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1 Description of the data set

In the present chapter we discuss the results obtained by solving thousands
of instances with our heuristic algorithm BN proposed in [Bacci and Nicoloso
(2017) and other exact approaches.

The test bed was generated as we now describe.

By T1(n, B, A) we denote a set of 100 randomly generated instances of BPPC
with 7 items, weights uniformly distributed in [20, 100] (as inFalkenauer (1996)),
bound B, and interval conflict graph with expected edge density A. When
A > 0 we repeatedly run the random interval graph generator described in
Bacci and Nicoloso (2017) and we selected 100 sets of n intervals whose in-
tersection graph had edge density § € [A — 0.02;A 4 0.02]. When A = 0 we
defined the set Z = {I, = (h,h+1),h = 0,...,n — 1} of n mutually non-
intersecting intervals (in this case BPPC reduces to BP). In particular, we chose
n € {120,250,500,1000}, B € {120, 150, 180, 210, 240, 270, 300, 330, 360, 390},
and A € {0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9}. Totally we built 40000 in-
stances of type T1.

By TT(n, B, A) we denote a set of 100 randomly generated instances of BPPC
with n items, weights uniformly distributed in [20, 100] (as inFalkenauer (1996)),
bound B, and threshold conflict graph with expected edge density A. When
0 < A < 0.5 we run the generator described in (Gendreau et al/ (2004) with
d = v/A/2 and when A > 05 withd = 1 — \/m In both cases we
selected the graphs with edge density 6 € [A —0.02;A +0.02]. When A = 0
we defined the set Z = {I, = (h,h+1),h = 0,...,n — 1} of n mutually
non-intersecting intervals. In particular, we chose n € {120,250,500,1000},
B € {120, 150, 180, 210, 240, 270, 300, 330, 360, 390}, and A € {0,0.1,0.2,0.3,0.4,
0.5,0.6,0.7,0.8, 0.9}. We remark that, given n = 7, the weight of the i-th item
of the k-th instance of TT (%, B, A) is the same for all B and A and is exactly the
weight of the i-th item of the k-th instance of TI(7, B, A), fork = 1,...,100 and
i=1,...,7n. Totally we built 40000 instances of type TT.

By TM(n, B, f(d)) we denote a set of ten instances with n items, bound B,
and threshold conflict graph with density f(d). In particular
n € {120,250,500,1000}, and d € {0,0.1,...,0.9}. The weights and the conflict
graphs of all the TM(n, B, f(d)) are exactly those in the classes 1,2,3,4 by Fer-
nandes Muritiba et al. (2010). As for B, we considered B € {120,150,...,390} U
{400}, even if in the cited paper only B = 150 is considered. In particular,



Fernandes Muritiba et al! (2010) select the first 10 instances of the 20 originally
proposed by [Falkenauer (1996) for the Bin Packing (without conflicts), and add
10 random threshold conflict graphs generated by means of the generator de-
scribed in (Gendreau et al. (2004), varying d from 0 to 0.9. We recall that the
expected edge density J of the conflict graphs generated in this way is not d as
claimed by [Fernandes Muritiba et al. (2010).

In order to verify how much the item weights affect the quality of the so-
lution and/or the computing time, we also decided to construct the TS in-
stances: by TS(n, B, f(d)) we will denote a set of ten instances with n items,
bound B, and threshold conflict graph with density f(d). The conflict graphs of
aTS(n,-, f(d)) are those of TM(n,-, f(d)), and the weights are uniformly dis-
tributed in [500,2500]. We choose B € {3000,3750,...,9750} U {10000}. We
remark that the item weights of TS(n, B, f(d)) are generated as the “instances
with a larger number of items per bin” by [Sadykov and Vanderbeck (2013) (the

so-called “d instances”), where, however, only B = 10000 is considered.

2 Heuristic algorithms

We compare the computational results obtained by applying the algorithm BN
described inBacci and Nicolosa (2017) and an adaptation to BPPC of the classi-
cal heuristic algorithms First-Fit Decreasing, Best-Fit Decreasing, Worst-Fit De-
creasing for the classical Bin Packing (lohnson (1974)), as described in Fernan-
des Muritiba et al. (2010). In particular, these adaptations, UFF((X), Up F(a)r and
Uwr() (we shall call them algorithms M), consider an extended conflict graph
Guw, obtained by adding to G an edge for each pair of vertices 7,j with w; +
w; > B, and consider vertex weights w; defined as follows: w; = a(w;/@)+
(1 —w)(deg(i)/deg), fori =1,2,...,n, where « € {0,0.1,...,1}, deg(i) is the
degree of vertex i in Gy, and @ and deg are the average weight of the vertices
and their average degree in Gy, respectively.

Let S be an instance of BPPC with an interval conflict graph G. Given
a € {0,0.1,...,1}, let ux(,x)(S) be the value of the solution output by algo-
rithm U, on S, for x € {FF,BF,WF}. By uM(S) = min{u,,(S), & €
{0,0.1,...,1},x € {FF,BF,WF}} we denote the minimum among all the 33
values of the (feasible) solutions output by algorithms M on S. By uBN(S) we
denote the value of the (feasible) solution output by algorithm BN on S.

To evaluate the performances of the algorithms we define

LBgppc(S) = max { | Liey wi/B]; x(G)}, a lower bound on the value of an op-
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timum solution of BPPC on instance S.
In each table rows are indexed by A and columns by B. In each cell there are

six values, each one averaged over the corresponding 100 instances:

e M=LB (BN=LB, respectively) is the percentage of instances S where u™(S) =
LBgppc(S) (uBN(S) = LBgppc(S), respectively), i.e. the percentage of in-
stances where LBpppc(S) allows to certify that the corresponding algo-
rithm found an optimum solution;

e M<BN (BN<M, respectively) is the percentage of instances S where
uM(S) < uBN(S) (uBN(S) < uM(S), respectively) (notice that the com-
plement to 100% of the sum of the last two values is the percentage of
instances where uM(S) = uBN(S));

M(S)—LB S
the gap - (ngBPPCB(%P)C( :

, respectively). A light grey indicates the algorithm which

e Gap-M (Gap_BN, respectively) is

(”BN(S)_LBBPPC(S)
LBgppc(S)
outperforms the other one w.r.t. the corresponding data. If in a cell the

value X=LB is 100%, then all the data of algorithm X are colored in light
cyan, for X € {M,BN}.

The light cyan cells means that an algorithm solves to optimality all the 100
instances. Algorithms BN and M were coded in C++ and ran on an Intel Xeon
E5620 2.40GHz with 40 GB RAM under a Linux operating system.

In the following, the computational results of the heuristic procedures for
different values of n are shown. Click to view computational results on
TI’s instances, herel for the ones on the TM’s instances, [herel for the TS’s and
for the TT’s.
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120 150 180 210 240 270 300 330 360 390
M=LB 3% 20% 40% 0% 2% 20% 23% 41% 49% 57%
M<BN 98% 74% 26% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 5.00% 1.80% 1.49% | 4.34% | 3.56% | 3.03% | 3.18% | 2.69% | 2.53% | 2.30%
BN=LB 0% 0% 21% 43% 59% 80% 74% 85% 87% 88%
BN<M 0% 0% 4% 87% 66% 62% 51% 44% 38% 31%
Gap_BN | 10.02% 4.36% 2.03% 1.65% | 135% | 0.73% | 1.09% | 0.70% | 0.66% | 0.64%
M=LB 1% 8% 18% 22% 19% 47% 35% 38% 37% 39%
M<BN 100% 83% 20% 9% 5% 0% 2% 2% 0% 1%
01 Gap-M 5.13% 2.07% 2.16% | 2.30% | 2.71% | 2.01% | 2.78% | 2.83% | 3.16% | 3.26%
’ BN=LB 0% 0% 13% 25% 43% 73% 63% 75% 81% 80%
BN<M 0% 1% 9% 11% 30% 27% 32% 39% 45% 42%
Gap_BN | 11.02% 5.20% 2.45% 2.23% | 1.88% | 1.00% | 1.55% | 1.16% | 0.95% | 1.07%
M=LB 1% 2% 1% 3% 2% 3% 10% 19% 35% 57%
M<BN 99% 81% 20% 9% 2% 1% 2% 1% 1% 0%
02 Gap-M 5.15% 2.70% | 3.40% | 3.80% | 4.66% | 4.58% | 4.82% | 4.58% | 3.55% | 2.40%
’ BN=LB 0% 0% 8% 14% 21% 39% 28% 53% 65% 85%
BN<M 0% 1% 30% 40% 57% 60% 46% 51% 39% 31%
Gap_BN | 11.13% 5.85% 3.14% | 2.88% | 2.70% | 229% | 297% | 213% | 1.73% | 0.78%
M=LB 0% 1% 0% 0% 10% 36% 57% 63% 65% 66%
M<BN 100% 70% 11% 9% 2% 4% 1% 0% 0% 0%
03 Gap-M 5.37% 4.01% | 511% | 5.62% | 5.63% | 3.73% | 226% | 1.89% | 1.74% | 1.71%
’ BN=LB 0% 0% 1% 1% 15% 51% 89% 99% 100% 100%
BN<M 0% 6% 39% 42% 53% 42% 41% 37% 35% 34%
Gap BN | 11.79% 6.60% 428% | 4.62% | 3.72% | 212% | 0.46% | 0.04% | 0.00% | 0.00%
M=LB 0% 0% 2% 33% 60% 71% 74% 75% 75% 75%
M<BN 100% 73% 41% 31% 1% 0% 0% 0% 0% 0%
04 Gap-M 5.83% 5.91% 6.23% | 335% | 1.61% | 1.03% | 091% | 0.82% | 0.82% | 0.82%
’ BN=LB 0% 0% 1% 28% 85% 99% 100% 100% 100% 100%
BN<M 0% 11% 23% 23% 32% 29% 26% 25% 25% 25%
A Gap_BN | 13.97% 8.95% 6.90% | 3.67% 0.59% | 0.03% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 1% 28% 67% 78% 79% 80% 80% 80% 80%
M<BN 100% 82% 42% 4% 0% 0% 0% 0% 0% 0%
05 Gap-M 6.98% 7.38% 3.07% | 094% | 057% | 0.52% | 0.52% | 0.52% | 0.52% | 0.52%
’ BN=LB 0% 0% 24% 88% 99% 100% 100% 100% 100% 100%
BN<M 0% 2% 18% 29% 21% 21% 20% 20% 20% 20%
Gap.BN | 16.06% | 11.81% | 3.67% 0.33% | 0.02% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 10% 65% 93% 93% 93% 93% 93% 93% 93%
M<BN 100% 79% 9% 0% 0% 0% 0% 0% 0% 0%
06 Gap-M 9.58% 429% | 0.81% | 0.14% | 0.14% | 0.14% | 0.14% | 0.14% | 0.14% | 0.14%
’ BN=LB 0% 2% 73% 99% 100% 100% 100% 100% 100% 100%
BN<M 0% 4% 14% 6% 7% 7% 7% 7% 7% 7%
Gap BN | 17.92% 7.95% 0.69% | 0.02% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 57% 92% 99% 100% 100% 100% 100% 100% 100%
M<BN 100% 85% 7% 0% 0% 0% 0% 0% 0% 0%
07 GapM | 12.25% 0.88% 0.13% | 0.02% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 6% 91% 99% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 5% 0% 0% 0% 0% 0% 0% 0%
Gap_BN | 18.70% 3.81% 0.18% | 0.02% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 1% 68% 96% 100% 100% 100% 100% 100% 100% 100%
M<BN 92% 53% 3% 0% 0% 0% 0% 0% 0% 0%
08 Gap-M 8.22% 0.69% 0.05% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 33% 94% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 1% 0% 0% 0% 0% 0% 0% 0%
Gap_BN | 11.36% 1.69% 0.08% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 63% 99% 100% 100% 100% 100% 100% 100% 100%
M<BN 72% 31% 2% 0% 0% 0% 0% 0% 0% 0%
0.9 Gap-M 4.87% 0.48% 0.01% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 47% 97% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 6.15% 0.91% 0.03% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin_BN | 0.0025 0.0008 | 0.0008 | 0.0008 | 0.0007 | 0.0007 | 0.0007 | 0.0007 | 0.0007 | 0.0007
tMax_BN | 0.0176 0.0101 | 0.0064 | 0.0054 | 0.0042 | 0.0037 | 0.0031 | 0.0030 | 0.0026 | 0.0027
tavg_ BN | 0.0060 0.0037 | 0.0024 | 0.0018 | 0.0015 | 0.0013 | 0.0012 | 0.0011 | 0.0010 | 0.0010

Table 1: Computational results obtained by algorithms M and algorithm BN on
TI(120,B,A)




