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ABSTRACT

Purpose: The purpose of this study was to present a methodology for assessing the efficiency of supply
chain quality management considering characteristics of defense industries to provide academic and policy
implications for strengthening quality competitiveness of military supplies.

Methods: Using the defense industry’s empirical data, conduct an efficiency evaluation by utilizing a mul-
ti-stage DEA/Entropy Model for defense industries subject to the quality level survey of military goods manu-
facturers in 2017.

Results: The results of this study are as follows; the first step of the multi-stage DEA model, Quality
Management Performance Efficiency Analysis, shows that the CCR model and the BCC model are more efficient
than the parent company. the second stage of the multi-stage DEA model showed that the CCR model was
slightly more efficient than the parent company and the BCC model was more efficient than the parent.the
overall efficiency value of the multistage DEA model, calculated by multipointing the efficiency value of the

first stage by the second stage, was more efficient than the parent.
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Conclusion: The results of this study show that the efficiency of supply chian quality management performance

and profitability in the defense industry can be analyzed for the first time using the multistage DEA/Entropy

model to identify specific inefficiencies and support objective decision making.

Key Words Supply Chain Quality Management, DEA(Data Envelopment Analysis), Shannon’s Entropy
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Table 1. Input and output factors of DEA studies for defense industries
Researcher Analysis target Input Output
G.H.Jung European Defense Company Total assets, Number of employees, Sales
(2005) R&D Investment Cost
13280162)6 (%JgSi/IT,tEngC)A;;Cg?fgfn??sii:mle S) Total assets, Number of employees Sales
K(;Oggn Top 10 defense companies Total assets, Number of employees Sales
Hé(og)a?r;g Top 10 defense companies Total assets, Number of employees NeStal;rSc;ﬁt
S.M.Jung 27 domestic defense Number of employee, Total assets,
(2010) companies material cost Sales
YT Kim 30 domestic .defense Total assets, Number of employee S?Ies’ .
(2012) companies Operating profit
K.JJo 31 domestic .defense Material cost, Personr.lel expense, Sales
(2015) companies Invested capital
H.S.Choi 95 domestic .defense . Number of employeg, Sales
(2018) companies Capital assets, Raw material cost
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* In 2017, 30 companies that can secure data from defense contractors
were selected from the survey of quality level of Defense Industries

* Firt Level Input : Total assets, Number of employees,

* Firt Level Output / Second Level Input : Supplier delivery fulfillment
rate, Supplier Inspection Goodness rate, User Satisfaction rate

# Second Level Output : Sales, Operating profit

* Shannon's Entropy Weight by DEA method
# A efficience Analysis Using Multi-stage DEA & Shannon’s Entropy

* Calculate Sngle-level efficiency values

* Calculation of Multi-Stage DEA Total Efficiency Value

* Single and Multi-Stage DEA Total Efficiency Values Comparison
* Providing Implications for Defense Industry Policy

Figure 2. Research procedure

3P Figure 37 2t}

Total assets

Number of e

Employees

DMU K
Supplier delivery
"% fulfillment rate Iy — Sales
Stage 1 Process -y Supplier Inspection Stage 2 Process

Goodness rat Operating profit

m)  User Satisfaction =
rate

Figure 3. Multi-stage DEA process
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1) CCR/BBC 23<& g83 g84 243}

CCR 23 #4147 Table 49F 2ol = 307] DMU oAl &&4 o2 vehd DMU7F 87H(26%)°] 3L, 0.9% )
= 103%), 0.88 = 171(3%), 0.7%TE= 170(3%), 0.64 = 671(20%), 0.54 W= 371(10%), 0.44 )= 271
(6%), 0.3 470(13%), 0.2t o|ah= 47)(13%)5 Jehia 9t} Te)a CCR 28 4495 Avnd &
4 719 2190l 471(26%), BE7IAE 471(26%)5 E&4 <1 719, Br19e] B+ &4 2 0.65449]
3 PH719 e 0475208 1 Apoli= 017928 etk BCC 28 #4438 Awny 584 719e 579l
SH(53%). BE1AL THUTBE T8l Aol molAe Wit G8A 2 07855011 HE1AL 05663
o= 11 Aol 0.21928 HE

