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- WO 2007/070012 PCT/SC2006/000382 METHOD AND APPARATUS

FOR ALGORITHM DEVELOPMENT ENVIRONMENT FOR SOLVING A
CLASS OF REAL-LIFE COMBINATORIAL OPTIMIZATION PROBLEMS

YRR HBEINVENTION The present inyention relates to theHiele6006/000382
integrated problem-solving. More specifically, the invention relates to a

systemyteat-rl i RMARLQf ' | |
the%%z%bil%ﬁ% "E%ﬁ’fﬁﬁ%"&%%f? I & SR TR R M
me RIGENIERR RP LY MRS PhARH 9 REASLIFREGIMBINATORIAL
applications of combinatorigirogtifizetieynerpitsglSsffis approach of
customization of the algorithms is carried out with minimal effort in coding
while delivering outcome in the form of algorithms that are efficient in
s&lﬁﬁ@éﬁ?\lwaﬁ%w&problems. In one form, the invention relates to
configur j it A) to provide solutions for supply chain_
15 manane oo eSS Y o et sherisar soving
iM@ﬁ%Gﬁ%*fﬁ%ﬁuuﬂhédﬂmﬁ&mwmmm%ﬁﬁﬂhﬁﬂ RibRS fbhene rapid
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li rig.problems correspond to classes of combinatori optimization
p%egégr&gs {RSE Hé%&%%%ﬁ%ﬁggﬁr&}g&ﬁ%@r%@nﬁé e wikheméignaiatiert in
preBiegvihdecdstieering oataputatiotia: complextysrtiaseryobiensitendsn
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problems termed as N e

JitiHigiRh D EsheHesatantitimatG ANy nrovctabid direxactempyesasve

anprRRRMESHD IS HSH it : re, heuristics as_ .

v‘vell agfgn a-heuristics rgi.g,c?;l agp?p%oaagglrgg; a\(/?eft?]s%rg%a ge%gggé freeaipa s not
'Ees i fﬁﬁ?riﬂﬁ%uick and efficient solutions for 30 these problems.

EheSKaRDuEDeARTe classified as approximate solution approaches,

and therﬁlgo&i.tshcmg are uaélg non-deterministic in nature, Examples may

include evoluflonar@%%#ﬁfl? putsihisaseaciicrigmoceaswabout due to the

XeTiizaiue ® Coam200e/a0Q888Iems by the inventors.

In the last few decades, there is a tendency of an increasing number of
applications of combinatorial optimization in real life scenarios. Quite often, these

~real life scenario problems correspond to classes of combinatorial optimization
problems that have been categorized in literature. As the dimension of the
problem increases, the computational complexity of these problems tends to
increase exponentially. These problems belong to a class of problems termed as
NP-hard. The NP-hardness renders these optimization problems computationally
intractable for exact enumerative approaches, or deterministic algorithms.
Therefore, many heuristics as well as meta-heuristics based approaches have
surfaced to address the needs for configuring quick and efficient solutions for
these problems. These approaches are classified as approximate solution
approaches, and the algorithms are usually non-deterministic in nature.

Examples may inciude evolutionary computation, simulated annealing, tabu
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2 search, neural networks, adaptive greedy approach, and more recently
swarm intelligence approaches such as ant colony optimization.

owever. in order to harness the capability of these algorithms to solve
reaz\ﬁﬁf/e&{??g%llems, one is usually required to put in consideraBfer&Hetes]
5 designing, implementing and customizing the algorithms to suit the
Egggi ic Rg.&l‘gr o£ the%)rob(#emhdomain, Conventional algorithm

Svelopmant procaeLes AP ShERU QR FEC Shre verest swarm
geabicatiore angmadificatioch whishtisotedioustangdmeflicient. With these

considerati inmind, more and more people. turned to developing
platfqrrﬁé\}t‘}g ?ggiﬂf{aq(g&gﬁé i e%‘ﬁ 'nya??oﬂl%)sﬁr%ﬂ%gg%‘ﬁ%éowe
prablisspOblsansculne iistesiliy thguitesstoiprobleamspiviagic efforts in

[FIVRENLS, | If; i algorithms which has attracted a laot of
O e B TR SRSl e navre

ghibaapadievuinaitentanypatitnatioly sitbrendéy plesanted radtieBes tend to
HaeEIiRO AQrlzerking. el | 15 However, this,
i?\elfgntioér?éi?exclusively deééi]fgie%@%ﬁé%ﬁ?ﬁ%@&@éﬁ%?m Wh'gh 1S

Btk &HnRIsehoV Bt ihmsr s PrsisRIRHERe sl piotlenosolridgnbre people
WrBe®ad. MOcBB B2 s PcafacNﬁ’fa@bqg@ngrﬁ!%gae?%géﬁﬁ%nt and

Int rationiand Design Optimization Software and Hierarc
E@%ﬁ&t’%‘ﬁa?r‘&m@rf’d.ﬂ%%?ﬁmg Ragficulpdiinterent iRy sbtgsatproblem-solving
_pnyirts_rmnsomihg/eiv;w@_&;:mnt&aamﬁhym%iwghwﬁmwaﬁr%@@&gg‘R?(tjlof

| rit are presented. They provide a user-friendly
H%%Hgm g&@?&ﬁtg.ﬁgnerﬁﬁ a%%m%#

interface for exploring variods Bfitdols for solving different

optimizatié B pratidves being, 426 essedafiie dapepbplaiferoptineiinses
: i i h h he effici f
é*g}@t@ﬁ@@@ﬁ%@%ﬂk@%{'%ﬁ?ﬂ%‘&&@%@é‘ ISHEDG %ﬁé)igtgﬁﬁé%%%{?ywe objects.

