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Abstract The defense industry is a future-oriented industry, in which high-tech technologies are
concentrated. In addition, it is a key industry for maintaining national security, and the R&D of the
defense industry is very important. With the introduction of a competitive system by defense industry
companies, the necessity of improving the efficiency and productivity of defense industry companies is
emerging. In this study, the efficiency of the defense industry was measured using the CCR and BCC
model. In addition, super efficiency was derived using the Super-SBM model. For this study, the 2019
defense industry management analysis data of the Korea Defense Industry Association (KDIA) was used,
and the analysis was performed by setting the number of researchers and investments of domestic
defense industry companies as the input variables and sales as the output variables. Through this study,
it is expected that the defense industry's R&D efficiency will be grasped, which will help establish a

policy for fostering the defense industry in the future.
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Table 1. Pre-studies of Efficiency Analysis on Defense Industries

Researcher Topic Method
J. O. Chae .
2019) A Study on Global Competitiveness of Top 100 Defense Industry Company CCR, BCC
J. H. Choi i on of Def ! L
018) Efficiency Evaluation of Defense Industry Firms by Utilizing DEA CCR, BCC
J. Y. Kim Global Competitiveness Analysis of National Defense Industry - DEA and Malmquist CCR, BCC,
(2015) Production Analysis - Malmquist
J. H. Kim Hybrid Quantitative / Qualitative Evaluation of R&D Activities of Major Korean Defense
; CCR, BCC
(2011) Companies
S. M. Jung . . - . CCR, BCC,
2010) A Study on Improving Ways for Global Competitiveness of Defense Industries in Domestic Malmquist
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2.2 DEA

H|23 §84 &% WA DEAE Farrell(1957)
ST 71EF e/ B3 AFE v e R 19784
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2.2.1 CCR 2%
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om, o FYPEOl it o AEy)E THRE
DMUES A&4<5 §4517] flsl BUdE +=9 g
of ®Hlglste] AEEo] gidtt= CRSE 71gsto] i

ot CCR B2 H7HHAde] = DMUS9] F48
& 710l g3t A= a4 TRERAIY vlgol 1€ &=
Fafxd= oF =, ZF £AR 4L} A2 849 7 SXES
0 olgolofof gith= Aotz stollA] DMUEE 98
& 7HEgAl digt A28 4 7REEA Q) vES S}
AlZ| 1AL ok LPEFo|t}H6].

SHAgk CCR 232 EE DMUE©] X4
P CRSE 7Hdstal 7] wige] @84S Ad=

842] 23t} CCRY) 71291 52412 Eq. (1)} ZrHs).

— WrYrke
Max B,=""—— 1)

Zvikxik
i=1

s
E urkyrj
r=1

m

Viklij
1=
U
rk
Sy — >e(r=12,..,5)
i=1
/U.
ik
- >e(i=1,2,....,m)
Uik,

i=1

2.2.2 BCC 2¥

2 DMU7F CCR 23 3lolM 29tk 75t
A DMU % 4371 594 129 37 3E o 4k&ol
129 Hoh Hojx|= 25 AZHDRS © Decreasing
Returns to Scale, |5t DRS)O|Y A& 129 Z7H]
A o, AEo] 199ET oAl FEFIAFRS
. Increasing Returns to Scale, |3} IRS)S] A}Eof|A]
<=1 o, o] DMUEY Atid 8842 &%
7128843 A5 @=t}. o= DMUY 8&40]
TR Bifol JIFE Y] wEolZa & 5 UrHol

BCC H3L FRaEAT 7[&8&4dS T2 9

3] Banker, Charnes and Cooper(1984)°] 2J3] VRS
= 7}gsto] 7 DEA 2302, IRS, CRS, DRSY
37HA FAAEHE B5F ZIFITHT]. &, BCC EPolA
9] 884 F+H B0 FFE WA g 5T 7]

BT T
S8E4S YRt olF Ae=

#5Hd Eq. Q)<
24, 9).

