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In the paper [1] we compare the results achieved with off-line and on-line
tuning approaches. In particular, we report the results of an experimental study
based on MAX-MIN Ant System (MM AS) for the traveling salesman problem
(TSP). In this framework, we analyze the impact on the performance of on-
line tuning of the number of parameters adapted. Moreover, thanks to a social
experiment carried out, we observe the effect of the expertise of the implementer
on the behavior of the algorithm with on-line tuned parameters.

Here, the results of the whole experimental analysis are reported.

1 Experimental setup

We present an experimental analysis aiming at comparing the performance of
off-line and on-line tuning in different experimental conditions. We apply the
MMAS algorithm to the TSP. We consider twelve versions of the algorithm,
according to the tuning procedure used:

1. literature (L): parameter values are set as suggested in the literature [2].
They are highlighted in Table 1. This set of experiments is run as a baseline
for following comparisons;

2. off-line (OFF): the F-Race procedure [3,4] is applied for fixing the val-
ues of the six parameters discussed above, which are then maintained fixed
throughout all runs;

3. self-adaptive on-line (SAa): the self-adaptive adaptation mechanism [5] is
used with ant-level parameters, starting from the parameter setting sug-
gested in the literature [2]: each ant selects its own setting;

4. self-adaptive on-line (SA): the self-adaptive adaptation mechanism [5] is
used, starting from the parameter setting suggested in the literature [2]:
parameter setting is fixed at the beginning of each iteration, and after the
colony has completed its activity pheromone is deposited on the edges con-
necting the parameter values used (or the ones with which the best-so-far
solution was generated);
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self-adaptive on-line (SAc-b): the self-adaptive adaptation mechanism [5]
with colony-level parameters with multiple-colony comparison, best solu-
tion, is used, starting from the parameter setting suggested in the literature
[2]: parameter setting is fixed at the beginning of each iteration, and after
the colony has completed its activity pheromone is deposited on the edges
connecting the parameter values used in the iteration, among the last 25, in
which the best solution was found;

self-adaptive on-line (SAc-m): the self-adaptive adaptation mechanism [5]
with colony-level parameters with multiple-colony comparison, best solu-
tion, is used, starting from the parameter setting suggested in the literature
[2]: parameter setting is fixed at the beginning of each iteration, and after
the colony has completed its activity pheromone is deposited on the edges
connecting the parameter values used in the iteration, among the last 25, in
which the average solution cost was the lowest;

search-based on-line (SB): the search-based adaptation mechanism [6] is
used, starting from the parameter setting suggested in the literature [2];
off-line + self-adaptive on-line (OFF+SAa): the self-adaptive adaptation
mechanism [5] is used with ant-level parameters, starting from the parameter
setting returned by F-Race [3,4]: each ant selects its own setting;

off-line + self-adaptive on-line (OFF+SA): the self-adaptive adaptation mech-
anism [5] is used, starting from the parameter setting returned by F-Race
[3, 4]: parameter setting is fixed at the beginning of each iteration, and after
the colony has completed its activity pheromone is deposited on the edges
connecting the parameter values used (or the ones with which the best-so-far
solution was generated);

off-line + self-adaptive on-line (OFF+SAc-b): the self-adaptive adaptation
mechanism [5] with colony-level parameters with multiple-colony compari-
son, best solution, is used, starting from the parameter setting returned by
F-Race [3,4]: parameter setting is fixed at the beginning of each iteration,
and after the colony has completed its activity pheromone is deposited on
the edges connecting the parameter values used in the iteration, among the
last 25, in which the best solution was found;

off-line + self-adaptive on-line (OFF+SAc-m): the self-adaptive adaptation
mechanism [5] with colony-level parameters with multiple-colony compari-
son, best solution, is used, , starting from the parameter setting returned by
F-Race [3,4]: parameter setting is fixed at the beginning of each iteration,
and after the colony has completed its activity pheromone is deposited on
the edges connecting the parameter values used in the iteration, among the
last 25, in which the average solution cost was the lowest;

off-line + search-based on-line (OFF+SB): the search-based adaptation mech-
anism [6] is used, starting from the parameter setting returned by F-Race
[3,4].

