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Heuristic for the Simultaneous Target Allocation and Fire
Sequencing Problem

Dong Hyun Kim* : Young Hoon Lee*

m Abstract m

In this study the artillery fire system is investigated in consideration of the characteristics of the troop and the
target. Two kinds of decision are to be made on the target allocation with fire ammunition and the fire sequencing
for the target with duties in charge. The objective is to minimize the completion time for all troops. Each target has
the specified amount of load of fire, which can be accomplished by a single troop or the combination of the troops
having different capabilities. Mathematical model is suggested, and the heuristic algorithm which yields a solution
within a reasonable computation time is developed. The algorithm consists of iterative three steps : the initial solution
generation, the division improvement, and the exchange improvement. The performance of the heuristic is evaluated
through the computational experiment.

Keyword : Target Allocation, Fire Sequencing, Artillery Fire System
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[Figure 1] Examples of how to change target allocation and fire sequencing
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Mo 2 FHE wlAsE Greedy RuleZ EE &

g AR dFsle x27|3|E AT

Initial Algorithm

Step 1:Set 7'= 1, W=g vj
Step 2 : Select the highest target *&7’ (The tie
breaks arbitrarily)
Step 3: R.,= [D./E],
CT, = MT,+ R X PT, + SUT, ¥
Step 4 : Select j* such that CT.;. = min,CT,
Step 5: W = W, + (%)
Step 6: MT, = CT,.,,
Step 7 : Delete #* from I’
Step 8 : If 7'= @&, stop, else, go to Step 2
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{Table 1) Types and Characteristics of Troops

Type A B C D
E, 1 2 3 5

PT; 20sec 30sec 60sec 120sec
SUT; 240sec | 300sec 60sec 120sec
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(Table 2> Example of result of ., A7

Troop A B C D
Target\ | Boj (ML | Buj \MT; | B \MT5 | o\ M
22 |22 (440]11|330| 8 (40| 5 |60
@15 |15 (300 8 |80 5 [300]| 3 [380
@10 |10 [200]| 5 |780| 4 [660| 2 |240
@7 | 7|50 4 (70| 3 (600 2 |240
®5 | 5 [540| 3 [720] 2 |50 1 |480
®4 | 4 ]520] 2 [690| 2 |540| 1 |70
@3 | 3 80| 2 |69 1 1480]| 1 |70
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[Figure 2] Example of initial solution
4.2 Solution Improvement
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of wat AHFR ] FAL 10 12 &F3}= Gre-
edy RueZ4 ol M7l 93 BA& T3 7
Mg cEstux o, fdEE Al £HES
Z3Hste] A FEAIE B35 WHe 2N 27)
ol el AHARUIZF 1702] BAE AFSIHA AL
28N M B&Fa P 2 248 P 283
A AFF W7 AL sl RO RHES 4
A 2@t AR Y E A s g8 2339
APA R 7L Az sk Aol 2.8]2] WA AHFgEA
e dEskE WY £ AokE Aidelth olof
Asle BE ZFo] ¢atyoz gy 27)dE
vigro 2 §3H(division)#} i¥Hexchange)®] 297
o g RHdc 49 AF44ee] =7

ARHY] Fg&Ao] B A wE AT
Z71E gz MY AxE Asty] Hs)
AR & B3-S 27 o9 A ARUI7E £

o

A

o
)



54 7= .

o AIATo 2N HAS AAsE ABAS ©
3o a8y #2349 AHseE £ER -
U BEetel ARsE AvEe 19} ¢l
S AARYEE 54E 43 n@dfto e
gl e g49 Al &AE BA
Aste] HH o] A ARG w4 23E F
&7 #e] & & gl

v
¥
N do o M

M = ";(‘, rle

fot

T

4.2.1 Division
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Division Algorithm

Step 1: Select 7* with max;c ;M7
(The tie breaks arbitrarily)
Step 2:Set W', = W, BestMT = MT,
Step 3 : Select i* with max{D,|i€ W, )
Step 4 : Divide D. into
max{0, [ (D — Ep)/E. = R.'}
and [ E./E; ] = R,
Step 5 If max{0, [ (D — Ex)/Ex ]| =Rz} > 0,
insert R. ;" to j* and R.; to j, else, go
to Step 10
Step 6: If MT. > MI+SUT,+ Ru; X PT;,
allocate R. ;' to j*, R.; to j, else, not allocate
and go to Step 10 Vj
Step 7 : Best MT = MT, — PT,
Step 8 : If BestMT < MT,,
best improvement = current solution
Step 9: D =D,»— E, and go to Step 1
Step 10 : Delete #* from W',
Step 11 : If W', = &, go to Step 3, else, stop
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[Figure 3] Example of how to divide

