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An Extension of Taboo Search and Application to Vehicle Routing
—Taboo Tree Algorithm Branching at Local Optimum Solution—

Haruyasu Ueda
Information Science Laboratory,

Multimedia Systems Laboratories,
FUJITSU LABORATORIES LTD.

An extension with taboo search named Taboo Tree algorithm is proposed. Taboo Tree algorithm
keeps several local optimum solutions and their taboo lists. Therefore, it can continue or restart taboo
search whenever a local optimum solution is found. As it finds all significant loop at the local optimum
solution, it needs just short taboo list. It can search very intensively when it always restarts from the
best solution. It can also be diversified by applying bounded depth first search to selecting restarting
solution. It is evaluated with a set of benchmark tests.
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Taboo_tgee(initial_solutidn) returns solution
arameter

int max_iteration; '
int save_size;

v
soiutlon local_solution, best -solution;

taboo_list: local_taboo, reverse_taboo;
array (0. .save_size] of

{solution, taboo}: apprentice;
array[0..save_size] of solution: matured;
int iterationm;

apprentice = ¢;

matured = ¢;

best_solution = initial_solution;
apprentice[0] .solution = initial_solution;
last_index = 0;

for (iteration = 0 ..max_iteration) {
if (last_index == -1)
last_index = 0;
selected = last_index;
local_solution =
apprentice [selected] .solution;
local_taboo =
apprentice [selected] .taboo_list;

© iterations =
taboo_search_until_local_min(

local_solution,local_taboo,reverse_taboo);

if (local_solution.cost<best_solution.cost)
best_solution = local_solution;

merge_reverse_taboo(
apprentice[selected] .taboo,reverse_taboo) ;
last_index = -1;
if (taboo_search successed) {
if (local_solution ¢ matured &&
local_solution ¢ apprentice) {
if (apprentice has save_max solutions k&
worst solution != local_solution)
worst solution is deleted;
insert {local_solution, new taboo_list}
into apprentice;
sort(apprentice) ;
last_index = inserted position;
} else if (local_solution € apprentice)
last_index = index in apprentice;
}else { /* taboo search failed */
/* It becomes matured */
if ( local_solution ¢ matured) {
insert apprentice[selected].solution
into matured;
sort (matured);

remove apprentice[selected] from apprentice;

}

return best_solution;
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Bounded_Depth_First_Taboo:tree(initial_solution)
returns solutzon
parameter ’
int max 1terat10ns,
int save_size;
int bound;

able
vai%t epth

best_solution = initial_solution;
apprentice[0] .solution = initial_solution;
last_index = 0;
depth = bound;
for (iteration = 0 ..max_iteratioms) {
if (last_index is not known)
last_index = 0;
if (last_index > 0) {
depth = depth - 1;
if (depth < 0)
last_index = 0;

if (last_index == 0)
deptha = bound;
selected = last_index;
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B HEERE BH¥N  REM M5 %
R101 18 1608 -19 1657.48  3.1%
R102 17 1434° -18 1485.08  3.6%
R103 13 1207° -14 122723  1.7%
R104 10 98201 -11 102341  4.2%
R105 14 1377117 -15 1398.06 1.5%
R106 12 1252.037 -13 1262.90  0.9%
R107 10 1159.86% -11 1082.75 -6.6%
R108 9 98095° -10 98031 -0.1%
R109 . 11 1235687 -12 1211.17 -2.0%
R110 10 1080.367 -11 1154.81  6.9%
CR111 10 1129.88F -12 1151.01  1.9%
R112 10 953637 10 993.52  4.2%
C101 10 827° 10 829.01  0.2%
c1o02 10 827% 10 820.01  0.2%
C103 10 828.06/ 10 829.01  0.1%
C104 10 840" 10 908.54  8.2%
c105 10 82894/ 10 829.01  0.0%
C106 10 827° 10 829.01  0.2%
C107 10 829° 10 829.01  0.0%
Cci108 10 828947 10 829.01  0.2%
C109 10 828947 10 84514  1.9%
RC101 14 1669° -15 1665.30 -0.2%
RC102 13 1477547 -14 148068  0.2%
RC103 11 1110°  -12  1342.27  20.9%
RC104 10 1135837 10 1168.73  2.9%
RC105 13 1733.56/ -15 1575.11 -9.1%
RC106 - 12 1384927 -13 140111  1.2%
RC107 11 1230.957 -12 127426  3.5%
RC108 10 1170707 -11 1161.07 -0.8%
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"R201 4 12817 4 129671  1.2%
R202 3 1530.49° -4 116252 -1.1%
R203 3 - 948.747 3 104139  9.8%
R204 2 869297 -3 83942 4.6%
R205 3 1063.247 3 111239 4.6%
R206 3 833° 3 99721  19.7%
R207 3 81478/ 3 960.56 17.9%
R208 2 738.607 2  855.78 ' 15.9%
R209 . 2 855° -3 1031.92 20.7%
R210 = 3  967.50f 3 104788 8.3%
R211 2 949.507 -3 91504 -3.6%
C201 3 590° 3 591.58  0.3%
C202 3 501°¢ 3 613.04 3.7%
C203 3 59117 3 67798 14.7%
€204 3 590.60° 3  687.85 16.5%
C205 3 588.887 3 58890  0.0%
C206 3 588° 3 588.52  0.1%
207 3 588° 3 58835  0.1%
C208 3 588° 3 58852  0.1%
RC201 4 1249° 4 153267 22.79
RC202 4 1165.57 4 132024 13.3%
RC203 3 1079577 3 113220 4.9%
RC204 3 806.757 3 913.02 13.2%
RC205 4 1333.717 4 139792  4.8%
RC206 3 1212.64f -4 121478  0.2%
RC207 3 1085.61f -4 1093.19  0.7%
RC208 3 833.97/ 3 950.08 13.9%
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e, Potvin et al. (1993)[13]

f. Rochat et al. (1995)[14]
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