Table 4. Summary of first—stage efficiency analysis results

CCR BCC Efficiency of scale
Parent | Cooprative Parent | Cooprative Parent | Cooprative
Total Company | Company Total Company | Company Total Company | Company
1 8 (26%) 4 4 15 (50%) 8 7 4 (13%) 2 2
0.9 1 (3%) 1 0 0 (0%) 0 0 8 (26%) 3 5
0.8 1 (3%) 0 1 2 (6%) 1 1 5 (16%) 4 1
0.7 1 (3%) 0 1 1 (3%) 0 1 3 (10%) 2 1
0.6 6 (20%) 3 3 4 (13%) 3 1 6 (20%) 2 4
0.5 3 (10%) 3 0 3 (10%) 1 2 0 (0%) 0 0
0.4 2 (6%) 1 1 0 (0%) 0 0 0 (0%) 0 0
0.3 4 (13%) 1 3 3 (10%) 1 2 1 (3%) 0 1
0.2 less than| 4 (13%) 2 2 2 (T%) 1 1 3 (10%) 2 1
Ave. 0.6544 | 0.4756 0.7855 | 0.5663 0.7709 0.7833
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Causes of
inefficiency
PTE
PTE
PTE
PTE
SE
PTE
PTE
PTE
SE
SE
SE
PTE
SE
SE
PTE
PTE
PTE
PTE
PTE
PTE
PTE
SE

0.8318
1.0000
0.8515
0.8662
0.9890
0.6579
0.7741
0.8378
0.9328
0.9017
0.6981
0.2878
0.8146
0.6857
0.6876
0.9992
0.9942
0.9941
0.7365
0.9725
0.6649
0.9967
0.2128

Efficiency of scale

BCC(PTE)
0.1778
0.8067
0.6269
0.5178
0.6175
0.6615
0.3749
0.2422
0.3704
0.6501
0.3416
0.5867
0.7999
0.5085
0.8274

Table 5. Causes of first—stage inefficiency

CCR
0.1479
0.6869

0.543
0.5121
0.6579

0.478
0.5542
0.3497
0.9017
0.6981
0.2878
0.1973
0.6857
0.6876
0.3701
0.6463
0.3396
0.4321
0.7779
0.3381
0.8247
0.2128

A01
AO2
AO3
AO4
A0S
AO6
AO7
AO8
A09
Al0
All
Al2
Al3
Al4
Al5
BO1
BO2
BO3
BO4
BO5
BO6
BO7
BO8
B0O9
B10
Bl11
B12
B13
B14
B15

DMU

Parent
Company
Company

Cooperative
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BCC-0 &3 o] A3}

34 %—(2006)0 e}, g 5
Fohar AA k=], &

5 U9l Aite] &
AFGPER] WAIAI = o]
9] Axtol] 8] Shannon's EntropyE 38388 vl BCC-0 2&o] 7}
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Table 6. First stage Shannon's Entropy results

78k Ak

pul

F}gkell ¢ Shannon's Entropy?] 7l Table 63 #¢] BCC-0O, CCR, BCC-19] #o.2
Q¥ gk A7 ol
fdu= AoR e m R 37k%] DEA 7Y
Uebdlo] AR A3 Helth

