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Abstract

Purpose: Data Envelopment Analysis (DEA) is a technique used to assess performance and measure the relative
efficiency of Decision Making Units (DMUs) through linear programming. In most cases, DEA models evaluate
inefficient units on the boundary of the production possibility set using reference points that are not Pareto efficient.
Consequently, these models often yield zero weights for multipliers, failing to justify all sources of inefficiency. This
paper aims to introduce a model that generates non-zero weights.

Methodology: Weight restriction methods have primarily addressed the issue of non-realistic weights. We impose
constraints on the weights in the proposed model to achieve our objectives.

Findings: This paper presents a one-stage method based on the BCC model, incorporating weight restrictions, to
evaluate the relative efficiency of decision-making units. The proposed model ensures non-zero weights and prevents
dissimilarity between weights while maintaining feasibility. Notably, the proposed model does not require any prior
information on weights or the classification of units, reducing the complexity of the problem.

Originality/Value: To highlight the strength of the proposed method, the model is implemented on two case studies

and compared with the results obtained from standard BCC models and those of Ramon and colleagues. The results
indicate the supetior performance of the proposed model.
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Figure 1- Production possibility set for a simple example.
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Table 1- Input/output data and optimal weights of BCC model.

DMU x, x, y u, V; V; u EffBcC
A 1 8 1 1 1 0 0 1
B 2 3 1 1 0.38 0.076 0 1
C 5 2 1 1 0 0.5 0 1
D 10 25 1 08 0 0.4 0 0.8

ol DS Db 5 (s A163505 4 Olis) gl 200 S Y didr s 53505 Slaedls asperms (511, (0) e

el ol ¥ J g 55 Js o) )

Ol Jo ()5 Oy g At 39l -V Jguz
Table 2- Optimal weights and efficiency scores of the proposed model.

DMU  Eff™" u v, v, w
A 1 05 05 00625 05
B 1 05 0344 01037 05
C 1 05455 0909 02727 0.4545
D 065 015 005 02 05
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H,={(x,y):05y—-0.0.5x,—0.0625x,+0.5=0} /) T,.
H,={(x,y):0.5y—0344x, —0.1037x,+0.50 } /] T,.
H.={(x,y):0.4545y —0.0609x, —0.2727x, + 0.5455 =0 } /) T,.
H,={(x,y):05y—0.05x,—02x,+0.15=0} /] T,.
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Table 3- Input and output of 20 decision making units.

DMU Xl XZ XS X4 YI YZ
1 1.7 1.7 2.3 1 2 1
2 5.9 3.3 3.3 1.3 1 2
3 5.6 5 3.3 1.4 1 2
4 2.9 2 1.7 2 2 2
5 2.6 3.3 3.3 1.7 1 2
6 1.7 25 14 2 15 15
7 3 5 25 2 2 1
8 1.6 4 2 15 2 1
9 5.3 25 3.3 2 1 2

10 3.3 2 2 2 2 1
11 4 25 5 3.3 2 2
12 8 5 1.7 1.1 2 3
13 8 4 35 1.7 2 2
14 4.3 3.2 3.3 2 15 1
15 1.9 25 35 1.7 2 1
16 3 5.5 24 1.3 1 15
17 5.9 4.2 4.9 2 2 2
18 2.8 4.6 2.3 1.9 1 2
19 1.7 2.2 14 1.3 1 1
20 3.3 1.7 3.3 3.3 2 1
BCC Juo dioner (1391 - ¥ Jgoz
Table 4- Optimal weights of BCC model.

DMU  ggfpec u, V1 V. V3 V, U U,
1 1 0 0 0 0 1 0.5 0
2 0.941 0.272 0 0.194 0 0.276 0 0334
3 0.812 0.176 0.096 0 0 0331 0 0.318
4 1 0 0 0.5 0 0 0.35 0.15
5 1 0217 0.118 0 0 0.408 0 0.392
6 1 0044 0.125 0 0.563 0 0 0.638
7 0.772 0 0.021 0 0282 0116 0.386 0
8 1 0 0.097 0 0422 0 0.5 0
9 0.906  0.262 0 0.187 0 0.266 0 0.322

10 0.95 0 0 0.333 0.167 0 0475 0
11 0.8 0 0 04 0 0 0 0.4
12 1 0 0 0 0 0.909 0 0.333
13 0.755 0 0 0.156 0 0221 0109 0.268
14 0.591  0.591 0 0.194 0.11 0.008 0 0
15 0.883 0 0.498 0.022 0 0 0.283 0.317
16 0.933 0.307 0.136 0 0.082 0.304 0 0417
17 0.7 -0.133 0.1 0 0 0.205 0.092 0.325
18 0.996 -2.161 0.309 0 0.058 0 0 1578
19 1 1 0 0 0714 0 0 0

20 1 0 0 0.588 0 0 0.5 0
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Table 5- Optimal weights obtained from the proposed model.

