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1
Table 1 Data
employees assets equity revenue profits market value | earnings returns
bank
1 X2 X3 2 % Y1 Y2 Y3
1 85 300 256 853 19 581 31 690 3 464 33 221.7 7.21 66. 1
2 95 288 232 446 20 222 20 386 2 664 27 148.6 6.49 69. 4
3 58 322 187 298 12 801 16 298 1950 20295.9 7.13 59.7
4 39 078 182 926 11912 14 884 1 805 16 971.3 6.73 70.5
5 15 600 184 879 10 451 13 838 1296 15 003.5 6.42 49.4
6 33 365 121 173 9 134 11 336 1165 12 616. 4 5.76 82.4
7 35328 122 002 8 450 10 681 1150 12 351.1 3.45 50
8 44 536 131 879.9 9043.1 10 582.9 1 430.2 16 815 5.04 39.9
9 46 900 90 454 8 197.5 8970.9 1277.9 14 807. 4 2.91 54.9
10 14 000 104 000 5 000 8 600 215 5252.4 2.03 28.3
11 30 800 84 432.2 6 364.8 7919.4 610 10 428.7 1.57 31.8
12 45 404 72 134.4 5312.1 7582.3 956 12 268. 6 2.76 45.5
13 26 757 73 404 5 768 6 389.5 408. 1 9938.2 1.19 61.4
14 28 905 66 339. 1 5152.5 6 054 825 8 671.2 3.45 51.6
15 17 881 47 397 3751 5410.6 541 5310.1 4.55 84.7
16 19 700 50 316 4 055 5 409 1032 11 342.5 20. 37 52.8
17 15 850 53 685 5223 5327 914 10 101. 5 4.57 69.9
18 27 200 58 071 4 154 4827.5 885. 1 12 138 11.02 108. 5
19 24 300 40 129 4 106 4514 691 7476.7 4.5 83.8
20 15 996 44 981.3 3773.8 3755.4 602. 5 7 623.6 3.5 46.9
21 19 415 46 471.5 4269.6 3740.3 565.5 7922.5 4.94 46.9
22 20 175 41 553.5 3272.2 3 680 533.3 5774.9 5.3 59
23 20 767 36 199 2 921 3449.9 465. 1 4912.2 3.03 33.9
24 13 231 33 874 2725 3328.3 568. 1 8 304 4.19 54.3
25 13 500 35 469.9 2 607.7 3112.6 413.4 4 537 3.54 71.7
26 17 023 33 703.8 2928.1 2 996. 1 418.8 4997 3.25 57.3
27 14 081 31794.3 2 617 2897.3 329 4 865.1 2.09 66. 8
28 13 598 29 620. 6 2379.4 2 868 452.2 5788 3.22 52
29 4900 43 881.6 3007.8 2859.6 288.6 3218 4. 66 41.1
30 11 171 13 228.9 1265.1 2 565.4 353.1 6543.3 1.54 60.7
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Table 2 Efficiency comparison among various models

2 7 10 11 13 14 15
bank s
eteR NI en en ex ey 0" k 2 MrYro
r=1

1 1 .448 7 1 0.448 6 .485 8 . 8545 .448 6 1 0.448 6
2 . 682 3 .3634 | 0.6823 0.532 4 .544 1 L6219 .363 3 . 682 2 0.532 6
3 L7947 .421 6 0.794 7 0.530 5 . 566 8 L7125 L4215 . 794 7 0.5305
4 .8729 L4274 | 0.8729 | 0.4865 .5220 .824 6 4273 . 847 4 0.504 2
5 1 . 606 1 1 0.605 9 . 6059 1 .6059 1 0. 6059
6 . 867 3 .4180 | 0.8333 0.438 4 .5879 L7215 .418 0 . 8180 0.511 0
7 . 788 6 .3940 | 0.7885 0.483 1 .5545 .696 0 .394 0 L7817 0.504 0
8 L7452 L4747 0.7452 | 0.6370 .646 9 . 685 2 L4747 . 745 2 0.6370
9 .702 3 .448 6 0.702 3 0.638 6 .647 0 .665 5 .448 5 . 702 2 0.638 7
10 1 .3393 1 0.309 4 1 .440 4 .3392 . 488 3 0.694 6
11 . 744 6 L4158 0.7413 0.516 3 . 760 0 .000 0 L4157 . 661 9 0.628 1
12 .709 0 .454 1 0.7090 | 0.6343 L6759 .000 0 .454 1 . 690 7 0.657 5
13 . 705 7 .4464 | 0.6809 | 0.609 7 1 .578 3 . 446 4 .584 3 0.763 9
14 L7139 .417 3 0.7139 | 0.5843 . 600 0 . 669 4 L4173 L7131 0.5851
15 . 960 8 L6421 0.8809 | 0.6734 . 861 2 L5747 .641 8 . 8470 0.757 17
16 1 1 1 1 1 1 1 1 1
17 1 .714 4 1 0.714 4 . 746 9 . 8542 .714 4 1 0.714 4
18 . 883 3 L7974 | 0.8041 0.889 1 1 . 804 1 L7150 . 804 1 0.889 1
19 . 748 5 .584 1 0.748 5 0.778 7 . 799 7 L7138 .5835 . 747 9 0.780 3
20 L7728 .591 6 0.7544 | 0.7842 .799 8 .659 3 .591 6 . 754 4 0.784 2
21 . 668 5 .5674 | 0.6553 0.865 9 . 8820 L6217 .567 4 .6553 0.8659
22 .674 0 .5196 0.6732 | 0.7657 . 805 7 .636 0 .5189 . 648 5 0.800 1
23 . 645 1 .3975 0.6430 | 0.6131 .647 8 L6232 .3975 . 628 6 0.6322
24 1 . 8257 0.8710 | 0.9479 .983 9 L7475 .8257 . 8710 0.947 9
25 L9127 .740 3 0.740 1 1 1 .740 1 .740 1 . 740 1 1
26 .657 3 .5306 0.6346 | 0.8352 .8355 0 .5300 .634 6 0.8352
27 L8121 .654 9 0.657 3 0.978 1 1 .657 3 L6429 . 657 3 0.978 1
28 813 4 L6199 0.7736 | 0.6439 . 803 3 0 .6199 . 773 6 0.801 4
29 1 . 809 3 0.8234 | 0.7853 1 L8137 L7717 . 8137 0.948 4