4.2.2 Adjustment and Evaluation

el e 1R AR AAske 14
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Adjustment and Evaluation Algorithm

Step 1: Select j* with max e ,MT;

Step 2:Set W, = W,

Step 3: Select i with min{D, |i€ W, } (The tie
breaks arbitrarily) '

Step 4 : Saving time =
Max(ST ., 1) = Clay — SUT,) Y k

Step 5: If Saving time > 0, insert 4’ to Saving
time, else, go to Step 10

Step 6 : Calculate MY;, Yi

Step 7: If MZ, > MT;, move i’ to Saving time,
else, go to Step 10 V j




Step 8: Best MT = M’I;.,, best improvement =
current solution

Step 9 : Delete i* from W,

Step 10 : If W'].* = &, go to Step 1, else, stop
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[Figure 4] Example of how to adjust and evaluate

4.3 Exchange

% Greedy Ruleol] 93 $4402 wAgo|
ARl S olF 2709 AR A el
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A © o1 BEsen ARk e )
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Exchange Algorithm

’

Step 1 : Select 7* with max ;e ;A/7; and j' with
mine ,MT;

Step 2 :Set W.'= W, and 1’ = W,
BestMT = MT,

Step 3 : Select ¢ with max{D,|i€ ¥, } and i’
with min{D, | i€ ¥}

Step 4 : Exchange * and i’, insert i* to j
and i’ to j*

Step 5:1f MT, +{R = R o) X PT, = MT,
By = By) < PT, By= [ DB,
allocate ©* to j° and i’ to j*, else, not
allocate and go to Step 8

Step 6 : BestAMT=MT, +(R j— R ) X PT,

Step 7:If Best MT < MT,, best improvement
= current solution

Step 8 : Delete #* from IVj, and ¢ from W'

Step 9 : If W'j* = &, go to Step 1, else, stop

AXe] A 29AQl el A Step DEH T AL
AAFAIZES] AR R (549} HA AHFSEE A
ARG ()E AR 3L Step DAHFE U (*)7F A
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| Start |
!

[ Initial solution generation |

l Select the highest target * |
1

I Allocate ¢* to the troop j into the order of efficiency |
!

I Best solution = Initial solution |

!

- [ Division

| Division procedure

| Select ¢* in the troop j* with max AT I
!

| Divide * into a part of round R l
i

l Allocate a part of 72 to all j except j* I

i

| Adjustment & Evaluation

Calculate Saving time
(The time not to fire i between target i and ¢ in j*)
i
[ Select i* in j* |
[l
Insert ¢ with min| CT of all i - Saving time|
to saving time in j*

|

Improve ?

lNo

» Exchange

’ Exchange procedure f

I Select j* and j° with min AT ) I
1

I Select +* in j* and the smallest target i’ in j' |
]

| Exchange i* and i’ in each j I

i

I Adjustment & Evaluation

Calculate Saving time
(The time not to fire i between target i and i in j*)
[l
| Select * in j* |
i
Insert ¢ with min| C7T of all i - Saving time|
to saving time in j*

l

Yes

Improve ?

No

[ End |

[Figure 6] Procedure of Heuristic Search Algorithm




5. A¥723

AN 2AH AA TA B R X2 F
(SAS) gaelFY] A5 S Bk A8 APz
4 Ao 4450 2AE dAE e
Ak 0o HYYFE AHARdE 1889 ¥z
TAEO AF a1 A 189S AldEe &
o} Zon) AgeA Y UF AR =
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(Table 3 Result for the small examples

Solution Computation Time(sec)
Type | Troop | Target Optimal _ Heuristic Gap (%) Optired Heuristic(Initial)
Initial Result
2 580 530 580 0 1.25 0.12(0.04)
2 4 1200 1260 1220 166 2.00 0.23(0.04)
I 6 1700 1830 1700 0 186.95 0.42(0.04)
3 580 580 580 0 1.25 0.15(0.04)
3 5 900 1080 920 222 73.00 0.17(0.04)
6 1080 1200 1080 0 ok 2.46(0.04
2 320 320 320 0 1.28 T 0100004)
2 4 720 760 720 0 1.25 0.20(0.03)
- 6 1110 1180 1110 0 154 0.40(0.04)
3 320 320 320 0 1.03 0.14(0.03)
3 5 600 660 620 333 453 0.28(0.04)
6 660 740 660 0 15.10 0.40(0.04)
2 180 180 180 0 051 0.34(0.03)
2 4 580 580 580 0 0.79 0.43(0.04)
- 6 940 960 940 0 1.00 0.42(0.04)
3 180 180 180 0 0.76 0.42(0.04)
3 5 480 480 480 0 1.56 0.62(0.04)
6 540 560 540 0 12.56 1.75(0.04)

