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This study intends to propose a non-oriented DEA based game cross-efficiency approach for supplier selection. With a discussion

on the choice of DEA models and approaches that are most appropriate for supplier selection, we propose a game cross efficiency

model based upon the non-oriented variable returns-to-scale RAM DEA by adapting the existing game cross efficiency model

based upon the oriented constant returns-to-scale CCR DEA. We develop the RAM game cross efficiency model and a convergent

iterative solution procedure to find the best game cross efficiency scores that constitute a Nash equilibrium. We illustrate the

proposed model with two data sets of supplier selection, and demonstrate that significantly different results are obtained when

compared with the existing approaches.
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9] A A wxasA 7@1:}: ot (1:1 2, --~,n)°]
shupe]l g H(fixed point) o2 FRs=d], 1
& - WATE S olEvH4]. W

Mt o

2 S rh:
x
2
F.:
%
ox !
)
O
O o
s
oY
=)

—

—



114

5. Al e

Sungmook Lim

Bl Green et al.[14]7} Liang et al.[18]° Al &=
FaAolAe] 2aF HAFG =] a3 A4

gel &35 wol7] #fel ARgEE HE Atk R&
B7h 4 ARFAE F59
4= 3tk o] AElE F8 Liang et al.[18]°]
& DEA(CCR E&)ollA el AQ) wata &4

o T |m

A AR EA )

Hofe] 37

] o]
2y 7} L Af
WALE &
D ZzA
dFow
A 7Rk
A A

B =80 ujeF RAM 2o M 9 AY wAg e
e A3 2o of| Apolzh I AE=Al o TS AL
AHREE ) dolHd X3H H7| FAA Hof
3770¢] R&D ZRAE = AE ihs Fi 43 FA
sh, Zb7he] L2 AE = <Table 2>9F Fo] 5709 At
4ot 1Y FYPLAR EAA A dEesw
44 A 7]1¢] Z(indirect economic contribution),

)

al
o e AEt 4
EAH

<Table 2> Case 1 : Data of 37 R&D Project Proposals[22]

74| 71e] %= (direct economic contribution), 7] %]
] %=(technological contribution), A}3]% 7]¢f & (social con-
tribution), ¥}8% 7] % (scientific contribution)”} 3 ]
, FHaARE HE, F odite] XgHEn BE an

5 23 29L& 0~100~t0]Y HF=E

R&D Indirect economic| Direct economic | Technological Social Scientific Budget
project contribution contribution contribution contribution constribution
1 67.53 70.82 62.64 4491 46.28 84.20
2 58.94 62.86 57.47 42.84 45.64 90.00
3 2227 9.68 6.73 10.99 5.92 50.20
4 4732 47.05 21.75 20.82 19.64 67.50
5 48.96 48.48 34.90 32.73 26.21 75.40
6 58.88 77.16 35.42 29.11 26.08 90.00
7 50.10 58.20 36.12 32.46 18.90 87.40
8 47.46 49.54 46.89 24,54 36.35 88.80
9 55.26 61.09 38.93 47.71 29.47 95.90
10 52.40 55.09 53.45 19.52 46.57 71.50
11 55.13 55.54 55.13 23.36 46.31 76.50
12 32.09 34.04 33.57 10.60 29.36 47.50
13 27.49 39.00 34.51 21.25 25.74 58.50
14 77.17 83.35 60.01 41.37 51.91 95.00
15 72.00 68.32 25.84 36.64 25.84 83.80
16 39.74 34.54 38.01 15.79 33.06 35.40
17 38.50 28.65 51.18 59.59 48.82 32.10
18 4123 47.18 40.01 10.18 38.86 46.70
19 53.02 51.34 42.48 17.42 46.30 78.60
20 19.91 18.98 25.49 8.66 27.04 54.10
21 50.96 53.56 55.47 30.23 54.72 74.40
22 53.36 46.47 49.72 36.53 50.44 82.10
23 61.60 66.59 64.54 39.10 51.12 75.60
24 52.56 55.11 57.58 39.69 56.49 92.30
25 31.22 29.84 33.08 13.27 36.75 68.50
26 54.64 58.05 60.03 31.16 46.71 69.30
27 50.40 53.58 53.06 26.68 48.85 57.10
28 30.76 32.45 36.63 25.45 34.79 80.00
29 48.97 54.97 51.52 23.02 45.75 72.00
30 59.68 63.78 54.80 15.94 44,04 82.90
31 48.28 55.58 53.30 7.61 36.74 44.60
32 39.78 51.69 35.10 5.30 29.57 54.50
33 24.93 29.72 28.72 8.38 23.45 52.70
34 22.32 33.12 18.94 4.03 9.58 28.00
35 48.83 53.41 40.82 10.45 33.72 36.00
36 61.45 70.22 58.26 19.53 49.33 64.10
37 57.78 72.10 43.83 16.14 31.32 66.40
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<Table 3> The Input-Oriented CCR Game Cross Efficiency Scores vs. the Proposed RAM Game Cross Efficiency Scores