B

120 150 180 210 240 270 300 330 360 390
M=LB 0% 0% 11% 0% 0% 0% 0% 3% 11% 20%
M<BN 100% 70% 16% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 3.87% 1.56% | 1.18% | 3.67% | 3.23% | 2.86% | 2.59% | 229% | 2.13% | 2.05%
BN=LB 0% 0% 12% 35% 61% 75% 64% 88% 88% 86%
BN<M 0% 1% 13% 100% 100% 100% 89% 91% 78% 66%
Gap_BN 9.12% 2.92% | 1.22% 0.90% | 0.61% | 0.45% | 0.72% | 0.26% | 0.29% | 0.36%
M=LB 0% 0% 2% 0% 7% 3% 1% 4% 2% 7%
M<BN 100% 83% 21% 2% 1% 0% 0% 0% 0% 0%
01 Gap-M 3.88% 1.64% | 156% | 1.95% | 1.80% | 2.04% | 2.43% | 243% | 2.87% | 2.79%
’ BN=LB 0% 0% 5% 19% 52% 64% 53% 80% 80% 81%
BN<M 0% 2% 14% 51% 63% 76% 73% 84% 88% 81%
Gap_BN 9.94% 3.41% | 1.62% 1.26% | 0.76% | 0.64% | 0.94% | 0.44% | 0.47% | 0.49%
M=LB 0% 0% 0% 0% 0% 0% 0% 0% 1% 8%
M<BN 100% 78% 8% 0% 0% 0% 0% 0% 0% 0%
02 Gap-M 3.95% 225% | 2.60% | 3.22% | 4.21% | 4.82% | 522% | 5.83% | 597% | 5.06%
’ BN=LB 0% 0% 0% 3% 24% 30% 26% 38% 23% 53%
BN<M 0% 5% 44% 84% 99% 100% 100% 98% 95% 92%
Gap_BN 9.93% 3.88% 2.08% | 1.71% | 1.28% | 125% | 1.51% | 1.36% | 1.85% | 1.20%
M=LB 0% 0% 0% 0% 0% 7% 16% 25% 28% 31%
M<BN 100% 63% 2% 1% 0% 1% 2% 0% 0% 0%
03 Gap-M 4.03% 3.50% | 4.50% | 530% | 6.20% | 5.48% | 3.67% | 2.85% | 2.60% | 2.50%
’ BN=LB 0% 0% 0% 0% 0% 11% 66% 96% 100% 100%
BN<M 0% 12% 79% 92% 95% 86% 79% 75% 72% 69%
Gap BN | 10.21% | 4.84% 298% | 2.85% | 3.01% | 2.69% | 1.02% | 0.10% | 0.00% | 0.00%
M=LB 0% 0% 0% 2% 17% 31% 35% 38% 37% 37%
M<BN 100% 70% 19% 19% 4% 0% 0% 0% 0% 0%
04 Gap-M 4.24% 5.03% | 592% | 473% | 243% | 1.70% | 1.67% | 1.60% | 1.58% | 1.58%
’ BN=LB 0% 0% 0% 6% 65% 100% 100% 100% 100% 100%
BN<M 0% 21% 48% 45% 73% 69% 65% 62% 63% 63%
A Gap BN | 11.76% | 6.58% 5.35% | 4.20% | 0.77% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 0% 5% 31% 48% 47% 48% 48% 48% 48%
M<BN 100% 90% 51% 7% 0% 0% 0% 0% 0% 0%
05 Gap-M 4.83% 6.42% | 3.97% | 1.13% | 0.80% | 0.79% | 0.79% | 0.79% | 0.79% | 0.79%
’ BN=LB 0% 0% 2% 75% 99% 100% 100% 100% 100% 100%
BN<M 0% 3% 22% 55% 51% 53% 52% 52% 52% 52%
Gap.BN | 13.65% | 9.48% | 4.54% 041% | 0.01% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 5% 43% 75% 79% 80% 80% 80% 80% 80%
M<BN 100% 93% 32% 0% 0% 0% 0% 0% 0% 0%
06 Gap-M 6.47% 5.00% | 0.81% | 0.27% | 0.23% | 0.22% | 0.22% | 0.22% | 0.22% | 0.22%
’ BN=LB 0% 0% 37% 99% 100% 100% 100% 100% 100% 100%
BN<M 0% 2% 24% 24% 21% 20% 20% 20% 20% 20%
Gap BN | 16.28% | 8.75% | 0.95% 0.01% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 22% 87% 99% 99% 99% 99% 99% 99% 99%
M<BN 100% 93% 14% 0% 0% 0% 0% 0% 0% 0%
07 GapM | 10.68% | 1.02% | 0.10% | 0.01% | 0.01% | 0.01% | 0.01% | 0.01% | 0.01% | 0.01%
’ BN=LB 0% 0% 83% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 3% 10% 1% 1% 1% 1% 1% 1% 1%
Gap BN | 18.29% | 3.89% | 0.14% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 44% 95% 100% 100% 100% 100% 100% 100% 100%
M<BN 100% 83% 6% 0% 0% 0% 0% 0% 0% 0%
08 Gap-M 7.69% 0.55% | 0.03% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 6% 91% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 4% 2% 0% 0% 0% 0% 0% 0% 0%
Gap.BN | 11.47% | 1.89% | 0.06% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 52% 95% 100% 100% 100% 100% 100% 100% 100%
M<BN 97% 67% 4% 0% 0% 0% 0% 0% 0% 0%
0.9 Gap-M 4.46% 0.34% | 0.03% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 20% 93% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 3% 2% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 6.31% 1.00% | 0.04% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin_.BN | 0.0117 | 0.0038 | 0.0034 | 0.0033 | 0.0031 | 0.0030 | 0.0030 | 0.0029 | 0.0029 | 0.0029
tMax_BN | 0.1201 0.0686 | 0.0498 | 0.0365 | 0.0246 | 0.0195 | 0.0235 | 0.0158 | 0.0137 | 0.0124
tavg BN | 0.0433 | 0.0234 | 0.0143 | 0.0101 | 0.0076 | 0.0064 | 0.0058 | 0.0051 | 0.0047 | 0.0045

Table 2: Computational results obtained by algorithms M and algorithm BN on
TI(250,B,A)
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120 150 180 210 240 270 300 330 360 390
M=LB 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
M<BN 100% 56% 3% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 2.42% 1.36% | 1.01% | 3.44% | 3.15% | 2.72% | 2.48% | 2.18% | 2.07% | 1.86%
BN=LB 0% 0% 2% 32% 57% 69% 73% 85% 87% 87%
BN<M 0% 6% 48% 100% 100% 100% 100% 100% 100% 100%
Gap_.BN | 8.50% 1.81% 0.72% | 047% | 0.34% | 0.28% | 027% | 0.16% | 0.16% | 0.17%
M=LB 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
M<BN 100% 66% 6% 0% 1% 0% 0% 0% 0% 0%
01 Gap-M 2.44% 1.51% | 1.25% 1.81% | 1.51% | 1.71% | 1.99% | 2.14% | 2.34% | 2.70%
’ BN=LB 0% 0% 0% 11% 37% 59% 66% 74% 79% 81%
BN<M 0% 6% 53% 99% 93% 99% 100% 98% 100% 100%
Gap_.BN | 8.65% 2.21% 0.92% | 0.69% | 0.52% | 0.37% | 0.34% | 0.28% | 0.25% | 0.25%
M=LB 0% 0% 0% 0% 0% 0% 0% 0% 0% 1%
M<BN 100% 60% 3% 0% 0% 0% 0% 0% 0% 0%
02 Gap-M 2.49% 1.99% | 2.14% | 293% | 3.84% | 4.66% | 520% | 627% | 6.46% | 6.21%
’ BN=LB 0% 0% 0% 1% 10% 19% 27% 16% 21% 18%
BN<M 0% 16% 85% 100% 100% 100% 100% 100% 100% 99%
Gap_.BN | 8.87% 2.59% 1.21% | 0.99% | 0.77% | 0.77% | 0.74% | 0.93% | 0.97% | 1.15%
M=LB 0% 0% 0% 0% 0% 0% 2% 4% 4% 4%
M<BN 100% 41% 0% 0% 0% 0% 0% 1% 0% 0%
03 Gap-M 2.54% 317% | 417% | 511% | 6.52% | 599% | 4.43% | 3.83% | 3.69% | 3.66%
’ BN=LB 0% 0% 0% 0% 0% 1% 40% 93% 100% 100%
BN<M 0% 39% 100% 100% 100% 100% 97% 96% 96% 96%
Gap_BN | 8.97% 3.24% 2.02% | 1.89% | 1.97% | 220% | 1.30% | 0.08% | 0.00% | 0.00%
M=LB 0% 0% 0% 0% 5% 6% 7% 7% 8% 8%
M<BN 100% 40% 3% 14% 1% 0% 0% 0% 0% 0%
04 Gap-M 2.65% | 4.80% | 5.62% | 5.06% | 3.28% | 2.52% | 2.41% | 2.38% | 2.36% | 2.35%
’ BN=LB 0% 0% 0% 0% 29% 91% 99% 100% 100% 100%
BN<M 0% 40% 95% 65% 91% 94% 93% 93% 92% 92%
A Gap_BN | 9.61% 475% | 3.78% | 4.21% | 1.50% | 0.09% | 0.01% | 0.00% | 0.00% | 0.00%
M=LB 0% 0% 1% 8% 12% 13% 13% 13% 13% 13%
M<BN 100% 82% 73% 4% 0% 0% 0% 0% 0% 0%
05 Gap-M 2.95% 5.60% | 4.04% | 1.31% | 1.18% | 1.12% | 1.10% | 1.09% | 1.09% | 1.09%
’ BN=LB 0% 0% 0% 51% 100% 100% 100% 100% 100% 100%
BN<M 0% 13% 18% 84% 88% 87% 87% 87% 87% 87%
Gap.BN | 11.83% | 7.49% | 4.90% 0.38% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 0% 18% 59% 61% 61% 61% 61% 61% 61%
M<BN 100% 93% 40% 0% 0% 0% 0% 0% 0% 0%
06 Gap-M 3.88% 4.82% | 0.66% | 0.26% | 0.24% | 024% | 0.24% | 0.24% | 0.24% | 0.24%
’ BN=LB 0% 0% 19% 98% 100% 100% 100% 100% 100% 100%
BN<M 0% 5% 33% 41% 39% 39% 39% 39% 39% 39%
Gap BN | 14.01% | 7.89% | 0.74% 0.01% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 9% 72% 94% 96% 96% 96% 96% 96% 96%
M<BN 100% 99% 15% 0% 0% 0% 0% 0% 0% 0%
07 Gap-M 7.88% 092% | 0.13% | 0.02% | 0.02% | 0.02% | 0.02% | 0.02% | 0.02% | 0.02%
’ BN=LB 0% 0% 77% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 20% 6% 4% 4% 4% 4% 4% 4%
Gap BN | 16.68% | 3.10% 0.10% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 26% 87% 100% 100% 100% 100% 100% 100% 100%
M<BN 100% 85% 10% 0% 0% 0% 0% 0% 0% 0%
08 Gap-M 5.18% 0.44% | 0.04% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 3% 86% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 6% 9% 0% 0% 0% 0% 0% 0% 0%
Gap_BN | 9.69% 1.31% | 0.05% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 40% 94% 100% 100% 100% 100% 100% 100% 100%
M<BN 100% 75% 3% 0% 0% 0% 0% 0% 0% 0%
0.9 Gap-M 2.93% 023% | 0.02% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 12% 94% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 7% 3% 0% 0% 0% 0% 0% 0% 0%
Gap_.BN | 5.13% 0.74% | 0.02% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin_.BN | 0.0575 | 0.0419 | 0.0139 | 0.0134 | 0.0129 | 0.0124 | 0.0123 | 0.0117 | 0.0117 | 0.0117
tMax_-BN | 0.9465 | 0.5152 | 0.2794 | 0.1972 | 0.1313 | 0.1096 | 0.0954 | 0.0774 | 0.0672 | 0.0592
tavg BN | 0.3018 | 0.1414 | 0.0810 | 0.0533 | 0.0380 | 0.0309 | 0.0263 | 0.0229 | 0.0208 | 0.0201

Table 3: Computational results obtained by algorithms M and algorithm BN on
TI(500,B,A)




B

120 150 180 210 240 270 300 330 360 390 400
M=LB 0% 20% 50% 0% 20% 50% 20% 30% 50% 80% 60%
M<BN 100% 60% 30% 0% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 3.96% 1.67% | 126% | 4.65% | 2.63% | 1.84% | 3.32% | 3.21% | 2.50% 1.05% | 2.25%
BN=LB 0% 0% 40% 30% 90% 80% 80% 90% 100% 100% 90%
BN<M 0% 0% 10% 90% 70% 30% 60% 60% 50% 20% 30%
Gap BN | 10.17% | 2.89% | 1.73% 2.03% | 0.33% | 0.74% | 0.83% | 045% | 0.00% | 0.00% | 0.59%
M=LB 0% 20% 50% 60% 100% 90% 70% 90% 100% 100% 90%
M<BN 100% 80% 40% 50% 30% 10% 10% 10% 10% 10% 0%
01 Gap-M 3.96% 1.67% | 1.26% | 1.18% | 0.00% | 0.37% | 1.25% | 0.45% | 0.00% | 0.00% | 0.59%
’ BN=LB 0% 10% 10% 20% 70% 80% 70% 80% 90% 90% 90%
BN<M 0% 0% 0% 10% 0% 0% 10% 0% 0% 0% 0%
Gap BN | 10.79% | 4.34% | 224% | 2.31% | 099% | 0.73% | 1.27% | 091% | 0.53% | 0.53% | 0.59%
M=LB 0% 20% 20% 40% 70% 90% 100% 100% 100% 100% 100%
M<BN 100% 80% 20% 20% 0% 0% 10% 0% 0% 0% 0%
02 Gap-M 3.96% 1.67% | 1.98% | 1.75% | 0.99% | 0.37% 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 20% 20% 80% 90% 90% 100% 100% 100% 100%
BN<M 0% 0% 10% 0% 10% 0% 0% 0% 0% 0% 0%
Gap.BN | 10.12% | 3.53% | 2.23% | 2.32% 0.67% | 0.37% | 0.42% 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 20% 10% 60% 70% 80% 90% 90% 90% 90% 90%
M<BN 100% 100% 50% 0% 0% 0% 0% 0% 0% 0% 0%
03 Gap-M 4.78% 1.88% | 219% | 1.34% | 1.11% | 0.79% | 0.29% | 029% | 0.29% | 0.29% | 0.29%
’ BN=LB 0% 0% 10% 60% 80% 80% 90% 90% 90% 90% 90%
BN<M 0% 0% 0% 0% 10% 0% 0% 0% 0% 0% 0%
Gap BN | 11.76% | 6.64% | 3.67% | 1.34% 0.79% | 0.79% | 0.29% | 0.29% | 029% | 0.29% | 0.29%
M=LB 0% 10% 40% 60% 70% 70% 70% 70% 80% 100% 100%
M<BN 100% 80% 10% 0% 10% 10% 0% 0% 0% 0% 0%
04 Gap-M 7.58% 3.35% | 210% | 1.24% 0.62% | 0.62% | 0.62% | 0.62% | 0.43% 0.00% | 0.00%
’ BN=LB 0% 0% 50% 60% 70% 70% 70% 70% 80% 100% 100%
BN<M 0% 0% 10% 0% 0% 0% 0% 0% 0% 0% 0%
A Gap BN | 16.25% | 829% | 215% | 1.24% | 0.82% | 0.82% | 0.62% | 0.62% | 0.43% 0.00% | 0.00%
M=LB 0% 10% 50% 70% 90% 90% 90% 90% 90% 90% 90%
M<BN 90% 70% 10% 0% 0% 0% 0% 0% 0% 0% 0%
05 Gap-M | 1341% | 2.57% | 1.09% | 0.62% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16%
’ BN=LB 0% 0% 40% 70% 90% 90% 90% 90% 90% 90% 90%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 19.85% | 4.52% | 1.26% | 0.62% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16%
M=LB 0% 10% 50% 70% 80% 80% 90% 90% 90% 90% 90%
M<BN 100% 80% 50% 0% 0% 10% 0% 0% 0% 0% 0%
06 Gap-M | 12.75% | 3.79% | 1.48% | 0.92% | 0.46% 0.46% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16%
’ BN=LB 0% 10% 30% 70% 80% 80% 90% 90% 90% 90% 90%
BN<M 0% 0% 10% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 16.71% | 5.46% | 2.06% | 0.92% | 0.46% | 0.62% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16%
M=LB 0% 30% 60% 90% 90% 100% 100% 100% 100% 100% 100%
M<BN 100% 40% 20% 10% 0% 10% 0% 0% 0% 0% 0%
07 Gap-M 6.07% 1.18% | 047% | 0.12% | 0.12% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 30% 50% 80% 90% 90% 100% 100% 100% 100% 100%
BN<M 0% 10% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 8.96% 1.67% | 0.71% | 0.24% | 0.12% | 0.12% 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 10% 50% 80% 90% 90% 90% 90% 90% 100% 100%
M<BN 80% 50% 0% 0% 0% 0% 0% 0% 0% 0% 0%
08 Gap-M 5.80% 1.76% | 0.63% | 021% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11% 0.00% | 0.00%
’ BN=LB 0% 0% 60% 90% 90% 90% 90% 90% 90% 100% 100%
BN<M 0% 0% 10% 10% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 7.15% 2.28% 0.53% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11% 0.00% | 0.00%
M=LB 0% 30% 60% 90% 100% 100% 100% 100% 100% 100% 100%
M<BN 40% 30% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0.9 Gap-M 2.69% 093% | 0.37% | 0.09% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 20% 60% 90% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 3.06% 1.21% | 0.37% | 0.09% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin_BN | 0.0010 0.0008 | 0.0007 | 0.0006 | 0.0006 | 0.0006 | 0.0006 | 0.0005 | 0.0005 | 0.0005 | 0.0005
tMax_BN | 0.0069 0.0043 | 0.0032 | 0.0028 | 0.0019 | 0.0018 | 0.0017 | 0.0016 | 0.0012 | 0.0013 | 0.0013
tavg_ BN | 0.0031 0.0019 | 0.0014 | 0.0012 | 0.0010 | 0.0009 | 0.0009 | 0.0008 | 0.0008 | 0.0008 | 0.0008