When an on-line approach is used, we solve each instance adapting alternatively
one, two, ... , six parameters. In this way, we study how results change if the
number of parameters adapted increases. Moreover, for each number of param-
eters adapted, we register the performance of the algorithm for all the possible



Table 1. Values that can be chosen for each parameter. The values reported in bold
type are the ones suggested in the literature [2]. They are the values used in L setting.

parameter values parameter values

a 0.5,1,1.5,2,3 JE] 1,2, 3,5,10

P 0.1, 0.2, 0.3, 0.5, 0.7 6 qo 0.0, 0.25, 0.5, 0.75, 0.9
m 5, 10, 25, 50, 100 n 10, 20, 40, 60, 80

Table 2. Sets of instances considered. U(a, b) indicates that for each instance of a set a
number was randomly drawn between a and b. F-race selection indicates the parameter
settings selected by F-Race for a computation time limit of 10 CPU seconds.

set number of nodes spatial distribution F-Race selection
afl p g mmn
1 2000 uniform 15075 0.5 25 20
2 2000 clustered 2 1 0.25 0.75 25 40
3 2000 uniform and clustered 110.25 0.9 2520
4 U (1000, 2000) uniform 1 5 0.75 0.25 50 20
5 U (1000, 2000) clustered 2 2 0.25 0.75 50 40
6 U (1000, 2000) uniform and clustered 110.25 0.9 50 20

combinations of parameters. In the rest of the paper, the name of all versions
that include on-line tuning are followed by a number between parenthesis indi-
cating how many parameters are adapted. The adaptation schemes are included
into the ACOTSP software [7].

For a fair comparison between off-line and on-line tuning, the same set of
parameter values are available to the two approaches, that is, at each step the
approaches can choose among a common set of parameter values. The possible
values (used in this order in the self-adaptation scheme) are shown in Table 1.

We consider six sets of instances, all generated using portgen, the instance
generator adopted in the 8th DIMACS Challenge on the TSP [8]. They differ in
the number of cities included and in their spatial distribution, for details we refer
to Table 2, where also the parameter values chosen by F-Race are indicated. We
created these sets for having various levels of heterogeneity. The instance sets
range from homogeneous sets where all instances are of a same size and a same
spatial distribution of the nodes (either uniformly at random or clustered) to
increasingly heterogeneous ones where the instances differ either in their size or
also in the spatial distribution of the nodes; the most heterogeneous set is set 6.

For each set of instances, a separate run of F-race is performed using 1000
training instances. The instances used for the tuning and the experimental phase
are randomly selected, and the two sets are disjoint. All combinations of the
values reported in Table 1 are considered as candidate settings. Hence, a total
of 15,625 configurations is tested, on a maximum total number of runs equal
to 156,250. The computation time available for each run is equal to the one
considered in the experiments.

We executed experiments with two different termination criteria, 10 and 60
CPU seconds as measured on Xeon E5410 quad core 2.33GHz processors with
2x6 MB L2-Cache and 8 GB RAM, running under the Linux Rocks Cluster



Distribution. The code is compiled with gcc, version 3.4. In 10 CPU seconds,
the ACOTSP code generates about 2500-3 000 solutions for instances of set 1.
The results presented in Section 2 depict the percentage error with respect to
the optimal solution for 44 new test instances of each set. We performed one run
on each instance for each parameter configuration [?,9].

We analyzed the performance of each on-line version also considering as stop-
ping criterion the construction of as many solutions as the off-line version. The
results achieved are not qualitatively different from the ones obtained consider-
ing time as stopping criterion. In the following we show that on-line tuning is
not a convenient choice in the setting considered. This result is not due to the
time overhead implied by parameter adaptation, but due to the nature of the
adaptation itself.

2 Experimental results

The aim of this experimental analysis is making a comparison between off-line
and on-line tuning in different contexts.

We compare the three tuning approaches simulating different levels of knowl-
edge on the importance on parameter importance for on-line tuning

1. No a priori knowledge on parameter importance for on-line tuning. In this
case, we can expect the results to be similar to the average computed across
all possible combinations for each number of parameters tuned. In the rep-
resentation of these aggregate results, the boxplots summarize the average
results in terms of percentage error.

2. Perfect a posteriori knowledge on parameter importance for on-line tuning.
In this case in which the algorithm designer knows exactly which are the
most important parameters to be tuned is simulated considering the a pos-
teriori best configuration for each number of parameters adapted. Such a
choice introduces a bias in favor of the on-line tuned versions. In the Fig-
ures presenting these results, the boxplots summarize the results in terms of
percentage error.

