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ABSTRACT

Variable Neighbourhood Search (VNS) is one of thesinrecent metaheuristics
used for solving combinatorial optimization probkem which a systematic change of
neighbourhood within a local search is carried dmitthis thesis, an investigation of
VNS algorithm is proposed for the Identical PatalMachine Scheduling (IPMS)
problem with makespan criterion. 150 IPMS benchnsarkes are generated randomly
which is uniformly distributed between (1,100). dddition, Longest Processing Time
(LPT) Rule is used for the worst case analysisraggperbound theorem. The results
gained by VNS algorithm are presented for eachigardtion. The solution quality was
evaluated and compared according to the LPT salsititi is concluded that the VNS
algorithms improved 92 out of the 150 instancesLBiT results in a reasonable
computing time.

Keywords: Scheduling, Identical Parallel Machine, Makespan/ariable
Neighbourhood Search



OZDES PARALEL MAK iNE PROBLEMLER i iCiN BiR DEGISKEN KOM SU
ARAMA ALGOR ITMASI

Hatice UYSAL

Yuksek Lisans Tezi — Endustri MUhendisli
Temmuz 2006

Tez Yoneticisi: Yrd. Dog. Dr. Mehm&EVKL 1

Oz

Degisken kongu aramasi (VNS), yerel bir aramanin icinde kolarin sistematik
bir dezisikli ginin tamamlandii kombinatoryel optimization problemlerini ¢ozmeni
kullanilan yeni bir metasezgisel yontemlerden liri@u tezde, bir VNS algoritmasi
argtirmasi, toplam Uretim zamani kriteriyle 6zgeralel makine cizelgelemesi (IPMS)
problemi icin Onerildi. 150 IPMS test problemi (@Q) arasinda dizgtn giamli
olacaksekilde rasgele okturuldu. Ayrica, En Uzuislem Zamani (LPT) Kurali, bir tst
sinir teoremi olarak en kot olay analizi icin kamildi. VNS algoritmasi ile elde edilen
sonuglar, her konfiglirasyon igin sunuldu. Sonucitésil LPT sonuclarina gore
degerlendirildi ve kiyaslandi. Sonu¢ olarak, VNS aiguoalari kabul edilebilir glem
zamani iginde LPT sonuglarinin 150 dtimelen 92 tanesini iyikgirdi.

Anahtar Kelimeler: Cizelgeleme, OzdeParalel Makine, Toplam Uretim Zamani,
Degisken Kongu Aramasi
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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW

Scheduling is a study that concerns the allocaifdimited resources to the tasks,
which can be in several forms, from service industr manufacturing systems, or
information processes (Pinedo, 1995). To be conipetieffective scheduling has a
great importance for improving the productivity,ilimation of resources and
profitability of production lines. In this study, ewdeal with the parallel machine

environment.

PMS is one of the most studied areas in the scimggliterature. The only way to
secure optimal solutions is by enumerative techesqdynamic programming, cutting-
plane based approaches, lagrangian and branchoand (B&B) techniques have been

used to find optimal solutions.

Metaheuristics are applied to PMS problems; siheg give the optimal or near-
optimal solutions in a shorter time than exact atgms do. Tabular Search (TS),
Genetic Algorithms (GA), Particle Swarm Optimizatio(PSO) and Simulated

Annealing (SA) are used to generate satisfactduytisos.

IPMS problem for minimizing the makespan has beewgd to be a NP problem.
It is solved in pseudopolynomial time via operasibrmethods such as dynamic

programming, integer programming and etc. (Piné885).

We will apply the VNS Algorithm to théni [C,.,, problem.



Our study is organized as follows. Chapter 2 gae®verview of PMS problems
with notation, classification, complexity and sabumt procedures. This chapter also
includes the literature on the scheduling of PM&ojems with the minimum makespan
objective. In Chapter 3, the VNS method and its hoeblogy are introduced
respectively. In Chapter 4, experimental design tloé¢ study is presented and
computational results of the study are summarizadally, Chapter 5 makes the

conclusions from results.



CHAPTER 2

PARALLEL MACHINE SCHEDULING

2.1 INTRODUCTION

This chapter surveys the literature related to msearch. In the second sub-
section, PMS problems are discussed around the gspakeminimization objective.

Also literature on PMS problems with the minimumk@span objective is given.

2.2 PARALLEL MACHINE SCHEDULING
2.2.1 Overview

In the general PMS problem, a set of independdrg je to be scheduled on a
number of parallel machines (processors) to meeblgactive related to machine

completion times. The most common objective isrti@mization of the makespan.

The scheduling process involves two kinds of deassi sequencing (the order in
which jobs are processed), and job-machine assiginrBengle machine problems ask
just to find optimal job sequencing, but in the tiplé machines case it is necessary to
find an optimal job-machine assignment as well. Tdwmnplexity usually grows
exponentially with the number m of machines makihg problem intractable. This
problem, like all deterministic scheduling probleniselongs to the wide class of
Combinatorial Optimization problems, many of whieane known to be NP-hard
(Mokotoff, 2001).



2.2.2 Parallel Machine Environments

In PMS problem we have n jobs and m machines. Taehines can be identical,

uniform or unrelated:

* On identical machines, the processing time of a pki=1,...,n), is the same
on any machine.

* On uniform machines, each machine has a differemtgssing speed. There is
a trend among the processing times of the jobsféereht machines.

* On unrelated machines, processing times of joby weabitrarily from one

machine to another. So, a matrix(1,...,n; j=1,...,m) is needed.

2.2.3 Performance Measures

The objective is to find a suitable allocation obb$ to machines, and a sequence
for each machine which would optimize a performameceasure. There are many
performance measures for scheduling problems. ¢Rrett982)’s classification of

performance measures:

e Completion time based performance measures:
0 Minimize the maximum flow timeF_,,
0 Minimize the maximum completion time (makespa@),,,
o Minimize mean flow time or total flow time) _F, /nor > F,
o0 Minimize mean completion time or total completiommne,
> .C//nor>.C
o Minimize weighted flow time > w; F;
0 Minimize weighted completion timeZwiCi
* Due date based performance measures:
0 Minimize maximum lateness, .,
0 Minimize maximum tardinesg,

Tmax

0 Minimize mean lateness or total IateneEé{J_i /nor Z L,
0 Minimize mean tardiness or total tardineg,'l'i /nor ZTi

0 Minimize weighted IatenessZWi L,



o Minimize weighted tardinessy_ wT,

 Utilization based performance measures:
0 Minimize idle time
0 Maximize utilization of manpower

o0 Maximize machine utilization

In real life scheduling problems, performance o$chedule is measured with
more than one criterion. (Nagar, 1995) presenteslraey of multi and bi-criteria

scheduling.

In this study we deal with minimizing the maximumapletion time (makespan),

C... Criteria in IPMS problem.

max?

2.2.4 Assumptions

(French, 1982) presented following assumptions whaharacterize parallel

machine models.

e Each job is an entity composed of a single openatiat cannot be processed
on more than one machine simultaneously.
* No preemption is allowed.
* No cancellation.
» Processing times are independent of sequencing.
» Job accumulation is allowed.
* Machine idle time is allowed.
* No machine can process more than one job at a time.
* Machines never break down and are available throwighhe scheduling
period.
» Ready times are zero for all the jobs.
* There is no randomness:
0 The number of jobs, n, is known and fixed;
0 The number of machines, m, is known and fixed;
o The processing times; (=1,...,n), are known and fixed;
0

The ready times; (i=1,...,n), are known and fixed;



o All other specifications needed to define a paléicproblem are

known and fixed.

2.2.5 NP-hardness oan1 |C

max

In the general job shop problem each job has aeseguof m operations and each
machine has a sequence of n jobs to process. 39s, at resource allocation and

sequencing problem. Even 3 jobs on 3 machines @mobls NP-hard (Sotskov,

Shaklevich, 1995). ThePrﬂ |Cmax problem is seems easier than general job shop

problem because it is only a resource allocatioseguencing problem.

PMS can be solved by finding an optimal sequencgob$ as a sequencing
problem. Then we assign jobs according to this secge, on the free machine. As a
resource allocation problem, if we find out theimpim assignment of jobs to machines
our problem is solved. The processing order ofabsigned jobs on machines has no

effect on the performance.

PMS is easier than general job shop but even trst snmplified versions of PMS
problems are NP-hard in this sense (Pinedo, 199%&jording to (Baker, 1998), if we
are faced with the need to solve large versionaroNP-hard problem, we know in
advance that we may not be able to find optimaltsms with available techniques.
Consequently, current studies focus on new waysdetermining near optimum

solutions. Other ways for solving these hard pnoisiare:

» Simplifiying problem and solving them with exactiyjmomial solutions
» Applying exact algorithms

» Developing approximation algorithms

2.3 LITERATURE REVIEW

Due to the importance of PMS, their solution haeerbstudied and examined
extensively by various approaches. All importarpirapches relevant to PMS problems
can be classified into two main categories: exdgordhms such as dynamic

programming, cutting-plane based approaches, lggmarand branch and bound (B&B)



techniques; and approximate algorithms such as I8tedu Annealing, Genetic

Algortihms and Tabular Search.

2.3.1 Exact Algorithms

For finite size problems a straightforward exagpoathm is to simply enumerate
the full solution space. Yet, such an algorithninieasible due to the exponential size
of the solution space. To increase efficiency,nafldern exact methods use pruning
rules to discard parts of the search space in wthieh(optimal) solution cannot be
found. These approaches are doing an implicit enatio@ of the search space (Stutzle,
1998).

Mixedinteger programming is one of the most widelged techniques to
formulate PMS models. Using mixed integer lineabgopamming, as opposed to

approximation algorithms, may not give the optimaaiution in polynomial time. A

mixed-integer programming formulation for t}ﬁﬂrd |Cmax is as follows:
Min C,__, (2.2)
s.t.C.. —Zn: p,x; =0 forall j=1,....,m (2.3)
i1
Zm:xij =1 forall i=1,....,n (2.4)
=
x, 0{og for all i=1,....,n; for all j=1,....,m (2.5)

where;x; =1if job iis assigned to machine j,

X; =0 if job i is not assigned to machine j.

Constraint (2.3) ensures that maximum completiom tof jobs on any machine m
cannot exceed the makespan vayg. Constraint (2.4) guarantees that each job is

processed on one and only one machine.

(Dell’Amico, Martello, 1995) presented an effectibeanch and bound based
procedure for minimizing makespan on identical paramachines. For unrelated

parallel machines, B&B algorithms were proposed®tgrn, 1976), (Martello, 1997).



(Rothkopf, 1966), (Lawler, Moore, 1969), (Sahni, 768 (Graham, 1979),
(Lenstra, Rinnoy Kan, 1980), and (Leung, 1982) haveposed general dynamic
programming approaches. The time and memory redjuserun those makes these

formulations inefficient.

2.3.2  Approximation Algorithms

Approximation algorithms try to find a satisfactaglution within an acceptable
amount of time, based on a heuristic rule. Theynoarguarantee to find optimal
solutions but they can find near optimal solutiongch faster than exact algorithms.
Approximation algorithms are divided to two classesnstructive and local search

algorithms.
2.3.2.1 Constructive Algorithms

Constructive algorithms generate solutions startingm the input data,
following a set of rules. List scheduling (LS) (Geem, 1966) and MultiFit (Coffman,
1984) constructive algorithms are applied to theSRdoblem.

In LS, firstly make a list of the jobs, in some erdThen remove the first job from
the list and assign it to the first available maehiRepeat this step until all the jobs on
the list have been assigned to some machine (Grah@66). However, there is no
obvious way to order the list. The accuracy ofltBeis depends on the list-making rule.
Any simple dispatching rule (e.g., LPT, SPT) withnsetimes produce suboptimal

results.

(De, Morton, 1980) suggested that in order to min@mmakespan, overloading at
the end of the list must be avoided. This can md®d by not assigning the jobs with
the LPT, on the last positions of the list. Afteaking a list with LPT rule, we can apply
any LS algorithm. Satisfactory results of worstecasd probability case analysis have
shown that LPT is asymptotically an excellent appmation algorithm (Frenk,
Rinnony Kan, 1986).

In the next theorem, an upperbound is presented 2 XE(';':_; where

C..(LPT) denotes the makespan of the LPT schedule @pnd(OPT denptes the



makespan of the (possibly unknown) optimal schedihés type of worst case analysis
is of interest as it gives an indication of how Mke heuristic is guaranteed to perform

as well as the type of instances for which the isgamperforms badly (Pinedo, 1995).

Upperbound Theorem: For Pnj |C

max?

Con(LPT) _4_ 1
C.,(OPT) 3 3xm

This theorem shows that, if there is one macHiRg, gives the optimum result.

When the number of machines increase, the worstredi® reaches 33 .
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|_
% {
= 1.2000 -
o
-
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Number of Machines

Figure 2.1 The worst case ratio graph according to the numberaghines

2.3.2.2 Local Search Algorithms

The most effective approximate algorithms today laaal search algorithms
(alternatively called neighbourhood search algorgh Local search algorithms start
from some initial solution and iteratively try teplace the current solution by a better

solution in an appropriately defined neighborhobthe current solution.

The most basic local search algorithm is iteratisgrovement which only
replaces the current solution with a better onestogds as soon as no better, neighbored

solutions can be found anymore (Stutzle, 1998).
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First applications of local search have been pteseim the late fifties and the
early sixties (Croes, 1958), (Lin, 1965). They haeedme very popular in the last
twenty years and that they are applied to manylpnob but there are a few applications

to PMS problems.

(Hubscher, Glover, 1994) presented a Tabular Sgahapproach to the

Prﬂ |Cmax problem. They introduced a diversification strgtbégsed on selecting

influential moves, which improves the behavior gudlity of the solutions obtained by

general TS.

(Jozefowska, 1998) considered the discrete-conmtisidentical PMS problem
where the optimization criterion is the makesparorider to solve this NP-hard
problem, they combined linear programming and Isealrch methods (TS, SA, and
GA). By comparing the performance of the three imetigistics, they showed that TS is
preferable, finding the largest number of optin@usons and showing the smallest

deviation for all problem sizes.



CHAPTER 3

VARIABLE NEIGHBOURHOOD SEARCH ALGORITHM

3.1 AN OVERVIEW

In recent years, several general heuristics (oahsetristics) have been proposed
which extend local search in various ways and abeidg trapped in local optima with
a poor value. The purpose of this note is to shoat @ simple and effective
metaheuristic may be obtained by proceeding tostesyatic change of neighborhood
within a local search algorithm. (Mladenovi'c, Hans 1997) call this approach
Variable Neighborhood Search (VNS). The diffreren€&/NS from most other local
search methods is VNS does not follow a trajectbry, explores increasingly distant
neighborhoods of the current solution, and jumpsfthere to a new one if and only if

a better solution is optained.

3.2 NEIGHBOURHOOD STRUCTURES

The performance of the metaheuristic algorithm gicgmtly depends on the
efficiency of the neighbourhood structure. The 8ohs are determined to move with
the neighbourhood structure. In this study, théofing two neighbourhood structures

are employed:

Exchangeis a function used to move around in which any tarmdomly selected
operations are simply swapped. In Figure 3.1, B Bndre selected randomly and

swapped.

11
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¥ Y
(2] [e] [e] [o] [£] [F]
(][] [e] [o] [&] [£]

Figure 3.1Exchange Function

Insert is another fine-tuning function that inserts ad@mly chosen gene in front
or back of another randomly chosen gene. In Fi§u2eB and E are selected randomly.

B is inserted in front (or back) of E.

(] [&] [¢] [o] [€] [£]
(][] [=] [=] [€] [F]

Figure 3.2Insert Function

There are many neighbourhood structures reportedhen literature but we

preferred these two due to the simplicity, easesefand a reasonable efficiency.

3.3 VNS ALGORITHM

VNS is one of the most recent metaheuristics dg@esldor problem solving in an
easier way. It is known as one of very well-knolenal search methods. VNS gets
more attention day-by-day due to its ease of usk @ctomplishments in solving

combinatorial optimisation problems.

The VNS is a simple and effective search procechakproceeds to a systematic
change of neighbourhood. An ordinary VNS algoritgets an initial solutionx( S,
where S is the whole set of search space, thanpolates it through a two nested loop
in which the core one alters and explores via twanniunctions so called shake and
local search. The outer loop works as a refreshraéing the inner loop, while the
inner loop carries the major search. Local searghoexs an improved solution within
the local neighbourhood, while shake diversifies olution by switching to another

local neighbourhood.
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P

global optima _~ local optima

/ @ current solution

Figure 3.3Diversification by shake function

The inner loop iterates as long as it keeps impuhe solutions, where an
integer, k, controls the length of the loop. Onceiraner loop is completed, the outer
loop re-iterates until the termination conditionniet. Since the complementariness of
neighbourhood functions is the key idea behind V& neighbourhood structure
should be chosen very rigorously in order to achiaw efficient VNS.

In order to develop an effective VNS algorithm, oneeds two kinds of
neighbourhood functions: shake functigig (x)) and local search functioleLS(x)).
Each neighbourhood function has a particular neighimod structure. The
neighbourhood structures may be used more thamoomach function (shake and local
search) so as to achieve a valuable neighbourhbatge. For that purpose, the

counters k{<sk<k__)and | @<l<l|__) are used for shake and local search functions

max max

respectively in order to ease switching from onartother neighbourhood.
Steps of the VNS procedure are as follows:

1. Initialization: Find an initial solution x.

2. Repeat the following steps until the stopping ctiadiis met:
a. Shake Procedure: Generate at random a startinissoki 0 N ().
b. Local Search: Apply a local search from the starsialyition x’ using
the base neighborhood structuié¢>(x) until a local minimum
x"ON,°(x) is found.

c. Improve or not: If X" is better than x, doex X'.

The stopping condition may be a maximum CPU timewad, a maximum

number of iterations, or maximum number of itenagidetween two improvements.



CHAPTER 4

EXPERIMENTAL RESULTS

4.1 AN OVERVIEW

In this chapter, VNS configurations for PMS are @leped, which is a recently
proposed metaheuristic for solviegmbinatorialproblems. As explained in chapter 3,
Metaheuristics (or modern heuristic techniquesk@né near optimal solutions for real
problems. In addition, LPT Rule is used for the waa$e analysis as an upperbound

theorem.

4.2 VNS TO PMS

Variable Neighborhood Search is a recently propasethheuristic for solving
combinatorial problems (Mladenovic, 1995). The basic idea is toceed toa
systematic change of neighborhood within a locata®algorithm. Exploration of these
neighborhoods can be done in two ways. The smatiess, i.e. those closest to the
current solution, may be explored systematically until dugson better than the
incumbent is foundThe largest ones, i.e. those far from the currehitism, may be
explored partially bydrawing a solution at random and beginning a (deia
neighborhood) local search fraimere. The algorithm remains at the same solutidih un
another solution better than thmcumbent is found and then jumps there.
Neighborhoods are usually ranked in such a thay solutions are explored increasingly
far from the current one. In this way, intensifioatof the search around the current
solution is followed naturally by diversificationThe level of intensification or

diversification can be controlled through a fewyess set parameters. Waay view

14
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Variable Neighborhood Search as a ‘shaking’ prgceskere movement to a
neighborhood further from the current solution esponds to a harder shake. Unlike
random restart, Variable Neighborhood Search allawsntrolled increase in the level

of the shake (Mladenovic and Hansen, 1997).

function Modified VNS
generate initial solution, &S
while termination condition not met do

k—1
X'€S—shake function(x)
while kfkmaxdo
if(k=1) then x” €S—local search function 1(x’)
if(k=2) then x” €S—local search function 2(x’)
if f(x")<f(x’) then
X'«—X"
else k—k+1
end-if
end-while

if f(x)<f(x) then x—x’
end-while
end-function

Figure 4.1the pseudocode of the VNS algorithm

4.2.1 Experimentation with VNS Algorithm

This section describes our experiment to test thelericy of the VNS algorithm.
The VNS algorithm was coded in Borland C and implet@é on an Intel P4 1.33GHz
PC with 256 MB memory. We have applied three déferVNS implementations with
different configurations of shake and local sealahctions. Our aim is to develop
efficient implementation. The list of three VNS ailghms provided with their

configurations is in the following.
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Table 4.1VNS implementations

No Shake
VNS-I

Local Search— Exchange + Insert

Shake— Exchange + Insert + Exchange
VNS-II

Local Search— Exchange + Insert

Shake— Exchange + Insert + Exchange
VNS-III

Local Search— Exchange

Test problems were generated for varying sizes ef 23 5, 10 or 20 machines
and n = 20, 50, 100 or 200 jobs. We generate,doh gob, an integer processing time p
using a uniform distribution [1,100]. We generatidstances for each pair of (n, m).
10 replications of 10 instances were run for 2x2X50, 2x100, 2x200, 5x20, 5x50,
5x100, 5x200, 10x20, 10x50, 10x100, 10x200, 2051100 and 20x200 problem
sets, e.g., in 2x20 problem, 2 corresponds to timeber of jobs and 20 corresponds to
the number of machines. Since all the data reqaboat 50 pages to be shown, only 8
of them were chosen to show to the data pattepresented in Appendix A. Results
obtained from VNS algorithms for m=2, 5, 10 and With respect to makespan and
CPU values are given in Appendix B. The statistitthese two performance metrics
such as the average, standard deviation, minimuch the maximum values are

calculated in MS Excel file.

We have applied LPT rule to our problem instancesirThakespan values are

(LPT) 1

iven in Appendix D. According to upperbound theore Conax
g pp g pp r (OPT) 3 3xm’

from this equation we can obtain upperbounds fobl@ms. In Table 4.2 we can see
upperbounds for our 2, 5, 10 and 20 machine prohleBy using these obtained

LPT)

upperbound values we can obtain lowerbound values maX( < C,(OPT).

Our problem lowerbound values are given in Apperalix
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Table 4.2Upperbounds for 2, 5, 10 and 20 machine problems

# Machine | LPT/OPT
2 1.1667
5 1.2667
10 1.3000
20 1.3167

4.2.1.1 Problem Representation

Consider first instance of our 2x20 problem.

Jijl 2 3 4 5 6 78 9 1011 12 13 14 15 16 17 18 19 20
Pi|67 48 96 77 69 41 6 63 35 52 21 51 28 40 95 77 93 25 72 78

LPT Schedule:

Ji|3 1517 20 4 16 19 5 1 8 1012 2 6 14 9 13 18 11 7
Pi|96 95 93 78 77 77 72 69 67 63 52 51 48 41 40 35 28 25 21 6

M2 95 | 93 | 77 | 69 | 63 | s1 | a1 | 40 [25f
ML 96 | 78 | 77 | 72 | 67 | 52 | 48 | 35 | 28 [21]
0 50 100 150 200 250 300 350 400 450 500 550 600
C LPT
C.(LPT) =574 M <1.1667
C.ax(OPT)

VNS Schedule:

Ji|9 1 1715 16 3 14 4 13 10 11 20 2 6 12 8 18 7 19 5
Pi|35 67 93 95 77 96 40 77 28 52 21 78 48 41 51 63 25 6 72 69

M2 67 | 95 | 96 | 28] 52 | 78 | s |25 69 |

ML | 35 | 93 | 77 | 40 | 77 |21| 48 | 41 | 63 | 72 |

T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450 500 550 600

N
c._ Ny =567 CmaONI g5
Crnax (OPT)



18

In the following section, experimental study hagrmeompleted in two stages;
first, we compared the LPT rule and the VNS al¢yonitwith respect to their makespan
values then the LPT rule worst case ratio (LPT Tp&nd the VNS algorithm worst
case ratio (VNS / OPT). Experimental results ar¢him following Table 4.3. In fisrt
column we can see problem instance number. In ékefive columns, optimum, LPT,
VNS-I, VNS-II and VNS-III makespans are given. Tharthe next three columns we
can see how much VNS results the LPT rule and tN& Vlgorithm with respect to
their makespan values then the LPT rule worst caise and the VNS algorithm worst

case ratio.

4.2.1.2 Resultsof the P2 [C,,, problem

max

The performance of VNS algorithm looks very impresss the results produced.
As seen from the tables, the worst case ratiosN$ @lgorithm are less than or equal to
those of LPT for all problem sets. VNS gives goedults for 2x20. Eight of ten LPT
results are improved. When job size increased ptréormance decreased but still it

results in the same values with LPT.