Table 4: Computational results obtained by algorithms M and algorithm BN on
TM(120, B,A)




B

120 150 180 210 240 270 300 330 360 390 400
M=LB 0% 0% 20% 0% 0% 0% 0% 10% 10% 20% 20%
M<BN 100% 100% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 3.29% 147% | 095% | 3.72% | 3.15% | 2.66% | 2.35% | 2.16% | 211% | 2.04% | 2.09%
BN=LB 0% 0% 40% 20% 60% 80% 100% 80% 90% 80% 80%
BN<M 0% 0% 20% 100% 100% 100% 100% 70% 80% 60% 60%
Gap_BN 9.05% 2.56% 0.71% | 1.10% | 0.64% | 0.36% | 0.00% | 0.43% | 0.24% | 0.52% | 0.53%
M=LB 0% 0% 20% 50% 50% 70% 90% 40% 70% 70% 80%
M<BN 100% 80% 20% 0% 0% 0% 0% 0% 0% 0% 0%
01 Gap-M 3.29% 1.47% | 0.95% | 0.69% | 0.79% | 0.54% | 0.20% | 1.30% | 0.71% | 0.78% | 0.53%
’ BN=LB 0% 0% 20% 50% 60% 80% 100% 90% 80% 80% 80%
BN<M 0% 0% 10% 0% 10% 10% 10% 50% 10% 10% 0%
Gap_BN 9.30% 3.05% | 1.06% | 0.69% 0.64% | 0.36% | 0.00% | 0.22% | 0.47% | 0.52% | 0.53%
M=LB 0% 0% 0% 30% 30% 70% 90% 70% 80% 100% 100%
M<BN 100% 90% 20% 10% 10% 0% 0% 0% 0% 0% 0%
02 Gap-M 3.29% 1.58% | 1.30% | 1.10% | 1.10% | 0.54% | 0.20% | 0.65% | 0.47% 0.00% | 0.00%
’ BN=LB 0% 0% 0% 40% 50% 80% 90% 100% 90% 100% 100%
BN<M 0% 0% 0% 10% 30% 10% 0% 30% 10% 0% 0%
Gap_BN 9.78% 3.15% | 1.53% 1.09% | 0.79% | 0.36% | 0.20% 0.00% | 0.24% | 0.00% | 0.00%
M=LB 0% 0% 10% 60% 70% 90% 90% 90% 100% 100% 100%
M<BN 100% 80% 40% 20% 0% 0% 0% 0% 0% 0% 0%
03 Gap-M 3.37% 1.77% | 1.66% | 054% | 045% | 0.13% | 0.13% | 0.13% 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 0% 60% 70% 90% 90% 90% 100% 100% 100%
BN<M 0% 0% 20% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 9.68% 3.93% | 2.24% | 095% | 0.45% | 0.13% | 0.13% | 0.13% 0.00% | 0.00% | 0.00%
M=LB 0% 10% 30% 80% 80% 90% 90% 100% 100% 100% 100%
M<BN 100% 100% 20% 20% 10% 0% 0% 0% 0% 0% 0%
04 Gap-M 4.16% 222% | 117% | 0.23% | 0.23% | 0.11% | 0.11% 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 30% 60% 70% 90% 90% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
A Gap BN | 11.41% | 6.58% | 1.51% | 043% | 0.33% | 0.11% | 0.11% 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 10% 40% 70% 80% 90% 90% 100% 100% 100% 100%
M<BN 100% 100% 20% 0% 0% 10% 0% 0% 0% 0% 0%
05 Gap-M | 11.37% | 2.05% | 0.73% | 0.40% | 0.16% 0.08% | 0.08% 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 40% 70% 80% 80% 90% 100% 100% 100% 100%
BN<M 0% 0% 0% 10% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 18.72% | 5.27% | 0.97% 0.32% | 0.16% | 0.16% | 0.08% 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 20% 40% 70% 80% 80% 80% 80% 90% 100% 100%
M<BN 100% 90% 10% 10% 10% 0% 0% 0% 0% 0% 0%
06 Gap-M | 10.89% | 1.71% | 0.61% | 0.19% | 0.13% | 0.13% | 0.13% | 0.13% | 0.07% 0.00% | 0.00%
’ BN=LB 0% 0% 50% 60% 70% 80% 80% 80% 90% 100% 100%
BN<M 0% 0% 10% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 15.14% | 3.44% | 0.62% | 0.27% | 0.19% | 0.13% | 0.13% | 0.13% | 0.07% 0.00% | 0.00%
M=LB 0% 0% 40% 60% 80% 90% 90% 90% 100% 100% 100%
M<BN 100% 70% 30% 10% 0% 0% 0% 0% 0% 0% 0%
07 Gap-M 8.34% 230% | 0.82% | 041% | 0.12% | 0.06% | 0.06% | 0.06% 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 20% 60% 80% 90% 90% 90% 100% 100% 100%
BN<M 0% 10% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap.BN | 11.64% | 3.60% | 099% | 0.47% | 0.12% | 0.06% | 0.06% | 0.06% 0.00% | 0.00% | 0.00%
M=LB 0% 30% 60% 70% 90% 100% 100% 100% 100% 100% 100%
M<BN 100% 50% 20% 0% 0% 0% 0% 0% 0% 0% 0%
08 Gap-M 3.94% 0.86% | 0.25% | 0.15% | 0.05% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 20% 50% 70% 90% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 5.83% 1.26% | 0.36% | 0.15% | 0.05% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 10% 60% 60% 80% 90% 90% 90% 90% 100% 100% 100%
M<BN 90% 60% 10% 0% 0% 0% 0% 0% 0% 0% 0%
0.9 Gap-M 2.50% 0.74% | 0.41% | 0.14% | 0.05% | 0.05% | 0.05% | 0.05% 0.00% | 0.00% | 0.00%
’ BN=LB 0% 40% 60% 80% 90% 90% 90% 90% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 3.30% 1.11% | 0.46% | 0.14% | 0.05% | 0.05% | 0.05% | 0.05% 0.00% | 0.00% | 0.00%
tMin_.BN | 0.0042 | 0.0035 | 0.0032 | 0.0028 | 0.0027 | 0.0025 | 0.0024 | 0.0022 | 0.0023 | 0.0022 | 0.0022
tMax_BN | 0.0601 0.0276 | 0.0205 | 0.0155 | 0.0115 | 0.0097 | 0.0070 | 0.0076 | 0.0075 | 0.0061 | 0.0062
tavg BN | 0.0220 | 0.0115 | 0.0073 | 0.0058 | 0.0048 | 0.0042 | 0.0038 | 0.0038 | 0.0036 | 0.0035 | 0.0034

Table 5: Computational results obtained by algorithms M and algorithm BN on
TM(250, B, A)
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B

120 150 180 210 240 270 300 330 360 390 400
M=LB 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
M<BN 100% 60% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 3.02% 1.33% | 1.06% | 3.66% | 3.23% | 2.84% | 2.76% | 228% | 213% | 1.92% | 1.57%
BN=LB 0% 0% 0% 10% 50% 50% 60% 80% 70% 70% 80%
BN<M 0% 20% 30% 100% 100% 100% 100% 100% 100% 100% 90%
Gap_BN 8.75% 1.87% 0.89% | 0.62% | 0.39% | 0.44% | 040% | 0.22% | 0.35% | 0.38% | 0.26%
M=LB 0% 0% 0% 0% 0% 0% 0% 30% 30% 50% 70%
M<BN 100% 50% 0% 0% 0% 0% 0% 0% 0% 0% 0%
01 Gap-M 3.02% 1.38% | 1.12% | 0.97% | 0.79% | 098% | 0.99% | 0.76% | 0.83% | 0.64% | 0.39%
’ BN=LB 0% 0% 10% 0% 70% 40% 60% 80% 70% 70% 80%
BN<M 0% 0% 40% 40% 70% 50% 60% 50% 40% 20% 10%
Gap_BN 8.77% 1.82% 0.88% | 0.69% | 0.24% | 0.53% | 040% | 0.22% | 0.35% | 0.38% | 0.26%
M=LB 0% 0% 0% 0% 0% 10% 60% 70% 80% 90% 90%
M<BN 100% 90% 0% 10% 0% 0% 0% 0% 0% 0% 0%
02 Gap-M 3.02% 1.38% | 148% | 1.24% | 1.03% | 1.24% | 0.49% | 0.32% | 0.22% | 0.10% | 0.10%
’ BN=LB 0% 0% 0% 0% 30% 30% 80% 90% 80% 90% 90%
BN<M 0% 0% 70% 50% 60% 70% 30% 20% 0% 0% 0%
Gap_BN 8.53% 2.46% 1.07% | 0.90% | 0.55% | 0.63% | 0.20% | 0.10% | 0.22% | 0.10% | 0.10%
M=LB 0% 0% 0% 70% 100% 100% 100% 100% 100% 100% 100%
M<BN 100% 100% 20% 10% 0% 0% 0% 0% 0% 0% 0%
03 Gap-M 3.02% 1.53% | 1.71% 0.55% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 0% 60% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 40% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 8.36% 3.40% 1.54% | 0.61% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 10% 40% 70% 90% 90% 90% 90% 90% 90% 90%
M<BN 100% 100% 10% 0% 0% 0% 0% 0% 0% 0% 0%
04 Gap-M 3.18% 1.79% | 049% | 020% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05%
’ BN=LB 0% 0% 70% 70% 90% 90% 90% 90% 90% 90% 90%
BN<M 0% 0% 30% 0% 0% 0% 0% 0% 0% 0% 0%
A Gap-BN | 10.90% | 5.18% 0.39% | 0.20% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05%
M=LB 0% 0% 40% 80% 90% 100% 100% 100% 100% 100% 100%
M<BN 100% 90% 10% 10% 10% 0% 0% 0% 0% 0% 0%
05 Gap-M | 1027% | 1.52% | 0.32% 0.08% | 0.04% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 60% 70% 80% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 30% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 17.17% | 2.94% 0.24% | 0.12% | 0.08% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 0% 40% 80% 90% 90% 90% 90% 90% 100% 100%
M<BN 100% 90% 20% 0% 0% 0% 0% 0% 0% 0% 0%
06 Gap-M 7.83% 0.93% | 0.30% | 0.10% | 0.07% | 0.03% | 0.03% | 0.03% | 0.03% 0.00% | 0.00%
’ BN=LB 0% 0% 40% 80% 90% 90% 90% 90% 90% 100% 100%
BN<M 0% 10% 10% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 13.13% | 2.16% | 0.33% | 0.10% | 0.07% | 0.03% | 0.03% | 0.03% | 0.03% 0.00% | 0.00%
M=LB 0% 0% 60% 80% 90% 90% 90% 100% 100% 100% 100%
M<BN 100% 100% 30% 0% 0% 10% 0% 10% 0% 0% 0%
07 Gap-M 7.37% 1.16% | 0.26% | 0.09% | 0.06% 0.03% | 0.03% 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 30% 80% 90% 90% 90% 90% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap.BN | 10.28% | 2.28% | 0.35% | 0.09% | 0.06% | 0.06% | 0.03% | 0.03% 0.00% | 0.00% | 0.00%
M=LB 0% 0% 30% 50% 70% 90% 90% 90% 90% 90% 90%
M<BN 100% 90% 20% 0% 0% 0% 0% 0% 0% 0% 0%
08 Gap-M 4.85% 0.84% | 0.33% | 0.18% | 0.10% | 0.03% | 0.03% | 0.03% | 0.03% | 0.03% | 0.03%
’ BN=LB 0% 0% 30% 50% 70% 90% 90% 90% 90% 90% 90%
BN<M 0% 10% 10% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 6.67% 1.57% | 0.36% | 0.18% | 0.10% | 0.03% | 0.03% | 0.03% | 0.03% | 0.03% | 0.03%
M=LB 0% 50% 70% 70% 70% 100% 100% 100% 100% 100% 100%
M<BN 90% 80% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0.9 Gap-M 1.95% 0.22% | 0.07% | 0.07% | 0.07% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 70% 70% 70% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 2.46% 0.60% | 0.07% | 0.07% | 0.07% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin_ BN | 0.0174 | 0.0159 | 0.0120 | 0.0113 | 0.0106 | 0.0102 | 0.0100 | 0.0100 | 0.0091 | 0.0089 | 0.0088
tMax_BN | 04111 0.1915 | 0.1243 | 0.0928 | 0.0662 | 0.0601 | 0.0502 | 0.0393 | 0.0399 | 0.0327 | 0.0305
tavg_ BN | 0.1606 | 0.0712 | 0.0424 | 0.0306 | 0.0212 | 0.0202 | 0.0179 | 0.0159 | 0.0155 | 0.0145 | 0.0140

Table 6: Computational results obtained by algorithms M and algorithm BN on
TM(500, B, A)
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B

