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1 Problem Model and Information
1.1 Multi-depot vehicle routing problem with time windows (MDVRPTW)!!

MDVRPTW is an extension of the Vehicle Routing Problem (VRP), incorporating multiple
depots and time window constraints. In MDVRPTW, a fleet of vehicles is stationed at several
depots, and the goal is to determine the optimal set of routes for each vehicle.

Assume that there are n customers and m vehicles, which are respectively put into task set

T and resource set R. For R, i€ Z ={l,---,m}, the attributes of resources include index df ,
capacity 4, maximum transportation distance A, , departure and return depot A, fixed cost
Al.’; , and transportation cost Afs per unit distance. Regarding T, jeJ ={l---,n} , the
attributes involve index ] , demand A7, earliest allowed service time A4, , latest allowed
service time A/T ,, and service duration AjT, .- There are also some other problem data, like the

number of depots mp and depot capacity c“”,ie{l,--,np} . Moreover,
d,;.j,j'eJoi{n+l,--,n+np} is the travel distance from ; to ;' , and
td>j' €T Uin+l,-,n+np} is the travel time from j to j', where J is the task index set
and {n+1,---,n+np} corresponds to the index of depots.

About the variables in Eq. (6), X;, i€ Z isasequence variable. x,,, ie Z,ke K, ={l,---,n}
is the task arranged in the k th position of R, . The attribute variables include the binary
assignment matrix Y shown in Eq. (7), start serve time Y* in Eq. (8), and end serve time Y~
in Eq. (9). Moreover, Y" is employed to determine whether any task is assigned to a resource,
where )V, ieZ is calculated by

(S-1)

Vi

v |0, if [ X, |=0
1, otherwise

Another attribute variable Y” can denote the cumulative travel distance when arriving at a
task, where ylf’j’k, iel,jeJ,kek isexpressed as

c .
dAfS,/yi,j,k, ifk=1

D
y,« ik C : . S-2
ok %(yf/.,qkfl +d, )y, > otherwise (5-2)
J €
The objective function is to minimize the total cost, which can be denoted as
: R U R D C
min zAiAyi + Z ZA:',S (yi,j,n,- + dj,Aig )yi,j,n, ’ (8_3)

ieT jeJ ieT
where the first term is the fixed cost and the second term represents the cost along with the
transportation distance.

The first constraint, which ensures each task is executed exactly one time on all resources,
can be denoted in the form of Eq. (20), where p;,, =1, ieZ,je J,kek;, 0] =1, j€J ,and

__9

,1.e.,

22 Vu=Ljed. (S-4)

kek; ieT

the relational operator is

The capacity constraint of vehicles can be expressed by Eq. (18), and
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pii=4;,1€l,kek, 67 =4;,, iel,and the relational operator is “<”, i.e,

T ,C R .
22 A s AL ieT. (S-5)
kek; jeJ
The transportation distance constraint for vehicles can be presented as
D C R .
Z](yi,/,n, + dj,A,!g )yi,j,n‘ < Ai,2’ iel. (S_6)
EN '
The capacity constraint for depots is expressed as
DO Ay Nif A =rieTi<c ™, refl, - np}. (8-7)

kek; jeJ
The time window constraint can be
Va2 AL <A i€l jed kek. (S-8)

J>
The parameters in MDVRPTW! are presented in Table S-1, including the number of depots
ND, the number of vehicles in each depot NV, the number of customers NC, as well as
maximum transportation distance MD and maximum capacity MC for each vehicle. The
running time MaxTime(s) is also presented in Table S-1, which changes with the problem scale
and complexity. Furthermore, the fixed cost for each vehicle is set to 1,000, and the
transportation cost per unit distance is set to 5.

Table S-1 Brief information on 20 MDVRPTW problems.

Pro. ND NV NC MD MC  MaxTime(s)
MDVRPTWO1 4 2 48 500 200 1 800
MDVRPTWO02 4 3 96 480 195 3600
MDVRPTWO03 4 4 144 460 190 3600
MDVRPTWO04 4 5 192 440 185 12 000
MDVRPTWO05 4 6 240 420 180 18 000
MDVRPTWO06 4 7 288 400 175 18 000
MDVRPTWO07 6 2 72 500 200 1 800
MDVRPTWOS8 6 3 144 475 190 7200
MDVRPTWO09 6 4 216 450 180 12 000
MDVRPTW10 6 5 288 425 170 24 000
MDVRPTW11 4 1 48 500 200 3600
MDVRPTW12 4 2 96 480 195 3600
MDVRPTW13 4 3 144 460 190 7 200
MDVRPTW14 4 4 192 440 185 7200
MDVRPTW15 4 5 240 420 180 36 000
MDVRPTW16 4 6 288 400 175 36 000
MDVRPTW17 6 1 72 500 200 3600
MDVRPTW18 6 2 144 475 190 5400
MDVRPTW19 6 3 216 450 180 36 000
MDVRPTW20 6 4 288 425 170 36 000

1.2 Vehicle routing problem with pickup and delivery (VRPPD)!
VRPPD belongs to a variant of VRP, similar to MDVRPTW; we still regard n customers
and m vehicles as tasks and resources, respectively. The attributes of R, i € Z include index

d®, capacity A"

i1

and maximum transportation distance 4 . The attributes of T, j € J
involve index d; , demand A, , pickup or delivery index 4, (A;,=0 denotes 7, has a

pickup requirement; otherwise, 7, possesses a delivery demand). In addition,

! The test suit comes from http://neumann.hec.ca/chairedistributique/data/mdvrptw/.
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d;;.Jj,j'€{0,--,n} is the travel distance from j to j', where 0 is the index of the depot and
{1,---,n} is corresponds to the task index.

For the variables in Eq. (6), X,, ieZ is a sequence variable. Similarly, the binary
assignment matrix Y  is expressed by Eq. (7), and Y” denotes the cumulative travel distance

when arriving at a task, where J’fj,k ,i€el,jeJ, kel iscalculated by

dy vC 4 ik =1

D _ . -
Yok =1 30 (0 a 4, )V otherwise - (5-9)
j'ed
The objective is to minimize the total travel distance and is expressed as
: R U C
min Z]zIAi,S (yi,j,n, + d/’,o )yi,j,n, : (S-10)
jeJ ie

The constraint, which ensures each task is executed exactly once on all resources, can be
denoted as Eq. (S-4). The capacity constraint of vehicles can be expressed by Eq. (S-5).
Moreover, the transportation distance constraint of vehicles can be formulated as Eq. (S-6), i.e.,

2 O+ d )i, SAh, i€l (S-11)
jed

Another important constraint guarantees that pickup occurs before delivery for a pair pick-
up and delivery demand, which can be represented by Eq. (22).

Concerning VRPPD, we randomly select 30 VRPPD problems from the original test suite 2.
Each instance contains 100 customers, and the number of vehicles is set at 15. The maximum
transportation distance and capacity for each vehicle are established at 400 and 100,
respectively. Additionally, the maximum running time (MaxTime) for each VRPPD is equal to
7,200s.

1.3 Generalized assignment problem (GAP)"!

GAP aims to assign jobs to agents to minimize the total cost. We consider m agents and »
jobs as resources and tasks, respectively. The attributes of R, i€ Z contain index d and
capacity 4. The attributes of 7, contain index d; and weight 4], . Moreover, assigning 7,
to R, will generate a cost ¢, ; and a consumption cs, ;.

For the variables in Eq. (6), X,, ieZ is an assignment variable. The binary assignment
matrix Y is expressed by Eq. (7). The objective function is to minimize the total cost, which
can be denoted by

. c
mmz Z Zcivjyivj,k . (S-12)
kek; jeJ ieT

The constraint, which ensures each task is executed exactly one time on all resources, can be
denoted by Eq. (S-4). Moreover, the capacity constraint for agents can be presented by Eq.
(S-5).

There are 57 GAP problems in the test suite’, where the number of agents NA, the number of
jobs NJ, and the maximum running time MaxTime(s) are illustrated in Table S-2.

Table S-2 Brief information on 57 GAP problems.

Pro. NA NJ MaxTime(s) Pro. NA NJ MaxTime(s) Pro. NA NJ  MaxTime(s)
GAPOl 5 100 360 GAP20 20 200 720 GAP39 60 900 36 000
GAP02 5 200 360 GAP21 20 400 3 600 GAP40 20 1600 36 000
GAPO3 10 100 360 GAP22 30 900 72 00 GAP41 40 1600 36 000
GAP04 10 200 360 GAP23 40 400 3600 GAP42 80 1600 36 000

2 The test suit comes from https://neo.lcc.uma.es/vrp/vrp-instances/vehicle-routing-problem-with-pick-up-and-
deliveries/ (P1 test suit).
3 The test suit is from https://people.brunel.ac.uk/~mastjjb/jeb/orlib/gapinfo.html.
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GAPO5 20 100 360 GAP24 60 900 36 000 GAP43 5 100 360
GAPO6 20 200 360 GAP25 20 1600 36 000 GAP44 5 200 360
GAPO7 5 100 360 GAP26 40 1600 36 000 GAP45 10 100 360
GAPO8 5 200 360 GAP27 80 1600 36 000 GAP46 10 200 360
GAP09 10 100 360 GAP28 100 360 GAP47 10 400 3 600
GAPIO 10 200 360 GAP29 200 360 GAP48 15 900 36 000
GAPI1 20 100 360 GAP30 10 100 360 GAP49 20 100 360
GAPI2 20 200 360 GAP31 10 200 360 GAP50 20 200 720
GAPI3 5 100 360 GAP32 10 400 3600 GAP51 20 400 3 600
GAPI4 5 200 360 GAP33 15 900 18 000 GAP52 30 900 18 000
GAPI5 10 100 360 GAP34 20 100 360 GAP53 40 400 18 000
GAPI6 10 200 360 GAP35 20 200 360 GAP54 60 900 36 000
GAP17 10 400 3 600 GAP36 20 400 3 600 GAPS5 20 1600 36 000
GAP18 15 900 3600 GAP37 30 900 18 000 GAP56 40 1600 36 000
GAPI9 20 100 720 GAP38 40 400 3600 GAP57 80 1600 36 000

1.4 Capacitated facility location problem (CFLP)*

CFLP, which is a variant of the location problem, concentrates on selecting locations from a
set of possible locations. Considering that the problem has m available locations and »

customers, we deem them as resources and tasks, respectively. The attributes of R comprise

index d", capacity 4, fixed cost 4, , and maximum value 4 . The attributes of 7, involve
index djT and demand Ail. Furthermore, assigning 7, to R, will generate a cost ¢, ; and a
value v, ;.

Concerning the variables in Eq. (6), X,, ieZ is an assignment variable. Likewise, the

binary assignment matrix Y is expressed by Eq. (7). Moreover, an attribute variable YV is
employed to determine whether any task is assigned to a resource, where y',ieZ is
calculated by Eq. (S-1). The optimal objective is to minimize the total cost, which can be

represented by
min > ALy + 3 % ¥ e Vi (S-13)

i€l kek; jeJ ieT
The constraint, which ensures each task is executed exactly once on all resources, can be
denoted as Eq. (S-4). The capacity constraints for resources can be denoted by Eq. (S-5). The
value constraints for resources can be expressed as
Z Zvl-,‘,-yf‘,-,k <45, iel. (S-14)
kek; jeJ
Brief information on 40 CFLP problems®, including the number of clients/facilities NC/NF,
capacity for each facility FC, as well as maximum running time MaxTime, is presented in Table
S-3.

Table S-3 Brief information on 40 CFLP problems.

Pro. NF/NC FC MaxTime(s)
CFLPO01-08 10
CFLP09-16 20
CFLP17-24 100 30 3 600
CFLP25-32 40
CFLP33-40 50

4 The test suit is from http://old.math.nsc.ru/AP/benchmarks/CFLP/cflp-eng.html.
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1.5 Bin packing problem with conflicts (BPPC)5!

BPPC is a variant of the Bin Packing Problem (BPP), where several items cannot be packed
into the same bin. We consider n items and m bins as tasks and resources. The attributes of

R, comprise index d" and capacity 4. The attributes of T, include index d; , weight 4/,

and conflict item set 4,
Concerning the variables in Eq. (6), X,, i€Z is an assignment variable. In addition, the

binary assignment matrix Y “ is expressed by Eq. (7). Moreover, another attribute variable Y"
is used to determine whether any task is assigned to a resource, where y!, i€ Z is calculated

by Eq. (S-1). The objective is to minimize the number of used bins, which can be denoted by
: U
min Zzyl . (S-IS)
The constraint, which ensures each task is executed exactly one time on all resources, can
also be denoted as Eq. (S-4) , and the capacity constraint can be expressed by Eq. (S-5).
Moreover, the item conflict constraint can be represented by Eq. (21), i.e,
ny/_,’kz(), inyfj,k=l,jej’jveA/.T’2,ieI. (S-16)
kek; kek;
The brief information for 60 BPPC problems, which are randomly selected from a test suite’,
is shown in Table S-4, including the number of items N7, the capacity of bins MC, and the
number of bins NB, as well as maximum running time MaxTime(s).

Table S-4 Brief information on 60 BPPC problems.

Pro. NF MC NB  MaxTime(s) Pro. NF MC NB  MaxTime(s)
BPPCI 250 150 150 3 600 BPPC31 120 1000 60 360
BPPC2 250 150 150 3 600 BPPC32 120 1000 60 360
BPPC3 250 150 150 3600 BPPC33 120 1000 60 360
BPPC4 250 150 150 3 600 BPPC34 120 1000 60 360
BPPCS 250 150 150 3600 BPPC35 120 1000 60 360
BPPC6 250 150 220 3 600 BPPC36 120 1000 80 360
BPPC7 250 150 220 3 600 BPPC37 120 1000 100 360
BPPC8 250 150 220 3600 BPPC38 120 1000 100 360
BPPC9 250 150 220 3 600 BPPC39 120 1000 120 360
BPPCI10 250 150 240 3 600 BPPC40 120 1000 120 360
BPPC11 500 150 320 3600 BPPC41 249 1000 124 1 800
BPPCI12 500 150 320 3 600 BPPC42 249 1000 124 1 800
BPPC13 500 150 320 3 600 BPPC43 249 1000 124 1 800
BPPC14 500 150 320 3600 BPPC44 249 1000 124 1 800
BPPC15 500 150 320 3 600 BPPC45 249 1000 124 1 800
BPPC16 500 150 320 3 600 BPPC46 249 1000 166 1 800
BPPC17 500 150 370 3600 BPPC47 249 1000 207 1 800
BPPC18 500 150 400 3600 BPPC48 249 1000 207 1 800
BPPC19 500 150 450 3600 BPPC49 249 1000 249 1 800
BPPC20 500 150 500 3 600 BPPC50 249 1000 249 1 800
BPPC21 60 1000 30 180 BPPC51 510 1000 250 3600
BPPC22 60 1000 30 180 BPPC52 510 1000 250 3600
BPPC23 60 1000 30 180 BPPC53 510 1000 250 3 600
BPPC24 60 1000 30 180 BPPC54 510 1000 250 3600
BPPC25 60 1000 30 180 BPPC55 510 1000 334 3600
BPPC26 60 1000 40 180 BPPC56 510 1000 334 3 600

3 The test suit is from https:/site.unibo.it/operations-research/en/research/library-of-codes-and-instances-1.
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BPPC27 60 1000 50 180 BPPC57 510 1000 417 3 600

BPPC28 60 1000 50 180 BPPC58 510 1000 417 3 600
BPPC29 60 1000 50 180 BPPC59 510 1000 501 3 600
BPPC30 60 1000 60 180 BPPC60 510 1000 501 3 600

1.6 Generalized bin packing problem (GBPPI)[®

GBPPI is also an extension of BPP, where the items can be classified into compulsory or
non-compulsory. It should put all compulsory items into bins and determine whether non-
compulsory items are selected to maximize the profit. Similarly, we consider » items and m

bins as tasks and resources. The attributes of R, comprise index d;, capacity 4/, and cost

Af, . The attributes of 7 include index d , weight 4], and compulsory or non-compulsory

J.1°

index A7, (if T, is compulsory, we have A;,=0 ; otherwise, 4;,=1). Furthermore,
assigning T, to R, generates a profit p, ;.
Regarding the variables presented in Eq. (6), X,, ieZ is an assignment variable. The

attribute variable Y is expressed by Eq. (7). Moreover, another attribute variable YV is used
to determine whether any task is assigned to a resource, where y!, ieZ is calculated by Eq.
(S-1). The objective function is to maximize the total profit, which is converted into minimizing

the total cost, i.e.,
minzz Z A5y - Z Z Z PiiYiu - (S-17)

ieT jeJ kek, ieT jeJ kek,
The capacity constraint for bins can be expressed as Eq. (S-5). Additionally, the constraint
that each compulsory task should be put into one of the bins and each non-compulsory task can
be placed in at most one bin can be denoted by

DYy =Lifd,=0,jeT

kek; ieT
> v <1, otherwise, je J
kek; ieT
The number of bins NB, the number of items N7, as well as the maximum running time
MaxTime are illustrated in Table S-5, where the problems are randomly selected from a test
suite®. Moreover, for each problem, 50% of items are randomly set as compulsory items.

(S-18)

Table S-5 Brief information on 40 GBPPI problems.

Pro. NT NB NI MaxTime(s) Pro. NT NB NI MaxTime(s)
GBPPIO1 3 33 25 360 GBPPI26 3 33 25 360
GBPPI02 3 48 25 360 GBPPI27 3 51 25 360
GBPPIO03 3 38 25 360 GBPPI28 3 45 25 360
GBPP104 3 65 50 720 GBPPI29 3 68 50 360
GBPPIOS 3 82 50 720 GBPPI30 3 72 50 360
GBPPI06 3 94 50 720 GBPPI31 3 95 50 360
GBPPIO7 3 130 100 3600 GBPPI32 3 120 100 1 800
GBPPIOS 3 154 100 3 600 GBPPI33 3 155 100 1 800
GBPPI0O9 3 190 100 3600 GBPPI34 3 188 100 1 800
GBPPI10 3 248 200 12 000 GBPPI35 3 261 200 3 600
GBPPI11 3 310 200 12 000 GBPPI36 3 288 200 3 600
GBPPI12 3 372 200 12 000 GBPPI37 3 385 200 3600
GBPPI13 3 627 500 36 000 GBPPI38 3 663 500 36 000
GBPPI14 3 758 500 36 000 GBPPI39 3 745 500 36 000

6 The test suit comes from https://bitbucket.org/ORGroup/gbppi_instances/src/master;.
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GBPPI15 3 949 500 36 000 GBPPI40 3 963 500 36 000
GBPPI16 5 70 25 720 GBPPI41 5 65 25 720
GBPPI17 5 88 25 720 GBPPI42 5 82 25 720
GBPPI18 5 142 50 3600 GBPPI43 5 156 50 720
GBPPI19 5 174 50 3 600 GBPPI44 5 157 50 720
GBPPI20 5 299 100 18 000 GBPPI45 5 277 100 3 600
GBPPI21 5 322 100 18 000 GBPPI46 5 346 100 3 600
GBPPI22 5 655 200 36 000 GBPPI47 5 623 200 36 000
GBPPI23 5 551 200 21000 GBPPI48 5 552 200 12 000
GBPPI24 5 1398 500 36 000 GBPPI49 5 1664 500 36 000
GBPPI25 5 1665 500 36 000 GBPPI50 5 1633 500 36 000

1.7 Quadratic multiple knapsack problem (QMKP)!"!

QMKP aims to pack items into knapsacks to maximize profit. Different from the classical
knapsack problem, QMKP takes into account the additional profit generated when two items
are placed in the same knapsack.

We regard m knapsacks and » items as resources and tasks, respectively. The attributes of

R have index d" and capacity 4. The attributes of 7, include index d; and weight 4] .
Moreover, p, ;, i€Z,jeJ is the profit for assigning 7, to R, , and ¢p, ;, j,j'€J is the
additional profit when putting 7; and 7). into the same knapsack.

For the variables shown in Eq. (6), X, i€ Z is an assignment variable. Let ¥ © expressed

by Eq. (7) denote the binary assignment matrix. Moreover, an attribute variable Y” is used to
reflect whether any two tasks are put into the same bins, and yf .o i€1,j,j'eJ iscalculated

» L if Z yf,-,k = Z yfj',k =1
Vi = keKk, kel.\; . (S-19)
0, otherwise

as

The objective function is to maximize the total profit, i.e.,
LI ATEDIPIP I A ATE (S-20)
i€l jeJ i€l jeJ j'eJ

The constraint, which ensures each task is executed exactly one time on all resources, can be
denoted as Eq. (S-4) and the capacity constraint can be expressed by Eq. (S-5).

The brief information on 45 QMKP problems is presented in Table S-67, including the
number of items NT and the number of knapsacks NK. Furthermore, the maximum running time
(MaxTime) is set to 360s.

Table S-6 Brief information on 45 QMKP problems.

Pro. NT NK Pro. NT NK Pro. NT NK
QMKPO1 40 3 QMKP16 45 10 QMKP31 55 5
QMKPO02 40 2 QMKP17 45 2 QMKP32 55 4
QMKPO03 40 4 QMKPI18 45 3 QMKP33 55 4
QMKP04 40 10 QMKP19 50 2 QMKP34 55 2
QMKPO5 40 13 QMKP20 50 7 QMKP35 55 14
QMKPO06 40 2 QMKP21 50 8 QMKP36 55 2
QMKPO7 40 6 QMKP22 50 9 QMKP37 60
QMKPO8 40 2 QMKP23 50 17 QMKP38 60 3
QMKP09 40 12 QMKP24 50 6 QMKP39 60 15

7 The test suit comes from https://site.unibo.it/operations-research/en/research/library-of-codes-and-instances-1.
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QMKPIO 45 15 | QMKP25 50 2 QMKP40 60 19
QMKP11 45 3 QMKP26 50 4 QMKP4l 60 2
QMKPI2 45 2 QMKP27 50 4 QMKP42 60 6
QMKPI13 45 11 | QMKP28 55 8 QMKP43 60 2
QMKP14 45 3 QMKP29 55 2 QMKP44 60 2
QMKPI5 45 9 QMKP30 55 5 QMKP45 60 4

1.8 High school timetabling problem (HTS)®!

HTS involves assigning teachers and classes to time slots. We regard m teachers as
resources with a certain number of positions (time slots). The classes should be assigned to the
positions of teachers. Since a teacher may be unoccupied at a time slot, we employ a virtual
task 7, to denote unoccupied status. The virtual task and nc classes will be regarded as tasks

and are put in set T, where T.,jeJd= {1,---,n},n=nc+1. The indices of R, and T, are diR
and djT , respectively. Additionally, Aﬁ, i€,k ek, denotes whether resource R, is available
at the k th position. Cl./z., ieZ,jeJ isthe number of times task 7, needs to be executed on
R ,and P", ieZ is the set of unavailable positions for R, . Moreover, D, ieZ,jeJ is

the maximum daily meeting time, and C”

.;» 1€Z,jeJ is the minimum double-lesson number

fortask 7, on R, .In the problem, a day is divided into 5 periods, and we should arrange classes

for teachers within 5 working days.
About the variables in Eq. (6), X,, ieZ is a sequence variable and n, =25, ieZ . We

employ Y in Eq. (7) to denote the binary assignment matrix. Moreover, the number of double
lessons extracted from a solution can be denoted by an attribute variable Y" , where

ylfj, iel,jeJ is the number of double lessons for task 7, on R,. v, ieT is the number

of idle periods of R,. y”, i € T represents the number of days that are arranged for at least one

task  from T.,j e{2,-~-,n} , for R . In addition, an attribute variable

yfj,r, ieZl,jeJ,refl,,5} reflects the number of meeting times for R, and T, on the r th

day.
)//chording to reference [8], the objective function can be denoted as:
min Y, >yl =33 v +9) v (S-21)
jeJ ieT ieT iel
The constraint that limits the number of times a task can be executed on a resource is denoted
by
Doy sChj=liel

kek;

S =Ctj>liel

kek,

(S-22)

The unavailable positions in resources should be assigned 7}, which can be expressed as
yoi=LifkeP"iel. (S-23)

Lastly, the daily meeting times for a resource on a task must not exceed the maximum daily
meeting times, which can be denoted as

yF SDM iEI,jEj,I’E{l,"',S}. (S-24)

i,j,r i,j°
Table S-7 shows some information on 37 HTS problems®, involving the number of classes
NC, the number of teachers NT, and the maximum running time MaxTime(s).

8 The test suit comes from https://www.gpea.uem.br/benchmark.html.
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Table S-7 Brief information on 37 HTS problems.

Pro. NC NI MaxTime(s) | Pro. NC NI MaxTime(s) | Pro. NC NT MaxTime(s)

HTSO01 12 27 3600 HTS13 3 15 1 800 HTS24 32 75 21 000
HTS02 12 27 3600 HTS14 16 34 7200 HTS25 16 35 7200
HTS03 13 31 3600 HTS15 4 12 3 600 HTS26 10 21 3 600
HTS04 13 31 3600 HTS16 8 19 3 600 HTS27 9 20 3 600
HTS05 9 28 3600 HTS17 7 21 3600 HTS28 18 45 3 600
HTS06 14 29 3600 HTS18 5 18 3 600 HTS29 18 44 3 600
HTS07 20 51 12 000 HTS19 4 15 3 600 HTS30 18 45 3 600
5

HTS08 & 30 360 HTS20 18 3600 HTS31 18 45 3 600
HTS09 13 34 360 HTS21 19 37 12 000 HTS32 16 44 3 600
HTS10 5 17 360 HTS22 12 31 7200 HTS33 16 43 3 600
HTS11 16 35 360 HTS23 31 62 21000 HTS34 16 43 3 600

HTS12 16 38 12 000

1.9 Job shop scheduling problem (JSSP)!

The problem involves assigning jobs to machines. We treat m machines and n jobs as
resources and tasks, respectively. The indices of R, and T, are df and d].T , respectively.

T

Moreover, p, ;, i€Z,jeJ represents the processing time and P°,ieT is the processing

order for tasks on R, , where p’ eT,jeJ .
For the variables in (6), X,, ieZ is a sequence variable. The attribute variable ¥ “ s
expressed by Eq. (7). Moreover, yfj,k, iel,jeJ,kek and yfj,k, iel,jeJ,kek

denote the start and end processing times, respectively, which can also be obtained from X .
The objective is to minimize the makespan and is denoted as

minmax({y;,, lieZ,jeJ,kek}). (S-25)
The constraint, which ensures each task is executed exactly once on a resource, can be
denoted as
nyj’kzl,jej,ief. (S-26)

kek;

Furthermore, the process order constraint and lock constraint can also be derived accordingly.
The number of jobs N.J, the number of machines NM, and MaxTime(s) for 35 JSSP instances’
are summarized in Table S-8.

Table S-8 Brief information on 35 JSSP problems.

Pro. NJ NM MaxTime(s)
JSSP0O1-05 15 15 3 600
JSSP06-10 20 15 3 600
JSSP11-15 20 20 7200
JSSP16-20 30 15 18 000
JSSP21-25 30 20 18 000
JSSP26-30 50 15 36 000
JSSP31-35 50 20 36 000

1.10 Graph coloring problem (GC)!'%

We identify m colors and n nodes as resources and tasks, respectively. The indices of R,

R T . .
and 7, are d;" and d, , respectively. Furthermore, e, .., j,j'€ J represents whether T, and

The test suit is from https://people.brunel.ac.uk/~mastjjb/jeb/orlib/jobshopinfo.html.
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T, have a connection (when there is a connection between T i and T.,e =1, otherwise,
e; »=0).
Regarding the variables presented in Eq. (6), X,, i€ Z is an assignment variable. Let ¥ ¢

in Eq. (7) denote the binary assignment matrix. Moreover, another attribute variable Y" is used
to determine whether any task is assigned to a resource, where y', i€ Z is calculated by Eq.

(S-1). The objective function is to minimize the number of used resources, which can be
denoted by

min )y . (8-27)

iel
The constraint ensuring that each task is executed exactly once on all resources is represented
as Eq. (S-4). Additionally, the constraint, which denotes that the two nodes connected by an
edge should be assigned to two different resources, can be calculated as

ny/,k + ny/v,k <l ife, . =Liel,j,j'eJ. (S-28)

kek; kek;

Table S-9 shows the information on 30 GC problems'? , including the number of nodes NO,
the number of edges NE, the number of colors NC, and MaxTime.

Table S-9 Brief information on 30 GC problems.

Proo. NO NE NC MaxTime(s) | Proo. NO NE NC MaxTime(s)
GCO01 100 2487 30 1 800 GC16 100 2493 30 1 800
GC02 100 2487 30 1 800 GC17 100 2503 30 1 800
GCO03 100 2482 30 1 800 GC18 100 2472 30 1 800
GC04 100 2503 30 1 800 GC19 100 2527 30 1 800
GCO05 100 2450 30 1 800 GC20 100 2420 30 1 800
GCO06 100 2537 30 1 800 GC21 300 22482 80 36 000
GC07 100 2505 30 1 800 GC22 300 22569 80 36 000
GCO08 100 2479 30 1 800 GC23 300 22393 80 36 000
GC09 100 2486 30 1 800 GC24 300 22446 80 36 000
GC10 100 2506 30 1 800 GC25 300 22360 80 36 000
GC11 100 2467 30 1 800 GC26 300 22601 80 36 000
GC12 100 2531 30 1 800 GC27 300 22327 80 36 000
GC13 100 2467 30 1 800 GC28 300 22472 80 36 000
GCl14 100 2524 30 1 800 GC29 300 22520 80 36 000
GC15 100 2528 30 1 800 GC30 300 22543 80 36 000

2 Algorithm Description and Parameter Setting

To instantiate the single-point metaheuristic framework, we adopt Simulated Annealing (SA),
Variable Neighborhood Search (VNS), Large Neighborhood Search (LNS), and Tabu Search
(TS).

Among them, VNS, TS, and SA utilize Algorithm 3 to generate a new solution. LNS employs
Algorithm 4 to destroy and repair the current solution and generate a new solution. When
Algorithm 4 cannot improve the current solution within Nlter iterations, Algorithm 3 is
applied in the following multiple iterations to perturb the current solution.

Regarding the acceptance criterion in line 16 of Algorithm 6, VNS and LNS accept S as

subopt
S when S,

prohibiting the solutions in 7 from being selected as the current solution. In each iteration, the
best solution that is in C and not in 7 will be selected as S. When the size of 7 reaches its
predefined limit, the earliest stored solution in 7 will be released. When all solutions in C

is better than S. TS employs a tabu set 7 to enhance algorithm diversity by

19 The test suit is from https://people.brunel.ac.uk/~mastjjb/jeb/orlib/colourinfo.html.
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is better than S,

areincludedin 7 or S best 2

subopt we accept S

subopt

as S.SAaccepts S as S

subopt
in terms of the acceptance probability in Eq. (S-29).
L, if S is better than or equal to S

subopt
Pses =10, ifS

subopt subopt

_IAUT i
T anen) - otherwise

is worse than S’ on constraints (S-29)

where Af = f(X opi» Yawwopt) = S (X5 ) s Xpops Yawop @04 X, ¥ denote the variables of S,

subopt

and S, respectively. 7, is the current temperature. At the beginning of optimization, 7,

current

. If the consecutive iteration time reaches a Markov length

urrent

is set to the initial temperature 7, .,
L,then T

current

isupdated by 7, . =».T. .., where y_1is a cooling rate. L is set in terms of

the number of resources and tasks, i.e., L = LO. lan .

In Algorithm 6, the non-improvement threshold 7, is set as L0.0San. Furthermore, the

number of removed nd tasks as presented in Algorithm 4 varies with the scale of problems. At
the beginning of optimization, nd is initialized as
nd, = min(lOO,[O.San. J) , (S-30)
iel
where n;, is the number of tasks assigned to resource R, . At the current iteration
Iter € {1,---Max Iter}, nd is specified as

ndjte,. — min(l,“ndﬁerileflter/Maxlter J) . (S-3 1)

For TS, the size of the tabu set 7 is also set based on the number of resources and tasks, and
dynamically decreases as the number of iterations increases, ranging from an initial value of

| 0.1mn | to [ 0.02mn | . In addition, the maximum iteration number Maxlter is set to
10,000, if mn<10,000
MaxlIter =< 10mn, if 10,000 < mn <20,000. (S-32)
20,000, if mn > 20,000

The maximum iteration number Maxlter serves to compute dynamic parameters like
Eq.(S-31)and is not considered a termination criterion of an algorithm. Regarding the five
metaheuristic algorithms, the termination condition is triggered under either of the following
scenarios: (a) the maximum runtime MaxTime is reached, or (b) the number of consecutive
iterations without improvement reaches 2,000. For other algorithms, the termination criteria are
defined as (a) the maximum runtime, MaxTime, is reached, or (b) the optimal solution is found.

Table S-10 presents other parameters and their possible values for the 5 algorithms in REMS,
including SA, VNS, LNS, TS, and Genetic Algorithm (GA).

Table S-10 Algorithm parameters and possible values.

Algorithm Parameter Possible values
Initial temperature(Al) 100, 200, 300
Cooling rate(B1) 0.97, 0.98, 0.99
SA Learning rate(C1) 0.1,0.2,0.3
Discount factor(D1) 0.7,0.8,0.9
Greedy factor(E1) 0.1,0.2,0.3
Learning rate(A2) 0.1,0.2,0.3
VNS Discount factor(B2) 0.7,0.8,0.9
Greedy factor(C2) 0.1,0.2,0.3
Learning rate(A3) 0.1,0.2,0.3
TS Discount factor(B3) 0.7,0.8,0.9
Greedy factor(C3) 0.1,0.2,0.3
Population size(A4) 30, 50, 80
GA Crossover rate(B4) 0.7,0.8,0.9

Mutation rate(C4) 0.1,0.2,0.3
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Table S-11 presents the S/N ratios for each parameter, calculated based on the mean gap
values for the corresponding parameter combinations.

Table S-11 S/N ratios for each parameter, where the best level for each parameter is bolded.
SA VNS TS GA
Al Bl C1 D1 El A2 B2 C2 A3 B3 C3 A4 B4 C4
1 3.173 3.229 3171 3.196 3.153 | 3.532 3.707 3.782 | 2.665 2.779 2.728 | 5453 5308 4.997
2 3.177 3.268 3.174 3.223 3.244 | 3.484 3.664 3.686 | 2.715 2.776 2.726 | 5.271 5.250 5433
3 3216 3.07 3.222 3.148 3.17 | 3.566 3.712 3.714 | 2.736 2.822 2.773 | 5.366 5.532  5.659
Delta 0.043 0.198 0.051 0.075 0.091 | 0.082 0.048 0.096 | 0.071 0.046 0.047 | 0.182 0.281 0.662
Rank 5 1 4 3 2 2 3 1 1 3 2 3 2 1
The final parameter settings for SA, VNS, LNS, TS, GA, GUROBI, Routing Solver in OR-
TOOLS, CP-SAT in OR-TOOLS, and SCIP are shown in Table S-12. To ensure a consistent
evaluation across all algorithms, the presolve processes for SCIP, CP-SAT, and GUROBI are
set to disabled.

Level

Table S-12 Parameter settings for algorithms.

Algorithm Parameter setting
Initial Temperature 7, ., : 100, Cooling rate y, : 0.99, Learning rate: 0.1,
SA Discount factor: 0.9, Greedy factor: 0.1, Number of neighborhood solutions
N :1,
VNS Learning rate: 0.2, Discpunt factor: 0.8, ‘Greedy factor: 0.2, Number of
neighborhood solutions N : 1
LNS Number of neighborhood solutions N : 1
TS Learning rate: 0.1, Disgount factor: 0.8,‘Greedy factor: 0.2, Number of
neighborhood solutions N : 1;
GA Population size popsize : 50; Crossover rate p, :0.8; Mutation rate p,, :0.1;
GUROBI Presolve: 0; Heuristics: 0;
Routing Solver Default;
CP-SAT Presolve: 0;
SCIP Presolve: 0;

3 Detailed Experimental Results for the Methods in REMS and Other Solvers

The subsection will provide the experimental results on 10 problems for the compared
algorithms, including the objective value (obj) and the gap value (gap) over 5 runs. The
compared algorithms are GUROBI, OR-TOOLS, SCIO, SA, VNS, LNS, TS, and GA. In these
tables, "NaN" indicates that an algorithm was unable to find any feasible solutions within the
maximum runtime.