Max
U, V, W

I
03 = E(yk])(uj) +w (2)

<
Il
—

s.t., E(y@)(u,) - E(mk,)(v,) +w <0

k=1,2,., K
upv; = 000 =1,2, £j=1,2,...,.J)
w = free

9] 294 = B4 DMUY 129 $Jaus
7Vele Axg AL} ¢ ) 0ol FR2oj tigt IRSO]
I, o < 0ol o] tfst DRSE YERHTHII.

223 2884 1Y
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Table 2. DEA Efficiency Analysis Environment

CCR BCC Super-CCR
Efficiency CRS, IRS, e
Environment CRS DRS Super-efficiency
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Table 3. Composition of Analysis Data

Major Normal Total
Large Company 18 1 19
Small Company 14 8 22
Total 32 9 41
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Table 4. Input & Output Variables

Variables Data
Researcher
Input
Investment
Output Sales

£ AT ML Table 49} Zo] AT 9t FEA
2 BYuSE, RS AEusE Agste] T )

A}%*HP ;‘%* =75t B2 APATAELS F
2 AAsIG o B QoA v
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Table 5& & Aol A8H 41719] DMUEY] 7%
BAFE YER Aol

Table 5. Statistical Information for Variables

Researcher Investments Sales
Min 3 103 492
Max 1760 361,355 1,681,026
Median 43 4,076 49,011
Average 178 29,386 270,782
Stdev. 404 70,237 473,658

B4 240 AFE P4 98] FYAst AL
S o7t AEEse

Table 63} Ztt.

Table 6. Correlation among Variables

Researcher Investment Sales
Researcher 1
Investment 0.838 1
Sales 0.813 0.796 1
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Blof ©E A 92 B7I6HA ZotEE gAY
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Table 7. Estimation of efficiency by DEA and Super-SBM

