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Abstract

In this paper, data envelopment analysis (DEA) was discussed for non-homogenous
mixed network structure where the outputs of each stage can enter the succeeding stage
in the same or another layer as inputs or come out from the system as final products. In
this model, in addition to intermediate inputs, each stage can also have independent
inputs. To this end, a mathematical model has been developed in which the independent
inputs and final outputs for the components of the decision making units (DMUs) are
examined. To show the efficiency of the model, real data for 20 DMUs were used and
the results were compared with those of traditional models. The results obtained from
the proposed method eliminated the shortcomings of traditional methods for proper
detection of units that are on the efficient border (with an efficiency of one). The
developed method can provide managers and decision makers with a more accurate
understanding of the performance of the components of DMUSs.
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Figure 1: Petrochemical Company
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Figure 5: Opened Mixed Network Structure with two Non-homogenous Input and Output
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Table 1. Data of 20 DMUs
DMU | Xu | Xa | X2 | Xa | W, ¥, yu | ya | 21 z! zi z: Y | Yz
11 21 11 12 21 22
1 7 5 8 5 1 13 12 | 10 8 3 7 6 14 | 13
2 7 6 9 6 6 10 18 | 12 5 1 6 4 15 | 11
3 0| 5 | 10 3 8 9 14 | 11 6 2 4 5 15 | 11
4 9 5 8 4 12 1 16 | 13 8 4 5 6 14 | 10
5 8 5 7 4 9 12 18 | 10 7 2 4 8 14 | 10
6 0 | 4 6 3 7 10 15 | 14 5 2 5 5 13 | 15
7 5 6 9 4 7 1 13 | 13 4 3 6 5 13 | 12
8 6 3 9 6 6 9 10 | 12 3 3 5 4 1| 15
9 9 5 | 10 3 8 12 13 | 15 4 4 6 6 15 | 13
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10 9 8 3 9 13 17 | 14 2 6 7 13 | 10
1 9 9 4 1 13 1 | 15 6 6 7 12 | 14
12 7 6 6 13 12 13 | 14 6 6 6 1 | 14
13 9 6 3 1 1 12 | 10 4 4 7 13| 1
14 7 6 6 14 15 15 | 1 9 9 6 14 | 14
15 5 10| 4 1 10 14 | 12 7 6 4 14 | 15
16 9 10| 3 5 1 1 | 14 2 4 7 1 | 12
17 6 9 3 9 14 13 | 13 4 9 5 17 | 13
18 | 10 5 5 1 1 18 | 1 5 5 6 16 | 10
19 8 9 6 10 15 15 | 15 3 7 8 15 | 13
20 7 5 6 13 15 16 | 10 8 8 7 16 | 15

s ¥ Jao 0 ol e S > JuST SOLVER jl eslaiwl b osds oy anwgs oo

Jod> 0 9 ¥ b ygimw ;3 cudy 4y g dnolee Vo) Jdo jl oolatwl b (655 prenad slaisly 4,
ol 04 031> L ¥

1) sjleal Y Joa
Table 2. Efficiency Scores

. . . B
DMU gy g Bpmu

Rank
1 0.6524 0.5680 0.6415 19
2 0.9337 0.4074 0.9184 8
3 0.5286 0.7633 0.7333 16
4 0.6449 0.4811 0.6349 20
5 0.8236 0.4528 0.8036 11
6 0.5303 1 0.9953 5
7 0.9386 0.4576 0.9286 7
8 0.5853 0.8310 0.8000 12
9 0.5538 0.8867 0.8667 10
10 0.5909 0.8010 0.7000 18
11 0.5231 1 0.9957 4
12 0.7229 0.6900 0.7000 17
13 0.5806 0.7443 0.7333 15
14 0.7723 0.4938 0.7653 14

(f)
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Figure 6: Total Efficiency and each Layer, Calculated by the Proposed Method
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Table 3. Results of CCR and Proposed Models

iy 9 CCR s Juo s .Y Joua

o o B s

DML - CCR . . 1
DMU (Proposed - (CCR - sty L 8

Model) Rank Model) Rank Ranking  Efficiency
differences differences

1 0.6415 19 0.7710 10 9 0.1295
2 0.9184 8 0.7563 11 3 0.1621
3 0.7333 16 0.6296 17 1 0.1037
4 0.6349 20 0.6330 16 4 0.0019
5 0.8036 11 0.6859 14 3 0.1177
6 0.9953 5 0.7500 12 7 0.2453
7 0.9286 7 0.9233 7 0 0.0053
8 0.8000 12 1 1 11 0.2000
9 0.8667 10 0.6782 15 5 0.1885
10 0.7000 18 0.6261 18 0 0.0739
11 0.9957 4 0.9333 6 2 0.0624
12 0.7000 17 0.7830 9 8 0.0830
13 0.7333 15 0.5878 20 5 0.1456
14 0.7653 14 0.7844 8 6 0.0191
15 0.9959 3 1 1 2 0.0041
16 0.8000 13 0.6000 19 6 0.2000
17 0.8667 9 1 1 8 0.1333
18 0.9947 6 0.7500 13 7 0.2447
19 0.9963 2 0.9375 5 3 0.0588

20 1 1 1 1 0 0
ke Average 45 0.1089

ol osalin 5 CCR
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Figure 7: The Efficiency of the Proposed Method and CCR
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