Table 4.3.a P2| |Cmax problem for 20 jobsesults with respect to makespan

LPT/ | LPT/ VNS- | VNS-
Problem VNS-| VNS- | VNS- | LPT/| VNS- | VNS- | LPT/ |VNS-I| 1/ "/
Name | OPE | LPT| | Il Il VNS-I| Il 1l OPT | /OPT| OPT | OPT

2-20-01| 492| 574 567 | 567 | 567 | 1.01231.0123/1.0123|1.1667|1.1524]1.1524) 1.1524
2-20-02| 429| 501 500 | 500 | 500 ]| 1.00201.0020 1.0020|1.1667)1.1643|1.1643)1.1643
2-20-03| 401| 468 468 | 468 | 468 | 1.00001.0000] 1.0000]1.1667|1.1667|1.1667|1.1667
2-20-04| 477| 557 553 | 553 | 553 | 1.00721.0072/1.0072|1.1667)1.1583|1.1583| 1.1583
2-20-05| 411| 479 476 | 476 | 476| 1.0063L.0063 1.0063|1.1667) 1.1594|1.1594| 1.1594
2-20-06| 458| 534 530 | 530 | 530 | 1.0075L.0075/1.0075|/1.1667)1.1579[1.15791.1579
2-20-07| 507| 592 591 | 591 | 591 | 1.00171.0017|1.0017|1.1667|1.1647|1.1647|1.1647
2-20-08| 369| 431 431 | 431 | 431 ] 1.00001.0000] 1.0000]1.1667|1.1667|1.1667| 1.1667
2-20-09| 560| 653 652 | 652 | 652 | 1.00151.0015|1.0015|1.1667)1.16491.16491.1649
2-20-10| 439| 512 509 | 509 | 509 | 1.00591.0059 1.0059|1.1667)1.1598|1.1598| 1.1598

improved, 8 8 8
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Table 4.3.b P2| |Cmax problem for 50 jobsesults with respect to makespan

LPT/| LPT/ VNS- | VNS-
Problem VNS-| VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| 1/ 1/
Name | OPR|LPT| | Il Il | VNS-I Il 11 OPT | /OPT| OPT | OPT
2-50-01| 977| 11401139 1139| 1139| 1.000p1.0009 1.0009|1.1667|1.1656|1.1656| 1.1656
2-50-02| 1089 12701270| 1270| 1270| 1.00001.0000 1.0000|1.1667|1.1667|1.1667 1.1667
2-50-03| 1119 13061306| 1306 | 1306| 1.00001.0000| 1.0000|1.1667|1.1667|1.1667| 1.1667
2-50-04| 1147| 13381335| 1335| 1335| 1.002p1.0022| 1.0022|1.1667|1.1641| 1.1641) 1.1641
2-50-05| 1111] 12961296 1296| 1296| 1.00001.0000 1.0000|1.1667|1.1667|1.1667 1.1667
2-50-06| 1039 121p1212| 1212| 1212| 1.00001.0000 1.0000|1.1667|1.1667|1.1667 1.1667
2-50-07| 1043 121f1216| 1216| 1216| 1.00081.0008| 1.0008| 1.1667|1.1657|1.1657| 1.1657
2-50-08| 1053 122p1229| 1229 | 1229| 1.00001.0000| 1.0000| 1.1667| 1.1667| 1.1667| 1.1667
2-50-09| 1030| 12021202| 1202 | 1202| 1.00001.0000| 1.0000|1.1667| 1.1667| 1.1667| 1.1667
2-50-10| 892| 10411041| 1041| 1041| 1.000p1.0000 1.0000|1.1667|1.16671.1667 1.1667

improved| 3 3 3

Table 4.3.c P2| |Cmax problem for 100 jobsesults with respect to makespan

LPT /| LPT/ VNS- | VNS-

Problem VNS- | VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| I/ 1/
Name | OPR|LPT| | Il I | VNS Il 11 OPT | /OPT| OPT | OPT
2-100-01 | 2338 27282728| 2728| 2728 1.0000.0000] 1.0000|1.1667|1.1667|1.1667|1.1667
2-100-02 | 2087 24352435| 2435| 2435 1.0000..0000] 1.0000|1.1667|1.1667|1.1667| 1.1667
2-100-03 | 1781] 20782078| 2078| 2078 1.0000.0000| 1.0000|1.1667|1.1667|1.1667|1.1667
2-100-04 | 2037 237[72377| 2377| 2377 1.0000..0000| 1.0000|1.1667|1.1667|1.1667| 1.1667
2-100-05| 2305 26892689| 2689] 2689 1.0000.0000] 1.0000|1.16671.1667|1.1667|1.1667
2-100-06 | 2187 255p2552| 2552| 2552 1.0000.0000] 1.0000|1.1667|1.1667|1.1667| 1.1667
2-100-07 | 2074 24202420| 2420| 2420 1.0000.0000| 1.0000|1.1667|1.1667|1.1667| 1.1667
2-100-08 | 2314 2700p2700| 2700/ 2700 1.0000.0000| 1.0000|1.1667|1.1667|1.1667| 1.1667
2-100-09 | 2199 256p2564| 2564| 2564 1.0004.0004|1.0004|1.1667|1.1662 1.1662 1.1662
2-100-10 | 2309 26942694| 2694| 2694 1.0000.0000] 1.0000/1.16671.1667|1.1667|1.1667

improved| 1 1 1

Table 4.3.dP2 |C

max

problem for 200 jobsesults with respect to makespan

LPT /| LPT/ VNS- | VNS-

Problem VNS- | VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| I/ 1/
Name | OPB|LPT| | Il I | VNS-I Il 1 OPT | /OPT| OPT | OPT
2-200-01 | 4308 502p65026| 5026/ 5026/ 1.0000.0000] 1.0000|1.1667|1.1667|1.1667|1.1667
2-200-02 | 4052 472[74727| 4727| 4727 1.0000..0000] 1.0000|1.1667|1.1667|1.1667| 1.1667
2-200-03 | 4334 505p5056| 5056/ 5056/ 1.0000.0000| 1.0000|1.1667|1.1667|1.1667|1.1667
2-200-04 | 4105 478p4789| 4789 4789 1.0000..0000|1.0000|1.1667|1.1667|1.1667|1.1667
2-200-05| 3993 465P4659| 4659| 4659 1.0000.0000] 1.0000/1.16671.1667|1.1667|1.1667
2-200-06 | 4269 498[14981| 4981] 4981 1.0000.0000] 1.0000|1.16671.1667|1.1667|1.1667
2-200-07 | 4289 50045004| 5004/ 5004 1.0000.0000] 1.0000|1.1667|1.1667|1.1667|1.1667
2-200-08 | 4300 501)f5017| 5017/ 5017, 1.0000.0000| 1.0000|1.1667|1.1667|1.1667| 1.1667
2-200-09 | 4307 50255025| 5025/ 5025 1.000a.0000] 1.0000/1.16671.1667|1.1667|1.1667
2-200-10| 4110 479p54795| 4795| 4795 1.0000.0000] 1.0000/1.16671.1667|1.1667| 1.1667

improved| O 0 0
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20

The performance of VNS algorithm looks very impresss the results produced.

As seen from the tables, the worst case ratiosN$ @lgorithm are less than or equal to

those of LPT for all problem sets. VNS gives exadliresults for 5x20; it improves

LPT results for all instances. Eight of ten LPTulesare improved in 5x50. When job

size increased to 100 or 200, the number of impreré decreased to 4.

Table 4.4.aPg [C,, problem for 20 jobsesults with respect to makespan

LPT/| LPT/ VNS- | VNS-
Problem VNS-| VNS-| VNS- | LPT/| VNS- | VNS- | LPT/ |VNS-I| 1/ "/
Name | OP®|LPT| | Il Il | VNS-I Il 11 OPT | /OPT| OPT | OPT
5-20-01| 128| 162 157 | 157 157 | 1.031)81.0318) 1.0318| 1.2667| 1.2276|1.2276| 1.2276
5-20-02| 173| 219 214 | 214 | 214 | 1.02341.0234 1.0234|1.2667|1.2377|1.2377| 1.2377
5-20-03| 148| 188 183 | 183 183 | 1.0273L.0273]1.0273| 1.2667| 1.2330| 1.2330| 1.2330
5-20-04| 176| 223 216 | 216 216 | 1.03241.0324{ 1.0324| 1.2667| 1.2269| 1.2269| 1.2269
5-20-05| 144| 183 182 | 182 182 | 1.00551.0055| 1.0055| 1.2667| 1.2597| 1.2597| 1.2597
5-20-06| 164| 208 206 | 206 206 | 1.009[71.0097| 1.0097| 1.2667| 1.2545| 1.2545| 1.2545
5-20-07| 184| 233 231 | 231 231 | 1.00871.0087| 1.0087| 1.2667| 1.2558| 1.2558| 1.2558
5-20-08| 171| 217 206 | 206 206 | 1.053141.0534] 1.0534| 1.2667| 1.2025| 1.2025| 1.2025
5-20-09| 194| 246 239 | 239 239 | 1.02931.0293] 1.0293|1.2667| 1.2306| 1.2306| 1.2306
5-20-10| 168| 213 210 | 210 210 | 1.01431.0143/1.0143)1.2667|1.2488| 1.2488| 1.2488

improved| 10 10 10

Table 4.4.b P5| |Cmax problem for 50 jobsesults with respect to makespan

LPT/| LPT/ VNS- | VNS-
Problem VNS-| VNS-| VNS- | LPT/| VNS- | VNS- | LPT/ |VNS-I| 1/ "/
Name | OPR|LPT| | Il I | VNS-I Il Il OPT | /OPT| OPT | OPT
5-50-01| 420| 532 527 | 527 527 | 1.00951.0095| 1.0095| 1.2667| 1.2548| 1.2548| 1.2548
5-50-02| 395| 500 497 | 497 | 497 | 1.00601.0060 1.0060] 1.2667|1.2591| 1.2591| 1.2591
5-50-03| 395| 500 499 | 499 | 499 | 1.00201.0020| 1.0020| 1.2667|1.2641] 1.2641| 1.2641
5-50-04| 413| 523 518 | 518 518 | 1.00971.0097| 1.0097| 1.2667| 1.2546| 1.2546| 1.2546
5-50-05| 468| 593 592 | 592 592 | 1.00171.0017| 1.0017|1.2667| 1.2645| 1.2645| 1.2645
5-50-06| 459| 581 578 | 578 578 | 1.00521.0052] 1.0052|1.2667|1.2601] 1.2601| 1.2601
5-50-07| 364| 461 461 | 461 | 461 | 1.00001.0000 1.0000|1.2667|1.2667| 1.2667| 1.2667
5-50-08| 365| 462 462 | 462 | 462 | 1.00001.0000) 1.0000|1.2667|1.2667| 1.2667| 1.2667
5-50-09| 374| 474 473 | 473 | 473 | 1.00211.0021| 1.0021| 1.2667| 1.2640| 1.2640| 1.2640
5-50-10| 382| 484 480 | 480 | 480 | 1.00831.0083 1.0083|1.2667|1.2562) 1.2562| 1.2562

improved| 8 8 8
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Table 4.4.cP5 |C,, problem for 100 jobsesults with respect to makespan

LPT /| LPT/ VNS- | VNS-

Problem VNS- | VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| I/ 1/
Name | OPR|LPT| | Il I | VNS Il 11 OPT | /OPT| OPT | OPT
5-100-01| 872| 11041099| 1099| 1099 1.0043.0045|1.0045|1.2667|1.2609 1.2609| 1.2609
5-100-02| 806| 10211021| 1021| 1021] 1.0000.0000] 1.0000|1.2667|1.2667| 1.2667| 1.2667
5-100-03| 671| 850 850 85( 850 1.00a00000| 1.0000| 1.2667| 1.2667| 1.2667| 1.2667
5-100-04 | 863| 10981093| 1093| 1093 1.0000.0000]1.0000]1.2667|1.2667|1.2667| 1.2667
5-100-05| 767| 971 970 970 970 1.00100010| 1.0010] 1.2667| 1.2654| 1.2654| 1.2654
5-100-06| 764| 968 968 968 968 1.00000000| 1.0000] 1.2667| 1.2667| 1.2667| 1.2667
5-100-07 | 741| 939 939 939 939 1.00a00000| 1.0000| 1.2667| 1.2667| 1.2667| 1.2667
5-100-08| 814| 10311031| 1031| 1031] 1.0000.0000]1.0000]1.2667|1.2667|1.2667| 1.2667
5-100-09| 769| 974 973 973 978 1.00100010] 1.0010| 1.2667| 1.2654| 1.2654| 1.2654
5-100-10| 739| 936 935 93% 93% 1.00110011]1.0011]1.2667|1.2653) 1.2653| 1.2653

improved| 4 4 4

Table 4.4.d P5| |Cmax problem for 200 jobsesults with respect to makespan

LPT /| LPT/ VNS- | VNS-

Problem VNS- | VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| I/ 1/
Name | OPR|LPT| | Il I | VNS Il 11 OPT | /OPT| OPT | OPT
5-200-01 | 1745 221p2209| 2209| 2209 1.0004.0005|1.0005|1.2667|1.2661) 1.2661] 1.2661
5-200-02 | 1573 199B81993| 1993| 1993 1.0000.0000] 1.0000|1.2667|1.2667|1.2667| 1.2667
5-200-03 | 1569 19881988| 1988| 1988 1.0000.0000] 1.0000|1.2667|1.2667|1.2667| 1.2667
5-200-04 | 1472 18641863| 1863| 1863 1.000%.0005|1.0005|1.2667|1.2660) 1.2660| 1.2660
5-200-05| 1655 20962095| 2095| 2095 1.000%.0005|1.0005|1.2667|1.2661)1.2661] 1.2661
5-200-06 | 1592 20162016| 2016| 2016/ 1.0000.0000] 1.0000|1.2667|1.2667|1.2667| 1.2667
5-200-07 | 1600 20272025| 2025| 2025 1.0010.0010]1.0010|1.2667|1.2654| 1.2654] 1.2654
5-200-08 | 1569 19871987| 1987 1987/ 1.0000.0000] 1.0000|1.2667|1.2667|1.2667| 1.2667
5-200-09 | 1605 203B2033| 2033| 2033 1.0000.0000]1.0000]1.2667|1.2667|1.2667| 1.2667
5-200-10| 1563 198D1980| 1980 1980 1.0000.0000] 1.0000|1.2667|1.2667|1.2667| 1.2667

improved| 4 4 4

4214 Resultsof the P1q |C,,,, problem

The performance of VNS algorithm looks very impresss the results produced.

As seen from the tables, the worst case ratiosSNfb ¥lgorithm are less than or equal to

those of LPT for all problem sets. VNS gives exadlresults for 10x50; it improves

LPT results for all instances. But it can improwe tof ten LPT results in 10x20.
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Table 4.5.aP1( |C,,, problem for 20 jobsesults with respect to makespan

LPT /| LPT/ VNS- | VNS-

Problem VNS-| VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| 1/ 1/
Name | OPE|LPT| | Il Il | VNS-I Il 1 OPT | /OPT| OPT | OPT
10-20-01| 87| 113 113 | 113 113 | 1.00001.0000 1.0000| 1.3000] 1.3000] 1.3000] 1.3000
10-20-02| 79| 103 100 | 100 100 | 1.03001.0300 1.0300| 1.3000] 1.2621|1.2621] 1.2621
10-20-03| 82| 106 106 | 106 106 | 1.00001.0000 1.0000| 1.3000] 1.3000| 1.3000| 1.3000
10-20-04| 75| 98] 96 96 96| 1.0208.0208| 1.0208|1.3000] 1.2735|1.2735|1.2735
10-20-05| 76| 99| 99 99 99| 1.00pD.0000] 1.0000] 1.3000] 1.3000] 1.3000] 1.3000
10-20-06| 88 | 114 114 | 114 114 | 1.00001.0000 1.0000| 1.3000] 1.3000] 1.3000| 1.3000
10-20-07| 81| 108 105 | 105 105 | 1.00001.0000 1.0000| 1.3000] 1.3000| 1.3000| 1.3000
10-20-08| 88 | 113 115 | 115 115| 1.00001.0000 1.0000] 1.3000] 1.3000] 1.3000] 1.3000
10-20-09| 91 | 118 118 | 118 118 | 1.00001.0000 1.0000] 1.3000] 1.3000] 1.3000] 1.3000
10-20-10| 98 | 127 127 | 127 127 | 1.00001.0000 1.0000] 1.3000] 1.3000] 1.3000] 1.3000

improved, 2 2 2

Table 4.5.b P1g |C,,,, problem

for 50 jobsesults with respect to makespan

LPT /| LPT/ VNS- | VNS-

Problem VNS-| VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| 1/ 1/
Name | OPE|LPT| | Il Il | VNS-I Il 1 OPT | /OPT| OPT | OPT
10-50-01| 246| 320 312 | 312 312 | 1.02561.0256| 1.0256|1.3000| 1.2675| 1.2675| 1.2675
10-50-02| 202| 263 259 | 259 259 | 1.015#41.0154| 1.0154|1.3000| 1.2802| 1.2802| 1.2802
10-50-03| 184| 239 235 | 235 235| 1.017(1.0170] 1.0170|1.3000| 1.2782| 1.2782| 1.2782
10-50-04| 179| 233 231 | 231 231 | 1.008/71.0087| 1.0087|1.3000| 1.2888| 1.2888| 1.2888
10-50-05| 217| 282 279 | 279 279 | 1.01081.0108| 1.0108|1.3000] 1.2862| 1.2862| 1.2862
10-50-06 | 202| 263 259 | 259 259 | 1.015141.0154] 1.0154| 1.3000| 1.2802| 1.2802| 1.2802
10-50-07| 207| 269 262 | 262 262 | 1.02671.0267| 1.0267| 1.3000| 1.2662| 1.2662| 1.2662
10-50-08| 225| 292 290 | 290 | 290 | 1.00691.0069| 1.0069|1.3000]1.2911|1.2911] 1.2911
10-50-09| 200| 260 257 | 257 257 | 1.01171.0117]1.0117| 1.3000| 1.2850| 1.2850| 1.2850
10-50-10| 183| 238 236 | 237 237 | 1.00851.0042 1.0042|1.3000] 1.2891] 1.2945| 1.2945

improved| 10 10 10

Table 4.5.cP1d |C

max

problem for 100 jobsesults with respect to makespan

LPT/| LPT/ VNS- | VNS-

Problem VNS-| VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| I/ "/
Name | OPR|LPT| | Il | VNS-I Il Il OPT | /OPT| OPT | OPT
10-100-01] 353 | 459| 459 | 459 | 459 | 1.00001.0000] 1.0000]1.3000] 1.3000] 1.3000] 1.3000
10-100-02| 410 | 533| 532 | 532 532 | 1.00191.0019] 1.0019| 1.3000| 1.2976| 1.2976| 1.2976
10-100-03| 397 | 516| 510 | 510 510 | 1.01181.0118]1.0118|1.3000|1.2849| 1.2849| 1.2849
10-100-04| 360 | 468| 467 | 467 | 467 | 1.00211.0021| 1.0021|1.3000| 1.2972| 1.2972| 1.2972
10-100-05| 398 | 518| 517 | 517 | 517 | 1.001]91.0019 1.0019|1.3000| 1.2975| 1.2975| 1.2975
10-100-06] 382 | 496] 493 | 493 | 493 | 1.00611.0061] 1.0061|1.3000] 1.2921| 1.2921] 1.2921
10-100-07| 370 | 481| 478 | 478 | 478 | 1.00631.0063 1.0063|1.3000| 1.29191.2919 1.2919
10-100-08| 378 | 491| 489 | 489 | 489 | 1.004{11.0041] 1.0041|1.3000| 1.2947| 1.2947| 1.2947
10-100-09| 368 | 479| 477 | 477 | 477 | 1.00421.0042| 1.0042| 1.3000| 1.2946| 1.2946| 1.2946
10-100-10] 388 | 505| 504 | 504 | 504 | 1.00201.0020| 1.0020]1.3000| 1.2974|1.2974 1.2974

improved| 9 9 9
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Table 4.5.d P1q |C,,,, problem for 200 jobsesults with respect to makespan

LPT/| LPT/ VNS- | VNS-

Problem VNS-| VNS-| VNS- | LPT/ | VNS- | VNS- | LPT/|VNS-I| I/ 1/
Name | OPE|LPT| | Il | VNS-I Il 11 OPT | /OPT| OPT | OPT
10-200-01] 774 | 1006 1003| 1003| 1003| 1.00301.0030 1.0030]1.3000] 1.2961] 1.2961] 1.2961
10-200-02| 784 | 1019 1019| 1019| 1019| 1.00001.0000] 1.0000] 1.3000] 1.3000] 1.3000] 1.3000
10-200-03| 739 | 961| 961| 961 961/ 1.0000.0000] 1.0000| 1.3000| 1.3000| 1.3000| 1.3000
10-200-04| 780 | 1014 1014| 1014 | 1014| 1.00001.0000 1.0000]1.3000] 1.3000] 1.3000] 1.3000
10-200-05| 778 | 1012 1011| 1011| 1011] 1.0010p1.0010 1.0010]1.3000] 1.2987|1.2987| 1.2987
10-200-06] 811 | 1054 1053| 1053 | 1053| 1.000091.0009 1.0009|1.3000] 1.2988| 1.2988| 1.2988
10-200-07| 732 | 951| 949| 949 949 1.0021.0021] 1.0021|1.3000| 1.2973| 1.2973| 1.2973
10-200-08| 798 | 1038 1037| 1037 | 1037| 1.00101.00101.0010]1.3000] 1.2987|1.2987| 1.2987
10-200-09] 786 | 1022 1022| 1022 | 1022| 1.00001.0000 1.0000]1.3000] 1.3000] 1.3000] 1.3000
10-200-10] 772 | 1003 1002| 1002 | 1002| 1.0010p1.00101.0010]1.3000] 1.2987|1.2987| 1.2987

improved| 6 6 6

4215 Resultsof the P2d [C,,, problem

The performance of VNS algorithm looks very impresss the results produced.

As seen from the tables, the worst case ratiosN @lgorithm are less than or equal to

those of LPT for all problem sets. VNS gives exadiresults for 20 machine problem

sets. The improvement performance is very higtaflonstances.