Liang et al.[18]'s Game Cross Efficiency with - )
pt}gg) t Input-Oriented CCR Proposed Game Cross Efficiency with RAM
Score Rank Selected Score Rank Selected

1 0.6332 12 yes -0.0170 4 yes

2 0.5343 23 -0.1202 12 yes

3 0.2388 37 -0.6015 37

4 0.4860 28 -0.3683 31

5 0.4788 29 -0.2949 25

6 0.5609 18 -0.2532 24

7 0.4639 31 -0.3358 29

8 0.4168 33 -0.3067 27

9 0.4735 30 -0.2500 23

10 0.5353 22 -0.1899 18

11 0.5542 19 -0.1603 14 yes

12 0.5422 21 -0.3337 28

13 0.4898 26 -0.3575 30

14 0.6292 13 yes -0.0012 2 yes

15 0.5829 16 yes -0.1915 19

16 0.8162 4 yes -0.2116 21

17 0.9987 2 yes 0.0000 1 yes

18 0.7373 6 yes -0.2072 20

19 0.5015 24 -0.2422 22

20 0.3294 36 -0.4791 36

21 0.5843 15 yes -0.0967 10 yes

22 0.4895 27 -0.1765 15

23 0.6696 10 yes -0.0056 3 yes

24 0.4905 25 -0.1176 11 yes

25 0.3799 34 -0.4027 33

26 0.6504 11 yes -0.0825 6 yes

27 0.7287 8 yes -0.0842 7 yes

28 0.3412 35 -0.4040 34

29 0.5710 17 -0.1765 16

30 0.5446 20 -0.1801 17

31 0.9078 3 yes -0.0962 9 yes

32 0.6209 14 yes -0.2949 26

33 0.4188 32 -0.4310 35

34 0.7373 6 yes -0.3684 32

35 1 1 yes -0.0926 8 yes

36 0.7671 5 yes -0.0180 5 yes

37 0.7050 9 yes -0.1384 13 yes

<Table 3> 377} R&D ZTZAHEES A Z Liang et al. Q4 ATHH F olake] 5127} 1,0000]2k2 8a, AY ol

(1819 FAAF CCR 28 71w AY aAxEY 85 AEEH 7 Be w0z die] 278 WX ¥
AEATel A B =EolA Aeks RAM EE 7l e Z2AEE MA@ w o AA At
A wAEEAL A4 AEAYE vwst gk vla ‘Selected” Dol TEEHO] Yt FUA T CCR =Y 7)qt
Aol A Bake) =elibzol bR wel] o8] AE AY WAL AlAE F 1671 ZR2AES} A4
Y ZRAE E golols Aok vehdth F94A 9la RAM 2 7 Al ﬂi}ig*é kel A= 14709
% CCR 28 71 AG RATEY Sl T2AE A 439, F 2l TEAeR 47
350l 7H AR RAM 23 7I0F A9 wags  ® ZRZAES ¢ 1oty 38 ATt vlad B
A stel A= ZEAE 1790] 7HE $-sith. RAM B9 of Zfe]7} glrhal *M%l + o AAH ZEAEY]
ek Al WAEEA St A ZRAE ISHE S57F 8 AR £9E T RE 7k 324 tEY 96 w9
Sol o whe, T2AE 170 FUAF CCR B A A5 uiEavhd 1 dvkes gel gkl & ok
719 Al wAEEA StlAE F AR AeTh vk ook 22 Ad Aol A HiTo]l Wak DEA Ry v
S, RAM 23 715 AY wAESA selA 547b @ DEA 2¥ F olw A& Hejshovle] wel ZRAE
2, 359 ZRAEZ} RAAF CCR BY JIN ARl & ARAIE 25 Gebd S glom, ol g% i A
Aas4 st A e 77 13, 1059 E3sith sk, v A B3] Mule] Fo3S HolE
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<Table 4> Case 2 : Data of 45 Public Procurement Tenders[11]
Price Execution time Post-delivery free
Vendor (euros) (weeks) maintenance(months) Enhancement plans