groblem-so!V|ng greatly. Howeve se’softwar
MRYEHS iIBMeREAMBrRXCsivaln Jadisatesl dortives win e cenfigored|

apshrxesetiedt abisiently dfdb %ﬁ?cﬁﬂYéﬁ?C’L ek Brelag rﬁgge%%}gego G ends on

00382

the en}irﬁg{stem. For aé)glicatlons wh uire e edreal-tfme
solver it TS N R/ #BRMRRt bBe b Alot\stich, RS b finoy Rnbgsre
laregffition SADESIONO PIRGEANL RS SAMOG Lt

: B e Fl e 0 tonary.

el R, SHEIEth S athn SEMRE pomeleot Spbngemvronmonts
withivazatisrotetiiigtios, techatoulararneig JestBmRHAME St BIRSnted.,
Tth'éysggPo%glgcbrggrq}r%(r?&lf/t%énﬁggg%?ee’xglgzirliﬁé ?/aarciiongg %Sp%ihrgizaﬁon tools for
solving different optimization problems being addressed. This class of platforms
facilitates the process of algorithm design and thus enhances the efficiency of
problem-solving greatly. However, these sofiware tools are essentially simulation
environments. Though various algorithms can be configured and executed
efficiently in these environments, the execution depends on the entire system.
For applications which require embedded reatime solver, this class of
environments does not offer the flexibility to configure an efficient stand-alone
program, albeit a turnkey problem-solving algorithm. In U.S. Pat. No. 5,681,657,
distributed éomputing technology is introduced to enhance the problem-solving
power of existing optimization techniques, in particular genetic algorithms.
However, since it is still an algorithm executor in essence, it fails to address the

need for quick generation of stand-alone problem-solving algorithm.
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need for quick generation of stand-alone problem-solving algorithm. WO
2007/070012 PCT/5G2006/000382 3 In U.S. Pat. No. 6,286,017, a

graphical environment, which assists users to generate the stand-alone
appeetionaapidly, is presented. It contains a modular library pehichisue 000382
managed by spreadsheet, and adopts otlger software reuse technology.
Users are able to retrieve the procedures from the library with the 5

friendly G iBpferidds. Bmiﬁlwwr@ﬁgﬁ@m{@ﬂéﬁ%éé%@ users to
applicat tad au . Hawever, this invention only
T O ELLOl e E By s & moduiar

deSIgH%rBWREIgEnarReRsidre Shiergsheemeetitadomedstol sofitione rouse
mesbeelogy, When<Camrisr RIgeripsik ?&%%ad!}?e%r%?nstﬁt%m%ﬁgrﬁvith the

0, TOMLAB is a general optimization environme

d(%v.elo e%@é . L

MA‘?E%,' L tRroMiisy Beseshen B eopibesdwisic seiactmos alates darious
optiiization iprgeesiates, Adebsig ARMRIRYARIA-REUIIRIGS; ke 2 genetic
al%oerli‘g}gn. It msupposedl %es it eﬂng for usereé ?f%éﬁﬁ%eﬁig ac%tresses
integrated procadured’ hgg Giried 9 ¥rive apvanlegsiiieasesiontadotetge.
ofT%tﬂxﬂfereodesawowemeet itHEbreRiRiob Osharle ﬁk@%%&%ﬁ complex

a icall 3 . has to deal with the functional programming
Ia%qgl%%ﬁ%g.‘%ﬁﬁ%ﬂ%@p&%’%mﬂ%ﬁ%éﬁﬁﬁfd aRR¢is a big obstacle for
users wHEMERRds BeorenmatdonplitnikEABhAB Vroatage inFuETemeore; it
resiyeesidl t lye third party software environment, i.e.
MATLAé.lﬂ oﬁf@? %ﬁ%g%n%\{ vcﬁﬂﬁ§ Saﬁf HORIRHY PRERA iR
higiRELI et riBe!idige s8e alan casse- tetiistpe tificatigmofie vijuiionayy |t
akgossbea dksetie i r outings from
W%??‘g&oﬁﬁk e Y e RS s anc
ERS e?a%g%‘ﬂbﬁ%ﬁ@o?ﬁ@iﬁ%’&%#ﬂé@@lﬁﬂ%&%@@miﬂnﬁeihaemws it
tieemoonygitediay FoSEAeoTHIRS ustiallehy R BISUTARIS 5bal with the

fi [ compiled and linked with the corresponding library to
o 5 BB AL A RRERERTWhgRnage. Tris is &

sb'@cﬁ@ianl_etf@f orgmatieafienyTmis bayaiiigaNashi RHqUEOdRSuage.
K L e e R
HOWEQBMEAG ERA, A eEhs 30 another similar language: Evolutionary
AlgoritheebedbagitAmaHaeR SNG4 Algorithm (EASEA) is a high-leve! script
language dedicated to the specification of evolutionary algorithm (EA). It retrieves
various EA procedures and routines from well-known EA libraries: GALib and EO.
Users compose the .ez file in EASEA language for configuring an evolutionary
algorithm. The .ezfile is then compiled by EASEA compiler to C++ files. The
generated C++ files are in turn compiled and linked with the corresponding library
to produce an executable file implementing the evolutionary algorithm specified in
the original .ezfile. This way, the most tedious codes generation job in algorithm
development may be avoided. Therefore the efficiency of application
development may be enhanced significantly. However EASEA, as well as
another similar language: Evolutionary Algorithm Modeling Language (EAML), is
still a form of text-based language, though it is of a higher level of abstraction than
any functional programming tanguage. These two script languages both require a
specifically designed compiler-to translate the script language to a functional