3.1 Multi-depot vehicle routing problem with time windows (MDVRPTW)
Table S-13 displays the experimental results for solving MDVRPTW.

Table S-13 Experimental results on MDVRPTW.

Pro. Metric  Status GUROBI T 8 (1;]: S SCIP SA VNS LNS TS GA

obj Best NAN NAN NAN 5.33E+03 5.27E+03 5.23E+03 5.36E+03 5.31E+03

MDVR Mean NAN NAN NAN 5.68E+03  5.52E+03 6.01E+03 5.90E+03 5.52E+03
PTWO1 Best NAN NAN NAN 3.91% 2.83% 2.11% 4.35% 3.49%
sap Mean NAN NAN NAN 9.36% 6.84% 11.39% 12.60% 6.82%

. Best NAN NAN NAN 9.99E+03 1.01E+04 9.98E+03 1.02E+04 1.03E+04

11:/"11"]37\/\/01; ob) Mean NAN NAN NAN 1.01E+04 1.02E+04 1.03E+04 1.03E+04 1.04E+04
gap Best NAN NAN NAN 21.93% 22.41% 21.84% 23.60% 24.20%



OR-

Pro. Metric  Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  NAN NAN NAN 22.56%  23.57%  24.23%  2420% = 24.69%
, Best NAN NAN NAN 1.37E+04  1.39E+04 1.39E+04 1.42E+04 1.51E+04
MDVR ob) Mean  NAN NAN NAN 1.40E+04 1.48E+04 1.44E+04 147E+04 1.52E+04
PTWO03 Best NAN NAN NAN 74.06%  74.48%  7431%  74.89%  76.40%
8P Mean  NAN NAN NAN 74.50%  75.98%  75.29%  75.78%  76.53%
. Best NAN NAN NAN 1.84E+04 1.81E+04 1.83E+04 1.87E+04 1.89E+04
MDVR obj Mean  NAN NAN NAN 1.85E+04 1.84E+04 1.84E+04 1.90E+04 1.95E+04
PTWO04 Best NAN NAN NAN 79.35%  79.04%  79.26%  79.73%  79.91%
8P Mean  NAN NAN NAN 79.51%  79.38%  79.41%  79.98%  80.48%
. Best NAN NAN NAN 2.34E+04 238E+04 2.36E+04 2.42E+04 2.49E+04
MDVR obj Mean  NAN NAN NAN 2.37E+04 238E+04 2.39E+04 2.46E+04 2.56E+04
PTWO5 Best NAN NAN NAN 87.81%  87.99%  87.90%  88.22%  88.54%
8P Mean  NAN NAN NAN 87.95%  88.03%  88.04%  88.41%  88.86%
ob Best NAN NAN NAN 2.69E+04 2.66E+04 2.90E+04 2.79E+04 2.87E+04
MDVR Mean  NAN NAN NAN 2.75E+04  2.70E+04 2.95E+04 2.82E+04 3.42E+04
PTWO06 Best  NAN NAN NAN NAN NAN NAN NAN NAN
8P Mean  NAN NAN NAN NAN NAN NAN NAN NAN
ob Best NAN 8.56E+03  1.35E+04  7.92E+03 8.61E+03 7.99E+03 8.82E+03 7.89E+03

MDVR Mean  NAN 8.64E+03  1.35E+04  8.34E+03 8.64E+03 8.43E+03 8.93E+03 8.46E+03
PTWO07 Best NAN 28.20% 54.63% 2238%  28.65%  23.06%  30.32%  22.13%
P Mean  NAN 28.88% 54.63% 26.24%  28.88%  27.10%  3121%  27.14%
, Best NAN NAN NAN 1.39E+04 1.34E+04 1.42E+04 1.47E+04 1.45E+04
MDVR ob) Mean  NAN NAN NAN 1.41E+04 1.40E+04 1.44E+04 1.49E+04 1.49E+04
PTWO08 Best NAN NAN NAN 66.14%  65.01%  66.98%  68.06%  67.53%
8P Mean  NAN NAN NAN 66.80%  66.35%  67.40%  68.42%  68.55%
obi Best NAN 1.93E+04 NAN 1.96E+04 2.00E+04 1.94E+04 2.01E+04 2.06E+04
MDVR Mean  NAN 1.97E+04 NAN 1.98E+04 2.00E+04 1.97E+04 2.03E+04 2.09E+04
PTW09 Best NAN 79.95% NAN 80.28%  80.20%  80.14%  80.82%  81.24%
P Mean  NAN  80.36% NAN 80.54%  80.72%  80.38%  80.96%  81.54%
, Best NAN NAN NAN 2.86E+04 2.89E+04 2.77E+04 2.93E+04 3.03E+04
MDVR ob) Mean  NAN NAN NAN 2.88E+04 2.90E+04 2.85E+04 2.96E+04 3.28E+04
PTW10 Best NAN NAN NAN 88.34% 88.44%  87.97%  88.60%  88.97%
P Mean  NAN NAN NAN 88.42%  88.50%  88.30%  88.73%  89.81%

. Best NAN NAN NAN 5.02E+03 5.14E+03 5.07E+03 5.08E+03 5.10E+03

MDVR ob) Mean  NAN NAN NAN 5.07E+03  5.17E+03 5.16E+03 5.18E+03 5.15E+03
PTWI1 Best NAN NAN NAN 4.01% 6.16% 4.98% 5.06% 5.46%
8P Mean  NAN NAN NAN 4.93% 6.76% 6.49% 6.85% 6.47%

. Best NAN NAN NAN 8.74E+03  8.94E+03 8.45E+03 9.18E+03 8.93E+03

MDVR ob) Mean  NAN NAN NAN 8.87E+03 9.21E+03 8.69E+03 9.66E+03 9.21E+03
PTWI12 Best NAN NAN NAN 7.74% 9.78% 4.62% 12.13% 9.74%
8P Mean  NAN NAN NAN 9.09% 12.34%  7.18% 16.38%  12.40%
obj Best NAN NAN NAN 1.31E+04 1.37E+04 1.19E+04 1.40E+04 1.26E+04



OR-

Pro. Metric  Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  NAN NAN NAN 1.34E+04 1.38E+04 1.27E+04 1.43E+04 1.34E+04
lﬁ%ﬁ | Bet NAN NAN NAN 7579%  76.76%  T13.20%  77.33%  74.72%
Mean  NAN NAN NAN 76.31%  77.02%  74.97%  77.78%  76.14%
ob Best  NAN NAN NAN 1.70E+04  1.69E+04 1.64E+04 1.74E+04 1.74E+04
MDVR Mean  NAN NAN NAN 1.72E+04 1.71E+04 1.68E+04 1.78E+04 1.75E+04
PTW14 Best NAN NAN NAN 85.82% 85.73%  85.28%  86.13%  86.13%
8P Mean  NAN NAN NAN 85.98%  85.90%  85.64%  86.41%  86.23%
, Best NAN NAN NAN 221E+04 230E+04 2.16E+04 235E+04 2.33E+04
MDVR ob) Mean  NAN NAN NAN 227E+04 230E+04 2.25E+04 2.40E+04 2.40E+04
PTWI5 Best NAN NAN NAN NAN NAN NAN NAN NAN
8P Mean  NAN NAN NAN NAN NAN NAN NAN NAN
. Best ~ NAN  2.54E+04 NAN 2.62E+04 2.65E+04 2.60E+04 2.74E+04 2.71E+04
MDVR obj Mean  NAN  2.55E+04 NAN 2.67E+04 2.68E+04 2.64E+04 2.75E+04 2.73E+04
PTW16 Best NAN NAN NAN NAN NAN NAN NAN NAN
P Mean  NAN NAN NAN NAN NAN NAN NAN NAN
, Best  NAN 7.28E+03 NAN 7.35E+03  7.38E+03 7.28E+03 7.63E+03 7.47E+03
MDVR obj Mean  NAN 7.31E+03 NAN 7.47E+03  7.58E+03 7.39E+03 7.75E+03 7.55E+03
PTWI17 Best NAN NAN NAN NAN NAN NAN NAN NAN
P Mean  NAN NAN NAN NAN NAN NAN NAN NAN
o Best  NAN NAN NAN 1.34E+04 1.37E+04 1.29E+04 1.41E+04 1.37E+04
MDVR Mean  NAN NAN NAN 1.37E+04 1.38E+04 1.32E+04 1.45E+04 1.39E+04
PTWIZ Best NAN NAN NAN NAN NAN NAN NAN NAN
8P Mean  NAN NAN NAN NAN NAN NAN NAN NAN
. Best  NAN 1.87E+04 NAN 1.91E+04 1.88E+04 1.84E+04 1.95E+04 1.92E+04
vove 0 Mean  NAN  188E+04  NAN  192E+04 192E+04 1.89E+04 19804 1.95E+04
PTW19 Best NAN NAN NAN NAN NAN NAN NAN NAN
8P Mean  NAN NAN NAN NAN NAN NAN NAN NAN
, Best  NAN NAN NAN 2.82E+04 2.81E+04 2.75E+04 2.86E+04 2.96E+04
MDVR ob) Mean  NAN NAN NAN 2.86E+04 2.86E+04 2.81E+04 2.91E+04 3.09E+04
PTW20 Best NAN NAN NAN NAN NAN NAN NAN NAN
S Mean  NAN NAN NAN NAN NAN NAN NAN NAN
3.2 Vehicle routing problem with pickup and delivery (VRPPD)
The relevant experimental results on VRPPD are presented in Table S-14.
Table S-14 Experimental results on VRPPD.
Pro. Metric  Status GUROBI T(())(I){I:S SCIP SA VNS LNS TS GA
obi Best ~NAN  1LI2E+03 NAN 1.65E+03 1.67E+03 1.64E+03 1.83E+03 1.72E+03
VRPPDOI Mean ~ NAN  LI3E+03 NAN 1.72E+03 1.74E+03 1.65E+03 1.92E+03 1.75E+03
Best ~ NAN 10.44% NAN  3939%  39.76%  38.95%  4532%  41.85%
P Mean  NAN  11.59% NAN  41.76%  42.22%  39.09%  47.51%  42.75%
VRPPDO2  obj Best ~NAN  1.I2E+03 NAN 1.82E+03 1.84E+03 1.74E+03 1.76E+03 1.84E+03
Mean  NAN  1.I13E+03 NAN 1.86E+03 1.87E+03 1.74E+03 1.92E+03 1.88E+03
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Best NAN  10.02% NAN  4452%  4491%  41.78%  42.67%  45.13%
8% Mean  NAN  10.75% NAN  4561%  4590%  42.02% = 47.09%  46.11%
_ Best NAN  LI9E+03 NAN 233E+03 2.19E+03 2.10E+03 2.35E+03 2.26E+03
O Mean  NAN  LIOE+03 NAN 238E+03 227E+03 2.14E+03 244E+03  2.33E+03
VRPPDO3 Best NAN  7121% NAN  8529%  8430%  83.67%  8539%  84.83%
8% Mean NAN  7121% NAN 85.60%  84.88%  83.98%  8591%  85.26%
" Best NAN  6.03E+02 NAN 1.66E+03 1.67E103 1.64E+03 1.74E103 1.67E+03
O Mean  NAN  6.16E+02 NAN 168403 1.69E+03 1.65E+03 1.79E+03 1.70E+03
VRPPDO4 Best NAN  44.71% NAN  79.90%  80.01%  79.70%  80.85%  80.05%
8% Mean NAN  4585% NAN 80.15%  8031%  79.81%  8138%  80.33%
" Best NAN  LI2E+03 NAN 2.18E+03 2.18E103 2.08E+03 231E103 2.11E+03
VRPPDOS O Mean  NAN  LIZEH03 NAN 221E+03 2.21E+03 2.11E+03 239E+03 2.17E+03
Best NAN  31.66% NAN 64.97%  6497%  6338%  66.98%  63.91%
8% Mean NAN  31.66% NAN  65.56%  65.55%  63.82%  68.14%  64.84%
~ Best NAN  1.26E+03 NAN 231E+03 234E+03 229E+03 244E+03 2.28E+03
O Mean  NAN  1.26E+03 NAN 235E403 24103 230E+03 2.53E+03  2.36E+03
VRPPDO6 Best NAN  37.72% NAN  6598%  6639%  65.64%  67.85%  65.62%
8% Mean NAN  37.72% NAN  66.60%  67.44%  6584%  68.90%  66.68%
" Best NAN  1.42E+03 NAN 2.65E+03 2.71E103 2.62E+03 2.83E103 2.67E+03
VRPPDO? O Mean  NAN  142E+03 NAN 2.71E+03 2.74E+03 2.64E+03 2.92E+03 2.75E+03
Best NAN  60.59% NAN 78.90%  7937%  78.64%  80.26%  79.06%
8% Mean NAN  60.59% NAN  79.34%  79.58%  78.82%  80.85%  79.68%
~ Best NAN  LIIE+03 NAN 253E+03 2.50E+03 247E+03 2.81E+03 2.60E+03
O Mean  NAN  LISE403 NAN 2.63E403 2.57E+03 249E+03 2.96E+03 2.65E+03
VRPPDOS Best NAN  2535% NAN 67.26%  66.86%  6646%  70.55%  68.19%
8% Mean NAN  27.60% NAN 68.48%  67.79%  66.66%  71.98%  68.71%
o Bt NANDLI2EH03 NAN I98EA03 203E403 L94E403 2ISE403 197E+03
VRPPDOS Mean  NAN  LI2E+03 NAN 2.03E+03 2.09E+03 195E+03 232E+03 2.05E+03
Best NAN  28.13% NAN  5927%  6041%  5849%  62.52%  59.01%
8% Mean NAN  2813% NAN 6033%  6134%  58.67%  65.18%  60.63%
© Best NAN  LI2E+03 NAN 221E+03 2.15E+03 2.07E+03 233E+03 2.18E+03
O Mean  NAN  LI4EH03 NAN 224E+03 2.19E+03 2.00E+03 247E+03 2.22E+03
VRPPDIO Best NAN  25.62% NAN 6227%  61.28%  59.72%  6423%  61.83%
8% Mean NAN  27.09% NAN 62.80%  61.91%  60.22%  66.17%  62.52%
o Bt NAN692EH2 NAN LOEH03 166EH03 LSSE03 L7303 16IE403
VRPPDI 1 Mean  NAN  7.65E+02 NAN 1.67E+03 1.69E+03 1.59E+03 1.85E+03 1.65E+03
Best NAN  440% NAN  59.28%  60.03%  58.14%  61.79%  58.98%
8% Mean NAN  13.23% NAN 6036%  60.95%  58.46%  64.14%  59.79%
o Bt NAND BTIEH0Z NAN 211EH03 204E403 201E403 224E403 209403
VRPPDI Mean  NAN  8.92E+02 NAN 2.14E+03 2.10E+03 2.03E+03 2.36E+03 2.16E+03
Best  NAN  60.02% NAN 83.48%  82.93%  82.69%  84.46%  83.29%
8% Mean  NAN  60.91% NAN 83.73%  8335%  82.85%  8521%  83.86%
o Pest NAN  424E402 NAN L76E403  LTTEH03 1TSEH03 186EH03 | 82E+03
VRPPDI3 Mean  NAN  4.34E+02 NAN 1.85E+03 1.81E+03 1.76E+03 1.98E+03 1.86E+03
Best NAN  11.75% NAN 70.97%  71.13%  70.80%  72.43%  71.81%
8P Mean  NAN  18.02% NAN  7225%  71.73%  70.94%  74.08%  72.43%
VRPPDI4  obj  Best NAN  5.65E+02 NAN 1.67E+03 1.70E+03 1.62E+03 1.77E+03 1.70E+03



OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  NAN  5.65E+02 NAN 1.70E+03 1.73E+03 1.64E+03 1.89E+03 1.72E+03
Best NAN  33.46% NAN 77.42%  77.90%  76.80%  78.81%  77.92%
8% Mean  NAN  3346% NAN 77.86%  7830%  77.12%  80.13%  78.12%
~ Best NAN  6.64E+02 NAN 1.80E+03 1.78E+03 1.75E+03 1.86E+03 1.77E+03
O Mean  NAN  681E+02 NAN 1.82E+03 1.84E+03 1.76E+03 193E+03 1.81E+03
VRPPDIS Best NAN  28.04% NAN 73.39%  7323%  72.77%  7426%  73.06%
8% Mean NAN  20.73% NAN  73.68%  74.04%  72.92%  75.16%  73.64%
 Best NAN  6.07E+02 NAN 122E103 1.19E+03 1.17E+03 124E+03 1.19E+03
O Mean  NAN  611E+02 NAN 122E+03 121E+03 1.18E+03 132E+03 1.20E+03
VRPPDI6 Best NAN  27.15% NAN  63.73%  62.96%  62.18%  6428%  62.69%
8% Mean NAN  27.65% NAN 63.76%  63.55%  62.62%  6637%  63.14%
© Best NAN  5.65E+02 NAN 145E+03 145E+03 1.40E+03 1.54E+03 1.43E+03
O Mean  NAN  57IE402 NAN 146E+03 147E+03 142E+03 1.63E+03 1.47E+03
VRPPDI7 Best NAN  19.74% NAN  68.74%  68.80%  67.69%  70.62%  68.39%
8% Mean NAN  20.55% NAN  68.98%  69.15%  68.06%  72.19%  69.24%
 Best NAN  6.17E+02 NAN 199E103 193E+03 192E+03 2.06E+03 1.96E+03
VRPPDILS O Mean  NAN  657E+02 NAN 2.01E+03 1.99E+03 1.94E+03 2.13E+03 2.01E+03
Best ~NAN  51.59% NAN 84.95%  84.54%  8447%  85.53%  84.76%
8% Mean  NAN  54.46% NAN  85.15%  84.95%  84.60%  85.95%  85.13%
~ Best NAN  538E+02 NAN 139E+03 141E+03 137E+03 149E+03 1.37E+03
O Mean  NAN  574E+02 NAN 143E+03 144E+03 140E+03 1.55E+03  1.40E+03
VRPPDIY Best NAN  32.55% NAN 73.85%  7428%  73.55%  75.65%  73.59%
8% Mean NAN  36.41% NAN  74.65%  74.85%  74.09%  7647%  74.16%
 Best NAN  5.73E+02 NAN 193E103 1.89E+03 1.87E+03 2.04E+03 1.92E+03
VRPPD2O O Mean  NAN  5.04E+02 NAN 1.94E+03 1.94E+03 1.88E+03 2.08E+03 1.96E+03
Best NAN  46.60% NAN 84.13%  83.85%  83.61%  84.98%  84.10%
8% Mean NAN  4842% NAN 8426%  84.19%  83.72%  8530%  84.35%
 Best NAN  6.94E+02 NAN 158E103 155103 1.52E+03 1.71E+03 1.55E+03
VRPPDAL O Mean  NAN  7.08E+02 NAN 1.61E+03 1.58E+03 1.54E+03 1.75E+03 1.56E+03
Best NAN  46.64% NAN 76.55%  76.13%  75.68%  7829%  76.14%
8% Mean NAN  47.67% NAN  77.00%  76.58%  75.93%  78.85%  76.30%
~ Best NAN  6.40E+02 NAN 147E+03 144E+03 133E+03 1.56E+03 1.37E+03
VRPPD2) O Mean  NAN  6.40E+02 NAN 149E+03 1.46E+03 13SE+03 1.68E+03 1.46E+03
Best NAN  12.69% NAN 61.94%  61.16%  58.13%  64.14%  59.25%
8% Mean NAN  12.69% NAN 62.55%  61.70%  58.70%  66.55%  61.76%
o Bt NANDTHOEH02 NAN LS0EA03 191E403 L8TE403 205E403 194E+03
VRPPD2S Mean  NAN  7.20E+02 NAN 1.96E+03 2.02E+03 1.89E+03 2.14E+03 2.00E-+03
Best NAN  5524% NAN  83.24%  8339%  82.99%  84.47%  83.60%
8% Mean  NAN  55.83% NAN  83.78%  8430%  83.19%  85.14%  84.11%
o Pet NAN 441EH02 NAN L22E403 123EH03 LITEH03 127E403 LI9E+03
VRPPD2S Mean ~ NAN  4.45E+02 NAN 123E+03 124E+03 1.18E+03 132E+03 121E+03
Best NAN  26.61% NAN 7345%  73.61%  7224%  74.54%  72.80%
8% Mean NAN  27.33% NAN 7371%  73.88%  72.62%  7547%  73.16%
o Bt NAND4G0EH02 NAN I30EA03 14IEA03 136E403 148EH03 143E+03
VRPPDIS Mean  NAN  4.68E+02 NAN 143E+03 144E+03 138E+03 1.52E+03 145E+03
Best NAN  19.95% NAN 73.57%  73.82%  73.00%  75.19%  74.32%
8% Mean  NAN  21.29% NAN 7420%  7439%  7331%  75.79%  74.59%




OR-
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
o Bt NANS42E402 NAN  L90E<03 L89E<03 L8GE+03 LOIEF03 1$9E+03
VRPPD2E Mean  NAN  5.43E+02 NAN 191E+03 1.92E+03 1.88E+03 1.97E+03 1.92E+03
Best ~NAN  1641% NAN 76.13%  76.06%  75.67%  76.26%  76.09%
8% Mean NAN  1654% NAN 7627%  7636%  75.94%  76.93%  76.39%
o Bt NAND BOTEH0Z NAN 192E403 193E403 L8SEI03 200E403 192E+03
N Mean  NAN  9.39E+02 NAN 1.96E+03 1.97E+03 1.88E+03 2.10E+03 1.95E+03
Best NAN  41.98% NAN  72.88%  72.99%  71.87%  73.94%  72.91%
8% Mean  NAN  4450% NAN 7339%  73.58%  7238%  75.11%  73.35%
o Bt NAND 9SGEH0Z NAN 242E403 244E403 236EH03 254E403 246E+03
VRPPD2S Mean  NAN  1.02E+03 NAN 245E+03 247E+03 2.39E+03 2.66E+03 2.48E+03
Best NAN  5235% NAN 81.14%  8135%  80.71%  82.03%  81.49%
8% Mean NAN  5511% NAN 81.40%  81.57%  80.95%  82.86%  81.65%
o Bt NAN . OMIEH0Z NAN 193E403 L89E403 L8SEH03 205E403 193E+03
VRPPD2S Mean  NAN  9.25E+02 NAN 1.95E+03 1.93E+03 1.87E+03 2.18E+03 1.98E-+03
Best ~ NAN  44.34% NAN 73.73%  73.16%  72.61%  7526%  73.67%
8% Mean NAN  45.15% NAN  74.05%  73.73%  72.83%  76.77%  74.39%
o Pet NAN LO4EH03 NAN 237E403 24003 231EH03 254E403 240E+03
VRPPDAG Mean  NAN  1.07E+03 NAN 2.43E+03 243E+03 2.33E+03 2.61E+03 2.44E-+03
Best NAN  5120% NAN 78.57%  78.86%  78.04%  80.05%  78.87%
8% Mean NAN  52.64% NAN 79.10%  79.11%  7826%  80.58%  79.20%
3.3 Generalized assignment problem (GAP)
Table S-15 provides the experimental results for GAP.
Table S-15 Experimental results on GAP.
Pro.  Metric Status GUROBI ngis SCIP SA VNS LNS TS GA
~ Best L.70E+03 1.70E+03 1.70E+03 1.70E+03 1.70E+03 1.70E+03 1.70E+03 1.70E+03
GAPO] O Nlean 17003 170E+03 170E+03 1.70E+03 170E+03 LJOE+03 170E+03  1.70E+03
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.18% 0.00%
P Mean  0.00%  0.00%  0.00%  0.13%  0.04%  0.00%  0.24% 0.13%
sy Best 324E03 324E103 324E+03 324EH03 324E403 324E+03 34403 3.24E+03
GAPO2 Mean 3.24E+03 3.24E+03 3.24E+03 3.24E+03 3.24E+03 3.24E+03 324F+03  3.24E+03
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
8% Mean  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.03% 0.01%
"~ Best 1.36E+03 1.36E+03 1.36E+03 1.36E+03 1.36E+03 1.36E+03 1.36E+03 1.36E+03
GAPO3 O Nrean 136E+03 1.36E+03 136E+03 136E+03 136E+03 136E+03 13603  136E+03
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
P Mean  0.00%  0.00%  0.00%  0.12%  0.09%  0.00%  0.10% 0.04%
" Best 2.62E+03 2.62E+03 2.62E+03 2.62E+03 2.62E+03 2.62E+03 2.63E103  2.62E+03
AP OO Mean 2.62E+03 2.62E+03 2.62E+03 2.63E403 2.63E403 2.62E+03 2.63E+03  2.62E+03
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.11% 0.00%
P Mean  0.00%  0.00%  0.00%  0.10%  009%  0.00%  0.18% 0.05%
~ Best 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03 1.16E+03
GAPOS O \lean LI6E+03 116E+03 LI6E+03 116E+03 116E+03 LI6E+03 1.16E+03 L.16E+03
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
8% Mean  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.07% 0.00%
GAP06  obj  Best 2.34E+03 2.34E+03 2.34E+03 2.34E+03 2.34E+03 2.34E+03 2.34E+03  2.34E+03



OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean 2.34E+03 2.34E+03 234E+03 234E+03 2.34E+03 234E+03 234E103  2.34E+03

Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%

P Mean  0.00%  0.00%  0.00%  0.16%  0.00%  0.00%  0.07% 0.09%

" Best 1.84E+03 1.84E+03 1.84E+03 201E103 192E+03 193E+03 196E+03  1.89E+03

OO Mean 1S4E+03 1.84E+03 1.84E+03 2.02E+03 1.96E+03 193E+03 2.02E+03  1.90E+03

GAPOT Best  0.00%  0.00%  0.00%  831%  376%  426%  6.11% 2.44%
% Mean  0.00%  0.00%  0.00%  888%  605%  453%  8.74% 321%

" Best 3.55E+03 3.55E+03 3.55E+03 3.75E103 3.60E+03 3.63E+03 3.77E+03  3.70E+03

OO Mean 3.55E+03 3.55E+03 3.55E+03 38IE-03 3.67E+03 3.68E+03 379E+03  3.72E+03

GAPOS Best  0.00%  0.00%  0.00%  5.18%  139%  2.18%  5.71% 4.08%
P Mean  0.00%  0.00%  0.00%  6.67%  324%  358%  637% 4.58%

" Best 141E+03 1.41E+03 141E+03 144E103 142E+03 1.41E+03 143E+03  1.42B+03

O Nlean 1AIE03 141E+03 141E+03 146E+03 145E+03 142E+03 148403  142E+03

GAPO9 Best  0.00%  0.00%  0.00%  249%  099%  0.00%  1.54% 0.92%
% Mean  0.00%  0.00%  0.00%  3.92%  3.17%  0.79%  4.64% 1.19%

"~ Best 2.83E+03 2.83E+03 2.83E+03 3.01E103 2097E+03 2.85E+03 2.97E+03  2.92E+03

GAPLO OO Nlean 2.83E+03 2.83E+03 2.83E+03 3.03E403 3.00E403 2.91E+03 3.04E+03  2.94E+03
Best  0.00%  0.00%  0.00%  620%  472%  0.67%  4.88% 3.28%

8% Mean  0.00%  0.00%  0.00%  670%  563%  2.88%  7.00% 3.98%

© Best L17E+03 LI17E+03 1.17E+03 1.19E+03 1.19E+03 1.17E+03 1.19E+03  1.18E+03

OO Mean 1I7E+03 117E+03 1LI17E+03 120403 121E+03 1ISE+03 120E+03  1.19E+03

GAPl Best  0.00%  0.00%  0.00%  2.10%  193%  043%  2.10% 0.93%
% Mean  0.00%  0.00%  0.00%  297%  3.84%  091%  3.04% 1.60%

" Best 234E+03 234E+03 234E+03 241E103 236E+03 235E103 236E+03  237E+03

OO Mean 234E+03 234E+03 2.34E+03 242E+03 239E+03 235E+03 238E+03  2.39E+03

GAPI2 Best  0.00%  0.00%  0.00%  295%  093%  026%  0.93% 1.47%
P Mean  0.00%  0.00%  0.00%  343%  2.11%  034%  1.77% 1.96%

" Best 1.93E+03 1.93E+03 1.93E+03 2.02E103 197E+03 198E+03 2.02E+03  1.97E+03

GADLS OO Mean 1.93E+03 193E+03 193E+03 2.04E+03 2.00E+03 2.00E+03 2.08E+03  198E+03
Best  0.00%  0.00%  0.00%  445%  2.13%  2.57%  4.45% 1.98%

8% Mean  0.00%  0.00%  0.00%  523%  333%  328%  7.26% 2.32%

s Dot 3AGEV03 34GEV03 34GEH03 SG4E:03 I4GEH03 35IEH03 366EI03  3SSEHO3

CAPLY Mean 3.46E+03 3.46E+03 3.46E+03 3.68E+03 3.57E+03 3.60E+03 3.70E+03  3.59E+03
Best  0.00%  0.00%  0.00%  5.16%  0.12%  2.10%  5.60% 2.70%

P Mean  0.00%  0.00%  0.00%  6.12%  328%  392%  6.49% 3.76%

sy Dot 14OEH03 LOEH03 L4OEH03 LS2EA03 403 L43EH03  14TEH03  143EH03

CADLS Mean 1.40E+03 1.40E+03 1.40E+03 158E+03 1.51E+03 144E+03 1.50E+03  1.45E+03
Best  0.00%  0.00%  0.00%  7.70%  533%  2.09%  4.69% 2.23%

P Mean  0.00%  0.00%  0.00%  11.14%  7.02%  2.78%  6.64% 3.33%

o Dot 2BIEH3 28IEH03 28IE03 299E403 28903 28IEH3 304EH03  293E+03

GAPLG Mean 2.81E+03 2.81E+03 2.81E+03 3.03E+03 293E+03 2.90E+03 3.07E+03  2.95E+03
Best  0.00%  0.00%  0.00%  612%  281%  021%  7.73% 4.17%

8% Mean  0.00%  0.00%  0.00%  7.50%  437%  3.19%  8.71% 4.95%

o Dot SGUEHI SEOEH03 SGOEF03 S0E03 ST3EC03 SGTEH3 SSSEH03 603EH03

GAP17 Mean 5.60E+03 5.60E+03 5.60E+03 5.97E+03  5.79E+03 5.73E+03 5.96E+03  6.06E+03
gap  Best  0.00%  0.00%  0.00%  5.06%  230%  125%  439% 7.20%




OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  0.00%  0.00%  0.00%  6.16%  339%  230%  6.06% 7.64%
" Best 1.17E104 LI13E+04 1.13E+04 123E104 1.16E+04 1.15E+04 121E+04 1.19E+04
O \lean 1ISE04 LI3E404 1.13E+04 123E+04 119E+04 1.17E+04 122E+04  120E+04
GAPIS Best  3.09%  0.00%  004%  7.57%  2.11%  157%  5.93% 4.78%
P Mean  3.62%  0.01%  0.04%  8.15%  486%  2.84%  7.12% 5.72%
" Best 1.24E+03 1.24E+03 1.24E+03 134E103 130E+03 123E+03 128E+03  127E+03
OO Mean 124E+03 1.24E+03 1.24E+03 136E+03 131E+03 126E+03 131E+03  128E+03
GAPIY Best  0.00%  0.00%  0.00%  696%  424%  139%  3.19% 2.20%
% Mean  0.00%  0.00%  0.00%  840%  487%  182%  4.93% 2.68%
" Best 239E+03 239E+03 2.39E+03 251E103 25IE+03 236E103 251E+03  2.50B+03
AP O Nfean 239E403 239E+03 239E+03 2.57E+03 2.53E+03 243E+03 2.54E+03  2.51E+03
Best  0.00%  0.00%  0.00%  459%  470%  123%  4.67% 421%
% Mean  0.00%  0.00%  0.00%  686%  540%  2.05%  5.79% 4.85%
" Best 478E+03 4.78E+03 4.78E+03 5.03E103 5.115+03 4.79E103 S5.07E+03  4.96E+03
APl O \lean 478E403 47SE+03 478E403  5.13E403  S.ISE403 A87E+03 S.14E403  5.06E+03
Best  0.00%  0.00%  0.00%  487%  636%  0.06%  5.59%% 3.65%
P Mean  0.00%  0.00%  0.00%  678%  7.67%  185%  6.88% 5.50%
" Best L11E104 9.98E+03 999E+03 1.06E104 107E+04 1.01E+04 1.05E+04 1.07E+04
AP OO Mean 1.11E+04 9.98E+03 9.99E+03 1.0SE+04 1.08E+04 1.03E+04 1.07E+04  1.10E+04
Best  9.85%  0.01%  006%  608%  633%  142%  5.01% 6.43%
8% Mean  9.85%  0.02%  0.06%  7.52%  7.20%  2.86%  630% 9.48%
oy Dot A4EV03 424103 424E+03 436E103 434EH03 426E403 434E103 43703
A3 Mean 4.24E+03 4.24E+03 4.24E+03 443E+03 435E+03 420E+03 4.40E+03  4.41E+03
Best  0.00%  0.00%  0.00%  2.68%  2.10%  026%  230% 2.93%
P Mean  0.00%  0.00%  0.00%  4.09%  2.52%  1.02%  3.48% 3.70%
" Best 943E103 9.33E+03 934E103 9.60E103 942E+03 934E103 9.60E+03  9.64E+03
P2 O \lean OA49E+03 9.33EH03 934E+03 9.69FE+03 9.53E+03 O.50E+03 9.63E-03  1.04E+04
Best  1.13%  0.02%  0.12%  2.89%%  1.04%  013%  2.89% 3.22%
P Mean  171%  0.04%  0.12%  3.74%  2.13%  184%  3.18% 9.20%
oy Dot I90ES04 LSBE404 LSE04 203404 20SE104 19204 198E:04  2.03E+0d
AP Mean 190E+04 1.88E+04 188E+04 2.04E+04 2.0SE+04 194E+04 2.03E+04 2.18E+04
Best  0.94%  0.01%  0.02%  7.57%  843%  227%  5.09% 7.37%
8% Mean  094%  0.01%  0.02%  7.75%  9.56%  2.92%  7.22% 13.42%
" Best 1.74E+04 L71E+04 172E+04 1.79E+04 179E+04 1.73E+04 1.75E+04 1.84E+04
O Nrean 174E+04 17IE+04 172E+04 1.81E+04 180E+04 1.74E+04 1.80E+04  2.01E+04
GAP26 Best  1.34%  0.02%  005%  424%  439%  111%  1.84% 6.63%
% Mean  134%  0.02%  0.05%  524%  490%  1.66%  451% 14.42%
~ Best NAN  1.63E+04 NAN  167E+04 1.66E+04 1.69E+04 1.68E+04 1.70E+04
GAp2T O Mean  NAN  L63E+04 NAN  1.68FE+04 1.67E+04 170E+04 1.6SE+04  2.06E+04
Best NAN  0.04%  NAN  272%  1.66%  381%  2.96% 4.44%
P Mean NAN  0.04%  NAN 301%  2.54%  411%  320%  20.30%
"~ Best 6.35E+03 6.35E+03 636E+03 6.70E+03 6.82E+03 6.59E+03 6.81E+03  6.59E+03
AP OO Mean 635E+03 63SE+03 6.36E<03 6.75E+03 6.84FE+03 6.62E+03 6.84E+03  6.61E+03
Best  0.00%  0.00%  008%  5.15%  681%  3.52%  6.64% 3.57%
8% Mean  0.00%  0.02%  0.08%  594%  7.18%  4.05%  7.16% 3.88%
GAP29  obj  Best 127E+04 1.27E+04 128E+04 133E+04 138E+04 131E+04 136E104 1.32E+04



OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean 127E+04 1.27E+04 128E+04 136E+04 138E+04 132E+04 136E104 1.33E+04
Best  0.05%  0.02%  006%  448%  7.70%  277%  6.09% 331%
% Mean  0.05%  0.03%  0.06%  606%  791%  337%  6.57% 3.90%
. Best 6.38E+03 6.36E+03 6.38E+03 6.80E+03 6.88E+03 6.69E+03 6.84E+03  6.69E+03
AP0 OO Mean 638E+03 637E+03 6.38E<03 6.91E-03 6.95E+03 6.75E+03 691E+03  6.72E+03
Best  047%  0.19%  056%  6.62%  7.75%  517%  7.22% 5.13%
% Mean  047%  033%  0.56%  8.07%  8.68%  594%  8.12% 5.52%
" Best 125E04 1.24E+04 1256404 136E+04 133E+04 130E+04 135E+04  1.30E+04
OO Mean 125E+04 125E+04 125E<04 137404 136E+04 131E+04 136E+04  132E+04
GAP3 Best  031%  0.18%  030%  875%  670%  444%  8.17% 4.50%
P Mean  031%  0.22%  030%  947%  8.84%  538%  8.54% 6.03%
" Best 250E104 2.50E+04 2505104 2.64E104 2.69E+04 2.59E104 2.655+04 2.61E+04
O \lean 2.50E404 2.50E+04 2.50E+04 2.66E+04 273E+04 2.60E+04 2.69E-04  2.63E+04
GAP32 Best  0.11%  0.04%  008%  553%  7.18%  3.62%  5.81% 4.53%
P Mean  0.11%  0.05%  0.08%  624%  873%  397%  7.05% 5.25%
oy Dot SIE:04 SSAEH04 SSSEA04 SOIEI04 GOSEA STTEHOA SIGEN04  SSGEHOM
GAP33 Mean 5.56E+04 5.62E+04 5.55E+04 5.95E+04 G6.16E+04 5.80E+04 5.97E+04  5.92E+04
Best  037%  0.07%  0.11%  651%  805%  4.04%  7.06% 5.46%
8 Mean  037%  130%  0.11%  693%  10.00%  446%  7.26% 6.39%
s Dot 63203 623EH03 G0B403 G.GIEW03 GGSECO3 GA9EF03 GTIEF3  GAIEFO3
AP Mean 632E+03 6.24E+03 6.20E+03 6.75E+03 6.73E+03 6.57E+03  6.80E+03  6.54E+03
Best  2.29%  0.82%  1.73%  6.89%  7.56%  4.84%  7.94% 4.84%
8% Mean  229%  099%  1.73%  851%  823%  596%  9.12% 5.51%
o Dot 125E:04 123E404 124E404 13104 3304 129EH04 I34EN04 1326404
CAD3S Mean 125E+04 1.23E+04 124E+04 132E+04 133E+04 130E+04 135E+04  1.32E+04
Best  1.85%  0.46%  1.15%  6.63%  7.98%  539%  8.68% 7.22%
% Mean  185%  0.65%  1.15%  7.49%  822%  583%  9.33% 7.44%
oy Dot 248EN0 246E404 D4TEA04 D6E404 2GTECOA 25004 269104 2.G3EH0M
GAP3G Mean 248E+04 2.46E+04 247E+04 2.67E+04 2.72E+04 2.61E+04 2.71E+04  2.65E+04
Best  1.06%  023%  041%  7.15%  797%  507%  8.57% 6.78%
8% Mean  1.06%  036%  041%  7.94%  9.65%  576%  9.42% 7.29%
" Best 5.55E+04 5.49E+04 5505104 586E104 6.13E+04 582E104 G6.0IE+04  5.94E+04
AP O Mean 5.55E+04 5.50E+04 S.SOE<04 S5.97E-04 620E+04 SSAE+04 6.07E+04  S.96E+04
Best  1.18%  0.18%  039%  646%  1055%  5.81%  8.84% 7.76%
P Mean  1.18%  0.25%  039%  8.07%  11.52%  6.03%  9.65% 8.00%
" Best 2.50E104 2.45E+04 246E104 2.64E104 2.66E+04 2.60E104 2.70E+04  2.66E+04
OO Mean 2.50E+04 245E+04 246E+04 2.67E+04 2.68E+04 2.61E+04 271E+04  2.67E+04
GAP38 Best  248%  0.72%  1.22%  778%  849%  627%  9.72% 8.45%
8% Mean  248%  0.82%  1.22%  894%  931%  674%  1022%  8.83%
" Best NAN  548E+04 5505104 5.89E104 6.00E+04 585E104 6.02E+04  5.95E+04
GAP3S O Nlean  NAN  S48EH04 SSOE+04 S59TE04 6.06E+04 SSTE+04 6.0SE04  5.9TE+04
Best NAN  046%  088%  732%  9.10%  676%  9.45% 8.39%
8% Mean NAN  050%  0.88%  858%  9.99%  7.03%  1034%  8.58%
" Best 9.84E104 9.79E+04 9.79E+04 1.03E+05 1.02E+05 1.02E+05 1.06E+05  1.09E+05
GAP40 %Y Mean O0.84F+04 9.79E+04 9.79E+04 1.0SE05 1.08E+05S 1.03E+05 1.07E+05  1.09E+05
gap  Best  0.56%  0.06%  0.11%  481%  450%  440%  7.68% 9.88%
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  0.56%  0.07%  0.11%  684%  9.07%  458%  843%  10.61%

 Best NAN  9.73E+04 9.75E+04 1.06E+05 1.03E+05 1.03E105 1.07E+05 1.08E+05

APl F  Nlean  NAN  9.73E+04 0.75E+04 1.06E+05 1.07E+0S 1.06E+05 1.07E05  1.09E+05
Best NAN  0.17%  039%  829%  6.11%  611%  883%  10.41%

P Mean  NAN  0.19%  039%  875%  943%  8.00%  9.44%  11.28%

~ Best NAN  9.73E+04 9.76E+04 1.06E+05 1.04E+05 1.04E+05 1.08E+05 1.09E+05

O Mean  NAN  9.74E+04 9.76E+04 1.07E-05 1.08E+05 1.06E+05 1.09E+05  1.10E+0S

GAP42 Best ~ NAN  032%  059%  875%  7.13%  7.13%  1021%  11.28%
8% Mean  NAN  035%  0.59%  9.65%  971%  8.04%  10.87%  11.62%

" Best 1276104 127E+04 127E+04 144E104 15IE+04 131E104 139E+04  1.42E+04

O Nlean 127E404 127E+04 127E+04 1.54E+04 1.5OE+04 135E+04 1.50E+04  1.45E+04

GAP43 Best  0.00%  0.00%  0.00%  11.89%  1624%  347%  887%  10.89%
P Mean  0.00%  0.00%  0.00%  17.43%  1982%  5.69%  15.19%  12.69%

" Best 249E+04 2.49E+04 2.49E+04 3.07E104 327E+04 2.65E104 3.17E+04  2.75E+04

OO \lean 2.49E+04 249E+04 2.49E+04 326E+04 346E+04 2.69E+04 33004  2.83E+04

GAP44 Best  0.00%  0.00%  0.00%  18.83%  2379%  605%  2134%  9.38%
P Mean  0.00%  0.00%  0.00%  2337%  27.85%  7.33%  2425%  11.88%

" Best L16E+04 L.16E+04 1.16E+04 137E104 140E+04 124E+04 132E+04 127E+04

OO Mean 1I6E+04 1.16E+04 1.16E+04 146E-04 14SE+04 127E+04 142E+04  130E+04

GAP4S Best  0.00%  0.00%  0.00%  1521%  17.03%  6.61%  12.58%  8.72%
8% Mean  0.00%  001%  0.00%  2046%  20.01%  8.62%  18.06%  11.08%

" Best 2.33E+04 233E+04 2.33E+04 286E104 2090E+04 2.55E+04 2.68E+04  2.60E+04

OO Nlean 233E404 233E+04 233E+04 299F+04 3.03E+04 2.57E+04 2.78E+04  2.71E+04

GAP46 Best  0.01%  0.01%  0.01%  18.64%  1952%  870%  13.09%  10.45%
P Mean  0.01%  0.01%  0.01%  21.86%  2297%  9.19%  16.16%  13.95%

" Best 457E104 4.57E+04 4.57E+04 546E104 5.15E+04 S5.01E104 5485104  5.49E+04

GAPAT OO \lean 4.57E+04 4.STEH04 4STEH04 S.SIE04 SAIEL04 S.OAE+04 5.S9E04  5.5SE+04
Best  0.01%  0.00%  0.00%  1622%  11.12%  8.66%  1651%  16.70%

P Mean  0.01%  0.00%  0.00%  1697%  15.62%  928%  18.13%  17.97%

" Best 1.02E+05 1.02E+05 1.02E+05 1.1SE+05 124E+05 1.15E105 125E+05 1.28E+05

OO Mean 1.02E+05 1.02E+05 1.02E+05 12405 129E+05 1.16E+05 127E+05  132E+05

GAP48 Best  0.00%  0.00%  0.00%  1342%  1738%  1087%  17.93%  20.15%
8 Mean  0.00%  0.00%  0.00%  17.48%  2038%  11.57%  19.64%  22.26%

oy Dot BAMEV03 BAEH03 BAAEH03 9.SOE03 OS0EH03 BIIEI03 OTTEH03  938E:03

AP Mean 8.44E+03 847E+03 8.44E+03 9.82E+03 9.99E+03 9.10E+03 1.00E+04  9.87E+03
Best  0.00%  0.00%  0.00%  12.01%  13.95%  527%  13.65%  10.02%

8% Mean  0.00%  041%  0.00%  1404%  1552%  724%  15.65%  14.41%

" Best 224E+04 224E+04 224E+04 2.59E104 253E+04 241E104 2.72E+04  2.59E+04

GAPSO OO Mean 224E+04 224E+04 224E+04 2.67E-04 2.65E+404 245E+04 273E+04  2.65E+04
Best  0.00%  0.00%  0.00%  1344%  11.59%  721%  17.81%  13.45%

% Mean  0.00%  0.00%  0.00%  16.03%  1555%  876%  18.05%  15.60%

oy Do A49EH04 449EH04 4OET04 SA4EI04 SOSECOA SOOEHOA SA3E04 539K

GADSI Mean 4.49E+04 4.49E+04 4.49E+04 5.52E404 536E+04 5.04E+04 S5ATEC04  5.55E+04
Best  0.01%  0.00%  0.00%  17.55%  11.73%  1025%  17.32%  16.67%

P Mean  0.01%  0.00%  0.00%  18.69%  1623%  10.94%  18.02%  19.16%

GAP52  obj  Best 1.04E+05 1.00E+05 1.00E+05 122E+05 121E+05 1.14E+05 I1.17E+05 1.25E+05



OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA

Mean 1.04E+05 1.OOE+05 1.00E+05 125E+05 1.24E+05 1.15E+05 124E+05 1.28E+05

Best  3.86%  0.00%  0.00%  17.66%  1695%  1225%  13.85%  19.43%

8% Mean  3.86%  0.00%  0.00%  19.54%  18.80%  12.61%  18.65%  21.20%

obi Best 4.64E+04 4.46E+04 4.46E+04 5.24E+04 5.05E+04 4.95E+04 5.43E+04 5.37E+04

GAPS3 Mean 4.64E+04 4.46E+04 446E+04 536E+04 S31E+04 4.99E+04 S5.54E+04  5.44E+04
Best  3.92%  0.00%  0.17%  15.02%  11.85%  10.05%  17.96%  16.98%

8% Mean  3.92%  0.00%  0.17%  16.86%  1599%  10.64%  19.54%  18.05%

o Bet LOAET0S LOEV0S LO2ES0S 120E+05 LI9E:05 ISEF0S 12SEH0S 1.27E+03

CAPSA Mean 1.04E+05 1.00E+05 1.02E+05 123E+05 123E+05 1.17E405 1.30E+05  1.30E+05
Best  3.83%  0.00%  139%  17.45%  1581%  13.07%  19.94%  21.14%

8% Mean  3.83%  0.03%  1.39%  1842%  1824%  1434%  22.63%  22.95%

s Best LSSEV0S LBIEH0S LBIEV0S 230E+05 256EH05 21705 217E+05  296E+03

GADSS Mean 185E+05 1.81E+05 1.81E+05 235E+05 2.79E+05 2.27E+05 237E+05  3.12E+05
Best  241%  0.00%  0.00%  2137%  2935%  16.69%  16.69%  38.99%

8 Mean  2.60%  0.00%  0.00%  23.07%  3523%  20.32%  23.49%  41.92%

o Dot I82EW0S LTBEH0S LT9EH05 225E405 250405 22E+05 239EH0S  286E+0S

GAPSG Mean 1.82E+05 1.78E+05 1.79E+05 2.30E+05 2.63E+05 2.23E+05 247E+05  3.07E+05
Best  192%  0.00%  045%  20.60%  28.72%  1971%  2539%  37.73%

8% Mean  1.92%  0.01%  045%  22.50%  32.18%  2020%  27.86%  41.78%

o Bt NANLT7EH0S LT9E405 232E+05 238E+05 224E+05 236EH05  280E+03

GApsT Mean  NAN  1.77E+05 1.79E+05 2.34E+05 2.67E+05 2.29E+05 247E+05  3.22E+05
Best ~ NAN  0.00%  128%  23.68%  31.43%  2090%  25.10%  36.83%

8% Mean  NAN 0.04%  128%  2454%  33.63%  22.63%  2840%  44.83%

3.4 Capacitated facility location problem (CFLP)
The experimental results of CFLP are presented in Table S-16.
Table S-16 Experimental results on CFLP.
Pro.  Metric Staws GUROBI ggis SCIP SA VNS LNS TS GA

oy Pest 2B4EH03 289EH03 294E403 322E+03 34IEH03 3U2EH03 372EH03 3 37E+03
CELPO] Mean 2.84E+03 2.97E+03 2.98E+03 3.38E+03 3.52E403 3.15E+03 3.77E+03  3.41E+03
Best  0.00%  151%  336%  11.70%  16.54%  895%  23.53%  15.59%

B Mean  0.00%  4.12%  454%  1577%  19.18%  9.63%  24.65%  16.72%
o Dot 298EH03 30EH03 3ISEV03 34TE+03 3STE403 335EH03 3TSEH03  344E403
CELPOD Mean 2.98E+03 3.07E+03 3.20E+03 3.61E+03 3.67E+03 3.38E+03 3.92E+03  3.51E+03
Best  0.00%  234%  549%  1412%  16.60%  11.05%  20.58%  13.46%

% Mean  0.00%  3.07%  687%  17.44%  18.87%  11.86%  24.01%  15.13%
oy  Best 3O4EH03 SIDEH03 32SEA03 364E+03 3STEHO3 3SEH3 3TIEH3  3STEH03
CELPO3 Mean 3.04E+03 3.16E+03 325E+03 3.73E+03 3.66E+03 331E+03 3.85E+03  3.62E+03
Best  0.00%  246%  647%  16.46%  1489%  6.40%  18.11%  14.86%

B Mean  0.00%  3.79%  6.52%  1837%  17.00%  8.00%  21.04%  16.04%
opj Dot 29BEF03 3O0SEW03 3ITE403 334E+03 36003 3803 37403 3.53E+03
CELpos Mean 2.98E+03 3.11E+03 3.17E+03 3.53E+03 3.66E+03 3.30E+03 3.85E+03  3.58E+03
Best  0.00%  2.19%  5.89%  10.55%  17.14%  898%  20.15%  15.53%

B Mean  0.00%  396%  5.89%  1525%  1843%  9.56%  22.48%  16.61%
CPLPos  op PO MEF3 3I4EH03 32SEA03 34SE03 3STEH03 330EH03 36403 339E+03
Mean 3.04E+03 3.17E+03 326E+03 3.58E+03 3.62E+03 3.33E+03 3.71E+03  3.45E+03
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Best  0.00%  3.14%  657%  11.87%  14.93%  7.92%  1640%  10.32%

B Mean  0.00%  417%  6.59%  15.08%  16.06%  8.70%  18.11%  11.84%

. Best 2.95E+03 3.08E+03 3.13E+03 3.47E+03 3.56E+03 3.26E+03 3.74E+03  3.47E+03

OO Mean 2.95E403 3.15E+03 3.13E403 3.57E03 3.64E+03 330E+03 3.79E103  3.53E+03

CELPOG Best  0.00%  4.17%  557%  1488%  1696%  927%  2091%  14.77%
B Mean  0.00%  6.14%  557%  17.29%  1878%  10.50%  21.99%  16.21%

_ Best 2.89E+03 3.04E+03 3.03E+03 337E+03 3.54E+03 3.24E+03 330E+03 3.36E+03

O Mfean 2.89E+03 3.01E+03 3.03E+03 343E+03 3.66E+03 326E+03 3.61E+03  3.42E+03

CELPO7 Best  0.00%  521%  4.60%  1426%  18.52%  10.85%  12.53%  14.09%
B Mean  0.00%  7.16%  471%  1589%  21.11%  1145%  1971%  15.63%

© Best 2.94E+03 3.00E+03 3.14E+03 3.56E+03 3.51E+03 3.27E+03 3.67E+03 3.38E+03

CELPOS OO Mean 2.94E+03 3.09E+03 3.15E+03 3.66E+03 3.66E+03 328E+03 3.86E103  3.52E+03
Best  0.00%  2.08%  639%  1736%  1620%  9.97%  19.88%  12.91%

B Mean  0.00%  470%  6.59%  19.64%  19.60%  1029%  23.76%  16.26%

© Best 2.23E+03 228E+03 227E+03 2.58E+03 2.65E+03 2.50E+03 2.66E+03  2.57E+03

O Nfean 223E403 231E+03 228E+03 2.65E+03 2.76E+03 2.53E+03 2.73E+03  2.58E+03

CFLPOY Best  0.00%  1.98%  153%  1330%  15.65%  10.65%  16.15%  13.10%
B Mean  0.00%  3.17%  192%  1581%  19.18%  11.57%  18.09%  13.44%

© Best 230E+03 232E+03 233E+03 2.64E+03 2.53E+03 249E+03 2.70E+03  2.65E+03

CELPLO OO Mean 230E403 237E+03 234E+03 2.67E-03 2.64E+03 2.54E+03 2.73E03  2.68E+03
Best  0.00%  0.63%  128%  12.73%  9.07%  7.62%  14.67%  13.15%

B Mean  0.00%  2.62%  143%  13.85%  12.60%  9.14%  1557%  14.19%

" Best 2.25E+03 232E103 230E103 2.52E+03 2.55E+03 2.52E+03 2.58E+03  2.66E+03

OO Mean 225E+03 235E+03 230E+03 2.60E+03 2.63E+03 2.57E+03 2.69E03  2.71E+03

CFLPH Best  0.00%  320%  2.16%  10.92%  1191%  10.67%  12.98%  15.63%
B Mean  0.00%  440%  2.16%  13.44%  1455%  12.68%  1621%  17.03%

© Best 224E+03 232E+03 225E+03 247E+03 2.63E+03 241E+03 2.57E+03  2.55E+03

O Nfean 224E403 236E+03 226E+03 2.61E+03 2.66E+03 2.49E+03 2.65E+03  2.58E+03

CFLPI12 Best  0.00%  3.43%  056%  934%  1490%  7.08%  12.98%  12.21%
% Mean  0.00%  5.12%  0.66%  13.98%  15.89%  9.86%  1544%  1321%

© Best 2.25E+03 234E+03 2209E+03 2.60E+03 2.56E+03 2.45E+03 2.58E+03  2.56E+03

CELPI3 O Mfean 225E403 238E+03 220E+03 2.66E+03 2.65E+03 2.51E+03 2.70E+03  2.62E+03
Best  0.00%  3.85%  1.74%  1322%  12.11%  7.98%  12.75%  12.05%

8% Mean  0.00%  543%  1.74%  1538%  1501%  10.16%  1637%  14.07%

o Dot 2IBER3 220E103 221E403 DSIEF03 239E+03 23903 244E+03  2.53E+03

CELP14 Mean 2.18E+03 225E+03 221E+03 2.57E+03 2.52E403 2.44E+03 2.52E403  2.54E+03
Best  0.00%  1.43%  126%  12.87%  872%  871%  1033%  13.48%

B Mean  0.00%  2.68%  128%  15.04%  13.03%  1055%  13.24%  13.93%

o Pt 224E403 20703 225E403 250EH03 257E+03 23903 268E+03  249E403

CELPLS Mean 2.24E+03 230E+03 225E+03 2.57E+03 2.64E+03 245E+03 2.74E+03  2.58E+03
Best  0.00%  136%  0.71%  1040%  12.87%  633%  16.62%  10.29%

B Mean  0.00%  2.62%  0.82%  12.95%  1527%  8.71%  18.45%  13.24%

o Best 227EX03 231E403 232E403 230B+03 260EH03 249E+03 267E+03  262E+03

CELPLG Mean 2.27E+03 232E+03 2.32E+03 2.55E+03 2.66E403 2.54E+03 2.73E+03  2.68E+03
Best  0.00%  1.62%  227%  922%  12.87%  8.98%  14.99%  13.49%

B Mean  0.00%  237%  227%  11L11%  1477%  1076%  16.76%  15.19%

CFLP17  obj  Best 2.06E+03 2.08E+03 207E+03 227E+03 233E+03 2.12E+03 229E+03  2.32E+03
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean 2.06E+03 2.09E+03 2.08E+03 234E+03 242E+03 223E+03 2.42E+03 2.37E+03

Best  0.00%  131%  0.68%  947%  1157%  3.04%  1025%  11.21%

B Mean  0.00%  1.77%  L11%  12.19%  1473%  7.42%  1473%  13.17%

"~ Best 1.96E+03 198E103 1.96E+03 222E+03 226E+03 2.10E+03 237E+03  2.14E+03

O Mfean 1.96E+03 1.99E+03 1.96E+03 2025E+03 229E+03 2.19E+03 239E+03  2.21E+03

CFLP1S Best  0.00%  0.83%  0.00%  11.55%  1331%  6.65%  17.15%  8.29%
B Mean  0.00%  135%  0.00%  12.86%  1453%  1035%  17.99%  11.39%

"~ Best 2.10E+03 2.13E+03 2.10E+03 232E+03 228E+03 2.28E+03 243E+03  2.49E+03

CELPLO OO Mean 2.10E403 2.15E+03 210E+03 24803 241E+03 234E+03 247E103  2.52E+03
Best  0.00%  122%  0.00%  930%  7.65%  757%  1327%  15.66%

B Mean  0.00%  193%  0.00%  14.95%  12.60%  10.11%  14.84%  16.63%

" Best 2.02E+03 2.02E+03 2.02E+03 224E103 225E+03 2.13E103 239E+03  2.12E+03

OO Mean 2.02E403 2.05E+03 2.02E+03 232E+03 233E+03 222E+03 248E03  2.24E+03

CFLP20 Best  0.00%  0.00%  0.00%  9.80%  991%  506%  1520%  4.62%
% Mean  0.00%  126%  0.00%  12.58%  12.93%  8.67%  18.13%  9.46%

© Best 1.98E+03 1.98E+03 198E+03 2.15E+03 227E+03 2.24E+03 230E+03  2.14E+03

CELPAL O Mean 1.98E+03 201E+03 199E+03 220FE+03 230E+03 231E+03 2.36E+03  224E+03
Best  0.00%  0.00%  020%  7.76%  12.94%  11.66%  13.77%  7.50%

B Mean  0.00%  1.40%  043%  13.24%  14.08%  14.06%  16.09%  11.40%

. Best 1.95E+03 1.95E+03 1.95E+03 2.17E+03 2.15E+03 2.07E+03 227E+03  2.15E+03

O Mean 1.95E403 197403 1.95E+03 2020E+03 22103 2.14E+03 234E+03  2.25E+03

CFLP22 Best  0.00%  0.00%  0.00%  1028%  957%  6.15%  14.12%  9.57%
8 Mean  0.00%  136%  0.00%  1226%  12.06%  891%  16.71%  13.29%

o Pt 20GEH03 2.06E+03 206E+03 229E+03 232E+03 21SEH03 236EH03  2I8E403

CELP2 Mean 2.06E+03 2.07E+03 2.07E+03 2.34E+03 2.39E+03 2024E+03 2.44E+03  2.26E+03
Best  0.00%  0.00%  0.00%  9.90%  10.92%  546%  12.72%  5.29%

% Mean  0.00%  023%  0.19%  11.79%  13.71%  7.75%  1526%  8.64%

" Best 2.03E+03 2.03E+03 2.03E+03 226E+03 221E+03 221E+03 236E+03  2.30E+03

CFLP24 O Mfean 2.03E+03 2.05E+403 2.03E+03 2028E+03 2.34E+03 2.25E+03 242E+03  2.34E+03
Best  0.00%  0.00%  0.00%  1039%  8.13%  8.13%  1428%  11.77%

B Mean  0.00%  1.01%  001%  11.14%  13.14%  10.08%  16.14%  13.46%

o  Dest LSSEF03 L8SEH03 LSSEV03 20103 21803 201EH03 223E+03  2.14E+03

CFLP2s Mean 1.88E+03 1.88E+03 1.88E+03 2.15E+03 221E+03 2.12E+03 229E+03  2.19E+03
Best  0.00%  0.00%  0.00%  625%  13.58%  6.19%  1553%  12.01%

B Mean  0.00%  0.00%  0.00%  12.07%  1487%  1085%  17.79%  14.03%

o Pt 207EH03 208E03 208E+03 230E+03 245E+03 22703 237E+03 220403

CELPa6 Mean 2.07E+03 2.09E+03 2.08E+03 2.38E+03 249E+03 231E+03 238E+03  2.37E+03
Best  0.00%  030%  030%  9.99%  15.65%  871%  12.46%  9.40%

B Mean  0.00%  087%  030%  13.09%  16.67%  1025%  13.09%  12.59%

oy Best I94ER03 194E+03 194E+03 219E+03 212E+03 207E+03 214E+03  214E+03

CELpa Mean 1.94E+03 1.94E+03 1.94E+03 2024F+03 220E+03 2.10E+03 221E+03  2.19E+03
Best  0.00%  0.00%  0.10%  11.40%  845%  655%  9.54% 9.71%

B Mean  0.00%  0.00%  0.11%  13.49%  11.83%  7.84%  1239%  11.51%

o Bt L9SEH03 L9SEH03 19SE+03 216EH03 222E403 216EH03 228E403  216E403

CELpas Mean 1.95E+03 1.95E+03 1.95E+03 221E+03 2.29E+03 220E+03 233E+03  2.26E+03
Best  0.00%  0.00%  0.00%  9.75%  1248%  9.75%  14.65%  9.90%

B Mean  0.00%  0.00%  0.00%  11.77%  1496%  11.59%  16.50%  13.77%
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
_ Best 1.96E+03 1.96E+03 1.96E+03 226E+03 226E+03 2.10E+03 2.32E+03  2.10E+03

O Mfean 1.96E+03 1.96E+03 1.96E+03 231E+03 2.30E+03 221E+03 239E+03  2.19E+03

CFLP29 Best  0.00%  0.00%  0.00%  1334%  13.45%  6.87%  15.66%  6.69%
% Mean  0.00%  0.00%  0.00%  1529%  14.98%  11.52%  18.07%  10.62%

© Best 1.89E+03 1.89E+03 1.89E+03 2.02E+03 2.09E+03 2.02E+03 2.12E+03  2.13E+03

CELP30 OO Mean 1.89E+03 189E+03 1.89E+03 2.13E+03 2.13E+03 2.04E+03 2022E+103  2.16E+03
Best  0.00%  0.00%  0.00%  6.18%  953%  6.18%  1057%  11.07%

8 Mean  0.00%  0.00%  0.00%  1087%  11.07%  7.39%  1449%  12.19%

_ Best 2.04E+03 2.04E+03 2.04E+03 228E+03 225E+03 2.15E+03 2.32E+03 2.28E+03

OO Mean 2.04E+403 2.04E+03 20SE+03 232E+03 230E+03 223E+03 2.34E103  2.32E+03

CFLP31 Best  0.00%  0.00%  0.00%  10.57%  9.05%  490%  12.01%  10.22%
B Mean  0.00%  0.11%  022%  11.77%  11.12%  8.13%  12.87%  11.84%

© Best 1.94E+03 1.94E+03 1.94E+03 2.10E+03 229E+03 2.18E+03 221E+03  2.09E+03

CFLPR2 OO Mlean 1.94E+03 231E+03 1.94E+03 2020E+03 23903 2.24FE+03 229E+03  2.24E+03
Best  0.00%  0.00%  0.00%  7.45%  1539%  10.87%  12.00%  7.13%

% Mean  0.00%  9.68%  0.00%  1233%  18.60%  1326%  15.10%  12.87%

© Bost 1.94E+03 1.94E+03 1.94E+03 2.05E+03 2.10E+03 2.10E+03 221E+03  2.05E+03

OO Mean 1.94E+03 194E+03 1.94E+03 2.18E-03 2.17E+03 2.14E+03 2.30E+03  2.17E+03

CFLP33 Best  0.00%  0.00%  0.00%  556%  7.70%  7.59%  1241%  5.47%
8 Mean  0.00%  0.00%  0.00%  10.72%  10.54%  934%  15.54%  10.43%

© Best 2.00E+03 2.00E+03 2.00E+03 2.16E+03 225E+03 2.16E+03 228E+03  221E+03

O Mfean 2.00E+403 2.00E+03 2.00E+03 2.19E+03 2.30E+03 2.23E+03 236E+03  2.29E+03

CFLP34 Best  0.00%  0.00%  0.00%  7.17%  1098%  7.17%  12.13%  9.22%
B Mean  0.00%  0.00%  0.00%  8.53%  12.87%  10.12%  14.96%  12.45%

" Best 2.07E+03 2.07E+03 2.07E+03 232E+03 223E+03 2.16E+03 2.40E+03  2.34E+03

CELp3s O Mfean 2.07E+03 2.09E+03 2.07E+03 243E+03 2.30E+03 2.24E+03 243E+03  2.39E+03
Best  0.00%  0.13%  0.00%  10.92%  7.28%  431%  13.88%  11.74%

B Mean  0.00%  139%  0.00%  14.89%  1027%  7.54%  15.01%  13.49%

© Best 1.94E+03 1.94E+03 1.94E+03 220E+03 233E+03 2.19E+03 2.24E+03 2.23E+03

CELP3G O Mfean 1.94E+03 1.94E+03 1.94E+03 224E+03 236E+03 221E+03 232E403  2.34E+03
Best  0.00%  0.00%  0.00%  12.01%  1682%  11.45%  13.49%  13.20%

% Mean  0.00%  0.00%  0.00%  13.59%  17.89%  12.41%  1638%  16.89%

o DBt 19SEH03 L9SEH03 19SE+03 217E+03 221E403 216EH03 227E+03  221E403

CELp37 Mean 1.95E+03 1.95E+03 1.95E+03 226E+03 225E+03 2022E+03 235E+03  2.23E+03
Best  0.00%  0.00%  0.00%  9.89%%  11.50%  9.55%  14.03%  11.50%

B Mean  0.00%  0.00%  0.00%  1351%  1332%  12.13%  16.64%  12.50%

o Bt 201EH03 201E+03 201E+03 220E403 228R403 220EH03 227E403 2208403

CELp3s Mean 2.01E+03 2.01E+03 2.01E+03 226E+03 231E+03 2024E+03 2.34E+03  2.27E+03
Best  0.00%  0.00%  0.00%  856%  11.58%  852%  11.43%  8.49%

B Mean  0.00%  0.00%  0.00%  1093%  12.74%  1031%  13.73%  11.43%

o Bt L96EH03 L9GEH03 19GE+03 21DEH03 214E+03 20903 209E403  216E403

CELP30 Mean 1.96E+03 1.96E+03 1.96E+03 2.1SE+03 230E+03 2.13E+03 221E+03  2.24E+03
Best  0.00%  0.00%  0.00%  7.70%  824%  6.11%  6.33% 9.27%

% Mean  0.00%  0.00%  0.00%  9.97%  1436%  7.89%  11.06%  12.56%

o Bt L99EH03 L9OEH03 199E03 21TEH03 225E403 2MEH03 227EH03  217E403

CFLP40 Mean 1.99E+03 1.99E+03 1.99E+03 229E+03 230E+03 2.19E+03 234E+03  2.24E+03
gap  Best  0.00%  0.00%  0.00%  811%  1131%  670%  1227%  7.97%
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  0.00%  0.00%  0.00%  12.77%  1326%  9.13%  14.65%  10.93%
3.5 Bin packing problem with conflicts (BPPC)
The relevant experimental results on BPPC are presented in Table S-17.
Table S-17 Experimental results on BPPC.
Pro. Metric Status GUROBI ngis SCIP SA VNS LNS TS GA
~ Best NAN  1.06E+02 1.09E+02 1.06E+02 1.06E+02 1.06E+02 1.06E+02 1.07E+02
N F Nean  NAN  LOGEH02 1.09E+02 1.07E+02 1.OGE+02 1.07E+02 1.07E+02 1.07E+02
Best ~NAN  31.13%  33.03%  31.13%  31.13%  31.13%  31.13%  31.78%
8% Mean  NAN  31.26%  33.03%  31.56%  31.13%  31.56%  31.45%  31.78%
 Best NAN  1.05E+02 1.1IE+02 1.05E+02 1.05E+02 1.05E+02 1.05E+02 1.05E+02
PPCO2 OF Vlean  NAN  106E+02 LIIE+02 1.06E+02 1.0SE+02 1.06E+02 1.06E+02 1.06E+02
Best NAN  2.86%  S8.11%  2.86%  2.86%  2.86%  2.86%  2.86%
8% Mean  NAN 341%  8.11%  3.92%  2.86%  332%  377%  3.92%
 Best NAN  1.04E+02 1.08E+02 1.04E+02 1.04E+02 1.04E+02 1.04E+02 1.05E+02
BPPCO3 OO Mean  NAN  LOAE+02 1.0SE+02 1.0SE<02 1.O4E+02 LO4E-02 1.05E+02 1.05E+02
Best NAN  673%  10.19%  6.73%  673%  6.73%  673%  7.62%
P Mean NAN  673%  10.19%  7.44%  7.03%  7.03%  7.76%  7.91%
o Bt NANLOSEH02 LIOE02 LOSE+02 LOSE+02 LOSEH02 LOSE+02 1.07E+02
_— Mean  NAN  1.058402 1.10E+02 1.06E+02 1.05E+02 1.06E+02 1.06E+02 1.08E+02
Best NAN  476%  9.09%  4.76%  4.76%  4.76%  4.76%  6.54%
8% Mean NAN  476%  9.09%  6.01%  494%  548%  595%  6.97%
o B NANLISER02 123E<02 122B402 LIEH02 120102 121E+02 121E+02
N Mean  NAN  LISE+02 123E+02 122E+02 121E+02 121E+02 123E+02 1.23E+02
Best  NAN  44.92%  47.15%  46.72%  4538%  45.83%  46.28%  46.28%
P Mean  NAN  45.10%  47.15%  46.89%  46.10%  46.10%  47.06%  47.06%
o Bt NANDL3E402 138E02 L3EV02 133E02 133BH02 133BA02 135E+02
BPPCO Mean  NAN  133E+02 138E+02 1.35E402 135E102 134E+02 1.34E+02  1.36E+02
Best ~ NAN  93.94%  9420%  94.03%  93.98%  93.98%  93.98%  94.07%
8% Mean  NAN  93.98%  9420%  94.08%  94.08%  94.03%  94.05%  94.12%
© Best NAN  1.66E+02 1.70E+02 1.69E+02 1.67E+02 1.68E+02 1.69E+02 1.71E+02
OF Vean  NAN  L67EH02 170E+02 1.69E02 1.68E+02 1.68E+02 1.71E+02 1.71E+02
BPPCO7 Best  NAN  93.98%  94.12%  94.08%  94.01%  94.05%  94.08%  94.15%
8% Mean  NAN  94.00%  94.12%  94.09%  94.06%  94.05%  94.15%  94.16%
 Best NAN  1.78E+02 1.82E+02 1.79E+02 1.79E+02 1.78E+02 1.80E+02 1.80E+02
S O Mean  NAN  L79E+02 1.82E02 1.81E+02 181E+02 1L79E+02 181E-02 1.81E+02
Best NAN  9831%  9835%  9832%  9832%  98.31%  9833%  98.33%
8% Mean  NAN  98.33%  98.35%  9834%  98.34%  9833%  9834%  98.35%
"~ Best NAN  2.05E+02 2.07E+02 2.05E+02 2.05E+02 2.05E+02 2.05E+02 2.05E+02
F Nlean  NAN  205E402 2.07E+02 2.05E+02 2.05E+02 2.05E+02 2.05E+02 2.05E+02
BPPCO9 Best NAN  97.07%  97.10%  97.07%  97.07%  97.07%  97.07%  97.07%
8% Mean NAN  97.08%  97.10%  97.07%  97.07%  97.07%  97.07%  97.08%
© Best  NAN  220E+02 2.32E+02 2.28E+02 228E+02 229E+02 220E+02 2.29E+02
BPPCI0  °¥  Mean  NAN  230E102 232E+02 229E+02 2.29E+02 230E+02 230E+02 2.30E+02
gap  Best  NAN  9258%  92.67%  92.54%  92.54%  92.58%  92.58%  92.58%
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27