el F7kelA

CCR BCC-1 BCC-0
T Parent Cooperative Parent Coopreative Parent Cooperative
Company Company Company Company Company Company
. €; 0.9765 0.9622 0.9921 0.9901 0.9725 0.9831
SI;‘;Sgte dj 0.0235 0.0378 0.0079 0.0099 0.0275 0.0169
i 0.3108 0.3911 0.1511 0.1780 0.5381 0.4309
Table 7. First stage Comprehensive Efficiency Score results
BCC Integrated
MU CCR Input Standard Output Standard efficiency Rank
A01 0.1479 0.1778 1 0.6109 15
A02 1 1 1 1 1
AO03 0.6869 0.8067 0.9963 0.8715 8
AO4 0.543 0.6269 1 0.8016 10
A0S 0.5121 0.5178 0.97 0.7594 13
AO6 0.6579 1 1 0.8937 7
Parent AQ7 0.478 0.6175 1 0.7800 11
Company AO8 0.5542 0.6615 1 0.8103 9
A09 1 1 1 1 1
A10 0.3497 0.3749 0.9929 0.6996 14
All 0.9017 1 1 0.9694 5
Al12 0.6981 1 1 0.9062 6
Al3 1 1 1 1 1
Al4 1 1 1 1 1
Al5 0.2878 1 1 0.7786 12
BO1 1 1 1 1 1
B0O2 0.1973 0.2422 1 0.5512 15
BO3 0.6857 1 0.9963 0.8755 8
BO4 0.6876 1 1 0.8778 6
B05 0.3701 0.3704 .97 0.6287 13
BO6 0.6463 0.6501 1 0.7994 9
Cooperat BO7 0.3396 0.3416 1 0.6245 14
ive BO8 0.4321 0.5867 1 0.7043 10
Company | B09 1 1 1 1 1
B10 1 1 1 1 1
B11 0.7779 0.7999 1 0.8775 7
B12 0.3381 0.5085 1 0.6536 12
B13 1 1 1 1 1
B14 0.8247 0.8274 1 0.9007 5
B15 0.2128 1 1 0.6921 11
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Table 72 DEAR ¥ ¥ Shannon's Entropy 2¥9 ZeRdS 83 g4 vwES yehd Aol CCR,
BCC-I, BCC-09] R&oA 19 T84S Yebd B2 A150] Shannon's EntropyE 288+ o], A02, AQ9,

A13, Al4, BO1, B09, B10, B13 = 871 Heolo 7 719 o7 Yelytt) 3714 DEAH o2 E84
AN O] QA agdo® mEd A de] AgRyS 59 R8s 484 ag o7 F o A
o2 =EES & 4 i) ol#fd H2 t42] DEA 2 S 1A

|4 o] ofgizol gl MAdAle] 54 &
7

1) CCR/BBC 23S &-83

CCR %23 9] 7§ Table 83} o] AA) 307§ DMU oA &&% o2 vehd DMUZF 670(20%)°]aL, 0.98 =
070(0%), 0.8% = 170(3%), 0.7%H= 071(0%), 0.6 = 37H(10%), 0.5 U= 471(14%), 0.4- = 370(10%),
0.3 = 371(10%), 0.2% ] olsl= 1070(33%)E HePlaL itk 18]31 CCR B w4435 A9y a7
719 B719 0] 37H(20%), B 7%= 370(20%) % &&2 Q1 719elH, 719 e 84 ¢t 0.50210]1 §
7] 0.52820.2 1 Zol= 0.02612 et BCC 28 B4 2432 Avrd 587 7198 27140 570
(53%), BE7192 THAT%) G841 719ol, 7|19 it &84 ¢k 0.9829¢]3 FH7|2 0.6749%
71 Apol= 0.30808 YERALE 1E]al fFEe] @84 g2 BrI]de] 271(13%), FEVIAE 270(13%)% A& Sl
Z1golH, 719 e] it &4 gk 0.50070] 3 F=7|l& 0.5112% 1 zfo]= wjw]gk Ao veptont Y
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Table 8. Summary of second-stage efficiency analysis results