120 150 180 210 240 270 300 330 360 390 400
M=LB 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
M<BN 100% 60% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 1.98% 1.19% | 0.84% | 3.31% | 3.02% | 2.64% | 2.39% | 2.08% | 2.03% | 1.81% | 1.92%
BN=LB 0% 0% 10% 10% 70% 80% 100% 100% 90% 100% 80%
BN<M 0% 20% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Gap.BN | 7.70% 1.37% 0.45% | 0.31% | 0.12% | 0.09% | 0.00% | 0.00% | 0.06% | 0.00% | 0.13%
M=LB 0% 0% 0% 0% 0% 0% 0% 0% 30% 20% 10%
M<BN 100% 20% 0% 0% 0% 0% 0% 0% 0% 0% 0%
01 Gap-M 1.98% | 1.17% | 0.87% | 0.94% | 0.84% | 0.81% | 0.50% | 0.60% | 0.48% | 0.52% | 0.60%
’ BN=LB 0% 0% 10% 10% 70% 80% 100% 100% 70% 100% 90%
BN<M 0% 50% 100% 100% 100% 100% 100% 100% 50% 80% 80%
Gap.BN | 7.92% 1.17% | 0.48% | 031% | 0.12% | 0.09% | 0.00% | 0.00% | 0.18% | 0.00% | 0.07%
M=LB 0% 0% 0% 0% 0% 0% 60% 90% 100% 100% 100%
M<BN 100% 50% 0% 0% 0% 10% 0% 0% 0% 0% 0%
02 Gap-M 1.98% 1.30% | 1.28% | 1.19% | 1.03% | 0.98% | 0.40% | 0.11% 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 0% 0% 30% 60% 100% 100% 100% 100% 100%
BN<M 0% 0% 100% 100% 90% 90% 40% 10% 0% 0% 0%
Gap_.BN | 8.26% 1.59% 0.60% | 042% | 0.28% | 0.22% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 0% 0% 70% 70% 90% 90% 100% 100% 100% 100%
M<BN 100% 90% 10% 10% 0% 0% 0% 0% 0% 0% 0%
03 Gap-M 1.98% 1.42% | 1.70% | 0.21% | 0.10% | 0.03% | 0.03% 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 0% 60% 70% 90% 90% 100% 100% 100% 100%
BN<M 0% 0% 60% 10% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 7.84% 2.54% 1.43% | 0.20% | 0.10% | 0.03% | 0.03% 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 0% 0% 30% 60% 60% 80% 80% 90% 90% 90%
M<BN 100% 100% 0% 10% 0% 0% 0% 0% 0% 0% 0%
04 Gap-M 2.14% 1.84% | 0.65% 020% | 0.12% | 0.10% | 0.05% | 0.05% | 0.02% | 0.02% | 0.02%
’ BN=LB 0% 0% 20% 30% 60% 60% 80% 80% 90% 90% 90%
BN<M 0% 0% 90% 0% 0% 0% 0% 0% 0% 0% 0%
A Gap_.BN | 9.23% 4.84% 0.32% | 0.22% | 0.12% | 0.10% | 0.05% | 0.05% | 0.02% | 0.02% | 0.02%
M=LB 0% 0% 20% 90% 100% 100% 100% 100% 100% 100% 100%
M<BN 100% 90% 0% 0% 0% 0% 0% 0% 0% 0% 0%
05 Gap-M 7.35% 1.07% | 0.24% | 0.04% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 60% 90% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 50% 10% 0% 0% 0% 0% 0% 0% 0%
Gap_BN | 14.88% | 2.01% 0.12% | 0.02% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 0% 20% 80% 80% 80% 80% 80% 80% 90% 90%
M<BN 100% 80% 20% 0% 0% 0% 0% 0% 0% 0% 0%
06 Gap-M 5.97% 0.75% | 0.20% | 0.05% | 0.03% | 0.03% | 0.03% | 0.03% | 0.03% | 0.02% | 0.02%
’ BN=LB 0% 0% 40% 80% 80% 80% 80% 80% 80% 90% 90%
BN<M 0% 0% 40% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 11.00% | 1.53% 0.17% | 0.05% | 0.03% | 0.03% | 0.03% | 0.03% | 0.03% | 0.02% | 0.02%
M=LB 0% 0% 50% 80% 90% 90% 90% 90% 100% 100% 100%
M<BN 100% 80% 10% 10% 0% 10% 0% 0% 0% 0% 0%
07 Gap-M 4.23% 0.70% | 0.14% | 0.06% | 0.03% 0.01% | 0.01% | 0.01% 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 60% 80% 90% 90% 90% 100% 100% 100% 100%
BN<M 0% 0% 10% 0% 0% 0% 0% 10% 0% 0% 0%
Gap_.BN | 7.58% 1.26% | 0.14% | 0.07% | 0.03% | 0.03% | 0.01% 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 0% 30% 70% 70% 90% 90% 90% 90% 90% 100%
M<BN 100% 100% 10% 10% 20% 0% 0% 0% 0% 0% 0%
08 Gap-M 2.94% 0.48% | 0.16% | 0.07% | 0.05% | 0.01% | 0.01% | 0.01% | 0.01% | 0.01% 0.00%
’ BN=LB 0% 0% 30% 60% 60% 90% 90% 90% 90% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 10% 0%
Gap_BN | 4.73% 097% | 0.19% | 0.09% | 0.07% | 0.01% | 0.01% | 0.01% | 0.01% 0.00% | 0.00%
M=LB 0% 10% 60% 100% 100% 100% 100% 100% 100% 100% 100%
M<BN 100% 90% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0.9 Gap-M 1.61% 0.22% | 0.04% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 60% 100% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap.BN | 2.25% 0.55% | 0.04% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin_BN | 0.0739 | 0.0603 | 0.0474 | 0.0455 | 0.0433 | 0.0397 | 0.0397 | 0.0397 | 0.0356 | 0.0356 | 0.0355
tMax.BN | 3.1896 | 1.3708 | 0.8684 | 0.6439 | 0.4185 | 0.3408 | 0.1923 | 0.1705 | 0.1979 | 0.1369 | 0.1832
tavg BN | 1.2327 | 0.4651 | 0.2458 | 0.1666 | 0.1085 | 0.0890 | 0.0736 | 0.0659 | 0.0631 | 0.0591 | 0.0603

Table 7: Computational results obtained by algorithms M and algorithm BN on
TM(1000, B, A)
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B

120 150 180 210 240 270 300 330 360 390 400
M=LB 0% 0% 20% 0% 0% 10% 20% 20% 40% 80% 30%
M<BN 100% 70% 10% 0% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 4.12% 2.08% | 2.00% | 3.47% | 3.65% | 3.31% | 3.35% | 3.68% | 3.03% 1.08% | 3.89%
BN=LB 0% 0% 20% 40% 40% 100% 60% 90% 80% 90% 70%
BN<M 0% 0% 10% 60% 50% 90% 40% 70% 40% 10% 40%
Gap_BN 9.24% 4.33% 1.99% | 1.73% | 2.00% | 0.00% | 1.68% | 0.48% | 1.00% | 0.53% | 1.67%
M=LB 0% 0% 30% 80% 70% 60% 70% 100% 80% 90% 90%
M<BN 100% 80% 30% 20% 10% 10% 0% 0% 0% 10% 0%
01 Gap-M 5.21% 228% | 1.74% | 0.57% | 1.00% | 1.52% | 1.22% 0.00% | 0.98% 0.56% | 0.56%
’ BN=LB 0% 0% 10% 70% 60% 60% 70% 100% 90% 80% 90%
BN<M 0% 0% 0% 10% 0% 10% 0% 0% 10% 0% 0%
Gap BN | 11.51% | 5.34% | 247% | 0.84% | 1.32% 1.50% | 1.22% 0.00% | 0.50% | 1.11% | 0.56%
M=LB 0% 0% 20% 40% 60% 90% 90% 90% 100% 90% 100%
M<BN 100% 90% 50% 20% 30% 0% 10% 0% 0% 0% 0%
02 Gap-M 6.26% 223% | 1.96% | 1.70% | 1.28% | 0.38% 0.40% | 0.43% 0.00% | 0.56% 0.00%
’ BN=LB 0% 0% 0% 30% 30% 90% 80% 90% 100% 90% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 11.82% | 4.88% | 3.63% | 2.26% | 2.25% | 0.38% | 0.78% | 0.43% 0.00% | 0.56% 0.00%
M=LB 0% 0% 30% 50% 90% 90% 90% 90% 90% 90% 90%
M<BN 100% 90% 50% 30% 0% 0% 0% 0% 0% 0% 0%
03 Gap-M 4.47% 312% | 1.94% | 1.93% | 0.86% | 0.57% | 0.57% | 0.57% | 0.57% | 0.29% | 0.29%
’ BN=LB 0% 0% 20% 50% 90% 90% 90% 90% 90% 90% 90%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 12.14% | 7.45% | 3.18% | 2.79% | 0.86% | 0.57% | 0.57% | 0.57% | 0.57% | 0.29% | 0.29%
M=LB 0% 10% 50% 70% 70% 80% 80% 90% 90% 90% 90%
M<BN 100% 80% 30% 0% 0% 0% 0% 0% 0% 0% 0%
04 Gap-M 9.44% 395% | 1.48% | 1.04% | 0.85% | 0.42% | 042% | 023% | 0.23% | 0.23% | 0.23%
’ BN=LB 0% 0% 50% 70% 70% 80% 80% 90% 90% 90% 90%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
A Gap BN | 16.15% | 7.75% | 2.14% | 1.04% | 0.85% | 0.42% | 042% | 0.23% | 0.23% | 0.23% | 0.23%
M=LB 0% 10% 40% 70% 90% 90% 90% 90% 90% 90% 90%
M<BN 100% 70% 0% 0% 0% 0% 0% 0% 0% 0% 0%
05 Gap-M | 14.40% | 2.08% | 1.09% | 0.64% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16%
’ BN=LB 0% 0% 40% 70% 90% 90% 90% 90% 90% 90% 90%
BN<M 0% 10% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 19.90% | 4.99% | 1.09% | 0.64% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16% | 0.16%
M=LB 0% 20% 40% 60% 80% 80% 80% 80% 90% 90% 90%
M<BN 100% 90% 30% 10% 0% 0% 0% 0% 0% 0% 0%
06 Gap-M | 1230% | 3.31% | 1.46% | 0.89% | 0.46% | 0.46% | 0.30% | 0.30% | 0.16% | 0.16% | 0.16%
’ BN=LB 0% 0% 40% 60% 80% 80% 80% 80% 90% 90% 90%
BN<M 0% 0% 10% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 16.27% | 539% | 1.76% | 1.02% | 0.46% | 0.46% | 0.30% | 0.30% | 0.16% | 0.16% | 0.16%
M=LB 0% 60% 60% 70% 100% 100% 100% 100% 100% 100% 100%
M<BN 80% 50% 0% 0% 10% 0% 0% 0% 0% 0% 0%
07 Gap-M 7.00% 1.31% | 0.60% | 0.36% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 30% 60% 70% 90% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 8.76% 2.36% | 0.60% | 0.36% | 0.12% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 30% 60% 90% 90% 90% 90% 90% 90% 100% 100%
M<BN 80% 60% 30% 10% 0% 0% 0% 0% 0% 0% 0%
08 Gap-M 6.09% 1.56% | 0.52% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11% 0.00% | 0.00%
’ BN=LB 0% 10% 50% 80% 90% 90% 90% 90% 90% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 7.03% 2.38% | 0.84% | 021% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11% 0.00% | 0.00%
M=LB 0% 30% 70% 70% 100% 100% 100% 100% 100% 100% 100%
M<BN 0% 30% 20% 0% 0% 0% 0% 0% 0% 0% 0%
0.9 Gap-M 4.17% 1.40% | 0.37% | 0.28% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 20% 60% 70% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 4.17% 1.68% | 0.56% | 0.28% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin_BN | 0.0010 0.0008 | 0.0007 | 0.0006 | 0.0006 | 0.0006 | 0.0006 | 0.0005 | 0.0005 | 0.0005 | 0.0005
tMax_-BN | 0.0072 0.0046 | 0.0031 | 0.0025 | 0.0024 | 0.0017 | 0.0018 | 0.0015 | 0.0015 | 0.0013 | 0.0014
tavg BN | 0.0032 0.0020 | 0.0014 | 0.0012 | 0.0010 | 0.0009 | 0.0009 | 0.0008 | 0.0008 | 0.0008 | 0.0008

Table 8: Computational results obtained by algorithms M and algorithm BN on
TS(120, B, A)
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120 150 180 210 240 270 300 330 360 390 400
M=LB 0% 0% 0% 0% 0% 0% 0% 0% 10% 10% 20%
M<BN 100% 80% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M | 4.01% 1.70% | 1.44% | 4.05% | 3.18% | 2.67% | 2.79% | 218% | 2.37% | 2.32% | 2.11%
BN=LB 0% 0% 10% 40% 60% 90% 70% 80% 80% 90% 80%
BN<M 0% 0% 20% 100% 100% 100% 90% 80% 80% 80% 60%
Gap_.BN | 9.04% 2.99% 1.19% | 0.83% | 0.64% | 0.18% | 0.61% | 0.43% | 0.48% | 0.26% | 0.55%
M=LB 0% 0% 0% 10% 40% 60% 70% 80% 60% 80% 80%
M<BN 100% 70% 30% 10% 0% 0% 0% 0% 0% 0% 0%
01 Gap-M 3.27% 1.71% | 1.45% | 1.27% | 0.96% | 0.73% | 0.60% | 0.44% | 0.96% | 0.52% | 0.53%
’ BN=LB 0% 0% 10% 0% 60% 70% 80% 90% 80% 80% 90%
BN<M 0% 0% 20% 0% 20% 10% 10% 10% 20% 0% 10%
Gap_.BN | 9.56% 241% | 1.56% | 1.41% 0.64% | 0.54% | 0.41% | 0.22% | 0.48% | 0.52% 0.26%
M=LB 0% 0% 0% 0% 20% 50% 70% 80% 90% 100% 100%
M<BN 100% 70% 30% 20% 0% 0% 10% 0% 0% 0% 0%
02 Gap-M 4.05% 1.90% | 1.91% 1.53% | 1.27% | 0.90% | 0.60% | 0.43% | 0.23% 0.00% | 0.00%
’ BN=LB 0% 0% 0% 0% 30% 50% 80% 90% 90% 100% 100%
BN<M 0% 0% 40% 10% 10% 0% 20% 10% 0% 0% 0%
Gap_.BN | 9.49% 3.08% 1.79% | 1.67% 1.12% | 0.90% 0.39% | 0.22% | 0.23% 0.00% | 0.00%
M=LB 0% 0% 0% 50% 80% 90% 100% 100% 100% 100% 100%
M<BN 100% 70% 50% 0% 10% 0% 0% 0% 0% 0% 0%
03 Gap-M 3.04% 221% | 1.92% | 0.68% 0.29% | 0.13% 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 10% 50% 80% 90% 100% 100% 100% 100% 100%
BN<M 0% 0% 10% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN | 8.00% 431% | 2.64% | 0.68% | 0.45% | 0.13% 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 0% 30% 80% 90% 90% 90% 90% 90% 90% 90%
M<BN 100% 100% 30% 0% 0% 0% 0% 0% 0% 0% 0%
04 Gap-M 4.39% 243% | 128% | 021% | 011% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11%
’ BN=LB 0% 0% 30% 80% 90% 90% 90% 90% 90% 90% 90%
BN<M 0% 0% 20% 0% 0% 0% 0% 0% 0% 0% 0%
A Gap.BN | 13.01% | 6.67% | 2.21% | 021% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11% | 0.11%
M=LB 0% 30% 40% 60% 70% 80% 100% 100% 100% 100% 100%
M<BN 100% 80% 10% 10% 0% 0% 0% 0% 0% 0% 0%
05 Gap-M 9.83% 2.09% | 0.81% 0.41% | 0.24% | 0.16% 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 10% 50% 60% 70% 80% 100% 100% 100% 100% 100%
BN<M 0% 0% 20% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN | 1643% | 4.02% 0.75% | 0.49% | 0.24% | 0.16% 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 10% 30% 60% 80% 90% 90% 90% 90% 90% 90%
M<BN 100% 80% 20% 20% 0% 0% 0% 0% 0% 0% 0%
06 Gap-M 9.94% 1.60% | 0.67% | 0.26% | 0.13% | 0.07% | 0.07% | 0.07% | 0.07% | 0.07% | 0.07%
’ BN=LB 0% 0% 30% 50% 80% 90% 90% 90% 90% 90% 90%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 13.80% | 2.84% | 0.82% | 0.40% | 0.13% | 0.07% | 0.07% | 0.07% | 0.07% | 0.07% | 0.07%
M=LB 0% 0% 30% 60% 80% 90% 90% 90% 90% 100% 100%
M<BN 100% 100% 50% 10% 0% 0% 0% 0% 0% 10% 0%
07 Gap-M 8.63% 250% | 0.69% | 029% | 0.17% | 0.06% | 0.06% | 0.06% | 0.06% 0.00% | 0.00%
’ BN=LB 0% 0% 10% 60% 80% 90% 90% 90% 90% 90% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 11.36% | 391% | 1.05% | 0.35% | 0.17% | 0.06% | 0.06% | 0.06% | 0.06% | 0.06% 0.00%
M=LB 0% 30% 70% 100% 100% 100% 100% 100% 100% 100% 100%
M<BN 100% 90% 10% 20% 0% 0% 0% 0% 0% 0% 0%
08 Gap-M | 429% 0.82% | 0.15% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 0% 70% 80% 100% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_BN | 5.70% 1.58% | 0.20% | 0.10% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB 0% 30% 60% 80% 100% 100% 100% 100% 100% 100% 100%
M<BN 90% 50% 10% 0% 10% 0% 0% 0% 0% 0% 0%
0.9 Gap-M 3.15% 0.87% | 0.33% | 0.14% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
’ BN=LB 0% 20% 60% 80% 90% 100% 100% 100% 100% 100% 100%
BN<M 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Gap_.BN | 3.78% 1.27% | 0.37% | 0.14% | 0.05% 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin_.BN | 0.0043 | 0.0041 | 0.0031 | 0.0027 | 0.0026 | 0.0025 | 0.0024 | 0.0024 | 0.0022 | 0.0022 | 0.0022
tMax.BN | 0.0596 | 0.0301 | 0.0207 | 0.0168 | 0.0125 | 0.0100 | 0.0095 | 0.0085 | 0.0074 | 0.0064 | 0.0071
tavg BN | 0.0222 | 0.0118 | 0.0076 | 0.0060 | 0.0048 | 0.0042 | 0.0040 | 0.0037 | 0.0036 | 0.0035 | 0.0034

