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Abstract

In order to enhance sustainable war fighting capabilities,
it is important to maintain a good ammunition support
system. In this paper, we evaluate the performance of
Ammunition  companies  using  Imprecise = Data
Envelopment Analysis (IDEA)-BCC and IDEA-Additive
model, which can deal with imprecise data in DEA. In
order to select a list of input and output variables, we
used a multiple regression analysis. We could choose
input variables that have significant effects on the
output performance with stepwise regression model.
From the regression analysis, the number of soldiers,
officers, and ammunition warchouses were selected as
the input variables. Seven out of sixteen Ammunition
companies were found to be inefficient by the
IDEA-BCC model. And using IDEA-Additive model, we
could identify the input excess and the output shortfall
in reaching at a point on the efficiency frontier.
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Table 1. Mixtures of Exact and Imprecise Data

Inputs Outputs
bMU Cost(exact) J(lgg%i Iélgél)t Revenue(exact)
1 100 0.6~0.7 2000
2- 150 0.8~0.9 1000
3 150 1 1200
4 200 0.7~0.8 900
5 200 1 600

Table 2. Scale Transformed Data

Inputs Outputs
DMU

X X/ iy

1 0.50 0.6~0.7 1

2 0.75 0.8~0.9 0.50

3 0.75 1 0.60

4 1 0.7~0.8 0.45

5 1 1 0.30
Max Z,=Y - U, (3)
sit. Yy -X,-X,,-U,=0 J=1,2,3,4,5
X+ Xy =1
D+:{Y11=UI;Y12=O.5O ul;Y13=0.60u1}
! 7Y ,,=045u,;Y,;=0.30u,

D= {XU 0.50w,;X,,=0.75w; X 4= O75W1}
Xy=wpX5=w,
0.60w,<X,,<0.70w,
D {;0.80W2SX22<09OW2:X23 Wy
3 0.70w,<X,, <0.80wy; Xos=w,
uy, wy, wy=0, U, = free variable,
Y, €D, X;ED;V
=12, j=1,2,3,4,5
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Table 3. The exact data retrieved from model B
when W, is obtained

DMU 1 2 3 4 5
Xy 0.7 0.8 1 0.7
Max Z,=s]+ s+ s, (6)

5.t 2000\ ;+ 1000\ ,+ 1200A 5+ 900A ,+ 600A - - s =2000
100A ;+ 150N ,+ 150A 5+ 200\ ,+ 200\ .+ s7=100

0.7A 1+ 0.8\ y+ A3+ 0.7A ;+ A s+ 5,=0.7

ST, 81,5520, A+ At Agt At A =1
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Table 5. Inputs and Outputs data
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Outputs Inputs
PMUL abN | o | sodiers | Officers |y Principal || Ammaniion | Vehicle | Support
1Co 55 92 84~93 7 24 81 21 23
2Co 33 87 63~74 6 15 56 21 23
3Co 27 89 54~63 6 19 52 21 23
4Co 65 95 89~96 8 27 97 21 23
5Co 69 97 80~ 86 8 20 106 20 20
6Co 40 90 57~65 6 19 76 20 20
7Co 49 93 68~76 7 20 82 20 20
8Co 60 96 83 ~89 8 23 87 20 20
9Co 53 91 71~76 7 22 83 21 16
10Co 33 88 53~62 6 19 47 21 16
11Co 65 98 83~93 8 25 89 21 16
12Co 59 91 78 ~86 7 27 83 21 16
13Co 47 91 68~72 7 25 7 20 28
14Co 45 97 62~78 8 24 71 20 28
15Co 46 89 63~73 6 22 70 20 28
16Co 50 95 78 ~86 8 21 74 20 28
Table 6. Results of Multicollinearity
Soldiers | Officers | pccomnSiBo e | Warehonion | cquimmonts Spport
Variance 8.1454 4.2778 1.8298 5.3801 3.1846 2.2577
Table 7. Results of Stepwise Multiple Regression for Outputs
Owpus | swp | VARl | pPartiel | Mgl | Fovale | Pry
Ammunition 1 ‘{“V‘grfgﬁggégg 0.8942 0.8942 118.28 <0.0001
Disposal Numbers ]
2 Soldiers 0.0534 0.9476 13.24 0.0030
Company g;gggsng 1 Officers 0.9005 0.9005 126.65 <0.0001
3gA - gl oig AAH dd 3.2. A A5 EAE o83 IDEAY] A&
2A A Eehet 3719 WS, 5 eI,
2k A, ALY S EEg vA e IDEA-BCCE®-2> H7F tl%} DMUES HAgko]
FFL AN gk 9 FASHAA v F o “17¢17] o ¥Lo] W} &4 DMU% BlE&4 DMU
AE WHEE JY¥esrw med o7t It o 2wt 1oy HeE An5E AR A
A g Wes e HAES Jud, WA F EA4gos A &e A5 g Asfe] o
571149 A F571093% HFE7|dde] A gl agoRyl gebd 4 9o v|Ee Wy g2
Al G Aol glar ojn] WAge] xFE e R H7ts & "avk vk
WAl ke Zlo s dhdbEnh oA, AFEF 2= AT E HAE sl 5EAS ol &ste] 3
Anlgre] AR A Bzl Aldse] i F 7} A DMUC 7FE 83 2713 14 B
tel w=el wdasta 2t Fo7t a3S A4 & =1g A7 w9 BoEA §Yd DMUZE A
ok Aol Fg R ghek A Alds T T e maEite] HAAE dotd mopr &, i
T AR B gln v te g, X YdR g < W ud DMU ®91y #Ase HAdg, o
- g aclow JdYstA weF Aol J&& DMU ®¥9d Ami HA4gs ddsta, F HAs
=] B P R e A 1 i b B e | P B = w7 o4 DMU® ®IE AnEs HAE, e
T FIFetA &kt DMU ¥HHE Ang Adigtez g8l a&sk
<Figure 1> o] 2472 £33t 7o = Eofz o] HAE dojdll = Ak olF A& HAS A
O dgeaEse s T 2u4, 43, usE shekgte] BT 19 A9v &d m&4<A(perfect
8 Agd 59 942 EaA FgidFEou efficiency, g+ )7 8ll, “ekakwt 1, skghgko] 1o] of
ghel AR Yehve 3gE EAska a A= AAA G484 (potential efficiency, £*)
A