CCR BCC Causes of inefficiency
Parent | Cooprative Parent | Cooprative Parent | Cooprative
Total Company | Company Total Company | Company Total Company | Company
1 6 (20%) 3 3 12 (40%) 5 7 4 (13%) 2 2
0.9 0 (0%) 0 0 10 (34%) 10 0 0 (0%) 0 0
0.8 1 (3%) 0 1 0 (0%) 0 0 2 (T%) 1 1
0.7 0 (0%) 0 0 0 (0%) 0 0 1 (3%) 1 0
0.6 3 (10%) 2 1 1 (3%) 0 1 4 (14%) 1 3
0.5 4 (14%) 2 2 2 (7%) 0 2 4 (14%) 2 2
0.4 3 (10%) 1 2 1 (3%) 0 1 3 (10%) 2 1
0.3 3 (10%) 2 1 1 (3%) 0 1 2 (T%) 1 1
0.2 less than | 10 (33%) 5 5 3 (10%) 0 3 10 (34%) 5 5
Ave. 0.5021 | 0.5282 0.9829 | 0.6749 0.5007 0.5112
2) HlEE/do] tigk AAEA
ARl Ale] tEe] AEAGE] WS 2209 Zgol BAdA) A8 B o] A AsE zes
Aow s o Qltk. o] Agole WA Rl AHE SIS T stedolAe] FAE A5 e
ol Ak vl &7l a8 (PTE) o] HlE&9] A1l d5olls 2dat ws, ITA 28, vHE 5 AZEY
o} 43l Fofell JF FAF Bag A ow A74e = Qlvk. Table 99 o] F WA Gl Hla&2Ql A Fol
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B02, B0O3, B04, B0O8, BO9, B12, B13, B14, B15 % BlE&4 9] H¢lo] <=4 7143 840 53 Ao|m& IT
A28 ZAga wd vHY 5 AZE 0 F e FA 55 &5
A04, AO5, AOB, A07, AO8, A10, Al1, A12, A13, Al4, Al5, BO5, BO6, Bl

o] B53 Aome et S Fdv ¢ stEdoAl FAE & el slvkal #Adn.

Table 9. Causes of second—stage inefficiency

DMU CCR BCC(PTE) Efficiency of scale | Causes of inefficiency
A01 1 1 1
A02 1 1 1
AO03 0.5036 0.9736 0.5173 SE
A04 0.6966 0.9822 0.7092 SE
A05 0.232 1 0.2320 SE
AO6 0.1469 0.9728 0.1510 SE
Parent AQ7 0.3976 0.9737 0.4083 SE
Company AO08 0.187 0.966 0.1936 SE
A09 1 1 1
A10 0.583 0.9865 0.5910 SE
All 0.1951 0.9554 0.2042 SE
Al2 0.1414 0.9728 0.1454 SE
Al3 0.4487 0.98 0.4579 SE
Al4 0.3803 0.9818 0.3873 SE
Al5 0.6206 1 0.6206 SE
BO1 1 1 1
BO2 0.872 1 0.8720 PTE
BO3 0.1832 0.1835 0.9984 PTE
BO4 0.2237 0.2237 1 PTE
BO5 0.212 1 0.2120 SE
BO6 0.2675 1 0.2675 SE
Cooperative BO7 1 L 1
Company BO8 0.4129 0.4551 0.9073 PTE
B09 0.1685 0.1686 0.9994 PTE
B10 1 1 1
B11 0.5504 1 0.5504 SE
B12 0.5908 0.5913 0.9992 PTE
B13 0.6353 0.6358 0.9992 PTE
B14 0.4871 0.5273 0.9238 PTE
B15 0.3207 0.339 0.9460 PTE
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Table 10. Second stage Shannon's Entropy result

CCR BCC-I BCC-0
P G Cooperative Parent Coopreative Parent Cooperative
Company Company Company Company Company

€; 0.8961 0.9011 0.9932 0.9939 0.9291 0.9312

Sse;‘;zd d 0.1039 0.0989 0.0068 0.0061 0.0709 0.0688

i 0.2321 0.2323 0.1875 0.1950 0.5804 0.5727
Table 112 DEAR &3} Shannon's Entropy AR89 A3 aS &83 584 vwE ekl Aoltt CCR,
BCC-1, BCC-02] &3 19] a&4S vepd WA Eo] Shannon's EntropyE 4-83191S ], A01, A02,
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Table 11. Second stage Comprehensive Efficiency Score results
BCC Integrated