Table 9: Computational results obtained by algorithms M and algorithm BN on
TS(250, B, A)
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120 | 150 | 180 | 210 | 240 | 270 | 300 [ 330 | 360 | 390 | 400
M=LB | 0% 0% | 0% | 0% 0% 0% 0% | 0% | 0% 0% 0%
M<BN | 100% | 70% | 10% | 0% 0% 0% 0% | 0% | 0% 0% 0%
o | GapM | 250% | 156% | 1.09% | 3.71% | 337% | 271% | 271% | 2.20% | 2.05% | 2.22% | 240%
BN=LB | 0% 0% | 0% | 60% | 50% | 60% | 50% | 80% | 70% | 70% | 70%
BN<M | 0% | 10% | 60% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Gap.BN | 8.26% | 244% | 0.84% | 041% | 041% | 0.36% | 050% | 0.22% | 0.37% | 039% | 041%
M=LB | 0% 0% | 0% | 0% 0% 0% | 50% | 50% | 50% | 30% | 50%
M<BN | 100% | 80% | 0% | 0% 0% 0% 0% | 0% | 0% 0% 0%
o1 | GapM | 209% | 151% | 139% | 099% | 105% | 1.00% | 0.50% | 0.55% | 0.61% | 0.92% | 0.67%
| BN=LB | 0% 0% | 0% | 20% | 30% | 70% | 100% | 80% | 70% | 70% | 80%
BN<M | 0% 0% | 70% | 60% | 60% | 80% | 50% | 30% | 20% | 40% | 30%
Gap.BN | 8.03% | 226% | 0.85% | 056% | 0.56% | 0.28% | 0.00% | 0.22% | 0.36% | 0.40% | 0.27%
M=LB | 0% 0% | 0% | 0% 0% | 10% | 30% | 80% | 90% | 90% | 90%
M<BN | 100% | 70% | 0% | 0% 0% | 10% | 0% | 0% | 0% 0% 0%
02 | GapM | 368% | 174% | 173% | 138% | 111% | 116% | 0.68% | 021% | 0.10% | 0.10% | 0.10%
“ | BN=LB | 0% 0% | 0% | 10% | 50% | 50% | 70% | 80% | 90% | 90% | 90%
BN<M | 0% 0% | 70% | 80% | 90% | 80% | 40% | 0% | 0% 0% 0%
GapBN | 9.55% | 2.28% | 1.19% | 069% | 039% | 054% | 029% | 021% | 0.10% | 0.10% | 0.10%
M=LB | 0% 0% | 0% | 70% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
M<BN | 100% | 100% | 20% | 0% 0% 0% 0% | 0% | 0% | 0% 0%
03 | GapM | 226% | 176% | 1.87% | 048% | 000% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
“ | BN=LB | 0% 0% | 0% | 70% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
BN<M | 0% 0% | 50% | 0% 0% 0% 0% | 0% | 0% | 0% 0%
GapBN | 841% | 2.86% | 174% | 048% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB | 0% 0% | 30% | 90% | 90% | 90% | 90% | 90% | 90% | 90% | 90%
M<BN | 100% | 100% | 10% | 10% | 0% 0% 0% | 0% | 0% 0% 0%
04 | GapM | 396% | 218% | 045% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05%
* 1 BN=LB | 0% 0% | 70% | 90% | 90% | 90% | 90% | 90% | 90% | 90% | 90%
BN<M | 0% 0% | 40% | 0% 0% 0% 0% | 0% | 0% 0% 0%
A GapBN | 10.68% | 554% | 0.35% | 0.09% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05%
M=LB | 0% 0% | 60% | 90% [ 90% | 100% | 100% | 100% | 100% | 100% | 100%
M<BN | 100% | 100% | 10% | 10% | 0% 0% 0% | 0% | 0% | 0% 0%
05 | GapM | 940% | 121% | 021% | 0.04% | 0.04% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
~ | BN=LB | 0% 0% | 70% | 80% | 90% | 100% | 100% | 100% | 100% | 100% | 100%
BN<M | 0% 0% | 30% | 0% 0% 0% 0% | 0% | 0% | 0% 0%
GapBN | 16.82% | 2.58% | 012% | 0.08% | 0.04% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB | 0% 0% | 40% | 80% | 90% | 90% | 90% | 90% | 100% | 100% | 100%
M<BN | 100% | 90% | 10% | 0% | 10% | 0% 0% | 0% 0% | 0% 0%
0 | GapM | 7.01% | 0.86% | 030% | 0.10% | 0.08% | 0.03% | 0.03% | 0.03% | 0.00% | 000% | 0.00%
© | BN=LB | 0% 0% | 40% | 80% | 90% | 90% | 90% | 90% | 100% | 100% | 100%
BN<M | 0% | 10% | 20% | 0% 0% 0% 0% | 0% 0% | 0% 0%
GapBN | 1231% | 169% | 0.27% | 0.10% | 0.07% | 0.03% | 0.03% | 0.03% | 0.00% | 0.00% | 0.00%
M=LB | 0% 10% | 90% | 90% | 90% | 90% | 90% | 90% | 100% | 100% | 100%
M<BN | 100% | 100% | 20% | 10% | 0% | 10% | 0% | 0% 0% | 0% 0%
07 | GapM | 657% | 0.81% | 0.12% | 0.06% | 0.06% | 0.08% | 0.03% | 0.03% | 0.00% | 000% | 0.00%
“| BN=LB | 0% 0% | 70% | 90% | 90% | 90% | 90% | 90% | 100% | 100% | 100%
BN<M | 0% 0% | 10% | 0% 0% 0% 0% | 0% 0% | 0% 0%
GapBN | 9.42% | 1.62% | 0.18% | 0.09% | 0.06% | 0.06% | 0.03% | 0.03% | 0.00% | 0.00% | 0.00%
M=LB | 0% | 20% | 30% | 40% | 70% | 70% | 80% | 80% | 90% | 100% | 100%
M<BN | 100% | 90% | 30% | 0% | 10% | 0% 0% | 0% | 0% 0% 0%
0g | GapM | 412% | 086% | 038% | 023% | 008% | 0.08% | 005% | 0.05% | 0.02% | 0.00% | 0.00%
© | BN=LB | 0% 0% | 40% | 40% | 70% | 70% | 80% | 80% | 90% | 100% | 100%
BN<M | 0% 0% | 20% | 10% | 0% 0% 0% | 0% | 0% 0% 0%
GapBN | 633% | 157% | 043% | 020% | 0.10% | 0.08% | 0.05% | 0.05% | 0.02% | 0.00% | 0.00%
M=LB | 0% | 30% | 60% | 80% | 90% | 100% | 100% | 100% | 100% | 100% | 100%
M<BN | 100% | 60% | 10% | 0% 0% 0% 0% | 0% | 0% | 0% 0%
09 | GapM | 173% | 0.33% | 0.09% | 0.04% | 0.02% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00%
| BN=LB| 0% | 10% | 50% | 80% | 90% | 100% | 100% | 100% | 100% | 100% | 100%
BN<M | 0% 0% | 0% | 0% 0% 0% 0% | 0% | 0% | 0% 0%
GapBN | 242% | 0.56% | 011% | 0.04% | 0.02% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin BN | 00188 | 00172 | 00135 | 0.0112 | 0.0106 | 0.0102 | 0.0100 | 0.0100 | 0.0091 | 0.0089 | 0.0089
tMax BN | 04178 | 02111 | 0.1287 | 0.0986 | 0.0696 | 0.0675 | 0.0517 | 0.0451 | 0.039 | 0.0390 | 0.0370
tavg BN | 0.1600 | 0.0689 | 0.0422 | 0.0290 | 0.0234 | 0.0203 | 0.0177 | 0.0162 | 0.0153 | 0.0150 | 0.0147
Table 10: Computational results obtained by algorithms M and algorithm BN

on TS(500, B, A)
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120 | 150 | 180 | 210 | 240 | 270 | 300 [ 330 | 360 | 390 | 400
M=LB | 0% 0% | 0% | 0% 0% 0% 0% | 0% | 0% 0% 0%
M<BN | 100% | 80% | 0% | 0% 0% 0% 0% | 0% | 0% 0% 0%
o | GapM | 230% | 140% | 096% | 349% | 319% | 278% | 2.65% | 241% | 2.08% | 1.75% | 179%
BN=LB | 0% 0% | 0% | 0% | 20% | 70% | 30% | 70% | 70% | 90% | 70%
BN<M | 0% | 10% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
GapBN | 833% | 1.79% | 054% | 035% | 032% | 0.13% | 035% | 0.17% | 0.18% | 0.07% | 020%
M=LB | 0% 0% | 0% | 0% 0% 0% 0% | 0% | 10% | 10% | 0%
M<BN | 100% | 60% | 0% | 0% 0% 0% 0% | 0% | 0% 0% 0%
o1 | GapM | 243% | 141% | 113% | 097% | 107% | 0.98% | 0.79% | 0.87% | 0.60% | 0.58% | 0.66%
| BN=LB | 0% 0% | 0% | 0% | 40% | 40% | 60% | 70% | 80% | 90% | 100%
BN<M | 0% | 10% | 100% | 100% | 100% | 100% | 100% | 100% | 80% | 80% | 100%
GapBN | 8.68% | 1.78% | 0.60% | 042% | 0.24% | 027% | 020% | 0.16% | 0.12% | 0.06% | 0.00%
M=LB | 0% 0% | 0% | 0% 0% 0% | 60% | 90% | 100% | 100% | 100%
M<BN | 100% | 80% | 0% | 0% 0% 0% 0% | 0% 0% | 0% 0%
02 | GapM | 206% | 157% | 158% | 139% | 115% | 116% | 0.40% | 0.16% | 0.00% | 0.00% | 0.00%
“ | BN=LB | 0% 0% | 0% | 0% | 10% | 30% | 80% | 90% | 100% | 100% | 100%
BN<M | 0% | 10% | 100% | 90% | 80% | 90% | 30% | 10% | 0% | 0% 0%
GapBN | 7.97% | 2.14% | 0.81% | 052% | 048% | 0.40% | 0.15% | 0.05% | 0.00% | 0.00% | 0.00%
M=LB | 0% 0% | 0% | 80% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
M<BN | 100% | 100% | 20% | 20% | 0% 0% 0% | 0% | 0% | 0% 0%
03 | GapM | 150% | 173% | 180% | 021% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
“ | BN=LB | 0% 0% | 0% | 60% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
BN<M | 0% 0% | 60% | 10% | 0% 0% 0% | 0% | 0% | 0% 0%
GapBN | 7.62% | 303% | 154% | 020% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB | 0% 0% | 10% | 30% | 50% | 50% | 70% | 80% | 80% | 80% | 80%
M<BN | 100% | 100% | 0% | 0% 0% | 10% | 0% | 0% | 0% 0% 0%
04 | GapM | 258% | 194% | 069% | 0.25% | 0.17% | 0.12% | 0.07% | 0.05% | 0.05% | 0.05% | 0.05%
“ 1 BN=LB | 0% 0% | 10% | 30% | 50% | 50% | 70% | 80% | 80% | 80% | 80%
BN<M | 0% 0% | 70% | 0% 0% 0% 0% | 0% | 0% 0% 0%
A GapBN | 9.49% | 562% | 045% | 025% | 017% | 0.15% | 0.07% | 0.05% | 0.05% | 0.05% | 0.05%
M=LB | 0% 0% | 30% | 90% | 90% | 90% | 90% | 100% | 100% | 100% | 100%
M<BN | 100% | 100% | 0% | 10% | 10% | 0% 0% % | 0% | 0% 0%
05 | GapM | 786% | 105% | 0.28% | 0.06% | 004% | 0.02% | 0.02% | 0.00% | 0.00% | 0.00% | 0.00%
~ | BN=LB | 0% 0% | 40% | 90% | 90% | 90% | 90% | 100% | 100% | 100% | 100%
BN<M | 0% 0% | 30% | 0% 0% 0% 0% 0% | 0% | 0% 0%
GapBN | 15.36% | 2.54% | 020% | 0.08% | 0.06% | 0.02% | 0.02% | 0.00% | 0.00% | 0.00% | 0.00%
M=LB | 0% 0% | 50% | 70% | 80% | 80% | 80% | 80% | 80% | 90% | 90%
M<BN | 100% | 100% | 10% | 0% | 10% | 0% 0% | 0% | 0% 0% 0%
0 | GapM | 564% | 0.65% | 020% | 0.07% | 0.03% | 0.03% | 0.03% | 0.03% | 0.03% | 0.02% | 0.02%
© | BN=LB | 0% 0% | 50% | 70% | 70% | 80% | 80% | 80% | 80% | 90% | 90%
BN<M | 0% 0% | 40% | 0% 0% 0% 0% | 0% | 0% 0% 0%
Gap BN | 1098% | 153% | 0.13% | 0.07% | 0.05% | 0.03% | 0.03% | 0.03% | 0.03% | 0.02% | 0.02%
M=LB | 0% 0% | 40% | 90% | 90% | 90% | 90% | 90% | 100% | 100% | 100%
M<BN | 100% | 70% | 20% | 0% | 10% | 0% 0% | 0% 0% | 0% 0%
07 | GapM | 370% | 049% | 0.16% | 0.06% | 0.08% | 0.03% | 0.01% | 0.01% | 0.00% | 000% | 0.00%
“| BN=LB | 0% 0% | 60% | 90% | 90% | 90% | 90% | 90% | 100% | 100% | 100%
BN<M | 0% 0% | 30% | 0% 0% 0% 0% | 0% 0% | 0% 0%
GapBN | 694% | 0.89% | 0.16% | 0.06% | 0.04% | 0.03% | 0.01% | 0.01% | 0.00% | 0.00% | 0.00%
M=LB | 0% 0% | 50% | 70% | 90% | 90% | 90% | 90% | 90% | 100% | 100%
M<BN | 100% | 80% | 10% | 0% 0% 0% 0% | 0% | 0% | 10% | 0%
0g | GapM | 257% | 041% | 0.12% | 005% | 0.02% | 0.01% | 001% | 0.01% | 0.01% | 0.00% | 0.00%
] BN=LB | 0% 0% | 50% | 70% | 90% | 90% | 90% | 90% | 90% | 90% | 100%
BN<M | 0% 0% | 0% | 0% 0% 0% 0% | 0% | 0% 0% 0%
GapBN | 426% | 0.74% | 014% | 005% | 0.02% | 0.01% | 0.01% | 0.01% | 0.01% | 0.01% | 0.00%
M=LB | 0% | 20% | 70% | 90% | 90% | 100% | 100% | 100% | 100% | 100% | 100%
M<BN | 100% | 100% | 10% | 0% 0% 0% 0% | 0% | 0% | 0% 0%
09 | GapM | 165% | 0.19% | 0.06% | 0.01% | 0.01% | 0.00% | 0.00% | 0.00% | 0.00% | 000% | 0.00%
“ | BN=LB | 0% 0% | 70% | 90% | 90% | 100% | 100% | 100% | 100% | 100% | 100%
BN<M | 0% 0% | 10% | 0% 0% 0% 0% | 0% | 0% | 0% 0%
Gap.BN | 241% | 041% | 0.06% | 0.01% | 001% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
tMin BN | 00852 | 00707 | 0.0524 | 0.0467 | 0.0440 | 0.0402 | 0.0402 | 0.0402 | 0.0359 | 0.0350 | 0.0357
tMax BN | 33840 | 16556 | 12061 | 0.8726 | 0.4875 | 0.3589 | 0.3273 | 02463 | 02329 | 0.1734 | 0.1916
tavg BN | 1.2766 | 0.5274 | 02934 | 01928 | 0.1281 | 0.1053 | 0.0900 | 0.0771 | 0.0691 | 0.0635 | 0.0630
Table 11: Computational results obtained by algorithms M and algorithm BN