10

15

20

25

30

still a form of text-based language, though it is of a higher level of

abstraction than any functional programming language. These two script
languages both require a specifically designed compiler to translate the
VEBr78014YIage to a functional WO 2007/070012 PCT/SG2008003:3886/d00382
programming language. Furthermore, it 4 necessary for general users to

be familiar with the syntax of the language. Any discussion of documents,
BEFERE RS ¥ dEwWRdGETHaHROhetikoaticrsisindocgehto Expais taehe

eonigxt afithendvontignolisbouidgibe 5 taken as an admission that any
of the materiag| forms a part of thé prior art base or the common general

knowleag¥ it FfeHRSIQ0arft a ey BlaReforeddassorigotiatelofktimviedge in  this
diseitfiatonnid Haimsdderei A IMARY Rk Wﬁl?ﬂh@é\‘xﬂi%@e?_?@{ouid not be

.the present invention provides a data structure for 10 configuring a
%%g%’i&‘&%&%?ﬁ%ﬁ'&ﬁ‘t 5 E’é@’a?éﬁ%d&?ﬁfﬁﬁﬁ#&@%ﬁ/meaﬂ féaBedtitor art base or

thsmi iafeptimiZatmqtgblient andiseifoss aﬂ@m@@t%ﬁ%ﬁb‘%m of
ﬂ@&@#ﬁssﬂbg gﬁ&acﬁ%%t re is a tree having nodes associated with ways

of contiguring the proce ur?ﬁ'&t)mponent. A traversal of the data tree
SSHEMAIRY O BBIENTEPNonfiguring the procedural component. 15 A

user is t ode-by-node by a traversal

N N BV Gl i A
Bifigutng Biffss AL AYRPORES ehsdatemaiyerithiclicosse/ihg at least one
snieinalaiapdibimiakien Beuiol, Bl SHeHUEL R, TS Makes Dassibie

a,( eneric software system, which provides an open a ?rlenaly ihier Se;
Seﬁ?é?}ﬁﬁa- js?b?sdﬁ}%qﬁ BRHER g dre2barine brsimass erligteithmtbasags of

cutitomimethe dobesyiand awomasical aREIZS JPfSUNIgYK %%r%ﬁgb%ds |
tﬁlg%gthm fPr sr?\#vm%ﬁquss of combinatorial optimization problems. The

class ot probfeme iR AIReaAU&! GPBROISSolutions can be
repres@riteerds jserthutatibnfeiring situetties nddishsRealis e xRrasei Of
R R R relGF LB S AE R A a0 ptons. Some
Ydhtopriionaliophinizenien whishleteidheinethoidreropteyingtfayeaeh aigorithm
MRS AR A AR LSRR sy,
which provides an open and friendly interface: enabling users to quickly configure
an evolutionary algorithm based solution methodology and automatically optimize
the configurations of the algorithm for solving a class of combinatorial optimization
problems. The class of problems addressed is those where the solutions can be
represented as permutation string structures.

A first specific expression of the invention is a method of configuring one or
more procedural components of a search algorithm for solving at least one
combinatorial-optimization problem, the method employing for each procedural
component a corresponding a data structure representing ways of configuring the
procedural component,

the data structure comprising a plurality of nodes associated togetherin a
tree structure, a plurality of said nodes representing respective choices which are
to be made to configure the procedural component,

said method comprising configuring said procedural component by
traversing the tree structure by & traversal algorithm in which a piurality of said
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the data structure comprising a plurality of nodes associated together in a
30 tree structure, a plurality of said nodes representing respective choices
which are to be made to configure the procedural component, said

wethpeeemprising configuring said procedural component by, thaversingooss:
the tree structure by a traversal algorithmin which a plurality of said WO

2007/070012 PCT/SG2006/000302 5 nodes are labelled successively as
Qrﬁbﬂé@'&r@%ﬁeﬁé@sH&%h%ﬁPéf@ﬁtmtrﬁBE%s,eaﬁ@%ﬁa%. NEEWRIER 11ode
is to be made to configure the procedural component, Fecelving input

MRS THEEhBiIERYEp Bk By P EaGRdRIaRdig U dhe arcaastagtive
poimhpb tleeimezaiidnCRpEXBFRFERS IR RIS SfR A BAB I IMSIO! node.

useint rrpnethodFt SBecificalli/réa alternative expression of the invention
is a data StUCtUrR "5 ALE ko Tn%m’?h@\éeﬁff%baﬂﬂa@%é%&f@ﬁéﬁﬁdﬁ derms of a
sdatelstalgivithrio fassdivihg atetaast one combinatorial-optimization

proble rein.the data structure comprises, a tree structure
represgﬁ.telgr%%é%%gb?enc%%%@ﬁrg{ﬁo%)ép(g? LOB, BRI CTH D I Boriiar gructure
ther lgeritrianfigs!treesrastede eocprisiogeat pimasangdelEePBse RSN Iving at
the ; ithim, first nodes stemming from

e e B e TR Ao
rEPrERERARG HiFe St HrEcTBbRSeRlingopdistiblegctdiproetdusadf the procedural
commpenest ef (i AIBEARARY RAAFISRIATANIDEMG i more choices

which are re&gir% configure the Frocedural component one or more
second hbHEE SLERRMRR o BRSO ARiteidheigenatn in the

case of ansasOrOAFN R SLESTSTIRGIP ot REBIRAL0 I8 SPRo8ECRAHN first
of the corresponding options, and in the case of a

B A ARl oS B et Al S ARSI
orntigLebgbepoivesiutal attenativetesplEssiORopEIE nowRNENdS hiakone or

SR R AR R R e

data stroRtuPe iR d tredestemolr steepraisg o) possiflehe first nodes,
S SR AL A el e v
second node represents one of the corresponding options, and in the case of a
second node stemming from a property node the second node represents one of
the choices.

