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Development of a decision supporting system for forest
management based on the Tabu Search heuristic algorithm

Ji-hoon Park”, Hyunkyu Won™, Young-hwan Kim™, Man—pil Kim"
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Abstract

Recently, forest management objectives become more complex and complicated, and spatial
constraints were necessarily considered for ecological stability. Now forest planning is required to
provide an optimized solution that is able to achieve a number of management objectives and
constraints. In this study, we developed a decision supporting system based on the one of dynamic
planning techniques, Tabu Search (TS) heuristic algorithm, which enable one to generate an
optimized solution for given objectives and constraints. For this purpose, we analyzed the logical
flow of the algorithm and designed the subsequence of processes. To develop a high—performance
computing system, we examined a number of strategy to minimize execution time and workloads in
each process and to maximize efficiency of using system resources. We examined two model based
on the original TS algorithm and revised version of TS algorithm and compared their performance
in optimization process. The results showed high performance of the developed system in providing
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feasible solutions for

several management objectives and constraints. Moreover, the revised version

of TS algorithm was appeared to be more stable for providing results with minimum variation. The

developed system is expected to use for developing forest management plans in Korea.
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Table 1. Modeling Environment

Classification Descriptions
CPU Dual core 246tz
Memory 20 Gigabyte
Language Visual Studio v6.0
Database Microsoft Access 2003
GIS Interface ESRI Map Object V2.0
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Table 2. The simulation results from the original Tabu Search model and the revised model

Replication
Variable Model
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
oVi) o) | 21816 | 24877 | 2418 | 31,690 | 2,054 | 33,101 | 29,134 | 30274 | 27,456 | 29059 | 2,130 | 31455 | 2753 | 39920 | 21,301
(thousand) | Rv3) | 30002 | 29988 | 29,101 | 3242 | 30674 | 28340 | 20210 | 31571 | 30201 | 20972 | 31,076 | 20329 | 20204 | 20347 | 29454
Cost Or | 20381 | 24531 | 2059 | 31,343 | 31455 | 32807 | 28966 | 30200 | 26804 | 28567 | 071 | 31311 | 27514 | 23647 | 21,348
(million) RV | 29983 | 29982 | 28939 | 32,111 | 30587 | 28,174 | 30021 | 31050 | 20306 | 20530 | 30798 | 20067 | 28837 | 29016 | 29318
Monvest Or | 48306 | 49,163 | 49,153 | 49,167 | 48906 | 49360 | 49420 | 50350 | 48940 | 48908 | 40655 | 49464 | 50,1 | 55705 | 49,705
Volume(m8) | Ry | 49915 | 49887 | 40431 | 49487 | 49582 | 49424 | 49385 | 51,021 | 48662 | 49070 | 49253 | 49275 | 49,144 | 49,186 | 49478
Harvest O | 1776 | 21056 | 2620 | 2620 | 2639 | 2692 | 2403 | 2518 | 2350 | 2445 | 2701 | 2493 | 2364 | 2195 | 1812
Area(md) RV | 2506 | 2508 | 2480 | 2661 | 2573 | 2413 | 2510 | 2527 | 2472 | 2448 | 2616 | 2404 | 2304 | 2418 | 2482
Toial o | 770 | 797 | 1,001 | 1,001 | 99 | 1,001 | 1001 | 1001 | 762 | 1,001 | 1001 | 1001 | 808 | 840 | 768
Iteration Rv | 989 | 90 | 977 | 1001 | 9@ | 9@ | 972 | 1001 | 99 | 90 | 1001 | %0 | 89 | 1001 | 1001
Siuaion | O | 526 | 5022 | 7901 | 6869 | 6722 | 6664 | 6803 | 6633 | 5152 | 6740 | 6779 | 7000 | 5884 | 6068 | 5343
Time(seo) R | 6911 | 6765 | 6467 | 629 | 6246 | 6232 | 629 | 63% | 6,101 | 5878 | 5983 | 6640 | 6216 | 6531 | 652
1)Objective Function Value; 2)Original TS model; JRevised TS model
1) Sy 28 I 4 EfRAR| fE DR} Bis oElo] Xxs| Zn} vl
- - ) 2] = - Table 4. Comparison of simulated results from the original
o]¥ wdy do 2 A3 1+ RAFA A -
TS 'C]_ €] é‘q' €] é"] 5]_Igl' E"’]’oﬂ EHE\)—_. O:ﬁL [ = TabU Sea]’Ch n.wel and the re'\/\Sed ITOdel
dS 98] Kolmogorov-Smirnove}  Shapiro-Wilk A%
B XS AA]EH (3T T ol oo EXJE]J\ T} WHx Varieble Vean =0 prvalue
—H=E = ]1_ @J’]‘(JJ- 3), T =9 =7 5 K, E'_XH o 061 468
H-E, HAlHE, R A7 FolA] FAdE ol Aoz Orv . ) 100 0731
Hebse or 28213 4065
Cost 0.165
Rv 29789 1020
3N Y
Table 3, Results of Normlity Test Harvest o w767 1,720 052
= Volume Rv 29480 507 ’
mogorov— .
Vaiabe | Moddd Smimov Stapiro-Wik Harvest or 2383 2% .
Statistic p-value Statistic p-value Aea Rv 2494 77 ’
o or 0162 0200 0939 0367
Rv 0.141 0200 0961 0710 A HA 3ol A 98 TS uglgol 7Hket =
o o 0177 0200 08% 0,084 do] Wy Hdej vjg) vy vk Fhs BYou SAHS
RV 0.143 0200 0956 0629 ZE 2 Zo|7t YehA &9htHp-value = 0.731). w3t
Harvest or 0314 0000 0566 0000 JHE dbAEe] JolNE T Fd BT g Wil
Volure Rv 0228 0035 089 0012 50,000m3e] - 2 e melon, wulzke] & o)
Harvest Or 0.189 0.1%4 0879 0045 = o}/\/\q_(p value = 0542). ZHH ‘9-_1,]- HE;]Z‘HEEQQ]HE
Area Rv 0.151 0.200 093% 0328 l:,_ 7]_/] E‘:Eiﬁ‘]- Z]-O]E 7(1—0]_5“ _}l: 5\’19—‘11, U:}-f‘q—}\‘] 73]03
Joa O | 7 L O L OB L O sl g gAimel Slol TS gwsdsh wywd g
eration R 0234 0026 0770 0002
2 zole fie AoE FAFA:
Time Rv 0128 0200 0983 0985 3) DEE! AjZte| H|T
ot A 2do g84S& ASshe 1% 248 A7k vt
740 IT S =|c= Tl _
2 BS=5 Hiet &1 Bl Fasih TS 93 wdst Wy w9 o Az
= 3L 5 =] —
T o] AR e AR vas] AW gy pongie vima 2, w 9} 2ol 97 2| A¢
apiKeN s EA3= = 2 Q hyA
ARE T8 B @ F dAWE, o Ol B 6310217 4HE)o= do] 6364(1A17F
o] 5= TASIITHE 4).
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Table 5. Comparison of simulation time resulted from the
original Tabu Search model and revised model