Table 4.6.aP2( |C,, problem for 50 jobsesults with respect to makespan

LPT /| LPT/ VNS- | VNS-

Problem VNS-| VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| 1/ 1/
Name | OPER|LPT| | Il I | VNS Il 1 OPT | /OPT| OPT | OPT
20-50-01| 103| 136 130 | 130 131 | 1.04621.0462 1.0382| 1.3167| 1.2586| 1.2586| 1.2683
20-50-02| 99 | 1371 131 | 131 131 | 1.00001.0000 1.0000] 1.3167]1.3167|1.3167| 1.3167
20-50-03 | 106| 140 129 | 130 131 | 1.08531.0769) 1.0687|1.3167]1.2132] 1.2226| 1.2320
20-50-04 | 106| 140 131 | 130 131 | 1.06871.0769 1.0687|1.3167|1.2320]1.2226| 1.2320
20-50-05| 95| 125 121 | 122 122 | 1.03311.0246| 1.0246| 1.3167| 1.2745|1.2851] 1.2851
20-50-06| 99 | 131 123 | 124 124 | 1.06501.0565| 1.0565| 1.3167| 1.2363| 1.2463| 1.2463
20-50-07| 115| 151 139 | 139 139 | 1.08631.0863) 1.0863| 1.3167]1.2120] 1.2120] 1.2120
20-50-08 | 96 | 127 122 | 122 122 | 1.041)01.0410) 1.0410]1.3167| 1.2648] 1.2648| 1.2648
20-50-09 | 116| 153 137 | 137 138 | 1.11681.1168)1.1087|1.3167|1.1790/1.1790| 1.1876
20-50-10| 83 | 109 106 | 106 106 | 1.02831.0283) 1.0283| 1.3167| 1.2804] 1.2804| 1.2804

improved] 9 9 9
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Table 4.6.b P2q |C .., problem for 100 jobsesults with respect to makespan

LPT/| LPT/ VNS- | VNS-

Problem VNS-| VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| I/ "/
Name | OP®|LPT| | Il | VNS-I Il 1 OPT | /OPT| OPT | OPT
20-100-01] 194 | 256| 252 | 252 252 | 1.01591.0159] 1.01591.3167|1.2961] 1.2961] 1.2961
20-100-02| 202 | 266| 262 | 261 262 | 1.01531.0192] 1.0153|1.3167|1.2969| 1.2919| 1.2969
20-100-03| 201 | 265| 261 | 261 261 | 1.01531.0153| 1.0153|1.3167|1.2968| 1.2968| 1.2968
20-100-04| 192 | 253| 251 | 251 251 | 1.00801.0080] 1.0080| 1.3167|1.3063| 1.3063| 1.3063
20-100-05| 186 | 245| 243 | 243 243 | 1.00821.0082] 1.0082| 1.3167| 1.3059| 1.3059| 1.3059
20-100-06| 197 | 259| 253 | 253 253 | 1.02371.0237| 1.0237|1.3167|1.2862| 1.2862| 1.2862
20-100-07| 208 | 274| 264 | 264 | 264 | 1.03791.0379 1.0379|1.3167|1.2686| 1.2686| 1.2686
20-100-08| 207 | 272| 268 | 268 268 | 1.01401.0149] 1.0149|1.3167|1.2973| 1.2973| 1.2973
20-100-09] 197 | 260| 258 | 258 258 | 1.00781.0078] 1.0078) 1.3167| 1.3065| 1.3065| 1.3065
20-100-10] 191 | 251| 250 | 250 250 | 1.00401.0040] 1.0040)1.3167/1.3114]1.3114({1.3114

improved| 10 10 10

Table 4.6.c P2q |Cmax problem for 200 jobsesults with respect to makespan

LPT/| LPT/ VNS- | VNS-

Problem VNS-| VNS-| VNS- | LPT/| VNS- | VNS- | LPT/|VNS-I| I/ "/
Name | OP®|LPT| | Il | VNS-I Il 1 OPT | /OPT| OPT | OPT
20-200-01] 380 | 500] 498 | 498 | 499 | 1.004(1.0040 1.0020|1.3167|1.3114/1.3114{1.3140
20-200-02| 365 | 480 479 | 479 | 479 | 1.00211.0021]1.0021|1.3167|1.31391.3139]1.3139
20-200-03| 392 | 516/ 513 | 513 513 | 1.00581.0058| 1.0058| 1.3167| 1.3090| 1.3090| 1.3090
20-200-04| 373 | 491| 491 | 491 | 491 | 1.0000L.0000] 1.0000|1.3167|1.3167|1.3167| 1.3167
20-200-05| 377 | 496] 495 | 495| 495| 1.00201.0020 1.0020|1.3167|1.3140/ 1.3140] 1.3140
20-200-06| 383 | 504| 503 | 503 503 | 1.00201.0020] 1.0020| 1.3167|1.3141]1.3141] 1.3141
20-200-07| 375 | 494| 491 | 491 | 492 | 1.006/11.0061] 1.0041|1.3167|1.3087|1.3087|1.3113
20-200-08| 406 | 534| 533 | 533 534 | 1.00191.0019| 1.0000| 1.3167|1.3142| 1.3142| 1.3167
20-200-09| 400 | 527| 523 | 523 | 523 | 1.007/61.0076/1.0076|1.3167|1.3067| 1.3067| 1.3067
20-200-10] 376 | 495| 495 | 495| 495| 1.00001.0000 1.0000]1.3167|1.3167|1.3167|1.3167

improved| 8 8 7

If we look over the results, we can see that VN&gimuch better results than
LPT. It is concluded that the VNS algorithms impedw2 out of the 150 instances of

LPT results in a reasonable computing time.




CHAPTER 5

CONCLUSION

The objective of our study is to determine a seqeenf n jobs to be processed
through m identical parallel machines. The sequesttmuld be arranged in order to

minimize makespan. The problem is denote(Peds |Cmax in scheduling.

The LPT is asymptotically an excellent approximatialgorithm. LPT rule
assigns at t=0 the m largest jobs to the m machinkesr that, whenever a machine is
freed, the longest job among those not yet prodesseput on the machine. This
heuristic tires to place the shorter jobs towar ¢énd of the schedule, where they can

be used for balancing the loads (Pinedo, 1995).

Since the problem is known to be NP-hard, we maybeoable to find optimal
solutions to large versions of an NP-hard probleitin \&vailable techniques such as
branch & bound or dynamic programming algorithmsirrént studies focus on new
ways in determining near optimum solutions. It istter to develop metaheuristic

algorithms.

Metaheuristics (or modern heuristic techniques¥@mné near optimal solutions for
real problems. VNS is a recently proposed metakgarior solvingcombinatorial
problems. The basic idea of VNS is to proceed Bystematic change of neighborhood
within a local search algorithm. We designed thtdi#ferent VNS implementations with

different configurations of shake and local sedurittions.

In this thesis, an investigation of VNS algorithm proposed for the IPMS
problem with makespan criterion. LPT Rule is usedthe worst case analysis as an

upperbound theorem. Two metrics are measured aspéhn®rmance criteria: the
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makespan and the execution time (CPU). The regalised by VNS algorithm are
presented for each configuration. The solution igualias evaluated and compared
according to the LPT solutions. It is concludedt ttiee VNS algorithms improved 92

out of the 150 instances of LPT results in a reaBlencomputing time.
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69
81
46
11
26
13
32

48
39
15
79
73
50
100
54
31

35

93
95
24

13
99
93
13
24
70
77
10
86
45

16

92
84
83
26
92

23
66
97
33

99
83
64
14

50

67
92
49
62
90
20
68
20
27

44
77
30
80
79
55
74
70
48
92
55
75
64
78
77
28

72
60
70
92
26
77
58

69
38
24
75
82
38
65
56
67

15
99
68
77
82
25

87
60

18
17
10
38
79
95
80
80
85
13
21
24
55

75
50
45

62
39
69
42
38
62
28
38
10
39

55
68
22
29
29
33
98

92
90
52
47
42
87
32
51
10

43
60
21
56
91

48
62
61
69
35
85
53
84
22
43
48
86

44

99
72
41
79
27
99
14
38
25

67

80
80
49
32
46
23
2

33

62
24
90
43
57
28
27
48
25

71
23
33
100
33
78
52
43
89
71

84
27
63
70
45
78
44

34
95
26
89
37

42
16
49
88

79

65
51
65
93
67
32
4



Table A.1.a

APPENDIX B

RESULTS FOR VNS

Results of Makespan for VNS-I for m=2

Fitness

R1

R2

R3

R4

R

8 H

R9 A

1Ave

Max

Min

StdeV

ARPE

2-20-01

567

561

56

56

54

67

67

b67

567

5687

567

0.00

0.04

2-20-02

500

50(
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5(

00

00

b00

500

5600

500

0.09

0.0d

2-20-03

468
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68
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468

18838

468

0.09

0.04

2-20-04

553

553

55

55

55
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53

b53

553

5533

553

0.04

0.04

2-20-05

476

474

47

47|

17

76
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176

476

1486

476

0.00

0.04

2-20-06

530

53(

53

53

53

30

30

30

530

53860

530

0.09

0.0d

2-20-07

591

591

59

59

59

91

91

b91

591

5991

591

0.09

0.04

2-20-08

431

431

43

43

43

31

31

131

431

1331

431

0.04

0.04

2-20-09

652

657

65

65

69

N
(o]
olploafonldSIOalDIOION 0

52

52

52
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6632

652

0.00

0.04

2-20-10

509
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50

OO == O T TR T TST <

50

OINF PO IO N

5(

o[N[Rr[R[Olo|w[o|O]N]T!
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©
©
6]

glooldlolol il plonlonl’ g

09

09

b09

509

5609

509

0.09

0.0d

2-50-01

113

11139

1139

1139

1139

1139

1139

1139

1139

1139

1139

1139

1139

0.00

0.00

2-50-02

127(

1270

1270

1270

1270

1270

1270

1270

1270

1270

1270

127(

1270

0.00

0.00

2-50-03

130¢

1306

1306

1306

1306

1306

1306

1306

1306

1306

1306

1306

1306

0.00

0.00

2-50-04

133§

1335

1335

1335

1335

1335

1335

1335

1335

1335

1335

1335

1335

0.00

0.00

2-50-05

1294

1296

1296

1296

1296

1296

1296

1296

1296

1296

1296

1296

1296

0.00

0.00

2-50-06

1217

21212

1212

1212

1212

1212

1212

1212

1212

1212

1212

1212

1212

0.00

0.00

2-50-07

1214

1216

1216

1216

1216

1216

1216

1216

1216

1216

1216

1214

1216

0.00

0.00

2-50-08

1229

11229

1229

1229

1229

1229

1229

1229

1229

1229

1229

1224

1229

0.00

0.00

2-50-09

1207

21202

1202

1202

1202

1202

1202

1202

1202

1202

1202

1202

1202

0.00

0.00

2-50-10

1041

11041

1041

1041

1041

1041

1041

1041

1041

1041

1041

1041

1041

0.00

0.00

2-100-01

272

82728

2728

2728

2728

2728

2728

2728

2728

2728

2728

2728

2728

0.00

0.00

2-100-02

243

52435

2435

2435

2435

2435

2435

2435

2435

2435

2435

2434

2435

0.00

0.00

2-100-03

207

82078

2078

2078

2078

2078

2078

2078

2078

2078

2078

2074

2078

0.00

0.00

2-100-04

237]

2377

2377

2377

2377

2377

2377

2377

2377

2377

2377

23771

2377

0.00

0.00

2-100-05

268

2689

2689

2689

2689

2689

2689

2689

2689

2689

2689

2684

2689

0.00

0.00

2-100-06

255]

p2552

2552

2552

2552

2552

2552

2552

2552

2552

2552

2557

2552

0.00

0.00

2-100-07

242

02420

2420

2420

2420

2420

2420

2420

2420

2420

2420

242(

2420

0.00

0.00

2-100-08

270

2700

2700

2700

2700

2700

2700

2700

2700

2700

2700

270(

2700

0.00

0.00

2-100-09

2564

12564

2564

2564

2564

2564

2564

2564

2564

2564

2564

2564

2564

0.00

0.00

2-100-10

2691

12694

2694

2694

2694

2694

2694

2694

2694

2694

2694

2694

2694

0.00

0.00

2-200-01

5024

55026

5026

5026

5026

5026

5026

5026

5026

5026

5026

5026

5026

0.00

0.00

2-200-02

472]

(4727

4727

4727

4727

4727

4727

4727,

4727,

4727

4727

4727

4727

0.00

0.00

2-200-03

5054

55056

5056

5056

5056

5056

5056

5056

5056

5056

5056

5054

5056

0.00

0.00

2-200-04

478

4789

4789

4789

4789

4789

4789

4789

4789

4789

4789

4784

4789

0.00

0.00

2-200-05

465

4659

4659

4659

4659

4659

4659

4659

4659

4659

4659

4659

4659

0.00

0.00

2-200-06

498

14981

4981

4981

4981

4981

4981

4981

4981

4981

4981

4981

4981

0.00

0.00

2-200-07

5004

15004

5004

5004

5004

5004

5004

5004

5004

5004

5004

5004

5004

0.00

0.00

2-200-08

501}

5017

5017

5017

5017

5017

5017

5017

5017

5017

5017

5017

5017

0.00

0.00

2-200-09

502

p5025|

5025,

5025

5025

5025

5025

5025

5025

5025

5025

5029

5025

0.00

0.00

2-200-10

479

4795

4795

4795

4795

4795

4795

4795

4795

4795

4795

4799

4795

0.00

0.00

34



Table A.1.b Results of CPU for VNS-I for m=2

35

CPU R1 R2 R3 R4 R5 R6 R7 R8 RY R1D  Ave Madin |Stdev
2-20-01 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.JO0000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-20-02 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000D| 0.0000 0.0000 0.0000 0.p0 0JOO (.00
2-20-03 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.q00000D| 0.0000 0.000p 0.0000 0.p0 0J00 0.0®mO
2-20-04 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.go000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-20-05| 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-20-06 | 0.0000 0.000p 0.0000 0.0000 0.0150 0.0150150| 0.0150 0.015p 0.0150 0.p1 0J02 (.01
2-20-07 | 0.0150 0.015p 0.01%0 0.0150 0.0160 0.0160160| 0.0160 0.01690 0.0160 0.p2 0J02 (.00
2-20-08 | 0.0160 0.016p 0.0160 0.0160 0.0160 0.0160160| 0.0160 0.0160 0.0160 0.p2 0J02 (.00
2-20-09 | 0.0160 0.016p 0.0160 0.0160 0.0160 0.0160160( 0.0160 0.0160 0.0140 0.p2 0)J02 (.0D0
2-20-10 | 0.0160 0.016p 0.0160 0.0160 0.0160 0.0160160( 0.0160 0.0160 0.0140 0.p2 0J02 (.0D0
2-50-01 | 0.0160 0.016p 0.0160 0.010 0.0160 0.0160160| 0.0160 0.01690 0.0160 0.p2 0J02 (.02D0
2-50-02 | 0.0160 0.016p 0.0160 0.0160 0.0160 0.0160160( 0.0160 0.0160 0.0140 0.p2 0J02 (.0D0
2-50-03 | 0.01690 0.016p 0.0160 0.0160 0.0160 0.0160160( 0.0160 0.0160 0.0140 0.p2 0)J02 (.0D0
2-50-04 | 0.0160 0.016p 0.0160 0.0160 0.0160 0.0160160( 0.0160 0.0160 0.0140 0.p2 0J02 (.0D0
2-50-05] 0.0160 0.016p 0.0160 0.010 0.0160 0.0160160| 0.0160 0.01690 0.0160 0.p2 0J02 (.02D0
2-50-06 | 0.0160 0.016p 0.0160 0.0160 0.0160 0.0160160| 0.0160 0.0160 0.0160 0.p2 0J02 (.00
2-50-07 | 0.0160 0.016p 0.0160 0.0160 0.0160 0.0160160( 0.0160 0.0160 0.0140 0.p2 0)J02 (.0D0
2-50-08 | 0.0160 0.016p 0.0160 0.0160 0.0160 0.0160160( 0.0160 0.0160 0.0140 0.p2 0J02 (.0D0
2-50-09 | 0.0160 0.016p 0.0160 0.010 0.0160 0.0160160| 0.0160 0.01690 0.0160 0.p2 0J02 (.02D0
2-50-10 | 0.0160 0.016p 0.0160 0.0160 0.0160 0.0160160( 0.0160 0.0160 0.0140 0.p2 0J02 (.0D0
2-100-01| 0.016Q 0.016p 0.0160 0.01)60 0.0160 0.01®0160| 0.0160 0.016p 0.0160 0.p2 0{02 0.0D0
2-100-02| 0.016Q 0.016Dp 0.0160 0.0160 0.0160 0.01®0160| 0.0164 0.062Dp 0.0620 0.p3 0J0o6 (0.0D2
2-100-03| 0.062Q0 0.062D 0.0620 0.0620 0.0620 0.0620620{ 0.062Qq 0.062Dp 0.0620 0.p6 0]j06 (.00
2-100-04| 0.062Q0 0.062D 0.0620 0.0620 0.0620 0.0620620| 0.062¢ 0.062Dp 0.0620 0.p6 0{06 0.06€0
2-100-05| 0.062Q0 0.062D 0.0620 0.0620 0.0620 0.0620620| 0.0620 0.062Dp 0.0620 0.p6 0j{06 0.08€0
2-100-06| 0.062Q 0.062D 0.0620 0.0620 0.0620 0.0620470| 0.047q 0.063p 0.0630 0.p6 0Jjo6 (0.0®1
2-100-07| 0.063Q 0.063p 0.0630 0.0630 0.0630 0.0630630{ 0.063Q 0.063p 0.0630 0.p6 0]j06 0.0®0
2-100-08| 0.063Q 0.063p 0.0630 0.0630 0.0630 0.0630630| 0.063¢ 0.063p 0.0630 0.p6 0{06 0.06€0
2-100-09] 0.0630 0.063D 0.0630 0.0630 0.0630 0.0630630] 0.0630 0.063D 0.0630 0.p6 0[06 .000
2-100-10| 0.063Q 0.063D 0.0630 0.0630 0.0630 0.0630630| 0.0630 0.063D 0.0630 0.p6 0]06 0.060
2-200-01] 0.063Q 0.063p 0.0630 0.4840 0.4840 0.482@840( 0.484Q 0.484Dp 0.4840 0.86 0j48 0.020
2-200-02| 0.484Q0 0.484p 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a8®0
2-200-03| 0.484Q0 0.484Dp 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a8®0
2-200-04| 0.484Q0 0.484D 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a®0
2-200-05| 0.484Q0 0.484D 0.4840 0.4840 0.4840 0.482@840( 0.484Q 0.484Dp 0.4840 0.48 0j48 0.280
2-200-06| 0.484Q0 0.484p 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a8®0
2-200-07| 0.484Q0 0.484D 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a8®0
2-200-08| 0.484Q0 0.484D 0.4840 0.4840 0.4840 0.4836308| 0.5304 0.530B 0.5310 0.p0 0J53 0(.e®d2
2-200-09] 0.531Q 0.531p 0.5310 0.5310 0.5810 0.5316310{ 0.531Q 0.531p 0.5310 0.p3 0]53 0.630
2-200-10| 0.531Q 0.531p 0.5310 0.5310 0.5822 0.5323%322| 0.5324 0.532P 0.5322 0.p3 0{53 0.630




Table A.1.c

Results of Makespan for VNS-II for m=2

Fitness

R1

R2

R3

R4

R
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Max
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0.00
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468
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0.00
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76
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476
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B0

30
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530

530

53680

530

0.00

0.00

2-20-07

591

591
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59

59

D1

91

91

591

591

921

5901

0.00

0.00

2-20-08

431

431

43

43

43

B1

31

131

431

4331

431

0.00

0.09
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652
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09

09
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5609

509

0.00
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2-50-01

1134

11139

1139

1139

1139

1139

1139

1139

1139

1139

1139

1139

1139

0.00

0.00

2-50-02

127(

1270

1270

1270

1270

1270

1270

1270

1270

1270

1270

127(

1270

0.00

0.00

2-50-03

1304

1306

1306

1306

1306

1306

1306

1306

1306

1306

1306

1306

1306

0.00

0.00

2-50-04

133f

1335

1335

1335

1335

1335

1335

1335

1335

1335

1335

1335

1335

0.00

0.00

2-50-05

129¢

1296

1296

1296

1296

1296

1296

1296

1296

1296

1296

1296

1296

0.00

0.00

2-50-06

1217

21212

1212

1212

1212

1212

1212

1212

1212

1212

1212

1212

1212

0.00

0.00

2-50-07

1214

1216

1216

1216

1216

1216

1216

1216

1216

1216

1216

1214

1216

0.00

0.00

2-50-08

122

11229

1229

1229

1229

1229

1229

1229

1229

1229

1229

1224

1229

0.00

0.00

2-50-09

1207

21202

1202

1202

1202

1202

1202

1202

1202

1202

1202

1207

1202

0.00

0.00

2-50-10

104]

11041

1041

1041

1041

1041

1041

1041

1041

1041

1041

1041

1041

0.00

0.00

2-100-01

272

82728

2728

2728

2728

2728

2728

2728

2728

2728

2728

2724

2728

0.00

0.00

2-100-02

2434

2435

2435

2435

2435

2435

2435

2435

2435

2435

2435

2435

2435

0.00

0.00

2-100-03

207

32078

2078

2078

2078

2078

2078

2078

2078

2078

2078

2079

2078

0.00

0.00

2-100-04

2371

(2377

2377

2377

2377

2377

2377

2377

2377

2377

2377

2377

2377

0.00

0.00

2-100-05

268

2689

2689

2689

2689

2689

2689

2689

2689

2689

2689

2684

2689

0.00

0.00

2-100-06

255}

p2552

2552

2552

2552

2552

2552

2552

2552

2552

2552

2557

2552

0.00

0.00

2-100-07

242

02420

2420

2420

2420

2420

2420

2420

2420

2420

2420

242(

2420

0.00

0.00

2-100-08

270

2700

2700

2700

2700

2700

2700

2700

2700

2700

2700

270(

2700

0.00

0.00

2-100-09

2564

12564

2564

2564

2564

2564

2564

2564

2564

2564

2564

2564

2564

0.00

0.00

2-100-10

2694

12694

2694

2694

2694

2694

2694

2694

2694

2694

2694

2694

2694

0.00

0.00

2-200-01

502¢

5026

5026

5026

5026

5026

5026

5026

5026

5026

5026

5026

5026

0.00

0.00

2-200-02

472]

(4727

4727

4727,

4727,

4727

4727

4727

4727

4727,

4727

47271

4727

0.00

0.00

2-200-03

505¢

5056

5056

5056

5056

5056

5056

5056

5056

5056

5056

5056

5056

0.00

0.00

2-200-04

478

4789

4789

4789

4789

4789

4789

4789

4789

4789

4789

4784

4789

0.00

0.00

2-200-05

465

4659

4659

4659

4659

4659

4659

4659

4659

4659

4659

4659

4659

0.00

0.00

2-200-06

498

14981

4981

4981

4981

4981

4981

4981

4981

4981

4981

4981

4981

0.00

0.00

2-200-07

5004

15004

5004

5004

5004

5004

5004

5004

5004

5004

5004

5004

5004

0.00

0.00

2-200-08

501]

5017

5017

5017

5017

5017

5017

5017

5017

5017

5017

5017

5017

0.00

0.00

2-200-09

5021

5025

5025

5025

5025

5025

5025

5025

5025

5025

5025

5025

5025

0.00

0.00

2-200-10

4794

p4795

4795

4795

4795

4795

4795

4795

4795

4795

4795

4795

4795

0.00

0.00
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Table A.1.d Results of CPU for VNS-II for m=2
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CPU R1 R2 R3 R4 R5 R6 R7 R8 RY R1D  Ave Madin |Stdev
2-20-01 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.JO0000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-20-02 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000D| 0.0000 0.0000 0.0000 0.p0 0JOO (.00
2-20-03 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.q00000D| 0.0000 0.000p 0.0000 0.p0 0J00 0.0®mO
2-20-04 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.go000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-20-05| 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-20-06 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000D| 0.0000 0.0000 0.0000 0.p0 0J0O0 (.00
2-20-07 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.q00000D| 0.0000 0.000p 0.0000 0.p0 0J00 0.0®MO
2-20-08 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.go0000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-20-09 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000CD| 0.0000 0.0000 0.0000 0.p0 0J00 (.00
2-20-10 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000D| 0.0000 0.0000 0.0000 0.p0 0JO0 (.00
2-50-01 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.q00000D| 0.0000 0.000p 0.0000 0.p0 0J00 0.0®mO
2-50-02 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.go000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-50-03 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.JO0000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-50-04 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000CD| 0.0000 0.0000 0.0000 0.p0 0JO0 (.00
2-50-05 ] 0.0000 0.000p 0.0000 0.0000 0.0000 0.q00000D| 0.0000 0.000p 0.0000 0.p0 0J00 0.0®MO
2-50-06 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.go000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-50-07 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.JO0000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00
2-50-08 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000CD| 0.0000 0.0000 0.0000 0.p0 0J0O0 (.00
2-50-09 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.q00000D| 0.0000 0.000p 0.0000 0.p0 0J00 0.0®mO
2-50-10 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.go0000CD| 0.0000 0.0000 0.0090 0.p0 0J00 (.00