An alternative expression of the invention is a data structure for use in
configuring a procedural component of a search algorithm for solving a
combinatorial-optimization problem, wherein the data structure comprises a tree
structure representing possible configurations of the Component procedure of the
algorithm,

the tree structure comprising a plurality of sub-trees linked together in a
hierarchical structure:

each sub-tree being associated with a corresponding aspect of the
procedural component, and being one of:

a variation subtree associated with a plurality of options for configuring the
corresponding aspect of the procedural ¢omponent, or

a property subtree associated with one or more choices which are required
by the corresponding aspect of the procedural component.
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hierarchical structure; each sub-tree being associated with a

corresponding aspect of the procedural component, and being one of: 30

a variation subtree associated with a plurality of options for configuring the
WerregHEtlihg aspect of the procedural component, or a properE/ L0382
associated with one or more choices wifich are required by the

correspon ing aspect of the procedural component. WO 2007/070012
PCT/SH&2 08826 ffhe i mﬁwtagmqh@mmﬂ mdatmm‘rmm\mi&,&se in

aeiaigfanmah RgUsen ﬁﬁ@&%ﬂ@%%mgﬂﬂmf problem wherein

%%malnaéorlal optimization problem wherein the dat orma co prises
{1 WA ARIFALHRTRESSR R RS SHivpiHEn g & irmali et oereatapdsing:
least onefinsrpadsagiedsiemming from the primary root node; at least one

second l{(?otsr%ode Iemmln from the first root node wherein the at least
one sefond fodt A ‘&% 58%%%%%%?%@8?“&) UG G iR BhEomistodet

node; k@téeasidmposebngcﬂcrmemh mgfmtf@lﬂraﬁﬁh th&r%és@s%g;a@%erein
C roperty, on to each variation for the first root node; d) a

#gedétg%%r%%g%os %8%5?@ CEHmME IR LG \%Igglon for the first root

node; &) & fariaéipfirkirtu ficdephtafither second root node; 15 g) a

NULL | @r}{gggr e n provide ethod of

conflgurlng at Ieast oné %oﬁ%é?gﬁ érci]#n%}%]r%é'ntngf O%ﬁ‘l?rlg%ﬁ:t 5%%88“‘9’

proced®iré RSPRREY ﬁ%@ﬁ@aﬁ%&a@mwﬂtmmmﬁm avdeasiene
combingtanaderseaiCR R rﬁ@SQHJQ%rﬁHSﬁ%OQ&W%ﬁQHj for the first root

component comprising a tree structure 20 having variation no
P%rty nodes, said method comprising traversing the tree structure in

accordaneduviibrifiesfot@wingisteps: a) selecting a sub tree comprising a
root n temming fro rimary root node of the tree; b) selecting one
node oflscjamin%ﬁl fISO EF8§) 3

) a NULL.

!n another aspect the present invention provides a method of configuring at
least one procedural component of a heuristic search procedure for use in
generating an algorithm for solving at least one combinatorial-optimization
problem, the at least one procedural component comprising a tree structure
having variation nodes and property nodes, said method comprising traversing
the tree structure in accordance with the following steps:

a) selecting a sub tree comprising a root node stemming from a primary
root node of the tree;

b) selecting one node stemming from the root node;

¢) determining whether the selected one node is a leaf node or a root node
for a further sub tree:

d) if the selected one variation node is a root node for a further sub tree
repeating steps b) and c) for the further sub tree:

e) if the selected one node is a leaf node, returning a value of the leaf node
to configure the procedural component;

wherein steps a) to e) are performed such that precedence is given to
variation nodes over property nodes.
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25 c) determining whether the selected one node is a leaf node or a root
node for a further sub tree; d) if the selected one variation node is a root
node for a further sub tree repeating steps b) and c) for the further sub

eeioe)/shbbe: selected one node is a leaf node, returning a vayerfthfc/oo0ss2
leaf node 30 to configure the procedurad,component; wherein steps a) to

e) are performed such that precedence is given to variation nodes over

propertp radem YV AL ARHAFNOIRP CHFHRAMS 00382 I AR ARl o ey brid

al gg{hmimarﬁ comprise a genetic algorithm and/or ghybrld genetic
aﬁgorl & 9R her aspect the present invention provides a method of

configuting m@mm?ﬁa%mi@m@fmw?hw&i@iﬁwag% é]@ﬁﬁguring a
ISIN e Steps of;.a). providing an initial population o
e B S

géersi©flgorithm; b) evaluating the population of chromosomes based on

a fitnesg fUpGHam ignate members of the population as a ,
parent géﬁ erat?on%%énc?)ﬁg%r/ﬁ? ﬁ‘:‘% g%?‘lé%f%%rpé) a%rrr]\gﬁcp%%@rg Pﬁﬁ%&ﬁ‘@ dpdRective
thessiriereedistrationsieftisrosneticanlotidiiring generation; d) updating

the powlmm%%t%mlm%}%ﬁwé%%grb‘gggdt%ﬁ £ ﬁin%gsts function to
generatlon, e) determining whether a termination conditionis met tor an

Y dPsgRma Aemas e pEHimpastjssian ey namhgaseamsitiaition
conditia) p't%ﬁ*tﬁ'mlﬁ@@f@@*?ﬁ@r@%@%ﬁb%ﬁé@éﬁ%%ﬁm%%Q?’éﬂ?%?geraﬁon

paratlés ada teg to .configBure at least one procedural component

Eglﬁﬁgﬁjc K&5r2H BPSELGSE898P 8L generating an algorithm for solving
at leastnpdaiingitiesquiau ption zetie thaOasiiem gsalsARNAEMer with the

ﬁéggé}%&)%ssor means adapted to operate in accordance with a
gre%e etmined Instruction set, said apparatus in conjunction with said

instructoiieksbining adwited toipenioaticheoretiiod asndisctosedupeartiy
population;

f) repeating steps a) to e) until the termination condition is met.

In a preferred aspect the present invention provides. apparatus adapted to
configure at least one procedural component of a heuristic search procedure for
use in generating an algorithm for solving at least one combinatorial-optimization
problem, said apparatus comprising processor means adapted to operate in
accordance with a predetermined instruction set, said apparatus in conjunction
with said instruction set, being adapted to perform the method as disciosed
herein.

