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Abstract

The ammunition allocation problem is a Multi- -

objective optimization(MOO} problem, maximizing
fill-rate of multiple user troops and minimizing tran-
sportation time. Recent studies attempted to solve this
problem by the prior preference articulation appr-
oach such as goal programming. They require that
all the preference information of decision makers
(DM) should be extracted prior to solving the
problem. However, the prior preference information
is difficult to implement properly in a rapidly ch-
anging state of war. Moreover they have some
limitations such as heavy cognitive effort required
to DM. This paper proposes a new ammunition
allocation model based on more reasonable assu-
mptions and uses an interactive MOO method to
the ammunition allocation problem to overcome the
limitations mentioned above. In particular, this article
uses the GDF procedure, one of the well-known
interactive optimization methods in the MOO liter-
ature, in solving the ammunition allocation problem.
Keyword: Ammunition allocation, GDF, Interactive
approach, Multi-objective optimization.
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S00E, 3ASP7} 450E0[c}.[9][10] &+H, AAE
ARAE HAASHo] 42 F 13597 7}
&3t 1d 18A1%F 7)Eeg 7 vt 9
T 33 &8 FFo] 7tesit. @8 7 £z}
Aol 18] 4 473 AR 7 dFEFarEg
FH ARSRA7EA S HaALE HF 30km/h
E£22 SR L8 HE Az, g
AN ZE 9023 BF3AIZE 607--E T3 AZtolth.
(18] ol# & FX& wigdoz FTAG g &
Y EY FAs OS A3 2o

of

—_

o

min  }dj; (15)
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34
X,

< ()} =550
i=1
Y. X, < G, =500
j=1
34
DX, < Cy=450
i=1
3

.Z]IXiﬁd;j =D,(j=1,--,14)

3
Y. X, +dy; = D,(j=15,,28)

i=1

3
DXy +dy;=D;(j=29,-,34)

3 14 14

CEDINEAD IS 0
i=1j=1
3

EDIDIP 4 E.D 2 -, 25)
i= 1] 15 j=15
3 34 3

D, - ZZX”:ED] « DX, (j=29,-,34)
i=1j=29 j=29 i=1
34

)X, <1620

0.25T;X,; + d, — d; = 145800
1

d1], d2]’ d3], d4; d4 =

of O8F Y EAE s 9
3} GDF ProcedureE ©o]-&3} 3t}

4.2.1. Iteration k = 1

(1) Step O : initial feasible solution 23
TAE 237 A% HxAHE 37 A

A4 7Hs 99 x'EXAA RHA EH T

H& Badas x=(dy, &y, dy ,diT)E

AR o] A%} &S fix) = (0, 96,

204, -29070) o]t}.

(2) Step 1 :
problem) 372
$4 Wy g BAZ A2 9aA

= JgAEAAY FAgAEd Y HE A
27F st 247 AAG HziHE B
I gAEARAE FARA LS vEhe THE
il w,E AARAT/H. A7IA qAAAAE fi 2
FEetd fo9 f37F R FEIH B2 f,

YR Be A g Aoz Busgd.
E}EW E}% l”ﬁx}% o #ZaAIE 4

uhgk BFA 2 A (directional finding

ae] mI FEAZY A4 T TFFT %—
7b dud eEAzte] £ v UM Ak
7hesttta st oy AR = A
Ho2 frst f32 A & 508, 608 o H4
N717) A8A fiol 60& ot Re 81E
39 fi8 A 6000E2WF FUiEYIE A%

ok wakA fl(x') = (0, 96, 204, -29076)~(0+60,
96-50, 204-50, -29070+6000)°) =2 7}EX =

wy = 1913, wyo B$ 50& o Zol7] 943
A frel 6093 Solde AL HgHRem
=2

, = -(60/-50) =
wye BE WYoz
wy = -(50/-50) =

o = -(60/6000) = -0.01 2 A=A}

b ek gl FA (directional finding
problem)= o33 Z .

wivxfz! (xl)Tyl = wlvxf% (xl)Tyl ""wzvxf;(xl)Ty1
+w3vxf§ (=) Tyl +w4V,(f‘11 (x!) Tyl

= 1(1,0,0,0,0)(y1,¥2:¥3:¥ar¥5) " +1.2(0,1,0,0,0)
(1,2 Y3 yeys) T +1(0,0,1,0,0) (v, ¥ y5 Yer¥s) T

_001(0707():1)“ 1)(}’1,)’2;}’3,}’4,}’5)T
=y, +1.2y, +y; —0.01 (y4 - y5)

min y; +1.2y, +y; —0.01(y, +y;5) s.t. yEX
£ 249 A9 y = (50,0,250,0,29522),

d' =y' —x! = (50,0,250,0,29522) — (0, 96, 204,
0,29070) = (50,— 96,46,0,452)
o] "t}

(3) Step 2 : step-size problemol|A] ' & AA
A @)l A

max u{f%(xl-l-tldl)} st ttelo, 1]
olml EE¥F US FUF ¢ + o=

2 fi'+td) o BE e Adsd =z

UEtE oS <® 2>9 Zt} o] EE B

AarAAGAE 7y dzetes AHEE step-size
t'=06& 2ASA A
! 0 0.2 | 04 1
fi 0 10 20 50
fa 96| 76.8| 57.6 0
fs | 204|213.2222.4 250
fa  |-20070|-29160(-29251 -20522

<% 2> optimal solution (iteration k = 1)

Hebd ARAs RS 4 oo
2.