PMU CCR Input Standard Output Standard efficiency Rank

AO1 1 1 1 1 1

A02 1 1 1 1 1

AO03 0.5036 0.9736 0.5935 0.5935 9

A04 0.6966 0.9822 0.7446 0.7446 6

A0S 0.232 1 1 1 1

AO6 0.1469 0.9728 0.1717 0.1717 14

Parent AQ7 0.3976 0.9737 0.4461 0.4461 11
Compan AO8 0.187 0.966 0.2193 0.2193 12

y A09 1 1 1 1 1

A10 0.583 0.9865 0.7239 0.7239 7

All 0.1951 0.9554 0.1951 0.1951 13

Al2 0.1414 0.9728 0.1686 0.1686 15

Al3 0.4487 0.98 0.6116 0.6116 8

Al4 0.3803 0.9818 0.4947 0.4947 10

Al5 0.6206 1 1 1 1

BO1 1 1 1 1 1

B0O2 0.872 1 1 0.9703 4

B0O3 0.1832 0.1835 0.9406 0.6170 14

BO4 0.2237 0.2237 0.9366 0.6320 13

BO05 0.212 1 1 0.8169 7

Coopera BO6 0.2675 1 1 0.8298 6

five BO7 1 1 1 1 1
Compan BO8 0.4129 0.4551 0.9526 0.7302 11
B09 0.1685 0.1686 0.9424 0.6117 15

v B10 1 1 1 1 1
B11 0.5504 1 1 0.8956 5

B12 0.5908 0.5913 0.9481 0.7955 9

B13 0.6353 0.6358 0.9499 0.8156 8

Bl4 0.4871 0.5273 0.9562 0.7636 10

B15 0.3207 0.339 0.9603 0.6906 12
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Table 12. Single stage Shannon's Entropy result

CCR BCC-I BCC-0
Parent Cooperative Parent Coopreative Parent Cooperative
Company Company Company Company Company Company
€; 0.8957 0.8978 0.9228 0.9188 0.9285 0.9199
dj 0.1043 0.1022 0.0772 0.0812 0.0715 0.0801
w; 0.2329 0.2122 0.1735 0.1911 0.5936 0.5967

42,1 CCR 29 T 9 oA AA a84 E447) v

CCRE.Zol| 9J3t TdtA] DEA 23 842 7|92 Table 133 £t}

Table 13. Summary of the total efficiency analysis results of the CCR model

Efficience Analysis of Multi-stag
Efficience Analysis of Single stage (Multiplication offirst/Second stage’s
Efficience Analysis)
| forn [ o | || ] Coomie
1 CCR 8 (27%) 4 4 4 (13%) 2 2
0.9 CCR 3 (10%) 1 2 0 (0%) 0 0
0.8 CCR 1 (3%) 1 0 0 (0%) 0 0
0.7 CCR 4 (13%) 1 3 0 (0%) 0 0
0.6 CCR 4 (13%) 1 3 1 (3%) 0 1
0.5 CCR 0 (0%) 0 0 0 (0%) 0 0
0.4 CCR 3 (10%) 1 2 3 (10%) 1 2
0.3 CCR 4 (13%) 4 0 4 (13%) 3 1
0.2 less than | CCR 2 (T%) 1 1 17 (57%) 8 9
Ave. CCR 0.7068 0.6646 0.7490 0.3330 0.3245 0.3415
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878 A (27%), 0.95 th7F 37H(10%), 0.8K th7F 170(3%), 0.7 7} 47H(13%), 0.651 7} 470(13%), 0.5% 7}
071(0%), 0.4 7} 37H(10%), 0.3 th7F 470(13%), 0.25 i 7} 27H(7%> of. Z1e]al &S] 712 % 871 i
ldl, 71 5 B7Idel 470 dAl, fE7Isie] 478 AAloleh. Al &4 dhel Bt 7190l 0.6646°]aL, #=7]Y

°] 0.7490% 1 #po]7} 0.084% vlulejrt.. efal A dAleh = WA Ao Z47te] a8 wlee] wor Aad

thet 7] DEA A3fel] uhe A ae4ds Auun, Jhdoz a82< 7192 478 4A(13%), 0.9 7} 071 LA
(00%), 0.8 7+ 071 A (0%), 0.75t7F 070 AA(0%), 0.6 7 17] AAN(3%), 0.5 N7+ 07 AH(0%), 0.4
A7k 371 4A(10%), 0.3 H7F 471 AA(13%), 0.23 7 1770 AAGE7%) olch,