2-100-01| 0.000Q 0.000p 0.0000 0.0000 0.0p00 0.00DOO0O| 0.0009 0.000p 0.0000 0.p0 0{00 0.0@O
2-100-02| 0.000Q 0.000p 0.0000 0.0000 0.0000 0.00OO00| 0.000q 0.062p 0.0620 0.p1 0Jo6 (.03
2-100-03| 0.062Q0 0.062D 0.0620 0.0620 0.0620 0.0620620| 0.0620 0.062Dp 0.0620 0.p6 0{06 0.060
2-100-04| 0.062Q0 0.062D 0.0620 0.0620 0.0620 0.0620620| 0.062¢ 0.062Dp 0.0620 0.p6 0{06 0.06€0
2-100-05| 0.062Q0 0.062D 0.0620 0.0620 0.0620 0.0620620| 0.0620 0.062Dp 0.0620 0.p6 0j{06 0.08€0
2-100-06| 0.062Q 0.062D 0.0620 0.0620 0.0620 0.0620460| 0.0460 0.062p 0.0620 0.p6 0Jo6 (0.0®1
2-100-07| 0.062Q0 0.062D 0.0620 0.0620 0.0620 0.0620620| 0.062¢ 0.062Dp 0.0620 0.p6 0{06 0.060
2-100-08| 0.0620 0.062D 0.0620 0.0620 0.0620 0.0620620| 0.062¢ 0.062Dp 0.0620 0.p6 0{06 0.06€0
2-100-09| 0.062Q0 0.062D 0.0620 0.0620 0.0620 0.0620620| 0.0620 0.062Dp 0.0620 0.p6 0j{06 0.08€0
2-100-10| 0.062Q0 0.062D 0.0620 0.0620 0.0620 0.0620620| 0.0620 0.062Dp 0.0620 0.p6 0J06 0.0€0
2-200-01| 0.062Q0 0.062D 0.0620 0.4840 0.4840 0.483@840| 0.4840 0.484p 0.4840 0.86 0{48 0.0&0
2-200-02| 0.484Q0 0.484p 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a8®0
2-200-03| 0.484Q0 0.484Dp 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a8®0
2-200-04| 0.484Q0 0.484D 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a®0
2-200-05| 0.484Q0 0.484D 0.4840 0.4840 0.4840 0.482@840( 0.484Q 0.484Dp 0.4840 0.48 0j48 0.280
2-200-06| 0.484Q0 0.484p 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a8®0
2-200-07| 0.484Q0 0.484D 0.4840 0.4840 0.4840 0.482@840| 0.4840 0.484p 0.4840 0.48 0{48 0.a8®0
2-200-08| 0.484Q0 0.484D 0.4840 0.4840 0.4840 0.4836000| 0.5000 0.500p 0.5310 0.49 0J53 0(.e®d2
2-200-09| 0.531Q 0.531p 0.5310 0.5310 0.5810 0.5316310| 0.5310 0.531p 0.5310 0.3 0{53 0.630
2-200-10| 0.531Q 0.531p 0.5310 0.5310 0.5808 0.5308308| 0.5304 0.530B 0.5308 0.p3 0{53 0.630




Table A.1.e Results of Makespan for VNS-III for m=2
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Fitness R1 R2 R3 R4 RS R6 RY RB R9 RI0 Ave Max Min Stdev ARPE
2-20-01 567| 567 567 561 56y 567 567 567 567 %67 p6E67 | 567 | 0.00 0.00

2-20-02 500| 500{ 500 50( 50p 500 500 5p0 500 %00 pOBOO | 500 | 0.00 0.00

2-20-03 468 | 468| 468 468 468 468 468 468 468 468 46868 | 468 | 0.00 0.00

2-20-04 563 | 553 553 553 558 553 5%3 5p3 553 553 pSH3 | 553 | 0.00 0.00

2-20-05 476 | 476] 476 474 476 476 476 46 476 476  ATEI6 | 476 | 0.00 0.00

2-20-06 530| 530[ 530 53( 53D 530 530 530 530 %30 p3wBO | 530 | 0.00 0.00

2-20-07 591| 591| 591 591 501 591 591 5p1 591 %91 b9l | 591 | 0.00 0.00

2-20-08 431| 431] 431 431 431 431 431  4B1 431 431  A3431 | 431| 0.00 0.00

2-20-09 652| 652| 652 657 65 6952 6%2 6p2 652 652 p5@52 | 652 | 0.00 0.00

2-20-10 509| 509 509 504 509 509 509 5p9 509 %09 pOsSO9 | 509 | 0.00 0.00

2-50-01 | 1139 1139 113p 1139 1189 1139 1139 1139 911B139| 1139 1139 113p 0.0D 0.0p
2-50-02 | 1270 1270 127D 1240 12y0 1270 1270 1270 0121270| 1270} 127Q0 1270 0.0D 0.0p
2-50-03 | 1306/ 1306 1306 1306 1306 1306 1306 1306 6 1308306| 1306/ 1306 1306 0.0D 0.0p
2-50-04 | 1335 1335 133p 1335 1385 1335 1335 1335513B335| 1335 133% 1335 0.0p 0.0p
2-50-05 | 1296] 1296 1296 1296 1296 1296 1296 1296 6 12P296| 1296| 129¢ 1296 0.0D 0.0p
2-50-06 | 1212] 1212 121 1212 1212 1212 1212 1212 2120212| 1212 1212 121 0.0D 0.0p
2-50-07 | 1216| 1216 121p 1216 1216 1216 1216 1216 61201216| 1216| 121¢ 1215 0.0D 0.0p
2-50-08 | 1229 1229 122p 1229 1229 1229 1229 1229 912P229| 1229 1229 1229 0.0D 0.0p
2-50-09 | 1202 1202 120 1202 12p2 1202 1202 1202 2 120202| 1202 1202 1202 0.0D 0.0p
2-50-10 | 1041] 1041 1041 1041 1041 1041 1041 1041 1]04041| 1041 1041 1041 0.0D 0.0p
2-100-01 | 2728 2728 2728 2728 27P8 2728 2y28 272828 p72728| 2728 2728 2728 0.0D 0.00
2-100-02 | 2435 243% 2435 2435 24B5 2435 2435 243535 242435| 2435 243% 2435 0.0D 0.00
2-100-03 | 2078 2078 2078 2048 20y8 2078 2p78 207878 22078| 2078 2078 2078 0.0D 0.00
2-100-04 | 2377 2377 2377 2347 237 2377 2877 237777 23R377| 2377 2377 2377 0.0D 0.00
2-100-05 | 2689 2689 268D 2689 2689 2¢89 2689 268909 262689| 2689 2689 2689 0.0D 0.00
2-100-06 | 2552 2552 255p 2552 25p2 2852 2b52 255252 P52552| 2552 2552 2552  0.0D 0.00
2-100-07 | 24201 2420 2420 2420 24P0 2420 2420 242020 242420| 2420 2420 2420 0.0D 0.00
2-100-08 | 2700, 270Q 2700 2700 27p0 2400 2y00 270000 272700 2700 2700 2700 0.0D 0.00
2-100-09 | 2564 2564 2564 2564 25p4 28564 2564 256464 252564| 2564 2564 2564 0.0D 0.00
2-100-10 | 2694 2694 2694 2694 26P4 2694 2694 269494 262694 | 2694 2694 2694 0.0D 0.00
2-200-01 | 5026/ 502¢ 5026 5026 50P6 5026 5026 502626 p06026| 5026 502¢ 5026 0.0D 0.00
2-200-02 | 4727 A727 A727 A727 ATRT7 4027 AY27 472727 474727 4727 4727 4727  0.0D 0.00
2-200-03 | 5056/ 5056 5056 5056 50p6 5056 5p56 505656 p06056| 5056 5056 S056 0.0D 0.00
2-200-04 | 4789 4789 4780 4789 4789 4189 4y89 478BO 474789 4789 4789 4789 0.0D 0.00
2-200-05 | 4659 4659 4650 4659 46p9 4659 4659 46559 464659 4659 4659 4659 0.0D 0.00
2-200-06 | 4981 4981 4981 4981 4981 4981 4981 498181 494981| 4981] 4981 4981 0.0D 0.00
2-200-07 | 5004 5004 5004 5004 5004 5004 5004 500404 506004| 5004 5004 5004 0.0D 0.00
2-200-08 | 5017 5017 501 5017 5047 5017 5017 501717 506017| 5017 5017 5017 0.0 0.00
2-200-09 | 5025 502% 5025 5025 50p5 5025 5025 502525506025 5025 502% 5025 0.0 0.00
2-200-10 | 4795 479% 4795 4795 47P5 4195 4y95 479905 474795| 4795 479% 4795 0.0D 0.00




Table A.1.f Results of CPU for VNS-III for m=2
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CPU R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 Ave  Max Min Stdev
2-20-01 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000@OOCD| 0.0000 0.0000 0.0000 0.00 0.p0 0,00 0.pO
2-20-02 0.0000 0.0000 0.0000 0.00p0 0.0000 0.000@O0OD| 0.0000 0.0000 0.0000 0.0 0.p0 0100 0.pO
2-20-03 0.0000 0.0000 0.0000 0.00p0 0.0000 0.000@O0OD| 0.0000 0.0000 0.0000 0.0 0.p0 0100 0.pO
2-20-04 0.0000 0.0000 0.0000 0.00p0 0.0000 0.000@O0OD| 0.0000 0.0000 0.0000 0.00 0.p0 0100 0.pO
2-20-05 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.00O@MOOD | 0.0000 0.0000 0.0000 0.00 0.p0 0,00 0.pO
2-20-06 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000O@MOOD | 0.0000 0.0000 0.0000 0.00 0.0 0,00 0.pO
2-20-07 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.00O@MOOD | 0.0000 0.0000 0.0000 0.00 0.p0 0,00 0.pO
2-20-08 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000@OOD | 0.0000 0.0000 0.0000 0.00 0.0 0i00 0.pO
2-20-09 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000@O0CD | 0.0000 0.000(1) 0.0000 0.00 0.p0 0j00 0.pO
2-20-10 0.0000 0.0000 0.00d0 0.00p0 0.0000 0.000®000| 0.0000 0.0000 0.00d0 0.00 0.00 0/00 0.p0
2-50-01 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000@OOD | 0.0000 0.0000 0.0000 0.00 0.0 0,00 0.pO
2-50-02 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000@OOD | 0.0000 0.0000 0.0000 0.00 0.0 0,00 0.pO
2-50-03 0.0000 0.0000 0.0000 0.00p0 0.0000 0.000@OOCD| 0.0000 0.0000 0.0000 0.00 0.p0 0,00 0.pO
2-50-04 0.0000 0.0000 0.0000 0.00p0 0.0000 0.000@O0OD| 0.0000 0.0000 0.0000 0.0 0.p0 0100 0.pO
2-50-05 0.0000 0.0000 0.0000 0.00p0 0.0000 0.000@O0OD| 0.0000 0.0000 0.0000 0.0 0.p0 0100 0.pO
2-50-06 0.0000 0.0000 0.0000 0.00p0 0.0000 0.000@O0OD| 0.0000 0.0000 0.0000 0.00 0.p0 0100 0.pO
2-50-07 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000O@MOOD | 0.0000 0.0000 0.0000 0.00 0.p0 0,00 0.pO
2-50-08 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000O@MOOD | 0.0000 0.0000 0.0000 0.00 0.0 0,00 0.pO
2-50-09 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000O@MOOD | 0.0000 0.0000 0.0000 0.00 0.p0 0l00 0.pO
2-50-10 0.0000 0.0000 0.00Q0 0.00p0 0.0000 0.000@OOD | 0.0000 0.0000 0.0000 0.00 0.0 0i00 0.pO
2-100-01 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.Q0OOMOOO| 0.0000 0.0000 0.0000 0.p0 0.0 000 0.p0
2-100-02 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.Q0OOMOOO| 0.0000 0.0310 0.0310 0.p1 0.3 000 0.1
2-100-03 | 0.0310 0.031p 0.0310 0.0310 0.0310 0.030@310| 0.0310 0.031p 0.0310 0.p3 0,03 003 0.p0
2-100-04 | 0.0310 0.031p 0.0310 0.0310 0.0310 0.030@310| 0.0310 0.031p 0.0310 0.p3 003 003 0.p0
2-100-05 | 0.0310 0.031p 0.0310 0.0310 0.0310 0.030@310| 0.0310 0.031p 0.0310 0.p3 003 003 0.00
2-100-06 | 0.0310 0.031p 0.0310 0.0310 0.0310 0.030@150| 0.0150 0.0150 0.0150 0.2 0,03 002 0.1
2-100-07 | 0.0150 0.015p 0.0150 0.0310 0.0310 0.030®310| 0.0310 0.031p 0.0310 0.3 0,03 002 0.1
2-100-08 | 0.0310 0.031p 0.0310 0.0310 0.0310 0.030®310| 0.0310 0.031p 0.0310 0.3 03 003 0.00
2-100-09 | 0.0319 0.031p 0.0310 0.0310 0.0310 0.03®310| 0.0310 0.0319p 0.0310 0.p3 0,03 003 0.p0
2-100-10 | 0.0319 0.031p 0.0310 0.0310 0.0310 0.03®310| 0.0310 0.031p 0.0310 0.p3 0,03 003 0.p0
2-200-01 | 0.0319 0.031p 0.0310 0.2500 0.2500 0.2502500| 0.2500 0.2500 0.2500 0.18 0.5 003 041
2-200-02 | 0.2500 0.250p 0.2500 0.2500 0.2500 0.2502500| 0.2500 0.2500 0.2500 0.25 0.5 025 0.00
2-200-03 | 0.2500 0.250p 0.2500 0.2500 0.2500 0.2502500| 0.2500 0.2500 0.2500 0.25 0.5 025 0.00
2-200-04 | 0.2500 0.250p 0.2500 0.2500 0.2500 0.2502500| 0.2500 0.2500 0.2500 0.25 0.5 025 0.00
2-200-05 | 0.2500 0.250p 0.2500 0.2500 0.2500 0.25022500| 0.2500 0.2500 0.2500 0.25 0.5 025 0.00
2-200-06 | 0.2500 0.250p 0.2500 0.2500 0.2500 0.25022500| 0.2500 0.2500 0.2500 0.25 0.5 025 0.00
2-200-07 | 0.2500 0.250p 0.2500 0.2500 0.2500 0.25022500| 0.2500 0.2500 0.2500 0.25 0.5 025 0.p0
2-200-08 | 0.2500 0.2500 0.2500 0.2500 0.2500 0.2502650| 0.2650 0.2650 0.2340 0.25 027 023 001
2-200-09 | 0.2340 0.234p 0.2340 0.2340 0.2340 0.23@(340| 0.2340 0.2340p 0.2340 0.23 023 023 0.00
2-200-10 | 0.2340 0.234p 0.2340 0.2340 0.2500 0.2502500| 0.2500 0.2500 0.2500 0.24 05 023 01




Table A.2.a Results of Makespan for VNS-I for m=5
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Fitness R1 R2 R3 R4 RS R€ RY RB R9 RI0 Ave Max Min Stidev ARPE
5-20-01 157| 157 157 157 15¢ 157  1%7 1p7 157 157 Q4517 | 157 | 0.00 0.00
5-20-02 214 214 214 214 214 214 214 214 214 214 p1A14 | 214| 0.00 0.00
5-20-03 183| 183| 183 183 183 183 183 183 183 183 (18B33 | 183 | 0.00 0.00
5-20-04 216| 216| 216 216 21 216 216 216 216 216 P1Bl6 | 216| 0.00 0.00
5-20-05 182| 182 182 187 182 182 182 182 182 182 18p82 | 182 | 0.00 0.00
5-20-06 206| 206/ 206 204 206 206 206 206 06 206 POBO6 | 206 | 0.00 0.00
5-20-07 231| 231 231 23] 230 231 231 231 231 231 P3A31 | 231 | 0.00 0.00
5-20-08 206| 206/ 206 204 206 206 206 206 06 206 POBO6 | 206 | 0.00 0.00
5-20-09 239| 239| 239 234 23D 239 239 239 239 239 P3®E9 | 239 | 0.00 0.00
5-20-10 210| 210f 210 21( 21p 2130 210 210 Z10 210 P1MIO | 210| 0.00 0.00
5-50-01 527 527| 527 527 52y 527 527 5P7 927 %27 pXA27 | 527 | 0.00 0.00
5-50-02 497 | 497 497 497 49y 497 497 4b7 497 497 A997 | 497 | 0.00 0.00
5-50-03 499 | 499| 499 499 499 499 499 4P9 499 499 A9®09 | 499 | 0.00 0.00
5-50-04 518| 518 518 51§ 518 518 518 518 518 518 pi®I8 | 518 | 0.00 0.00
5-50-05 592| 592| 592 597 50p 592 592 5p2 5992 592 p9@92 | 592 | 0.00 0.00
5-50-06 578| 578 578 57§ 57¢ 578 518 5¢8 578 %78 p7M/8 | 578 | 0.00 0.00
5-50-07 461 | 461 461 461 461 461 461 461 461 461  AG461 | 461 | 0.00 0.00
5-50-08 462 | 462| 462 463 462 462 462 462 462 462  AGR62 | 462 | 0.00 0.00
5-50-09 473 | 473] 473 473 478 473 4T3 AF3 473 473 AUB/I3 | 473 | 0.00 0.00
5-50-10 480 | 480| 480  48( 48D 480 480 480 480 480 48480 | 480 | 0.00 0.00
5-100-01 | 1099 1099 1099 1099 10P9 1Q99 1099 109999 101099 1099 1099 1099 0.0D 0.00
5-100-02 | 1021 1021 1021 1021 10p1 1021 1021 102121 101021| 1021 1021 1021 0.0D 0.00
5-100-03 | 850| 850 850 85( 850 850 850 8p0  §50 850 0 85850 | 850 | 0.00 0.00
5-100-04 | 1093 1093 1098 1093 10P3 1093 1p93 109303 101093| 1093 1093 1098 0.0p 0.00
5-100-05| 970 970] 970 97( 97p 970 970 9y0 970 970 0 P70 | 970| 0.00 0.00
5-100-06 | 968| 968 968 968 968 968 968 968 968 D68 8 PEA68 | 968 | 0.00 0.00
5-100-07 | 939 939] 939 939 93P 939 939 989 939 939 9 P39 | 939 | 0.00 0.00
5-100-08 | 1031 1031 1031 1031 10B1 1031 1p31 103131101031 1031 1031 1031 0.0p 0.00
5-100-09 | 973| 973] 973 971 978 973  9¥3 9r3 973 P73 3 PMA73 | 973| 0.00 0.00
5-100-10 | 935| 935 935 93% 935 935 985 985 935 P35 5 P35 | 935| 0.00 0.00
5-200-01 | 2209 2209 2200 2209 2209 2209 2P09 220909 222209| 2209 2209 2209 0.0D 0.00
5-200-02 | 1993 1993 1998 1993 1993 1993 1993 199303 191993| 1993 1993 1993 0.0D 0.00
5-200-03 | 1988 1983 1988 1988 1988 1988 1988 198838 191988| 1988 198§ 1988 0.0D 0.00
5-200-04 | 1863 1863 1863 1863 1853 1§63 1863 186363 181863| 1863 1863 18683 0.0D 0.00
5-200-05 | 2095 209% 2095 2095 20P5 2095 2095 2095 2R095| 2095 209% 2095 0.0D 0.00
5-200-06 | 2016/ 201¢ 201p 2016 2016 2016 2p16 201616 22016| 2016 201¢ 2016 0.0D 0.00
5-200-07 | 2025 202% 2025 2025 20R5 2025 2025 202525202025| 2025 202% 2025 0.0D 0.00
5-200-08 | 1987 1987 1987 19§87 1987 1987 1987 198787 191987| 1987] 1987 1987 0.0D 0.00
5-200-09 | 2033 2033 2033 2033 20B3 2033 2p33 203333 22033| 2033 2033 2033 0.0p 0.00
5-200-10 | 1980 1980 1980 1980 1980 1980 1980 198080 191980| 1980 1980 1980 0.0p 0.00
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Table A.2.b Results of CPU for VNS-I for m=5

CPU R1 R2 R3 R4 R5 R6 R7 R8 RY RID Ave Max Nin Stev
5-20-01 | 0.0000 0.0000 0.00G0 0.00p0 0.0000 0.000®000| 0.0000 0.0151 0.00d0 0.00 02 0,00 0]00
5-20-02 | 0.0151 0.0000 0.0000 0.00p0 0.0000 0.000MO00| 0.0000 0.0000 0.00d0 0.00 0.2 0[00 000
5-20-03 | 0.0161 0.0000 0.0000 0.00p0 0.0000 0.015H000| 0.0000 0.0000 0.00d0 0.00 0.2 0(00 0]01
5-20-04 | 0.0000 0.0161 0.0141 0.01p1 0.0149 0.015H151| 0.0000 0.0000 0.00d0 0.01 02 0[00 001
5-20-05 | 0.0000 0.0000 0.0040 0.00p0 0.0000 0.000®164| 0.0000 0.0000 0.00d0 0.00 002 000 0]01
5-20-06 | 0.0000 0.0000 0.0000 0.0149 0.0000 0.000®000| 0.0000 0.0000 0.0141 0.00 002 000 0]01
5-20-07 | 0.0000 0.0000 0.0040 0.00p0 0.0000 0.000®000| 0.0000 0.0000 0.00d0 0.00 0,0 0,00 000
5-20-08 | 0.0000 0.0000 0.0040 0.00p0 0.0000 0.000®000| 0.0000 0.0149 0.00d0 0.00 001 0,00 0]00
5-20-09 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.000M0O00| 0.00000 0.0000 0.00d0 0.00 0.00 0,00 0|00
5-20-10 | 0.0000 0.0000 0.00d0 0.00p0 0.0000 0.000@000| 0.0159 0.0000 0.00d0 0.00 0p2 o0l00 0l01
5-50-01 | 0.0159 0.0161 0.0040 0.01p1 0.0000 0.016D000| 0.0000 0.0161 0.0141 0.01 002 000 001
5-50-02 | 0.0161] 0.0161 0.0151 0.00p0 0.0000 0.000®148 | 0.0161 0.0000 0.0149 0.01 002 0,00 0]01
5-50-03 | 0.0161] 0.0161 0.0161 0.00p0 0.0159 0.0159148 | 0.0161 0.0161 0.0141 0.01 002 0,00 0}01
5-50-04 | 0.0000 0.0159 0.0000 0.0151 0.0]151 0.000M16a| 0.0159 0.0000 0.00d0 0.01 02 000 0]01
5-50-05 | 0.0000 0.0161 0.0141 0.00p0 0.0149 0.000M16a| 0.0161 0.0149 0.00d0 0.01 02 000 001
5-50-06 | 0.0159 0.0161 0.0149 0.0161 0.0000 0.015D148| 0.0159 0.0151 0.0159 0.01 002 0(00 000
5-50-07 | 0.0149 0.0149 0.0000 0.00p0 0.0161 0.014®160| 0.0159 0.0000 0.0159 0.01 002 000 0[01
5-50-08 | 0.0000 0.0000 0.0159 0.0169 0.0161 0.014®161| 0.0161 0.0159 0.0159 0.01 002 000 0[01
5-50-09 | 0.0000 0.0149 0.0149 0.019 0.0159 0.0159000| 0.0161 0.0149 0.0141 0.01 002 000 0]01
5-50-10 | 0.0000 0.0159 0.0149 0.0310 0.0000 0.0149308| 0.0149 0.0159 0.0149 0.02 003 0,00 0}01
5-100-01 | 0.0942 0.0781 0.0940 0.0779 0.0940 0.09@m942| 0.0779 0.0779 0.07§1 0.09 009 008 0,01
5-100-02 | 0.0940 0.0940 0.0781 0.0940 0.0781 0.0769940| 0.0940 0.094p 0.0779 0.09 009 008 0,01
5-100-03 | 0.0929 0.094P 0.0940 0.0940 0.0942 0.0780940| 0.0791] 0.0940 0.0930 0.09 0,09 008 0,01
5-100-04 | 0.0779 0.0940 0.0781 0.0781 0.0942 0.098M940| 0.0781] 0.0779 0.0791 0.08 009 008 0,01
5-100-05 | 0.1250 0.0779 0.0940 0.0779 0.0779 0.0769940| 0.0779 0.0630 0.0779 0.08 0J13 006 0,02
5-100-06 | 0.0940 0.078L 0.0942 0.0942 0.0781 0.078D940| 0.0781] 0.0781 0.0779 0.08 0009 008 001
5-100-07 | 0.0940 0.078L 0.0928 0.0940 0.0940 0.098M942| 0.0940 0.0940 0.0928 0.09 009 008 0,00
5-100-08 | 0.0781 0.0779 0.0779 0.0928 0.0940 0.098M930| 0.1101] 0.0791 0.0940 0.09 O0J11 008 0,01
5-100-09 | 0.0779 0.0779 0.0930 0.0779 0.0940 0.098M942| 0.0940 0.062p 0.0928 0.09 009 006 0,01
5-100-10 | 0.0779 0.0779 0.0781 0.0779 0.0781 0.0769791| 0.0781] 0.0781 0.0791 0.08 0,08 008 0,00
5-200-01 | 0.6094 0.6411 0.6401 0.6411 0.6719 0.600%933| 0.6089 0.6094 05938 0.62 067 059 0,03
5-200-02 | 0.5942 0.5938 0.5938 0.5942 0.6099 0.598%781| 0.6089 0.594p 05928 0.60 01 058 0,01
5-200-03 | 0.5630 0.5620 0.5630 0.5791 0.5630 0.968(5781| 0.5469 0.5781 0.5630 0.57 058 055 0,01
5-200-04 | 0.6724 0.6250 0.7031 0.6562 0.7188 0.6567500| 0.6724 0.6709 0.6567 0.68 0[75 063 0,04
5-200-05 | 0.5459 0.531F 0.5620 0.6396 0.5474 0.546%474| 0.5469 0.5620 05942 0.56 0/s4 053 0,03
5-200-06 | 0.6719 0.6724 0.7500 0.7500 0.6719 0.488%5724| 0.7354 0.6558 0.6719 0.69 075 066 0,04
5-200-07 | 0.5469 0.5308 0.5781 0.5469 0.5630 0.688(5776| 0.5942 05630 0.5630 0.58 069 053 0,04
5-200-08 | 0.5942 0.6250 0.6572 0.5791 0.5776 0.6260B089| 0.5942 05781 0.6411 0.61 0/6 058 0,03
5-200-09 | 0.6870 0.6719 0.6719 0.67p4 0.6724 0.4709026| 0.6562 0.6719 0.6724 0.68 0,70 066 0,01
5-200-10 | 0.6709 0.7188 0.6880 0.6870 0.6870 0.4709026| 0.6562 0.6719 0.6558 0.68 0,72 066 0,02
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Table A.2.c Results of Makespan for VNS-II for m=5