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  NAN  92.61%  92.67%  92.57%  92.57%  92.59%  92.61%  92.61%
" Best NAN  2.13E+02 2.19E02 2.14E+02 2.13E+02 2.14E102 2.15E+02 2.14E+02
O Mean  NAN 215402 NAN  216E<02 2.04E+02 2.14E+02 2.17E+02  2.15E+02
BPPCI Best NAN  6620%  67.12%  66.36%  66.20%  6636%  66.51%  66.36%
8% Mean  NAN  6648%  NAN  6659%  66.39%  66.42%  66.74%  66.54%
© Best NAN  2.05E+02 233E+02 2.14E+02 2.13E+02 2.12E+02 2.12E+02 2.13E+02
OO Mean  NAN  2.15E+02 239E+02 2.14E+02 2.14FE+02 2.13E+02 2.14E+02  2.14E+02
BPPCI2 Best ~ NAN  52.56%  56.22%  52.34%  52.11%  51.89%  51.89%  52.11%
8% Mean  NAN  5256%  57.39%  5234%  52.26%  52.00%  5230%  52.34%
~ Best NAN  2.14E+02 2.63E+02 2.16E+02 2.15E+02 2.14E+02 2.16E+02 2.17E+02
OF Nean  NAN  215E402 2.63E+02 2.16E+402 215E+02 2.15E+02 2.17E+02 2.18E+02
BPPC13 Best ~ NAN  99.07%  99.24%  99.07%  99.07%  99.07%  99.07%  99.08%
8% Mean  NAN  99.07%  99.24%  99.08%  99.07%  99.07%  99.08%  99.08%
" Best NAN  2.19E+02 222E+02 2.19E+02 2.18E+02 2.17E+02 2.19E+02 2.20E+02
— OF Vlean  NAN  220E402 222E+02 220E+402 2.19E+02 2.17E+02 2205402 221E+02
Best ~NAN  9589%  9595%  95.89%  95.87%  95.85%  95.89%  95.91%
% Mean  NAN  95.90%  95.95%  9591%  95.89%  95.86%  95.92%  95.92%
© Best NAN  228E+02 233E02 229E+02 228E+02 2.25E+02 227E+02 2.30E+02
OO Mean  NAN  220E+02 233E+02 220E+02 228F+02 2.26E+02 228E+02  2.32E+02
BPPCIS Best ~ NAN  7895%  79.40%  79.04%  78.95%  78.67%  78.85%  79.13%
8% Mean  NAN  79.02%  79.40%  79.06%  78.97%  78.76%  78.91%  79.31%
" Best  NAN  2.50E+02 2.57E102 2.54B+02 2.53E102 2.50E+02 2.50E+02 2.58E102
S OF Nlean  NAN  253E402 2.57E+02 2.55E+02 2.53E+02 2.50E402 2.52E+02  2.59E+02
Best ~ NAN  94.44%  9455%  9449%  9447%  94.40%  94.40%  94.57%
8% Mean  NAN  9446%  94.55%  9451%  9448%  94.41%  9445%  94.59%
" Best NAN  3.02E+02 3.07E+02 3.00E+02 3.02E402 2.99E+02 3.03E+02 3.04E+02
- O Vlean  NAN  303E402  NAN  3.03E02 3.02E+02 3.00E+02 3.03E-02  3.05E+02
Best ~NAN  97.35%  9739%  97.33%  9735%  97.32%  97.36%  97.37%
8% Mean NAN  9736%  NAN  9736%  9735%  97.33%  9736%  97.37%
o Bt NAN D 33E402 3SSEH02 34GEH02 34GEV02 3AGE02 34902 3SIE0)
- Mean  NAN  347E+02 3.55E+02 3476402 347E+02 3.47E+02 349E+02  3.53E+02
Best ~ NAN  9534%  9549%  9538%  9538%  95.38%  95.42%  95.44%
8% Mean  NAN  95.39%  9549%  9539%  95.39%  9539%  9542%  95.47%
 Best NAN  4.04E+02 4.10E+02 4.04E+02 4.05E+02 4.04E+02 4.04E+02 4.05E+02
opCTo OF Ve NAN  4.04E+02 4.10E+02 4.05E+02 4.05E+02 4.05E+02 4.06E-02 4.08E+02
Best ~ NAN  99.26%  9927%  99.26%  99.26%  99.26%  99.26%  99.26%
8% Mean  NAN  99.26%  99.27%  99.26%  99.26%  99.26%  99.26%  99.26%
~ Best  NAN  4.59E+02 NAN  4.59E+02 4.59E+02 4.59E+02 4.59E+02 4.60E+02
- OO Mean  NAN  460E+02  NAN  4.60E+02 4.59E+02 4.60E-02 4.60E+02  4.61E+02
Best ~NAN  91.94%  NAN  91.94%  91.94%  91.94%  91.94%  91.96%
8% Mean NAN  91.96%  NAN  91.95%  91.94%  91.95%  91.96%  91.97%
o Dot 210ESOL ZOOES0L 200E+01 210E401 210E401 21001 22001 210E+0l
I Mean 2.10E+01 2.00E+01 2.00E+01 2.1SE+01 2.10E+01 2.10E+01 2.20E+01 2.18E+01
Best  476%  0.00%  0.00%  476%  476%  476%  9.0%  4.76%
8% Mean  476%  0.00%  0.00%  693%  476%  476%  9.0%  837%
BPPC22  obj  Best 2.10E+01 2.10E+01 2.10E+01 2.10E+01 2.10E+01 2.10E+01 2.10E+01 2.10E+01
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean 2.10E+01 2.10E+01 2.10E+01 2.17E+01 2.13E+01 2.10E+01 2.15E+01 2.17E+01
Best  4.76%  4.76%  476%  4.76%  476%  476%  476%  4.76%
8% Mean  4.76%  476%  476%  7.65%  620%  476%  693%  7.65%
oy Best ZAOEHOL ZI0E40L 220E:01 210E+01 210E+01 210E+01 220E:01 2.10E401
N Mean 210E+01 2.10E+01 222E+01 2.17E+01 2.15E+01 2.10E+01 2.20E+01 2.17E+01
Best  4.76%  4.76%  9.09%  4.76%  4.76%  476%  9.0%%  4.76%
8% Mean  4.76%  476%  9.88%  7.65%  693%  476%  9.09%  7.65%
© Best 2.0E+01 2.10E+01 220E+01 220E+01 2.10E+01 2.10E+01 2.10E+01 2.10E+01
S OO Mean 210E+01 210E+01 220E+01 220E+01 2.10E+01 2.10E+01 2.18E+01 2.17E+01
Best  4.76%  4.76%  9.09%  9.09%  476%  4.76%  4.76%  4.76%
8% Mean  4.76%  476%  9.09%  9.09%  4.76%  476%  837%  7.65%
© Best 2.20E+01 220E+01 2.30E+01 2.20E+01 220E+01 2.20E+01 2.20E+01 2.20E+01
N O Nlean 220E+01 220E+01 230E+01 225E+01 223E+01 220E+01 225E+01 225E+01
Best  0.00%  0.00%  435%  0.00%  0.00%  0.00%  0.00%  0.00%
8P Mean  0.00%  0.00%  435%  2.17%  145%  0.00%  2.17%  2.17%
o Best NAND270E401 280E:01 270E+01 270E+01 2.70E+01 2.70E401 270E401
S Mean  NAN  270E+01 280E+01 2.70E+01 2.70E+01 2.73E+01 2.70E+01 2.77E+01
Best ~NAN  3.70%  7.14%  3.70%  370%  3.70%  3.70%  3.70%
8 Mean NAN  3.70%  7.14%  3.70%  3.70%  485%  3.70%  6.00%
oy Bt NAND430ES0L 440BH01 43001 43001 430E+0 430EH01 43001
S Mean  NAN  430E+01 4.40E+01 4.30E+01 4.30E+01 430E+01 4.30E+01 4.30E+01
Best ~ NAN  233%  455%  233%  233%  233%  233%  2.33%
8 Mean  NAN  2.33%  455%  2.33%  2.33%  233%  233%  2.33%
o Bt NAN D AIOEH0I 420E401 410E+01 410E401 410E+0L 410E401 410E+01
S Mean  NAN  4.10E+01 420E+01 4.10E+01 4.10E+01 4.10E+01 4.10E+01 4.10E+01
Best ~NAN  0.00%  238%  0.00%  0.00%  0.00%  0.00%  0.00%
P Mean  NAN  0.00%  238%  0.00%  0.00%  0.00%  0.00%  0.00%
o Bt NAND4GOEH0L ATOEA01 AGOEROL AGOEHOL 4GOEHOL 4GOEH0I 460EH01
pPCa0 Mean  NAN  4.60E+01 4.70E+01 4.60E+01 4.60E+01 4.60E+01 4.60E+01 4.60E+01
Best NAN  0.00%  2.13%  0.00%  0.00%  0.00%  0.00%  0.00%
8% Mean NAN  0.00%  2.13%  0.00%  0.00%  0.00%  0.00%  0.00%
o Bt NANDSGOEX0L SEOE40L SGOETOL SGOET01 SGOEHOL SGOEHI SGOK+01
PPC30 Mean  NAN  5.60E+01 5.60E+01 5.60E+01 5.60E+01 5.60E+01 5.60E+01 5.60E+01
Best ~NAN  7.14%  7.14%  7.14%  7.14%  7.14%  7.14%  7.14%
P Mean  NAN  7.04%  7.14%  7.04%  T14%  7.14%  7.14%  7.14%
© Best 4.10E+01 4.00E+01 4.00E+01 430E+01 420E+01 420E+01 420E+01 420E+01
O Mean  NAN  4.00E+01 4.00E+01 430E<01 4275401 423E+01 432E+01 428E+01
BPPC3I Best  2.44%  0.00%  0.00%  698%  476%  476%  476%  4.76%
8% Mean NAN  0.00%  0.00%  698%  624%  550%  730%  6.61%
© Best 4.10E+01 4.10E+01 4.50E+01 420E+01 430E+01 420E+01 430E+01 430E+01
N O Mean 4.16E+01 410E+01 4.50E+01 4.32E+01 430E+01 425401 430E+01 435E+01
Best  2.44%  2.44%  11.11%  476%  698%  476%  6.98%  6.98%
8% Mean  3.83%  2.44%  11.11%  731%  698%  587%  698%  8.03%
© Best NAN  4.10E+01 440E+01 430E+01 430E+01 420E+01 420E+01 430E+01
BPPC33  °Y  Mean  NAN  4.06E+01 4.40E+01 430E+01 430E+01 4.23E+01 4.32E+01 430E+01
gap  Best  NAN  2.44%  9.09%  698%  698%  476%  476%  6.98%
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  NAN  3.83%  9.09%  698%  698%  550%  731%  6.98%

© Best  NAN  4.20E+01 450E+01 430E+01 430E+01 430E+01 430E+01 430E+01

BPPC4 OF Vlean  NAN  4.20E+01 450E+01 438E+01 430E+01 430E+01 4.3SE01  436E+01
Best NAN  476%  11.11%  698%  698%  698%  698%  6.98%

8 Mean  NAN  4.76%  11.11%  874%  698%  698%  8.03%  825%

o Bt NANDSIOEX0L S30EA01 S0EX0L SAOEHOL SI0EH01 SA0EH01 S10E401

Mean  NAN  5.0E+01 530E+01 5.10E+01 5.13E+01 5.0E+01 5.12E+01 5.15E+01

BPPC35 Best ~ NAN  21.57%  2453%  21.57%  21.57%  21.57%  21.57%  21.57%
8% Mean  NAN  21.57%  24.53%  2157%  22.07%  21.57%  21.87%  22.32%

~ Best 630E+01 5.80E+01 630E+01 5.80E+01 5.80E+01 5.80E+01 5.80E+01 5.80E+01

S O Nlean 630401 5.80E+01 630E+01 5.87E+01 S92E+01 S.83E+01 59201  5.90E+01
Best 3651%  31.03%  3651%  31.03%  31.03%  31.03%  31.03%  31.03%

8% Mean  36.51%  31.03%  36.51%  31.81%  32.38%  31.42%  3239%  32.19%

~ Best NAN  7.70E+01 7.90E+01 7.70E+01 7.70E+01 7.70E+01 7.70E+01 7.70E+01

PPCT F Nlean  NAN  770E+01 7.90E+01 7.J0E+01 770E+01 T.J0E+01 7.77E+01  7.70E+01
Best ~ NAN  48.05%  4937%  48.05%  48.05%  48.05%  48.05%  48.05%

B Mean  NAN  48.05%  4937%  48.05%  48.05%  48.05%  48.50%  48.05%

© Best NAN  8.20E+01 8.50E+01 830E+01 8.30E+01 8.20E+01 830E+01 8.30E+01

O Mean  NAN  826E+01 8.50E+01 S30E0I 83001 S$2SE+01 830E+01 838E+0]

BPPC38 Best ~ NAN  52.44%  54.12%  53.01%  53.01%  52.44%  53.01%  53.01%
8% Mean  NAN  5278%  5412%  53.01%  53.01%  52.90%  53.01%  53.48%
 Best NAN  1.02E+02 1.04E+02 1.02E+02 1.02E+02 1.02E+02 1.02E+02 1.03E+02

OF Nlean  NAN  LO2E402 1.04E+02 1.O2E+02 1.02E+02 1.02E+02 1.02E+02 1.03E+02

BPPC39 Best ~NAN  59.80%  60.58%  59.80%  59.80%  59.80%  59.80%  60.19%
8% Mean  NAN  59.80%  60.58%  59.80%  59.80%  59.80%  59.80%  60.19%
 Best NAN  LIIE+02 1.12E+02 LIIE+02 LIIE+02 LIIE+02 LIIE+02 1.12E+02

BPPCA0 O Mean  NAN  LIIEH02 1.12E+02 LIIE+02 LIIE+02 LIIE+02 LITE+02 1.12E+02
Best ~ NAN  59.46%  59.82%  59.46%  59.46%  59.46%  59.46%  59.82%

B Mean  NAN  59.46%  59.82%  59.46% = 59.46%  59.46%  59.58%  59.82%

o Bt NANBIOES0L 830BH01 8.90E401 87001 §SOE0L SS0EH0L 9.00E+0I

— Mean  NAN  8$.30E+01 830E+01 8.98E+01 8.84E+01 8.60E+01 8.95E+01 9.00E+01
Best NAN  0.00%  NAN 6.74%  460%  235%  5.68%  7.78%

% Mean NAN  0.00%  NAN 757%  6.10%  3.48%  7.26%  7.78%

o Bt NAN BSOEH0I BSOEV01 SR0EFOl 890EH01 880E0L BSOEH0I  8.90E+0I

S Mean  NAN  8$.50E+01 8.50E+01 8.98E+01 8.00E+01 8.80E+01 8.96E-01 8.96E+01
Best ~NAN  3.53%  3.53%  682%  7.87%  682%  682%  7.87%

8% Mean  NAN  3.53%  353%  871%  787%  6.82%  847%  8.48%

~ Best NAN  8.60E+01 9.40E+01 8.80E+01 8.90E+01 8.70E+01 8.90E+01 9.00E+0l

BPPCA3 O Mean  NAN  8.68E+01 9.96E-01 894E+01 893E+01 8.77E+01 9.03E+01 9.00E+01
Best ~NAN  349%  11.70%  5.68%  674%  460%  6.74%  7.78%

% Mean  NAN  438%  1660%  7.15%  7.09%  532%  811%  7.78%

o Dot NANBSOESOL O10BH01 890E401 9.00E401 880K+ 9000l 9.10E:0l
— Mean  NAN  8.82E+01 O.10E+01 8.9SE+01 9.03E+01 8.87E+01 9.12E+01 9.10E+01
Best ~NAN  6.82%  9.89%  7.87%  8.89%  6.82%  88%%  9.89%

8% Mean NAN  7.03%  9.89%  872%  922%  7.52%  10.05%  9.89%
BPPC45  obj  Best  NAN  9.90E+01 1.03E+02 1.01E+02 1.01E+02 1.01E+02 1.01E+02 1.02E+02



OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  NAN  LOOE+02 1.03E+02 1.02E+02 1.02E+02 1.02E+02 1.02E+02 1.03E+02

Best ~NAN  87.88%  8835%  88.12%  88.12%  88.12%  88.12%  88.24%

8% Mean  NAN  88.00%  88.35%  8827%  88.23%  88.18%  8823%  88.31%
 Best NAN  134E+02 139E+02 1.34E+02 1.34E+02 1.34E+02 134E+02 1.34E+02
—_— O Vean  NAN  L34EH02 139E+02 13SE+02 134E+02 134E+02 134E+02  135E+02
Best NAN  71.64%  72.66%  71.64%  71.64%  71.64%  71.64%  71.64%

8% Mean  NAN  71.68%  72.66%  71.78%  T1.64%  71.64%  71.64%  71.89%
~ Best NAN  1.58E+02 1.59E+02 1.58E+02 1.59E+02 1.58E+02 1.58E+02 1.59E+02
— OO Mean  NAN  158E+02 1.5OE+02 1.59E+02 1.60E+02 1.59E+02 1.60E+02 1.60E+02
Best ~ NAN  89.87%  89.94%  89.87%  89.94%  89.87%  89.87%  89.94%

8% Mean NAN  89.87%  89.94%  89.96%  89.97%  89.92%  90.00%  90.01%
o Bt NANDLTBEH0Z LTIEN2 L7402 LTSEN02 L7402 1LT4EH02 1TSEH02
N Mean ~ NAN  L74E+02 1.77E+02 1.75E+02 1.75E+02 1.75E+02 1.76E+02 1.77E+02
Best ~NAN  90.17%  90.40%  90.23%  90.29%  90.23%  90.23%  90.29%

8% Mean  NAN  90.23%  90.40%  9030%  9031%  90.29%  9031%  90.40%
oy Dot NANLOTE402 200B402 L9SE402 LOSEV02 L9SE+02 19EF02 199E+02
BPPCa Mean  NAN  1.98E+02 2.00E+02 198E+02 199E+02 1.98E+02 1.99E+02 1.99E+02
Best ~NAN  87.82%  88.00%  87.88%  87.88%  87.88%  87.88%  87.94%

8% Mean NAN  87.87%  88.00%  87.90%  87.91%  87.88%  87.95%  87.95%
© Best  NAN  2.28E+02 228E+02 2.28E+02 2.28E+02 2.28E+02 2.28E+02 2.28E+02
OO Mean  NAN  228E+02 228E+02 228E+02 2.28E+02 2.28E-02 228E+02  2.28E+02

BPPC30 Best ~ NAN  90.35%  90.35%  90.35%  90.35%  90.35%  90.35%  90.35%
8 Mean  NAN  90.35%  90.35%  90.35%  90.35%  90.35%  90.35%  90.35%
o Bt NAN G LGTER02 LTEF02 LT9EH02 179EH02 L7602 180ER0 18IE+02
Mean  NAN  1.67E+02 NAN  1.80E+02 1.80E+02 1.76E+02 1.81E+02 1.81E+02

BPPCSI Best ~NAN  0.60%  0.60%  7.26%  7.26%  568%  7.78%  8.29%
8% Mean NAN  0.60%  NAN 778%  7.78%  5.86%  829%  8.46%
~ Best NAN  L71E+02 2.02E+02 1.80E+02 1.78E+02 1.76E+02 181E+02 1.81E+02
OO Mean  NAN  L7IEH02 202E+02 1.82E102 1.79E+02 1.76E+02 1.82E+02 1.82E+02

BPPCS2 Best ~ NAN  21.64%  33.66%  25.56%  24.72%  23.86%  2597%  25.97%
8% Mean  NAN  21.82%  33.66%  2630%  2522%  24.04%  2651%  2621%
 Best NAN  L.75E+02 221E+02 1.80E+02 1.79E+02 1.75E+02 1.82E+02 1.80E+02
OO Mean  NAN  L75E+02 221E+02 1.81E<02 17902 1.76E+02 183E+02 1.81E+02

BPPCS3 Best ~ NAN  46.86%  57.92%  4833%  48.04%  46.86%  48.90%  48.33%
8% Mean  NAN  46.92%  57.92%  48.71%  48.16%  47.10%  49.07%  48.73%
" Best NAN  1.77E+02 1.84E+02 181E+02 1.82E+02 1.77E+02 1.84E+02 1.82E+02
OO Mean  NAN  179E+02 1.84E+02 1.83E+02 1.83F+02 L78E-02 184E+02 1.83E+02

BPPC34 Best ~ NAN  47.46%  49.46%  48.62%  48.90%  47.46%  49.46%  48.90%
8% Mean  NAN  47.93%  49.46%  49.07%  49.04%  47.75%  4951%  49.29%
© Best NAN  220E+02 231E+02 2.28E+02 2.28E+02 2.28E+02 2.28E+02 230E+02
— OF Nlean  NAN  220E+02 231E+02 229F+02 220E+02 228E+02 2.29F+02 2.30E+02
Best NAN  91.70%  91.77%  91.67%  91.67%  91.67%  91.67%  91.74%

8% Mean NAN  91.70%  91.77%  91.70%  91.70%  91.68%  91.70%  91.75%
 Best NAN  236E+02 242E+02 239E+02 240E+02 237E+02 238E+02 2.40E+02
BPPCs6 ¥ Mean  NAN  237E+02  NAN  240F+02 2.40E+02 238E+02 239E+02  2.41E-02
gap  Best  NAN  99.15%  99.17%  99.16%  99.17%  99.16%  99.16%  99.17%
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  NAN  99.15%  NAN  99.17%  99.17%  99.16%  99.16%  99.17%
" Best NAN  3.04E+02 NAN  3.05E+02 3.04E+02 3.04E+02 3.04E+02 3.05E+02
S F Vlean  NAN  3.05E402  NAN 306402 3.05E+02 3.05E+02 3.05E+02 3.07E+02
Best NAN  9934%  NAN  99.34%  99.34%  99.34%  99.34%  99.34%
8 Mean  NAN  99.34%  NAN  9935%  99.34%  99.34%  99.34%  99.35%
o Bt NANDSEOEN02 NN 3GBEV02 3.6OEG02 3.68E+02 37002 37002
N Mean  NAN  3.70E+02 NAN  3.70E+02 3.70E+02 3.68E+02 3.70E+02 3.72E+02
Best ~NAN  99.19%  NAN  99.18%  99.19%  99.18%  99.19%  99.19%
8% Mean  NAN  99.19%  NAN  99.19%  99.19%  99.19%  99.19%  99.19%
.~ Best NAN  4.14E+02 NAN  4.13E+02 4.13E+02 4.13E+02 4.13E+02 4.14E+02
S OO Mean  NAN 415402 NAN  4.04E+02 4.13E+02 4.14E-02 4.15E+02  4.15E+02
Best ~NAN  99.03%  NAN  99.03%  99.03%  99.03%  99.03%  99.03%
8% Mean  NAN  99.04%  NAN  99.03%  99.03%  99.03%  99.04%  99.04%
o Bt NAN G 4SE02 NAN  4SIEH2 4SIE02 4SIEHD 4SIEH0Z 4526402
N Mean  NAN  453E+02 NAN  451E+02 4.52E+02 4.52E+02 4.53E+02 4.53E+02
Best NAN  9801%  NAN  98.00%  98.00%  98.00%  98.00%  98.01%
8% Mean NAN  98.01%  NAN  98.01% 98.01%  98.01%  98.01%  98.01%
3.6 Generalized bin packing problem (GBPPI)
Table S-16 provides the experimental results on 50 GBPPI problems.
Table S-18 Experimental results on GBPPI
Pro. Metric Status GUROBI T8§LS SCIP SA VNS LNS TS GA
oy Dot 28402 283EH02 314Ev02 3402 340EH02 3OIER02 3IFGEH02  2.94E+02
GBP Mean 2.89E+02 2.88E+02 3.14E+02 3.52E+02 3.61E+02 4.17E+02 4.10E+02  3.30E+02
PIO1 Best  0.35%  0.00%  987%  9.87%  1676%  27.62%  26.68%  3.74%
8% Mean  2.00%  1.80%  9.87%  19.05%  21.55%  32.07%  30.78%  13.84%
oy Dot 67BEH0Z 67BEX02 GTBEV02 767E+02 83SEH02 O0SEH0 SITE02 T23E+02
GBP Mean 6.78E+02 6.80E+02 6.78E+02 S.8IE+02 8.98E+02 9.76E+02 9.0SE+02  7.67E+02
PI02 Best  0.00%  0.00%  0.00%  11.60%  18.80%  25.08%  22.69%  6.22%
8 Mean  0.00%  026%  0.00%  22.60%  2428%  30.32%  2495%  11.36%
"~ Best 477E+02 4.77E+02 539E+02 5.22E+02 5.44E+02 6.54E102 5.76E+02  5.16E+02
B Y Mean 477E+02 479F+02 S39E02 SAOFEH02 S.60E02 6.5TE+02 6.02E+02  S3TE+02
PI03 Best  0.00%  0.00%  11.50%  8.62%  12.32%  27.06%  17.19%  7.56%
8P Mean  0.00%  049%  1150%  11.57%  1477%  27.42%  2057%  11.07%
oy Bt B2IET02 BOOEH02 9.03E02 SSAEF02 9.04EF02 996E02 9SIEX02  §22E+02
GBP Mean 828E+02 8.14E+02 9.03E+02 9.19E+02 939E+02 1.01E+03 9.97E+02  8.51E+02
PI04 Best  5.48%  3.00%  14.06%  12.22%  14.16%  22.09%  18.40%  5.60%
B Mean  630%  470%  1406%  1554%  1731%  2321%  22.01%  8.75%
" Best LI3E+03 1.16E+03 128E+03 135E+103 145E+03 144E+03 1456403 1.19E+03
P %Y Mean 121E+03 LITE+03 128E+03 140E+03 14SE+03 14603 148E+03  1.26E+03
PI05 Best  0.00%  2.68%  11.83%  16.79%  2220%  21.66%  22.57%  5.30%
8% Mean  7.18%  3.97%  11.83%  19.71%  23.91%  22.82%  24.04%  10.68%
Gep b Bt LOSERO3LG6E03 17603 1OIEH3 204E+03 219E403 200E+03  LT2E+03
o Mean 1.65E+03 1.68E+03 1.76E+03 2.03E+03 2.08E+03 2.25E+03 2.07E+03  1.81E+03
gap  Best  0.00%  0.18%  5.87%  13.64%  24.53%  2453%  17.48%  4.18%
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Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  0.00%  1.54%  587%  18.68%  20.69%  26.52%  2024%  8.76%

oy Dot L77EH03 LSTEH03 L82EG03 L90E403 L83EH03 1936403 201EH03  168E403

GBP Mean 1.77E+03 1.59E+03 1.82E+03 191E+03 1.87E+03 1.98E+03 2.07E+03  1.75E+03
PI07 Best  11.76%  045%  14.14%  17.72%  1461%  1930%  22.50%  7.03%
8 Mean  1176%  1.68%  14.14%  1828%  1675%  21.13%  2458%  10.99%

oy  Best 2IIES03 210E+03 238E403 240E403 258E+03 279E+03 25803 228E403

GBP Mean 2.16E+03 2.12E+03 238E+03 2.48E+03 2.585+03 2.83E+03 2.65E+03  2.35E+03
PI08 Best  3.51%  3.28%  14.65%  1529%  18.12%  2721%  21.05%  10.91%
8% Mean  5.86%  3.88%  14.65%  17.94%  21.28%  28.15%  2324%  13.37%

oy Dot ZSAEH03 286EH03 3IOEI03 3526403 340EH03 408EH03 3803 325E403

GBP Mean 2.84E+03 2.87E+03 3.19E+03 3.74E+03 3.58E+03 4.39E+03 3.92E+03 3.33E+03
PI09 Best  0.00%  0.87%  11.01%  19.44%  1646%  30.46%  25.75%  12.60%
8P Mean  0.00%  1.19%  11.01%  23.99%  20.51%  3522% = 27.52%  14.69%

~ Best NAN  2.67E+03 3.09E103 3.24E+03 3.11E103 3.67E+03 335E+03  2.89E+03

Gp % Mean NAN  2.68E+03 3.09E+03 329F+03 3.SE+03 3.76E+03 3.61E+03  2.98E-+03
PI10 Best ~NAN  2.13%  1541%  1923%  16.03%  28.86%  22.00%  9.58%
8% Mean  NAN  255%  1541%  20.62%  17.16%  30.53%  27.44%  12.28%

o Pt NAN  4STEH03 S28EI03 534403 STEH03 SB4EH03 SSBEH3  S2IEH03

GBP Mean  NAN  4.60E+03 S28E+03 5.44E+03 533B+03 S.89E+03 S5.74E+03  5.29E+03
P11 Best ~ NAN  1.49%  14.83%  15.83%  1459%  23.00%  1938%  13.60%
B Mean  NAN  2.30%  1483%  17.27%  15.64%  23.70%  21.64%  15.04%

~ Best NAN  6.04E+03 6.70E+03 7.71E+03 7.47E+03 8.55E+03 8.18E+03  7.43E+03

Bp %Y Mean  NAN  6.06E+03 6.70E+03 796E+03 7.76E+03 8.95E03 832E+03  7.83E+03
PI12 Best  NAN  149%  11.16%  22.89%  20.39%  3040%  2725%  19.96%
8% Mean  NAN 1.82%  11.16%  2522%  23.32%  33.48%  28.46%  23.89%
o Pt NAN G8SEH03 83503 BOSE03 T66EH03 SGIEH3 94003 842E+03
GBP Mean  NAN  6.88E+03 8.35E+03 8.32E+03 7.75E+03 9.22E+03 9.44E+03  8.48E+03
PII3 Best ~ NAN  0.60%  18.49%  1583%  11.15%  20.99%  27.59%  19.21%
B Mean  NAN  115%  1849%  18.16%  12.18%  26.13%  27.90%  19.78%
~ Best NAN  1.07E+04 129E+04 129E+04 124E+04 134E+04 138E+04 1.40E+04
Bp ¥ Mean  NAN  LISE+04 129E+04 131E+04 126E+04 137604 138E+04  1.41E-+04
PI14 Best ~ NAN  3.80%  1143%  11.19%  8.11%  1449%  1725%  18.55%
8 Mean  NAN  941%  1143%  1275%  9.50%  1695%  17.57%  19.18%
o Pt NAN LSIEN04 L7IE04 2ATEHO4 2IIEH4 22IEN04 213EH04 21IE0A
GBP Mean  NAN  1.54E+04 1.72E+04 2.19E+04 2.12E+04 223E+04 2.16E+04 2.15E+04
PIl5 Best ~ NAN  275%  13.58%  31.64%  29.58%  32.76%  30.43%  29.75%
8P Mean  NAN  3.47%  13.58%  3236%  30.11%  33.42%  3128%  31.07%
oy Dot 3AOEH02 340EH02 390E+02 398EH02 422EH02 3F6E02 425EH02 386K+
GBP Mean 3.40E+02 3A47E+02 3.90E+02 421E+02 431E+02 4.14E+02 A437E+02  4.06E+02
P16 Best  0.00%  0.00%  12.82%  1457%  19.43%  11.92%  20.00%  11.92%
B Mean  0.00%  2.12%  12.82%  19.13%  21.13%  17.79% = 2224%  16.19%
oy DS ATOEH2 4BOEH02 AORI02 SSOEH0 SOTEHDI GASEF02 60SEH02  4.88EH02
GBP Mean 4.79E+02 497E+02 4.89E+02 5.95E+02 621E+02 6.61E+02 621E+02  5.21E+02
PI17 Best  0.00%  2.04%  2.04%  1291%  1977%  2574%  20.83%  1.84%
B Mean  0.00%  3.54%  2.04%  1936%  22.77%  27.51%  22.88%  7.98%
obj  Best 7.86E+02 7.94E+02 8.64E+02 O9.07E+02 8.76E+02 9.49E+02 9.55E+02  8.52E+02
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean 7.96E+02 7.96E+02 8.64E+02 9.28E+02 9.06E+02 9.55E+02 9.71E+02  8.89E+02