Lambda for Reference (CRS -
MO (CTIES) (\[;1?;) 5 RTS (gle?fé) L5 L14 126 132 : s),um RTS SH?Z;;BM
DMU1 0.905 1.000 0.905 IRS 5,32 2.471 0 0 4335 6.806 DRS 0.9055
DMU2 0.090 0.205 0.440 DRS 14, 32 0 0.026 0 0.03 0.056 IRS 0.0904
DMU3 0.647 0.651 0.993 DRS 14, 32 0 0.319 0 0.588 0.907 IRS 0.6468
DMU4 0.592 0.603 0.983 DRS 14, 32 0 0.712 0 0.164 0.876 IRS 0.5923
DMU5 1.000 1.000 1.000 CRS 5 1 0 0 0 1 CRS 1.1994
DMU6 0.419 1.000 0.419 IRS 14, 32 0 13.016 0 0.007 13.023 DRS 0.4189
DMU7 0.212 0.386 0.550 DRS 5,32 0.04 0 0 0.033 0.073 IRS 0.2124
DMUS8 0.387 1.000 0.387 IRS 14, 32 0 16.741 0 3.049 19.79 DRS 0.3867
DMU9 0.267 0.667 0.400 IRS 5,32 0.028 0 0 0.014 0.042 IRS 0.2666
DMU10 0.645 0.720 0.896 DRS 14, 32 0 0.742 0 0.93 1.672 DRS 0.6451
DMU11 0.521 0.523 0.996 DRS 14, 32 0 0.461 0 0.491 0.952 IRS 0.5213
DMU12 0.038 0.803 0.047 IRS 14, 32 0 0.001 0 0.003 0.004 IRS 0.0377
DMU13 0.617 0.662 0.932 DRS 5,32 0.925 0 0 1.517 2.442 DRS 0.6174
DMU14 1.000 1.000 1.000 CRS 14 0 1 0 0 1 CRS 2.3956
DMU15 0.774 0.803 0.964 DRS 5,32 0.139 0 0 1.219 1.358 DRS 0.7743
DMU16 0.243 0.372 0.652 DRS 14, 32 0 0.346 0 0.018 0.364 IRS 0.2425
DMU17 0.096 0.098 0.987 DRS 14, 32 0 0.264 0 0.57 0.834 IRS 0.0965
DMU18 0.212 1.000 0.212 IRS 5,32 3.033 0 0 4.768 7.801 DRS 0.2122
DMU19 0.503 0.898 0.560 IRS 14, 32 0 6.534 0 0.652 7.186 DRS 0.5031
DMU20 0.149 0.250 0.595 DRS 14, 32 0 10.754 0 3.946 14.7 DRS 0.1488
DMU21 0.085 0.103 0.823 DRS 5,32 0.017 0 0 0.2 0.217 IRS 0.0847
DMU22 0.223 0.280 0.797 DRS 14, 32 0 0.08 0 0.135 0.215 IRS 0.2232
DMU23 0.189 0.372 0.509 DRS 14, 32 0 0.003 0 0.056 0.059 IRS 0.1892
DMU24 0.243 0.294 0.827 DRS 26 0 0 0.369 0 0.369 IRS 0.2430
DMU25 0.128 1.000 0.128 IRS 5, 26 0.001 0 0.013 0 0.014 IRS 0.1285
DMU26 1.000 1.000 1.000 CRS 26 0 0 1 0 1 CRS 1.3880
DMU27 0.215 0.546 0.394 IRS 5, 32 0.005 0 0 0.033 0.038 IRS 0.2150
DMU28 0.197 0.324 0.609 DRS 14, 32 0 0.082 0 0.046 0.128 IRS 0.1971
DMU29 0.120 0.156 0.774 DRS 14, 32 0 1.88 0 3.713 5.593 DRS 0.1204
DMU30 0.178 0.205 0.866 DRS 14, 32 0 0.017 0 0.253 0.27 IRS 0.1779
DMU31 0.309 0.335 0.921 DRS 5,32 0.162 0 0 0.257 0.419 IRS 0.3087
DMU32 1.000 1.000 1.000 CRS 32 0 0 0 1 1 CRS 1.1789
DMU33 0.202 0.289 0.700 DRS 14, 32 0 0.026 0 0.099 0.125 IRS 0.2025
DMU34 0.271 0.312 0.869 DRS 5,26 0.139 0 0.198 0 0.337 IRS 0.2712
DMU35 0.231 0.263 0.879 DRS 26 0 0 0.471 0 0.471 IRS 0.2313
DMU36 0.368 1.000 0.368 IRS 14, 32 0 0.018 0 0.023 0.041 IRS 0.3679
DMU37 0.429 0.704 0.610 IRS 5,32 0.009 0 0 0.076 0.085 IRS 0.4291
DMU38 0.197 0.254 0.777 DRS 14, 32 0 0.085 0 0.118 0.203 IRS 0.1973
DMU39 0.038 0.903 0.042 IRS 5, 26 0 0 0.005 0 0.005 IRS 0.0382
DMU40 0.016 0.107 0.154 DRS 14, 32 0 0.041 0 0.007 0.048 IRS 0.0165
DMU41 0.116 0.888 0.131 IRS 5,32 0 0 0 0.01 0.01 IRS 0.1161
Avg. 0.368 0.585 0.661 - - - - - - -

136



DEA®} Super-SBM= °83 s ®HHdAA 2ed 24

EOo
Eo
L%E‘i-’FE AdAsto] =4 %H*P%’ixﬂ
_’{
o

CCR E""é-‘*]‘ BC %‘% AH-g513l o °]§ Bl
o] aeie 'E‘Hé otk B3t 28L4S B8] 99
Super-SBM 28-S &85}t Table 72 CCR, BCC