In another preferred aspect the present invention provides a computer
program product comprising:

a computer usable medium comprising computér readable program code
and computer readable system code embodied on said medium for configuring at
least one procedural component of a heuristic search procedure for use in
generating an algorithm for solving at least one combinatorial-optimization
probiem within a data processing system, said computer program product
comprising:

computer readable code within said computer usable medium for
performing the method steps of any one of the methods as disclosed hersin.
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In another preferred aspect the present invention provides a computer 25
program product comprising: a computer usable medium comprising
computer readable program code and computer readable system code

- VernBYadoan said medium for configuring at least one procedumbG2006/600382

component of a heuristic search procedgre for use in generating an

~ algorithm for solving at least one combinatorial-optimization 30 problem

within & cieed eessintsysteof, thaith casepuievaibaiamreddpelssible to

isSing. le code within said ¢ uter usable medium |
e e T VMBS oL iaprovide
REFEHNTVWOY deuTieFDe 10 FOTIBG2eRE1ID0RSR aB:Reaicant for solving real-

o de HDG2ABHIN0RSE B Rocitivknt or so
g R s D

B%Yfff?ﬁmﬁ%eVéRfEéf%%E%ﬁfi@iﬁﬁra@@imﬁﬁSQhM afeuerfibRendorsotving
reRiwlidel 9 WRiZRIPRHRIRRISIENS HYdPE8Rs Bk egr g&%@,ﬁﬁ%ﬁ{gé@m rggay use
ofound bac

ah%ré?\//llir%nment. Users or system integrators with no p groun

RUGETLY SYMHAHIR BRdigRnsiathsoerarticakicsitivrolieniiaag ek any of
thayheseistivs platfeta i nankg sroenibasbeiaie.e Sanrlimalaerithn reshult is a

Q%ék%r&d_iaz‘ed with any of the heuristics or meta-heuristics provided for in the
environ r%@ﬁt?ﬂ%%@s%ﬁﬁ%fate&%-%i%ﬂg KOG PR dRYRl el grReficsiions.
Usgrhiguldre misenapexiiiatitns (t0dusermies e Joiniraasesingatiar:

: [ ted. ram for . solving various problems of "
R e B R R i evalgrain specirc
%W@%Mééh?_fﬁgumpﬂﬁ@%ffﬁiéa oyay, digoeitficiedey elogipwitiiis development
RraneRd ARO[ BRSOl T YROLARS RALHAIY AARIGEDIE 19, e
the class of optimization problems with a permutation SO THON e e ure,

clres eiepisrigissrrabiams Wil arepiobetinmsaly benfstraatatedsisce the
POITILRHPFEHiNEs 2 NS5 BERIALSARY B@efsrfﬁma&?&% énﬁgggﬁéw_%ﬂmg.

are dis§ sed in the specification and’/ or defined in the appen claims,

forming’d Fa AL BREATBIRIRES: BrpPRRisrrioiaivanianaaredhenpsed in the
spabifiiatieniszoidhe gressndaventies REYEIRIBI20AHELeS Mling a part of the
ggé/arilt es a d/ar advantageous res_ults, as follows: 1. An integrated
proBfer-SORnl%eelﬁ\\/ﬁ%ment for design and

In particular, certain embodiments of the present invention provide a
number of advantages and/or advantageous results, as follows:

1. An integrated problem-solving environment for design and
development of efficient algorithms for soiving complex optimization problems.

2. The environment relates to a development platform for designing
and configuring variants of hybrid genetic algorithms.

3. A genetic algorithm development platform focusing on a class of
widely applicable combinatorial optimization problems whereby the solutions
structure can be represented as permutation string.

4, The genetic algorithm development platform further comprising a
module-based procedural library.

5. The module-based library adopts a novel hierarchical tree structure
of left variation-right property tree structure as a means to manage and organize
the procedural modules.
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development of efficient algorithms for solving complex optimization
problems. 2. The environment relates to a development platform for
designing and configuring variants of hybrid genetic algorithms. 25 3. A

genafieankthm development platform focusing on a class of WideNos/0003s2
applicable combinatorial optimization pr(yolems whereby the solutions

structure can be represented as permutation string. 4: The genetic

algorithg devetgemeRk t RIBRE le-based
procidural library %OHS%QQ%%E%%& : lléf\ég:gigt(j@rg\%:eher ?o“nprisea high

HRRYE @ﬁ?éﬁl'%é"%ﬁﬁ&%a%? f@ﬂ%ﬁ?f&fﬁﬁlﬁéwﬁﬂ)géﬁﬁ’fmwmbmﬁe as a

means @ marrage @@@mmwger e mieseduRbERAUES N tion of the tree
07/ 70%12 PC /9G2006,000302 9 6. The genetic algorithm

eve rtappa(?f Tt %ﬂﬁlﬁﬂses high level graphical user
interfacé. for cafiglaingzhiitic- ggheﬁm@@qwtmg%ﬁu&b%g@m%b#&ﬁrses a left

li fth t t f | th
N R e e S A eRRie fiptaper with the
PRPISEY ddeftraveisionigyitepdty tresr tulecfmrir@eetﬁ@hd'rhlgurahon of an
A1 W oA Wl S s et e, s e

user to complete the con o} on of an algorithm y ?@ﬁg along the
hierarctfical trd&@mersiitreased liprayyrie dalestasednilaipcisbastatidramework.

an objegtroriepted fRMEYRIK gd Bt Wﬁqscggestg%%gge Which ifone

able to %enerate stand-alone_program based on user

CYRRY E&ﬁeam.&?ﬁ{pﬁf@ﬁ%ﬂ?@ocsaﬁaarahomeaw@dfeal@rmmea based on the

mb@d&dm@ﬁ\ﬂé@r Ay ANE- s 88 Mealfe BRI WiSovd tree structure.
Goal- seietklng d C stonézatlon of the program is generated by

the
source codes gﬁe?ﬁ% ’ BRﬁHgC%F%WE%mMQ%ﬁ%@%gfserated by
Fﬁm@tlseUE&@pedaiammhm&bdﬂmedbi@n@g&%ﬁﬁU@\tﬁﬂtlﬁ&W&@%&m@ms.