Variable Model Mean D p-value
Or 917 108
Total lteration 0047
Rv 979 2
i i Or 6310 824
Smulation 0815
Time Rv 6364 284
4) ZEo| otEY Hlul
TS 93 5ds Wy wue) b3S vl A
TR S B 4 AR wE0] Wold| gk #4844
STk 1 A% 63 o] WAL A0l RE PEE
A F mEll 7he] Figh xjolE & 4 AUk & TS 9%
S AE A57L 1R Rae A B9uct A
FES] Bidol  ZoE et weld HERES o8
3k Ao] Hxst Ate) b9y Snolre nrt feld A

E 6 EIFAA| 93 DEn} #5 oElo] AMs| Zn| 2} 80| H|w
Table 6. Comparison of variance resulted from the original
TS model and revised modkel

Variable Model Mean SD F p-value
or 29621 4683
OFV 1741 0002
R | 30054 1,000
or 28213 4065
Cost 19.100 0000
Rv 29789 1,020
or 49767 1,720
Henvest 242 0.131
Volume R | 49480 507
or 333 2%
Harvest 2 12072 00
Area Rv 244 7
or 917 108
Toid @85 | <00
lteration Rv 979 29
mulati or 6310 &4
Simulation 15886 < 0001
Time Rv 6,364 284

H 7. AR CHARIO| Ztie| 71 2 B
Table 7. Number of management units scheduled for
management activities with different intensity

Harvest Intensity
Mode!
5% 10% 15% 2% 0% 100%
Or 51 176 70 130 102 1
Rv 54 148 % B 105 0
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Fig. 6. Harvest units resulted from the original Tabu Search model



236 B FEINIRE @ 3fCaE(2010. 10

BT 2o NZE AL
EENE )8 ONAAY GoPR Sew
HES| Yo & x@afed.

w ssazaes

Reaay 031010

T2 7. EfRMR| B o] ol MAE! ZA ARICHAK|
Fig. 7. Harvest units resulted from the revised Tabu Search model
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