Fitness | R1| R2| R3] R4 Ry R RY RB R9 RIO Ave Max Min Sidev ARPE
5-20-01 | 157| 157 157 157 15f 1§87 157 1657 157 157 15F57 | 157 | 0.00| 0.00
5-20-02 | 214| 214| 214 214 214 214 214 214 214 214 P14 | 214| 0.00| 0.00
5-20-03 | 183| 183| 183 183 183 183 183 183 183 183 [18B33 | 183 | 0.00| 0.00
5-20-04 | 216| 216| 216 216 216 216 216 216 216 216 PIA6 | 216| 0.00| 0.00
5-20-05 | 182| 182| 182 182 182 182 182 182 182 182 [8P82 | 182| 0.00/ 0.00
5-20-06 | 206| 206| 206 206 206 206 206 206 206 206 POBO6 | 206 | 0.00| 0.00
5-20-07 | 231| 231| 231 231 231 231 231 231 231 231 P31 | 231| 0.00/ 0.00
5-20-08 | 206| 206| 206 206 206 206 206 206 206 206  POBD6 | 206 | 0.00| 0.00
5-20-09 | 239| 239] 239 239 239 239 239 289 239 239 p3839 | 239| 0.00| 0.00
5-20-10 | 210| 210| 210 210 210 210 2]0 210 210 210 p1®0 | 210| 0.00| 0.00
5-50-01 | 527| 527| 527 527 52f 527 527 5p7 §27 527 BX27 | 527 | 0.00| 0.00
5-50-02 | 497 | 497| 497 497 49 497 497 497 497 497 @A9¥O7 | 497 | 0.00| 0.00
5-50-03 | 499| 499 499 499 499 499 499  4P9 499 499 49999 | 499 | 0.00| 0.00
5-50-04 | 518| 518| 518 518 518 518 518 518 5§18 518 B5I®8 | 518 | 0.00| 0.00
5-50-05 | 592| 592| 592 592 59p 592 592 592 5§92 592 59§92 | 592 | 0.00| 0.00
5-50-06 | 578| 578| 578 578 578 578 578 578 5§78 578 5778 | 578 | 0.00| 0.00
5-50-07 | 461| 461 461 461 461 461 461 4Bl 461 461 46461 | 461 | 0.00/ 0.00
5-50-08 | 462 | 462| 462 462 46D 462 462 42 462 462 46862 | 462 | 0.00  0.00
5-50-09 | 473| 473| 473 473 473 473 413 4F3 473 473 W7473 | 473| 0.00| 0.00
5-50-10 | 480| 480 480 480 480 480 430 480 480 480 48€80 | 480 | 0.00| 0.00
5-100-01 | 1099 1099 1099 1099 1099 1099 1099 109999 101099| 1099 1099 1099 0.0p  0.00
5-100-02 | 1021 1021 1021 1021 10p1 1021 1021 102121 101021| 1021 1021 1021 0.0p  0.00
5-100-03 | 850| 850/ 850 850 850 850 850 850 §50 850 0 {85850 | 850 | 0.00|  0.00
5-100-04 | 1093 1093 1098 1093 1093 1093 1093 109393 101093| 1093 1093 1098 0.0p  0.00
5-100-05 | 970| 970| 97 970 970 970 970 970 970 970 0 770 | 970| 0.00| 0.00
5-100-06 | 968| 968| 968 968 968 968 968 968 968 968 8 196968 | 968 | 0.00|  0.00
5-100-07 | 939| 939] 939 939 939 939 939 989 939 9399 9939 | 939| 0.00| 0.00
5-100-08 | 1031 1031 1031 1031 10B1 1031 1031 103131101031 1031 1031 1031 0.0p  0.00
5-100-09 | 973| 973| 979 978 978 973 973 973 973 9733 PM73 | 973| 0.00| 0.00
5-100-10 | 935| 935 935 935 935 935 935 985 935 9355 P35 | 935| 0.00| 0.00
5-200-01 | 2209 2209 2200 2209 2209 2209 2P09 220909 22209| 2209 2209 2209 0.0p  0.00
5-200-02 | 1993 1993 1998 1993 1993 1993 1093 199393 191993| 1993 1993 1998 0.0p  0.00
5-200-03 | 1988 1983 1988 1988 1988 1988 1088 198838 191988| 1988 1988 1988 0.00  0.00
5-200-04 | 1863 1863 1863 1863 1853 1§63 1863 18633 181863 1863 1863 1868 0.00  0.00
5-200-05 | 2095 2095 2095 2095 2085 2095 2095 209595 22095 2095 2095 2095 0.00  0.00
5-200-06 | 2016 2016 2016 2016 20016 2016 2016 201616 (2016 2016 2016 2016 0.00  0.00
5-200-07 | 2025 2025 2025 2025 20p5 2025 2025 202525 22025 2025 2025 2025 0.00  0.00
5-200-08 | 1987 1987 1987 1987 1987 1987 1987 198787 191987| 1987 1987 1987 0.00  0.00
5-200-09 | 2033 2033 2038 2033 20B3 2033 2033 203333 2(2033| 2033 2033 2038 0.00  0.00
5-200-10 | 1980 1980 198D 1980 1980 1980 1§80 198080 191980| 1980 1980 1980 0.00  0.00




Table A.2.d Results of CPU for VNS-II for m=5
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1" R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 Ave MaMin |Stdev
5-20-01 | 0.0000 0.046Pp 0.0630 0.011 0.0000 0.0159000( 0.0000 0.0459 0.0139 0.p2 0J06 (.002
5-20-02 | 0.0000 0.031p 0.0161 0.01p1 0.0000 0.J000310| 0.0149 0.0000p 0.0000 0.p1 0J03 (.01
5-20-03 | 0.0000 0.014p 0.0000 0.01p9 0.0159 0.J00016a| 0.0000 0.0000 0.0000 0.p1 0J02 (.01
5-20-04 | 0.0000 0.0159 0.0149 0.00p0 0.0000 0.q000000D| 0.0161] 0.016]1 0.0149 0.p1 0J02 (.0m1
5-20-05| 0.015) 0.015p 0.0000 0.0149 0.0000 0.J000149| 0.0000 0.0149% 0.0000 0.p1 0Jj02 (.01
5-20-06 | 0.0163 0.000p 0.03¢8 0.0000 0.0000 0.J000159| 0.0000 0.0000p 0.0149 0.p1 0J03 (.01
5-20-07 | 0.0149 0.0159 0.0000 0.0000 0.0000 0.032P00D| 0.016) 0.016]1 0.0000 0.p1 0J03 (.01
5-20-08 | 0.0149 0.000p 0.0000 0.00p00 0.0000 0.q000159| 0.0000 0.0000 0.0000 0.p0 0402 (.01
5-20-09 | 0.0000 0.015p 0.0161 0.0310 0.0810 0.J160160| 0.0000 0.0000 0.0000 0.p1 0J03 (.01
5-20-10 | 0.031g 0.000p 0.0000 0.0000 0.0161 0.J000310| 0.0159 0.0151p 0.0131 0.p1 0J03 (.01
5-50-01 | 0.0149 0.0159 0.0159 0.0161 0.0000 0.0149149| 0.0310 0.031p 0.0131 0.p2 0J03 (.0M1
5-50-02 | 0.016) 0.016fL 0.0139 0.00p0 0.0322 0.q149159| 0.0161] 0.016]1 0.0149 0.p2 0403 (.0m1
5-50-03 | 0.0000 0.015)0 0.0149 0.03p2 0.0151 0.0149150| 0.016] 0.0149 0.0149 0.p2 0J03 (.01
5-50-04 | 0.0163 0.015@ 0.01%9 0.0149 0.0000 0.0160159| 0.0149 0.0000 0.0141 0.p1 0Jj02 (.01
5-50-05| 0.0161 0.014p 0.011 0.0000 0.0161 0.0149159| 0.016) 0.0322 0.0141 0.p2 0J03 (.01
5-50-06 | 0.0000 0.000p 0.0149 0.0149 0.0161 0.g159159| 0.0000 0.016]1 0.0000 0.p1 002 (.01
5-50-07 | 0.0149 0.016)4 0.0161 0.011 0.0159 0.0308160| 0.016] 0.031p 0.0149 0.p2 0J03 (.001
5-50-08 | 0.016] 0.014p 0.0131 0.0149 0.0159 0.J000150| 0.0327 0.016]1 0.0139 0.p2 0J03 (.01
5-50-09 | 0.0161 0.014p 0.0151 0.0161 0.0810 0.0149149| 0.0310 0.0159 0.0149 0.p2 0J03 (.001
5-50-10 | 0.0149 0.014p 0.0149 0.01p1 0.0310 0.159160| 0.0159 0.0000 0.0139 0.p2 0403 (.0m1

5-100-01| 0.0618§ 0.077p 0.07%1 0.0781 0.0630 0.07ABD942| 0.0779 0.077p 0.0781 0.p8 0Jj09 0.0®1
5-100-02| 0.0779 0.094p 0.0781 0.0779 0.0y81 0.092.0930| 0.0940 0.094p 0.0620 0.p8 0Jj09 (.01
5-100-03| 0.0779 0.092B 0.0791 0.0930 0.0940 0.1089942| 0.0940 0.094p 0.0791 0.p9 0Jj11 0.081
5-100-04| 0.0791 0.093p 0.0779 0.0779 0.0y81 0.Q/@D779| 0.094Q0 0.094p 0.0781 0.p8 0/09 (.01
5-100-05| 0.0779 0.077p 0.0940 0.0779 0.0y81 0.0M@D781| 0.062¢0 0.077p 0.0791 0.p8 0Jj09 0.0®1
5-100-06| 0.0781 0.062Dp 0.0779 0.0791 0.0y79 0.0920781| 0.063¢0 0.062p 0.0779 0.p8 0Jj09 (.01
5-100-07| 0.0781 0.063p 0.0779 0.0781 0.0y79 0.0779791| 0.0924 0.077p 0.07§1 0.p8 0J09 (.01
5-100-08| 0.0781 0.062D 0.0781 0.0781 0.0y81 0.Q7@D781| 0.078) 0.077p 0.0791 0.p8 0/08 (.0®1
5-100-09| 0.0781 0.094p 0.0779 0.0630 0.0y91 0.0779781| 0.0781] 0.078[L 0.0620 0.p8 0Jj09 0.0®1
5-100-10| 0.0781] 0.078L 0.0781 0.0620 0.0y91 0.0M@D779| 0.0779 0.062p 0.0781 0.p8 0Jj08 (.01
5-200-01| 0.593§ 0.577p 0.6089 0.6089 0.5933 0.6256942| 0.5944 0.608p 0.5928 0.50 0J63 0(0.6D1
5-200-02] 0.593§ 0.5938 0.5781 0.5776 0.5y81 0.5938781[ 0.7183 0.594p 0.5781 0.50 0]72 0.684
5-200-03| 0.5791] 0.563D 0.5474 0.5474 0.5y81 0.59a43474| 0.5314 0.546p 0.6401 0.7 0Jj64 (.63
5-200-04| 0.6411] 0.6401L 0.62%0 0.6250 0.6104 0.6588089| 0.7349 0.641 0.65%8 0.p4 0{73 0.6D4
5-200-05| 0.530§ 0.563D 0.5781 0.5928 0.5812 0.5404781| 0.5469 0.640L 0.5308 0.p6 0l64 (.63
5-200-06] 0.7817 0.640p 0.6719 0.6880 0.7183 0.487@558[ 0.6404 0.656p 0.6724 0.58 0|78 0.6H04
5-200-07| 0.562Q0 0.546Pp 0.5308 0.5938 0.6104 0.531B474| 0.562(0 0.5474 0.54%9 0.6 0J61 (.63
5-200-08| 0.5791] 0.577p 0.5928 0.5776 0.5Y76 0.578%5942| 0.578] 0.5938 0.5781 0.8 0|59 0.681
5-200-09| 0.65674 0.671p 0.6719 0.6719 0.6880 0.657B558| 0.6404 0.640p 0.6411 0.6 0l69 (.642
5-200-10| 0.6564 0.734p 0.6411 0.7031 0.6870 0.qAF031| 0.688Q0 0.688Dp 0.6870 0.9 0f73 0.643




Table A.2.e Results of Makespan for VNS-III for m=5

Finess | Rl R2l R3 R4 R6 R6 R7 R8 R9 RIlave | Max| Min |Stdev ARPE
5-20-01 | 157 157 157 4157 157 157 157 157 157 [157 [1%%7| 157| 0.00 0.0Q
5-20-02 | 214 214 214 214 214 214 214 214 P14 214 P2a4| 214 0.00 0.00
5-20-03 | 183 183 183 183 143 183 183 183 183 183 1883| 183| 0.00 0.0Q
5-20-04 | 216 216 216 216 216 216 216 216 P16 [216 P26E6| 216 0.00 0.00
5-20-05 | 182 182 182 182 142 182 182 182 182 182 18382| 182 0.00 0.0Q
5-20-06 | 206) 206 206 206 206 206 206 206 P06 [206 @66 | 206| 0.00 0.0Q
5-20-07 | 231) 231 231 231 231 281 231 231 P31 [231 P3B1| 231 0.00 0.00
5-20-08 | 206) 206 206 206 206 206 206 206 P06 [206 @66 | 206| 0.00 0.00
5-20-09 | 239 239 239 239 239 289 239 239 P39 [239 P289| 239 0.00 0.0Q
5-20-10 | 210, 21Q 210 210 210 210 210 210 P10 [210 P200| 210/ 0.0d 0.00
5-50-01 | 527| 521 527 527 527 5R7 527 527 527 |527 5827|527 0.00 0.0Q
5-50-02 | 497 497 497 497 497 497 497 497 497 |497 ©@97| 497 0.00 0.0Q
5-50-03 | 499 499 499 499 499 499 499 499 499 499 ©#@99| 499 0.00 0.0G
5-50-04 | 518 518 518 518 518 518 518 518 518 518 55&8| 518/ 0.00 0.0Q
5-50-05 | 592 594 592 592 592 592 592 592 592 592 5892 | 592| 0.00 0.0Q
5-50-06 | 578 578 578 578 578 578 578 578 578 578 5B38| 578| 0.00 0.0Q
5-50-07 | 461) 461 461 461 461 461 461 461 461 461 ©@861| 461 0.00 0.00
5-50-08 | 462 464 462 462 462 462 462 462 462 462 1882 | 462| 0.00 0.00
5-50-09 | 473 473 478 473 473 4¥3 473 473 473 473  ©4#33| 473| 0.00 0.0Q
5-50-10 | 480 48Q 480 480 480 480 480 480 480 1480 ©#860| 480/ 0.00 0.0¢
5-100-01| 10991099)10991099]1099|1099|1099| 1099| 1099|1099| 1099 | 10991099| 0.00| 0.00
5-100-02| 102]11021/1021/10211021{1021]1021]1021]1021]1021| 1021 | 10211021| 0.00| 0.00
5-100-03| 850 850 850 850 850 850 850 8§50 B50 (8500 [8850| 850/ 0.0 0.0Q
5-100-04| 10931093)10931093]1093|1093|1093|1093|1093|1093| 1093 | 10931093| 0.00| 0.00
5-100-05| 9700 970 970 970 970 9F0 970 970 D70 [9700 [9970| 970/ 0.04 0.0q
5-100-06| 968 968 968 968 968 958 968 968 D68 |9688 |9668| 968 0.0 0.04
5-100-07| 939 939 939 939 939 9B9 939 939 D39 (9399 [9939| 939| 0.0 0.04
5-100-08| 10311031/1031/1031/1031{1031/1031/1031/1031/1031| 1031 | 10311031| 0.00| 0.00
5-100-09| 973 973 97B 973 973 9Fy3 973 973 D73 (9733 [9973| 973] 0.0 0.0Q
5-100-10| 935 935 935 935 935 9B5 935 935 D35 (9355 [9935| 935/ 0.0 0.0Q
5-200-01| 22092209 2209| 2209] 2209| 2209| 2209| 2209| 2209| 2209| 2209 | 22092209| 0.00| 0.00
5-200-02| 19931993)19931993]1993|1993|1993|1993|1993|1993| 1993 | 19931993| 0.00| 0.00
5-200-03| 19881988)1988|1988|1988| 1988| 1988| 1988| 1988| 1988| 1988 | 19881988 0.00| 0.00
5-200-04| 186318631863 1863]1863|1863|1863|1863|1863|1863| 1863 | 18631863 0.00| 0.00
5-200-05| 20952095 2095 2095| 2095| 2095| 2095| 2095| 2095| 2095| 2095 | 20952095| 0.00 | 0.00
5-200-06| 20162016/ 2016]2016]2016|2016|2016|2016| 2016|2016 2016 | 20162016| 0.00 | 0.00
5-200-07| 202520252025 2025] 2025| 2025| 2025| 2025| 2025| 2025| 2025 | 20252025| 0.00 | 0.00
5-200-08| 19871987|1987|1987|1987|1987|1987|1987|1987|1987| 1987 | 19871987| 0.00| 0.00
5-200-09| 20332033 2033]2033] 2033| 2033| 2033| 2033| 2033| 2033| 2033 | 20332033| 0.00| 0.00
5-200-10| 19801980|1980| 1980| 1980| 1980| 1980| 1980| 1980| 1980| 1980 | 19801980|0.00/0.00
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Table A.2.f Results of CPU for VNS-III for m=5
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CPU R1 R2 R3 R4 R5 R6 R7 R8 RY R10 Ave Madin [Stdev
5-20-01 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.g000150( 0.0000 0.0000 0.0090 0.p0 0j02 (.00
5-20-02 | 0.0000 0.016p 0.0160 0.0310 0.0000 0.J00000CD| 0.0000 0.015p 0.0000 0.p1 0J03 (.01
5-20-03 | 0.0150 0.000p 0.0150 0.0000 0.0000 0.J000150| 0.0000 0.015p 0.0000 0.p1 0J02 (.01
5-20-04 | 0.0000 0.015p 0.0000 0.00p0 0.0150 0.q000150| 0.0160 0.000p 0.0000 0.p1 04J02 (.0M1
5-20-05| 0.0000 0.015p 0.0090 0.01p0 0.0000 0.JO0000CD| 0.0000 0.015p 0.0000 0.p0 0Jj02 (.01
5-20-06 | 0.0320 0.000p 0.0000 0.0000 0.0000 0.J000150( 0.0000 0.015p 0.0090 0.p1 0J03 (.01
5-20-07 | 0.0150 0.000p 0.0150 0.0000 0.0000 0.J00000D| 0.0000 0.0000 0.0160 0.p0 0J02 (.01
5-20-08 | 0.0160 0.000p 0.0000 0.00p0 0.0150 0.q000160| 0.0000 0.0150 0.0000 0.p1 0402 (.0m1
5-20-09 | 0.0000 0.000p 0.0160 0.0000 0.0000 0.J000160| 0.0000 0.0000 0.0150 0.p0 0j02 (.01
5-20-10 | 0.0000 0.000p 0.0160 0.01p0 0.0000 0.J000160| 0.0160 0.000p 0.0000 0.p1 0j02 (.01
5-50-01 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.0150000( 0.0000 0.015p 0.0000 0.p0 0J02 (.01
5-50-02 | 0.0000 0.000p 0.0000 0.00p0 0.0150 0.q000160| 0.0000 0.0169 0.0000 0.p0 0402 (.01
5-50-03 | 0.0000 0.000p 0.0310 0.0000 0.0000 0.0310160| 0.0150 0.0000 0.0130 0.p1 0J03 (.01
5-50-04 | 0.0000 0.016p 0.0000 0.0000 0.0000 0.J00000D| 0.0160 0.015p 0.0090 0.p0 0j02 (.01
5-50-05| 0.0160 0.031p 0.0160 0.0160 0.0150 0.0150000( 0.0150 0.031p 0.0150 0.p2 0J03 (.0M1
5-50-06 | 0.0160 0.016p 0.0000 0.010 0.0000 0.0310160| 0.0150 0.0150 0.0000 0.p1 0403 (.01
5-50-07 | 0.0000 0.000p 0.01%0 0.01p0 0.0150 0.J00000CD| 0.0000 0.0000 0.0160 0.p1 0Jj02 (.01
5-50-08 | 0.0000 0.000p 0.0160 0.0000 0.0000 0.0160160| 0.0160 0.0000p 0.0090 0.p1 0Jj02 (.01
5-50-09 | 0.0000 0.000p 0.0000 0.0000 0.0000 0.J00000D| 0.0160 0.0000 0.0150 0.p0 0J02 (.01
5-50-10 | 0.0000 0.000p 0.0000 0.00p0 0.0150 0.q00000D| 0.0160 0.0150 0.0000 0.p0 04J02 (.01