3. Realistic a priori knowledge on parameter importance for on-line tuning.
For understanding to which extent the best a posteriori configurations are
those that one would actually test if he wished to adapt a given number of
parameters, we asked six researchers and practitioners in the field of ACO
to indicate their potential selection. The aggregated results are reported in
Figures. We represent the average percentage error over the combinations of
parameters suggested.

Moreover, for understanding the impact on the results of the computational
time used as stopping criterion, we execute an equivalent set of experiments
running the six versions of MMAS on instances of set 1 for 60, instead of 10,
seconds.

We present the results for each on-line tuning approach separately. More-
over we use two stopping criteria alternatively: first a fix computational time



is allowed, either 10 or 60 seconds; second the number of objective function
evaluations is taken into account, and the limit is set equal to the number of
evaluations performed by the off-line version on each instance



2.1 Self-adaptation: computation time as stopping criterion
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Fig. 1. Results simulating no a priori knowledge on parameter importance
for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism. The horizontal
axis represents the percentage error. The different versions tested are listed on the
vertical one. The vertical line corresponds to the median percentage error made by the
off-line version.
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Fig. 2. Results simulating perfect a posteriori knowledge on parameter im-
portance for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism. The
horizontal axis represents the percentage error. The different versions tested are listed
on the vertical one. The vertical line corresponds to the median percentage error made

by the off-line version.
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Fig. 3. Results simulating realistic a priori knowledge on parameter im-
portance for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism. The
horizontal axis represents the percentage error. The different versions tested are listed
on the vertical one. The vertical line corresponds to the median percentage error made
by the off-line version.
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2.2 Self-adaptation with multiple-colony comparison, best solution:
computation time as stopping criterion
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Fig. 5. Results simulating no a priori knowledge on parameter importance
for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism with multiple-
colony comparison, best solution. The horizontal axis represents the percentage error.
The different versions tested are listed on the vertical one. The vertical line corresponds
to the median percentage error made by the off-line version.
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Fig. 6. Results simulating perfect a posteriori knowledge on parameter im-
portance for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism with
multiple-colony comparison, best solution. The horizontal axis represents the percent-
age error. The different versions tested are listed on the vertical one. The vertical line
corresponds to the median percentage error made by the off-line version.
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Fig. 7. Results simulating realistic a priori knowledge on parameter im-
portance for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism with
multiple-colony comparison, best solution. The horizontal axis represents the percent-
age error. The different versions tested are listed on the vertical one. The vertical line
corresponds to the median percentage error made by the off-line version.
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Fig. 8. Results in long runs. Runs of 60 seconds. Self-adaptation mechanism with
multiple-colony comparison, best solution. Instances of set 1. The horizontal axis rep-
resents the percentage error. The different versions tested are listed on the vertical
one. The vertical line corresponds to the median percentage error made by the off-line
version.



2.3 Self-adaptation with multiple-colony comparison, average
solution: computation time as stopping criterion
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Fig. 9. Results simulating no a priori knowledge on parameter importance
for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism with multiple-
colony comparison, average solution. The horizontal axis represents the percentage
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corresponds to the median percentage error made by the off-line version.
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Fig.11. Results simulating realistic a priori knowledge on parameter im-
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line corresponds to the median percentage error made by the off-line version.
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2.4 Self-adaptation with ant-level parameters: computation time as
stopping criterion
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Fig. 13. Results simulating no a prior: knowledge on parameter importance
for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism with ant-level
parameters. The horizontal axis represents the percentage error. The different versions
tested are listed on the vertical one. The vertical line corresponds to the median per-
centage error made by the off-line version.
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Fig. 14. Results simulating perfect a posteriori knowledge on parameter
importance for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism
with ant-level parameters. The horizontal axis represents the percentage error. The
different versions tested are listed on the vertical one. The vertical line corresponds to
the median percentage error made by the off-line version.
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Fig. 15. Results simulating realistic a priori knowledge on parameter im-
portance for on-line tuning. Runs of 10 seconds. Self-adaptation mechanism with
ant-level parameters. The horizontal axis represents the percentage error. The differ-
ent versions tested are listed on the vertical one. The vertical line corresponds to the
median percentage error made by the off-line version.
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Fig. 16. Results in long runs. Runs of 60 seconds. Self-adaptation mechanism with
ant-level parameters. Instances of set 1. The horizontal axis represents the percentage
error. The different versions tested are listed on the vertical one. The vertical line
corresponds to the median percentage error made by the off-line version.