F) *Gap(%) = {Heuristic— Optimal (or Best)}/ Optimal (or Best) %< 100.
™ 36002 A7tASk el A H A AAEE)A] o} the best solution©. ® W] 1L,
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<Table 3>& AHAFtje] & th¥] 9] &
202 sta] Ao 6747179 EHE dder 4E
d ATz grE st AEEden 2Ade
HA3er AT 04%9] Aol Yehdlin FHZs] o]
ZAFSE ke ArEskgth ey <Table 49 7
T EAE AHFSHe b guizkA] FIHAA

Az 90/ FH9) ZAee= HHE7}t AEe] HA
ool AFPH oz vy F R 1AZ e Y
AEY ARgS 71Feg 2AEE 5% e
Bk <Table 3>3} <Table 4>¢l|lA AH&E ZA}
&= AFH o] Ho 5% A7t HASA R
1 §80A HF 1.39%, OF3lA HE 037%9]

{Table 4> Result for the large examples

Solution Computation Time(sec)
Type | Troop | Target The best _ Heuristic Gap(%) Heuristic(Tnitial)
Initial Result

10 1200 1320 1260 5.00 6.40(0.04)

4 20 2620 2630 2640 076 16.92(0.06)

30 7620 4120 4020 -41.2 13.53(0.06)

20 1080 90 930 -92 -2.79(0.09)

I 10 50 3320 2680 2640 -204 21.06(0.10)
90 - 5040 4920 - 36.60(0.14)

60 - 1320 1260 - 11.51(0.10)

30 100 - 2180 2160 - 14.56(0.17)

150 - 3300 3270 - 104.89(0.28)

10 340 840 840 0 0.92(004)

4 2 2460 1900 1800 -26.8 11.32(0.06)

30 3980 2880 2760 -306 13.39(0.06)

20 720 660 660 -83 2.15(0.06)

| 10 50 2840 1900 1890 -334 34.07(0.09)
P - 3540 3480 - 96.03(0.14)

60 - 840 840 - 0.60(0.10)

30 100 - 1500 1480 - 13.54(0.17)

150 - 2400 2280 - 20.87(0.28)

10 720 720 720 0 0.76(0.04)

4 20 1560 1590 1560 0 1.37(0.04)

30 3600 2400 2340 -35.0 2.200007)

20 560 520 520 -7.1 1.51(0.06)

m 10~ 0 2180 1640 1590 -21.0 4.26(0.09)
N0 - 3000 2900 - 10.62(0.14)

60 - 810 800 - 6.59(0.10)

30 100 - 1260 1260 - 12.40(0.18)

150 - 2020 1980 - 23.82(0.28)

F) Gap(%) = {Heuristic— Optimal (or Best)}/ Optimal(or Best) X 100.
The best solutione 3600%& AZHASF sholl A F& &, (-)& 3600% AIZkAIe slelA] 3l 73 & UAS.
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1. Examp

Step 1:

(Appendix)

le of Initial solution generation

1'={1,2,3,4,56,7}

Step 2 : Select the highest target #=1
Step 3: &, = [D/E, 1= [2/11=22, By = [D/E]= [22/21=11,

Step 4
Step 5
Step 6 :
Step 7:
Step 8:
Step 2:
Step 3:

Step 4:
Step 5:
Step 6:
Step 7:
Step 8:

Ro= [D/E;1= [22/31=8, Rp= [D/E,] = [22/5] =25,
CT, , =RT,+ R , X PT, +SUT, =0+22x20+0= 440,

CT,, = RT;+ R, ;; X PTy,+ SUT, =0+11x30+0= 330,

CT, .= RT,+ R ;X PT,+ SUT,=0+8X60+0= 480,

CT, , = RT,,+ R, ;, X PT,+ SUT, = 0+5x 120+ 0= 600

(f i* is not allocated to j, MT,=SUT,=0)