References in

DMU S u vl v2 v3 v4 ul u2

° Proposed Model

1 0 0.5 0.147059 0.147059 0.108696 0.25 0.125 0.25 -
2 0557628 -0.0576 0.042373 0.075758 0.075758  0.192308 0.25 0.125 1,12
3 0611293 -0.1113 0.044643 0.05 0.075758 0.178571 0.25 0.125 1
4 0 0.4473 0.086207 0.125 0.147059 0.125 0.125 0.125 -
5 0511449 -0.0114 0.096154 0.075758 0.075758 0.147059 0.25 0.125 1
6 0 04557 0.147059 0.1 0.178571 0.125  0.16666 0.6666 -
7 0488333 0.0117 0.083333 0.05 0.1 0.125 0.125 0.25 4
8 0.173958 0.326  0.15625 0.0625 0.125 0.166667 0.125 0.25 1
9 0575569 -0.0756  0.04717 0.1 0.075758 0.125 0.25 0.125 1
10 0.317803  0.1822 0.075758 0.125 0.125 0.125 0.125 0.25 4
11 0.407992 0.092 0.0625 0.1 0.05 0.075758 0.125 0.125 1
12 0 03703 0.03125 0.05 0.147059 0.227272 0.125  0.08333 -
13 040428 0.0957  0.03125 0.0625 0.071429 0.147059 0.125 0.125 1
14 0.629691 -0.1297  0.05814 0.078125 0.075758 0.125 0.166667 0.25 4
15 0.294971 0.205 0.131579 0.1 0.071429 0.147059 0.125 0.25 1
16 0.515836 -0.0158 0.083333 0.045455 0.104167 0.192308 0.25 0.166667 1
17 0.459429  0.0406 0.042373 0.059524  0.05102 0.125 0.125 0.125 1
18 0.499244  0.0008 0.089286 0.054348 0.108696 0.131579 0.25 0.125 1
19  0.20379  0.2962 0.144059 0.113636 0.178571 0.192308 0.25 0.25 1
20 0.455882  0.0441 0.075758 0.147059 0.075758 0.075758 0.125 0.25 4
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Table 6- Results of three models' performance scores.

DMU  Eff™"  Eff°¢  pgpRemen

1 1 1 1
2 0.44 0.94 0.8
3 0.38 0.81 0.77
4 1 1 1
5 0.48 1 1
6 1 1 1
7 0.51 0.77 0.71
8 0.82 1 1
9 0.42 0.9 0.78
10 0.68 0.95 0.89
11 0.59 0.8 0.71
12 1 1 1
13 0.59 0.75 0.7
14 0.37 0.59 0.46
15 0.70 0.88 0.81
16 0.48 0.93 0.76
17 0.54 0.7 0.66
18 0.50 0.99 0.92
19 0.79 1 0.78
20 0.54 1 0.8

Average  0.6446 09005  0.8275
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Table 7- Input and output of 17 forest areas.
DMU x

1 XZ x3 X4 YI YZ YB
1 516 11.2 4922 332 404 148 3166.7 .
2 857 1239 551  108.4 435 1735 6.4 b
3 66.6  104.1 257 136 1397 1159 0 }:
4 5787 107.6 14 1464 254 1317 0 -
5 512 1175 32 845 462 1449 0 M
6 36  193.3 59.5 8.2 468 1908 8229 =
7 258  105.8 95 2272 19.4 120 0 3
8 123 82.4 87.3 98.8 433 1258  404.6 )
9 61.9 99.7 33 86.3 45.4 796  1252.6 =
10 803  104.6 533 79 272 1324 426 '{
11 2059 1834 1441 59.6 14 1962 16.1 &
12 82 1049 465 1272 448 1085 0 1,
13 2022 1877 1493 93.6 449 1847 0 3
14 67.5 82.8 443 60.8 26 85 239