2.5 Search-based adaptation: computation time as stopping
criterion
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Fig. 17. Results simulating no a prior:i knowledge on parameter importance
for on-line tuning. Runs of 10 seconds. Search-based mechanism. The horizontal axis
represents the percentage error. The different versions tested are listed on the vertical
one. The vertical line corresponds to the median percentage error made by the off-line

version.
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Fig. 18. Results simulating perfect a posteriori knowledge on parameter
importance for on-line tuning. Runs of 10 seconds. Search-based mechanism. The
horizontal axis represents the percentage error. The different versions tested are listed
on the vertical one. The vertical line corresponds to the median percentage error made
by the off-line version.
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Fig. 19. Results simulating realistic a priori knowledge on parameter im-
portance for on-line tuning. Runs of 10 seconds. Search-based mechanism. The
horizontal axis represents the percentage error. The different versions tested are listed
on the vertical one. The vertical line corresponds to the median percentage error made
by the off-line version.
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Fig. 20. Results in long runs. Runs of 60 seconds. Search-based mechanism. In-
stances of set 1. The horizontal axis represents the percentage error. The different
versions tested are listed on the vertical one. The vertical line corresponds to the me-
dian percentage error made by the off-line version.
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Fig. 21. Results simulating no a prior:i knowledge on parameter importance
for on-line tuning. Maximum number of objective function evaluations equal to eval-
uation performed by the off-line version in runs of 10 seconds. Self-adaptation mecha-
nism. The horizontal axis represents the percentage error. The different versions tested
are listed on the vertical one. The vertical line corresponds to the median percentage

error made by the off-line version.
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Fig. 22. Results simulating perfect a posteriori knowledge on parameter
importance for on-line tuning. Maximum number of objective function evalu-
ations equal to evaluation performed by the off-line version in runs of 10 seconds.
Self-adaptation mechanism. The horizontal axis represents the percentage error. The
different versions tested are listed on the vertical one. The vertical line corresponds to
the median percentage error made by the off-line version.
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Fig. 23. Results simulating realistic a priori knowledge on parameter impor-
tance for on-line tuning. Maximum number of objective function evaluations equal
to evaluation performed by the off-line version in runs of 10 seconds. Self-adaptation
mechanism. The horizontal axis represents the percentage error. The different versions
tested are listed on the vertical one. The vertical line corresponds to the median per-
centage error made by the off-line version.
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Fig. 24. Results in long runs. Maximum number of objective function evaluations
equal to evaluation performed by the off-line version in runs of 60 seconds. Self-
adaptation mechanism. Instances of set 1. The horizontal axis represents the percentage
error. The different versions tested are listed on the vertical one. The vertical line cor-
responds to the median percentage error made by the off-line version.



2.7 Self-adaptation with multiple-colony comparison, best solution:
number of objective function evaluations as stopping criterion
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Fig. 25. Results simulating no a priori knowledge on parameter importance
for on-line tuning. Maximum number of objective function evaluations equal to eval-
uation performed by the off-line version in runs of 10 seconds. Self-adaptation mech-
anism with multiple-colony comparison, best solution. The horizontal axis represents
the percentage error. The different versions tested are listed on the vertical one. The
vertical line corresponds to the median percentage error made by the off-line version.
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Fig. 26. Results simulating perfect a posteriori knowledge on parameter
importance for on-line tuning. Maximum number of objective function evalua-
tions equal to evaluation performed by the off-line version in runs of 10 seconds. Self-
adaptation mechanism with multiple-colony comparison, best solution. The horizontal
axis represents the percentage error. The different versions tested are listed on the
vertical one. The vertical line corresponds to the median percentage error made by the
off-line version.
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Fig. 27. Results simulating realistic a priori knowledge on parameter impor-
tance for on-line tuning. Maximum number of objective function evaluations equal
to evaluation performed by the off-line version in runs of 10 seconds. Self-adaptation
mechanism with multiple-colony comparison, best solution. The horizontal axis rep-
resents the percentage error. The different versions tested are listed on the vertical
one. The vertical line corresponds to the median percentage error made by the off-line
version.
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Fig. 28. Results in long runs. Maximum number of objective function evaluations
equal to evaluation performed by the off-line version in runs of 60 seconds. Self-
adaptation mechanism with multiple-colony comparison, best solution. Instances of
set 1. The horizontal axis represents the percentage error. The different versions tested
are listed on the vertical one. The vertical line corresponds to the median percentage
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2.8 Self-adaptation with multiple-colony comparison, average
solution: number of objective function evaluations as stopping

