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Abstract

Purpose: In classical data envelopment analysis models, a production system for measuring performance is considered
as a black box and no attention is paid to the internal structure of decision-making units in the process of evaluation
performance. However, it is important to consider the internal structure of the units to identify sources of inefficiency
to calculate efficiency. On the other hands, the observed values of input and output data in real world problems are
sometimes imprecise and vague. Therefore, in this paper, the network data envelopment analysis model is used in order
to evaluate the performance of decision-making units with a two-stage structure in a fuzzy environment in which input

and output values are displayed in terms of triangular fuzzy numbers.
Methodology: To solve the fuzzy two-stage data envelopment analysis model, the fuzzy arithmetic approach is used
and a lexicographic optimization method for calculating the fuzzy efficiency of processes and the fuzzy efficiency of the

system is proposed.

Findings: The main advantage of the proposed approach over the exsiting approaches is that it solves fewer models for
finding fuzzy efficiency.

Originality/Value: The application of the proposed model is explained by evaluating the petformance of 24 insurance

companies.
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Table 1- Fuzzy data of insurance company.
Xl XZ Zl ZZ Yl YZ

1 (1113,1178,1256) (636,673,717) (7041,7451,7943) (809,856,912) (930,984,1049)  (644,681,726)
2 (1305,1381,1472) (1278,1352,1441) (9469,10020,10681)  (1712,1812,1932) (1160,1228,1309) (788,833,889)
3 (1112,1117,1255)  (559,592,631) (4513,4776,5091) (529,560,597) (277,293,312) (622,658,701)
4 (568,601,641) (561,594,633) (2999,3174,3383) (351,371,395) (234,248,264) (167,177,189)
5

(6331,6699,7141)  (3167,3351,3572)  (35335,37362,39680)  (1657,1753,1869) (7419,7851,8369)  (3709,3925,4184)
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Table 1- Continued.

Xl XZ Zl ZZ Y1 YZ

6  (2483,2627,2800) (631,668,712) (9211,9747,10390) (900,952,1015) (1619,1713,1826)  (392,415,442)
7 (1853,1942,2047) (1377,1443,1521) (10193,10685,11262) (613,643,678) (2136,2239,2360)  (419,439,463)
8  (3615,3789,3994) (1778,1873,1974) (16473,17267,18199) (1083,1134,1195) (3720,3899,4110) (593,622,656)
9  (1495,1567,1652) (906,950,1001) (10945,11473,12093)  (521,546,575) (995,1043,1099)  (252,264,278)
10 (1243,1303,1373) (1238,1298,1368) (7832,8210,8653) (481,504,531) (1619,1697,1789)  (529,554,584)
11  (1872,1962,2068) (641,672,708) (6890,7222,7612) (613,643,678) (1418,1486,1566)  (17,18,19)
12 (2473,2592,2732)  (620,650,685) (9000,9434,9943) (1067,1118,1178)  (1502,1574,1652)  (867,909,958)
13 (2481,2609,2739) (1301,1368,1436) (13239,13921,14617) (771,811,852) (3432,3609,3789)  (212,223,234)
14 (1328,1369,1466) (940,988,1037) (7034,7396,7766) (442,465,488) (1332,1401,1471)  (316,332,349)
15 (2077,2184,2293)  (619,651,687) (9911,10422,10943)  (712,749,786) (3191,3355,3523)  (528,555,583)
16  (1152,1211,1272)  (395,415,436) (5331,5606,5886) (382,402,422) (812,854,897) (187,197,207)
17 (1382,1453,1526) (1032,1085,1139) (7318,7695,8080) (325,342,359) (2990,3144,3301)  (353,371,390)
18 (720,757,795) (520,547,574) (3453,3631,3813) (947,995,1045) (685,692,727) (155,163,171)
19 (151,159,167) (173,182,191) (1083,1141,1196) (458,483,506) (493,519,544) (44,46 ,48)
20 (138,145,152) (50,53,56) (300,316,331) (124,131,137) (337,355,372) (25,26,27)
21 (80,84,88) (25,26,27) (214,225,236) (38,40,42) (48,51,53) (6,6,6)

22 (14,15,16) (9,10,10) (49,52,54) (13,14,15) (78,82,86) (4,4,4)

23 (51,54,57) (27,28,29) (233,245,257) (47,49,51) (1,1,1) (17,18,19)
24 (155,163,171) (223,235,246) (449,452 476) (611,644,675) (135,142,149) (15,16,17)
VA oo 5l ol sy gloey39 - Jgao
Table 2- The obtained weights of model (18).