4.2.2 BCC 239 & ¥ oA A

BCCREo| o8k ot DEA A7 842 7]9S Table 149} o] 147 9A(47%), 0.94 7} 071(0%),
0.8 7 471(13%), 0.7t 7F 470(13%), 0.6 7} 37H(10%), 0.5 7} 27H(70%), 0.4% 7} 271(7%), 0.3%
7k 070(0%), 0.28 7k 17H(2%) °lch. 12]a &A% 7|92 & 871 AAId], 1 & 271e] 871 94, F9714

o] 67] dAloltt. MAl &&A Fhe] Hu2 Tr]Ye] 0.8512¢0]aL, @ 71e] 0.79622 1 =}Fo]7} 0.550L.2 1]
stk 2] A @A F WA A A8A4 gl o AHEd thaAl DEA Adel whE A 84S AuEy,
FEE9 710l 978 AAN(30%), 0.98Hh7F 147 GA(47%), 0.8 h7F 07 FA(0%), 0.7 h7F 178 A (3%),
0.6% 7} 370 JA(10%), 0.58tl7F 171 A#(3%), 0.47dh7F 071 A#1(0%), 0.3 7k 170 JAI(3%), 0.2% )7}
170 4A(3%) ©lth

T EAE Ha

Table 14. Summary of the total efficiency analysis results of the BCC model

Efficience Analysis of Multi-stag
Efficience Analysis of Single stage (Multiplication offirst/Second stage’s
Efficience Analysis)
Total Parent Cooprative Total Parent Cooprative
Company Company Company Company
1 BCC 14 (47%) 8 6 9 (30%) 3 6
0.9 BCC 0 (0%) 0 0 14 (47%) 5 9
0.8 BCC 4 (13%) 1 3 0 (0%) 0 0
0.7 BCC 4 (13%) 1 3 1 (3%) 1 0
0.6 BCC 3 (10%) 3 0 3 (10%) 3 0
0.5 BCC 2 (7T%) 2 0 1 (3%) 1 0
0.4 BCC 2 (7%) 0 2 0 (0%) 0 0
0.3 BCC 0 (0%) 0 0 1 (3%) 1 0
0.2 less than| BCC 1 (3%) 0 1 1 (3%) 1 0
Ave. BCC 0.8512 0.7962 0.7713 0.9702
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At go] o3k dAdvA DEA A3 F&4<] 7]& Table 159 o] 870 AA(27%), 0.9 7} 57/H(17%),
0.8" 7} 370(310%), 0.7 7+ 57H(16%), 0.6 h7F 170(3%) o= vebdth z2ela & 8749 &84 7145
E719e] 470 A, d=71el 40 Aol AA mEAd whel Hee PJ]“OI 0.7537°]aL, ¥#7]do] 0.7934
2 71 zbol7h 0.397= ww]aitt, 12]a A GAS F HA oA A4 84 o] woR 4HEg thdAl DEA%
shannon’s entropy 242 %S 283 d4 284S Avrd, a8%9 710401 470 AA(14%), 0.9 N7} 071
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Table 15. Summary of the total efficiency analysis results of the combined model

Efficience Analysis of Multi-stag
Efficience Analysis of Single stage (Multiplication offirst/Second stage’s Efficience
Analysis)

Cooprati Cooprativ
Total Rate Ciifg;iy vi Total Rate Cii:s;rtly z

Company Company
1 8 27% 4 4 4 14% 2 2
0.9 5 17% 3 2 0 0% 0 0
0.8 3 10% 1 2 1 3% 0 1
0.7 5 16% 1 4 3 10% 2 1
0.6 1 3% 1 0 6 20% 2 4
0.5 2 7% 0 2 9 30% 3 6
0.4 3 10% 3 0 2 7% 1 1
0.3 2 7% 2 0 1 3% 1 0
0.2 less than 1 3% 0 1 4 13% 4 0

Ave. 0.7537 0.7934 0.5254 0.6645
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