criterion
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Fig. 29. Results simulating no a prior:i knowledge on parameter importance
for on-line tuning. Maximum number of objective function evaluations equal to eval-
uation performed by the off-line version in runs of 10 seconds. Self-adaptation mecha-
nism with multiple-colony comparison, average solution. The horizontal axis represents
the percentage error. The different versions tested are listed on the vertical one. The
vertical line corresponds to the median percentage error made by the off-line version.
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Fig. 30. Results simulating perfect a posteriori knowledge on parameter
importance for on-line tuning. Maximum number of objective function evalua-
tions equal to evaluation performed by the off-line version in runs of 10 seconds. Self-
adaptation mechanism with multiple-colony comparison, average solution. The hori-
zontal axis represents the percentage error. The different versions tested are listed on
the vertical one. The vertical line corresponds to the median percentage error made by

the off-line version.
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Fig. 31. Results simulating realistic a priori knowledge on parameter impor-
tance for on-line tuning. Maximum number of objective function evaluations equal
to evaluation performed by the off-line version in runs of 10 seconds. Self-adaptation
mechanism with multiple-colony comparison, average solution. The horizontal axis rep-
resents the percentage error. The different versions tested are listed on the vertical one.
The vertical line corresponds to the median percentage error made by the off-line ver-
sion.
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Fig. 32. Results in long runs. Maximum number of objective function evaluations
equal to evaluation performed by the off-line version in runs of 60 seconds. Self-
adaptation mechanism with multiple-colony comparison, average solution. Instances
of set 1. The horizontal axis represents the percentage error. The different versions
tested are listed on the vertical one. The vertical line corresponds to the median per-
centage error made by the off-line version.



2.9 Self-adaptation with ant-level parameters: number of objective
function evaluations as stopping criterion

L %m‘ L = D% L
ol ] SIins )| 10

i
-
SAa(l) 1 }H]{ SAa(l) B m—{ SAa(1) [}{
shAa(2) }m | SAa(2) F ﬂ'{ SAa(2) } [[ -
sAa@) . }H], Sha(3) }—D—{ sha@) 1| |- [:D{
SAa(4) | rﬂ}w SAa(4) %'m% SAa(4) D] g
OFF+SAa(1) }—H} OFF+SAa(1) b ﬂ,,* OFF+SAa(1) E]{
OFF+SAa(2) }ﬂ}{ OFF+SAa(2) }——H———{ OFF+SAa(2) } D k-
OFF+SAa(3) }rmr | OFF+SAa(3) }rm - OFF+SAa(3) i ED{
OFF+SAa(4) }———ﬂ}{ OFF+SAa(4) }—[ﬂ——{ o OFF+SAa(4) f-- ﬂ] |
(a) Set 1 (b) Set 2 (c) Set 3
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

L ]% L f m § L
o ] IS o) -
SAa(1)-| }——m—{ SAa(1) }—[——{ SAa(l) }-
sAa@1| |t m'{ SAa(2) b H}{ SAa(2) 4 E
sAa@3)| |+ ﬂ'{ SAa(3) [ [
{]

e

Il
SAa(4) H m'{ SAa(4) m - SAa(d)
! il

- OFF+SAa(1) b

- sAa@){| -

i

S TTe e

OFF+SAa(1) 4| |}~ D] OFF+SAa(1) oo
OFF+sAa(2)1| | D{ OFF+SAa(2) E{ OFF+SAa(2) } -
OFF+SAa@3){| |} D OFF+SAa(3) b D OFF+SAa(3) - [ |
OFF+SAa(4) - [[ --{ OFF+SAa(4) }H} -] OFF+SAa(4)