5-100-01| 0.032Q 0.032D 0.0470 0.0320 0.0470 0.0400470| 0.031¢ 0.047p 0.0470 0.p4 0Jj05 0.091
5-100-02| 0.031Q 0.031p 0.0310 0.0470 0.0470 0.0310470| 0.031q 0.047Dp 0.04¢0 0.p4 0Jj05 (.01
5-100-03| 0.031Q 0.031Dp 0.0460 0.0470 0.0820 0.0320470| 0.047q 0.047p 0.0310 0.p4 0Jo5 (.01
5-100-04| 0.031Q 0.047p 0.0470 0.0320 0.0810 0.g31.0310| 0.031Qq 0.032p 0.0470 0.p4 0/05 0.031
5-100-05| 0.0320 0.031p 0.0470 0.0470 0.0810 0.0400320| 0.031¢ 0.032p 0.0310 0.p4 0Jj05 0.091
5-100-06| 0.047Q 0.031p 0.0310 0.0310 0.0470 0.0400310| 0.031¢ 0.047p 0.0310 0.p4 0Jj0o5 (.01
5-100-07| 0.032Q 0.046D 0.0470 0.0470 0.0810 0.0480310| 0.0460 0.047D 0.04¢0 0.p4 0Jo5 (.01
5-100-08| 0.031Q 0.031p 0.0470 0.0470 0.0470 0.320310| 0.0329 0.031p 0.0310 0.p4 0/05 (.01
5-100-09| 0.047Q 0.047p 0.0320 0.0470 0.0810 0.0310310f 0.031¢ 0.032p 0.0470 0.p4 0Jj05 (.01
5-100-10| 0.047Q 0.046p 0.0320 0.0310 0.0810 0.0310310| 0.03290 0.047p 0.0320 0.p4 0Jj05 (.01
5-200-01| 0.297Q 0.281p 0.2970 0.2820 0.2970 0.390.2971| 0.2969 0.313p 0.2810 0.9 0J31 0.2®1
5-200-02| 0.2661 0.313p 0.3291 0.31]18 0.3281 0.3133120| 0.344Q 0.312p 0.3430 0.2 0{34 0.202
5-200-03| 0.3279 0.296Pp 0.3120 0.2971 0.2969 0.4823132| 0.3120 0.296p 0.2810 0.30 0J33 0.2®1
5-200-04| 0.344Q0 0.360[L 0.3440 0.3601 0.3y50 0.34a33440| 0.3134 0.327p 0.3279 0.34 0J38 (.6D2
5-200-05| 0.2661] 0.281Dp 0.2649 0.2649 0.2808 0.2652810| 0.2659 0.266[L 0.2971 0.7 0J30 0.2®1
5-200-06] 0.3444 0.3281L 0.3291 0.3279 0.3#440 0.3208279| 0.3293 0.328L 0.3279 0.B3 0{34 0631
5-200-07| 0.281Q0 0.266[L 0.2661 0.2808 0.2820 0.480.@661| 0.281(¢ 0.281p 0.2500 0.7 0J28 0.2®1
5-200-08| 0.281Q0 0.281p 0.29¢9 0.2810 0.2969 0.3982969| 0.2824 0.281p 0.2820 0.9 0J30 0.281
5-200-09| 0.3281 0.327Pp 0.3440 0.3440 0.3279 0.3279442| 0.3440 0.328]L 0.3440 0.4 0J34 0.631
5-200-10] 0.3279 0.328L 0.3440 0.3589 0.3fi40 0.360B428| 0.3279 0.344p 0.3440 0.4 0f36 (0631
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Fitness| Rl R2l R R4 Rp R6 R7 R8 R9 R1Ave | Max| Min [Stde ARPE
10-20-01| 113 113 113 1183 113 143 113 113 (13 (1133 |1113| 113] 0.0 0.0(¢
10-20-02 100, 100 10p 100 190 1pO 1200 100 (OO (1000 |1@O0| 100] 0.0Q 0.0q
10-20-03| 106 1064 106 106 106 1p6 106 106 06 [1066 [1006| 106| 0.04 0.0(
10-20-04| 96| 96[ 96 94 94 9% 96 96 96 9P6 96 96 |96 0 p.0.00
10-20-05[ 99| 99| 99 99 99 99 99 99 99 P9 99 99 199 0 p.0.00
10-20-06| 114 114 114 114 114 1014 114 114 (14 (1144 |1114| 114] 0.0 0.0(¢
10-20-07| 105 10 10p 105 105 1p5 1205 105 (05 (1055 |1@05( 105] 0.0Q 0.0(¢
10-20-08| 115 11% 11p 115 115 1p5 115 115 ({15 |1155 J1115] 115 0.0Q 0.0(
10-20-09| 11§ 118 118 118 118 1018 118 118 (18 (1188 |1118| 118| 0.0Q 0.0(¢
10-20-10( 127 127 12y 127 137 1p7 127 127 Q27 (1277 |1227| 127| 0.0Q 0.0(¢
10-50-01| 3120 317 31p 312 312 312 312 312 Bl2 |3122 |3B312]| 312 0.0 0.0(¢
10-50-02| 259 259 259 259 2%9 2p9 259 259 P59 |2599 [2359| 259 0.0Q 0.0(
10-50-03| 235 23% 23p 235 235 285 235 235 P35 (2355 [2335( 235| 0.0 0.0(¢
10-50-04| 231 231 23] 231 231 231 231 231 P31 (2311 [2331| 231] 0.0 0.0(¢
10-50-05| 279 279 279 279 280 2y9 279 279 P79 [279.127280( 279| 0.32 0.04
10-50-06[ 259 259 259 259 2%9 2p9 259 259 P59 [2599 [2359| 259 0.0Q 0.0(
10-50-07| 262 263 262 262 262 2p2 262 262 P62 (2622 [2862| 262| 0.0 0.0¢
10-50-08| 290, 290 29p 290 290 2P0 290 290 P90 (2900 [2990( 290| 0.0Q 0.0(¢
10-50-09( 257 257 25y 297 2%7 2pb7 257 257 P57 |2577 |2357| 257] 0.0Q 0.0(
10-50-10| 237 231 23p 237 237 287 237 237 P37 |236.92337| 236] 0.32 0.3

10-100-01 459 | 459 459 459 45p 459 4%9 4p9 459 459 459 1459 [4500| 0.00
10-100-04 532 | 532 532 532 53p 532 532 582 5§32 532 532 |532 [8BA0| 0.00
10-100-03 510| 510f 510 51¢ 51p 5130 510 510 H10 %10 %10 |510 [8100| 0.00
10-100-04 467 | 467| 467 461 46y 47 467 Ap7 467 467 467 [467 [46@0| 0.00
10-100-03 517 | 517 517 517 51y 5137 517 547 H17 %17 %17 |517 [%100| 0.00
10-100-09 493 | 493| 493 493 498 493 493 4p3 493 493 493 ]493 [4960| 0.00
10-100-07 478 | 478 478 47§ 478 478 478 48 478 478 478 |478 [4780| 0.00
10-100-04 489 | 489| 489 489 48D 489 489 4B9 489 489 489 (489 [4800| 0.00
10-100-09 477 | 477 477 A7] A7y 477 4A({7 Ay7 477 477 477 |A77 |400| 0.00
10-100-1qQ 504 | 504 504 504 504 504 504 5p4 H04 %504 504 |504 [5D@0| 0.00
10-200-0111003) 1003 1003] 1003] 1003} 1003) 1003) 1003) 1003) 1003} 1003 | 10031003| 0.00| 0.00
10-200-021019]1019]1019]1019/1019/1019/1019)1019/1019)1019| 1019 10191019 0.00| 0.00
10-200-03 961 | 961 961 961 961 961 961 9p1 961 961 961 |961 [IBAO| 0.00
10-200-041014/1014{1014)1014{1014/1014{1014{1014/1014{1014) 1014 | 10141014 0.00| 0.00
10-200-051011)1011)1011)1011)1011)1011)1011)1011)1011)1011) 1011 101311011{ 0.00| 0.00
10-200-06 1053 1053 1053 1053 1053 1053) 1053 1053) 1053) 1053} 1053 | 10531053| 0.00| 0.00
10-200-07 949 | 949 949 949 949 949 949 949 949 949 949 |949 [9100| 0.00
10-200-0§41037|1037{1037)1037{1037]1037[ 1037|1037 1037{1037) 1037 | 10371037 0.00| 0.00
10-200-091022)1022|1022] 1022] 1022) 1022] 1022) 1022| 1022| 1022] 1022 | 10221022 0.00| 0.00
10-200-101002]1002] 1002] 1002] 1002) 1002] 1002| 1002| 1002| 1002] 1002 [ 10021002 0.00| 0.00
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CPU R1 R2 R3 R4 R5 R6 R7 R8 RY R1ID  Ave Madin|Stdev
10-20-01] 0.0000 0.000D 0.000 0.0000 0.0p00 0.d0BO000| 0.000d 0.000p 0.0000 0.p0 0[00 .00
10-20-02( 0.016] 0.0156 0.0000 0.0000 0.0p00 0.Q0DO151] 0.0000 0.000p 0.011 0.p1 0{02 0.0@1
10-20-03[ 0.000Q 0.000p 0.0000 0.0000 0.0p00 0.Q0DO0O0OO| 0.0000 0.000p 0.0000 0.p0 0{00 0.0®0
10-20-04 0.016) 0.014p 0.0000 0.0000 0.0808 0.000O000| 0.000q 0.0151 0.0317 0.p1 0Jj03 0.0m1
10-20-05( 0.000Q 0.000p 0.01¢1 0.0156 0.0p00 0.01®D000| 0.016] 0.016f 0.0161 0.p1 0{02 0.0@1
10-20-06( 0.000Q 0.000p 0.01%1 0.0000 0.0146 0.Q0DO00O| 0.0000 0.000p 0.0000 0.p0 0f02 0.0@1
10-20-07 0.0161 0.0161L 0.0000 0.0312 0.0161 0.01BD0000| 0.0000 0.000p 0.0000 0.p1 0[03 0.0Mm1
10-20-08( 0.000Q 0.000p 0.0000 0.0000 0.0000 0.0130000{ 0.000q 0.000p 0.0161 0.p0 0j02 0.0m1
10-20-09( 0.000Q 0.000p 0.0000 0.0000 0.0p00 0.Q0DO00O| 0.0000 0.000p 0.0161 0.p0 0{02 0.0@1
10-20-10( 0.000Q 0.000p 0.0000 0.0000 0.0p00 0.Q0DO161]| 0.0159 0.000p 0.011 0.p0 0{02 0.0@1
10-50-01| 0.0469 0.046p 0.01%1 0.01)61 0.0156 0.0404€161| 0.0149 0.016f 0.0146 0.p2 0[05 0.0D2
10-50-02 0.0149 0.031p 0.0781 0.0151 0.0808 0.10899312| 0.0781] 0.062Dp 0.0630 0.p5 0j11 0.0D3
10-50-03( 0.016] 0.0308 0.0308 0.01)61 0.0146 0.016D0317| 0.016] 0.046p 0.0161 0.p2 0[{05 0.0D1
10-50-04 0.2817 0.0791 0.01¢1 0.3438 0.1250 0.429%9250| 0.3274 0.2183 0.7192 0.5 0{72 0.020
10-50-05 0.125Q 0.016fL 0.4692 0.0469 0.0161 0.4832500| 0.0781] 0.531p 0.0933 0.21 0[53 0.021
10-50-06( 0.266) 0.375p 0.3120 0.7031 0.1250 0.0780938| 0.1089 0.202p 0.2661 0.p5 0]70 0.089
10-50-07( 0.016] 0.031p 0.01%6 0.0620 0.2500 0.0404928| 0.0474 0.016). 0.0308 0.p6 0{25 0.0D7
10-50-08 0.1411 0.375p 0.0933 0.1411 0.0620 0.Q706469| 0.6564 0.171p 0.3281 0.21 0|66 0.0899
10-50-09 0.0469 0.125p 0.1099 0.1104 0.0151 0.Q31p317| 0.0791] 0.046p 0.3120 0.p9 0f31 0.0D9
10-50-10( 0.015) 0.0156 0.2031 0.0161 0.0812 0.010469| 0.0304 0.046p 0.0322 0.p5 0j20 0.0D6

10-100-01 0.1411| 0.1411 0.125p 0.12%0 0.1401 0.1411 0.1411250.[ 0.1411 0.1406 0.14 0.14 0j1R01
10-100-04 0.1250| 0.1250 0.140p 0.12%0 0.1406 0.1250 0.1411250.[ 0.1411 0.1250 0.13 0.14 0101
10-100-03 0.1250| 0.1250 0.141f 0.1411 0.1406 0.1401 0.1250410. 0.139 0.1250 0.13 0.14 0}j1301
10-100-04 0.2500] 0.1411 0.140p 0.12%0 0.1411 0.1250 0.4651400.| 0.1250 0.141] 0.16 0.27 0}j1B05
10-100-0§ 0.1250| 0.1564 0.140f 0.1411 0.1411 0.1406 0.1558410. 0.2041] 0.1401 0.15 0.20 0}j1R02
10-100-04 0.1411| 0.1401] 0.141f 0.1401 0.1401 0.1406 0.1411396.| 0.1250 0.141]1 0.14 0.14 O0}1RB00
10-100-07 0.2812| 0.1401 0.421p 0.2812 0.2500 0.4058 0.444281Q.| 0.2661 0.140]1 0.33 0.4 0}1@.20
10-100-084 0.1411] 0.1411 0.125p 0.12%0 0.1406 0.1411 0.1411410.] 0.1406 0.141]1 0.14 0.14 0j1301
10-100-09 0.8120| 0.4219 0.890p 2.5469 0.4526 0.2651 0.4665620.[ 0.1411 0.5630 0.69 2.%5 0}1@.69
10-100-19 0.1250| 0.1411] 0.296p 0.1396 0.1406 0.1250 0.1401400. 0.125Q0 0.281y 0.17 0.30 0}1B07
10-200-01 1.0469| 1.0630 1.031p 1.049 1.0781 1.0469 1.0312658.| 1.0938 1.139¢ 1.18 2.27 1|03B38
10-200-04 1.1250| 1.0791] 1.108# 1.0938 1.1094 1.0y81 1.0781104) 1.0928 1.0938 1.10 1.13 1j0B02
10-200-03 1.0303| 1.0314 1.031p 1.0312 1.0322 1.0166 1.0469479.| 1.062Y 1.0469 1.04 1.06 1|0201
10-200-04 1.0791| 1.0944 1.062p 1.1084 1.0781 1.0938 1.0928781. 1.0771] 1.063% 1.08 1.11 1|0&O01
10-200-05 1.0312| 1.0469 1.061p 1.0469 1.0459 1.0y81 1.0459312.| 1.0635 1.0469 1.05 1.08 1|0301
10-200-0 2.1562| 1.093§4 1.328)L 1.0625 1.1104 1.1P50 2.14184073| 1.0781) 1.0791 1.56 3.41 1|0B78
10-200-07 1.0312| 1.0625 1.078[L 1.3584 1.0469 1.0y81 1.1719781. 1.0469 2.2031 1.22 2.20 1|0RB36
10-200-08 1.1406| 1.0934 1.079]L 1.0625 1.0947 1.5y81 1.qv80781.) 1.0781] 1.0791 1.14 1.%8 1|0&16
10-200-09 1.5146| 1.4694 1.172p 1.0928 1.0947 1.1250 1.q780928.| 1.0947 1.0938 1.18 1.%1 1|0817
10-200-10 1.0469]| 1.1863 1.047p 1.5615 1.0781 1.2]197 1.2352178| 1.0312 2.141¢ 1.28 2.14 1|0B334
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Fitness| Rl R2l R R4 Rp R6 R7 R8 R9 R1Ave | Max| Min [Stde ARPE
10-20-01| 113 113 113 1183 113 143 113 113 (13 (1133 |1113| 113] 0.0 0.0(¢
10-20-02 100, 100 10p 100 190 1pO 1200 100 (OO (1000 |1@O0| 100] 0.0Q 0.0q
10-20-03| 106 1064 106 106 106 1p6 106 106 06 [1066 [1006| 106| 0.04 0.0(
10-20-04| 96| 96[ 96 94 94 9% 96 96 96 9P6 96 96 |96 0 p.0.00
10-20-05[ 99| 99| 99 99 99 99 99 99 99 P9 99 99 199 0 p.0.00
10-20-06| 114 114 114 114 114 1014 114 114 (14 (1144 |1114| 114] 0.0 0.0(¢
10-20-07| 105 10 10p 105 105 1p5 1205 105 (05 (1055 |1@05( 105] 0.0Q 0.0(¢
10-20-08| 115 11% 11p 115 115 1p5 115 115 ({15 |1155 J1115] 115 0.0Q 0.0(
10-20-09| 11§ 118 118 118 118 1018 118 118 (18 (1188 |1118| 118| 0.0Q 0.0(¢
10-20-10( 127 127 12y 127 137 1p7 127 127 Q27 (1277 |1227| 127| 0.0Q 0.0(¢
10-50-01| 3120 317 31p 312 312 312 312 312 Bl2 |3122 |3B312]| 312 0.0 0.0(¢
10-50-02| 259 259 259 259 2%9 2p9 259 259 P59 |2599 [2359| 259 0.0Q 0.0(
10-50-03| 235 23% 23p 235 235 285 235 235 P35 (2355 [2335( 235| 0.0 0.0(¢
10-50-04| 231 231 232 231 231 231 231 232 P32 ([2311.32332| 231| 0.48 0.13
10-50-05| 279 279 279 279 280 280 279 280 P80 [279.427280( 279| 0.52 0.14
10-50-06[ 259 259 259 259 2%9 2p9 259 259 P59 [2599 [2359| 259 0.0Q 0.0(
10-50-07| 262 263 262 262 262 2p2 262 262 P62 (2622 [2862| 262| 0.0 0.0¢
10-50-08| 290, 290 29p 290 290 2P0 290 290 P90 (2900 [2990( 290| 0.0Q 0.0(¢
10-50-09( 257 257 25y 297 2%7 2pb7 257 257 P57 |2577 |2357| 257] 0.0Q 0.0(
10-50-10| 237 231 23y 237 237 237 237 237 P37 |2377 |2337| 237] 0.0 0.0(

10-100-01 459 | 459 459 459 45p 459 4%9 4p9 459 459 459 1459 [4500| 0.00
10-100-04 532 | 532 532 532 53p 532 532 582 5§32 532 532 |532 [8BA0| 0.00
10-100-03 510| 510f 510 51¢ 51p 5130 510 510 H10 %10 %10 |510 [8100| 0.00
10-100-04 467 | 467| 467 461 46y 47 467 Ap7 467 467 467 [467 [46@0| 0.00
10-100-03 517 | 517 517 517 51y 5137 517 547 H17 %17 %17 |517 [%100| 0.00
10-100-09 493 | 493| 493 493 498 493 493 4p3 493 493 493 ]493 [4960| 0.00
10-100-07 478 | 478 478 47§ 478 478 478 48 478 478 478 |478 [4780| 0.00
10-100-04 489 | 489| 489 489 48D 489 489 4B9 489 489 489 (489 [4800| 0.00
10-100-09 477 | 477 477 A7] A7y 477 4A({7 Ay7 477 477 477 |A77 |400| 0.00
10-100-1qQ 504 | 504 504 504 504 504 504 5p4 H04 %504 504 |504 [5D@0| 0.00
10-200-0111003) 1003 1003] 1003] 1003} 1003) 1003) 1003) 1003) 1003} 1003 | 10031003| 0.00| 0.00
10-200-021019]1019]1019]1019/1019/1019/1019)1019/1019)1019| 1019 10191019 0.00| 0.00
10-200-03 961 | 961 961 961 961 961 961 9p1 961 961 961 |961 [IBAO| 0.00
10-200-041014/1014{1014)1014{1014/1014{1014{1014/1014{1014) 1014 | 10141014 0.00| 0.00
10-200-051011)1011)1011)1011)1011)1011)1011)1011)1011)1011) 1011 101311011{ 0.00| 0.00
10-200-06 1053 1053 1053 1053 1053 1053) 1053 1053) 1053) 1053} 1053 | 10531053| 0.00| 0.00
10-200-07 949 | 949 949 949 949 949 949 949 949 949 949 |949 [9100| 0.00
10-200-0§41037|1037{1037)1037{1037]1037[ 1037|1037 1037{1037) 1037 | 10371037 0.00| 0.00
10-200-091022)1022|1022] 1022] 1022) 1022] 1022) 1022| 1022| 1022] 1022 | 10221022 0.00| 0.00
10-200-101002]1002] 1002] 1002] 1002) 1002] 1002| 1002| 1002| 1002] 1002 [ 10021002 0.00| 0.00
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1" R1 R2 R3 R4 R5 R6 R7 R8 R9 R1) Ale Madin[Stdey
10-20-01] 0.0000 0.000D 0.000 0.0000 0.0p00 0.01G0000] 0.000d 0.000p 0.0000 0.p0 0[02 0.0®1
10-20-02| 0.0154 0.016[L 0.0000 0.0161 0.0161 0.0000161] 0.0000 0.000p 0.0000 0.p1 0[02 0.0m1
10-20-03[ 0.0004 0.000D 0.0000 0.0000 0.0156 0.J0DO000| 0.0161] 0.0156 0.0000 0.p0 0[02 0.0Mm1
10-20-04] 0.0161 0.0161L 0.0000 0.0000 0.0161 0.01B0000| 0.000d0 0.000p 0.0000 0.p1 0[02 §.0m1
10-20-05( 0.000Q 0.000p 0.01%1 0.0000 0.0p00 0.Q0DO00O| 0.0159 0.0156 0.01%6 0.p1 0{02 0.0@1
10-20-06( 0.000Q 0.016p 0.0000 0.0000 0.0p00 0.01®D0O00| 0.0159 0.000p 0.0000 0.p0 0{02 0.0@1
10-20-07[ 0.0004 0.000D 0.01¢1 0.0161 0.0161 0.J0DO000| 0.0000 0.015L 0.0000 0.p1 0[02 0.0m1
10-20-08] 0.0004 0.0161L 0.0000 0.0000 0.0p00 0.01B0000| 0.000d 0.016fL 0.0000 0.p0 0[02 §.0m1
10-20-09( 0.000Q 0.000p 0.0000 0.0000 0.0161 0.90DO00O| 0.0000 0.000p 0.01%1 0.p0 0{02 0.0@1
10-20-10( 0.000Q 0.000p 0.0000 0.0000 0.0p00 0.01®D0O0O| 0.0000 0.000p 0.0000 0.p0 0f02 0.0@1
10-50-01 0.016] 0.015p 0.01%1 0.0322 0.0161 0.Q30®161| 0.0317 0.0156 0.0146 0.p2 0[{03 0.0D1
10-50-02 0.062Q 0.0150 0.01¢1 0.0312 0.0151 0.0620312| 0.016] 0.031F 0.01%6 0.p3 0J06 0.0D2
10-50-03( 0.0317 0.031p 0.01%1 0.0317 0.0161 0.0489161| 0.016] 0.014p 0.0317 0.p3 0{05 0.0D1
10-50-04 0.0469 0.5474 0.01%1 0.7812 0.1562 0.4031089| 0.0161] 0.015Qp 0.1724 0.6 0{78 0.030
10-50-05 0.125Q 0.453[L 0.0942 0.0630 0.0469 0.01®B750| 0.0161] 0.047¢ 0.2817 0.15 0[45 0.0246
10-50-06( 0.078) 0.3281L 0.2500 0.18§70 0.3y50 0.4688620( 0.7804 0.171p 0.2500 0.,0 0]78 0.021
10-50-07( 0.0779 0.188p 0.0781 0.0630 0.0822 0.04®9724| 0.0781] 0.079L 0.0781 0.p9 0{19 0.035
10-50-08 0.0469 0.078L 0.29¢9 0.2661 0.0812 0.465D781| 0.0151] 0.108p 0.1099 0.13 0{30 0.021
10-50-09( 0.016] 0.015p0 0.01¢1 0.2026 0.1099 0.403D469| 0.4067 0.046p 0.0312 0.11 0}{41 0.0243
10-50-10( 0.015) 0.031 0.01¢1 0.0161 0.0151 0.031P151| 0.016] 0.030B 0.01%1 0.p2 0]j03 0.0D1