15 72.6 132.7 44.6 173.4 55 135.6 241
84.8 104.2 159.1 1711 115 110.2 49
17 717 88.1 69.1 123.1 44.8 74.5 6.1
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Table 8- Optimal weights of BCC model.
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DMU  ggfeec u, Vi V2 Vs Vy U, U, Us
1 1 0 0 0.089 0 0 0 0 0
2 1 0 0.01 0.007 0 0 0 0006 O
3 1 -0.152 0 0.01 0.003 0 0.008 0 0
4 1 0282 0 0.06 0.023 0 0022 0001 O
5 1 0191 0 0.04 0016 0 0015 0001 O
6 1 -0501 0 0.001 0014 0 0.009 0005 0
7 1 0164 0.002 0009 0.003 0 0.02 0007 O
8 1 0110 0 0.010 0.002 0 0 0007 O
9 1 0203 0 0.05 0.017 0 0016 0001 O

10 0972  0.202 0 0.06 0002 0.003 0 0006 O
11 1 -0735 0 0.005 0 0.002 0 0009 O
12 0831 -0.196 0 0.008 0.004 0 0.009 0006 O
13 0.894 -3.211 0 0.005 0 0 0005 0021 O
14 0934 0.925 0 0 0015 0.005 0 0 0
15 0794 0.164 0.002 0.006 0.002 0 0 0005 O
16 0779 0.149 0.003 0.007 0 0 0 0006 O
17 0.696 0.163 0.008 0.001 0.004 0 0012 0 0
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Table 9- Optimal weights of the proposed model.

DMU s u vl v2 v3 v4 ul u2 u3 References in
° Proposed Model

1 0 0.2381 0.00585 0.0205 0.00484 0.00687  0.00568573 0.02025 0.0000727 -
2 0 02139 0.00311 0.00195 0.00484 0.00207 0.00612886  0.001533  0.00000155 -
3 0 0.2285 0.0047 0.00289 0.00145 0.00094 0.00266807 0.002449  0.00000155 -
4 0 0.3652 0.00534 0.00325 0.00407 0.00194 0.00410805 0.002727  0.00000155 -
5 0 0.3086 0.00301 0.00321 0.00306 0.00438 0.00340935 0.002504  0.00000155 -
6 0 0.6615 0.00893 0.00166 0.00541 0.00421 0.00078288 0.0014  0.00004208 -
7 0 0.7423 0.01181 0.00237 0.00509 0.00174 0.00078234 0.00202  0.00004432 -
8 0.3767 0.0996  0.00213 0.0026 0.003 0.00265 0.00604308 0.002081  0.00000002 1,23
9 0 0.1398 0.0023 0.00143 0.01735 0.00165 0.01260051 0.00179  0.00011592 -
10 0.13352  0.4763 0 0.00296 0.00732 0.0038  0.00000037  0.002945  0.00000023 1,256
11 0.54863 0.2014 0.00121 0.00136 0.00173 0.00419 0.00000071 0.001274  0.00000062 1,236
12 037277 0.3823 0.00251 0.00238  0.00403 0.0028 0.00000071  0.002257  0.00000062 1,235
13 0.55418 0.1722 0.00135 0.00146 0.00183 0.00191 0.00000071  0.001481  0.00000062 1
14 0.09727  0.5407 0 0.00429 0.00816 0.00464 0.00000038 0.004259  0.00000042 14,6
15 0.31367 0.5007 0.00344 0.00188 0.0056  0.00144 0.0000018 0.001368 0.00000041 14,6
16 0.49464 0.2731 0.00295 0.0024 0.00157 0.00146  0.00000087  0.002107 0.0000002 1,6,7
17 0.37697 0.1899 0.00353 0.00287 0.00366  0.00195 0.00564868 0.002413  0.00000163 16,7
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Table 10- The results of the performance scores of the three models.

DMU Effrev EfFBCC EffRamon

1 1 1 1
2 1 1 1
3 1 1 1
4 1 1 1
5 1 1 1
6 1 1 1
7 1 1 1
8 0.62 1 1
9 1 1 1
10 0.86 0.97 0.93
11 0.45 1 0.925
12 0.62 0.83 0.805
13 0.44 0.89 0.799
14 0.90 0.93 0.768
15 0.68 0.79 0.776
16 0.50 0.77 0.732
17 0.62 0.69 0.654

Average  0.8080 0.935324  0.905235
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