(d) Set 4 (e) Set 5 (f) Set 6

Fig. 33. Results simulating no a prior:i knowledge on parameter importance
for on-line tuning. Maximum number of objective function evaluations equal to
evaluation performed by the off-line version in runs of 10 seconds. Self-adaptation
mechanism with ant-level parameters. The horizontal axis represents the percentage
error. The different versions tested are listed on the vertical one. The vertical line
corresponds to the median percentage error made by the off-line version.
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Fig. 34. Results simulating perfect a posteriori knowledge on parameter
importance for on-line tuning. Maximum number of objective function evalu-
ations equal to evaluation performed by the off-line version in runs of 10 seconds.
Self-adaptation mechanism with ant-level parameters. The horizontal axis represents
the percentage error. The different versions tested are listed on the vertical one. The
vertical line corresponds to the median percentage error made by the off-line version.
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Fig. 35. Results simulating realistic a priori knowledge on parameter impor-
tance for on-line tuning. Maximum number of objective function evaluations equal
to evaluation performed by the off-line version in runs of 10 seconds. Self-adaptation
mechanism with ant-level parameters. The horizontal axis represents the percentage
error. The different versions tested are listed on the vertical one. The vertical line
corresponds to the median percentage error made by the off-line version.



L r—m; L I L rrﬂ]‘

OFF 1| {ffo OFF OFF 1| {ff

SAa(1) [ ]}{ SAa(1) }[ﬂ% SAa(1) }[:H{

SAa(2) }H] SAa(2) sAa@)q| | ﬂ'{

SAa(3) }ﬂ} SAa(3) [ﬂ{- SAa(3) }H]%

SAa(@) | |- [ -1 SAa(4) H] sAa@){| |- [ -1
OFF+SAa(1) o Hr{ OFF+SAa(1) }|ﬂ+ OFF+SAa(1) e m—{
OFF+SAa(2) f ]r{ OFF+SAa(2) m)w OFF+SAa(2) F[]”{
OFF+SAa(3) }—H—{ OFF+SAa(3) H}{u- o OFF+SAa(3) }r[ﬂrr{ 3
OFF+SAa(4) of oo mr{ OFF+SAa(4) | | © #m OFF+SAa(4) of e mr{

(a) no a priori knowledge (b) perfect a posteriori (c) realistic a priori
knowledge knowledge

Fig. 36. Results in long runs. Maximum number of objective function evaluations
equal to evaluation performed by the off-line version in runs of 60 seconds. Self-
adaptation mechanism with ant-level parameters. Instances of set 1. The horizontal
axis represents the percentage error. The different versions tested are listed on the
vertical one. The vertical line corresponds to the median percentage error made by the
off-line version.



2.10 Search-based adaptation: number of objective function
evaluations as stopping criterion
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Fig. 37. Results simulating no a prior:i knowledge on parameter importance
for on-line tuning. Maximum number of objective function evaluations equal to eval-
uation performed by the off-line version in runs of 10 seconds. Search-based mechanism.
The horizontal axis represents the percentage error. The different versions tested are
listed on the vertical one. The vertical line corresponds to the median percentage error
made by the off-line version.
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Fig. 38. Results simulating perfect a posteriori knowledge on parameter
importance for on-line tuning. Maximum number of objective function evaluations
equal to evaluation performed by the off-line version in runs of 10 seconds. Search-
based mechanism. The horizontal axis represents the percentage error. The different
versions tested are listed on the vertical one. The vertical line corresponds to the median
percentage error made by the off-line version.
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Fig. 39. Results simulating realistic a priori knowledge on parameter im-
portance for on-line tuning. Maximum number of objective function evaluations
equal to evaluation performed by the off-line version in runs of 10 seconds. Search-
based mechanism. The horizontal axis represents the percentage error. The different
versions tested are listed on the vertical one. The vertical line corresponds to the me-
dian percentage error made by the off-line version.
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Fig. 40. Results in long runs. Maximum number of objective function evaluations
equal to evaluation performed by the off-line version in runs of 60 seconds. Search-based
mechanism. Instances of set 1. The horizontal axis represents the percentage error. The
different versions tested are listed on the vertical one. The vertical line corresponds to
the median percentage error made by the off-line version.
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