el B A R e M iy ggparen
WA ﬁhﬂ@ﬁtﬁi@%l@@@ﬁfwlmwmhemm\e |Hmwﬁm irergivienbeyunwadrstood
@hlugiratonpaly. &&%?H%W%d: i3 Eg%éplflcatlplns it Iegtirll%l Dyeferred

spirit and scope of the invention will become paren
AaRednRbin ahithadpurntigesarpudren by way of illustration oniy, since various

changes and modifications within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS
Further disclosure, objects, advantages and aspects of the present
application may be better understood by those skilled in the relevant art by
reference to the following description of preferred embodiments taken in
conjunction with the accompanying drawings, which are given by way of
illustration only, and thus are not limitative of the present invention, and in which:
FIG. 1 shows some possible functional constructs of genetic algorithm (or
hybrid genetic algorithm) flowcharts consisting of procedural components in
search algorithms which may be configured by methods and apparatus which are
embodiments of the present invention.

FIG. 2 shows an embodiment of the invention which is a hierarchical tree
structure for the component Offspring Producer.
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BRIEF DESCRIPTION OF THE DRAWINGS Further disclosure, objects,

advantages and aspects of the present application may be better

understood by those skilled in the relevant art by reference to the
WolWirgéscription of preferred embodiments taken in 25 carjursetione/000382

with the accompanying drawings, whichigre given by way of illustration

only, and thus are not limitative of the present invention, and in which:

FIG. 1 5Hewd dinis soseiblecflimsinng ttenisiraotsoof whibtie algeritam@ire for

ybridaeBRtREIGaRIhmY Igushags consisting of procedural components

in search algorithms which'may be configured by methods and apparatus
which ar&* 3D WS s erlimesrebtin invention wheh sshows attucture for

eirbestimpentef Pspimweation wilichis,a hierarchical tree structure for the
ring Producer. WO 2007/070012 PCT/SG2006/000382

compogﬁst g))ffig ] : . ' SG.

10 FIG, SshoWeiT BMBERAIMHAE R EMHI dMhirhda e breergbustire of
fivre trerpomponeop lidhsduab&aeration. FIG. 4 shows an embodiment of

the in jon which is a tree structure for the component Population
|niti;|i\;§rff%h.8 é\{?—ﬁli@?’l:?@r%ﬂfﬁoéﬁé?ﬂbdﬂﬁ?emv@ﬁ‘fg‘iw&ﬁhdﬁ%vﬁ% sycture of
ﬁe&a@tmmbpmmm&mlaﬁon Update, FIG. 6 shows an
LA e e G R L o W

Population Evaluation. showsan em
Wis@emrened diedetinalion (tdtioomponent Termination Condition. FIG.

8 illustrages [ ' omponent
Offsprine b R RS TRR g mmpense
i pEAIAR from a structural viewpoint. 15 DETAILED

DESCRIBT ESHoRB At eTdivitioh R by AR A6 RFES S BYRILOD NS S hents
|de-rar%%|€1& ractical applicability, A"proof of its utility as a

rOBIE YfWiFStiftent has been carried out for an application with
ME T Do 8dORIRTION the Algorithm Development Environment for

PRACTICAL APPLICABILITY

The present invention has wide-ranging practical applicability. A proof of
its utility as a problem-solving environment has been carried out for an application
with industrial relevance. Using the Algorithm Development Environment for
Permutation-based problems of the present invention, a hybrid genetic algorithm
was generated and subsequently integrated into a supply chain management
workfiow. The hybrid GA served as the planning and scheduiing engine to
manage the distribution of fuels by a fleet of trucks to retail outlets (refueling
stations for motorists). Each retail outlet submits an order or request for the type
and quantity of fuels for replenishing.

We termed the overall planner as a fuel truck dispatch system (FTDS).
Each truck has a limited capacity. It carries only a limited amount of fuels for
dispatch to the various stations in a given zone, starting from a designated depot
or distribution centre. The main objective of optimization is to minimize the
dispatch cost, which is usually measured by the overall travelling distance or time.
FTDS helps a human planner to generate a set of routes for the fuel trucks.

Besides the limitation of truck capacity, there usually are more constraints, such
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20 Permutation-based problems of the present invention, a hybrid genetic
algorithm was generated and subsequently integrated into a supply chain
management workflow. The hybrid GA served as the planning and

sebesislingoengine to manage the distribution of fuels by a flegt-ofckYskSnnozs2
to retail outlets (refueling stations for mqtprists). Each retail outlet submits

an order or request for the type 25 and quantity of fuels for replenishing.

Wi terrinadctioe @eaihpinine a5 Seldrcle isnase s¥Rtemoil Bdsrvice
Eaﬁg{%&ruck ﬁas a Ilrl%ted capacity. It carries only a limited arnount’o fials °°
for

JAEA 18 BRRERIOIN S BARHE N a given zone, starting from a
designai&e depﬁ@uwwﬁﬁ%ﬁwgmtﬁalﬁbﬂtmﬁiﬁrﬁb%ﬁ%@ti the corresponding

opfimization is to minimize the 30 dispatch cost, which is usually
e A B B s R L RSP REIa AfAfan
plaapEraEgentraterebdemodooutiessios tie fldel teek sudesides h8ck and station

limiation.af t iy, the I trajnts, such WO
TR T RSO0 C00L 0 FAC NG MR GRS was
speginuadiing @iy Eritinsriofitifos semicetiorkithopeeddo diestatem into
. : ) : dth
Y D PR e VRES g montne
irﬁ}gﬁ h;ERfﬁggm'E@%%tﬁ@ rBH EfRERIERhE BEXBIMENTSS, such
the trucdonshatation | dfierRali ' i ' : S