on TS(1000, B, A)
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120 150 180 210 240 270 300 330 360 390
M=LB 3% 20% 40% 0% 2% 20% 23% 41% 49% 57%
M<BN 98% 74% 26% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 5.00% 1.80% | 1.49% | 4.34% | 3.56% | 3.03% | 3.18% | 2.69% | 2.53% | 2.30%
BN=LB 0% 0% 21% 43% 59% 80% 74% 85% 87% 88%
BN<M 0% 0% 4% 87% 66% 62% 51% 44% 38% 31%
Gap.BN | 10.02% | 4.36% | 2.03% 1.65% | 1.35% | 0.73% | 1.09% | 0.70% | 0.66% | 0.64%
M=LB 3% 16% 24% 47% 57% 86% 93% 94% 97% 99%
M<BN 98% 72% 31% 23% 13% 4% 2% 0% 0% 0%
01 Gap-M 5.00% 1.83% | 1.89% | 155% | 1.42% | 0.52% | 0.27% | 0.24% | 0.12% | 0.04%
’ BN=LB 0% 1% 11% 27% 49% 83% 91% 94% 97% 99%
BN<M 0% 1% 3% 2% 3% 1% 0% 0% 0% 0%
Gap-BN | 10.83% | 4.52% | 2.60% | 2.14% | 1.75% | 0.63% | 0.35% | 0.24% | 0.12% | 0.04%
M=LB 0% 2% 21% 75% 87% 92% 95% 97% 100% 100%
M<BN 100% 88% 55% 19% 6% 0% 1% 0% 0% 0%
02 Gap-M 5.31% 2.34% | 2.09% | 0.74% | 0.38% | 0.22% 0.14% | 0.08% 0.00% | 0.00%
’ BN=LB 0% 0% 15% 63% 83% 92% 94% 97% 100% 100%
BN<M 0% 0% 2% 0% 0% 0% 0% 0% 0% 0%
Gap.BN | 11.61% | 6.23% | 3.70% | 1.31% | 0.56% | 0.22% | 0.17% | 0.08% 0.00% | 0.00%
M=LB 0% 9% 54% 79% 84% 90% 97% 99% 99% 100%
M<BN 98% 94% 22% 5% 1% 0% 1% 0% 0% 0%
03 Gap-M 6.13% 2.82% | 1.37% | 0.53% | 0.38% | 0.23% 0.07% | 0.02% | 0.02% 0.00%
’ BN=LB 0% 2% 51% 77% 83% 90% 96% 99% 99% 100%
BN<M 0% 2% 3% 1% 0% 0% 0% 0% 0% 0%
Gap BN | 13.64% | 7.66% | 1.92% | 0.63% | 0.40% | 0.23% | 0.09% | 0.02% | 0.02% 0.00%
M=LB 0% 14% 58% 81% 90% 95% 97% 98% 100% 100%
M<BN 100% 78% 9% 1% 0% 1% 1% 0% 1% 0%
04 Gap-M 9.04% 322% | 095% | 042% | 0.19% 0.10% | 0.06% | 0.04% 0.00% | 0.00%
’ BN=LB 0% 2% 57% 80% 90% 94% 96% 98% 99% 100%
BN<M 0% 2% 3% 0% 0% 0% 0% 0% 0% 0%
A Gap BN | 17.37% | 6.63% | 1.06% | 043% | 0.19% | 0.12% | 0.08% | 0.04% | 0.02% 0.00%
M=LB 0% 19% 56% 72% 80% 83% 90% 94% 96% 97%
M<BN 100% 82% 17% 8% 1% 0% 1% 0% 0% 0%
05 GapM | 14.79% | 349% | 121% | 0.65% | 0.41% | 0.33% 0.17% | 0.10% | 0.07% | 0.05%
’ BN=LB 0% 2% 49% 68% 80% 83% 89% 94% 96% 97%
BN<M 0% 1% 2% 0% 0% 1% 0% 0% 0% 0%
Gap BN | 21.23% | 6.19% | 1.47% | 0.79% | 0.43% 0.31% | 0.19% | 0.10% | 0.07% | 0.05%
M=LB 0% 28% 62% 76% 86% 94% 95% 98% 99% 99%
M<BN 98% 77% 9% 5% 1% 1% 0% 0% 0% 0%
06 Gap-M | 14.00% | 2.76% | 091% | 0.42% | 0.23% | 0.09% | 0.08% | 0.03% | 0.02% | 0.02%
’ BN=LB 0% 7% 58% 75% 85% 94% 95% 98% 99% 99%
BN<M 0% 0% 2% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 19.10% | 5.15% | 1.03% | 0.50% | 0.25% | 0.11% | 0.08% | 0.03% | 0.02% | 0.02%
M=LB 0% 26% 53% 72% 82% 92% 94% 95% 96% 97%
M<BN 99% 76% 16% 7% 2% 0% 0% 0% 0% 0%
07 Gap M | 12.04% | 2.66% | 0.87% | 0.44% | 026% | 0.13% | 0.08% | 0.07% | 0.06% | 0.04%
’ BN=LB 0% 9% 49% 66% 81% 92% 94% 95% 96% 97%
BN<M 0% 2% 1% 0% 0% 0% 0% 0% 0% 0%
GapBN | 15.88% | 4.60% | 1.10% | 0.54% | 0.29% | 0.13% | 0.08% | 0.07% | 0.06% | 0.04%
M=LB 0% 28% 65% 80% 92% 95% 98% 98% 99% 99%
M<BN 96% 64% 15% 4% 0% 2% 0% 0% 0% 0%
08 Gap-M 9.01% 1.83% | 0.56% | 0.31% | 0.11% 0.06% | 0.03% | 0.03% | 0.01% | 0.01%
’ BN=LB 0% 9% 60% 77% 92% 94% 98% 98% 99% 99%
BN<M 0% 1% 1% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 11.60% | 3.04% | 0.74% | 0.36% | 0.11% | 0.09% | 0.03% | 0.03% | 0.01% | 0.01%
M=LB 1% 31% 65% 80% 89% 93% 98% 98% 98% 98%
M<BN 84% 51% 8% 3% 1% 0% 1% 0% 0% 0%
0.9 Gap-M 6.10% 1.49% | 0.54% | 0.27% | 0.12% | 0.08% 0.02% | 0.02% | 0.02% | 0.02%
’ BN=LB 0% 20% 66% 78% 88% 94% 97% 98% 98% 98%
BN<M 0% 1% 4% 0% 0% 1% 0% 0% 0% 0%
Gap_BN 7.63% 2.22% | 0.59% | 0.30% | 0.13% 0.06% | 0.03% | 0.02% | 0.02% | 0.02%
tMin_BN | 0.0011 0.0008 | 0.0007 | 0.0006 | 0.0006 | 0.0006 | 0.0005 | 0.0005 | 0.0005 | 0.0005
tMax_BN | 0.0085 0.0052 | 0.0032 | 0.0031 | 0.0023 | 0.0021 | 0.0019 | 0.0016 | 0.0015 | 0.0014
tavg_ BN | 0.0029 0.0017 | 0.0012 | 0.0010 | 0.0009 | 0.0008 | 0.0008 | 0.0008 | 0.0007 | 0.0007

Table 12: Computational results obtained by algorithms M and algorithm BN

on TT(120, B, A)
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120 150 180 210 240 270 300 330 360 390
M=LB 0% 0% 11% 0% 0% 0% 0% 3% 11% 20%
M<BN 100% 70% 16% 0% 0% 0% 0% 0% 0% 0%
0 Gap-M 3.87% 1.56% | 1.18% | 3.67% | 3.23% | 2.86% | 2.59% | 229% | 2.13% | 2.05%
BN=LB 0% 0% 12% 35% 61% 75% 64% 88% 88% 86%
BN<M 0% 1% 13% 100% 100% 100% 89% 91% 78% 66%
Gap_BN 9.12% 2.92% | 1.22% 0.90% | 0.61% | 0.45% | 0.72% | 0.26% | 0.29% | 0.36%
M=LB 0% 0% 1% 8% 33% 64% 88% 97% 98% 98%
M<BN 100% 82% 15% 20% 4% 2% 0% 0% 0% 0%
01 Gap-M 3.88% 1.63% | 1.66% 1.33% | 1.06% | 0.63% | 0.26% | 0.07% | 0.05% | 0.05%
’ BN=LB 0% 1% 4% 12% 49% 74% 88% 97% 98% 98%
BN<M 0% 1% 22% 12% 18% 12% 0% 0% 0% 0%
Gap_BN 9.39% 3.63% 1.57% | 1.45% 0.84% | 0.45% | 0.26% | 0.07% | 0.05% | 0.05%
M=LB 0% 0% 4% 66% 84% 89% 93% 94% 96% 98%
M<BN 100% 95% 63% 23% 3% 3% 0% 0% 0% 0%
02 Gap-M 4.03% 1.92% | 1.88% | 0.54% | 0.27% | 0.16% | 0.09% | 0.08% | 0.05% | 0.03%
’ BN=LB 0% 0% 2% 57% 81% 87% 93% 94% 96% 98%
BN<M 0% 2% 4% 0% 0% 0% 0% 0% 0% 0%
Gap_BN 9.82% 4.66% | 2.86% | 0.88% | 0.31% | 0.20% | 0.09% | 0.08% | 0.05% | 0.03%
M=LB 0% 3% 52% 75% 86% 92% 95% 95% 96% 98%
M<BN 100% 97% 31% 5% 0% 1% 0% 0% 0% 0%
03 Gap-M 4.45% 2.28% | 0.76% | 0.32% | 0.19% 0.10% | 0.07% | 0.05% | 0.04% | 0.02%
’ BN=LB 0% 0% 45% 72% 86% 92% 95% 95% 96% 98%
BN<M 0% 1% 6% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 11.40% | 6.90% | 1.19% | 0.37% | 0.19% | 0.11% | 0.07% | 0.05% | 0.04% | 0.02%
M=LB 0% 12% 54% 78% 88% 93% 94% 96% 96% 97%
M<BN 100% 89% 15% 2% 1% 0% 0% 0% 0% 0%
04 Gap-M 6.16% 225% | 0.59% | 0.24% | 0.12% | 0.06% | 0.05% | 0.04% | 0.04% | 0.03%
’ BN=LB 0% 2% 51% 76% 88% 93% 94% 96% 96% 97%
BN<M 0% 3% 8% 1% 1% 0% 0% 0% 0% 0%
A Gap.BN | 14.55% | 5.16% | 0.66% | 0.25% 0.12% | 0.06% | 0.05% | 0.04% | 0.04% | 0.03%
M=LB 0% 12% 42% 69% 84% 86% 89% 92% 93% 96%
M<BN 100% 87% 19% 4% 2% 0% 2% 0% 0% 0%
05 GapM | 11.27% | 213% | 0.68% | 0.31% | 0.16% | 0.12% 0.10% | 0.07% | 0.06% | 0.03%
’ BN=LB 0% 1% 43% 67% 83% 86% 87% 92% 93% 96%
BN<M 0% 2% 7% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 18.40% | 428% | 0.82% | 0.34% | 0.17% | 0.12% | 0.11% | 0.07% | 0.06% | 0.03%
M=LB 0% 14% 61% 77% 85% 90% 93% 96% 96% 96%
M<BN 100% 90% 19% 3% 2% 0% 0% 0% 0% 0%
06 Gap-M | 12.09% | 1.70% | 0.46% | 0.24% | 0.14% | 0.09% | 0.06% | 0.03% | 0.03% | 0.03%
’ BN=LB 0% 1% 59% 75% 84% 90% 93% 96% 96% 96%
BN<M 0% 3% 6% 0% 0% 0% 0% 0% 0% 0%
Gap BN | 17.92% | 3.64% | 0.59% | 0.26% | 0.16% | 0.09% | 0.06% | 0.03% | 0.03% | 0.03%
M=LB 0% 10% 59% 82% 88% 92% 94% 97% 98% 99%
M<BN 100% 84% 18% 2% 0% 0% 1% 1% 0% 0%
07 Gap-M 9.14% 1.38% | 0.35% | 0.14% | 0.08% | 0.05% 0.04% | 0.02% | 0.01% | 0.01%
’ BN=LB 0% 4% 52% 82% 88% 92% 93% 96% 98% 99%
BN<M 0% 5% 5% 1% 0% 0% 0% 0% 0% 0%
Gap BN | 13.72% | 3.03% | 0.47% | 0.14% | 0.08% | 0.05% | 0.05% | 0.03% | 0.01% | 0.01%
M=LB 0% 14% 50% 64% 75% 81% 90% 93% 93% 95%
M<BN 100% 85% 16% 6% 3% 0% 1% 0% 0% 0%
08 Gap-M 7.91% 142% | 0.51% | 0.28% | 0.17% | 0.12% 0.07% | 0.05% | 0.04% | 0.03%
’ BN=LB 0% 1% 46% 62% 74% 81% 89% 93% 93% 95%
BN<M 0% 1% 1% 1% 0% 0% 0% 0% 0% 0%
Gap BN | 11.13% | 2.74% | 0.61% | 0.31% | 0.19% | 0.12% | 0.07% | 0.05% | 0.04% | 0.03%
M=LB 0% 15% 59% 80% 91% 95% 96% 98% 99% 99%
M<BN 99% 71% 16% 2% 0% 0% 0% 1% 0% 0%
0.9 Gap-M 5.21% 1.03% | 0.30% | 0.13% | 0.05% | 0.03% | 0.02% 0.01% | 0.01% | 0.01%
’ BN=LB 0% 9% 54% 79% 91% 95% 96% 97% 99% 99%
BN<M 0% 2% 2% 1% 0% 0% 0% 0% 0% 0%
Gap_BN 7.14% 1.81% | 0.37% | 0.14% | 0.05% | 0.03% | 0.02% | 0.02% | 0.01% | 0.01%
tMin_BN | 0.0049 0.0042 | 0.0031 | 0.0028 | 0.0026 | 0.0025 | 0.0023 | 0.0023 | 0.0023 | 0.0023
tMax_-BN | 0.0673 0.0360 | 0.0225 | 0.0183 | 0.0132 | 0.0112 | 0.0099 | 0.0085 | 0.0083 | 0.0071
tavg BN | 0.0201 0.0101 | 0.0065 | 0.0050 | 0.0042 | 0.0038 | 0.0036 | 0.0034 | 0.0033 | 0.0032

