. of Efficiency 0.48 0.52 0.59 0.58 0.54 0.54 0.55 0.60

Sum of Congestions 20 8 6 7 3 2 4 3

No. of Branches with
Congestion 17 4 5 3 5 1 2 2

Table 3 shows the whole results of the evaluation of 50 branches in a period of
8 months. In Table 3 you can see the names of the months of the study, aver-
age efficiency, the number of efficient branches, the variance of the efficiency
of the branches, minimum of efficiency, the sum of the branch congestions and
the number of the branches with congestion. Regarding Table 3 it is quite



730 A. Divandari et. al.

evident that the more we move away from March the number of branches with
congestion diminishes, from 17 to only two branches in the middle of October,
the closing time for our study. Accordingly, with regard to the results of the
summation of congestion in each month the above-mentioned facts are further
confirmed. In other words, the sum of congestion in March was approximately
20, while in August the sum of congestion in the branches of the same region
was only 2, which in turn shows that the number of congestion in the final
months of the research was much less than the early months. Also the vari-
ance and minimum efficiency of the branches in each month shows that the
more we move from the beginning of the period to the end of the period the
condition of the branches in each month is in accordance with the number of
effective branches and the existing congestion.

Table 3 shows that in each month the numbers of congestion branches
have an inverse relationship with the number of efficient branches. In other
words, the numbers of efficient branches in a month are less than the number
of branches with congestion and vice versa. It shows that when we go ahead
from March towards the end of the study period, the condition of the branches
are improved. The reason is because of the economic sluggish on the beginning
of the Iranian new year (beginning on the 22nd of March, the beginning of this
study). Thus we should not judge to overall conclusion about the congestion
in the branches just after their evaluation in on month.

4.3. The Analysis Sensitivity on Personnel Change

So far all the results have been relying on the assumption that we want to
decrease the number of the extra staff to in turn reduce the total costs. Now
let’s presume that the branches with no extra staff, request for more personnel
for their development. It is evident that by adding new staff to the branch
there should be an increase in the output, otherwise there will be congestion
in the system all over again.

Thus the management of each branch wants to know that by increasing the
number of personnel to the present situation, to what level the discretionary
outputs will increase, in a way that congestion is not brought about and the
efficiency is improved to a certain level. In order for this to happen, we chose
three branches of 50 branches of this research arbitrarily, for example, we
consider branches 1, 2 and 3. We want to know, what’s the expectation of the
management of the branch, by increasing a certain number of personnel, and
supposing that their previous efficiency is improved to a certain level?

It must be noted that such expectations of the output are executable for
only one month. The three branches with the mentioned inputs and outputs
in August and their previous efficiency are listed in the following Table.
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Table 4. The amounts of inputs and outputs and efficiency
Inputs Outputs

Branch I1 I2 I3 O1 O2 O3 O4 O5 Efficiency
1 26594.6 38 17817 541.952 67.034 284.061 4.9021 1.3465 1
2 1335 9 0 39468 1876 2874 256.6 30.2 0.8625
3 1632.6 13 479 57932 1627 6203 1049.2 50.3 0.6399

In Table 4 the second input is the number of personnel in each branch. Regard-
ing Table 1 it shows how much the discretionary output; deposit (O1), facilities
(O2), resources (O3), fee (O4) are expected to rise. The next Table shows the
desired amount of efficiency and the expectations of the discretionary outputs
respectively, when we want to add two more personnel to each branch and
increase the efficiency by %10 or remain the 1 level.

Table 5. Estimation of output for some branches
Branch O1 O2 O3 O4 New Efficiency

1 541952 67034 284061 4902.1 1
2 59866.3 3348.8 33429.7 2873.922 0.9286
3 66132 34053 108016 4951.08 0.7908

By executing model (7) and we consider equal weights for the discretionary
outputs and increase the number of personnel by two for the three branches.
The maximum possible output that can be achieved by %10 increase in the
efficiency of each branch is shown in Table 5. One of the most important rea-
sons for the inefficiency of the chosen branches of 2 and 3 can be attributed to
low their second and third output levels, so the estimate of second and third
outputs for these branches are high.
Regarding Table 5 it seems that the expectation of the output of third branch
output is much higher than the second one, whereas the efficiency of the third
branch 0.7908 is much less than the efficiency of the second branch 0.9286.
The reason for this expectation for the third branch is that it has more inputs
consumed ratio to the second branch. By paying close attention to their in-
puts in Table 4 we find out that all the inputs in third branch is more than
the second branch. Thus the increase in production of outputs is expected,
according to the increase in the input consumption.

5. Conclusion

In this paper, we researched Bank branches of Iran and the amount of
congestion in a long period of time (8 months) was studied in them. The results
showed that some of the branches in a particular month had congestion, due
to the certain time conditions, whereas in the normal months of the year had
little or no congestion at all. Note that it is not possible to fire an employee
in one month and hire him again in another month. In order to avoid such



732 A. Divandari et. al.

problems, it is suggested that the congestion of a particular and important
input that cannot be easily decrease, like human labor, should be regularly
studied and in case of congestion in one branch during most of the time of the
study, there should be input research about that particular branch. So in the
end the necessary decisions for the elimination of the congestion are made.

Also in this research a method was suggested which by using it, in case of
addition of a particular input for one branch and regarding a certain increase
in the efficiency of that branch, estimate maximum discretionary outputs. For
example, if one branch during one period of time does not have congestion of
human resources, and then again request for more personnel, we can calculate
the maximum expectations for the production of the outputs by means of the
suggested method in this research. By using this method we can estimate some
of the outputs by increasing and establishing some of the other outputs.
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