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1. ]ﬂ;mduction

DEA has become one of the most appropriate methods for comparing the various Decision-
Makin@Units (DMUs) associated with public services such as universities [1]. Research conducted
by [2] has two main outputs that can be used to measure college performance, namely: the num@lr
of graduates and the number of publications. On the other hand, research conducted by [3] that the
primary input of college performance measurement is the number of teaching staff and the number
of students.

Wu et al. [4] have examined that an astonishing number of outputs may arise in the form of
deviations of the resulting output, based on the effting input parameters, when there is no limit to
the output. This is seen in the study by [5] conducted a study on the efficiency of school
performance in Greece by using a lower bound on the input and upper bound on the output, where
an inefficient Decision-Making Unit (DMU) can occur. The primary constraint §fden establishing
bounded on input and output based on the results of research conducted by [5] in the presence of
missing value on input and output, and [5] comected the missing value by using Fuzzy DEA.
Abdullah et al. [6] have used Artificial Neural Network for optimizing DEA in order to predict the
efficiency of the new pattemns.
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In [7], users lower bounds input and upper bounds output to define the limits of efficiency
measurement. Branda [8] suggests a DEA-oriented method of studying the relationship between
input and output. Liff al. [9] have examined Stochastic DEA (SDEA), which suggests an efficient
way of obtaining upper and lower bounds of inputs and outputs based on several existing
constraints.

Hassani and Malkhalifeh [10] proposed an interval model in evaluating the upper and lowered
bound values for inputs and outputs and found that the DMU used for the determination of the lower
boundf the worst DMU and the DMU used for upper bound determination is the best DMU. For
every type of comparisons, they proposed two models to get the worst performance of each DMU as
well [ the best performance, and then achieved the upper and lower bound evaluation. Entani et al.
[11] proposed a pessimistic DEA model for minimizing the efficiency of each DMU with the
constraint that the maximum efficiency of all DMUs is one, and get an interval efficiency
evaluation, which is further improved by [12] and Parchikolaei [13]. It was stated that interval DEA
analyzes the performance of all DMUs more in detail than the traditional DEA. Additionally, Wang
& Yang [14] proposed the interval efficiency evaluation with the constraint that the efficiency of
each DMU is not greater than one and noffless than a lower bound, which is determined by a virtual
anti-ideal DMU and is improved by [15]. The extreme dissimilarity between the weights often found
in DEA applications [16]. Fang and Li have used lower bound in input for cost efficiency measure
[17]. Briec and Dervaux [18] have ul lower bound in input for Firm's Allocative Efficiency.
Abdullah er al. [19] have used DEA with upper bound on the output to measure the efficiency
performance of higher learning institutes. The research of Abdullah er al. [19] is output-oriented,
and theranust another research with input-oriented in the case of lower bound in the input.

Therefore in DEA , we should have a set of DMUs, multiple outputs, and multiple inputs. In
the higher education system, DMU could be Departments to produce two outputs, such as the
number of graduates (y:) and the number of publications (y2), form input, the number of teaching
staff (x). Thi@paper aims to evaluate the efficiency of all departments of Universitas Malikussaleh
using DEA. WElise DEA with the CCR model with input-oriented. In this case, th@nput variables
are bounded. We show how to implement this bound in a DEA framework to Measure the
Eﬂ“ﬂ'ency Performance of the Department in Universitas Malikussaleh.

The mathematical model of DEA proposed by CCR is fractional programming aimed to measure
the efficiency of any DMU. The objective function of the model is to maximize a ratio of the sum of
weighted output and the sum of weighted input with constraints of a similar ratio for every DMU,
which should be at most one. The fractional programming model can be expressed as follows.

k
Z ur yr[l

Maximize o =-5—— (D
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s=1
Subject to
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In the model, there is n number of DMUs with k number of outputs resulting from I number
of inputs. y,;(>0) is the number of the output of the /" DMU, and x;; (>0) is the number of input of
the j* DMU. u, and v, are the variable weights to be determined after solving the model.

The (1) is in the form of fractional programming, and it would be computationally intractable,
mainly when the number of DMUS is large. Therefore it is necessary to convert the model (1) into a
linear programming problem, as proposed by [20], which can be written as follows (input-oriented).
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Minimize f§ = z:f=1vsxjj (3)
Subject to
Yy =1
ey — DX <0 Y
U, v = 0 ¥r,Vs (4

I1. &:search Method

The phase of the research process can be seen as in Fig. 1.

Data Source from Malikussalch
University

v
Data Prepocessing and
Determining DMU

Benchmarking

Fractional Progamming with
CCR Method

Converting to
r

Linear Programming
Minimize § = ¥X_, UsXss

Efficiency Measurement of
Each DMU

Fig. 1.Research Method

Fig. 1 shows that the data source from Universitas Malikussaleh will process in the data
preprocessing step, and the process also determines the DMU for measure efficiency performance in
Universitas Malikussaleh. In the next step, there is a benchmarking process that consists of steps for
converting the fractional programming with CCR Method into Linear Programming with lower
bound in the input. After this process, we will get the result of the efficiency measurement of each

DMU.