=x! 4+ ¢1d
(0 96,204,0,29070) + 0.6 (50,— 96,46,0,452)
(30,38.4,231.6,0,29341)

I II><
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1 =(30,38.4,231.6, — 29341)

AEAAE fH = (30, 38.4, 231.6, — 29341)
g 7% AEsh obd AMY A7} drkm
wob thAl 919 HA S wE)

4.2.2. Iteration k = 2

(1) Step O : initial feasible solution Z %
dolx HAz ZHE x*& Hz 7%

H2 AT

x? = (30,38.4,231.6,0,29341)

(2) Step 1 : directional finding problem A

ANARRE [ f,E VIS wd
£9 @ele g9= e FAdoz 2
“{‘:’l 7]'TX]L q’u“’}' 712-]:]'

wl = l, U)2 = 1,
w; = -(110/-100) = 1.1,
-(10/2000) = -0.005

Wy

il 9}
o

g4 BAe 2944, A

2 P
43 HAH Zoe thew 2o

ks

u}
3

otk
2 ot

w, v, A (x2)Ty = y1 Ty, +1.1y; —0.005(y, — y5)
min y, +1.02y, + 1.05y; —0.005 (y, — y5)
st. yEX

AR ¥ =

&= y2 —x2
=(58,242,0,0,30327) — (30,38.4,231.6,0,29341)
= (28,203.6,— 231.6,0.986)

(58,242,0,0,30327)

(3) Step 2 : step-size problemo| A} ¢*-& AA

max u{f2(x*+#’d®)}  s.t. t2€0,1]
6 +£8) 2 AXY ZE e <® 3>
3} 2 o] B8 BT eAbAAAE Y A
3l HASZ step-size t° =0.42 AAY
s

3 geld Aze dags A9dE ey

=x?+¢*d* = (41.2,119.8,139,0,29736)
= (41.2,119.8,139,~ 29736)

¢ 0 08 | 1

fi 30 52.4| 58
fa | 384 201.3| 242
fs |231.6 46.3 0
fa |-20341 ~30130|-30327

<% 3> optimal solution (iteration k = 2)

_max u{ff’(x3 +t3d3)}

oy ol YgAEABAANME A EA
A= t2=0.49 f2=(41.2,119.8,139,—29736)
E 71 Az o3 A AX7 vk
wol oAl $o #A& WHES.

4.2.3. Iteration k = 3

(1) Step 0 : initial feasible solution Z A
CSdlA ARsz 29 8 Az Ay

CEREE L

=(41.2,119.8,139,0,29736)

(2) Step 1 : directional finding problem {2
JAARAE f& BESE W@ f,9
f1& 2% M% Ag eT7AAYG =Y
3 BAAA R 29 A3 AR
7y A7 |5 E’i WAst7t 3A dojue A
T ST BA A4 IAE o
532 A9HQ0

o e

i)
rn\'ml
eay o
:H

w; =1,

wy = -(100/-98) = 1.02,
wy = -(100/-95) = 1.05,
wy = -(10/2000) = -0.005

wivxfa (x3)Ty3

= y, +1.02y, + 1.05y; ~ 0.005 (y, — y5)
min y; +1.02y, + 1.05y, — 0.005(y, — y5)
st. yeX

AA s y* =(170,130,0,0,30384)

B = y3 —x3
= (170,130,0,0,30384) — (41.2,119.8,139,
0,29736) = (128,10.2,— 139,648)

(3) Step 2 : step-size problemojj A t°g AR

s.t. t3€0,1]

PP+ & AR BE e <E 49
2,

8 06 | 0.8 ] 1

f1 118.5) 144.2 170
fs 125.9| 128 130
fs 55.6| 27.8 0
f4 -30125|-30254 | ~30384

<3 4> optimal solution (iteration k = 3)
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<k 49 A8E FEst qAEAAE
M HEeE AAHE step-size t°7} 0.26] A
04 Abo] e A3sgch webq EAAe
02<t <049 e A3 BoFoor 3
o I AdE <¥ 5>9 2.

8 02 | 024 | 0.26
fi 67| 72.1
fa 121.9| 122.3
f3 111.2| 105.6
fa | -29865| -29891
£ | 032 | 034
i 82.4 85
fa 123.1} 123.3
fs 945, 917
fa | 20943 -29956

<E 5> optimal solution (0.2 < t* < 0.4)

<E 5% B3 JAZAAE +=0.289
& A3 An HEFIE A EEHAG
o ARSAY. AFHoez =l HAHY
2Hg5 e e 2o

x* =x3+¢8® = (77.3,122.7,100.1,0,29917)
Fx*)=(77.3,122.7,100.1,— 29917 ) o] t}.