30
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Table 3 Overall efficiency and its decomposition of DMU4 B o :ic i
when k ’s value varies 0.428L : 11
k e 1 e 2 e R *:’:W¢ R T S SR S e Y
» 0.426F 1 ~
1 0.8729 | 0.4247 0.8729 0.486 55 5 =
= / g
2 | 0.87035 | 0.42586 | 0.870 35 0.489 3 8 DA, i monee i i i vasshie, el T
3 0.867 81 | 0.426 02 0. 867 81 0.490 91
4 0.865 26 | 0.426 17 0. 865 26 0.492 53
5 0.862 72 | 0.426 33 0.862 72 0.494 16 L L L L L . " . " .
0 2 4 6 8 10 12 14 16 18 20
6 | 0.860 18 | 0.42648 | 0.860 18 0. 495 81 22
2 k DMU4
7 | 0.857 64 | 0.426 64 0.857 64 0.497 46
Fig. 2 Overall efficiency and its decomposition of DMU4
8 |0.85509 | 0.42679 | 0.85509 0.499 12 when s value varies
9 | 0.85255 | 0.426 95 0.852 55 0.500 79
10 | 0.85001 | 0.427 1 0. 850 01 0.502 47 4
11 0.8475 | 0.427 26 0.847 5 0.504 16
DEA
121 0.844 92 | 0.4272 0. 844 92 0.505 6
13 0.842 38 | 0.427 13 0. 842 38 0.507 05
14 | 0.83984 | 0.427 07 0. 839 84 0.508 52 “ ”
15 0.8373 | 0.427 01 0.837 3 0.509 99
16 | 0.83476 | 0.42695 | 0.834 76 0.511 46 DEA
17 | 0.832 21 | 0.426 89 0.832 21 0.512 95 DEA
18 | 0.829 67 | 0.426 82 0. 829 67 0.514 45
19 | 0.827 13 | 0.426 76 0.827 13 0.515 96
20 | 0.82459 | 0.4267 0. 824 59 0.517 47
2k 0.824 6 0.8729
0.8729 0. 002 54
0.424 7 0.427 26 0.426 7.
2 0.486 55 B
0.517 47. B,
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Two-stage cooperative efficiency evaluation with part of intermediate outputs
as final products

ZHA Yong LIANG Liang GOU Qing-long BI Gong-bing
School of Management University of Science and Technology of China Hefei 230026 China

Abstract: Network DEA models have been widely used in dealing with performance measurement of complex
organizations and systems with multiple processes and multiple sub-systems. In real situations where intermedi—
ate products produced by first stage can not be consumed completely by second stage traditional DEA models
overvalues system efficiency while current network DEA models underestimate system efficiency. This paper
put forwords two-stage efficiency models where part of the intermediate products are viewed as final products
and entered into distribution channels and depicts real performance of two-stage production process. This pa—
per provides product forms to characterize cooperation of the two stages and discusses both upper and lower ef—
ficiency bounds of various stages. A linear programming model is converted from nondinear efficiency model by
considering one of the efficiencies of the stages as a parameter. The model is illustrated by a numerical evaluation
of the bank’s performance.

Key words: network DEA models; cooperative efficiency; product form; two-stage model