2% 9 Super-SBM E3E ol-&sto] 8% a-84
< Yehd ot
Table 79 24275 AmHEH, CRS 7P stojA
DMU 5, 14, 26, 329 &&4 o] 1TE 4= &
Zol DMUE H7}=]ith. CCR ZFo|A42) 884 A4
B2 03682, 1671 DMUTO] Bt &2 J-E
o, ol= AA DMU F 39%°l sigstct. VRS 7}
4 slolA DMU 1, 5, 6, 8, 14, 18, 25, 26, 32, 36°]
aEAQ Aog HrHESQIth BCC BEolAo] a&4d
A 42 05852 21719 DMU7}F HdEt =2 &
248 B9loH, ol AA DMUY 51.2%°] sid3ict.
CCR ¥ BCC ZFoIMe] 24L& 3 4 41779
DMU % <F 10%°l 3ig3h= 4719 DMUMDMU 5, 14,
26, 32)7to] E84¢%1 DMUE EA =9t}
AA DMU % 59%°l sigsh= 24712 DMUCA
HZO(RTS : Returns to Scale)e] DRSQI Ao & B4
At ol FYPAAY F7tl vlsh AEo 7 R
2 9ulsle AR, o] EFAY Aol o=
S2tgo] Wl djEFAiAto] o2 WAl o] E/o] Bt
oy AoF E 4= it}
H| G829 DMUE &84 32 98 Wixupy o
AR EAYEE A =, vag] Fre FrHA ¢
lambda)gre 53 & 4 AcH13]. ¥|E&2<2l DMU7}
HAupstodor 3F DMUES 8887 Jok= DMU
Eod, H|ZEZQl DMUE &t} L 7|E02 45
ol Wix|u}7jo] kS Tk 2= QitH7, 13]. =, 84
o] 1 oJ3}9l H]&L82]Ql DMUES 8879 DMUE ¥l
Augsto] 7HgA| o et £YaA40] FYRkE HASH
H 28%< DMUZ = &= Qlt}. 9§ £01, Table 7
oA DMUI2 £3F& DMU5 FUF| 2.4714Lt
DMU32 £3F9] 4335812 =45t a8 DMU
7} 9 £ Qlch ¥EE% DMUOA 7Fd wo| 323 ¥
87} 9= &84°9 DMU: DMU32&8 EAEQlch
o] g2 1 77t 1Ho Fex] 3L Fx9] o
Hoj| whgha] EATiAre] DMUZF o) tigt &4zt

ofH AZ9 I AUEAE T2
AFeTH11] FEso] RS
DMUE2 AGTEE SHgoan A&4ns 24
= %2, DRSYI DMUE2 AATHEE &40t &5t

= g4sl 2 9}

CCR 2HollA 5&4 A7t 1 19l DMUE 28
&4 ASE 5YstH, 284 A7t 1 o4l DMUY
2884 Aee 150 & FESE Uepdth ol B3
&4 DMUEY 5&4 H47t BF 12 A=/
oIS A 7}4 T4 Aolg & 4 9lld DEAY|
4 Stk CCR ZollA] 4719 &&3<l

&9 A 1 odoR =0 2858
% @T«l vé&t 0.42028 CCR 239 &84 A4
BHET F 14% AL 53T,

Table 82 A4 DMUESS] 884 23X Uehd A
o[t} CRS 7H stollAl = BelatdAle] &84 A
£ %A 41719 DMU % 58%°ll 3igsh= 24719] DMU
o4 0.3 olstE Yt tAFoE vaLHl BeS

Holx 9}

Table 8. Efficiency Range on CRS and VRS

. CRS VRS
Eff range 2 % 2 %
= E (01 6 14.6 1 2.4
0.1 = E<C02 8 19.5 3 7.3
02 =E<03 10 24.4 8 19.5
03 = E <04 3 7.3 6 14.6
04 = E <05 2 4.9 0 0.0
0.5 = E <06 3 7.3 2 4.9
0.6 = E <07 3 7.3 4 9.8
0.7 = E08 1 2.4 2 4.9
08 = E (09 0 0.0 4 9.8
09 =E(1 1 2.4 1 2.4
E=1 4 9.8 10 24.4
Min. 0.016 0.098
Ist Qu. 0.178 0.289
Median 0.243 0.603
Mean 0.368 0.585
Mean 3rt Qu. 0.521 0.903
Max. 1.000 1.000

Table 9. Efficiency between Large and Small Company

CRS VRS SE
Large Company 0.498 0.670 0.766
Small Company 0.256 0.511 0.570
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