e, 283 a8k

Jsheel Mok w1



2
ol
rx
e}
]3]
Jon
tol
~
ol
W
oY
08
[}
Jon
ton
nNY
(@]
o
[0}
A
X
0B
o
Jon
S
o
ton
m
Ao

= AHelN ol

sl tt. (Despotis and Smirls,
2002).

¥

Ammunition Disposal Numbers (ADN)

Company Fighting Power’ Grades (CFPG)

L J

2+ 49+ 28] vl @& Ql(inefficiency, £)%
H= 2 4 9tk o We 7 DMUER © 13
a8AS Hrkste 71Ee WY gE] DMUERE 2
WAel a4 971E SR80 skt mAzgol 3l
Awk, 71E vihEEn o 4ged 4R 99 Ao
| Ammunition|

Officers > Company

Leadership
Soldiers > +

Principal Accomplishment . Experience
soldiers (Ammunition) +

Education
Yehicle Equipments —> "

- Training
Ammunition Warehouses > +

Morale
Support Troops g

Figure 1. Ammunition Company System Flow Chart

Table 9. Efficiency Results of IDEA-BCC model

DMU | 1Co | 2Co | 3Co | 4Co | 5Co | 6Co | 7Co | 8Co | 9Co | 10Co | 11Co | 12Co | 13Co | 14Co | 15Co | 16Co
F(”Lg%“g)y 0975 | 0980 | 1.000 | 0967 | 1.000 | 1.000 | 1.000 | 0960 | 0983 | 1.000 | 1.000 | 1.000 | 0987 | 1.000 | 1000 | 0962
Table 10. Efficiency Results of IDEA-BCC model (bounded)
DMU 1Co | 2Co | 3Co | 4Co | 5Co | 6Co | 7Co | 8Co | 9Co |10Co|11Co | 12Co | 13Co | 14Co | 15Co | 16Co
. lower 197410979 | 1.000 [ 0.966 | 100 | 1000|0962 {0939 | 0.953 | 1.000 | 1.000 | 1.000 | 0954 | 1.000 | 1.000 | 0.961
Ejﬁqqpy bound
B
(BCC) b“g};fg 0.975 | 0.980 | 1.000 | 0.967 | 1.000 | 1.000 | 1.000 | 0.960 | 0.983 | 1.000 | 1.000 | 1.000 | 0.987 | 1.000 | 1.000 | 0.962

4. IDEAY] &J3t ©efsd] &84 H7H2%

4.1 IDEA-BCCR Y9 A
<Table 9>¥ =3 33 7 o= [DEA-BCCH
HS Fy Axz AEd 584 3 A+
A= A == A 16709 gk &8
5 FEd 4 Qo AA T oF 56%9
6,7,10,11,12,14,155 97} a8 o2 95 9l
ok = 9t} <Table 9> Ay W3 ==k
Z A7 DMUS @84S Hds &
AE shuhel mAHZS W ElA IDEAS %83
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Table 11. Inefficiency result of Ammunition Company on the IDEA-Additive model
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Result of IDEA-Additive model
DMU Inputs Outputs Reference Set Efficiency
Soldi Offi Ammunition | s CFPG Weight (BCO)
oldiers icers | “warehouse eight ()
1Co | 1423 0 2384 0 1.461 A=0.04, A =05\ -=046 | 0.975
2Co 1 0 9 0 1 A=l 0.980
3Co 0 0 0 0 0 A1 1
4Co 0 0.091 3.678 0 2.172 A==0.37 A1;=0.05,\1,;=0.58 0.967
5Co 0 0 0 0 0 A=1 1
6Co 0 0 0 0 0 A1 1
7Co 0 0 0 0 0 A=1 1
8Co 0.843 0.313 4.562 0 0.437 A=0.14, A;=0.86 0.960
9Co 0 0 3.255 0 1.692 A5=047, \1;70.34, A 15=0.19 0.983
10Co 0 0 0 0 0 A=l 1
11Co 0 0 0 0 0 Ayl 1
12Co 0 0 0 0 0 A=l 1
13Co 0 0.206 2.775 0 0.637 A5=0.33, A 1;=0.60, A 1;=0.07 0.987
14Co 0 0 0 0 0 Al 1
15Co 0 0 0 0 0 Ag=1 1
16Co | 6.125 0.535 2.035 0 0 Ag=027, A =041, ;=032 | 0.962
5. é = Banker, R.R., Charnes, A., Cooper, W.W. (1984),
Some Models for Estimating Technical and Scale
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