Sﬁg ap B 02% 126%  920%  I3S0%  1050% 1739%  1791%  7.98%
Mean  1.45%  155%  926%  1552%  13.41%  17.94%  1920%  11.73%

o  Bet 128E403 12SER03 L4IEV03 1S0EH03 LSOE403 LS4EF03 1SBEH03  144E403

GBP Mean 1.28E+03 129E+03 141E+03 1.53E+03 1.54E+03 1.56E+03 1.60E+03  1.50E+03
PI19 Best  0.00%  0.16%  9.50%  1499%  14.93%  17.36%  19.19%  11.57%
B Mean  0.00%  0.84%  9.50%  1661%  1732%  18.17%  20.18%  14.84%

o  Best 20IEW03 L9TEH03 2ISE+03 230103 223E+03 238EH03 24403 216E+03

GBP Mean 2.02E+03 1.98E+03 2.18E+03 2.34E+03 228E+03 242E+03 246E+03  2.22E+03
PI20 Best  3.83%  2.03%  11.42%  16.00%  13.52%  18.86%  20.95%  10.72%
B® Mean  455%  236%  11.42%  17.58%  15.14%  20.18%  21.46%  12.77%

o Bet 226EH03 2I9E+03 244EV03 256EH03 246E+03 DSTEHO3 268EH03  234E403

GBP Mean 229E+03 2.20E+03 244E+03 2.62E+03 251E+03 2.66E+03 2.70E+03  2.45E+03
PI21 Best  3.94%  1.00%  1097%  1521%  11.76%  15.77%  19.19%  7.47%
B Mean  5.15%  133%  1097%  17.07%  13.55%  18.58%  19.77%  11.58%

o Bt NAN 4B4EH03 SSIEA03 56203 SA4EH03 GOSER3 SR2EH03  5.63E+03

GBP Mean  NAN  4.85E+03 S5.53E+03 5.70E+03 S.49B+03 G6.08E+03 S5.04E+03  5.70E+03
PI22 Best ~ NAN  237%  1444%  1583%  13.12%  21.88%  18.71%  16.08%
B Mean  NAN  2.44%  1444%  17.06%  13.87%  2221%  2043%  17.06%

oy Bet AOBEH0S 34TEH03 ADE03 40SEH03 32EH03 44TEH03 426EH03  3BAEH3

GBP Mean 8.00E+19 3.50E+03 4.22E+03 4.12E+03 3.956+03 4.52E+03 4.46E+03  3.97E+03
PI23 Best  17.61%  3.14%  2027%  16.88%  1427%  24.89%  21.11%  12.33%
B Mean  83.52%  3.89%  2027%  1826%  14.93%  25.62% = 24.50%  15.24%
o Bt NAN  BSSEH03 121E404 LOAEFO4 LOSERO4  LOSEFO4 1OSECO4  LISE+0d
GBP Mean  NAN  8.63E+03 121E+04 1.07E+04 1.04E+04 1.06E+04 1.10B+04 1.14E+04
PI24 Best ~ NAN  0.02%  28.17%  16.12%  1579%  1689%  19.13%  22.66%
8 Mean  NAN  096%  28.17%  1826%  1657%  18.06%  20.83%  23.51%
o POt NANDLIEH04 ISIE04 LSTECO4 149E404 LS04 LSIECO4 1SSE<O4
GBP Mean  NAN  1.39E+04 152E+04 1.58E+04 151E+04 1.53E+04 1.56E+04  1.57E+04
PI25 Best NAN  7.12%  15.03%  17.65%  13.75%  1521%  15.84%  17.08%
% Mean  NAN  7.46%  15.03%  1824%  1471%  1586%  17.18%  17.71%
oy Dot BAZEHOZ SSOBH02 366E<02 406E+02 3STEH02 4§TEH02 40902 41TE+02
GBP Mean 3.42E+02 3.52E+02 3.66E+02 428E+02 4.16E+02 6.72E+02 A438E+02  431E+02
PI26 Best  0.00%  229%  656%  1576%  420%  29.77%  1638%  17.99%
8 Mean  0.00%  278%  656%  19.87%  17.27%  4786%  21.69%  20.57%
opj Bt TASEH0Z TASEH0) TASEA02 796EH02 89TEH02 9.90E02 O.I7EH02  7.45K+02
GBP Mean 7.45E+02 7.45E+02 7.45E+02 S46E+02 939E+02 1.08E+03 9.69E+02  8.32E+02
PI27 Best  0.00%  0.00%  0.00%  641%  1695%  2475%  18.76%  0.00%
8% Mean  0.00%  0.00%  0.00%  11.83%  20.59%  30.78%  22.97%  10.02%
"~ Best 5.39E+02 5.39E+02 6.74E+02 5.88E+02 6.18E+02 7.21E+02 6.63E+02  6.18E+02
P Y Mean 539E+02 5.53E02 6.74E+02 627E+02 6AGE+02 SAIE02 6.76E+02  6.36E-02
PI28 Best  0.00%  0.00%  20.03%  833%  12.78%  2524%  18.70%  12.78%
8% Mean  0.00%  258%  20.03%  13.88%  1647%  36.18%  2029%  15.16%
o Bt TA2EH02 TSIEHO) BBGEI02 S4TEH02 9.07E402 LO3EH3 948EH02  763E402
GBP Mean 7.84E+02 7.58E+02 S8.86E+02 S.8IE+02 940E+02 122E+03 9.80E+02  8.32E+02
PI29 Best  2.83%  3.99%  18.62%  14.88%  20.51%  30.07%  23.95%  5.50%
B Mean  8.01%  4.87%  18.62%  18.12%  2327%  40.51%  2640%  13.14%
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
o DSl OSTEHZ O74E:02 LI4EV03 LIOE+03 LOGEH03 122E:03 1ISE+03  9.8GE+02

GBP Mean 1.02E+03 9.85E+02 1.14E+03 1.12E+03 1.08E+03 147E+03 1.17E+03  1.03E+03
PI30 Best  1.36%  3.08%  16.83%  14.03%  10.52%  2230%  17.77%  4.26%
8P Mean  7.16%  4.17%  1683%  1596%  12.75%  35.01%  19.61%  8.23%

o Bet LEOEH03 LGGEH03 L76EV03 192EH03 I84E+03 21IEF03  190EH03  176E403

GBP Mean 1.66E+03 1.67E+03 1.76E+03 1.98E+03 1.97E+03 2.19E+03 1.99E+03  1.80E+03
PISL o Best 000%  012%  SAG%  I353% 983 2128%  1239%  579%
Mean  0.00%  0.45%  5.46%  15.90%  1557%  24.10%  1632%  7.80%

o Pt 13IET03 LI9EH03 14IE403 LSOE03 13703 LT3E+03 1SSEF03  133E+03

GBP Mean 131E+03 1.19E+03 141E+03 1.53E+03 145E+03 2.28E+03 1.635+03  1.41E+03
PI32 Best  10.81%  143%  17.13%  21.99%  14.53%  3239%  24.60%  11.62%
8% Mean  1081%  1.76%  17.13%  23.63%  18.88%  47.81%  28.19%  16.61%

o  Best 27803 255E+03 297E+03 208E+03 274E+03 326E+03 307E+03  28IE+03

GBP Mean 2.93E+03 2.58E+03 2.97E+03 3.02E+03 2.91E+03 3.70E+03 3.16E+03  2.86E+03
PI33 Best  9.59%  1.76%  1538%  15.86%  8.40%  23.11%  18.30%  10.78%
B® Mean  14.09%  2.78%  1538%  1685%  13.75%  32.00%  20.64%  12.38%

o Dot 28OEH3 280E-03 3ISE+03 336E+03 350E+03 393E+03 36403 3.19E+03

GBP Mean 2.80E+03 2.82E+03 3.1SE+03 3.54E+03 3.62E+03 437E+03 3.76E+03  3.25E+03
PI34 Best  0.00%  0.14%  12.09%  16.60%  19.96%  28.71%  23.08%  12.20%
8 Mean  0.00%  0.71%  12.09%  2090%  22.64%  3581%  25.58%  13.85%

o Best  NAN 3S0EH03 40IE03 416E<03 394E+03 45TEV03 432EH03  402E+03

GBP Mean  NAN  3.52E4+03 4.01E+03 420E+03 4.08E+03 5.52E+03 4.39E+03  4.09E+03
PI35 Best  NAN  1.63%  14.18%  17.20%  12.57%  24.69%  2021%  14.31%
B Mean  NAN 215%  14.18%  18.06%  15.47%  37.11%  21.56%  15.89%

o B NAN 4I4EH03 SO0E+03 4303 49203 SASEH03 SISEF03  449E+03

GBP Mean  NAN  4.16E+03 5.00E+03 4.96E+03 5.12E+03 6.17E+03 5.36E+03  4.62E+03
PI36 Best  NAN  2.42%  1920%  16.40%  17.98%  2632%  21.63%  10.03%
8 Mean  NAN  290%  1920%  18.67%  21.18%  3430%  2471%  12.60%

o POt NANG20B+03 GB4E03 TS3EH03 TS0E403 BSTEH03 TOIEH03 TA9EH03

GBP Mean  NAN  6.22E+03 6.84E+03 7.87E+03 7.956+03 8.86E+03 8.04E+03  7.81E+03
PI37 Best  NAN  245%  1154%  1972%  22.46%  29.42%  23.54%  19.28%
B Mean  NAN 281%  11.54%  23.15%  23.89%  31.71%  2479%  22.51%

o B NAN  7.B0EH03 098E+03 0.4SE03 0.0SE+03 LOTEXO4 LOOE+04  9.55E+03

GBP Mean  NAN  7.86E+03 9.9SE+03 9.66E+03 9.65E+03 1.33E+04 1.04E+04  9.73E+03
PI38 Best  NAN  10.14%  29.77%  25.83%  22.55%  34.49%  2991%  26.61%
8% Mean  NAN  10.61%  2977%  27.44%  2737%  4730%  32.61%  27.96%
oy Pt NANLIOEH04 132E404 120E-04 130B<04 14SECO4 I3BECO4  136E<04
GBP Mean  NAN  LI11E+04 132E+04 131E+04 132E+04 1.61E+04 1.41E+04 1.39E+04
PI39 Best ~ NAN  9.03%  24.19%  16.83%  23.11%  3098%  27.72%  26.19%
P Mean  NAN 9.60%  24.19%  23.33%  24.12%  37.87%  29.04%  28.18%
o B NANLSBEH04 LGOE+04 203E+04 20IE+04 2IGEF04 209E<04  2.07E+0A
GBP Mean  NAN  1.61E+04 1.69E+04 2.07E+04 2.03E+04 223E+04 2.10E+04 2.08E+04
PI40 Best  NAN  3.18%  9.42%  2484%  2377%  29.19%  2678%  26.01%
8P Mean  NAN  471%  9.42%  2603%  2470%  31.32%  2730%  26.50%
Gop  obj Do B2 IEEH2 IEE02 A0EN2 AQE2 AGE2 40202 4026402
ol Mean 3.82E4+02 3.83E+02 3.88E+02 4.18E+02 4.12E+02 6A41E+02 421E+02 4.11E+02
gap  Best  0.00%  0.00%  1.55%  498%  498%  17.49%  4.98% 4.98%
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  0.00%  021%  155%  8.64%  7.18%  39.09%  9.22% 7.02%

o DSt SISER02 SIBER02 S34E02 SS2EH02 SA3EH02 GG9EC02 GIIEF0L 5302

GBP Mean S5.I8E+02 523E+02 S534E+02 5.98E+02 5.77E+02 7.64E+02 6.36E+02  5.94E+02
PI42 Best  0.00%  0.00%  3.00%  11.00%  4.60%  22.57%  1522%  11.15%
8 Mean  0.00%  1.02%  3.00%  1326%  10.14%  31.90%  1845%  12.72%

o Dot O8TER2 O89E-02 LOTE+03 LISEF03 L1003 L2SE+03 122E+03  102E+03

GBP Mean 1.10E+03 1.01E+03 1.07E+03 1.18E+03 1.12B+03 132E+03 123E+03  1.10E+03
PI43 Best  2.53%  2.73%  10.18%  1642%  12.62%  2322%  20.89%  5.41%
B Mean  12.58%  4.32%  10.18%  18.17%  14.24%  27.22%  21.67%  12.49%

"~ Best LI2E+03 1.16E103 121E+03 1.17E+03 131E+03 143E+03 133E+03  1.26E+03

6p %Y Mean LISE+03 1ISE+03 121E+03 128FE+03 13SE+03 1.50E+03 136E+03  1.30E+03
P44 Best  027%  3.95%  7.37%  428%  1453%  21.60%  1581%  10.92%
B Mean  3.02%  501%  7.37%  12.53%  1692%  25.18%  17.86%  13.70%

o Bet LGVEH03 LSIEH03 LTIE03 1TGEH03 1T2E403 LO9EF03 1SOEH03  168EH03

GBP Mean 1.71E+03 1.54E+03 1.72E+03 1.78E+03 1.76E+03 246E+03 1.89E+03  1.75E+03
PI45 Best  8.82%  3.76%  1533%  1721%  15.13%  26.59%  18.86%  13.06%
B Mean  14.68%  533%  1533%  1825%  17.29%  40.10%  22.64%  16.50%

"~ Best 271E103 2.57E+03 2.86E103 290E+03 2.87E+03 3.13E+03 3.02E+03  2.83E+03

Gp %Y Mean 297E103 259E+03 2.86E+03 2.97E+03 2.94F+03 334E+03 3.05E+03  2.94E-+03
P46 Best  6.60%  1.40%  1131%  12.59%  11.71%  19.02%  1620%  10.46%
B Mean  1425%  1.99%  1131%  1456%  13.83%  24.04%  1678%  13.70%

oy Bt NAN  4SSEH03 S2BEV03 S33EH03 SITE403 STSEH03 S4GEH03  525EH03

GBP Mean  NAN  4.58E+03 S28E+03 5.30E+03 S524B+03 G6.09E+03 S5.52E+03  5.31E+03
PI47 Best ~ NAN  1.43%  1497%  15.84%  13.12%  21.95%  17.77%  14.51%
B Mean  NAN  1.99%  1497%  16.68%  1436%  2627%  18.63%  15.48%

o Bt NAN324E403 378E403 37803 36003 433EH03 4.00E+03  3.63E+03

GBP Mean  NAN  3.26E+03 3.78E+03 3.86E+03 3.71E+03 522E+03 4.20E+03  3.72E+03
P48 Best  NAN  234%  1622%  1622%  12.10%  26.88%  20.87%  12.76%
8 Mean  NAN  278%  1622%  17.91%  1459%  38.83%  2451%  14.84%

o POt NANDL3IEH04 L4IEG04 [44EC04 140B404 LSGETO4 L4TECO4  149E-04

GBP Mean  NAN  1.33E+04 141E+04 145E+04 142E+04 1.64E+04 148E+04  1.52E+04
PI49 Best NAN  4.12%  1090%  12.70%  10.50%  19.62%  1426%  15.89%
8% Mean  NAN  5.64%  1090%  13.22%  11.52%  2325%  15.03%  17.32%

o B NAN G L2SEH04 4S04 13404 I34ER04 L4TERO4 139EN04  142E+0A

GBP Mean  NAN  1.28E+04 145E+04 136E+04 136E+04 1.56E+04 1.41E+04 1.43E+04
PI50 ap  Bet NAN L 33% 1665% 10.19% 1019% 1806% 1320% IS10%

Mean NAN 5.44% 16.65% 11.45% 11.13% 22.68% 14.30% 15.63%

3.7 Quadratic multiple knapsack problem (QMKP)
The experimental results of QMKP are shown in Table S-19.
Table S-19 Experimental results on QMKP.

Pro.  Metric Status GUROBI ngis SCIP SA VNS LNS TS GA
_ Best 9.98E+03 9.98E+03 9.32E+03 9.98E+03 9.97E+03 9.98E+03 9.98E+03 9.98E+03
OMKPOL O Mfean 9.98E+03 0.97E+03 9.32E+03 9.95E+03 9.01E+03 9.98E+03 9.94E+03  9.96E+03
gp B 000% 000%  T07%  000%  O01I%  000%  0.00%  0.00%

Mean  0.00% 0.11% 7.07% 0.29% 0.71% 0.00% 0.44% 0.17%
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
oy  Best LOSEF04 LOSE+04 10SE+04 LOSEH04 10SE+04 LOSEH04 10SE+04  LOSE+04
OMKPO2 Mean 1.05E+04 1.05E+04 1.05E+04 1.05E+04 1.05E+04 1.05E+04 1.05E+04 1.05E+04
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
8P Mean  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
o Best BTAEX03 BTAEH03 S4GET03 SGSE03 SSOET03 874E+03 SATEG03 874E+3
OMKPO3 Mean 8.74E+03 8.72E+03 S.46E+03 8.56E+03 8.52E+03 8.65E+03 8.37E+03 8.57E+03
p DOt 000% 000%  337% LI%  LT7%  000%  326%  0.00%
Mean  0.00%  024%  337%  2.14%  2.65%  1.04%  4.48%  1.99%
oy  BeSt ABIEYO3 SOTEC03 386E<03 S$E03 623E+03 BEBE03 90403 T43E403
OMKPO4 Mean 4.86E+03 7.44E+03 3.86E+03 5.71E+03 6.04E+03 7.52E+03 7.71E+03  6.91E+03
Best  120.08%  33.67%  17936%  8520%  73.13%  21.46%  18.02%  45.09%
8% Mean 121.82%  46.09%  179.36%  89.01%  78.62%  46.66%  44.53%  56.53%
oy Pt 4OTEH03 SR 3GREI03 SGSEH03 SATEH0 SEOEH03 SIIEH0 6.12E+03
OMKPOS Mean 4.97E+03 5.35E+03 3.68E+03 548E+03 S5A47E+03 5.62E+03 5.24E+03 5.63E+03
Best  66.85%  51.34%  125.00%  46.06%  51.48%  4557%  5625%  35.35%
8% Mean  66.85%  54.99%  125.00%  51.39%  51.51%  47.48%  58.07%  47.47%
oy Best L9YERO4 L99E04 L99E04 199E04 199E04 L99E+4 199E+04 199+
OMKPOS Mean 1.99E+04 1.99E+04 1.99E+04 1.99E+04 1.99E+04 1.99E+04 1.99E+04 1.99E+04
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
% Mean  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
o Pt LSOEN04 LTIERO4 123E404 17IEH04 LTIERO4 1T3E04 169EH04 173E+04
OMKPO7 Mean 1.50E+04 1.69E+04 123E+04 1.69E+04 1.69E+04 1.72E+04 1.66E+04 1.72E+04
Best  33.73%  17.13%  62.76%  16.95%  17.16%  15.82%  18.79%  15.63%
8% Mean 33.73%  1823%  62.76%  18.67%  1838%  16.55%  20.71%  16.75%
oy Best 2OBERO4 26BE04 268E+04 268E+04 268E+04 268E+04 268E+04 2.G8E+M
OMKPOS Mean 2.68E+04 2.68E+04 2.68E+04 2.68E+04 2.68E+04 2.68E+04 2.68E+04 2.68E+04
g BOSU000% 000%  000%  0.00%  0.00%  0.00%  0.00%  0.00%
Mean  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
o  Best 3OIET03 7T3REH3 3SOEC03 TI4EF03 GTTE03 TOTE+03  692E+03 7.0SE+03
OMKP09 Mean 3.91E+03 6.99E+03 3.59E+03 6.46E+03 6.60B+03 6.76E+03 6.66E+03  6.65E+03
Best  259.33%  90.18%  290.95%  96.60%  107.34%  98.52%  102.85%  99.05%
8% Mean 259.33%  100.96%  290.95%  119.17%  112.84%  107.83% 11120%  111.65%
oy Pt 486EH03 SOBE03 430E403 520EH03 53203 SSIEH03 SIGEH03  5.63E+03
OMKPI0 Mean 4.86E+03 5.15E+03 431E+03 5.10E+03 5.19E+03 5.43E+03 5.01E+03 5.27E+03
Best  28.51%  1838%  42.43%  19.65%  17.49%  12.95%  21.18%  10.92%
8 Mean  2851%  21.46%  45.17%  22.45%  2037%  15.16%  24.74%  18.90%
. Best 1.22E+04 122E+04 1.10E+04 120E+04 122E+04 1.22E+04 121E+04 1.22E+04
OMKP11 OO Mfean 1.22E+04 122E+04 1.10E<04 120E+04 121E+04 122E+04 121E+04 121E+04
Best  0.00%  0.00%  10.53%  124%  0.05%  0.00%  0.53%  0.05%
8P Mean  0.00%  003%  10.63%  1.51%  037%  028%  093%  035%
oy Best LBER4 LIEAS LIEAS LBEAS LBEAS LBEAS LIBEAS 1IIE
OMKP12 Mean 1.33E+04 1.33E+04 1.33E+04 1.33E+04 1.33E+04 1.33E+04 1.33E+04 1.33E+04
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
8% Mean  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
oy Pest SSAEH03 O0SEH03 48SEI03 OBAEH03 LO2EH04 LOBEHO4 9.10EH03 LOTE+04
OMKP13 Mean 6.48E+03 9.48E+03 4.85E+03 938E+03 9.45E+03 1.01E+04 8.79E+03 9.92E+03
Best  102.82%  40.84%  189.27%  4237%  37.94%  29.91%  54.10%  31.39%
8% Mean 117.77%  47.94%  189.27%  49.96%  48.60%  39.11%  59.77%  41.77%
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
o  Pot 193E+04 L9SEX04 19IE04 I19SE+04 LOSEXO4 19SE+04 194E<04 L9SE-04
OMKP14 Mean 1.93E+04 195E+04 1.93E+04 193E+04 1.94E+04 1.95E+04 191E+04 1.93E+04
Best  1.23%  0.00%  126%  036%  0.11%  0.00%  0.60%  021%
8% Mean  123%  032%  126%  124%  055%  0.16%  225%  1.52%
o Pt SOTEH03 L33EA04 BASEG03 130E:04 12GERO4 LIE04 126E+04 134E+04
OMKPIS Mean 8.97E+03 126E+04 833E+03 124E+04 124E+04 1.30E+04 1.18E+04 1.26E+04
Best  88.08%  26.93%  98.95%  2933%  33.99%  26.04%  3339%  26.04%
8% Mean  88.08%  3421%  102.72%  35.85%  3547%  29.35%  43.89%  34.02%
oy Bt OBAEN03 LAGEH04 LOIEG04 LS2EH04 LASERO4 LRI04 133E404 152E+04
OMKP16 Mean O9.84E+03 144E+04 1.01E+04 140E+04 142E+04 145E+04 129E+04 1.42E+04
Best  134.14%  58.04%  128.68%  51.24%  61.28%  54.65%  72.92%  51.24%
B Mean 134.14%  60.51%  128.68%  65.79%  62.78%  5849%  78.52%  62.88%
o Dot 33SEH04 33SEH04 3IE04 3ISEA04 33SE+04 IISEAM4 3ISE+04 335E+04
OMKP17 Mean 3.35E+04 3.35E+04 332E+04 3.35E+04 3.35E+04 3.35E+04 3.35E+04 3.35E+04
Best  0.00%  0.00%  082%  0.00%  0.00%  0.00%  0.00%  0.00%
P Mean  0.00%  0.00%  0.82%  0.00%  0.00%  0.00%  0.00%  0.00%
oy Best BIGERO4 BIGER04 IIE04 JIGER04 JIGER04 IIGE04 IIGE4 3.IGE+0d
OMKPIS Mean 3.16E+04 3.15E+04 3.11E+04 3.14E+04 3.13E+04 3.16E+04 3.12E+04 3.13E+04
Best  0.00%  0.00%  136%  0.00%  0.00%  0.00%  0.00%  0.00%
8% Mean  0.00%  020%  136%  0.54%  0.76%  0.00%  1.10%  0.87%
o Pt LSSEH04 LSSEH04 ISSET4 LSSE404 LSSE+04 1SSE04  LSSE+04 15SE+04
OMKP19 Mean 1.55E+04 1.55E+04 1.55E+04 1.55E+04 1.55E+04 1.55E+04 1.55E+04 1.55E+04
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
8% Mean  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.03%
oy Bt LOSEX04 LISEH04 SAZE03 1I3EH04 LI2ER04 LISEV04 110E404 L16K+04
OMKP20 Mean 1.05E+04 1.11E+04 8.42E+03 1.12E+04 1.12E+04 1.12E+04 1.07E+04 1.13E+04
Best  27.50%  1631%  58.78%  18.16%  1934%  1820%  21.80%  14.86%
8% Mean  27.50%  20.10%  58.86%  1927%  19.81%  18.96%  25.15%  18.08%
o Pt LOVEX04 LOTEX04  82SE+03 10GE+04 LOAE+04 1OIE+04 102E+04 LO9E+04
OMKP21 Mean 1.00E+04 1.02E+04 8.16E+03 1.05E+04 1.03E+04 1.00E+04 1.01E+04 1.07E+04
Best  17.87%  1021%  43.07%  11.01%  13.48%  1630%  15.24%  7.89%
B Mean 17.87%  15.97%  44.64%  12.07%  1428%  17.53%  17.22%  10.31%
o Pt LOSEH04 LASERO4 O.0ORV03 LSGE+04 I4SEC04 LSIECOA 143E404 LSIECO4
OMKP22 Mean 1.03E+04 140E+04 9.57E+03 145E+04 144E+04 1.48E+04 136E+04 1.47E+04
Best 121.29%  57.12%  13537%  46.56%  5426%  49.05%  59.59%  51.33%
8% Mean 12129%  62.73%  138.52%  57.98%  58.55%  53.87%  67.66%  55.33%
o Best 3TIET03 GO0E03 3STEC03 6TGE03 6TSER03 77IE+03 TOIEF03 682E+03
OMKP23 Mean 3.73E+03 6.35E+03 3.87E+03 642E+03 6.56E+03 7.37E+03  6.68E+03  6.66E+03
Best  308.57% 121.02% 29421% 125.46% 125.80% 97.72%  117.39%  123.58%
8% Mean 308.57%  140.64% 29421%  138.29%  132.35% 107.26%  128.73%  129.23%
o Best LOSECOA LSOET04 I4SECOA ITOE+04 1704 IS3E04 172E+04 1SSE+0d
—— Mean 1.68E+04 1.78E+04 145E+04 1.76E+04 1.74E+04 1.79E+04 1.67E+04 1.80E+04
Best  49.56%  3939%  73.17%  40.01%  43.42%  37.26%  46.10%  35.68%
8% Mean  49.56%  40.77%  T3.17%  42.96%  43.82%  39.98%  50.25%  39.18%
oy Best ATIERO4 ATTER04 ATTEH04 ATTER04 ATTERO4 ATTER04 ATTER4 4TTE0M
QMKP25 Mean 4.77E+04 4.77E+04 4.77E+04 4.77E+04 4.77E+04 4.77E+04 4.77E+04 4.77E+04
gap  Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
© Best 288E104 298E104 2.16E104 296E104 294E+04 3.01E104 2.87E+04 3.05E+04
OMKP26 OO Mean 2.88E+04 207E+04 2.16E+04 2.93E+04 2.92E+04 2.98E+04 2.80E+04 2.99E+04
Best  18.41%  1430%  57.71%  15.08%  16.01%  13.39%  18.88%  12.00%
8 Mean  1841%  15.04%  57.71%  1642%  16.88%  1445%  21.79%  14.26%
_ Bost 294E+04 299E+04 2.89E+04 297E+04 296E+04 3.10E+04 2.95E+04 3.00E+04
OMKP27 OO Mean 2.04FE+04 207E+04 2.88E+04 2.95E104 2.95E+04 3.02E+04 2.90E+04 2.99E+04
Best  2237%  20.40%  24.42%  20.99%  2151%  16.10%  22.17%  19.81%
8% Mean  2237%  21.06%  24.99%  21.83%  21.88%  1927%  23.95%  20.36%
o Pt LISER04 122E04 SSOE403 120E+04 LISEFO4 121E404 119E+04 1.24E+04
OMKP2S Mean 1.15B+04 1.15B+04 8.59E+03 1.14E+04 1.17E+04 1.18E+04 1.10E+04 1.22E+04
Best  25.83%  19.09%  68.94%  21.23%  2245%  20.12%  21.81%  17.16%
E% Mean 25.83%  25.87%  68.94%  27.83%  23.64%  2328%  32.61%  19.30%
© Best 1.97E+04 1.97E+04 195E104 1.97E+04 1.97E+04 1.97E+04 1.97E+04 1.97E+04
OO Mean 197E+04 197E+04 194E+04 1.97E+04 197504 1OTE+04 197E+04 1.97E+04
QMKP29 Best  0.00%  0.00%  124%  0.00%  0.00%  0.00%  0.00%  0.00%
8% Mean  0.00%  0.00%  134%  0.00%  0.03%  0.00%  0.14%  0.00%
oy Dot LAETO4 I4TECO4 130E404 L4SEFO4  14SEH04 LSOEF04 1ME-04 14TE404
OMKP30 Mean 1.44E+04 144E+04 130E+04 143E+04 144E+04 147E+04 140E+04 1.46E+04
Best  6.96%  531%  1901%  6.16%  6.60%  2.66%  731%  4.94%
% Mean  696%  7.01%  19.01%  8.15%  724%  520%  10.66%  5.76%
© Best 2.14E104 226E104 205E104 232E104 230E+04 233E104 228E104 2.39E+04
OMKP3 1 OO Mean 2.14E+04 220E+04 199E+04 230E+04 202004 231E+04 223E+04  2.33E+04
Best  35.48%  28.58%  41.83%  2536%  2636%  24.69%  27.59%  21.64%
8 Mean  3548%  30.96%  46.52%  2632%  26.64%  25.89%  30.08%  24.86%
oy Bt 261EN04 D68EH04 25UE04 2TDEH04 D6OEH04 2TIE04 265EH04 280K+04
OMKP32 Mean 2.61E+04 2.65E+04 2.52E+04 2.66E+04 2.685+04 2.70E+04 2.636+04 2.72E+04
Best  13.17%  10.08%  17.45%  8.63%  9.82%  871%  11.40%  5.57%
B Mean 13.17%  11.58%  17.45%  10.88%  10.05%  947%  12.25%  8.44%
o Bt 250EH04 DSSER04 220B404 256EH04 2SGEH04 266E+04 236E+04 258E04
OMKP33 Mean 2.50E+04 2.56E+04 220E+04 2.54E+04 2.55E+04 2.60E+04 249E+04 2.57E+04
Best  2220%  18.19%  3850%  19.09%  19.00%  14.76%  19.01%  18.44%
8% Mean  2220%  18.95%  38.50%  20.13%  19.46%  17.19%  22.69%  18.84%
o Best SIERO4 SIER04 SIUECG4 SIER04 SIER04 SIIEF04 SIIE04 5IIE+04
OMKP34 Mean 5.13E+04 5.3E+04 5.01E+04 5.13E+04 5.13E+04 5.3E+04 5.13E+04 5.13E+04
Best  0.00%  0.00%  033%  0.00%  0.00%  0.00%  0.00%  0.00%
8% Mean  0.00%  0.00%  237%  0.00%  0.00%  0.00%  0.00%  0.00%
oy Best T24EV03 IGIENO4 T38R0S LSGEHO4 149EH04 26004 8B4 1626404
OMKP3S Mean 7.24E+03 145E+04 7.38E+03 144E+04 143E+04 1.83E+04 1.60E+04 1.56E+04
Best  458.11%  151.10% 447.45%  159.43%  171.04%  55.48%  121.70%  148.73%
8% Mean 458.11%  180.15%  447.45%  182.65%  183.33% 129.61%  154.84%  159.27%
o Best SOTER04 SOTER04 SOGET04 SOTE04 SOTE04 SOTE04 SOTE04 SOTE+0M
OMKP36 Mean 5.07E+04 5.07E+04 5.06E+04 5.07E+04 5.07E+04 5.07E+04 S5.07E+04 5.07E+04
Best  0.00%  0.00%  0.16%  0.00%  0.00%  0.00%  0.00%  0.00%
% Mean  0.00%  0.00%  0.16%  0.00%  0.00%  0.00%  005%  0.00%
OMKP3?  obj  PeSt 2AOEH04 200EV04 208104 2I0E+04 210E+04 200E404 210E+04 210404
Mean 2.10E+04 2.10E+04 2.08E+04 2.10E+04 2.10E+04 2.10E+04 2.095+04 2.10E+04
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Best  0.00%  0.00%  092%  0.00%  0.00%  0.00%  0.00%  0.00%

8 Mean  0.00%  0.00%  092%  0.00%  0.00%  0.00%  036%  0.00%
oy Best LOSECOA LOTE04 LS04 LOTE04 L9TE04 LOTE4 192E04 19TE+M
OMKP3S Mean 195E+04 196E+04 182E+04 196E+04 194E+04 1.96E+04 1.89E+04 1.96E+04
Best  0.64%  0.00%  7.14%  0.00%  0.00%  0.00%  258%  0.00%

8% Mean  0.64%  024%  7.93%  042%  1.14%  0.06%  418%  0.27%
oy Dot SITEH03 B9EH03 SIOEG03 SEIEH03 8903 BG4EV03 BEIEH0I 8ESEH03
OMKP9 Mean 8.37E+03 7.87E+03  5.30E+03 8.05E+03 8.00E+03 8.42E+03  7.64E+03  8.67E+03
Best  72.01%  61.81%  171.77%  61.83%  73.56%  66.47%  66.86%  62.67%

8% Mean  72.01%  8432%  171.77%  80.67%  80.05%  70.90%  90.22%  66.09%
o Pet NN 0403 SGOEV03 10GEH04 LO2ECO4 126E+04 I3E+04 LI3E<04
OMKPA0 Mean  NaN  8.86E+03 5.60E+03 1.03E+04 9.99E+03 1.07E+04 1.01E+04 1.07E+04
Best ~ NaN  198.10% 423.75% 177.09% 187.01% 133.46%  159.17%  158.94%
8% Mean  NaN  232.63%  423.75%  184.51%  193.58% 175.52%  192.50%  175.74%
oy Pt 92EH04 IOIEH04 SOIE04 II2E404 39IE+04 IR I92E+04 3.92E+04
OMKPA] Mean 3.92E+04 3.92E+04 3.90E+04 3.92E+04 3.92E+04 3.92E+04 3.91C+04 3.92E+04
Best  0.00%  0.00%  0.06%  0.00%  0.00%  0.00%  0.00%  0.00%

% Mean  0.00%  0.00%  044%  0.00%  0.00%  0.00%  020%  0.00%
o Pt 230E:04 DSSERO4 LGOEG04 250EH04 2SIEH04 2EH04 24SEH04 2.6TE04
OMKPA2 Mean 2.30E+04 2.51E+04 1.69E+04 249E+04 248E+04 2.56E+04 238E+04 2.57E+04
Best  53.94%  3873%  109.05%  4120%  39.57%  37.87%  4431%  32.18%

8% Mean  53.94%  40.93%  109.54%  41.91% = 42.65%  38.13%  48.74%  37.39%
o Best G76ERO4 GTGER04 GTGEF04 G6TGER04 GTGER04 6TGE04 6TGE4 6TGE+M
OMKP43 Mean 6.76E+04 6.76E+04 6.76E+04 6.76E+04 6.76E+04 6.76E+04 6.76E+04 6.76E+04
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%

8% Mean  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%
o Pt 628EH04 GBEH04 6IBE4 GIBEH04 G2BE+04 G2BE4 GIBE+04 G6.2BE+04
OMKPA4 Mean 6.28E+04 6.28E+04 628E+04 6.28E+04 6.28E+04 6.28E+04 6.28E+04 6.28E+04
Best  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%  0.00%

8% Mean  0.00%  0.00%  0.05%  0.00%  0.00%  0.00%  0.00%  0.00%
oy Bt 4I9EH04 43I0 4DBEI04 4416404 44IENOL 44IEH04 43IE04 44204
OMKP4S Mean 4.19E+04 437E+04 4.17E+04 438E+04 440E+04 4.41E+04 425E+04 4.41E+04
Best  34.12%  2834%  3130%  27.57%  2739%  27.08%  29.76%  27.32%

8% Mean 34.12%  2875%  35.17%  2833%  27.82%  27.38%  3233%  27.64%

3.8 High school timetabling problem (HTS)
Table S-20 shows the experimental results of the HTS problems.
Table S-20 Experimental results on HTS.