10-100-01 0.1411) 0.1394 0.141f 0.1411 0.1719 0.1%62 0.1396410. 0.1411 0.140¢ 0.15 0.17 0}j1@01
10-100-04 0.1411| 0.1404 0.156p 0.1562 0.1406 0.18396 0.141156Q. 0.1411 0.1401 0.15 0.16 0}j1@01
10-100-03 0.1411| 0.1411 0.141f 0.1396 0.1411 0.1406 0.1411410.] 0.1401 0.141] 0.14 0.14 0}12.00
10-100-04 0.1558| 0.2969 0.1400 0.1396 0.1250 0.1411 0.4370400.] 0.1411 0.2959 0.20 0.44 0j1&B11
10-100-0§ 0.1250| 0.1564 0.141f 0.1411 0.1558 0.1401 0.1411406. 0.1411 0.1401 0.14 0.16 0101
10-100-04 0.1396| 0.1404 0.141f 0.125%0 0.1406 0.2808 0.1719400. 0.1562 0.313p 0.17 0.31 0107
10-100-07 0.2974| 0.1401 0.141f 0.1411 0.2969 1.0161 0.5782650. 0.5620 0.1406 0.36 1.02 0}1@.28
10-100-0§4 0.1411] 0.1401 0.141p 0.1406 0.1411 0.1896 0.1402188. 0.1401 0.1724 0.15 0.22 0}1@&.03
10-100-09 0.2808| 1.2354 0.312Dp 1.7339 0.8438 0.1411 0.25019Q. 1.5781 0.2651 0.747 1.713 0}1@&57
10-100-19 0.2808| 0.1404 0.141f 0.1401 0.2812 0.1401 0.1411558.| 0.2822 0.141] 0.18 0.28 0}1@.07
10-200-01 1.0630| 1.1719 1.202p 1.1089 1.0781 1.1250 1.1104928| 1.1084 1.0928 1.12 1.20 1|0&04
10-200-04 1.1562| 1.1719 1.188p 1.1396 1.1416 1.1p72 1.1719250.| 1.1553 1.1250 1.15 1.19 1}j1B02
10-200-03 1.0791| 1.0934 1.078[L 1.0938 1.0635 1.0947 1.1250625.) 1.0928 1.0938 1.09 1.13 1|0&02
10-200-04 1.1572| 1.1414 1.157p 1.1719 1.1729 1.1084 1.1250084.| 1.141q 1.358¢4 1.16 1.36 1{10.07
10-200-05 1.0928| 1.0625 1.156p 1.1084 1.1562 1.0y81 1.9932031.) 1.0771 1.0928 1.11 1.20 1|0&04
10-200-0 1.0938]| 1.0947 1.0928 1.0781 3.3584 1.0yY81 3.4530791| 1.4844 1.2500 1.1 3.45 1|0B96
10-200-07 1.2334| 1.2041 1.109¢4 1.1406 1.0928 1.1y29 1.1084104.| 1.0947 1.141¢ 1.14 1.23 1|0®05
10-200-04 1.1875| 1.1250 1.139p 1.1416 1.1572 1.1553 1.1406406.[ 1.1250 1.1719 1.15 1.19 1j1R02
10-200-09 1.0938| 1.1094 1.061p 1.1094 1.0625 1.0791 1.1250781.) 1.1104 1.0938 1.09 1.13 1|0&O02
10-200-1Q 1.0469| 1.0303 1.046Pp 1.0469 1.0781 1.0469 1.0770615| 1.0615 1.0928 1.06 1.09 1j03B02




Table A.3.e Results of Makespan for VNS-III for m=10
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Fitness| Rl R2l R R4 Rp R6 R7 R8 R9 R1Ave | Max| Min [Stde ARPE
10-20-01| 113 113 113 1183 113 143 113 113 (13 (1133 |1113| 113] 0.0 0.0(¢
10-20-02 100, 100 10p 100 190 1pO 1200 100 (OO (1000 |1@O0| 100] 0.0Q 0.0q
10-20-03| 106 1064 106 106 106 1p6 106 106 06 [1066 [1006| 106| 0.04 0.0(
10-20-04| 96| 96[ 96 94 94 9% 96 96 96 9P6 96 96 |96 0 p.0.00
10-20-05[ 99| 99| 99 99 99 99 99 99 99 P9 99 99 199 0 p.0.00
10-20-06| 114 114 114 114 114 1014 114 114 (14 (1144 |1114| 114] 0.0 0.0(¢
10-20-07| 105 10 10p 105 105 1p5 1205 105 (05 (1055 |1@05( 105] 0.0Q 0.0(¢
10-20-08| 115 11% 11p 115 115 1p5 115 115 ({15 |1155 J1115] 115 0.0Q 0.0(
10-20-09| 11§ 118 118 118 118 1018 118 118 (18 (1188 |1118| 118| 0.0Q 0.0(¢
10-20-10( 127 127 12y 127 137 1p7 127 127 Q27 (1277 |1227| 127| 0.0Q 0.0(¢
10-50-01| 3120 317 31p 312 312 312 312 312 Bl2 |3122 |3B312]| 312 0.0 0.0(¢
10-50-02| 259 259 259 259 2%9 2p9 259 259 P59 |2599 [2359| 259 0.0Q 0.0(
10-50-03| 235 23% 23p 235 235 285 235 235 P35 (2355 [2335( 235| 0.0 0.0(¢
10-50-04| 232 232 23] 232 231 232 231 232 P31 ([232.623232| 231| 0.5 0.26
10-50-05| 280 279 279 280 280 280 279 280 P79 [279.527280( 279| 0.53 0.18
10-50-06[ 259 259 26p 260 2%9 2p0 260 260 P60 |259.62%60| 259| 0.52 0.23
10-50-07| 262 263 262 262 262 2p2 262 262 P62 (2622 [2862| 262| 0.0 0.0¢
10-50-08| 290, 290 29p 290 290 2P0 290 290 P90 (2900 [2990( 290| 0.0Q 0.0(¢
10-50-09( 257 257 25y 297 2%7 2pb7 257 257 P57 |2577 |2357| 257] 0.0Q 0.0(
10-50-10| 237 231 23y 237 237 237 237 237 P37 |2377 |2337| 237] 0.0 0.0(

10-100-01 459 | 459 459 459 45p 459 4%9 4p9 459 459 459 1459 [4500| 0.00
10-100-04 532 | 532 532 532 53p 532 532 582 5§32 532 532 |532 [8BA0| 0.00
10-100-03 510| 510f 510 51¢ 51p 5130 510 510 H10 %10 %10 |510 [8100| 0.00
10-100-04 467 | 467| 467 461 46y 47 467 Ap7 467 467 467 [467 [46@0| 0.00
10-100-03 517 | 517 517 517 51y 5137 517 547 H17 %17 %17 |517 [%100| 0.00
10-100-09 493 | 493| 493 493 498 493 493 4p3 493 493 493 ]493 [4960| 0.00
10-100-07 478 | 478 478 47§ 478 478 478 48 478 478 478 |478 [4780| 0.00
10-100-04 489 | 489| 489 489 48D 489 489 4B9 489 489 489 (489 [4800| 0.00
10-100-09 477 | 477 477 A7] A7y 477 4A({7 Ay7 477 477 477 |A77 |400| 0.00
10-100-1qQ 504 | 504 504 504 504 504 504 5p4 H04 %504 504 |504 [5D@0| 0.00
10-200-0111003) 1003 1003] 1003] 1003} 1003) 1003) 1003) 1003) 1003} 1003 | 10031003| 0.00| 0.00
10-200-021019]1019]1019]1019/1019/1019/1019)1019/1019)1019| 1019 10191019 0.00| 0.00
10-200-03 961 | 961 961 961 961 961 961 9p1 961 961 961 |961 [IBAO| 0.00
10-200-041014/1014{1014)1014{1014/1014{1014{1014/1014{1014) 1014 | 10141014 0.00| 0.00
10-200-051011)1011)1011)1011)1011)1011)1011)1011)1011)1011) 1011 101311011{ 0.00| 0.00
10-200-06 1053 1053 1053 1053 1053 1053) 1053 1053) 1053) 1053} 1053 | 10531053| 0.00| 0.00
10-200-07 949 | 949 949 949 949 949 949 949 949 949 949 |949 [9100| 0.00
10-200-0§41037|1037{1037)1037{1037]1037[ 1037|1037 1037{1037) 1037 | 10371037 0.00| 0.00
10-200-091022)1022|1022] 1022] 1022) 1022] 1022) 1022| 1022| 1022] 1022 | 10221022 0.00| 0.00
10-200-101002]1002] 1002] 1002] 1002) 1002] 1002| 1002| 1002| 1002] 1002 [ 10021002 0.00| 0.00




Table A.3.f Results of CPU for VNS-III for m=10
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CPU R1 R2 R3 R4 R5 R6 R7 R8 RY R10 Ave Madin [Stdev
10-20-01f 0.000Q 0.000p 0.0149 0.0000 0.0p00 0.Q0DO00O| 0.0000 0.000p 0.0161 0.p0 0{02 0.0@1
10-20-02( 0.016] 0.031p 0.0942 0.0310 0.0810 0.031.0320| 0.0324 0.000p 0.0000 0.p3 0{09 0.0@3
10-20-03| 0.0149 0.0161L 0.0000 0.0149 0.0000 0.J0DO000| 0.0000 0.016fL 0.0000 0.p1 0[02 0.0m1
10-20-04f 0.000Q 0.000p 0.0000 0.0000 0.0000 0.0000000( 0.0161F 0.000p 0.0000 0.p0 0j02 0.0W1
10-20-05( 0.000Q 0.000p 0.0000 0.0000 0.0p00 0.Q0DO159| 0.0000 0.000p 0.0000 0.p0 0f02 0.0@1
10-20-06] 0.016] 0.014p 0.0161 0.0000 0.0149 0.01@9000] 0.000d 0.000p 0.0000 0.p1 0[02 0.0@1
10-20-07[ 0.0004 0.000D 0.0000 0.0161 0.0p00 0.J0DO000| 0.0000 0.000p 0.0000 0.p0 0[02 0.0Mm1
10-20-08( 0.000Q 0.000p 0.01¢1 0.0161 0.0000 0.00DO000| 0.000q 0.000p 0.0149 0.p0 0j02 0.0W1
10-20-09( 0.000Q 0.000p 0.0000 0.0000 0.0161 0.Q0DO00O| 0.0000 0.000p 0.0000 0.p0 0f02 0.0@1
10-20-10[ 0.0000 0.000D 0.0149 0.0161 0.0p00 0.000O000| 0.000d 0.000p 0.0000 0.p0 0[02 0.0m1
10-50-01 0.016] 0.032p 0.0149 0.0161 0.0161 0.01@9310| 0.0149 0.015p 0.01%9 0.p2 0{03 0.0D1
10-50-02 0.094Q 0.046p 0.01¢1 0.0322 0.0000 0.0139159( 0.0940 0.093p 0.0620 0.p5 0]J09 0.0W4
10-50-03( 0.030§ 0.016p 0.01%9 0.0000 0.0159 0.01®D161| 0.0159 0.0308 0.0000 0.p2 0{03 0.0@1
10-50-04 0.0159 0.015p 0.4060 0.0000 0.3y50 0.Q1@3750| 0.0000 0.000p 0.0161 0.12 0{41 0.0a8
10-50-05[ 0.0161 0.156p 0.43¢8 0.0149 0.0161 0.0489781| 0.0149 0.000p 0.1411 0.p9 0}44 0.003
10-50-06( 0.453) 0.1399 0.0000 0.0000 0.4221 0.0000161| 0.016] 0.014p 0.18%2 0.03 0J45 0.008
10-50-07( 0.250Q 0.031p 0.0471 0.0471 0.0471 0.1250149| 0.0791] 0.047{L 0.0322 0.p7 0[25 0.0D7
10-50-08 0.094Q 0.219p 0.4529 0.2029 0.3428 0.0149618| 0.2969 0.094p 0.12%0 0.19 0{45 0.014
10-50-09( 0.047] 0.016p 0.0322 0.1250 0.1y21 0.11@B291| 0.0471] 0.047QL 0.0942 0.10 0{33 0.0D9
10-50-10( 0.0149 0.000p 0.0149 0.0000 0.0161 0.031.0000( 0.016] 0.000p 0.0149 0.p1 0Jj03 0.0m1

10-100-01 0.0618| 0.063¢ 0.077p 0.0618 0.0630 0.0Y79 0.0620780.[ 0.0620 0.0781 0.7 0.08 0j0&01
10-100-04 0.0618| 0.062¢ 0.141f 0.07{9 0.0618 0.0630 0.0630618. 0.0630 0.0632 0.07 0.14 0|0&02
10-100-03 0.0620| 0.0781 0.078fL 0.0632 0.0779 0.0618 0.0630630.] 0.0779 0.0618 0.07 0.08 0j0&O1
10-100-04 0.1250| 0.0620 0.125p 0.2029 0.0632 0.2029 0.125063@.| 0.3430 0.0632 0.14 0.34 0j0®B09
10-100-03 0.0630| 0.0781 0.063R 0.0630 0.0779 0.0630 0.0620780.[ 0.0620 0.0632 0.07 0.08 0j0&01
10-100-04 0.0620| 0.2810 0.062Dp 0.0632 0.4060 0.1899 0.0626460. 0.406Q0 0.0632 0.21 0.%5 O0|0&19
10-100-07 0.2661| 0.06334 0.063p 0.18%2 0.1560 0.2500 0.4500089. 0.563Q0 0.2500 0.37 1.11 O0|0&34
10-100-084 0.0618]| 0.0779 0.077p 0.0779 0.0791 0.0y91 0.978063@.| 0.0779 0.0940 0.08 0.09 0j0®01
10-100-09 1.3601| 2.8750 2.531p 0.8279 0.4221 1.6870 1.48349690. 2.7820 0.6091 1.60 2.8 0]{4288
10-100-19 0.0618| 0.1560 0.250p 0.0781 0.0781 0.1411 0.¢782500. 0.1409 0.0630 0.13 0.25 0|0&07
10-200-01 0.5320| 0.5310 0.532p 0.5161 0.5308 0.5471 1.1258160. 0.5161 0.5322 0.59 1.13 0}5219
10-200-04 0.5322| 0.5304 0.546p 0.5308 0.5469 0.5812 0.256308. 0.5308 0.5474 0.55 0.63 0{3303
10-200-03 0.5308| 0.5304 0.531P 0.5620 0.5938 0.5928 0.5795938.[ 1.7354 0.5942 0.68 1.74 O0|5337
10-200-04 0.5630| 0.5944 0.563p 0.5942 0.5630 0.5630 0.64108780. 0.5615 0.5308 0.57 0.61 0}{5302
10-200-05 0.5161| 0.5314 0.516fL 0.5161 0.5312 0.5161 0.530832Q. 0.5161 0.5474 0.53 0.%5 0}|5201
10-200-0 0.5161| 0.5469 1.641) 1.0781 0.5620 1.6411 0.5308558.| 1.0791 1.0620 1.08 2.16 0}]5257
10-200-07 1.6089| 0.5474 0.532P 1.6411 1.6558 1.0808 1.1089460. 0.5000 1.0781 1.03 1.66 0{5m48
10-200-08 0.5308| 0.5304 0.545p 0.5322 0.5308 0.5469 0.546932Q. 0.5312 0.5308 0.54 0.%5 05301
10-200-09 0.5322| 0.5151] 0.516fL 0.5322 0.5474 0.5474 0.5785620. 0.5630 0.5630 0.55 0.%8 0}5202
10-200-1Q 0.5942| 0.562(0 0.6104 0.5469 0.5308 0.5469 0.59469308.[ 0.5469 0.5308 0.55 0.¢1 0{3303
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Table A.4.a Results of Makespan for VNS-I for m=20

Fitness| Rl R2l R R4 Rp R6 R7 R8 R9 R1Ave | Max| Min [Stde ARPE
20-50-01 1300 139 139 130 130 180 130 130 [30 |1300 [1330| 130; 0.00 0.0
20-50-02 131 131 131 131 131 131 131 131 31 |1311 [1331| 131 0.00 0.0
20-50-03| 1300 139 139 130 130 180 1230 130 (30 [129.912130| 129| 0.32 0.7¢
20-50-04| 1317 137 131 131 131 131 131 131 [31 |1311 [1331| 131f 0.00 0.0¢
20-50-05| 122 122 12] 122 121 1p2 122 122 (21 |1224.712122| 121| 0.4§ 0.5§
20-50-06 123 124 124 124 123 1p4 123 124 (124 [123.6]12124| 123| 0.52 0.49
20-50-07 139 139 13p 139 139 189 139 139 (39 [1399 [1339| 139 0.00 0.0q
20-50-08| 122 122 12p 122 122 1p2 122 122 [122 1222 [1222| 122 0.00 0.0(¢
20-50-09 137 137 138 138 137 187 137 137 (37 |13§.313138| 137| 0.4§ 0.27
20-50-10( 106 104 10¢ 106 106 1p6 106 106 [06 [1066 [1@06| 106/ 0.0 0.0

20-100-01 252 | 252| 252 252 25Pp 252 2%3 2p2 252 252 25233 252| 0.32 0.04
20-100-04 262 | 262| 262 262 26 202 262 2p2 762 262 262 |262 |26A0[ 0.00
20-100-03 261 | 261| 261 261 26 261 261 2p1 261 261 261 |261 [Z6@0| 0.00
20-100-04 251 | 251| 251f 251 250 251 2%1 2p1 251 251 251 |251 [Z500| 0.00
20-100-09 243 [ 243| 243 243 248 243 243 243 243 243 243 |243 [BB0| 0.00
20-100-09 253 | 253| 253 253 258 253 25%3 2p3 753 253 253 |253 |2BB0O| 0.00
20-100-07 264 | 265| 264 264 26p 264 265 2p4 264 265 26265 264| 0.52 0.15
20-100-08 268 | 268| 268 268 268 268 268 258 268 268 268 |268 [Z660| 0.00
20-100-09 258 | 258| 258 258 258 258 2%8 2p8 258 258 258 |258 [Z560| 0.00
20-100-1Q0 250 | 250 250 250 25p 250 25%0 2p0 250 250 250 |250 |2p00| 0.00
20-200-01) 499 | 498| 498 498 49P 499 498 4p9 499 499 49880 | 498| 0.52 0.17
20-200-04 479 [ 479| 479 479 47D 479 479 4F9 479 479 479 |479 [4%00| 0.00
20-200-03 513 513| 513 513 518 513 514 5013 5§13 514 515P4| 513| 0.42 0.04
20-200-04 491 | 491| 4911 491 491 491 491 4p1 491 491 491 1491 |4800( 0.00
20-200-09 495( 495| 495 49% 496 495 495 4p6 495 495 49336 | 495| 0.42 0.04
20-200-0§ 503 | 504| 504 504 508 504 503 5p3 503 %04 5p35®4| 503| 0.53 0.1d
20-200-07 491 | 491| 492 492 49P 491 491 4p2 492 492 49182 | 491| 0.52 0.12
20-200-04 534 | 534| 534 534 5344 534 533 5B4 9§34 %34 58534 | 533| 0.37 0.17
20-200-09 523 [ 523| 523 523 528 523 523 5p3 523 $23 %23 |523 [5RG0| 0.00
20-200-1Q 495 495| 495 49% 49p 495 495 4p5 495 495 495 (495 [4p60| 0.00




Table A.4.b Results of CPU for VNS-I for m=20
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CPU R1 R2 R3 R4 R5 R6 R7 R8 RY R10 Ave Madin [Stdev
20-50-01| 0.3604 0.765p 0.2500 0.7031 0.2p31 0.9104219| 0.6719 0.1553 0.1416 0.43 0{77 0.0484
20-50-02| 0.0154 0.030B 0.04%9 0.0322 0.0469 0.030®312| 0.0324 0.031p 0.0303 0.p3 0Jj05 0(.0D1
20-50-03| 0.4219 0.4688 0.4375 0.1416 0.3281 0.3730031| 0.5469 1.061p 1.1885 O0.p7 1]19 (.083
20-50-04| 0.0323 0.141p 0.0312 0.0312 0.1562 0.1729625| 0.0947 0.0308 0.0928 0.p8 0f17 (.06
20-50-05| 0.1719 0.1396 0.5146 0.0928 0.5938 0.01®6615| 0.1865 0.3584 0.125%0 0.3 0{59 0.020
20-50-06| 0.4365 0.061p 0.0635 0.5469 1.3291 0.09B2197| 0.3594 0.141p 0.29¢9 0.45 1]33 (.0816
20-50-07| 0.0771 0.250Dp 0.2822 0.1250 0.2188 0.1719572| 0.5000 0.296p 0.04¢9 0.p1 0J50 (.083
20-50-08| 0.1719 0.0938 0.3125 0.2969 0.1406 0.0928688( 0.3281] 0.030B 0.2812 0.p2 0j47 0.034
20-50-09| 0.1885 0.7021L 0.0625 0.0615 0.3%84 0.1396312| 0.125¢0 0.077L 0.0781 0.p3 0j70 0.022
20-50-10| 0.1250 0.1104 0.26%6 0.0625 1.0156 0.43B9635| 0.2354 0.453[L 0.71%97 0.5 1j02 (.081
20-100-01 3.9072| 1.9844 3.953[L 0.2666 8.31]15 0.8135 0.3916006. 0.3896 1.1558 2.72 8.31 0|22.76
20-100-04 0.1875| 0.218§ 0.2188 0.18¢5 0.21188 0.3916 0.3758750. 0.2021] 0.203]1 0.26 0.39 0]1®09
20-100-03 1.1572| 0.391q 0.188p 0.9688 0.2041 0.2031 0.4032646. 0.4219 0.203]1 0.42 1.16 0}1®35
20-100-04 0.1865( 0.1879 0.202L 0.1885 0.2081 0.3y50 0.186%886. 0.2031] 0.203]1 0.21 0.38 0}1®06
20-100-05 0.5781| 0.2021 0.375p 1.2500 0.9521 0.2031 0.1885616.| 0.1865 0.1885 0.47 1.25 0}1®37
20-100-04 1.1250( 2.2334 0.187p 1.1104 0.9531 1.3896 0.18683209. 0.2031] 1.1250 0.89 2.23 0]1®66
20-100-07 9.3584( 0.2031 0.203[L 4.7646 0.5685 4.7021 0.1885312.| 8.1094 0.3750 3.10 9.36 0}1248
20-100-08 1.2500( 1.7969 0.186p 3.0625 0.3594 0.3604 0.3750418. 0.1865 1.985¢ 1.17 3.06 0}1B.03
20-100-09 6.6719( 0.7334 0.719F 0.546¢9 0.1719 2.7188 0.9078469. 0.3584 3.0635 1.64 6.7 0}12.02
20-100-1Q 0.3750( 0.3750 2.375D 0.9062 0.9219 0.9219 0.3756469. 1.6553 0.7500 0.92 2.38 0|3B64
20-200-07] 1.4219( 32.046P54.437H 6.9697| 1.4074 1.420p 58.45381.4219| 1.4219 1.406P 16.088.45/1.41)23.32
20-200-04 1.4219( 53.468p21.0781] 8.4854| 22.453[15.6250( 2.7969 16.96972.7969| 19.656P15.48/53.47|1.42| 15.66
20-200-03 15.3894 54.4531{15.4067 11.2031]27.922954.468§ 1.4209| 13.907p23.7500 1.4219| 21.9854.47|1.42|19.04
20-200-04 1.4219| 1.4379 1.437p 1.3906 1.4062 1.45%31 2.§438438.] 1.4355 1.4238 1.86 4.34 1|3998
20-200-0933.877( 26.812553.5312 7.0625| 1.4375 19.92192.3281 1.4375| 31.09182.7812| 22.0353.53| 1.44| 18.55
20-200-0647.7654 1.4219| 1.437§ 1.439p 58.9062.4219( 7.0333 47.67388.2832 1.4238| 18.6858.91| 1.42| 23.40
20-200-07143.000040.203%f 1.4219| 1.4375 1.421p 47.108802.39049 1.4062| 1.437§ 1.406P 20.1@2.39[1.41)|24.8]]
20-200-08 1.4219| 1.4064 1.421Pp 1.4062 1.4082 1.4219 66.p0040062| 1.4219 1.406P 7.92 66)3041|20.58
20-200-0921.1567 2.8262| 14.080[L1.4062| 11.29691.4219| 2.7813 1.421p 8.5020 1.4238 663 2[1141| 6.91
20-200-1Q 2.8438| 4.252Q 1.423B 5.7188 2.8301 2.8906 17.p838875| 2.8594 5.685p 5.13 170942 4.46
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Table A.4.c Results of Makespan for VNS-II for m=20

Fitness| Rl R2l R R4 Rp R6 R7 R8 R9 R1Ave | Max| Min [Stde ARPE
20-50-01 1300 131 139 130 130 180 131 130 [30 |13D.313131| 130/ 0.4§ 0.23
20-50-02 131 131 131 131 131 131 131 131 31 |1311 [1331| 131 0.00 0.0
20-50-03| 1300 139 131 130 130 131 1230 130 (30 |131®.213131| 130/ 0.42 0.15
20-50-04| 130 1371 131 131 131 131 131 131 [31 ]13D.913131| 130( 0.32 0.69
20-50-05| 122 122 129 122 122 1p2 122 122 (122 [1222 [1222| 122| 0.00 0.0(
20-50-06| 124 124 124 124 124 1p4 124 124 (124 |1244 [1224| 124] 0.00 0.0(
20-50-07| 139 140 139 140 140 189 139 140 [139 |14®.513140| 139 0.53 0.36
20-50-08| 122 123 12p 122 122 1p2 122 122 [122 |122.11223| 122| 0.32 0.08
20-50-09 138 137 13y 138 138 188 138 138 [38 [137.713138| 137| 0.4§ 0.5]
20-50-10( 107 104 10¢ 106 107 1p6 107 106 [0O7 |106.410107| 106| 0.52 0.3§