Table 13: Computational results obtained by algorithms M and algorithm BN

on TT(250, B, A)
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B

120 | 150 | 180 | 210 | 240 [ 270 [ 300 | 330 | 360 | 39
M=LB | 0% 0% | 0% | 0% 0% 0% 0% | 0% | 0% 0%
M<BN | 100% | 56% | 3% | 0% 0% 0% 0% | 0% | 0% 0%
o | GapM | 242% | 1.36% | 101% | 344% | 315% | 272% | 248% | 218% | 207% | 1.86%
BN=LB | 0% 0% 2% | 3% | 57% | 69% | 73% | 85% | 87% | 87%
BN<M | 0% 6% | 48% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
GapBN | 850% | 181% | 0.72% | 047% | 0.34% | 0.28% | 027% | 0.16% | 0.16% | 0.17%
M=LB | 0% 0% | 0% | 0% % | 45% | 94% | 9% | 100% | 100%
M<BN | 100% | 84% | 4% | 8% 0% | 2% 0% | 0% 0% | 0%
01 | GapM | 243% | 144% | 148% | 128% | 115% | 0.60% | 0.06% | 0.01% | 0.00% | 0.00%
| BN=LB | 0% 0% 1% | 5% | 32% | 73% | 97% | 99% | 100% | 100%
BN<M | 0% % | 64% | 60% | 71% | 40% | 3% | 0% 0% | 0%
GapBN | 857% | 241% | 1.03% | 087% | 057% | 0.26% | 0.03% | 0.01% | 0.00% | 0.00%
M=LB | 0% 0% 1% | 76% | 87% | 9% | 9% | 97% | 98% | 98%
M<BN | 100% | 99% | 66% | 14% | 0% 1% | 0% | 0% | 0% 0%
02 | GapM | 247% | 160% | 172% | 0.20% | 0.09% | 0.05% | 0.03% | 0.02% | 0.01% | 0.01%
“| BN=LB | 0% 0% | 0% | 66% | 87% | 9% | 9% | 97% | 98% | 98%
BN<M | 0% 0% | 10% | 2% 0% 0% 1% | 0% | 0% 0%
GapBN | 840% | 352% | 2.28% | 031% | 0.09% | 0.05% | 0.03% | 0.02% | 0.01% | 0.01%
M=LB | 0% 0% | 27% | 70% | 80% | 87% | 89% | 93% | 94% | 97%
M<BN | 100% | 100% | 26% | 4% 1% 1% | 0% | 0% | 0% 0%
03 | GapM | 263% | 199% | 0.62% | 018% | 0.11% | 0.07% | 006% | 0.04% | 0.03% | 0.02%
“ | BN=LB | 0% 0% | 43% | 69% | 79% | 8% | 89% | 9% | 94% | 97%
BN<M | 0% 0% | 31% | 1% 0% 0% 0% | 0% | 0% 0%
GapBN | 9.74% | 594% | 0.62% | 020% | 0.12% | 0.08% | 0.06% | 0.04% | 0.03% | 0.02%
M=LB | 0% 2% [ 40% | 81% | 87% | 9% | 96% | 9% | 97% | 97%
M<BN | 100% | 93% | 14% | 4% 1% 1% | 0% | 0% | 0% 0%
04 | GapM | 369% | 156% | 038% | 0.10% | 0.06% | 0.08% | 0.02% | 0.02% | 0.01% | 0.01%
* 1 BN=LB | 0% 0% | 48% | 77% | 87% | 9% | 96% | 96% | 97% | 97%
BN<M | 0% 6% | 2% | 0% 0% 0% 0% | 0% | 0% 0%
A GapBN | 1278% | 349% | 0.34% | 0.12% | 0.07% | 0.04% | 0.02% | 0.02% | 0.01% | 0.01%
M=LB | 0% % | 4% | 74% | 8% | 91% | 9% | 97% | 98% | 9%
M<BN | 100% | 98% | 16% | 2% 1% | 0% 0% | 0% | 0% 0%
05 | GapM | 828% | 141% | 036% | 013% | 007% | 0.04% | 0.02% | 0.02% | 0.01% | 0.01%
~ | BN=LB | 0% 0% | 43% | 74% | 84% | 91% | 9% | 97% | 98% | 98%
BN<M | 0% 1% | 17% | 0% 0% 0% 0% | 0% | 0% 0%
GapBN | 16.19% | 3.05% | 0.35% | 0.14% | 0.08% | 0.04% | 0.02% | 0.02% | 0.01% | 0.01%
M=LB | 0% 9% | 4% | 72% | 81% | 8% | 92% | 94% | 96% | 96%
M<BN | 100% | 88% | 16% | 1% | 1% 1% | 0% | 0% | 0% 0%
06 | GapM | 844% | 1.09% | 0.30% | 0.12% | 0.08% | 0.04% | 0.03% | 0.02% | 0.01% | 0.01%
© | BN=LB | 0% 0% | 44% | 72% | 81% | 88% | 92% | 94% | 96% | 96%
BN<M | 0% 2% | 17% | 0% 1% 0% 0% | 0% | 0% 0%
GapBN | 1472% | 242% | 0.30% | 0.13% | 0.08% | 0.04% | 0.03% | 0.02% | 0.01% | 0.01%
M=LB | 0% 8% | 51% | 80% | 8% | 91% | 92% | 94% | %% | 9%
M<BN | 100% | 88% | 13% | 3% | 0% 1% | 0% | 0% | 0% 1%
07 | GapM | 683% | 0.94% | 024% | 0.08% | 0.07% | 0.03% | 0.03% | 0.02% | 0.02% | 001%
“| BN=LB | 0% 0% | 54% | 79% | 83% | 90% | 92% | 94% | 95% | 97%
BN<M | 0% 3% | 15% | 0% 0% 0% 0% | 0% | 0% 0%
GapBN | 11.61% | 2.01% | 024% | 0.10% | 0.07% | 0.04% | 0.03% | 0.02% | 0.02% | 0.01%
M=LB | 0% 8% | 51% | 73% | 80% | 85% | 9% | 97% | 98% | 98%
M<BN | 100% | 95% | 10% | 3% | 2% | 0% 1% | 0% | 0% 0%
0g | GapM | 576% | 076% | 022% | 0.09% | 006% | 0.05% | 0.02% | 0.01% | 0.01% | 0.01%
© | BN=LB | 0% 0% | 55% | 72% | 80% | 8% | 92% | 97% | 98% | 98%
BN<M | 0% 0% | 10% | 1% 0% 0% 0% | 0% | 0% 0%
GapBN | 9.24% | 170% | 0.22% | 0.10% | 0.07% | 0.05% | 0.02% | 0.01% | 0.01% | 0.01%
M=LB | 0% 16% | 54% | 80% [ 89% | 93% | 9% | 97% | 98% | 99%
M<BN | 100% | 81% | 15% | 5% | 0% 0% 0% | 0% | 0% 0%
09 | GapM | 395% | 0.62% | 0.17% | 0.05% | 0.03% | 0.02% | 0.01% | 0.01% | 0.01% | 0.00%
“ | BN=LB | 0% 3% | 51% | 77% | 89% | 93% | 9% | 97% | 98% | 99%
BN<M | 0% 6% | 8% | 0% 0% 0% 0% | 0% | 0% 0%
GapBN | 597% | 1.21% | 0.18% | 0.07% | 0.03% | 0.02% | 0.01% | 0.01% | 0.01% | 0.00%
tMin BN | 00232 | 00166 | 00127 | 0.0117 | 0.0108 | 0.0105 | 0.0097 | 0.0095 | 0.0092 | 0.0092
tMax BN | 04295 | 02102 | 01598 | 0.0994 | 0.0722 | 0.0626 | 0.0520 | 0.0450 | 0.0400 | 0.0344
tavg BN | 0.1380 | 0.0569 | 0.0320 | 0.0230 | 0.0190 | 0.0166 | 0.0152 | 0.0141 | 0.0136 | 0.0134
Table 14: Computational results obtained by algorithms M and algorithm BN

on TT(500, B, A)
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3 Exact algorithms

In this section we tested two exact algorithms for BPPC to see if we could get
optimum solutions in a reasonable time on the instances of our test bed. Pre-
cisely, we compare the results obtained by solving the arc-flow formulation gen-
erated by the Vector Packing Solver (VPS for short) by Branddo and Pedroso
(2016), available at Branddo (2016), and the formulation F, presented in Ap-
pendix [Al Branddo and Pedroso (2016) apply VPS to instances with B = 150,
only. When we applied it to instances with values of B # 150, we noticed that
its computing time and its percentage of unsolved instances rapidly increase
for increasing B. For this reason we decided to solve /3, a classical BPPC for-
mulation, and compare its results with those of VPS. Both formulations, coded
in C++, are solved with Cplex 12.6 on an Intel Xeon E5620 2.40GHz with 40 GB
RAM under a Linux operating system. In particular, for the formulation /5,
we set UB = n and LB = 0. Due to the high running times, we had to limit
ourselves to consider only the first ten instances of TI(n,B,A), TM(n,B,A),
TS(n,B,A), TT(n,B,A), and to set a time limit of 600 seconds for each formula-
tion on each instance.

In each table rows are indexed by A and columns by B. In each cell there are

up to four values:

e TimeX denotes the time (in seconds, rounded to the first digit) required to
generate and solve to optimality the formulation X, with X € {VPS, F,}
on one instance, averaged over the solved instances, only;

e —OptX denotes the percentage of instances which X was unable to solve
within the time limit, with X € {VPS, F,}. A “- " in a cell indicates that
none of the ten instances was solved to optimality because the time limit
was exceeded. An empty space in a cell indicates that all the ten instances
were solved to optimality (an entire row of empty spaces was removed
from the table).