Pro. Metric Status GUROBI ngis SCIP SA VNS LNS TS GA
o Best TAIER02 TTEN2 NAN TI9EH02 T14EH02 T4EH02 T21EH02 7.04E+02

HTSO] Mean 7.44E+02 7.84E+02 NAN  7.25E+02 727E+02 7.I1E+02 7.35E+02 7.15E+02
Best  8.16%  1552%  NAN 90.18%  8.54%  71.24%  943%  7.24%

B Mean  12.06%  16.68%  NAN 9.92%  10.14%  810%  11.12%  8.71%

oy Best 7EW02 TRAEN02 NAN  726E402 7T28E+02 T4E+02 729E402 T.ISE+02

HTS02 Mean 7.34E+02 8.09E+02 NAN  731E+02 7.36E+02 7.20E+02 7.35E+02 7.16E+02
gap  Best  777%  13.65%  NAN 6.75%  7.01%  5.18%  7.13%  531%
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean  7.77%  1627%  NAN 7.43%  8.04%  599%  7.94%  5.38%
o Dot BITER02 BTOE02 NAN 732E:02 7320 T24E402 733E+02 722E+02
TS03 Mean 837E+02 O.17E+02  NAN  7.34E+02 7.36E+02 7.29E+02 7.35E+02 7.23E+02
Best  1470%  18.77%  NAN 246%  246%  138%  259%  1.11%
8% Mean 1470%  22.10%  NAN  275%  2.94%  2.03%  2.83%  1.30%
_ Best 8.68E+02 8.73E+02 NAN  736E+02 7.42E+02 7.34E+02 7.49E+02 7.38E+02
O Mean  NAN  926E+02 NAN  7.44E02 747E+02 7.39E+02 7.5IE+02  7.40E+02
HTS04 Best 16.59%  17.07%  NAN 1.63%  243%  136%  334%  1.90%
8% Mean  NAN  21.73%  NAN 263%  3.08%  1.97%  3.65%  2.11%
o Dot OB2ER02 6BGE02  NAN - 620E:02 6SEH0 GISE2 G30E:02 G.IBE+02
HTS0S Mean 6.82E+102 6.94E+02 NAN  626E+02 630E+02 6.24E+02 6.32E+02 6.23E+02
Best  10.12%  10.64%  NAN 1.13%  239%  0.81%  270%  0.81%
8% Mean 10.12%  11.69%  NAN 210%  2.67%  1.82%  3.07%  1.66%
_ Best 870E+02 922E+02 NAN  8.16E+02 8.17E+02 7.84E+02 824E+02 8.06E+02
O Mean S70E402 943E+02  NAN  824F+02 S21E+02 8.03E+02 827E+02  8.09E+02
HTS06 Best  13.68%  18.55%  NAN 7.97%  8.08%  421%  886%  6.82%
8% Mean 13.68%  2038%  NAN 890%  851%  6.43%  923%  721%
© Best 130E+03 1356403 NAN  1.22E+03 122E+03 1.21E+03 123E+03 1.23E+03
O Mean 130E+03 138E+03  NAN  122E+03 123E+03 1.21E+03 123E+03 123E+03
HTS07 Best  7.99%  11.19%  NAN  0.00%  049%  0.00%  090%  0.81%
8% Mean  7.99%  13.07%  NAN 0.47%  0.86%  0.48%  1.10%  0.91%
"~ Best 6.79E+02 693E+02 726E+02 6.53E+02 6.60E+02 6.38E+02 6.75E+02 6.40E+02
TS08 O Mean 679E+02 7.07E+402 731E402 6.63E402 6.78E+02 6.39E+02 6.80E-02 6.58E+02
Best  8.84%  10.68%  14.74%  521%  621%  2.98%  830%  3.28%
B Mean  8.84%  12.38%  1534%  6.60%  8.69%  3.13%  891%  5.90%
o Best BOSE02 O0SEX02  NAN | BISE02 SISEF02 SI4E+02 B23E+02 8.03E+02
TS0 Mean 8.65E+102 927E+02 NAN  S20E+02 8.18E+02 8.20E+02 8.26E+02 8.12E+02
Best  925%  1326%  NAN  4.03%  3.68%  3.56%  4.62%  2.24%
8% Mean  925%  1527%  NAN  427%  3.99%  426%  491%  3.32%
opj  Post 3OGER02 ISE02 NAN - 300E:02 312E02 300E+02 3IE02 301E+02
HTSI0 Mean 3.06E+02 332E+02 NAN  3.12E+02 3.13E+02 3.03E+02 3.14E+02 3.08E+02
Best  261%  540%  NAN 3.87%  449%  0.67%  418%  1.00%
8P Mean  261%  10.13%  NAN 455%  473%  1.76%  521%  3.22%
o Bet NAN U LI3ER03  NAN  O78E<02 997E+02 976E+02 1OIEH03 9.8TE+02
TS Mean  NAN  121E+03 NAN  9.96E+02 1.00E+03 9.82E+02 1.02E+03 9.92E+02
Best NAN  1578%  NAN  235%  421%  215%  5.45%  3.24%
8% Mean  NAN  2091%  NAN 410%  495%  2.78%  591%  3.75%
opj  Pest LOSERO3 TOBEX03  NAN LOIE-03 102E+03 98GE+02 103E-03 998E+02
HTSI2 Mean 1.06E+03 1.09E403 NAN  1.02E+03 1.03E+03 1.01E+03 1.04E+03 1.01E+03
Best  10.55%  12.55%  NAN 720%  7.47%  456%  873%  5.71%
8% Mean 1149%  13.62%  NAN 7.85%  887%  6.89%  9.17%  6.97%
oy Best 276ER02 276EH02 276EV02 2426402 DAGEH0D 24IE02 25DEN02 2A4EH02
TSIa Mean 2.76E+02 2.76E+02 2.76E+02 2.49E+02 2.51E+02 2.48E+02 2.59E+02 2.53E+02
Best  14.49%  14.49%  14.49%  2.48%  407%  2.48%  635%  3.28%
B Mean  14.49%  14.49%  1449%  526%  597%  481%  879%  6.71%
HTsia o POt LOOE03 LOIEF03  NAN T 92IE02 920E+02 9.A7E+02 9.34E+02 921E+02
Mean 1.00E+03 1.0IE+03 NAN  920E+02 9.33E+02 9.20E+02 9.37E+02 9.23E+02
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Best  9.00%  981%  NAN 119%  1.09%  0.76%  257%  1.19%
8 Mean  9.00%  1029%  NAN 200%  250%  113%  2.92%  137%
" Best 257E402 257E+02 257E+02 234E+02 234E+02 2.27E+02 234E+02 2.34E+02
OO Mean 257E+02 2.57E+402 2.57E+02 235E+02 234E+02 2.34E+02 235402 235E+02
HISIS Best  15.56%  15.56%  15.56%  7.26%  7.26%  441%  726%  7.26%
8% Mean  1556%  15.56%  15.56%  7.74%  7.40%  718%  7.82%  7.59%
oy Dot SOOEH02 S29EH02  NAN  47SEH2 480EH02 4TSEH2 48202 4.75E+02
Mean 5.01E+02 S537E+02 NAN  4.79E+02 4.83E+02 4.77E+02 4.88E+02 4.77E+02
HTS16 Best  6.00%  11.15%  NAN  1.05%  2.08%  1.05%  2.49%  1.05%
% Mean  6.15%  1238%  NAN 179%  2.61%  1.50%  3.64%  1.55%
"~ Best 488E+02 5.08E+02  NAN  457E+02 457E+02 4.56E+02 4.59E+02 4.56E+02
TSI OO Mean SI0E+02 503402  NAN  4.59E+02 4.59E+02 4.58E+02 4.62E-02 458E+02
Best  6.56%  1024%  NAN  022%  022%  0.00%  0.65%  0.00%
8% Mean  1048%  11.16%  NAN 0.74%  0.65%  039%  134%  0.44%
oy Dot 33E02 330402 4I4Ev02 3202 IIEH02 3UIE02 3I3E02 31102
HTSIs Mean 3.38E102 3.44E+02 4.57E+02 3.14E+02 3.13E+02 3.12E+02 3.15E+02 3.12E+02
Best  8.66%  727%  2609%  1.92%  1.61%  1.61%  224%  1.61%
8% Mean  9.52%  10.98%  32.50%  2.61%  2.18%  1.92%  296%  1.80%
oy  Bost 25SER02 235EH02 27002 246E:02 23TEH2 247E+02 247E+02 246E+02
TSI Mean 2.58E+02 2.61E+02 3.14E+02 248E+02 245E+02 2.51E+02 248E+02 2.47E+02
Best  9.02%  9.02%  1407%  5.69%  211%  6.07%  6.07%  5.69%
P Mean  10.14%  11.01%  24.92%  630%  536%  7.61%  6.60%  5.88%
. Best 325E402 338E+02 NAN  327E+02 3.25E+02 321E+02 337E+02 3.21E+02
S OO Mean 332E402 348E+02  NAN  331E02 338E+02 326E+02 341E+02  3.23E+02
Best  3.69%  7.40%  NAN  428%  3.69%  2.49%  7.12%  2.49%
8% Mean  577%  10.01%  NAN 5.49%  732%  3.86%  8.15%  3.21%
oy Best LUIEH0S LISEH03  NAN L0603 10SE+03 1.06E+03 LOTE+03 104K+03
TS Mean 1.13E+03 1.14E+03 NAN  1.06E+03 1.06E+03 1.06E+03 1.08E+03 1.05E+03
Best  595%  7.70%  NAN 142%  057%  151%  2.80%  0.00%
8% Mean  793%  885%  NAN 197%  132%  1.82%  3.12%  0.83%
oy Best TA2E02 TS0EH02 TE7E02 TOGE+02 TOSE+02 69SE+02 TO3E+02 6.94E+02
T2 Mean 7.47E+02 7.57E+02 7.91E+02 7.07E+02 7.08E+02 7.01E+02 7.07E+02 6.97E+02
Best  7.82%  8.80%  13.09%  3.12%  298%  1.58%  270%  1.44%
8% Mean  841%  9.64%  13.56%  325%  336%  239%  325%  1.92%
o Pt 207EF03 209E+03  NAN ISSE+03 L90E+03 18SE+03 191E+03 191E+03
T3 Mean NAN  2.11E+03  NAN  1.89E+03 1.90E+03 1.87E+03 1.91E+03 1.92E+03
Best 1231%  13.15%  NAN  3.51%  417%  1.78%  467%  5.07%
8% Mean NAN  1384%  NAN 416%  454%  2.82%  488%  5.53%
oy Best 216EH03 221E403  NAN 20503 205EH03 204E+03 206EH03 209E+03
TS24 Mean 2.17E+03 225E+03 NAN  2.06E+03 2.06E+03 2.05E+03 2.07E+03 2.16E+03
Best  7.54%  9.67%  NAN  234%  258%  191%  296%  431%
8% Mean  7.84%  11.19%  NAN 292%  3.06%  235%  3.49%  7.30%
oy Best OTOEH02 LOTEX03  NAN O.60E+02 94OR+02 94IEF02 967E+02 9.43E+02
TS2s Mean 1.00E+03 1.11E+03 NAN  9.63E+02 9.54E+02 9.48E+02 9.73E+02 9.51E+02
Best  485%  13.74%  NAN  3.85%  274%  2.12%  455%  2.12%
8 Mean  772%  17.00%  NAN 413%  323%  2.61%  5.10%  2.98%
HTS26  obj  Best 5.90E+02 631E+02 7.21E+02 5.83E+02 5.86E+02 5.83E+02 6.03E+02 5.89E+02
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Mean 627E+02 647E+02 7.51E+02 S5.91E+02 5.94E+02 5.91E+02 6.05E+02 5.93E+02
Best  322%  951%  20.80%  2.06%  2.56%  2.06%  531%  3.06%
8% Mean  885%  11.70%  23.67%  3.44%  3.80%  331%  556%  3.65%
oy Pt SSOER02 STTEH02 G132 SS3E02 SSOEH2 SSIE02 SS2E02 SS0E+2
77 Mean 5.61E+02 S5.88E+02 6.13E+102 5.55E+02 5.53E+02 5.54E+02 5.55E402 5.51E+02
Best  1.80%  537%  10.93%  127%  0.73%  1.09%  1.09%  0.73%
8% Mean  2.64%  720%  1099%  1.69%  130%  147%  1.69%  0.91%
o Pet NANI39ES03  NAN LIOEH03 LIE03 LIOE03 IIIEF03  LIOE+03
Tsas Mean  NAN  143E+03 NAN  1.10E+03 1.11E+03 1.10E+03 1.11E+03 I1.10E+03
Best NAN  2275%  NAN  237%  290%  237%  333%  237%
8% Mean  NAN  2494%  NAN  286%  326%  2.63%  351%  2.60%
o Bet  NANI3BEH03  NAN LOOE+03 LO9E+03 LOJE+03 109E<03 LO9E+03
T2 Mean  NAN  151E+03 NAN  1.10E+03 1.10E+03 1.09E+03 1.10E+03 1.09E+03
Best NAN  2145%  NAN 0.46%  0.73%  028%  091%  0.28%
B Mean  NAN  28.14%  NAN 115%  1.00%  0.75%  136%  0.59%
o Pt 129BF03 T4IES03  NAN LI3E:03 L1203 LIIE+03 LI3E<03  LUE+03
HTS30 Mean 1.30E+03 146E+03  NAN  1.13E+03 1.13E+03 1.12E+03 1.13E+03 1.12E+03
Best  14.54%  21.69%  NAN 0.98%  0.18%  0.09%  141%  0.00%
B Mean  1475%  24.17%  NAN 169%  1.03%  034%  171%  0.30%
o Best 132E403 139E:03  NAN  1I3E<03 114E<03 LI2E+03 LIGE+03 1I3E+03
. Mean 132E+03 143E+03 NAN  1.15E+03 1.16E+03 1.14E+03 1.16E+03 1.14E+03
Best  1543%  19.64%  NAN 159%  271%  071%  3.80%  1.59%
8% Mean 1557%  21.95%  NAN 3.02%  4.00%  234%  425%  2.77%
o  Post 123ER03 125EH03  NAN  O0BEH02 9.04E+02 99SE+02 OOTE+02 9B7E+02
HTSh Mean 123E+03 130E+03 NAN  1.00E+03 9.98E+02 9.98E+02 1.00E+03 9.91E+02
Best  20.08%  21.42%  NAN 150%  1.11%  121%  1.40%  0.41%
8% Mean 2036%  2438%  NAN 195%  1.52%  1.52%  1.68%  0.79%
o  Pest LISERO3 120E403  NAN L02E:03 LOIEH03  LODEF03 100E<03 1.00E+03
TS Mean 1.15E+03 125E+03 NAN  1.03E+03 1.02E+03 1.OIE+03 1.02E+03 1.01E+03
Best 1328%  18.07%  NAN  2.55%  1.88%  1.00%  1.00%  1.00%
B Mean  13.65%  20.52%  NAN 333%  240%  1.41%  2.62%  1.49%
oy Best LITE03 L24E403  NAN LOIE®03 101E+03 9.98E+02 LO2E+03 9.98K+02
— Mean 121E+03 126E+03 NAN  1.02E+03 1.02E+03 1.00E+03 1.03E+03 1.01E+03
Best  14.80%  19.68%  NAN 129%  139%  0.20%  273%  0.20%
8% Mean 1723%  2121%  NAN 200%  2.00%  0.48%  3.09%  1.05%
3.9 Job shop scheduling problem (JSSP)
Table S-21 exhibits the experimental results for JSSP problems.
Table S-21 Experimental results on JSSP.
Pro. Metric Status GUROBI TC?(I;LS SCIP SA VNS LNS TS GA
© Best 142E+03 1.23E+03 133E+03 143E+03 138E+03 1.27E+03 1.48E+03 1.60E+03
1SSPO] OO Nlean 1A42E+03 1.23E+03 133E+03 148FE+03 144E+03 132E+03 1.52E403 1.80E+03
Best  32.30%  21.69%  2735%  3235%  3030%  23.97%  34.82%  39.90%
B Mean  3230%  21.69%  27.35%  3476%  33.07%  2677%  36.73%  45.93%
jssP2 opy Bt LSIEFO3 L22EH03120EH03 143E+03 13SE403 126E+03 136E+03 163E+03
Mean 1.51E+03 1.22E+03 130E+03 147E+03 141E+03 129E+03 1.51E+03 1.85E+03
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Best  38.97%  24.38%  28.60%  35.68%  31.83%  27.02%  32.18%  43.60%
8% Mean  38.97%  24.38%  29.02%  37.29%  3448%  28.63%  38.55%  49.87%
" Best 149E+03 1.22E+03 129E+03 144E+03 144E103 129E+03 143E+03 1.61E+03
OO Nlean 149E+03 122E+03 129F+03 148FE+03 149F+03 13SE+03 149E+03 1.67E+03
ISSPO3 Best  36.70%  23.20%  27.30%  34.68%  34.68%  27.24%  3422%  41.61%
8P Mean  3670%  23.20%  27.30%  36.58%  36.74%  3020%  36.61%  43.54%
" Best 1.44E103 1.23E+03 134E103 140E+03 132E+03 127E+03 145E+03 1.59E+03
OO Nlean 144E+03 1.23E+03 134E+03 148E+03 138403 131E+03 1.52E403 1.75E+03
1S5P04 Best  35.02%  23.80%  30.28%  33.40%  28.90%  2626%  3529%  41.01%
8P Mean  35.05%  23.80%  30.28%  3651%  32.03%  28.64%  3836%  45.95%
oy Dot 146ET03 124403 130E103 138403 L4IE03 128E403 1S4E+03 1 6TE+03
155P0S Mean 1.46E+03 1.24E+03 130E+03 146E+03 146E+03 133E+03 1.61E+03 1.78E+03
Best  38.00%  2691%  30.18%  34.13%  3549%  2936%  41.14%  45.53%
8% Mean  38.00%  26.91%  30.18%  37.84%  37.71%  31.69%  43.47%  49.08%
oy Dot IBOEF03 LITEH03 347EH03 LS2E03 LS2EV03 LA4EH03 17T3EH03 206E:03
1S5P06 Mean 1.80E+03 1.37E+03 3.47E+03 1.72E+03 1.82E+03 147E+03 1.87E+03 2.31E+03
Best  43.65%  25.97%  70.82%  3329%  3329%  29.48%  41.64%  50.97%
8P Mean  43.65%  26.02%  70.82%  40.66%  44.18%  31.23%  4571%  55.68%
" Best 1.58E03 1.35E+03 242E103 1.61E+03 145E+03 141E+03 1.64E+03 1.86E+03
1SSP07 OO Nlean 1.64E+03 1.35E+03 242E+03 170E+03 152403 143E+03 1.73E403 2.33E+03
Best  3730%  26.39%  59.16%  38.66%  31.63%  29.74%  39.74%  46.69%
B Mean  3978%  26.39%  59.16%  41.78%  3476%  30.76%  42.66%  56.70%
oy Dot ISIEFO3 L46EH03 17GEF03 LT3EH03 LGAEV03 LSIEA03 LEH03 217E+03
1SSPOS Mean 181E+03 1.46E+03 1.76E+03 1.75E+03 1.70E+03 1.57E+03 1.93E+03 2.38E+03
Best  42.83%  29.34%  41.17%  40.19%  37.17%  32.53%  43.15%  5235%
8% Mean  42.83%  29.34%  41.17%  40.89%  39.15%  3437%  4640%  56.09%
© Best 1.71E+03 1.34E+03 180E+03 157E+03 150E+03 145E+03 1.66E+03 1.98E+03
195P00 OO Mean 171E+03 1.34E+03 180E+03 1.67E-03 1.58E+03 148E+03 1.79E+03 2.39E+03
Best  44.42%  2876%  47.17%  3935%  36.77%  3450%  42.81%  51.92%
8P Mean  44.42%  29.18%  47.17%  42.89%  39.56%  35.63%  4675%  59.69%
" Best 1.78E+03 1.35E+03 1.62E103 1.61E+03 149E+03 139E+03 1.80E+03 2.03E+03
O Mlean 1.78E+03 1.36E+03 1.62E+03 1.71E+03 1.63E+03 144E+03 1.87E+03 221E+03
ISSP10 Best  47.98%  31.16%  42.65%  4236%  37.72%  33.43%  4836%  54.38%
B Mean 47.98%  31.54%  42.65%  45.63%  42.83%  35.66%  5029%  57.72%
oy Dot 210BF03 LG4EH03 27GEF03 2026403 L§TEV03 L7TE403 2108403 243E:03
1SSPL1 Mean 2.10E+03 1.65E+03 2.80E+03 2.11E+03 2.13E+03 1.82E+03 2.22E+03 332E+03
Best  41.94%  25.88%  5595%  39.81%  3492%  31.17%  41.94%  49.81%
B Mean  41.94%  26.13%  5648%  42.33%  42.80%  3321%  45.08%  61.55%
" Best 206E103 L60E+03 2.04E+03 202E103 185E103 1.76E+03 2.12E+03 2.56E+03
1SSPL2 OO Mean 2.06E+03 1.61E+03 2.04E+03 2.11E+03 193E+03 1.82E+03 225E+03 3.51E+03
Best  40.72%  23.56%  39.99%  39.52%  33.86%  3043%  4228%  52.28%
8% Mean  4072%  24.20%  39.99%  42.06%  3637%  32.65%  45.60%  63.81%
" Best 207E+03 1.60E+03 201E103 1.83E+03 1.88E+03 1.70E+03 221E+03 249E+03
O Mean 2.07E+03 161EH03 2.01E+03 2.06E-03 196E+03 1.76E+03 220E+03 327E+03
ISSP13 Best  43.04%  26.08%  41.40%  3571%  37.12%  30.77%  46.55%  52.65%
B Mean  43.04%  26.57%  41.40%  42.31%  39.88%  33.10%  4836%  62.97%
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
"~ Best 2.18E03 1.69E+03 2.11E+03 2.11E+03 197E+03 1.87E+03 2.30E+03 2.57E+03

OO Mean 2.18E+03 1.69E+03 2.11E+03 22103 2.12E+03 1.90E+03 243E+03  3.03E+03

ISSP14 Best  40.81%  23.38%  38.84%  38.67%  34.57%  30.78%  43.85%  49.81%
8P Mean  40.83%  23.66%  38.84%  41.64%  39.01%  31.96%  4672%  57.00%

~ Best 2.09E+03 1.63E+03 2.10E+03 196E+03 192E+03 1.76E+03 2.05E+03 2.62E+03

OO Nlean 2.09E+03 1.64E+03 2.15E+03 2.14E+03 2.02E+03 1.79FE+03 2.24F+03 3.A42E+03

ISSP1S Best  41.29%  24.86%  41.54%  3727%  36.09%  3040%  40.15%  53.13%
B® Mean  4129%  24.97%  42.86%  42.41%  3921%  31.52%  45.05%  62.87%

"~ Best 247E+03 1.76E+03 1.76E+04 224E+03 2.02E+03 192E+03 2.46E+03 2.67E+03

OO Mean 247E+03 177E+03 1.76E+04 23103 229E+03 1.96E+03 2.59E+03 3.19E+03

ISSP16 Best  59.92%  43.88%  94.37%  5580%  51.04%  48.52%  59.77%  62.94%
8P Mean  59.92%  44.07%  9437%  57.17%  5677%  49.53%  61.72%  68.71%

"~ Best 244E+03 1.84E+03 1.67E+04 207E+03 222E+03 1.96E+03 2.49E+03 2.82E+03

OO Mean 244E+03 1.8TEH03 1.67E+04 224FE03 243E+03 2.02E403 2.61E+03 343E+03

ISSP17 Best  60.07%  46.98%  94.16%  52.94%  56.04%  50.18%  60.84%  65.45%
8 Mean  60.07%  47.72%  94.16%  5637%  59.77%  51.71%  62.68%  71.10%

© Best 2.53E+03 1.82E+03 1.80E+04 228E+03 207E+03 2.03E+03 2.53E+03 2.81E+03

OO Nlean 2.53E+03 1.83E+03 1.80E+04 240F+03 226E+03 2.04E+03 2.64E+03  3.07E+03

ISSP18 Best  60.96%  45.68%  9451%  5670%  52.22%  5121%  60.96%  64.78%
8P Mean  60.96%  45.87%  94.51%  58.83%  56.12%  51.59%  62.49%  67.69%

" Best 250E103 1.8OE+03  NAN  230E103 220E103 196E103 248E+03 2.13E+03

1SSPL OO Mean 2.50E+03 1.80E+03  NAN 24003 228E+03 2.01E+03 2.58E+03 2.37E+03
Best  5825%  41.78%  NAN  5453%  5239%  4657%  57.86%  50.82%

B Mean  5825%  42.01%  NAN  5646%  5410%  48.01%  59.47%  55.54%

© Best 2.53E+03 1.80E+03 148E+04 208E+03 208E+03 2.01E+03 2.45E+03 2.29E+03

155P20 OO Mean 2.53E+03 1.80E+03 14SE+04 23103 230E+03 2.03E+03 2.54E+03 2.43E+03
Best  64.19%  49.58%  93.87%  56.51%  56.51%  55.04%  63.09%  60.45%

8% Mean  64.19%  49.58%  93.87%  60.69%  60.52%  55.35%  6434%  62.55%

"~ Best 273E+03 2.03E+03 239E+04 2.72E+03 2.62E+03 2.48E+03 2.86E+03 3.22E+03

1S3P] OO Mean 273E+03 2.06E+03 239E+04 2.85E-03 2.78E+03 2.56E+03 3.01E+03  3.56E+03
Best  54.90%  39.31%  94.85%  54.69%  53.03%  5040%  56.94%  61.74%

8% Mean  5490%  40.08%  94.85%  56.65%  55.59%  51.87%  59.05%  65.35%

oy  BeSt 2703 LOOEH3 237E+04 274E103 235E+03 231E+03 290E+03 337B+03

o Mean 2.71E+03 1.92E+03 2.37E+04 2.86E+03 2.57E+03 2.36E+03 3.07E+03 3.52E+03
Best  54.63%  35.33%  94.82%  55.03%  47.66%  46.66%  57.54%  63.52%

8P Mean  54.63%  35.85%  94.82%  5691%  51.92%  47.87%  59.92%  65.07%

"~ Best 2.79E+03 2.01E+03 2.18E+04 268E+03 2.58E+03 2.53E+03 2.93E+03 3.15E+03

155P3 OO Mean 2.79E+03 2.02E+03 2.1SE+04 2.84E-03 2.66E+03 2.59E+03 3.07E+03 3.56E+03
Best  55.11%  37.75%  9426%  53.28%  51.34%  5038%  57.26%  60.18%

8% Mean 55.11%  37.88%  9426%  55.84%  52.80%  51.54%  59.16%  64.59%

oy Best 27TEH03 L9BEH3 241ER04 276EH03 233E403 237EH03 299E403 334E403

1S5pas Mean 2.73E+03 2.00E+03 241E+04 2.88E+03 2.70E+03 2.44E+03 3.07E+03 3.92E+03
Best  52.95%  35.12%  94.68%  53.50%  49.29%  45.84%  57.14%  61.65%

8% Mean  53.00%  35.79%  94.68%  55.48%  52.40%  47.52%  5825%  67.09%

jssp2s op Dot 2E3EF03 201EH03 210E104 27303 D6IEF03 235E403 28EH03 327+03
Mean 2.83E+03 2.03E+03 2.10E+04 2.86E+03 2.85E+03 241E+03 3.02E+03 543E+03
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA
Best  57.91%  40.65%  9434%  5643%  5448%  4925%  57.97%  63.65%
B Mean  57.91%  41.34%  9434%  5835%  58.15%  50.67%  60.46%  75.86%
© Best 3.91E+03 2.76E+03 3.00E+04 346E+03 422E+03 340E+03 3.97E+03 4.51E+03
OO Nlean 3.91E+03 2.76E+03 3.00E04 3.72E+03 43SE+03 3ASE+03 4.17E+03  5.32E+03
155P26 Best  71.96%  60.29%  96.34%  6832%  74.03%  67.74%  7236%  75.71%
B Mean  71.96%  60.29%  96.34%  70.47%  T4.67%  68.50%  73.70%  79.26%
"~ Best 3.60E103 2.76E+03 2.84E+04 3.52E103 3.85E103 333E+03 4.14E+03 438E+03
OO Mean 3.60E+03 276E+03 2.84E+04 3.74E-03 4.04E+03 344E+03 4.27E+03  S528E+03
1S8p27 Best  70.81%  61.92%  9631%  70.15%  72.77%  68.50%  74.64%  76.05%
8 Mean  7081%  61.92%  9631%  71.88%  73.99%  69.45%  7539%  79.94%
"~ Best 3.89E+03 2.68E+03 2.75E+04 331E+03 3.64E103 321E+03 3.82E+03 4.52E+03
1SSPas OO Mean 3.89E+03 2.68E+03 2.75E+04 3.71E03 3.80E+03 3.26E+03 4.06E+03 S5.28E+03
Best  72.59%  60.25%  96.13%  67.85%  70.70%  66.83%  72.11%  76.42%
B Mean  72.59%  60.25%  96.13%  71.17%  7198%  67.36%  73.72%  79.68%
"~ Best 3.88E103 2.78E+03 3.08E104 3.61E103 341E103 323E103 4.04E103 4.56E+03
OO Nlean 3.88E+03 2.78E+03 3.08E+04 3.83E+03 3.83F+03 332E+03 4.18F+03 5.64E+03
155P29 Best  72.94%  62.24%  96.59%  70.87%  6921%  67.44%  74.02%  76.98%
8P Mean  72.94%  62.24%  96.59%  72.54%  T2.46%  68.36%  7483%  81.02%
"~ Best 3.85E+03 2.72E+03 2.88E+04 341E+03 341E103 3.11E+03 4.04E+03 439E+03
OO Mean 3.85E+03 2.72E+03 2.88E+04 3.71E03 3.76E+03 3.24E+03 4.14E+03 S21E+03
ISSP30 Best  69.57%  56.96%  95.93%  65.62%  65.62%  6229%  7097%  73.31%
B Mean  69.57%  56.96%  95.93%  68.38%  68.68%  63.80%  71.71%  77.29%
"~ Best 404E103 2.76E+03 NAN  491E103 4.79E103 447E103 537E+03 5.94E+03
1SSPa ] OOl Nlean 4.04E+03 276E+03 NAN  526E+03 S5.19F+03 4.60E+03 5.60E+03 9.50E-+03
Best  68.12%  53.21%  NAN  7375%  73.11%  71.18%  76.01%  78.29%
8% Mean  68.12%  53.27%  NAN  7541%  75.08%  71.99%  7695%  85.69%
oy Dot A34EN03 287EH03 402EH04 5403 44TEV03 A4GEH03 SIFEH3 599E:03
I Mean 434E+03 2.89E+03 4.02E+04 5.59E+03 4.55E403 4.70E+03 5.54E+03  9.32E+03
Best  70.44%  55.23%  9681%  75.01%  7130%  71.19%  76.11%  78.57%
8% Mean  7044%  55.49%  96.81%  7695%  71.76% = 72.62%  76.82%  85.49%
" Best 401E103 2.70E+03  NAN  541E103 4.03E103 438E103 488E+03 5.86E+03
P O Mlean 4.01E+03 270E+03  NAN  5.64E+03 424FE03 4.56E+03 S.13E+03  9.88E+03
Best  66.74%  50.60%  NAN  7531%  66.85%  69.53%  72.65%  77.20%
B Mean  66.74%  50.60%  NAN  76.32%  68.52%  70.71%  73.97%  85.58%
oy  BeSt A3IEF03 285EH03 304EF04 SSTEC03 4G3EH03 43VEH03 S20B+03 630B+03
1SSpad Mean 431E+03 2.86E+03 3.94FE+04 5.74E+03 4.86E+03 4.72E+03 5.58E+03 9.63E+03
Best  68.86%  52.84%  96.59%  75.89%  7131%  70.70%  7420%  78.71%
% Mean  68.86%  53.00%  96.59%  76.62%  7239%%  71.55%  75.92%  85.37%
o Pt 4M4EH03 27BEH03 NAN  SSSEA03 GASEH03 436EH03 4B4EH03 7776403
1SSpas Mean 4.14E+03 2.79E+03 NAN  5.63E+03 7.08E+03 4.53E+03 5.56E+03 1.05E+04
Best  67.57%  51.76%  NAN  75.79%  79.16%  69.22%  7225%  82.72%
B Mean 6757% 5179%  NAN  76.13%  80.98%  7031%  75.68%  86.88%

3.10 Graph coloring problem (GC)

The experimental results for GC problems are presented in Table S-22.
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Table S-22 Experimental results on GC.