Select j'= B with the minCT, ; =330

W, = {1}

MT,, = CT, , =330

Delete 1 from 7', I'={2,3,4,5,6, 7}

I'#J, go to Step 2

Select the highest target i*=2

Ry = [D/E = [15/11=15, By = [ D,/ E] = [15/2] =8,
Byo= [ D,/ E;\ = [15/31=5, Bp= [D,/Ey] = [15/51=3,
CT,, = MT, + R, X PT, + SUT, = 0+15x20+0=2300,

CT,, = MI,+ R, ; X PTy+ SUT, = 330+8 % 30+300= 870,
Clo = MIp+ Ry X PT,+ SUT, =0+5x60+0=300,

CT,, = RT,+ R, ;, X PT,,+ SUT,, = 0+3x120+0 = 360

Select ;' = ¢ with the min €7, =300

W, = {2},

MT,, = CT, ;, = 300

Delete 2 from 7', I'=1{3,4,5,6, 7}

I'#d, go to Step 2

2. Example of Division Algorithm

Step 1
Step 2
Step 3
Step 4

Step 5

i maxMT, =420, j* = C

D W, =1{2,3}, BestMT = MT,=420

: Select *=

: Divide D, into max{0, D, — E;} and [ E,/E, | = R, ,, max{0, { (12—3)/31=3} and [ 3/11 =3,
Divide D, into max{0, D, — E,} and [ E./E, | =R,,, max{0, [ (12—3)/3] =3} and {3/2] =2,
Divide D, into max{0, D,— E,} and [ E,/E,| =R, max{0, [ (12—3)/31=3} and [3/5]1 =1,
D,=12, E, =1, E,=2, E, =3, E,=5

If3>0, insert 9 to C and 3 to A,
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Step 6 :

Step 7
Step 8:
Step 9 :
Step 10
Step 11

If 3> 0, insert 9 to C and 2 to B,

If3>0 insert 9toCand 1 to D

MT, = MT,+SUT, + R, , X PT,, 420 > 80+240+3x20=2380, go to Step 10,
MT, = MT,+SUT,+ R, ;X PTy, 420 > 180+300+2%60=600, not allocate,

MT,, > MI,+SUT,+R, , X PT,, 420 > 360+120+1x120 =600, not allocate
Best MT= MT,— PT,=420—60= 360

BestMT =360 < 420, best improvement = current solution

D.=D.— E, and go to Step 1, D, =D,— E,=12—-3=9

: Delete ¢*=2 from I/

D, ={3}, W,/ #d, go to Step 3

3. Example of Adjustment and Evaluation Algorithm

Step 1:
Step 2 :
Step 3:
Step 4 :

Step 5:
Step 6 ¢
Step 7:

Step 8:
Step 9:
Step 10

4. Examp

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:

Step 6 :
Step 7:
Step 8:
Step 9:

MT, =420 = 420, MT, =380, MI, =180, MT, =300, 7*= C
W, =12, 3,5}, BestMT = MT,

Select i' =5

Saving time = max(8T}.,, ,,~ CT., —~SUT.),

STpy) — CTpy) — SUT, = 240—60 — 60 = 120,

STyg) = CTyy — SUT, = 360—300—60=0, Saving time = 120
Saving time = 120 > 0, insert i"=5

MT, =380, MT, =180, MI, =300, MT, =300, * = A
MT,_ ;= MT, = 420 > 380, MT,_, > MT; = 420 > 180,

MT,._ = MT, = 420 > 300, MT,._, > MT, = 420> 300, allocate i"=5 to Saving time

BestMI' = MT,= MT, = 380, best improvement = current solution
Delete i’ =5 from W, ={2,3,5}, W, =12 3}
W #3, go to Step 1

le of Exchange Algorithm

max MT, = 420, minM7, = 80, *= C, ;= A
W, '=1{6}, W, =1{2,3}, BestMT = MI,
Select *=2, i"=6, D, =12, D, =6, D, =4,
Exchange i*=12 and i’ =4, insert *=12 to Aand i"=4 to C
R = [D,/E 1= [12/11=12, Ro= [ D,/ E.| = [12/3] =4,
Rog= [D/E\ = [411=4, Bo= [ D/ B;1 = [4/31=2,
MT, +(Byo— Byo) X PTp = MTy + (B, — By 4) X PTy,
420+ (2—4) X< 60= 300 = 80+ (12—4)x20=240, move 2 to A, 6 to C
BestMT= MI,+(B,o— Ryp) X PT, =300
If BestMT =300 < 420, best improvement = current solution

Delete +* =2 from W, ={2,3} and i'=6 from W, ={6}, W, =2, W, ={3}

W'. #3, go to Step 1