\algﬁ%;n o{ thq scrﬁiedglgigva;s aq;?f:ﬁﬁkfg@%‘ﬁﬁ%'%gn%ﬁ\yvg%gg L%@%:gmﬁcant

convermo%‘gl" SYBrGRERbPR)EraH 2B MREificalieBsing i dfetesiiare and
algefiitieminaryct eqlikel e dks am@\femawﬂpm@&%&@@%&%éﬁé@ﬂwmber
Qk |, Iﬂ[:‘ FEE EMBODIMENTS 10 A conventional algorithms
de%/gfgr,fr%%en Srof:gsgs%gé\g ¢ P%%%i%%uaﬁl‘ﬁﬁgﬁfﬂg%ﬁ Hadifcemlasty level
gerReEIR R RIsdMAIceificdeo dEHinisiedities angbrtefiicienicardsalikebsnt
ta e aRIBILaLRERUP WD asgticinerease in number as well as _
divers%ty of applicat?gﬁs, coggﬁa% mﬁﬁn&%%tc that eéaég%%iQW%\}Q% 15 a
JO7RE B sisuicara piadiammaie dieoTeier dte teslyoites thahistedesign and
desenbamacspiagiadanl et Reilaimass Wl Wsse sporigRIAtong n
mln%, there is a_need to develop a platform to integrate the resources
FERERAIGRIHSE RS RresedBKSHIRIAt wﬁémmmmpmsigg@ﬁmizaﬁon
pertislotas caschoiave plsmalicrnabasicetrefhe RRSSRLYERa, e
fgggs.gp theI cilas% of Rgtlm%?tlon

slDie soiution for the problem can be coded as a permutation string.

In a preferred embodiment of the present invention a typical system
incorporates procedural modules for configuring solution methods for solving
optimization problems well-suited for the class of problems being addressed.
With these embodiments, heuristic-based procedures for a genéﬁc algorithm may
be conveniently configured.

FIG. 1 shows some possible configurations of GA (or hybrid-GA)
ﬂowcharts. From the figure, there are six components in the GA modules. First,
the Population Initialization procedure produces an initial population of
chromosomes’. Then, in the generation loop, these chromosomes are evaluated
based on the fithess function. In most cases, the statistical information on the
population also needs to be obtained through the Population Evaluation
procedural module. After that, the population of individuals is designated as the

parent generation. Using the Offspring Producer procedures {e.g. crossover
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problems which have permutation solution structure. This means that any
20 possible solution for the problem can be coded as a permutation string,
In a preferred embodiment of the present invention a typical system

vircorparakas procedural modules for configuring solution metho@s:é%06/000382

solving optimization problems well-suited for the Class of problems being
addressed. With these embodiments, heuristic-based procedures for a

gedéiimajg'm;hmmparé‘?dm@pmmhmb'emtbm)@t;@iﬁmﬁfﬂ)eﬁh %f el Wg?h Hane

i onfj tions of GA (or rig- lowcharts. From the figure,

A o M PRy, taton

RGNz darsn precddaceprbeucep bedinitialtpopulatiprod blergatesiznaesaposition
in & | , omes. are evalilated, 30.based

e S R Rt cing The

pEpUatenR Sledaiesaedrpisaniineattilivugbiise iPupyeatoatBdhgsionr with

mecaddral f j indivi is [

- e e B T B o

&6 ?6\'/’@53%%ﬁtﬂ?/d’f@%@@ﬁ@»ﬁ/%@@@@?@g@g@ the GAdiericlbsipgystaes or

arestsiieod ues duierertagembers of the offspring generation,
AIthou%h ot necessary in GA, Individual Operations (e.g. mutation ,
and/or %ﬂﬂ %%%%S‘%chgﬁ%ﬁ Eﬁgﬁ’éﬁ%&m%ﬂr% thegjehdeperties and
at_famqlmue'sipmmw%m@gimin?qpem%r@mﬁmegﬁﬁﬁerﬂ@giﬁgmﬁéa{%us
ing the ulat ate mechanism, the resulting

SR D R SR Rb b et eaaged and
PR Yapllath e prafintigere siticrivos. fuviheskeptoductianstilitpscaessrt
%@%@%%i}gggﬁéggﬁ% verges or the termination condition is

¢ ; :

met. Each componernit of the modules is associated with a set of

properﬁé@-a?wa_e@@t@ﬁﬁ@fé%eg?tfvi@w@GQéivatﬂﬁ@@tﬂmé’fodmmambnent, It
iegting theuAtus %@H@éﬁﬁﬁ@ﬁﬁ&&i@ﬂé\@%ﬁ%@w%&%ﬁbﬁ?gg@%ﬁcﬁ%@%‘a

atfributes are managed and organized in a hierarchical t
PURSSIUETL FeR QHNGRE QRSEAtIRsalloIR IRfhEpishertiatierssfdbr. fRIfSHGNY
PrdenotesritiestieensisretdesfidtnrQLiaptios RERAHESHBAMBAINER O] of e left

ésu sgd ﬁ% r%gfg%?ﬁ?th{% ﬁ%skgértg% é&%l\g%g}]lz frorr_\ the parent population for
Slibse odlicti : ft-Bnitdfivariagdhedress (e.g.
Ofbspmgr and Cloning etc.) while the dashed line rectangular block “properties’
serves as the right child is the root of the right subtree to indicate the common
properties of all the variations of Offspring Producer, such as Parent(s) Selection.
Similarly, the subsequent subtrees are managed and organized by the same
structure. For example, one of the variations of Offspring Produéer, Crossover
contains variations like Uniform Crbssover, Order-1 Crossover, One-point
Crossover and so on, which are organized in its left subtree. Meanwhile, all these
variations have one common feature, i.e., Crossover Rate, a real number
parameter which is represented in a hexagonal block. Therefore, it is denoted as
a node in the right subtree of Crossover. It is noted that the dashed line blocks
“variation” and “property”, also define the rule for configuring left and right
subtrees in different ways. For “variation” subtree, a user only needs to choose
one child of it {i.e. one variation) and configure the corresponding subtree of the
child. For “property” subtree, all the children need to be configured. This rule is

recursively applied as the system impiements a traversal aigorithm to traverse the
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Producer in the form of a dashed line elliptical node serves as the -root of
the left subtree to denote the variations of its parent, i.e. Offspring
Producer, (e.g. Crossover and Cloning etc.) while the dashed line

vestangutasflock "properties” 20 serves as the right child is t@@mmgmmz
right subtree to indicate the common prpperties of all the variations of