Denote by tx, gx the computing time of formulation X, for X € {VPS, 7},
averaged over the solved instances, and its percentage of unsolved instances
within the time limit, and let tx (1 —gx) 4+ 600 gx be a lower bound on the
computing time averaged over solved and unsolved instances. We say that
formulation A outperforms formulation B when i) t4 < tg and g4 < gp (see
T1(120,210,0.2)), or whenii) t4 (1 —qa)+600 g4 < tg (1 —gqp)+ 600 qp (see
T1(120,180,0.1)). In each cell the approach which outperforms the other one is
highlighted in grey.
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In the following, the computational results of the exact procedures for dif-
ferent values of n are shown. Click to view computational results on TI’s
instances, herel for the ones on the TM’s instances, here for the TS’s and [herel for
the TT’s.
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B

120 150 180 210 240 270 300 330 360 390
TimeVPS 2.04 6.28 12.38 18.77 31.03 48.90 68.71 126.11 190.38 | 221.24
0 —OptVPS 10%
TimeF, 90.81 - - - - - - - 418.90 -
—OptF, 20% 100% 100% 100% 100% 100% 100% 100% 90% 100%
TimeVPS - - - - - - - - - -
01 —OptVPS 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
’ TimeF, 119.73 - - - - - 447.70 535.76 | 47237 | 405.40
—OptF, 10% 100% 100% 100% 100% 100% 90% 70% 70% 40%
TimeVPS - - - - - - - - - -
02 —~OptVPS 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
’ TimeF, 106.70 - - - - - - 499.24 | 448.13 379.24
—-OptF> 10% 100% 100% 100% 100% 100% 100% 90% 60% 40%
TimeVPS | 305.41 - - - - - - - - -
03 —OptVPS 50% 100% 100% 100% 100% 100% 100% 100% 100% 100%
’ TimeF, 130.79 - - - - - 37.80 16.45 16.55 16.60
—-OptF> 10% 100% 100% 100% 100% 100% 30%
TimeVPS 151.30 - - - - - - - - -
04 —OptVPS 100% 100% 100% 100% 100% 100% 100% 100% 100%
’ TimeF, | 120.65 - - 110.99 20.30 20.45 20.37 20.38 20.35 20.67
—OptF, 10% 100% 100% 80%
TimeVPS 61.74 423.58 - - - - - - - -
05 —OptVPS 90% 100% 100% 100% 100% 100% 100% 100% 100%
’ TimeF, | 121.16 - 41.77 23.01 23.14 23.48 23.30 23.20 23.47 23.43
—OptF> 10% 100% 30%
TimeVPS 17.50 72.88 13458 | 23446 | 31747 | 369.83 | 368.22 334.63 308.13 259.03
0.6 TimeF, | 126.75 28.79 27.39 26.80 26.98 26.97 26.80 26.97 27.07 26.93
—-OptF, 20% 30%
TimeVPS 8.02 15.31 23.66 30.41 33.63 34.39 33.76 32.88 32.00 30.98
0.7 TimeF, 38.64 29.87 30.06 29.48 29.40 29.92 29.38 29.19 29.57 29.51
—-OptF> 10%
08 TimeVPS 5.03 7.82 9.89 10.68 10.87 10.60 10.39 10.28 9.99 9.85
’ TimeF, 31.34 30.98 30.86 30.42 30.32 30.69 30.55 30.41 30.60 30.75
09 TimeVPS 3.11 4.66 5.65 5.86 5.77 5.62 5.53 5.44 5.42 5.23
’ TimeF, 29.00 29.68 29.95 29.51 29.90 30.06 29.53 29.34 29.52 29.52

Table 15: Computational results obtained by VPS and F, on T1(500, B, A)
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d [ f@ 120 [ 150 | 180 [ 210 [ 240 | 270 | 300 | 330 [ 360 | 390 | 400
TimeVPS | 0.6 | 042 | 095 | 168 | 255 | 439 | 546 | 7.5 | 1116 | 11.84 | 1642
0 | 0 | TimeF, | 041 | 7818 | 11132 | 6526 | 1198 | 680 | 791 | 410 | 441 | 269 | 269
“Opt}‘z 30% 20%
TimeVPS | 024 | 065 | 164 | 295 | 501 | 691 | 1097 [ 1592 | 21.26 | 2565 | 27.09
01 | 0.02 | TimeF, | 0.38 | 2066 | 2469 | 12933 | 10.03 | 3545 | 541 | 349 | 310 | 151 | 209
_\Optfz 20% 20% 30% 10%
TimeVPS | 028 | 090 | 238 | 590 [ 900 | 1297 | 1994 | 2439 | 24.86 | 28.34 | 3086
02 | 0.08 | TimeF, | 043 | 47.14 | 2669 | 6640 | 533 | 278 | 173 | 039 | 1.07 | 081 | 0.8
_\Opt]'—z 10% 20% 40%
TimeVPS | 035 | 111 | 297 [ 456 | 771 | 11.96 | 1219 | 1516 | 1991 | 23.66 | 2130
03 | 018 | TimeF, | 041 | 7385 | 3655 | 141 | 192 | 018 | 013 | 013 | 013 | 013 | 0.12
-OptF, 10% | 10%
02 | 03 | TmeVPS | 035 | 107 [ 247 | 406 | 644 | 961 | 1346 | 1687 | 2037 | 2533 | 2854
e TimeF, | 050 | 3.05 | 047 | 012 | 012 | 012 | 012 | 012 | 012 | 012 | 012
o5 | 05 | TmevPS [ 028 [ 076 | 162 | 314 | 532 | 85 | 1202 | 1549 | 1966 | 23.19 | 23.64
1% | TimeF | 021 | 010 | 01 | 041 | 041 | 01 | 011 | 011 | 011 | 011 | 011
06 | s | TmeVPS [ 018 | 050 | 100 | 193 | 338 | 524 | 754 | 10.65 | 1315 | 1592 | 1585
ol TimeF, | 015 | 0.0 | 0.0 | 010 | 010 | 0.10 | 0.09 | 009 | 0.10 | 0.09 | 0.0
07 | oo | TmeVPS [ 010 | 023 | 049 | 089 | 139 | 220 | 315 | 437 | 530 | 626 | 681
s TimeF, | 007 | 0.08 | 0.09 | 008 | 008 | 0.08 | 008 | 008 | 0.08 | 008 | 008
08 | 09p | TmeVPS | 006 [ 012 | 020 | 035 | 058 | 079 | 104 | 132 | 162 | 187 | 208
° 1 TimeF, | 007 | 0.07 | 007 | 007 | 007 | 007 | 007 | 007 | 007 | 007 | 0.07
09 | o9g | TmeVPS | 004 006 | 006 | 008 | 010 | 003 | 015 | 017 | 020 | 023 | 026
i TimeF, | 006 | 0.06 | 006 | 005 | 005 | 0.05 | 005 | 005 | 0.05 | 005 | 005
Table 16: Computational results obtained by VPS and F, on TM (120, B, A)
B
d [ f@ 10 [ 150 | 180 | 210 | 240 | 270 | 300 | 330 | 360 | 390 [ 400
TimeVPS | 028 | 195 | 939 | 7937 | 27845 | 37692 | - - - - -
o | o | ~Optvps 10% | 40% | 100% | 100% | 100% | 100% | 100%
TimeF, | 074 | 6139 | 16684 | 2326 | 7821 | 884 | 1191 | 645 | 679 | 104 | 59
~OptF, 50% | 60% | 20% | 30% 10% | 10% | 20%
TimeVPS | 039 | 203 | 1016 | 7646 | 32884 | 419.05 | 59353 | - - - -
o1 | oo | “OptVPs 20% | 60% | 90% | 100% | 100% | 100% | 100%
e TimeF, | 023 | 2664 | 12542 | 19231 | 57.24 | 708 | 4043 | 315 | 320 | 218 | 377
~OptF, | 10% | 40% | 70% | 40% | 20% | 20% | 20% 10%
TimeVPS | 036 | 227 | 1391 | 53.13 | 19491 [ 39667 | 29204 | 44125 | 41100 | - -
o2 | os | ~OptVPs 20% | 60% | 90% | 80% | 100% | 100%
2P TimeF, | 038 | 3249 | 18801 | 9974 | 442 | 340 | 1047 | 1356 | 029 | 018 | 0.4
~OptF; 40% | 70% | 40% | 50% | 10% 10%
TimeVPS | 054 | 3.87 | 2167 | 5872 [ 9853 | 19373 | 372.88 | 40283 | 38079 | - -
03 | 01g | ~OptVPs 10% | 10% | 20% | 50% | 80% | 100% | 100%
o e TimeF, | 5268 | 603 | 16172 | 213 | 034 | 013 | 013 | 012 | 012 | 013 | 012
~OptF; 50% | 30% | 20%
TimeVPS | 041 | 155 [ 541 | 1507 | 4417 | 10007 | 20384 | 31629 | 42142 | 51667 | 52212
o4 | 03p | “OPtVPS 10% | 30% | 60% | 80% | 80%
Y TimeF; | 015 | 241 | 031 | 012 | 012 | 012 | 012 | 012 | 012 | 012 | 012
ﬁ()p’t]:z 30%
TimeVPS | 027 | 079 | 221 | 644 | 1783 | 4436 | 11944 | 24639 | 36941 | 53068 | 534.25
05 | 05 | —OptvPS 30% | 70% | 80%
Time, | 020 | 010 | 011 | 011 | 011 | 011 | 011 | 011 | 011 | 011 | 0l1
TimeVPS | 0.9 | 055 | 135 | 374 | 949 | 2278 | 5001 | 9682 | 13781 | 25182 | 253.93
06 | 068 | ~OptVPS 10% | 10% | 20%
TimeF, | 010 | 010 | 010 | 010 | 010 | 010 | 010 | 010 | 009 | 010 | 010
07 | ogo | TmeVPS | 009 | 023 | 051 | 114 | 210 | 448 | 850 | 1642 | 2956 | 4517 | 5403
s TimeF, | 008 | 008 | 009 | 009 | 008 | 008 | 008 | 008 | 008 | 008 | 008
08 | 0op | TMeVPS | 006 [ 01T | 023 | 043 | 070 | 119 | 185 | 297 | 435 | 616 | 699
° 1 TimeF; | 007 | 007 | 007 | 007 | 007 | 007 | 007 | 007 | 007 | 007 | 007
05 | 09g | TmevPS | 004 [007 | 009 | 043 | 019 | 029 | 043 | 06l | 08I | 10l | 120
i TimeF; | 005 | 006 | 006 | 006 | 005 | 005 | 005 | 005 | 005 | 005 | 005

Table 17: Computational results obtained by VPS and F; on T5(120, B, A)
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B

120 150 180 210 240 270 300 330 360 390
TimeVPS 2.04 6.16 12.10 18.35 30.68 48.14 138.93 125.99 | 34548 | 353.63
0 —OptVPS 10% 10%
Time 7> 95.40 - - - - - - - 419.12 -
—-OptF> 20% 100% 100% 100% 100% 100% 100% 100% 90% 100%
TimeVPS 18.69 96.42 266.36 | 494.62 - - - - - -
01 —OptVPS 70% 100% 100% 100% 100% 100% 100%
’ TimeF, | 48.80 - - - - 41.98 278 2.67 2.63 2.66
-OptF> 10% 100% 100% 100% 100% 40%
TimeVPS | 30.05 159.04 | 464.00 | 548.15 - - - - - -
02 -OptVPS 40% 60% 100% 100% 100% 100% 100% 100%
’ TimeF; 64.49 - - 2.39 244 2.62 2.64 2.64 2.63 2.65
—-OptF> 20% 100% 100%
TimeVPS | 33.13 179.72 | 30298 | 506.35 - - - - - -
03 —~OptVPS 70% 100% 100% 100% 100% 100% 100%
’ TimeF, | 164.41 | 154.79 248 2.49 2.50 2.60 2.63 2.64 2.60 2.65
~OptF | 10% | 70%
TimeVPS 33.61 118.63 | 319.06 | 529.44 - - - - - -
04 —OptVPS 90% 100% 100% 100% 100% 100% 100%
’ Time 7> 88.87 5.38 2.7/5 2.71 2.7/ 2.80 2.81 2.83 2.81 2.82
“Opt]'—z 20%
TimeVPS | 2723 | 10890 | 325.88 | 587.70 - - - - - -
05 —~OptVPS 90% 100% 100% 100% 100% 100% 100%
’ TimeF, | 23.42 2.87 3.06 3.05 3.07 3.09 3.13 3.08 3.11 3.13
-OptF, | 10%
TimeVPS | 20.14 74.86 230.80 | 532.32 - - - - - -
06 —~OptVPS 40% 100% 100% 100% 100% 100% 100%
) TimeF; 522 3.14 3.31 3.37 3.37 3.40 3.40 3.40 341 3.46
TimeVPS | 13.49 50.79 149.61 408.60 - - - - - -
0.7 —OptVPS 100% 100% 100% 100% 100% 100%
) Time 7> 3.81 3.39 3.56 3.65 3.62 3.63 3.61 3.72 3.63 3.66
TimeVPS 8.41 30.88 88.39 246.07 | 514.53 | 599.05 - - - -
0.8 —OptVPS 50% 90% 100% 100% 100% 100%
) Time 7> 3.28 3.48 3.65 3.72 3.69 3.68 3.73 3.73 3.80 3.71
TimeVPS 3.70 12.11 33.02 87.39 262.41 | 446.03 | 407.47 - - -
0.9 —~OptVPS 60% 100% 100% 100%
) Time 5, 3.01 3.25 3.31 3.30 3.31 3.31 3.30 3.31 3.30 3.41

Table 18: Computational results obtained by VPS and F, on TT(500, B, A)
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A General ILP formulation for BPPC

BPPC on arbitrary conflict graphs G = (V, E) is usually formulated in this way
(Gendreau et al. (2004); Fernandes Muritiba et al/ (2010); Sadykov and Vander-
beck (2013)), where x;; = 1 if item i belongs to subset V; and 0 otherwise, for
i=1...,nandj=1,...,n and y; = 1if subset V; # @ and 0 otherwise, for
j= 1,. .., N

F1 : min 7:1 y;

Z}qzlxijzl i=1,...,n (1)
Yiqwix; <By; j=1,...,n (2)
xij—|-xk]-§1 V(i,k)EEandjzl,...,n (3)
xije{O,l} i= ,...,nandjzl,...,n

y; €1{0,1} j=1,...,n

Assignment constraints (1) can be also written as E?:l xjj > 1 for all i. Con-
straints (2) are the classical capacity constraints and force variable y; = 1 when
the corresponding bin is non-empty, and constraints (3) are the classical conflict
constraints.

The formulation can be strengthened in several ways:

i) Constraints (3) can be replaced by the clique constraints: } ;cc x;; < 1 for all
the maximal subsets C of vertices inducing a complete subgraph. This is
particularly convenient when the graph allows to easily compute all the
maximal subsets C of vertices inducing a complete subgraph. We remark
that when G is an interval graph all the maximal subsets C of vertices
inducing a complete subgraph can be computed in linear time;

if) Both versions of constraints (3) can be strengthened by replacing the right
hand side by y;;

iii) To break the symmetries, one can add the constraints y;.1 < y; for j =
1,...,n—1;

iv) To reduce the number of the x variables, one can define Xij fori=1,...,n
andj =1,...,min{i, n}, only.

v) Let W be a subset of vertices inducing a complete subgraph of maximum
size and H be the subset of vertices with weights greater than B/2. If
|W| > |H| then set A := W, otherwise set A := H. W.Lo.g. rename
the items in such a way that the items in A are the first ones in the new
ordering. Then, to break symmetries, one can add to the formulation the
constraints x;; = 1 fori=1,...,|A]|.
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vi) If one knows a lower bound (LB > |A|) on the value of the objective func-
tion for a given instance, then w.l.0.g. one can fix yj = lforj=1,...,LB,
and if one knows an upper bound (UB), then w.l.0.g. one can fix y; = 0 for
j=UB+1,...,n.

The resulting formulation F; is the following:

xij =1 i=1,...,|A|

xij =0 i=1,..,|A, j=1,...,UB, i#j
Z;n:i?{i;UB} xij =1 i=|Al+1,...,n

Vil alp Wixij S B—w; j=1,...,|A|

Yi—jwixij < B ji=|Al+1,...,LB

Y wixij < By j=LB+1,...,UB

for all maximal subsets C inducing a
YiccnizjXij <1 .
complete subgraph,j =1,...,UB

Vi1 < j=LB+1,...,UB—1

x;j € {0,1} i=1,...,n, j=1,...,UBi>j

y; € {0,1} j=LB+1,...,UB
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