Pro. Metric Status GUROBI T8§LS SCIP SA VNS LNS TS GA

. Best  220E+01 1.60E+01 2.00E+01 1.70E+01 1.60E+01 1.70E+01 1.70E+01 1.80E+01

GCol ob) Mean 220E+01 1.60E+01 2.04E+01 1.74E+01 1.72E+01 1.74E+01 1.80E+01 1.83E+01
Best 54.55% 37.50% 50.00% 41.18% 37.50% 41.18% 41.18% 44.44%

&P Mean  54.55% 37.50% 50.95% 42.48% 41.65% 42.48% 44.33% 45.42%

. Best 2.10E+01 1.60E+01 230E+01 1.70E+01 1.70E+01 1.70E+01 1.70E+01 1.80E+01

ob) Mean 2.10E+01 1.60E+01 2.30E+01 L.75E+01 1.75E+01 1.78E+01 1.82E+01 1.85E+01

Gco Best 47.62% 31.25% 52.17% 35.29% 35.29% 35.29% 35.29% 38.89%
gap Mean  47.62% 31.25% 52.17% 37.09% 37.09% 38.29% 39.36% 40.50%

. Best 1.80E+01 1.50E+01 2.30E+01 1.80E+01 1.60E+01 1.70E+01 1.70E+01 1.70E+01

ob) Mean 1.80E+01 1.56E+01 2.30E+01 L.85E+01 1.72E+01 1.75E+01 1.80E+01 1.82E+01

acos Best 38.89%, 26.67% 52.17% 38.89% 31.25% 35.29% 35.29% 35.29%
&P Mean  38.89%, 29.42% 52.17% 40.50% 35.82% 37.09% 38.76% 39.36%

. Best 1.90E+01 1.60E+01 2.30E+01 1.80E+01 1.60E+01 1.60E+01 1.60E+01 1.80E+01

ob) Mean 190E+01 1.60E+01 2.30E+01 1.85E+01 1.83E+01 1.68E+01 1.78E+01 1.83E+01

acos Best 52.63% 43.75% 60.87% 50.00% 43.75% 43.75% 43.75% 50.00%
&ap Mean  52.63% 43.75% 60.87% 51.32% 50.87% 46.25% 49.21% 50.88%

. Best 1.70E+01 1.50E+01 2.10E+01 1.70E+01 1.70E+01 1.60E+01 1.70E+01 1.80E+01

ob) Mean 1.72E+01 1.58E+01 2.14E+01 L.77E+01 1.73E+01 1.68E+01 1.74E+01 1.85E+01

Gcos Best 47.06% 40.00% 57.14% 47.06% 47.06% 43.75% 47.06% 50.00%
8P Mean  47.65% 43.00% 57.929%, 49.02% 48.04% 46.38% 48.24% 51.32%

. Best  1.80E+01 1.60E+01 2.20E+01 1.80E+01 1.70E+01 1.70E+01 1.90E+01 1.70E+01

ob) Mean 180E+01 1.60E+01 2.20E+01 1.83E+01 1.75E+01 1.78E+01 1.90E+01 1.83E+01

o6 Best 38.89% 31.25% 50.00% 38.89% 35.29% 35.29% 42.11% 35.29%
&P Mean  38.89%, 31.25% 50.00% 39.96% 37.09% 38.16% 42.11% 39.90%

) Best 1.80E+01 1.60E+01 2.30E+01 1.70E+01 1.70E+01 1.70E+01 1.80E+01 1.70E+01

GCo7 ob) Mean 1.80E+01 1.60E+01 230E+01 L.82E+01 1.78E+01 1.76E+01 1.85E+01 1.83E+01
Best 38.899% 31.25% 52.17% 35.29% 35.29% 35.29% 38.89% 35.29%

&ap Mean  38.89% 31.25% 52.17% 39.36% 38.29% 37.45% 40.50% 39.90%

obj Best 1.80E+01 1.60E+01 220E+01 1.70E+01 1.70E+01 1.70E+01 1.70E+01 1.80E+01

Mean 1.8FE+01 1.60E+01 2.20E+01 L.80E+01 1.70E+01 1.70E+01 1.74E+01 1.85E+01

Geos Best 38.89%, 31.25% 50.00% 35.29% 35.29% 35.29% 35.29% 38.89%
&P Mean  39.539%, 31.25% 50.00% 38.76% 35.29% 35.29% 36.73% 40.50%

obj Best 1.70E+01 1.60E+01 2.20E+01 1.70E+01 1.60E+01 1.60E+01 1.70E+01 1.70E+01

GC09 Mean 170E+01 1.60E+01 2.20E+01 1.74E+01 1.73E+01 1.68E+01 1.78E+01 1.85E+01
Best 35.29%, 31.25% 50.00% 35.29% 31.25% 31.25% 35.29% 35.29%

&ap Mean 35299, 31.25% 50.00% 36.73% 36.42% 34.47% 38.16% 40.43%

) Best 1.80E+01 1.60E+01 2.60E+01 1.70E+01 1.70E+01 1.60E+01 1.70E+01 1.80E+01

GC10 ob) Mean 1.80E+01 1.60E+01 2.60E+01 L.78E+01 1.77E+01 1.75E+01 1.82E+01 1.83E+01
Best 38.899% 31.25% 57.69% 35.29% 35.29% 31.25% 35.29% 38.89%

8P Mean  3889%  31.25%  57.60%  38.17%  37.69%  37.02%  3936%  39.96%

GCl11 obj Best 1.80E+01 1.50E+01 2.40E+01 1.80E+01 1.70E+01 1.60E+01 1.70E+01 1.70E+01
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA

Mean 180E+01 1.50E+01 2.48FE+01 1.83E+01 1.85E+01 1.68E+01 1.82E+01 1.80E+01

Best 38.89%, 26.67% 54.17% 38.89% 35.29% 31.25% 35.29% 35.29%

&P Mean  38.89% 26.67% 55.58% 39.96% 40.54% 34.49% 39.36% 38.76%

. Best  1.90E+01 1.60E+01 2.80E+01 1.80E+01 1.70E+01 1.70E+01 1.70E+01 1.70E+01

ob) Mean 190E+01 1.60E+01 2.80E+01 L.83E+01 1.75E+01 1.78E+01 1.85E+01 1.82E+01

acl2 Best 52.63% 43.75% 67.86% 50.00% 47.06% 47.06% 47.06% 47.06%
&P Mean  52.63% 43.75% 67.86% 50.88% 48.53% 49.41% 51.26% 50.39%

. Best  220E+01 1.50E+01 2.10E+01 1.80E+01 1.60E+01 1.60E+01 1.70E+01 1.70E+01

ob) Mean 220E+01 1.54E+01 2.10E+01 1.80E+01 1.73E+01 1.70E+01 1.78E+01 1.78E+01

acl3 Best 59.09% 40.00% 57.14% 50.00% 43.75% 43.75% 47.06% 47.06%
&ap Mean  59.09% 41.50% 57.14% 50.00% 47.98% 46.94% 49.51% 49.41%

. Best 1.80E+01 1.60E+01 2.30E+01 1.70E+01 1.70E+01 1.70E+01 1.80E+01 1.80E+01

ob) Mean 1.88E+01 1.60E+01 2.30E+01 1.78E+01 1.75E+01 1.80E+01 1.85E+01 1.83E+01

acld Best 38.89%, 31.25% 52.17% 35.29% 35.29% 35.29% 38.89% 38.89%
&P Mean  41.33% 31.25% 52.17% 38.17% 37.09% 38.76% 40.50% 39.96%

. Best  2.10E+01 1.60E+01 2.20E+01 1.70E+01 1.70E+01 1.60E+01 1.80E+01 1.80E+01

ob) Mean 2.10E+01 1.60E+01 2.22E+01 L.82E+01 1.73E+01 1.70E+01 1.85E+01 1.88E+01

ach> Best 47.62% 31.25% 50.00% 35.29% 35.29% 31.25% 38.89% 38.89%
&ap Mean  47.62% 31.25% 50.43%, 39.36% 36.49% 35.20% 40.50% 41.57%

. Best 2.00E+01 1.50E+01 2.10E+01 1.70E+01 1.70E+01 1.70E+01 1.70E+01 1.80E+01

ob) Mean 2.00E+01 1.58E+01 2.14E+01 L.77E+01 1.80E+01 1.73E+01 1.82E+01 1.84E+01

acle Best 45.00% 26.67% 47.62% 35.29% 35.29% 35.29% 35.29% 38.89%
&P Mean  45.00% 30.33% 48.57% 37.69% 38.84% 36.49% 39.36% 40.18%

. Best  1.90E+01 1.60E+01 2.20E+01 1.80E+01 1.70E+01 1.70E+01 1.80E+01 1.70E+01

ob) Mean 190E+01 1.60E+01 2.20E+01 1.85E+01 1.78E+01 1.72E+01 1.85E+01 1.84E+01

act Best 36.84% 25.00% 45.45% 33.33% 29.41% 29.41% 33.33% 29.41%
£ap Mean  36.84% 25.00% 45.45% 35.09% 32.55% 30.20% 35.09% 34.65%

. Best  1.80E+01 1.60E+01 2.40E+01 1.70E+01 1.60E+01 1.70E+01 1.70E+01 1.80E+01

obj Mean 180E+01 1.60E+01 2.40E+01 1.80E+01 1.70E+01 1.75E+01 1.82E+01 1.85E+01

ocls Best 38.89% 31.25% 54.17% 35.29% 31.25% 35.29% 35.29% 38.89%
&ap Mean  38.89% 31.25% 54.17% 38.76% 35.14% 37.09% 39.36% 40.50%

obj Best  220E+01 1.60E+01 2.40E+01 1.80E+01 1.70E+01 1.70E+01 1.80E+01 1.80E+01

GC19 Mean 220E+01 1.60E+01 2.40E+01 L.80OE+01 1.74E+01 1.80E+01 1.87E+01 1.87E+01
Best 59.09% 43.75% 62.50% 50.00% 47.06% 47.06% 50.00% 50.00%

&P Mean  59.09% 43.75% 62.50% 50.00% 48.24% 49.90% 51.75% 51.75%

. Best 1.80E+01 1.50E+01 2.60E+01 1.70E+01 1.60E+01 1.60E+01 1.70E+01 1.70E+01

GC20 ob) Mean 1.80E+01 1.50E+01 2.68E+01 1.75E+01 1.72E+01 1.63E+01 1.75E+01 1.78E+01
Best 44.44%, 33.33% 61.54% 41.18% 37.50% 37.50% 41.18% 41.18%

&P Mean  44.44%, 33.33% 62.64% 42.81% 41.65% 38.73% 42.81% 43.72%

. Best NAN 3.80E+01 7.90E+01 4.30E+01 4.20E+01 4.30E+01 4.30E+01 4.50E+01

GC21 ob) Mean NAN 3.90E+01 7.90E+01 4.36E+01 4.28E+01 4.42E+01 4.36E+01 4.63E+01
gap Best NAN 68.42% 84.81% 72.09% 71.43% 72.09% 72.09% 73.33%
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OR-

Pro. Metric Status GUROBI TOOLS SCIP SA VNS LNS TS GA

Mean NAN 69.22% 84.81% 72.47% 71.97% 72.84% 72.47% 74.08%

. Best NAN 4.00E+01 7.30E+01 4.50E+01 4.20E+01 4.40E+01 4.40E+01 4.60E+01

ob) Mean NAN 4.00E+01 7.40E+01 4.53E+01 4.32E+01 4.54E+01 4.48E+01 4.63E+01

Geaz Best NAN 72.50% 84.93% 75.56% 73.81% 75.00% 75.00% 76.09%
gap Mean NAN 72.50% 85.13% 75.73% 74.51% 75.76% 75.45% 76.26%

. Best NAN 3.80E+01 7.90E+01 4.30E+01 4.30E+01 4.30E+01 4.30E+01 4.40E+01

ob) Mean NAN 3.92E+01 7.90E+01 4.40E+01 4.35E+01 4.53E+01 4.42E+01 4.58E+01

ac2s Best NAN 76.32% 88.61% 79.07% 79.07% 79.07% 79.07% 79.55%
&P Mean NAN 77.03% 88.61% 79.53% 79.31% 80.13% 79.61% 80.35%

. Best NAN 3.90E+01 7.20E+01 4.30E+01 4.20E+01 4.30E+01 4.40E+01 4.50E+01

ob) Mean NAN 3.96E+01 7.22FE+01 4.36E+01 4.32E+01 4.48E+01 4.50E+01 4.58E+01

ac Best NAN 74.36% 86.11% 76.74% 76.19% 76.74% 77.27% 77.78%
8P Mean NAN 74.74% 86.15% 77.06% 76.83% 77.68% 77.77% 78.16%

. Best NAN 3.80E+01 7.90E+01 4.20E+01 4.20E+01 4.30E+01 4.40E+01 4.60E+01

ob) Mean NAN 3.84E+01 7.90E+01 4.30E+01 4.22E+01 4.48E+01 4.46E+01 4.62E+01

acs Best NAN 73.68% 87.34% 76.19% 76.19% 76.74% 77.27% 78.26%
8P Mean NAN 73.95%, 87.34% 76.74% 76.30% 77.66% 77.58% 78.35%

. Best NAN 4.00E+01 7.90E+01 4.30E+01 4.30E+01 4.40E+01 4.30E+01 4.50E+01

ob) Mean NAN 4.00E+01 7.90E+01 4.40E+01 4.33E+01 4.52E+01 4.50E+01 4.58E+01

ac26 Best NAN 75.00% 87.34% 76.74% 76.74% 77.27% 76.74% 77.78%
&ap Mean NAN 75.00% 87.34%, 77.26% 76.92% 77.87% 77.76% 78.16%

) Best NAN 3.80E+01 7.00E+01 4.30E+01 4.20E+01 4.40E+01 4.30E+01 4.40E+01

obj Mean NAN 3.88E+01 7.10E+01 4.36E+01 4.28E+01 4.52E+01 4.42E+01 4.46E+01

aca7 Best NAN 71.05% 84.29%, 74.42% 73.81% 75.00% 74.42% 75.00%
&P Mean NAN 71.65% 84.51% 74.77% 74.31% 75.66% 75.10% 75.33%

. Best NAN 3.90E+01 7.10E+01 4.30E+01 4.30E+01 4.30E+01 4.30E+01 4.60E+01

GCog ob) Mean NAN 3.90E+01 7.22E+01 4.35E+01 4.35E+01 4.45E+01 4.48E+01 4.84E+01
Best NAN 74.36% 85.929%, 76.74% 76.74% 76.74% 76.74% 78.26%

&P Mean NAN 74.36% 86.15% 77.01% 77.01% 77.51% 77.68% 79.26%

obj Best NAN 3.80E+01 8.00E+01 4.50E+01 4.30E+01 4.50E+01 4.30E+01 4.70E+01

Mean NAN 3.88E+01 8.00E+01 4.50E+01 4.34E+01 4.58E+01 4.42E+01 4.80E+01

ac9 Best NAN 73.68% 87.50% 77.78% 76.74% 77.78% 76.74% 78.72%
&ap Mean NAN 74.22% 87.50% 77.78% 76.96% 78.16% 77.36% 79.16%

) Best NAN 4.00E+01 7.20E+01 4.30E+01 4.30E+01 4.40E+01 4.40E+01 4.70E+01

ob) Mean NAN 4.00E+01 7.30E+01 4.43E+01 4.33E+01 4.44E+01 447E+01 4.87E+01

Ge3o Best NAN 75.00% 86.11% 76.74% 76.74% 77.27% 77.27% 78.72%
&P Mean NAN 75.00% 86.30% 77.43% 76.92% 77.47% 77.61% 79.44%

4 Detailed Experimental Results for qVNS, aVNS, and rVNS

4.1 Multi-depot vehicle routing problem with time windows (MDVRPTW)

The experimental results for qVNS, aVNS, and rVNS for solving MDVRPTW instances are

shown in Table S-23.
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Table S-23 Experimental results for gVNS, aVNS, and rVNS on MDVRPTW.

Pro. Metric qVNS aVNS rVNS

Mean obj 5.521E+03 5.714E+03  5.824E+03
MDVRPTWO1

Mean gap  6.836% 9.839% 11.529%

Mean obj 1.021E+04 1.045E+04  1.066E+04
MDVRPTWO02

Mean gap  23.571% 25.199% 26.673%

Mean obj 1.482E+04 1.470E+04  1.524E+04
MDVRPTWO03

Mean gap  75.982% 75.774% 76.648%

Mean obj 1.840E+04 1.855E+04  1.996E+04
MDVRPTWO04

Mean gap  79.381% 79.539% 80.978%

Mean obj 2.384E+04 2.393E+04  2.624E+04
MDVRPTWO05

Mean gap  88.031% 88.077% 89.125%

Mean obj 2.697E+04 2.711E+04  3.786E+04
MDVRPTWO06

Mean gap NAN NAN NAN

Mean obj 8.640E+03 8.681E+03  8.847E+03
MDVRPTWO07

Mean gap  28.884% 29.217% 30.551%

Mean obj 1.396E+04 1.425E+04  1.530E+04
MDVRPTWO08

Mean gap  66.348% 67.028% 69.303%

Mean obj 2.002E+04 1.994E+04  2.118E+04
MDVRPTW09

Mean gap  80.721% 80.640% 81.770%

Mean obj 2.902E+04 2.917E+04  3.424E+04
MDVRPTW10

Mean gap  88.504% 88.560% 90.250%

Mean obj 5.169E+03 5.187E+03  5.222E+03
MDVRPTWI11

Mean gap  6.758% 7.085% 7.695%

Mean obj 9.214E+03 9.429E+03  9.500E+03
MDVRPTW12

Mean gap  12.341% 14.277% 15.061%

Mean obj 1.385E+04 1.396E+04  1.402E+04
MDVRPTW13

Mean gap  77.024% 77.197% 77.298%

Mean obj 1.713E+04 1.740E+04  1.771E+04
MDVRPTW14

Mean gap  85.900% 86.112% 86.362%

Mean obj 2.304E+04 2.327E+04  2.508E+04
MDVRPTW15

Mean gap NAN NAN NAN

Mean obj 2.681E+04 2.703E+04  2.754E+04
MDVRPTW16

Mean gap NAN NAN NAN

Mean obj 7.580E+03 7.686E+03  7.630E+03
MDVRPTW17

Mean gap NAN NAN NAN

Mean obj 1.377E+04 1.386E+04  1.403E+04
MDVRPTW18

Mean gap NAN NAN NAN

Mean obj 1.917E+04 1.933E+04  1.965E+04
MDVRPTW19

Mean gap NAN NAN NAN

Mean obj 2.857E+04 2.896E+04  3.217E+04
MDVRPTW20

Mean gap NAN NAN NAN

4.2 Vehicle routing problem with pickup and delivery (VRPPD)

The experimental results for VNS, aVNS, and rVNS for solving VRPPD instances are
shown in Table S-24.
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Table S-24 Experimental results for gVNS, aVNS, and rVNS on VRPPD.
Pro. Metric qVNS aVNS rVNS

Mean obj 1.737E+03 1.762E+03 1.776E+03
Mean gap  42.221% 43.052% 43.516%
Mean obj 1.870E+03 1.903E+03 1.919E+03
Mean gap  45.904% 46.814% 47.264%
Mean obj  2.271E+03 2.317E+03 2.335E+03
Mean gap  84.879% 85.178% 85.293%
Mean obj 1.694E+03 1.720E+03 1.713E+03
Mean gap  80.310% 80.600% 80.541%
Mean obj 2.212E+03 2.239E+03  2.254E+03
Mean gap  65.545% 65.948% 66.181%
Mean obj 2.412E+03 2.404E+03 2.420E+03
Mean gap  67.435% 67.324% 67.538%
Mean obj  2.739E+03 2.755E+03 2.764E+03
Mean gap  79.584% 79.700% 79.770%
Mean obj  2.574E+03 2.603E+03 2.621E+03
Mean gap  67.791% 68.161% 68.388%
Mean obj  2.085E+03 2.108E+03 2.126E+03
Mean gap  61.341% 61.764% 62.089%
Mean obj 2.187E+03 2.217E+03 2.226E+03
Mean gap  61.911% 62.410% 62.556%
Mean obj 1.694E+03 1.694E+03 1.703E+03
Mean gap  60.952% 60.942% 61.155%
Mean obj  2.096E+03 2.126E+03 2.142E+03
Mean gap  83.354% 83.588% 83.717%
Mean obj 1.811E+03 1.833E+03 1.841E+03
Mean gap  71.733% 72.067% 72.186%
Mean obj 1.733E+03 1.748E+03  1.759E+03
Mean gap  78.304% 78.485% 78.628%
Mean obj 1.817E+03 1.834E+03  1.844E+03
Mean gap  73.700% 73.944% 74.084%
Mean obj 1.213E+03 1.228E+03 1.237E+03
Mean gap  63.554% 63.988% 64.235%
Mean obj 1.470E+03 1.488E+03 1.495E+03
Mean gap  69.149% 69.512% 69.663%
Mean obj 1.986E+03 2.015E+03 2.035E+03
Mean gap  84.952% 85.167% 85.316%
Mean obj 1.443E+03 1.463E+03 1.475E+03
Mean gap  74.849% 75.182% 75.395%
Mean obj 1.936E+03 1.961E+03 1.975E+03
Mean gap  84.186% 84.391% 84.497%
Mean obj 1.582E+03 1.613E+03 1.629E+03
Mean gap  76.585% 77.018% 77.240%
Mean obj 1.459E+03 1.483E+03 1.492E+03
Mean gap  61.696% 62.292% 62.534%
Mean obj  2.025E+03 2.018E+03 2.039E+03
Mean gap  84.301% 84.244% 84.408%

VRPPDO1

VRPPDO02

VRPPDO3

VRPPD04

VRPPDO5

VRPPDO06

VRPPDO7

VRPPDO08

VRPPD09

VRPPDI10

VRPPDI11

VRPPD12

VRPPDI3

VRPPD14

VRPPDI15

VRPPDI16

VRPPD17

VRPPD18

VRPPD19

VRPPD20

VRPPD21

VRPPD22

VRPPD23
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Pro. Metric qVNS aVNS rVNS
Mean obj 1.239E+03 1.248E+03 1.253E+03
Mean gap  73.880% 74.065% 74.158%
Mean obj 1.438E+03 1.454E+03 1.462E+03
Mean gap  74.393% 74.666% 74.800%
Mean obj 1.917E+03 1.933E+03 1.943E+03
Mean gap  76.361% 76.560% 76.678%
Mean obj 1.971E+03 1.997E+03 2.011E+03
Mean gap  73.583% 73.921% 74.105%
Mean obj 2.472E+03 2.490E+03 2.501E+03
Mean gap  81.567% 81.704% 81.787%
Mean obj 1.931E+03 1.957E+03 1.970E+03
Mean gap  73.735% 74.081% 74.250%
Mean obj 2.428E+03 2.446E+03 2.457E+03
Mean gap  79.113% 79.265% 79.363%

VRPPD24

VRPPD25

VRPPD26

VRPPD27

VRPPD28

VRPPD29

VRPPD30

4.3 Generalized assignment problem (GAP)

The experimental results for VNS, aVNS, and rVNS for solving GAP instances are shown
in Table S-25.

Table S-25 Experimental results for gVNS, aVNS, and rVNS on GAP.
Pro. Metric qVNS aVNS rVNS

Mean obj 1.699E+03 1.699E+03 1.699E+03
Mean gap  0.039% 0.047% 0.047%
GAPO2 Mean obj 3.235E+03 3.235E+03 3.235E+03
Mean gap  0.000% 0.000% 0.000%
Mean obj 1.361E+03 1.361E+03 1.361E+03
Mean gap 0.086% 0.059% 0.059%
Mean obj  2.625E+03 2.627E+03  2.627E+03
Mean gap  0.091% 0.152% 0.152%
Mean obj 1.158E+03 1.158E+03 1.158E+03
Mean gap  0.000% 0.000% 0.000%
Mean obj 2.339E+03 2.339E+03 2.339E+03
Mean gap  0.000% 0.000% 0.000%
Mean obj 1.963E+03 2.001E+03 2.020E+03
Mean gap  6.049% 7.786% 8.680%
GAPOS Mean obj  3.672E+03 3.713E+03 3.734E+03
Mean gap  3.242% 4.318% 4.854%
Mean obj 1.454E+03 1.467E+03 1.478E+03
Mean gap  3.174% 4.053% 4.785%
Mean obj 2.996E+03 3.015E+03 3.026E+03
Mean gap 5.630% 6.215% 6.557%
Mean obj 1.213E+03 1.211E+03 1.216E+03
Mean gap 3.844% 3.690% 4.087%
Mean obj 2.390E+03 2.406E+03 2.414E+03
Mean gap  2.110% 2.759% 3.081%
Mean obj 1.998E+03 2.024E+03 2.034E+03
Mean gap  3.332% 4.533% 5.023%

GAPO1

GAPO3

GAP04

GAPO5

GAPO06

GAPO7

GAP09

GAP10

GAPI11

GAP12

GAP13
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Pro. Metric qVNS aVNS rVNS
GAP14 Mean obj 3.575E+03 3.621E+03 3.643E+03
Mean gap  3.281% 4.522% 5.128%
G Mean obj 1.508E+03 1.533E+03  1.546E+03
APLS Mean gap  7.016% 8.500% 9.228%
GAP16 Mean obj  2.935E+03 2.966E+03 2.982E+03
Mean gap 4.367% 5.352% 5.879%
GAP17 Mean obj 5.794E+03 5.854E+03  5.885E+03
Mean gap  3.389% 4.367% 4.870%
GAP1S Mean obj 1.193E+04 1.227E+04 1.243E+04
Mean gap  4.859% 7.325% 8.531%
GAP19 Mean obj 1.307E+03 1.316E+03 1.319E+03
Mean gap  4.866% 5.563% 5.766%
GAP20 Mean obj  2.528E+03 2.552E+03 2.562E+03
Mean gap 5.400% 6.270% 6.634%
GAP21 Mean obj 5.180E+03 5.255E+03  5.283E+03
Mean gap 7.667% 8.951% 9.434%
GAP22 Mean obj 1.076E+04 1.096E+04 1.104E+04
Mean gap 7.201% 8.848% 9.453%
GAP23 Mean obj 4.354E+03 4.372E+03  4.380E+03
Mean gap  2.523% 2.921% 3.092%
GAP24 Mean obj  9.529E+03 9.565E+03  9.577E+03
Mean gap  2.126% 2.497% 2.620%
GAP25 Mean obj 2.080E+04 2.149E+04 2.171E+04
Mean gap  9.562% 12.205% 13.086%
GAP26 Mean obj 1.803E+04 1.821E+04 1.826E+04
Mean gap  4.898% 5.804% 6.091%
GAPY7 Mean obj 1.671E+04 1.678E+04 1.684E+04
Mean gap  2.537% 2.964% 3.290%
GAPIS Mean obj  6.844E+03 6.856E+03  6.862E+03
Mean gap 7.179% 7.333% 7.417%
Mean obj 1.384E+04 1.385E+04 1.386E+04
GAP29
Mean gap  7.907% 8.026% 8.070%
GAP30 Mean obj  6.951E+03 6.991E+03 7.010E+03
Mean gap  8.679% 9.203% 9.454%
GAP31 Mean obj 1.363E+04 1.375E+04 1.380E+04
Mean gap  8.839% 9.593% 9.950%
GAP32 Mean obj 2.735E+04 2.729E+04 2.738E+04
Mean gap 8.732% 8.541% 8.848%
GAP33 Mean obj  6.156E+04 6.205E+04 6.222E+04
Mean gap  9.995% 10.712% 10.947%
GAP34 Mean obj 6.731E+03  6.763E+03  6.778E+03
Mean gap  8.226% 8.661% 8.865%
GAP35 Mean obj 1.332E+04 1.337E+04 1.339E+04
Mean gap  8.218% 8.521% 8.644%
GAP36 Mean obj 2.719E+04 2.742E+04 2.756E+04
Mean gap  9.653% 10.413% 10.874%
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Pro. Metric qVNS aVNS rVNS
Mean obj 6.198E+04 6.223E+04 6.245E+04
Mean gap  11.525% 11.889% 12.202%
Mean obj 2.685E+04 2.696E+04 2.703E+04
Mean gap  9.308% 9.689% 9.909%
Mean obj 6.061E+04 6.088E+04 6.106E+04
Mean gap  9.993% 10.399% 10.662%
Mean obj 1.078E+05 1.096E+05 1.113E+05
Mean gap  9.072% 10.660% 12.133%
Mean obj 1.073E+05 1.088E+05 1.101E+05
Mean gap  9.434% 10.656% 11.793%
Mean obj 1.07SE+05 1.087E+05 1.097E+05
Mean gap  9.711% 10.690% 11.580%
Mean obj 1.585E+04 1.652E+04 1.683E+04
Mean gap  19.820% 22.862% 24.320%
Mean obj 3.463E+04 3.616E+04 3.698E+04
Mean gap  27.846% 30.730% 32.377%
Mean obj 1.449E+04 1.477E+04 1.493E+04
Mean gap  20.010% 21.529% 22.441%
GAPA6 Mean obj 3.031E+04 3.107E+04 3.147E+04
Mean gap  22.968% 24.827% 25.808%
Mean obj 5.431E+04 5.724E+04 5.824E+04
Mean gap  15.623% 19.564% 20.935%
Mean obj 1.288E+05 1.367E+05 1.397E+05
Mean gap  20.383% 24.369% 25.980%
Mean obj 9.989E+03 1.014E+04 1.021E+04
Mean gap  15.523% 16.730% 17.369%
Mean obj 2.653E+04 2.716E+04 2.749E+04
Mean gap  15.554% 17.507% 18.525%
Mean obj 5.362E+04 5.494E+04 5.533E+04
Mean gap  16.235% 18.261% 18.852%
Mean obj 1.238E+05 1.296E+05 1.317E+05
GAPS2 Mean gap  18.799% 22.050% 23.266%
Mean obj 5.312E+04 5.508E+04 5.579E+04
Mean gap  15.992% 18.848% 19.897%
Mean obj 1.226E+05 1.268E+05 1.283E+05
Mean gap  18.239% 20.760% 21.736%
Mean obj  2.795E+05 2.876E+05 2.891E+05
Mean gap  35.233% 37.161% 37.494%
Mean obj  2.635E+05 2.707E+05 2.755E+05
Mean gap  32.178% 33.979% 35.194%
Mean obj  2.665E+05 2.709E+05 2.724E+05
GAPST Mean gap  33.632% 34.711% 35.067%

GAP37

GAP38

GAP39

GAP40

GAP41

GAP42

GAP43

GAP44

GAP45

GAP47

GAP48

GAP49

GAP50

GAP51

GAPS53

GAP54

GAPSS5

GAP56

4.4 Capacitated facility location problem (CFLP)

The experimental results for gVNS, aVNS, and rVNS for solving CFLP instances are shown
in Table S-26.

53



Table S-26 Experimental results for gVNS, aVNS, and rVNS on CFLP.
Pro. Metric qVNS aVNS rVNS

Mean obj  3.520E+03 3.582E+03 3.610E+03
Mean gap  19.182% 20.578% 21.200%
Mean obj  3.670E+03 3.745E+03 3.777E+03
Mean gap  18.867% 20.453% 21.149%
Mean obj  3.664E+03 3.732E+03 3.767E+03
Mean gap  16.998% 18.485% 19.260%
Mean obj 3.660E+03 3.702E+03 3.724E+03
Mean gap  18.433% 19.343% 19.822%
Mean obj 3.623E+03 3.675E+03  3.695E+03
Mean gap  16.064% 17.213% 17.672%
Mean obj 3.639E+03 3.697E+03 3.719E+03
Mean gap  18.781% 20.035% 20.505%
Mean obj 3.661E+03 3.717E+03 3.749E+03
Mean gap  21.112% 22.319% 22.991%
Mean obj  3.660E+03 3.719E+03 3.760E+03
Mean gap  19.600% 20.909% 21.796%
Mean obj  2.764E+03  2.749E+03 2.770E+03
Mean gap  19.184% 18.721% 19.363%
Mean obj  2.636E+03 2.685E+03 2.699E+03
Mean gap  12.602% 14.182% 14.640%
Mean obj 2.632E+03 2.687E+03 2.717E+03
Mean gap  14.553% 16.277% 17.240%
Mean obj 2.664E+03 2.685E+03 2.694E+03
Mean gap  15.886% 16.533% 16.813%
Mean obj  2.654E+03 2.707E+03 2.738E+03
Mean gap  15.013% 16.663% 17.640%
Mean obj 2.516E+03 2.563E+03 2.595E+03
Mean gap  13.030% 14.687% 15.777%
Mean obj  2.640E+03 2.673E+03 2.691E+03
Mean gap  15.274% 16.319% 16.900%
Mean obj 2.662E+03 2.700E+03 2.724E+03
Mean gap  14.774% 15.939% 16.701%
Mean obj 2.415E+03 2.470E+03 2.501E+03
Mean gap  14.727% 16.603% 17.662%
Mean obj 2.293E+03 2.333E+03 2.350E+03
Mean gap  14.534% 15.950% 16.562%
Mean obj 2.411E+03 2.459E+03 2.494E+03
Mean gap  12.603% 14.366% 15.633%
Mean obj 2.327E+03 2.381E+03 2.412E+03
Mean gap  12.933% 14.864% 15.983%
Mean obj 2.305E+03 2.323E+03 2.334E+03
Mean gap  14.082% 14.775% 15.178%
Mean obj  2.214E+03 2.242E+03 2.263E+03
Mean gap  12.064% 13.168% 14.023%
Mean obj  2.394E+03 2.450E+03 2.483E+03
Mean gap  13.709% 15.630% 16.778%

CFLPO1

CFLP02

CFLPO3

CFLP04

CFLPO5

CFLP06

CFLPO7

CFLPO8

CFLP09

CFLP10

CFLP11

CFLP12

CFLPI13

CFLP14

CFLP15

CFLP16

CFLP17

CFLP18

CFLP19

CFLP20

CFLP21

CFLP22

CFLP23
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Pro. Metric qVNS aVNS rVNS
Mean obj  2.338E+03 2.407E+03 2.457E+03
Mean gap  13.136% 15.617% 17.489%
Mean obj 2.214E+03 2.236E+03 2.249E+03
Mean gap  14.874% 15.726% 16.222%
Mean obj  2.485E+03 2.520E+03 2.536E+03
Mean gap  16.675% 17.797% 18.307%
Mean obj 2.198E+03 2.246E+03 2.276E+03
Mean gap  11.826% 13.666% 14.863%
Mean obj 2.290E+03 2.338E+03 2.363E+03
Mean gap  14.961% 16.672% 17.567%
Mean obj 2.301E+03 2.348E+03 2.365E+03
Mean gap  14.976% 16.595% 17.219%
Mean obj 2.129E+03 2.156E+03 2.168E+03
Mean gap  11.073% 12.187% 12.673%
Mean obj 2.300E+03 2.341E+03 2.361E+03
Mean gap  11.125% 12.618% 13.378%
Mean obj 2.390E+03 2.459E+03 2.496E+03
Mean gap  18.602% 20.798% 22.022%
Mean obj 2.170E+03 2.237E+03 2.268E+03
Mean gap  10.543% 13.072% 14.309%
Mean obj  2.299E+03 2.345E+03 2.368E+03
Mean gap  12.870% 14.511% 15.347%
Mean obj 2.304E+03 2.350E+03 2.370E+03
Mean gap  10.270% 12.037% 12.778%
Mean obj 2.362E+03 2.418E+03 2.437E+03
Mean gap  17.887% 19.680% 20.319%
Mean obj 2.255E+03 2.324E+03 2.353E+03
Mean gap  13.318% 15.716% 16.761%
Mean obj 2.307E+03 2.347E+03 2.362E+03
Mean gap  12.744% 14.166% 14.734%
Mean obj 2.299E+03 2.376E+03 2.436E+03
Mean gap  14.357% 17.176% 19.409%
Mean obj 2.299E+03 2.339E+03 2.356E+03
Mean gap  13.259% 14.735% 15.351%

CFLP24

CFLP25

CFLP26

CFLP27

CFLP28

CFLP29

CFLP30

CFLP31

CFLP32

CFLP33

CFLP34

CFLP35

CFLP36

CFLP37

CFLP38

CFLP39

CFLP40

4.5 Bin packing problem with conflicts (BPPC)

The experimental results for VNS, aVNS, and rVNS for solving BPPC instances are shown
in Table S-27.