20-100-01 252 | 252| 252 253 25P 253 2%3 2p2 252 252 25233 | 252| 0.48 0.12
20-100-04 261 | 262| 262 262 26{L 262 262 2p2 262 262 2pP&2| 261| 0.42 0.3]
20-100-03 261 | 261| 261 261 26 261 261 2p1 261 261 261 |261 [Z6@0| 0.00
20-100-04 251 | 251| 251f 251 250 251 2%1 2p1 251 251 251 |251 [Z500| 0.00
20-100-09 243 [ 243| 243 243 248 243 243 243 243 243 243 |243 [BB0| 0.00
20-100-09 253 | 253| 253 253 258 253 25%3 2p3 753 253 253 |253 |2BB0O| 0.00
20-100-07 264 | 264| 265 26% 264 264 264 2p5 265 264 26265 264| 0.52 0.15
20-100-08 268 | 268| 268 268 268 268 268 258 268 268 268 |268 [Z660| 0.00
20-100-09 258 | 258| 258 258 258 258 2%8 2p8 258 258 258 |258 [Z560| 0.00
20-100-1Q0 250 | 250 250 250 25p 250 25%0 2p0 250 250 250 |250 |2p00| 0.00
20-200-01 499 | 498| 499 499 498 498 498 4p9 499 499 49880 | 498| 0.52 0.17
20-200-04 479 [ 479| 479 479 47D 479 479 4F9 479 479 479 |479 [4%00| 0.00
20-200-03 514 | 513| 514 514 514 514 513 503 9§13 513 515354 | 513| 0.53 0.1¢
20-200-04 491 | 491| 4911 491 491 491 491 4p1 491 491 491 1491 |4800( 0.00
20-200-09 495 496| 496 49% 49p 495 495 4p5 495 495 49336 | 495| 0.42 0.04
20-200-0§ 503 | 503| 503 503 508 503 503 5p3 504 %03 5p304 | 503| 0.32 0.07
20-200-07 492 | 492| 491 492 49P 492 492 4p2 492 492 491892 | 491| 0.32 0.18
20-200-04 534 | 534| 534 534 534 534 534 5B3 9§34 534 58534 | 533| 0.37 0.17
20-200-09 523 [ 523| 523 523 528 523 523 5p3 523 $23 %23 |523 [5RG0| 0.00
20-200-1Q 495 495| 495 49% 49p 495 495 4p5 495 495 495 (495 [4p60| 0.00




Table A.4.d Results of CPU for VNS-II for m=20
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1" R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 Ave MaMin |Stdev
20-50-01| 0.1719 0.032p 1.0938 0.0312 0.2969 1.1094562| 0.218§ 1.2188 0.15%3 0.45 1j22 (.0319
20-50-02| 0.0303 0.031p 0.04¢9 0.0303 0.0479 0.031»303| 0.0459 0.063p 0.0312 0.p4 0Jjo6 (.01
20-50-03| 0.1394 0.687p 0.1250 0.8135 1.0938 0.0633250| 0.500q 0.156p 0.12%0 0.38 1]09 0.087
20-50-04| 1.0469 0.063p 0.0312 0.2969 0.0822 0.125@375| 0.4375 0.0928 0.2188 0.8 1/05 0(.031
20-50-05| 0.3115 0.078L 0.0303 0.0625 0.1%53 0.1354322| 0.6709 0.266p 0.18¢5 0.5 0j74 (.026
20-50-06| 0.2664 0.125D 0.2500 0.2812 0.1250 0.3969947| 0.1719 0.250p 1.0781 0.39 1J09 0¢.037
20-50-07| 1.468§ 0.156p 0.8906 0.0947 0.3438 0.1252812| 0.061§ 0.311p 0.1250 0.9 147 0.0815
20-50-08| 0.5781 0.031p 0.62%0 1.3750 0.1250 0.0322834| 0.0625 0.515p 0.0625 0.9 1{38 0.0313
20-50-09| 0.0314 0.953L 0.7500 0.3115 0.2021 0.07481104| 0.0314 0.250p 1.15¢2 0.39 116 (.03i1
20-50-10| 0.1250 0.188p 0.3604 0.9219 0.1416 0.4309615| 1.4064 0.030B 1.1719 0.48 1}41 0.0%0
20-100-01] 7.8447| 6.2969 3.531p 0.1885 4.5781 0.1865 0.403B60%4.| 8.6250 7.5459 4.04 8.3 0}1242
20-100-04 3.7354| 0.2031] 0.203 0.2031 1.3438 0.2031 0.1872040.] 0.1875 0.187p 0.7 3.74 0]1B14
20-100-03 0.5781| 0.7824 0.594F 0.3896 0.1885 0.3750 0.402¥656. 0.1865 1.328]1 0.54 1.33 0}1®36
20-100-04 0.5928( 0.2031 0.186p 0.37%0 0.3750 0.5Y81 0.1883876. 0.2031] 0.187% 0.31 0.%9 0}1®16
20-100-05 0.1865( 0.375Q 0.204L 0.2031 0.20831 0.1865 0.1885780.] 0.2031] 0.2041 0.25 0.%8 0}1®13
20-100-04 0.3750( 0.2031 1.156P 0.5771 1.9521 0.4072 0.766@020. 1.3750 0.6104 0.76 1.95 0j2D57
20-100-07 2.1875( 0.9844 0.202L 0.2031 0.3750 0.2031 5.515@020.| 0.1865 5.891¢6 1.60 5.9 0}1B.26
20-100-04 0.5781| 1.1574 1.171p 3.54¢9 0.1865 7.5938 2.9688188. 1.3438 1.5000 2.73 7.%9 0}1B67
20-100-09 4.2959( 2.7644 0.969F 1.1885 1.3281 5.9219 3.7500418. 0.3896 0.765¢ 2.35 5.92 0}3B81
20-100-10 0.3906( 0.3914 0.389p 0.7812 1.5625 0.9697 2.9388383. 0.7500 0.578]1 1.12 2.94 0]3891
20-200-07 1.5312| 34.10941.5000| 1.4688 60.18132.4521{20.7969 1.5000| 1.5000 1.454) 15.560.19|1.45|20.64
20-200-04 16.3594 4.5166| 48.81354.5469| 26.781P14.9834 1.4209| 13.469y 1.4385| 22.266615.46|48.81| 1.42| 14.62
20-200-03 1.5146( 7.515 1.500p 1.5000 1.4844 1.5156 8.§7507203|36.923419.236312.58/45.72]1.48|16.29
20-200-04 3.0312| 1.5000 1.421p 1.5000 1.4863 1.4Y07 1.4704688. 1.4844 15312 1.64 3.03 1}4249
20-200-0960.750F 1.5000| 1.5174 10.54699.7520 4.5312( 16.390$53.4844 26.6094 15.0469 26.01|69.75| 1.50| 25.80
20-200-06 13.343§ 71.002( 26.593§ 38.5801) 29.5469 17.9043 32.6875 13.4062 1.4844| 20.953(126.55|71.00| 1.48) 19.00
20-200-07 1.4688| 1.515q4 27.79691.5156| 1.4844 1.4688 1.4980 1.5000 1.4824 1.48242|427.801.47| 8.32
20-200-08 1.4688( 1.5000 1.500D0 1.4844 1.4844 1.4688 1.30006589 1.5137| 1.4844 5.31 39.¢6.47|12.07|
20-200-09 1.5000( 22.42381.4688| 1.5179 1.468B8 18.06p228.1404 9.0469| 19.46886.0332| 10.9128.14/1.47)10.20
20-200-19 9.1113| 4.6094 3.078[L 6.0801 3.0605 10.948%113| 1.437§ 6.078L 9.1582 6.p8 10.534| 3.03




Table A.4.e Results of Makespan for VNS-III for m=20

Fitness| R1l R2l R3 R4 Rp Rp R7 R8 R9 R1Ave | Max| Min [Stde] ARPE
20-50-01| 131 131 131 131 131 181 131 131 (31 |1311 [1331| 131 0.00 0.0
20-50-02| 131 131 131 131 131 181 131 131 (31 |1311 [1331| 131 0.09 0.0
20-50-03| 131 131 131 131 131 181 131 131 (31 |1311 [1331| 131 0.00 0.0
20-50-04| 137 137 13p 131 131 181 131 131 [31 |1311 (1331 131 0.00 0.0¢
20-50-05| 122 122 128 122 123 1p2 123 122 (122 |122.3]12123| 122| 0.4§ 0.25
20-50-06| 124 125 12% 125 125 1p5 125 125 (124 |12%.812125| 124| 0.42 0.65
20-50-07| 141 139 14p 139 140 140 140 141 1[40 |1400 (1241 139 0.67 0.72
20-50-08| 123 123 128 122 123 1p3 123 122 [123 |122.812123| 122| 0.42 0.66
20-50-09| 138 13§ 138 138 138 188 138 138 [138 |1388 [1338| 138 0.00 0.0(
20-50-10| 107] 104 10y 107 106 1p7 o7 107 [O7 |10%.810107| 106 0.42 0.75
20-100-0 252 | 253| 253 253 258 252 2%3 2p3 253 253 2p2B3| 252| 0.42 0.32
20-100-04 262 | 262| 262 2627 26 202 262 2p2 762 262 262 |262 |26A0| 0.00
20-100-03 261 | 261| 261 261 26fL 261 261 251 261 261 261 |261 [Z6Q0| 0.00
20-100-04 251 | 251| 251f 251 250 251 2%1 2p1 251 251 251 |251 [Z500| 0.00
20-100-09 243 [ 243| 243 243 248 243 243 243 243 243 243 |243 [BB0| 0.00
20-100-09 253 | 254| 253 254 258 253 2%4 2p4 253 254 2p254| 253| 0.53 0.2¢
20-100-07 265| 265| 265 264 264 265 265 255 265 265 2p265( 264| 0.42 0.3(
20-100-08 269 | 269| 268 26§ 268 269 269 258 269 269 26869 | 268| 0.5 0.27
20-100-09 258 | 259| 259 25§ 25Pp 258 2%8 2p8 258 258 25239 258| 0.48 0.17
20-100-10 250 251| 250 250 250 250 2%1 2p1 251 250 2p@51| 250| 0.53 0.2¢
20-200-01) 499 499| 499 499 49p 499 499 4p9 499 499 499 |499 [4R00| 0.00
20-200-04 479 479| 479 480 47P 480 479 4BO0 479 480 4y980( 479| 0.52 0.08
20-200-03 514 | 514| 514 514 514 514 514 504 914 $13 515P4| 513| 0.37 0.1§
20-200-04 491 | 491| 4911 491 4910 491 491 4p1 491 491 491 1491 |4000( 0.00
20-200-09 496 496| 496 49% 496 495 496 4p6 495 496 4p396 | 495| 0.48 0.14
20-200-0§9 503 | 504| 503 504 504 503 503 5p4 504 %03 5p5@4 | 503| 0.53 0.1d
20-200-07 492 [ 492| 492 492 49p 492 492 4p2 492 492 492 |492 [42Q0| 0.00
20-200-04 534 | 534| 534 534 53ff 534 534 5B4 934 534 %34 |534 |5B@0| 0.00
20-200-09 523 | 524| 523 523 528 523 523 5P3 5§23 $23 5p524 | 523| 0.32 0.07
20-200-10 495 495| 495 49% 49p 495 495 4p5 495 495 495 |495 [4p60| 0.00
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Table A.4.f Results of CPU for VNS-III for m=20
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CPU R1 R2 R3 R4 R5 R6 R7 R8 RY R10 Ave Madin [Stdev
20-50-01| 0.375Q0 0.108p 0.0469 0.1250 0.4688 0.1870089| 0.1250 0.125p 0.0146 O0.L7 0}{47 0.014
20-50-02| 0.0791] 0.016[L 0.01%1 0.0308 0.0y76 0.032P942| 0.0314 0.014p 0.0308 0.p4 0Jj09 (.0D3
20-50-03| 0.1250 0.108p 0.1411 0.0469 0.3115 0.4822572| 0.1558 0.108p 0.15%8 0.16 0{31 0.098
20-50-04| 0.2661 0.2974 0.2339 0.6562 0.8]120 0.4657969| 0.016) 0.375p 0.6401 0.44 0/81 0.027
20-50-05| 0.7500 0.094p 0.2661 0.5474 0.0630 0.46B0942| 0.343§ 0.358p 0.40%8 0.32 0]75 0.022
20-50-06| 0.3599 0.046p 0.0469 0.1250 0.0459 0.1089474| 0.2031] 0.656R 0.0938 O0.L7 0{66 0.0%20
20-50-07| 0.250Q 0.062D 0.35%9 0.5000 0.2839 0.6396942| 0.0314 0.094p 0.7808 0.30 078 0.026
20-50-08| 0.0161 0.0474 0.0146 0.5000 0.0161 0.01®1089( 0.0947 0.030B 0.0620 0.p9 0]50 0.015
20-50-09| 0.1724 0.421p 0.32%1 0.6089 0.0459 0.1882188| 0.0469 0.1724 0.29¢9 0.5 0Jj61 (.037
20-50-10| 0.4839 0.359p 0.0308 0.0781 0.3130 0.1400469| 0.016] 0.280B 0.04¢9 O0.18 048 0(.0a7
20-100-01 1.4209( 0.2031 0.296p 0.3281 0.0938 4.1558 0.4178938.| 0.1870 0.3750 0.74 4.16 0j0B.26
20-100-04 0.6411| 0.4064 0.219p 0.2031 0.2822 0.7500 0.3125146. 0.8442 0.188p 0.44 0.4 0]1®24
20-100-03 0.9370( 0.4074 0.313p 0.62%0 0.21)88 0.3750 1.3130938.| 0.2969 0.2969 0.49 1.31 0j0R37
20-100-04 0.6250( 0.4219 0.391fL 2.0449 0.3281 0.5812 0.§115000. 0.3130 0.516]1 0.65 2.05 0}j3151
20-100-05 1.2339( 2.313Q 1.188p 0.40%8 0.5146 0.8Y50 1.5308438. 2.7661 0.2969 1.35 2.77 0}3088
20-100-04 0.9219( 0.093§ 4.078L 0.2031 5.0781 0.7192 0.0942026. 3.1250 0.0928 1.46 5.08 0j0B89
20-100-07 0.0942( 0.092§ 0.406p 2.4618 1.2339 0.1089 0.419291Q.| 0.2031] 0.329]1 0.55 2.47 0|75
20-100-04 0.1099( 0.1089 4.469p 4.1870 0.1089 0.2178 0.0938134. 0.1089 0.0942 1.43 4.1 0|®12
20-100-09 0.6104( 0.1099 0.094p 3.6099 0.0942 3.9839 2.1253120. 0.3750 0.5000 1.28 3.98 0j0B47
20-100-1Q 1.2188( 0.1104 2.250p 3.6396 0.2969 2.2500 0.1089928. 0.1104 1.2188 1.13 3.4 0j0R23
20-200-07 0.8281| 0.7969 0.750p 0.7808 0.7969 0.7661 0.§120650.| 0.7661 0.7808 0.78 0.3 0]A&02
20-200-04 15.1724 14.5309 5.2339| 0.8130 25.0000.7969( 23.000p0.7808| 5.4370 0.7808 9.15 25|@078| 9.53
20-200-03 0.7808[ 0.7804 0.796p 0.7500 0.7500 0.7500 1.515@83%.| 1.5156 0.703]1 0.98 1.2 0]".36
20-200-04 2.2969| 2.9521 0.750D0 3.01%6 2.2500 0.7822 4.407285%.| 2.2500 2.2656 2.25 4.41 0}7h09
20-200-0§ 0.7656( 0.750Q 0.750p 22.67P0.7354| 3.6874 0.765p 0.76%6 29.85®7500( 6.15 29.8.74|10.78
20-200-0629.217§ 0.7500| 9.5159 0.750p 0.7334 34.5787.6094 0.7354| 0.7500 2.1406 9.8 34/%B73|13.00
20-200-07 0.7656( 0.7184 0.750p 0.8281 0.7188 0.7656 0.7658188. 0.7656 0.7500 0.75 0.3 02203
20-200-08 0.7646( 2.2814 0.750D 0.7344 1.5146 0.7188 0.7506000. 0.7188 0.765¢ 1.05 2.28 0j1254
20-200-0915.6094 0.7812| 12.51565.9219| 2.2500 0.750p 5.1729 23.3757500| 16.156P8.63 | 23.380.75| 7.78
20-200-10 33.1404 3.1094| 4.4074 6.6094 26.500Q.2031( 12.468B811.0469 2.9219| 0.7500 10.3383.14/0.75|11.06




APPENDIX C

LOWERBOUNDS FOR PROBLEMS

Instance OPT> Instance OPT™> Instance OPT™> Instance OPT™>
2-20-01 492 5-20-01 128 10-20-01 87 20-50-01 103
2-20-02 429 5-20-02 173 10-20-02 79 20-50-02 99
2-20-03 401 5-20-03 148 10-20-03 82 20-50-03 106
2-20-04 477 5-20-04 176 10-20-04 75 20-50-04 106
2-20-05 411 5-20-05 144 10-20-05 76 20-50-05 95
2-20-06 458 5-20-06 164 10-20-06 88 20-50-06 99
2-20-07 507 5-20-07 184 10-20-07 81 20-50-07 115
2-20-08 369 5-20-08 171 10-20-08 88 20-50-08 96
2-20-09 560 5-20-09 194 10-20-09 91 20-50-09 116
2-20-10 439 5-20-10 168 10-20-10 98 20-50-10 g3
2-50-01 977 5-50-01 420 10-50-01 246 20-100-p1 104
2-50-02 1089 5-50-02 395 10-50-02 202 20-100-p2 202
2-50-03 1119 5-50-03 395 10-50-03 184 20-100-p3 201
2-50-04 1147 5-50-04 413 10-50-04 179 20-100-pD4 192
2-50-05 1111 5-50-05 468 10-50-05 217 20-100-p5 186
2-50-06 1039 5-50-06 459 10-50-06 202 20-100-p6 197
2-50-07 1043 5-50-07 364 10-50-07 207 20-100-07 208
2-50-08 1053 5-50-08 365 10-50-08 225 20-100-p8 207
2-50-09 1030 5-50-09 374 10-50-09 200 20-100-P9 197
2-50-10 892 5-50-10 382 10-50-10 183 20-100-10 191
2-100-01 2338 5-100-01 872 10-100-01 353 20-200401380
2-100-02 2087 5-100-02 806 10-100-02 410 20-200402365
2-100-03 1781 5-100-03 671 10-100-03 397 20-200403392
2-100-04 2037 5-100-04 863 10-100-04 36(Q 20-200404373
2-100-05 2305 5-100-05 767 10-100-05 398 20-200405377
2-100-06 2187 5-100-06 764 10-100-06 382 20-200406383
2-100-07 2074 5-100-07 741 10-100-07 37(Q 20-200407375
2-100-08 2314 5-100-08 814 10-100-08 378 20-200408406
2-100-09 2199 5-100-09 769 10-100-09 368 20-200409400
2-100-10 2309 5-100-10 739 10-100-100 388 20-200410376
2-200-01 4308 5-200-01 1745 10-200-01 774

2-200-02 4052 5-200-02 1573 10-200-02 784

2-200-03 4334 5-200-03 1569 10-200-03 739

2-200-04 4105 5-200-04 1472 10-200-04 78(

2-200-05 3993 5-200-05 1655 10-200-05 778

2-200-06 4269 5-200-06 1592 10-200-06 811

2-200-07 4289 5-200-07 1600 10-200-07 737

2-200-08 4300 5-200-08 1569 10-200-08 798

2-200-09 4307 5-200-09 1605 10-200-09 784

2-200-10 4110 5-200-10 1563 10-200-1/0 772
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APPENDIX D

LPT RESULTS

Instance LPT Instance LPT Instance LPT Instance LPT
2-20-01 574 5-20-01 162 10-20-01 113 20-50-01 136
2-20-02 501 5-20-02 219 10-20-02 103 20-50-02 131
2-20-03 468 5-20-03 188 10-20-03 106 20-50-03 140
2-20-04 557 5-20-04 223 10-20-04 98 20-50-04 140
2-20-05 479 5-20-05 183 10-20-05 99 20-50-05 125
2-20-06 534 5-20-06 208 10-20-06 114 20-50-06 131
2-20-07 592 5-20-07 233 10-20-07 105 20-50-07 151
2-20-08 431 5-20-08 217 10-20-08 115 20-50-08 127
2-20-09 653 5-20-09 246 10-20-09 118 20-50-09 153
2-20-10 512 5-20-10 213 10-20-10 127 20-50-10 109
2-50-01 1140 5-50-01 532 10-50-01 320 20-100-p1 P56
2-50-02 1270 5-50-02 500 10-50-07 263 20-100-p2 66
2-50-03 1306 5-50-03 500 10-50-03 239 20-100-pP3 65
2-50-04 1338 5-50-04 523 10-50-04 233 20-100-p4 P53
2-50-05 1296 5-50-05 593 10-50-05 282 20-100-p5 P45
2-50-06 1212 5-50-06 581 10-50-06 263 20-100-P6 P59
2-50-07 1217 5-50-07 461 10-50-07 269 20-100-p7 74
2-50-08 1229 5-50-08 462 10-50-08 292 20-100-p8 P72
2-50-09 1202 5-50-09 474 10-50-09 260 20-100-P9 P60
2-50-10 1041 5-50-10 484 10-50-1( 238 20-100-10 51
2-100-01 2728 5-100-01 1104 10-100-01 459 20-200¢0500
2-100-02 2435 5-100-02 1021 10-100-02 533 20-20040280
2-100-03 2078 5-100-03 850 10-100-03 516 20-200{0516
2-100-04 2377 5-100-04 1093 10-100-04 464 20-20010491
2-100-05 2689 5-100-05 971 10-100-05 518 20-20040896
2-100-06 2552 5-100-06 968 10-100-06 496 20-200{0604
2-100-07 2420 5-100-07 939 10-100-07 481 20-200{0494
2-100-08 2700 5-100-08 1031 10-100-08 491 20-20010834
2-100-09 2565 5-100-09 974 10-100-09 479 20-200{0%27
2-100-10 2694 5-100-10 936 10-100-10 505 20-20041@95
2-200-01 5026 5-200-01 2210 10-200-01 100

2-200-02 4727 5-200-02 1993 10-200-02 101

2-200-03 5056 5-200-03 1988 10-200-03 961

2-200-04 4789 5-200-04 1864 10-200-04 101

2-200-05 4659 5-200-05 2096 10-200-05 101

2-200-06 4981 5-200-06 2016 10-200-06 105

2-200-07 5004 5-200-07 2027 10-200-Q7 951

2-200-08 5017 5-200-08 1987 10-200-08 103

2-200-09 5025 5-200-09 2033 10-200-09 102

2-200-10 4795 5-200-10 1980 10-200-10 100
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APPENDIX E

EXAMPLE OF A RUN'S EXPORTED DATA

Example of a run’s exported data (1 problem’s (3x20 2" 3% and &'
replications results obtained with VNS algorithm)

Pr obl em Nane. ... =2-20-01

Replication Number........ =
Seed=8569 Iterati on=50 Popsi ze=100 di nensi on=20

CPU in seconds............ =0. 0000

G obal Fitness............ =567

8 0 16 14 15 2 13 3 12 9 10 19
1 5 11 7 17 6 18 4

Pr obl em Nane. ... =2-20-01

Replication Number........ =
Seed=8570 Iterati on=50 Popsi ze=100 di nensi on=20

CPU in seconds............ =0. 0000

G obal Fitness............ =567

19 16 2 5 9 10 3 17 6 8 12 13
7 18 4 15 11 0 14 1

Pr obl em Nane. ... =2-20-01

Replication Number........ =
Seed=8571 Iterati on=50 Popsi ze=100 di nensi on=20

CPU in seconds............ =0. 0000

G obal Fitness............ =567

6 18 0 11 3 8 15 7 17 16 12 5
10 19 2 1 13 9 14 4

Pr obl em Name. ... =2-20-01

Replication Number........ =
Seed=8572 Iterati on=50 Popsi ze=100 di nensi on=20

CPU in seconds............ =0. 0000
G obal Fitness............ =567
18 11 9 16 8 2 3 4 10 13 19 14

1 15 5 7 17 0 6 12