1 110238.11 27 48 8

2 110963.63 31 9 9

3 109514.93 15 29 1

4 110484.45 27 15 9

5 110681.87 22 22 6

6 111092.92 31 29 1

7 112930.37 20 50 3

8 112783.38 28 6 5

9 131714.23 19 108 10

10 109920.87 18 113 10

11 110821.52 16 59 2

12 109775.89 24 59 10

13 108511.7 33 41 10

14 111457.61 29 108 5

15 111127.97 12 44 8

16 108990.13 31 13 1

17 115299.67 14 94 4

18 111242.01 22 47 9

19 112036.06 10 29 8

20 111461.96 33 48 10

21 111009.58 24 12 7

22 110504.87 32 16 0

23 110247.06 11 113 8

24 110438.76 35 120 9

25 112457.83 16 69 7

26 108469.71 15 7 8

27 110667.84 13 28 7

28 111660.57 33 42 4

29 110500.76 25 99 7

30 110918.29 29 0 2

31 115520.49 15 5 7

32 119535.68 24 20 0

33 110183.27 12 78 3

34 109839.68 30 88 0

35 110583.74 28 78 1

36 110186.17 31 54 8

37 125075.21 32 66 7

38 111151.44 13 36 3

39 109224.97 21 89 10

40 110556.28 21 23 0

41 110575.67 31 82 4

42 107967.74 14 22 4

43 111367.66 19 44 8

44 116276.03 26 75 8

45 118868.15 22 94 2

b5 AbelZA Falagario et al[11]9]A] A7) olghg] AL 1 o] 45 £ AZQ A7 At

o} Fx7|¢e] Aok Hae A dolHo] ek o] AMHlE S8 FAY wAEEA she] AR o=
A&AME *aU% L FEE AR S Yigk FEE oA Ak RAM BE 7] 94 A wAEEA 3
g Al oFol Z7Fek 4570 %"T;Loqiﬂoﬂ sl 4714 ARt AGA kA=A t}. Falagario et al.[l
7N (F w7} AFZ13E, AFS ARE7)E AEA & FYAYE CCR S 7wto g BAZ9 Wi s
3o $4 Bk AT <Table 4> RFE Agats RS Akeln Qv 71 E %
o ok RIAD FAILE 2 ghol ALEE Fo T ulaE 93 olE £ RAM B SN0
g %9 F RARARSAND AZAR A aAEEA AFE AEA Ada




A Non-Oriented DEA Game Cross Efficiency Model for Supplier Selection

117

<Table 5> Conventional Cross Efficiency Scores vs. the Proposed Game Cross Efficiency Scores

Vendor Conventional cross-efficiency with RAM Proposed game cross efficiency with RAM
Score Rank Selected Score Rank Selected
1 -0.4332 17 -0.2990 19
2 -0.6124 32 -0.4030 33
3 -0.4644 21 -0.3610 26
4 -0.5103 24 -0.3425 25
5 -0.5114 25 -0.3617 27
6 -0.7878 39 -0.5709 42
7 -0.6107 31 -0.3939 32
8 -0.7875 38 -0.5145 39
9 -1.2638 44 -0.3620 28
10 -0.0460 2 yes -0.0032 2 yes
11 -0.4393 18 -0.3260 24
12 -0.2770 7 yes -0.1721 6 yes
13 -0.3915 16 -0.2275 13 yes
14 -0.4468 19 -0.2874 18
15 -0.2704 5 yes -0.1699 4 yes
16 -0.7175 36 -0.5357 40
17 -0.5008 23 -0.2508 17
18 -0.3886 15 -0.2359 15
19 -0.3319 10 yes -0.1794 7 yes
20 -0.5330 27 -0.3179 20
21 -0.5587 28 -0.3827 31
22 -0.8347 41 -0.6236 44
23 -0.0159 1 yes 0.0000 1 yes
24 -0.3349 12 yes -0.1828 8 yes
25 -0.3609 13 yes -0.2035 10 yes
26 -0.2726 6 yes -0.1706 5 yes
27 -0.3325 11 yes -0.2324 14
28 -0.7284 37 -0.4968 37
29 -0.3043 9 yes -0.2005 9 yes
30 -0.8012 40 -0.5840 43
31 -0.6908 35 -0.3763 30
32 -1.1977 43 -0.6768 45
33 -0.2644 4 yes -0.2079 12 yes
34 -0.5688 29 -0.4315 35
35 -0.5795 30 -0.4276 34
36 -0.4730 22 -0.3250 22
37 -1.2949 45 -0.5662 41
38 -0.4487 20 -0.3249 21
39 -0.1191 3 yes -0.0528 3 yes
40 -0.6549 33 -0.4986 38
41 -0.5285 26 -0.3741 29
42 -0.3007 8 yes -0.2062 11 yes
43 -0.3873 14 -0.2443 16
44 -0.6729 34 -0.3251 23
45 -0.8702 42 -0.4376 36
<Table 5> 457 5 A& WY o= RAM 28 7] & wf 2 A4 A#7}E Selected” @oll EAH ] Atk F 7F
WA AR LR B AEAANS WA el A A wRAA F 1549 FFAAL WA, F
A Alekst RAM B8 7 Al wA g g4 A ated oA dEHem AAH FHdA Aee 12709
5 vwskn e ARAsAA A Akl 19 4 7 BRal 133 27 o @ WA S 245
ol Hlal A= FARE F 2y 3ol &9 Zpolzk B Atk Al 23elA =eHor VEdiite] FEAA 3t
shal Sles #EY 5 Stk & 5o THA 33/l AL AL AR BYste 5 9l o= T4
A WA S el A= 450l AYE A wAEE A wAEEARTE AY wAxgsgol o edsta
g selE 125tk B AgE F dibe] b AAA 2 Aot 3 A aEss sl
1,500,000+ 22t ata, wAEEA A7 28 cow FEYA 272 gEyn g FHFYA 130] AAH = uk
dibe] AxlE wizbA] B o] FEFAE AT W FAHQ) wAEEA stellAe 1 wke] 97 Ay
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