Table S-27 Experimental results for gVNS, aVNS, and rVNS on BPPC.
Pro. Metric qVNS aVNS rVNS
Mean obj 1.060E+02 1.066E+02 1.066E+02

BPPCO1
Mean gap  31.132% 31.518% 31.518%
Mean obj 1.050E+02 1.060E+02 1.065E+02
BPPC02
Mean gap  2.857% 3.774% 4.223%
Mean obj 1.043E+02 1.048E+02 1.054E+02
BPPCO03

Mean gap 7.027% 7.441% 7.968%
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Pro. Metric qVNS aVNS rVNS

Mean obj  1.052E+02 1.060E+02 1.066E+02
BPPC04

Mean gap 4.942% 5.657% 6.189%

Mean obj 1.206E+02 1.224E+02 1.248E+02
BPPCO05

Mean gap  46.097% 46.895% 47.882%

Mean obj  1.353E+02 1.352E+02 1.358E+02
BPPC06

Mean gap  94.085% 94.083% 94.106%

Mean obj 1.684E+02 1.698E+02 1.712E+02
BPPCO07

Mean gap  94.062% 94.110% 94.159%

Mean obj 1.812E+02 1.810E+02 1.816E+02
BPPCO08

Mean gap  98.344% 98.343% 98.348%

Mean obj  2.050E+02 2.050E+02 2.052E+02
BPPC09

Mean gap  97.073% 97.073% 97.076%
BPPC10 Mean obj  2.288E+02 2.302E+02 2.304E+02

Mean gap  92.570% 92.615% 92.621%
BPPCI1 Mean obj  2.142E+02 2.152E+02 2.170E+02

Mean gap  66.386% 66.542% 66.820%

Mean obj 2.137E+02 2.140E+02 2.145E+02
BPPCI12

Mean gap  52.262% 52.336% 52.447%

Mean obj  2.153E+02 2.162E+02 2.168E+02
BPPCI13

Mean gap  99.071% 99.075% 99.077%

Mean obj  2.192E+02 2.198E+02 2.206E+02
BPPC14

Mean gap  95.894% 95.905% 95.920%
BPPCIS Mean obj  2.282E+02 2.290E+02 2.293E+02

Mean gap  78.966% 79.039% 79.062%
BPPC16 Mean obj  2.534E+02 2.540E+02 2.543E+02

Mean gap  94.475% 94.488% 94.493%
BPPC17 Mean obj  3.023E+02 3.024E+02 3.034E+02

Mean gap  97.354% 97.354% 97.363%
BPPCLS Mean obj 3.468E+02 3.494E+02 3.500E+02

Mean gap  95.386% 95.421% 95.429%
BPPCLO Mean obj 4.054E+02 4.064E+02 4.070E+02

Mean gap  99.260% 99.262% 99.263%

Mean obj 4.593E+02 4.600E+02 4.604E+02
BPPC20

Mean gap  91.945% 91.957% 91.964%

Mean obj  2.100E+01 2.180E+01 2.200E+01
BPPC21

Mean gap 4.762% 8.225% 9.091%

Mean obj  2.133E+01 2.180E+01 2.160E+01
BPPC22

Mean gap 6.205% 8.225% 7.359%

Mean obj  2.150E+01 2.200E+01 2.200E+01
BPPC23

Mean gap 6.926% 9.091% 9.091%

Mean obj 2.100E+01 2.180E+01 2.200E+01
BPPC24

Mean gap 4.762% 8.225% 9.091%

Mean obj  2.233E+01 2.240E+01 2.260E+01
BPPC25

Mean gap 1.449% 1.739% 2.609%

Mean obj  2.700E+01 2.740E+01 2.720E+01
BPPC26

Mean gap 3.704% 5.079% 4.392%
BPPC27 Meanobj 4.300E+01 4.300E+01 4.300E+01



Pro. Metric qVNS aVNS rVNS

Mean gap 2.326% 2.326% 2.326%

Mean obj 4.100E+01 4.100E+01 4.100E+01
BPPC28

Mean gap 0.000% 0.000% 0.000%

Mean obj 4.600E+01 4.600E+01 4.620E+01
BPPC29

Mean gap 0.000% 0.000% 0.426%

Mean obj  5.600E+01 5.600E+01 5.600E+01
BPPC30

Mean gap 7.143% 7.143% 7.143%

Mean obj 4.267E+01 4.300E+01 4.375E+01
BPPC31

Mean gap 6.238% 6.977% 8.562%

Mean obj 4.300E+01 4.300E+01 4.300E+01
BPPC32

Mean gap 6.977% 6.977% 6.977%

Mean obj 4.300E+01 4.300E+01 4.340E+01
BPPC33

Mean gap 6.977% 6.977% 7.822%

Mean obj  4.300E+01 4.340E+01 4.360E+01
BPPC34

Mean gap 6.977% 7.822% 8.245%

Mean obj 5.133E+01 5.140E+01 5.160E+01
BPPC35

Mean gap  22.071% 22.172% 22.462%

Mean obj 5.917E+01 5.940E+01 5.940E+01
BPPC36

Mean gap  32.379% 32.648% 32.655%

Mean obj  7.700E+01 7.700E+01 7.800E-+01
BPPC37

Mean gap  48.052% 48.052% 48.718%

Mean obj  8.300E+01 8.300E+01 8.320E+01
BPPC38

Mean gap  53.012% 53.012% 53.124%

Mean obj 1.020E+02 1.020E+02 1.022E+02
BPPC39

Mean gap  59.804% 59.804% 59.882%

Mean obj 1.110E+02 1.112E+02 1.114E+02
BPPC40

Mean gap  59.459% 59.532% 59.604%

Mean obj  8.840E+01 8.900E+01 9.000E+01
BPPC41

Mean gap 6.101% 6.737% 7.778%

Mean obj  8.900E+01 8.920E+01 9.075E+01
BPPC42

Mean gap 7.865% 8.070% 9.634%

Mean obj  8.933E+01 8.940E+01 9.060E-+01
BPPC43

Mean gap 7.087% 7.156% 8.386%

Mean obj  9.033E+01 9.040E+01 9.140E+01
BPPC44

Mean gap 9.223% 9.289% 10.282%

Mean obj  1.020E+02 1.022E+02  1.030E+02
BPPC45

Mean gap  88.235% 88.258% 88.349%

Mean obj  1.340E+02 1.342E+02 1.342E+02
BPPC46

Mean gap  71.642% 71.684% 71.684%

Mean obj 1.595E+02 1.596E+02 1.608E+02
BPPC47

Mean gap  89.969% 89.975% 90.047%

Mean obj 1.754E+02 1.758E+02 1.760E+02
BPPC48

Mean gap  90.308% 90.330% 90.341%

Mean obj 1.985E+02 1.986E+02 1.994E+02
BPPC49

Mean gap  87.909% 87.915% 87.964%

Mean obj  2.280E+02 2.280E+02 2.280E+02
BPPC50

Mean gap  90.351% 90.351% 90.351%
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Pro. Metric qVNS aVNS rVNS
Mean obj 1.800E+02 1.800E+02 1.816E+02

BPPC51

Mean gap 7.776% 7.776% 8.589%

Mean obj 1.792E+02 1.798E+02 1.826E+02
BPPC52

Mean gap  25.222% 25.471% 26.615%

Mean obj 1.794E+02 1.798E+02 1.833E+02
BPPC53

Mean gap  48.160% 48.275% 49.249%

Mean obj 1.825E+02 1.826E+02 1.846E+02
BPPC54

Mean gap  49.041% 49.069% 49.620%

Mean obj  2.288E+02 2.292E+02 2.300E+02
BPPC55

Mean gap  91.696% 91.710% 91.739%

Mean obj 2.403E+02 2.404E+02 2.402E+02
BPPC56

Mean gap  99.168% 99.168% 99.167%

Mean obj  3.050E+02 3.056E+02 3.056E+02
BPPC57

Mean gap  99.344% 99.346% 99.346%

Mean obj  3.696E+02 3.702E+02 3.700E+02
BPPC58

Mean gap  99.188% 99.190% 99.189%

Mean obj 4.134E+02 4.142E+02 4.158E+02
BPPC59

Mean gap  99.032% 99.034% 99.038%

Mean obj 4.518E+02 4.524E+02 4.535E+02
BPPC60

Mean gap  98.008% 98.011% 98.015%

4.6 Generalized bin packing problem (GBPPI)

The experimental results for VNS, aVNS, and rVNS for solving GBPPI instances are shown
in Table S-28.

Table S-28 Experimental results for gVNS, aVNS, and rVNS on GBPPI.
Pro. Metric qVNS aVNS rVNS
Mean obj 3.614E+02 3.742E+02 4.268E+02

GBPPIO1

Mean gap  21.546%  24.183%  33.640%

Mean obj 8.980E-+02 9.254E+02 9.543E+02
GBPPI02

Meangap 24.277%  26.566%  28.639%

Mean obj 5.600E+02 5.668E+02 6.273E+02
GBPPI03

Meangap 14.775%  15.807%  23.847%

Mean obj 9.392E+02 9.576E+02 1.033E+03
GBPPI04

Mean gap  17.308%  18.894%  24.832%

Mean obj 1.481E+03 1.474E+03 1.517E+03
GBPPI05

Mean gap  23.911%  23.519%  25.794%

Mean obj 2.084E+03 2.125E+03 2.135E+03
GBPPI06

Mean gap  20.688%  22.175%  22.574%

Mean obj 1.874E+03 1.910E+03 2.098E+03
GBPPI07

Mean gap  16.748%  18.287%  25.639%

Mean obj 2.583E+03  2.509E+03 2.715E+03
GBPPI08

Mean gap  21.282%  18.942%  25.080%

Mean obj 3.687E+03 3.678E+03  4.000E+03
GBPPI09

Mean gap ~ 22.865%  22.672%  29.031%

Mean obj  3.155E+03 3.200E+03  3.718E+03
GBPPI10

Mean gap  17.159% 18.305% 29.695%
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Pro.

Metric

qVNS

aVNS

rVNS

GBPPI11

Mean obj
Mean gap

5.331E+03
15.637%

5.377E+03
16.352%

5.849E+03
23.096%

GBPPI12

Mean obj
Mean gap

7.761E+03
23.325%

7.864E+03
24.348%

8.427E+03
29.414%

GBPPI13

Mean obj
Mean gap

7.748E+03
12.175%

7.834E+03
13.111%

9.477E+03
28.201%

GBPPI14

Mean obj
Mean gap

1.258E+04
9.504%

1.267E+04
10.120%

1.390E+04
18.124%

GBPPI15

Mean obj
Mean gap

2.122E+04
30.110%

2.135E+04
30.511%

2.173E+04
31.742%

GBPPI16

Mean obj
Mean gap

4.312E+02
21.127%

4.360E+02
21.994%

4.475E+02
23.996%

GBPPI17

Mean obj
Mean gap

6.212E+02
22.775%

6.334E+02
24.262%

6.370E+02
24.782%

GBPPI18

Mean obj
Mean gap

9.060E+02
13.410%

9.206E+02
14.787%

9.903E+02
20.789%

GBPPI19

Mean obj
Mean gap

1.543E+03
17.318%

1.520E+03
16.067%

1.617E+03
21.079%

GBPPI20

Mean obj
Mean gap

2.277E+03
15.140%

2.306E+03
16.166%

2.485E+03
22.251%

GBPPI21

Mean obj
Mean gap

2.508E+03
13.549%

2.532E+03
14.351%

2.717E+03
20.191%

GBPPI22

Mean obj
Mean gap

5.490E+03
13.868%

5.528E+03
14.460%

6.006E+03
21.273%

GBPPI23

Mean obj
Mean gap

3.955E+03
14.933%

3.979E+03
15.454%

4.569E+03
26.346%

GBPPI24

Mean obj
Mean gap

1.045E+04
16.569%

1.053E+04
17.191%

1.119E+04
22.111%

GBPPI25

Mean obj
Mean gap

1.512E+04
14.709%

1.522E+04
15.269%

1.575E+04
18.109%

GBPPI26

Mean obj
Mean gap

4.162E+02
17.269%

4.354E+02
21.329%

4.628E+02
25.962%

GBPPI27

Mean obj
Mean gap

9.390E+02
20.593%

9.474E+02
21.322%

1.035E+03
27.753%

GBPPI28

Mean obj
Mean gap

6.458E+02
16.467%

6.608E+02
18.355%

6.938E+02
22.259%

GBPPI29

Mean obj
Mean gap

9.404E+02
23.269%

9.568E+02
24.587%

1.002E+03
27.984%

GBPPI30

Mean obj
Mean gap

1.083E+03
12.746%

1.100E+03
14.080%

1.195E+03
20.962%

GBPPI31

Mean obj
Mean gap

1.972E+03
15.567%

2.025E+03
17.857%

2.048E+03
18.900%

GBPPI32

Mean obj
Mean gap

1.445E+03
18.880%

1.487E+03
21.162%

1.692E+03
30.731%

GBPPI33

Mean obj
Mean gap

2.914E+03
13.754%

2.993E+03
16.058%

3.227E+03
22.233%

GBPPI34

Mean obj

3.620E+03
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Pro. Metric qVNS aVNS rVNS
Mean gap  22.638% 24.203% 27.482%
Mean obj 4.076E+03 4.151E+03 4.467E+03

GBPPI35

Mean gap  15.467% 16.995% 22.892%

Mean obj 5.122E+03 S5.067E+03  5.447E+03
GBPPI36

Mean gap  21.182% 20.339% 25.903%

Mean obj 7.946E+03 8.035E+03 8.237E+03
GBPPI37

Mean gap  23.889% 24.723% 26.556%

Mean obj 9.650E+03 9.467E+03 1.062E+04
GBPPI38

Mean gap  27.367% 25.966% 33.976%

Mean obj 1.319E+04 1.328E+04 1.430E+04
GBPPI39

Mean gap  24.123% 24.645% 30.034%

Mean obj  2.031E+04 2.048E+04 2.125E+04
GBPPI40

Mean gap  24.700% 25.296% 28.030%

Mean obj 4.116E+02 4.162E+02 4.338E+02
GBPPI41

Mean gap  7.177% 8.205% 11.900%

Mean obj 5.770E+02 5.894E+02 6.538E+02
GBPPI42

Mean gap  10.137% 12.092% 20.721%

Mean obj 1.122E+03 1.137E+03  1.240E+03
GBPPI43

Mean gap  14.239% 15.381% 22.396%

Mean obj 1.347E+03 1.369E+03 1.389E+03
GBPPI44

Mean gap  16.923% 18.283% 19.494%

Mean obj 1.764E+03 1.789E+03 1.957E+03
GBPPI45

Mean gap  17.288% 18.474% 25.470%

Mean obj 2.942E+03 2.981E+03 3.077E+03
GBPPI46

Mean gap  13.833% 14.961% 17.622%

Mean obj 5.241E+03 5.300E+03 5.599E+03
GBPP147

Mean gap  14.360% 15.289% 19.820%

Mean obj 3.708E+03  3.744E+03 4.300E+03
GBPPI48

Mean gap  14.589% 15.413% 26.371%

Mean obj 1.421E+04 1.428E+04 1.494E+04
GBPPI49

Mean gap  11.522% 11.962% 15.890%

Mean obj 1.358E+04 1.364E+04 1.417E+04
GBPPI50

Mean gap  11.132% 11.537% 14.834%

4.7 Quadratic multiple knapsack problem (QMKP)

The experimental results for qVNS, aVNS, and rVNS for solving QMKP instances are shown
in Table S-29.

Table S-29 Experimental results for gVNS, aVNS, and rVNS on QMKP.
Pro. Metric qVNS aVNS rVNS

Mean obj  9.908E+03  9.943E+03 9.604E+03
Mean gap 0.713% 0.366% 3.918%
Mean obj 1.053E+04 1.053E+04 1.047E+04
Mean gap 0.000% 0.000% 0.504%
Mean obj 8.516E+03 8.644E+03 8.105E+03
Mean gap 2.653% 1.145% 7.869%

QMKP04 Meanobj 6.040E+03 5.745E+03 5.645E+03

QMKPO1

QMKP02

QMKP03
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Pro.

Metric

qVNS

aVNS

rVNS

Mean gap

78.615%

88.022%

91.870%

QMKPO5

Mean obj
Mean gap

5.471E+03
51.513%

5.156E+03
60.901%

5.343E+03
55.203%

QMKP06

Mean obj
Mean gap

1.987E+04
0.000%

1.987E+04
0.000%

1.979E+04
0.406%

QMKP07

Mean obj
Mean gap

1.692E+04
18.378%

1.598E+04
25.418%

1.555E+04
28.925%

QMKPOS

Mean obj
Mean gap

2.684E+04
0.000%

2.684E+04
0.000%

2.676E+04
0.315%

QMKP09

Mean obj
Mean gap

6.597E+03
112.842%

5.690E+03
147.052%

5.913E+03
138.052%

QMKP10

Mean obj
Mean gap

5.191E+03
20.371%

5.047E+03
23.807%

4.911E+03
27.256%

QMKP11

Mean obj
Mean gap

1.215E+04
0.374%

1.214E+04
0.460%

1.189E+04
2.516%

QMKPI12

Mean obj
Mean gap

1.334E+04
0.000%

1.334E+04
0.000%

1.333E+04
0.078%

QMKPI13

Mean obj
Mean gap

9.448E+03
48.604%

8.765E+03
60.637%

8.165E+03
72.428%

QMKP14

Mean obj
Mean gap

1.944E+04
0.547%

1.937E+04
0.893%

1.883E+04
3.836%

QMKPI5

Mean obj
Mean gap

1.245E+04
35.466%

1.132E+04
49.368%

1.140E+04
48.491%

QMKP16

Mean obj
Mean gap

1.415E+04
62.778%

1.204E+04
92.645%

1.211E+04
90.374%

QMKP17

Mean obj
Mean gap

3.351E+04
0.000%

3.351E+04
0.000%

3.348E+04
0.103%

QMKP18

Mean obj
Mean gap

3.133E+04
0.758%

3.113E+04
1.415%

3.094E+04
2.040%

QMKP19

Mean obj
Mean gap

1.554E+04
0.000%

1.554E+04
0.000%

1.553E+04
0.062%

QMKP20

Mean obj
Mean gap

1.116E+04
19.809%

1.093E+04
22.358%

9.876E+03
35.521%

QMKP21

Mean obj
Mean gap

1.032E+04
14.280%

1.002E+04
17.818%

9.904E+03
19.256%

QMKP22

Mean obj
Mean gap

1.440E+04
58.547%

1.305E+04
75.379%

1.333E+04
71.583%

QMKP23

Mean obj
Mean gap

6.564E+03
132.355%

6.111E+03
149.676%

6.114E+03
149.676%

QMKP24

Mean obj
Mean gap

1.745E+04
43.821%

1.757E+04
42.795%

1.705E+04
47.266%

QMKP25

Mean obj
Mean gap

4.769E+04
0.000%

4.769E+04
0.000%

4.767TE+04
0.032%

QMKP26

Mean obj
Mean gap

2.918E+04
16.884%

2.889E+04
18.102%

2.765E+04
23.418%

QMKP27

Mean obj
Mean gap

2.953E+04
21.879%

2.894E+04
24.389%

2.827E+04
27.301%
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Pro. Metric qVNS aVNS rVNS
Mean obj 1.173E+04 1.105E+04 1.043E+04
Mean gap  23.641% 31.499% 39.308%
Mean obj 1.970E+04 1.971E+04 1.959E+04
Mean gap 0.030% 0.000% 0.597%
Mean obj 1.439E+04 1.462E+04 1.368E+04
Mean gap 7.237% 5.588% 12.869%
Mean obj  2.293E+04 2.289E+04 2.156E+04
Mean gap  26.640% 26.906% 34.723%
Mean obj 2.684E+04 2.676E+04 2.532E+04
Mean gap  10.050% 10.417% 16.715%
Mean obj 2.553E+04 2.547E+04 2.477E+04
Mean gap  19.459% 19.768% 23.220%
Mean obj 5.125E+04 5.125E+04 5.121E+04
Mean gap  0.000% 0.000% 0.090%
Mean obj 1.427E+04 1.094E+04 1.253E+04
Mean gap 183.325%  270.759%  226.114%
Mean obj 5.071E+04 5.069E+04 5.066E+04
Mean gap  0.000% 0.048% 0.101%
Mean obj  2.096E+04 2.096E+04 2.059E+04
Mean gap  0.000% 0.000% 1.794%
Mean obj 1.943E+04 1.961E+04 1.849E+04
Mean gap 1.136% 0.217% 6.324%
Mean obj 7.995E+03 7.029E+03  7.053E+03
Mean gap  80.049%  105.771%  104.682%
Mean obj 9.993E+03 8.410E+03 9.392E+03
Mean gap 193.577%  250.128%  213.423%
Mean obj 3.918E+04 3.918E+04 3.882E+04
Mean gap  0.000% 0.000% 0.932%
Mean obj 2.478E+04 2.429E+04 2.353E+04
Mean gap  42.646% 45.551% 50.279%
Mean obj  6.762E+04 6.762E+04 6.760E+04
Mean gap  0.000% 0.000% 0.024%
Mean obj 6.281E+04 6.281E+04 6.275E+04
Mean gap  0.000% 0.000% 0.086%
Mean obj 4.399E+04 4.382E+04 4.210E+04
Mean gap  27.822% 28.337% 33.578%

QMKP28

QMKP29

QMKP30

QMKP31

QMKP32

QMKP33

QMKP34

QMKP35

QMKP36

QMKP37

QMKP38

QMKP39

QMKP40

QMKP41

QMKP42

QMKP43

QMKP44

QMKP45

4.8 High school timetabling problem (HTS)

The experimental results for qVNS, aVNS, and rVNS for solving HTS instances are shown
in Table S-30.

Table S-30 Experimental results for qVNS, aVNS, and rVNS on HTS.
Pro. Metric qVNS aVNS rVNS
Mean obj 7.268E+02 7.322E+02 7.433E+02
Mean gap  10.136% 10.802% 12.142%
Mean obj 7.362E+02 7.342E+02 7.390E+02
Mean gap 8.040% 7.789% 8.389%

HTSO01

HTS02
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Pro. Metric qVNS aVNS rVNS
Mean obj  7.356E+02 7.376E+02 7.365E+02
HTS03 Mean gap 2.935% 3.198% 3.054%
Mean obj 7.470E+02 7.500E+02 7.530E+02
HTS04 Mean gap 3.077% 3.464% 3.850%
Mean obj 6.298E+02 6.312E+02 6.340E+02
HTS05 Mean gap 2.667% 2.882% 3.312%
Mean obj 8.208E+02 8.216E+02 8.303E+02
HTS06 Mean gap 8.507% 8.592% 9.545%
Mean obj 1.229E+03 1.232E+03  1.235E+03
HIS07 Mean gap 0.862% 2.727% 2.956%
Mean obj  6.780E+02 6.730E+02 6.838E+02
HTSO08 Mean gap 8.693% 8.015% 9.468%
Mean obj 8.176E+02 8.190E+02 8.265E+02
HTS09 Mean gap  3.987% 4.151% 5.021%
Mean obj 3.128E+02 3.134E+02 3.175E+02
HTS10 Mean gap  4.731% 4.913% 6.136%
Mean obj 1.005E+03 1.009E+03 1.021E+03
HTSI Mean gap  4.953% 5.366% 6.483%
HTS12 Mean obj 1.033E+03 1.026E+03 1.040E+03
Mean gap 8.868% 8.300% 9.497%
HTS13 Mean obj  2.510E+02 2.528E+02 2.620E+02
Mean gap  5.966% 6.643% 9.924%
HTS14 Mean obj  9.334E+02 9.262E+02 9.398E+02
Mean gap 2.504% 1.746% 3.166%
HTS15 Mean obj  2.343E+02 2.344E+02 2.363E+02
Mean gap 7.396% 7.423% 8.148%
HTS16 Mean obj 4.826E+02 4.848E+02 4.948E+02
Mean gap  2.606% 3.045% 4.989%
HTS17 Mean obj 4.590E+02 4.610E+02 4.658E+02
Mean gap 0.653% 1.080% 2.087%
Mean obj 3.128E+02 3.132E+02 3.158E+02
HISIS Mean gap  2.183% 2.298% 3.101%
Mean obj  2.452E+02 2.494E+02 2.495E+02
HISI9 Mean gap 5.355% 6.949% 7.013%
Mean obj  3.378E+02 3.302E+02 3.430E+02
HT520 Mean gap 7.325% 5.192% 8.744%
Mean obj 1.057E+03 1.060E+03 1.081E+03
HTs21 Mean gap 1.322% 1.640% 3.514%
Mean obj 7.078E+02 7.098E+02 7.113E+02
HT522 Mean gap  3.362% 3.633% 3.828%
Mean obj 1.902E+03 1.906E+03 1.914E+03
HTS23 Mean gap  4.541% 4.711% 5.095%
HTS24 Mean obj  2.063E+03 2.067E+03 2.082E+03
Mean gap  3.062% 3.232% 3.926%
HTS25 Mean obj 9.538E+02 9.572E+02 9.785E+02
Mean gap  3.227% 3.569% 5.666%
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Pro. Metric qVNS aVNS rVNS
HTS26 Mean obj 5.936E+02 5.964E+02 6.076E+02
Mean gap 3.800% 4.255% 6.017%
HTS27 Mean obj  5.532E+02 5.554E+02 5.583E+02
Mean gap 1.300% 1.689% 2.193%
HTS28 Mean obj 1.109E+03 1.111E+03 1.114E+03
Mean gap 3.263% 3.420% 3.659%
HTS29 Mean obj 1.095E+03 1.100E+03  1.104E+03
Mean gap 1.004% 1.483% 1.832%
HTS30 Mean obj 1.127E+03 1.131E+03 1.138E+03
Mean gap 1.025% 2.329% 2.877%
Mean obj 1.160E+03 1.163E+03 1.167E+03
HTS31 Mean gap 4.001% 4.259% 4.586%
Mean obj 9.982E+02 1.002E+03 1.003E+03
HTS32 Mean gap 1.521% 1.854% 1.945%
Mean obj 1.017E+03 1.023E+03 1.035E+03
HTS33 Mean gap  2.396% 2.924% 4.025%
Mean obj 1.016E+03 1.020E+03 1.031E+03
HITS34 Mean gap  2.003% 2.367% 3.348%

4.9 Job shop scheduling problem (JSSP)

The experimental results for qVNS, aVNS, and rVNS for solving JSSP instances are shown
in Table S-31.

Table S-31 Experimental results for gVNS, aVNS, and rVNS on JSSP.
Pro. Metric qVNS aVNS rVNS
ISSPO1 Mean obj 1.442E+03 1.478E+03 1.589E+03
Mean gap  33.074% 34.695% 39.215%
Mean obj 1.407E+03 1.433E+03 1.632E+03
Mean gap  34.484% 35.672% 43.458%
Mean obj 1.487E+03 1.521E+03 1.542E+03
Mean gap  36.738% 38.125% 38.923%
1SSPO4 Mean obj 1.377E+03 1.425E+03 1.599E+03
Mean gap  32.031% 34.226% 41.360%
1SSPOS Mean obj 1.457E+03 1.484E+03 1.690E+03
Mean gap  37.713% 38.843% 46.233%
ISSPO6 Mean obj 1.817E+03 1.671E+03 1.958E+03
Mean gap  44.180% 39.282% 48.242%
I1SSPO7 Mean obj 1.520E+03 1.553E+03 1.801E+03
Mean gap  34.756% 36.162% 44.948%
Mean obj 1.698E+03 1.733E+03 2.025E+03
Mean gap  39.149% 40.346% 48.905%
Mean obj 1.576E+03 1.658E+03 1.902E+03
Mean gap  39.558% 42.277% 49.921%
Mean obj 1.628E+03 1.737E+03  1.942E+03
Mean gap  42.830% 46.162% 52.186%
Mean obj 2.130E+03 2.100E+03 2.327E+03
Mean gap  42.805% 41.988% 47.652%

JSSP02

JSSPO3

JSSPO8

JSSP09

JSSP10

JSSP11
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Pro.

Metric

qVNS

aVNS

rVNS

JSSP12

Mean obj
Mean gap

1.925E+03
36.374%

2.028E+03
39.265%

2.397E+03
48.851%

JSSP13

Mean obj
Mean gap

1.963E+03
39.877%

2.067E+03
42.603%

2.369E+03
50.171%

JSSP14

Mean obj
Mean gap

2.120E+03
39.011%

2.185E+03
40.867%

2.527E+03
48.888%

JSSP15

Mean obj
Mean gap

2.024E+03
39.212%

2.126E+03
41.895%

2.416E+03
49.092%

JSSP16

Mean obj
Mean gap

2.293E+03
56.765%

2.266E+03
56.258%

2.645E+03
62.563%

JSSP17

Mean obj
Mean gap

2.426E+03
59.771%

2.380E+03
59.001%

2.699E+03
63.841%

JSSP18

Mean obj
Mean gap

2.256E+03
56.118%

2.323E+03
57.450%

2.717E+03
63.619%

JSSP19

Mean obj
Mean gap

2.280E+03
54.100%

2.381E+03
55.887%

2.672E+03
60.853%

JSSP20

Mean obj
Mean gap

2.299E+03
60.521%

2.373E+03
61.837%

2.631E+03
65.563%

JSSP21

Mean obj
Mean gap

2.980E+03
58.567%

2.863E+03
56.871%

3.129E+03
60.605%

JSSP22

Mean obj
Mean gap

2.570E+03
51.922%

2.677TE+03
53.866%

3.211E+03
61.672%

JSSP23

Mean obj
Mean gap

2.657E+03
52.802%

2.698E+03
53.532%

3.172E+03
60.459%

JSSP24

Mean obj
Mean gap

2.696E+03
52.402%

2.775E+03
53.766%

3.177E+03
59.602%

JSSP25

Mean obj
Mean gap

2.852E+03
58.152%

2.936E+03
59.417%

3.162E+03
62.318%

JSSP26

Mean obj
Mean gap

4.347E+03
74.673%

4.299E+03
74.498%

4.347E+03
74.777%

JSSP27

Mean obj
Mean gap

4.039E+03
73.988%

4.113E+03
74.467%

4.359E+03
75.920%

JSSP28

Mean obj
Mean gap

3.804E+03
71.985%

3.878E+03
72.529%

4.294E+03
75.172%

JSSP29

Mean obj
Mean gap

3.834E+03
72.457%

4.064E+03
74.012%

4.291E+03
75.517%

JSSP30

Mean obj
Mean gap

3.762E+03
68.676%

3.898E+03
69.823%

4.247E+03
72.385%

JSSP31

Mean obj
Mean gap

5.188E+03
75.078%

5.374E+03
75.954%

5.776E+03
77.668%

JSSP32

Mean obj
Mean gap

4.548E+03
71.759%

4.657E+03
72.383%

5.645E+03
77.250%

JSSP33

Mean obj
Mean gap

4.244E+03
68.520%

4.314E+03
69.055%

5.269E+03
74.657%

JSSP34

Mean obj
Mean gap

4.864E+03
72.393%

4.969E+03
72.973%

5.730E+03
76.584%

JSSP35

Mean obj

7.084E+03
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Pro. Metric qVNS aVNS rVNS
Mean gap  80.984% 81.695% 82.027%

4.10 Graph coloring problem (GC)

The experimental results for gVNS, aVNS, and rVNS for solving GC instances are shown in
Table S-32.

Table S-32 Experimental results for gVNS, aVNS, and rVNS on GC.
Pro. Metric qVNS aVNS rVNS
Mean obj 1.717E+01 1.760E+01 1.840E+01

GCo1
Mean gap  41.653% 43.137% 45.614%
GCO2 Mean obj 1.750E+01 1.800E+01 1.800E+01
Mean gap  37.092% 38.889% 38.889%
GCO3 Mean obj 1.717E+01 1.800E+01 1.900E+01
Mean gap  35.818% 38.889% 42.105%
GCO4 Mean obj  1.833E+01 1.760E+01 1.900E+01
Mean gap  50.871% 48.824% 52.105%
Mean obj 1.740E+01 1.740E+01 1.820E+01
Geos Mean gap  48.235% 48.235% 50.000%
GCO6 Mean obj  1.750E+01 1.800E+01 1.900E+01
Mean gap  37.092% 38.813% 41.462%
GCO7 Mean obj 1.800E+01 1.800E+01 1.840E+01
Mean gap  38.889% 38.889% 40.175%
Mean obj 1.700E+01 1.740E+01 1.840E+01
GCos Mean gap  35.294% 36.732% 40.175%
GC09 Mean obj 1.733E+01 1.760E+01 1.850E+01
Mean gap  36.417% 37.451% 39.456%
GC10 Mean obj 1.767E+01 1.780E+01 1.840E+01
Mean gap  37.691% 38.170% 40.175%
GCL1 Mean obj  1.850E+01 1.800E+01 1.900E+01
Mean gap  40.541% 38.889% 41.462%
GCI2 Mean obj 1.750E+01 1.780E+01 1.900E+01
Mean gap  48.529% 49.412% 52.105%
GCI3 Mean obj 1.733E+01 1.780E+01 1.860E+01
Mean gap  47.978% 49.412% 51.579%
GCl4 Mean obj 1.750E+01 1.800E+01 1.860E+01
Mean gap  37.092% 38.889% 40.819%
GC1S Mean obj 1.733E+01 1.780E+01 1.900E+01
Mean gap  36.492% 38.094% 41.462%
GCl6 Mean obj  1.800E+01 1.740E+01 1.820E+01
Mean gap  38.841% 36.732% 38.889%
GC17 Mean obj 1.780E+01 1.840E+01 1.900E+01
Mean gap  32.549% 34.737% 36.842%
GCIS Mean obj 1.700E+01 1.760E+01 1.875E+01
Mean gap  35.144% 37.451% 40.100%
Mean obj 1.740E+01 1.820E+01 1.900E+01
GC19

Mean gap  48.235% 50.526% 52.105%
GC20  Meanobj 1.717E+01 1.760E+01 1.760E+01
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Pro. Metric qVNS aVNS rVNS
Mean gap  41.653% 43.137% 43.137%
Mean obj 4.283E+01 4.360E+01 4.500E+01

GC21
Mean gap  71.972% 72.468% 72.872%
GC22 Mean obj 4.317E+01 4.380E+01 4.600E+01
Mean gap  74.511% 74.884% 75.981%
GC23 Mean obj 4.350E+01 4.400E+01 4.550E+01
Mean gap  79.308% 79.545% 79.988%
GC24 Mean obj 4.317E+01 4.400E+01 4.500E+01
Mean gap  76.828% 77.273% 77.677%
GC25 Mean obj 4.220E+01 4.300E+01 4.425E+01
Mean gap  76.301% 76.734% 77.141%
GC26 Mean obj 4.333E+01 4.380E+01 4.475E+01
Mean gap  76.920% 77.167% 77.470%
GC27 Mean obj 4.283E+01 4.340E+01 4.460E+01
Mean gap  74.308% 74.646% 75.333%
GC28 Mean obj 4.350E+01 4.400E+01 4.400E+01
Mean gap  77.008% 77.273% 77.167%
GC29 Mean obj 4.340E+01 4.440E+01 4.560E+01
Mean gap  76.956% 77.475% 78.068%
Mean obj 4.333E+01 4.380E+01 4.460E+01
GC30

Mean gap  76.920% 77.162% 77.576%

5 Figures in the Paper
5.1 Figures for 5 algorithms in REMS

Fig. S-1 illustrates the radar chart of the mean gap values obtained by 5 metaheuristic
algorithms across 10 problems. Among these charts, a point closer to the center of the circle
indicates better mean gap values achieved by an algorithm for a Glgiven instance.
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Fig. S-1 Radar chart of mean gap for 5 metaheuristic algorithms on 10 problems.

Fig. S-2 presents the critical difference (CD) plot of mean gap for 5 metaheuristic algorithms
on 10 problems, with a significance level set at 0.05. The plot visually reveals whether the
performance differences between pairs of algorithms are statistically significant. Specifically,
if two algorithms are connected by a horizontal line, their performance differences are not

statistically significant.
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Fig. S-2 CD plot of the mean gap for 5 metaheuristic algorithms on 10 problems.

Fig. S-3 to Fig. S-12 display the convergence curves for 5 metaheuristic algorithms on 4

instances for the 10 problem types.
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Fig. S-3 Convergence curve for 5 metaheuristic algorithms on 4 typical MDVRPTW instances.
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Fig. S-4 Convergence curve for 5 metaheuristic algorithms on 4 typical VRPPD instances.
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Fig. S-5 Convergence curve for 5 metaheuristic algorithms on 4 typical GAP instances.
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Fig. S-6 Convergence curve for 5 metaheuristic algorithms on 4 typical CFLP instances
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Fig. S-7 Convergence curve for 5 metaheuristic algorithms on 4 typical BPPC instances.
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Fig. S-8 Convergence curve for 5 metaheuristic algorithms on 4 typical GBPPI instances.
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Fig. S-9 Convergence curve for 5 metaheuristic algorithms on 4 typical QMKP instances.
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Fig. S-10 Convergence curve for 5 metaheuristic algorithms on 4 typical HTS instances.
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Fig. S-11 Convergence curve for 5 metaheuristic algorithms on 4 typical JSSP instances.
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Fig. S-12 Convergence curve for 5 metaheuristic algorithms on 4 typical GC instances.

5.2 Figures for 5 methods in REMS and other solvers

The radar chart of the mean gap values obtained by 8 algorithms on 10 problems is presented
in Fig. S-13.
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Fig. S-13 Radar chart of mean gap for 8 algorithms on 10 problems.

Fig. S-14 presents the CD plot of the mean gap for § algorithms on 10 problems.
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CD plot of 8 algorithms on BPPC
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Fig. S-14 CD plot of mean gap for 8 algorithms on 10 problems.
Fig. S-15 to Fig. S-24 show the convergence curves for 8 algorithms on 4 typical instances
for each problem type.
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Fig. S-17 Convergence curve for 8 algorithms on 4 typical GAP instances.
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Fig. S-18 Convergence curve for 8 algorithms on 4 typical CFLP instances.

BPPG14

BPPC25

Objective

5B 38

Ohjective

—— Sk
—o— VNS
—— LN§
——T5

—— Gh

—++ GUROBI
~7+ DR-TODLS
—o-- SCIP

Objective

Objective

]
8
8

@
s
g

0.4 0.6
Time/MaxTime

(a) BPPCO1

0B

0.2 0.4 0.4 0.8
Time/MaxTime

(b) BPPC14

02 04 0.6 08

Time/MaxTime

(c) BPPC25

02 0.4 0.6

Time/MaxTime

(d) CFLP39

0.8

BPPC52
240
—— 5
230 —— s
== LNS
220 - T5
——
2210 =7+ R-TO0LS
B = SCIP
8 NP P .
200
8
190
o, =, .
180 W»—;ﬂ—hﬂm—_ﬁeﬁ:{
o] F—ee . 5 7
oo 0z 04 0.6 0.8 1.0
Time/MaxTime

(d) BPPC52

Fig. S-19 Convergence curve for 8 metaheuristic algorithms on 4 typical BPPC problems.
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Fig. S-20 Convergence curve for 8 algorithms on 4 typical GBPPI instances.
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Fig. S-21 Convergence curve for 8 algorithms on 4 typical QMKP instances.
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5.3 Figures for VNS, aVNS, and rVNS
Fig. S-25 to Fig. S-34 show the convergence curve of objective function values for VNS,
aVNS, and rVNS on 4 typical instances for each problem type.
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