Vi V, Wy W, Uy U,

1 0 157E-3 0 1.09E-3 0 1.22E-3
2 7.66E-4 O 9.36E-5 O 6.77E-4 O

3 0 1.79E-3 0 167E-3 O 1.26E-3
4 0 1.78E-4 0 252E-4 O 4.7E-4
5 158E-4 0 252E-5 0 1.06E-4 0
6 0 158E-3 0 954E-4 O 0.2E-2
7 54E-4 0 8.88E-5 O 3834 O
8 0 56E-4 0 84E-4 0 1.38E-3
9 0 11E-3 0 1.74E-3 0 3.26E-3
10 O 8.08E-4 O 188E-3 0 1.55E-3
11 534E4 O 131E-4 0 5.78E-4 O
12 0 161E-3 0 849E-4 O 9.45E-4
13 4.03E-4 O 6.84E-5 O 2394 O
14 0 117E-3 0 2.26E-3 O 2.7E-3
15 0 162E-3 0 1.27E-3 0 1.55E-3
16 8.68E-4 0 17E-4 0 1.01E-3 0
17 0 9.69E-4 O 2.78E-3 O 2.32E-3
18 0 1.92E-3 0 9.56E-4 0 5.3E-3
19 6.62E-3 0 8.36E-4 0 1.66E-3 0
20 7.25E-3 O 3.02E-3 O 244E-3 O
21 125E-2 O 423E-3 O 171E-2 0
22 0 1.11E-1 0 6.66E-2 O 2.16E-1
23 199E-2 O 397E-3 O 9.24E-1 O
24 0 448E-3 0 148E-3 0 5.32E-2
i § L».A‘.st LS'.‘)lS -y de?
Table 3- Efficeincy of system and processes.
DMU Efficiency DMU Efficiency
1 S (0.619128,0.786307,0.999848) 5 S (0.620681,0.786256,0.995902)
P1 (0.786944,0.887101,1) P1 (0.789204,0.889536,0.999638)
P2 (0.78675,0.886378,0.999848) P2 ("0.7864640.883894,0.996263)
2 S (0.592825,0.754552,0.960111) 6 S (0.617953,0.786402,0.997713)
P1 (0.755805,0.852487,0.961646) P1 (0.784028,0.883954,0.997713)
P2 (0.784363,0.885119,0.998404) P2 (0.788177,0.889642,1)
3 S (0.614836,0.782387,0.996190) 7 S (0.664599,0.811325,0.990239)
P1 (0.782149,0.882531,0.996382) P1 (0.818848,0.904783,0.999446)
P2 (0.786086,0.886527,0.999808) P2 (0.811627,0.896706,0.990788)
4 S (0.605844,0.77006,0.979776) 8 S (0.671481,0.819822,1)
P1 (0.778795,0.877218,0.988904) P1 (0.819737,0.905461,1)
P2 (0.777924,0.877844,0.990769) P2 (0.819143,0.90542,1)
9 S (0.674184,0.821339,1) 17 S (0.671052,0.8178250,0.996983)
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Table 3- Continued.

DMU Efficiency DMU Efficiency
P1 (0.820121,0.905614,1) P1 (0.817773,0.903378,0.996983)
P2 (0.822054,0.906941,1) P2 (0.820585,0.905297,1)

10 S (0.670296,0.816736,0.995512) 18 S (0.675504,0.822574,1)

P1 (0.816078,0.901216,0.995512) P1 (0.821476,0.905717,1)
p2 (0.821363,0.906261,1) P2 (0.822306,0.9082021)

11 S (0.667491,0.814552,0.99395) 19 S (0.670313,0.818503,0.99)
P1 (0.817215,0.902872,0.997379) P1 (0.818955,0.906227,1)
P2 (0.816787,0.902179,0.996561) P2 (0.818498,0.903199,0.99)

12 S (0.669344,0.816493,0.995252) 20 S (0.676288,0.823971,0.99912)
P1 (0.820434,0.905938,1) P1 (0.822142,0.907795,0.99912)
p2 (0.815842,0.901268,0.995252) P2 (0.822593,0.907662,1)

13 S (0.67023,0.81693,0.995802) 21 S (0.676622,0.830571,0.99828)
P1 (0.820139,0.905358,0.999668) P1 (0.822927,0.906429,0.99828)
p2 (0.817216,0.902328,0.996133) P2 (0.822214,0.916312,1)

14 S (0.636926,0.775459,0.945961) 22 S (0.674595,0.778378,0.997921)
P1 (0.801457,0.884978,0.976177) P1 (0.78,0.84,1)
p2 (0.794709,0.876246,0.969046) P2 (0.864865,0.926641,0.997921)

15 S (0.66904,0.815697,0.994803) 23 S (0.738528,0.859855,1)

P1 (0.816042,0.901965,0.995453) P1 (0.813436,0.902848,1)
p2 (0.819859,0.904355,0.999348) P2 (0.907912,0.952381,1)

16 S (0.671212,0.818683,0.998053) 24 S (0.655431,0.808511,0.99996)
P1 (0.818938,0.904563,0.998384) P1 (0.820521,0.905319,0.99996)
P2 (0.819612,0.90506,0.999669) P2 (0.798799,0.893067,1)
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Table 4- Ranking comparision.
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Figure 2- Efficiency of process 1 for insurance companies.
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Figure 5- Fuzzy efficiency of processes and system 1 for insurance company 7.
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