1L Resub and Discussion
Universitas Malikussaleh is a state university located at Lhokseumawe city of Aceh
province, Indonesia. The name Malikussaleh comes from the name of the first king of the well-
known kingdom Samudra Pasai. This university has 30 Departments with around 20000 students.

The data of 19 Departments (DMU) with two outputs and two inputs are shown in Tablel.
There are 11 departments that are still new. Therefore they do not have graduates yet. As a
consequence, these |1 departments are not included in Table 1
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Table 1. List of DMU with Input and Output Data

No Dmu Input Output
Number of Number of Number of Number of
teaching staff students research graduates
1 Information technology 17 588 5 610
2 Civil engineering 26 747 5 533
3 Architectural engineering 15 396 5 195
4 PRiustrial engineering 17 467 5 300
5 Chemical engineering 25 348 5 252
] Mechanical engineering 23 499 5 224
7 Electrical engineering 19 420 5 326
8 Agribusiness 17 689 5 273
9 Agro-technology 34 822 5 284
10 Aquaculture 10 501 5 204
11 Communication science 11 719 5 273
12 Political science 11 262 5 183
13 Sociology 13 487 5 204
14 mmpology 9 173 5 116
15 Jurisprudence 50 1096 10 467
16 Medicine 30 278 L) 257
17 Management 48 1265 5 1302
18 Economic development 11 853 5 290
19 Accounting 23 1127 5 417

Using the model (3), we can find the score of efficiency. For example, for DMUI (Department of

Information Technology), the linear programming model can be written as follows.

Minimize 17 V1 + 588 V2

Subject to
610Ul +5U2=1
610 U1 +5U2-17V1-588V2 <=0
533U1+5U2-26V1-T47V2<=0
195U1 +5U2-15v1-396V2 <=0
300UL +5U02-17V1-467V2 <=0
252 U1 +5U02-25V1-348V2 <=0
224 U1 +5u2-23V1-499V2 <=0
326 U1 +5U2-19V1-420V2 <=0
273 U1 +5U2-17V1-689V2 <=0
284 U1 +5U2-34V1-822V2<=0
204U1 +5U02-10V1-501 V2 <=0
273 U1 +5U2-11V1-T719V2 <=0
183U1 4+5U2-11V1-262V2 <=0
204 U1 +5U2-13V1-487TV2 <=0
116 U1 +50U2-9V1-173V2<=0
467 U1 +5U2-50 V1 - 1096 V2 <=0
257TU1 +5U2-30V1-278V2 <=0
1302 U1 +5U2-48 V1-1265V2 <=0
20001 +5U2-11V1-852V2<=0
417U +5U2-23V1-1127TV2 <=0
Ul U2, VI, V2>=0
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The result from processing using Model (3) showed in Table 2.

Table 2. Result of Efficiencies for Each DMU using Lower Bound in Input

No DMU DE {8 core
1 information technology 1.0
2 civil engineering 143
3 architectural engineering 1.47
4 industrial engineering 1.42
5 chemical engineering 1.24
6 mechanical engineering 1.89
7 electrical engineering 121
8 agribusiness 1.5
9 agfffechnology 2.62
10 aquaculture 1
11 communication science 1
12 political science 1
13 sociology 1.27
14 anthropology 1
15 jurisprudence 2.02
16 medicine 1.0391

management 1
18 economic development 1
19 accounting 1.7

From the Table 2, BMU 1, 10, 11, 12, 14, 17, and 18 are efficient. Another DMU is inefficient.
For inefficient DMU, we can use the Slack-Based Measure in determining the input surplus. The
slack value of each DMU can be seen in Table 3.

Table 3. Slack Value for The Inefficient DMU

No DMU Slack Value
1 civil engineering 048
2 architectural engineering 047
3 industrial engineering 042
4 chemical engineering 045
5 mechanical engineering 0.67
6 electrical engineering 0.38
7 agribusiness 0.67
8 agro-technology 0.82
9 sociology 0.68
10 jurisprudence 0.78
11 medicine 0.58
12 accounting 0.7

We will deal with n DMUs (Decision Making Units) with the input and output matrices
X = (rs;) € R and ¥ = (y;;) € R™™ respectively. We assume that the data set is positive.
ie., X>0 and Y> 0. The production possibility set P is defined as [21].
P={(xy)|x =Xi,y< YL1=0} (5)
We consider an expression for describing a certain DMU (xp, yo) as
xo=XA + 57
yo= YL — 5% (8)

From the expression in (5) and (6). we can reduce the number of input; in this case. the number of
students can be reduced. For example, in DMU 19 from Table 2. DMU Accounting had many
students in 1127, and the slack value is 0.7. So, the student of DMU Accounting must be reduced
to:

Vo= 1127 - 1127%0.7 = 338
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After we reduce the number of student in DMU Accounting become 338. The DEA Score becomes
efficient.

IV. Conclusion

EB) First, this rescarch can be seen that there is a bounded inpuffElrategy that can determine well the
amount of input needed to produce an output so that no excess input. In contrast, the resulting output
is not maximal; from the college side, this can be burdensome from the side of teaching. Second, for
less effff@nt departments or DMUs, it can reduce the number of students based on the slack values
gained for each DMU. Third, based on reducing the number of students according to slack value,
can make the existing DMU efficient.
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