@A ANY e AAIL AAAA A
ANE F7 AHM <E 63 o] A 7
Sojel FFAEY TITFA Z 2o F8

g 58S ANRLT FEADTE Y 1
9% WF LANTE ANt A= ol
A% AN A3}e AHt EHE 7wy
59 vt AAS FA AAAR ol
A% AR W golsiaet
+ ¥ | 2% | @99 | 258
&5 800(&)| 722.7(8)| 90.3(®)
S5 750(&)| 627.3(8)| 83.6(%)
o u] - 250(2)| 149.9(8); 60.0(%)
3 FEAL 115,883(2)
AF LT 858(%/)

i ok ril o ) i
(%t to ¥ o ¥ o 2,

=
gg3ted FEE0] 60.0%2 AN=HUAT 1

K

gokg FFAN 2aHE
11588382 024 22 149 3
st Aoz AR

p—
wkll

4.3. Goal programming¥} Interactive MOO “}'H
o A ww

Interactive MOO W& o] &3 AA et
g 2¥o adAdes HAFEU Astd v
=[2le] A A%+ Goal programming 7]t &
T E¥3 ZIAE vt vl A}

FEA #Y £ Are UAR F[2]
FzaQ. =, F2RY +od 9 =
100%, &% 89 FZEL 80%,

i, ot

it
£2 3t rlo

ol
——

Col @ 2Ag Hee

S KUy B S R 2 I\ o oo 19 bt et
o}

3 A= <E 7>y 7o

T B FoF | g3F 58
A2 800(¥)| 800(®) 100(%)
520 750(2)| 600(%®) 80(%)
ol w] 2o 250(8)| 100(¥) 40(%)

116,582(%)
864 (F/d)

<E¥ 7> Goal programming 72 =}

<E 7oA Z Ruo] ¥79d dF
FE 50 8008, S-S54 600E, du)Fdl 100
EogxN ZEEL Z Z 100%, 80%, 40%S
gAst AT mepA, A HA SHded Fx9
F A $AEY BEE gAEReY A
A AT Exe 243X 2349 <%
6>2] Interactive MOO W o2 A3s ZAxte)
Hug] A FAFF Y FZEL 90.3%0A
100%8 Z713t g AT, &2 0E 83.6%0A
80%=, dHFE e 60%c] A 40%2 A4
om 1Y ©oF FEAIE 11588384 116,
2o TS S £ & itk e
7h v o R e
FL7F 40% F=H0A
o] E7tsetAl € FHolth. B3 JAAAA

= 2

52 5
4 FE9
FA8E 3 & Folt. =& Goal pro-
EEC AP RS
£ 100%, 80%, 50% 53 7
gt AL o e dol
AR FEHF FFAME
upaka] QkA A A8 Interactive

o i
o

w10 o3 rif
ol

<7 ol

A

i

2

=

=

X

=]

=2

Rt

A

&

rir

(]

oft

o

o

oft
ftlo oft |y
ol
o
o
2
>
o ¥,
>
o
f
2

ot M N,

N
>
S
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MOO ®H¥& o]&&to] oAl AA FHANA
Zt B3l disid Hdd HxAE 2N o
7te Aol vigAsivtn & 4+ o
5.4 &

T4 g4dF EAs vt dEHe
4ol EAstE vEA HAHE FAolH, &
=8 & Interactive MOO2] WHES &3ty

P& AAAT o)HdE dFE FF U
AL YA A AR ok A X Interactive MOO 4}

2o A& E?'SH FeXHY 29 E Az
g 5 AoE AsAe = "elA ot
Utz AT

Interactive MOO W& o]-&35}o] ghek
g TAE AT oEAN JEY BF T
go] BF A7 dEd EAHEE 38
}3 e H 2L THE AT AAR o4
27 Aol AABRAN $HeNES 2AoF
¥ B BALE THRGE Hzd oA
A7 SR E Relaix @1 FAE I
& ‘”io}‘“ -\%7‘40117\1 o uje ’bﬁbﬂ 2
AR} 4EE TAZ FERAHY Az
= ARE AFHE FHL AAZZ A
Az QAR A FHygo] ZAdte ru} g3
il %"k a7 A¥e FHEE & JA HAU
,]A]-@z%z}_,] MNET z%y_xﬂ—-— o191
ﬁ]tﬂﬂlg% o] &3t JtFEXE 045}1‘: s
e AHESH HF dEsHes 29 3= B2
1117\15]71 o] AAAGRY AGE §o)3t
A HYh wAgez NARNI} ke
2ot £29 WA JAZARY L wEs
g A Ho TF °] FoFd v Y=
S RER ATAE SHEA Be
of gef FFl VA REeA He e
358 4 9o
AT @APoZE 7o g3 A4
Agoz d5tq A%e A2F AeT
Aol itk 22y BA AR

o

3}
=2
i

P T

e

ok o L oy

o
fo

DF WHE 1249
Sx gl b
%% 2= JAA
A ol sixay
R T
flo] Fostes W
D elnl ole) e W
3}04 A AR A7 BE EHf'f
o] Hzxd AEH 7}v2]a 5
s & FAdA A
Frank—wolfe gudS 33
o] =& FAH) °‘°1 o
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