Offspring Producer, such as Parent(s) Selection. Similarly, the
spizseqistinySudiregscieeMNaqaesihaNARIgRBIFEALY e SN I e o
Fgé' 8&(@(%%% qgengf tgervafrl%tlons of Oi%fsprlng Producer, Crossover

containg vanations ke URIFEPAHERRE50Er Nemiicebralsoleieestieshotie
25/eirssdoverianduitoors udtchoarentiganizetbinitsdefeubirae.

Meanwhj I riafi have one common feature, i.e,, Crossover
Rate, al%{(iﬁgﬁggﬁ%agéﬁge@ \X/%h}f‘&ﬁé” SO ESIRA NS RExEdSRA! dificutt to
biGeler sirarkibes tisshirmaotbitals reersidecin th ésrightratdoliemafrisdagoveter

e o R T e e rove
Rt R RIS RoRIseREU R 36 bRl SHalitsto otoesemors cfiitet of dstimier
viateadia ' i f the. chi
oo eSS S e
e é&} Q5EHEd E&%ﬂ@%@?eﬁ‘h‘iﬂﬁﬂé%?ﬂ%@%#ééif@n@bﬁmm?wen Order-

ecursiv
traGecss e AME zmaqwa?mzoeﬁomm@w”@e%ag&ﬁxwa@%?ﬁ&t%

, ting input from the user at all points where a selection
o A T P AT e atbne PocuraBoTP caytem
thersBloguits stustuie waryfiglme mmsw@mggagaﬁwﬁvmw@my scalable.
recogni [ i art, it is not difficult to 5 .
understi%%?%a%&%ﬁg?egr%iﬁ%%glet;%aéeplg?%g?ér@%nolge%%na%%ﬂfrﬁ’@é@t@"thOUt
SRRIfTE dedtigatinnembelispivioas ST e grottedureschalrpe hecatedsatucture
thersamedeyst & ISIGRERRRAT it,siblings, Far.e e
021 r crosso\llgéér ?pneéfgt@oé}%}ﬁke part%Frégﬁg%g%}r%gggﬁﬁoﬁglh%ﬁﬁnﬁbéubtree
5 @‘%ﬂﬁﬁ%%&%E@&ﬁ@@&%@%@ﬂd@ﬁm@twmmé@mm@cshafa@o
@rigpg/IRISONTHE eI Aieha P b PrastevRl ARdWRREIMOWLe structure

9\/5 ssqver. Their co res@)nding attributes and features are manage

QARG S SeoRe NG IVRRECRs s Rnsteetnatine NiiHe earores mitted from the
shagrame inajeatioutiier teayisiguu thatdsanag adirastsHR0IBNU8e marked
tkﬁ%ryé%ége @%ugfigcr)eb%ag blﬁ r(gdrawn in a number of ways without

chang Ol

Ing Its significance fulness, and without excluding the tree
structufdG. 3 shows the tree structure for the Individual Operation component. [t

is the set of procedures that are applied to an existing individual for improving its
quality or altering its structure. We incorporate two forms of Individual Operation;
2-exchange local search and Mutation. Several variations of local search like
tabu search as well as two forms of mutations (scramble mutation and windowed
mutation) were incorporated. As stated above, any established procedures may
be introduced by following the feft variation-right property rules.

FIG. 4 shows the tree structure for the Population Initialization component,
A genetic algorithm starts with an initial population to be designated as the
parents. The Population Initialization procedure is responsible to generate such
initial population. In this component, population size, an important GA parameter,
is specified. The quality of the initial population of individuals can have signiﬁéant

impact on the performance of the entire genstic algorithm. Therefore, it is
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15 from the scope of the present invention. For example, the property

(right) subtree of the node labelled parent(s) Selection is empty ("NULL"),
indicating that no property has to be chosen. In another technique for
Weanirg e tree structure within the scope of the invention, tihe9dsos/ 000382
marked NULL can be omitted from the tifagram. in yet another technique

for drawing the tree structure, the node marked 20 "properties” can also
oMt RIGlGsshowsdtetreelsistictubadod e dndividuaOpasasianthe

i . plied to an existi |
BB e S, I BRI 865 e tnagotion to
RPN s aeEa Oparatiba;intiakenangtdooal setiviciuaind Migaliond that,

Sevendoariations of ' : | as wo forms
of mutations (scrambﬁpﬁtﬁ%ﬁegmqﬁ%e%eﬁ%%@%%e%a%n' fhe

ifieBiBrates. AdRarhadiirieani et procidares Magratien in the
intostacion mototli@whw.thﬁée&wi%i%ﬂﬂ&m@ow%%Uﬁﬁaeﬁh%é?lﬂfgWﬁich has

he tree stru%lt%ljé'e for th% Population initialization component. A geneti

SGBRCSRS Wi eAA R RRIRMSRI0H % Be designated as the 30
parent§Ehé Ié’implu@li@@l ﬂ'mﬁ'?étzat}maow?@ @rsdl'ﬁtré’o?ﬂ%ﬁwﬁaac%@fe@@ used

tion. In this comppnent, population size, an importan
P e nD 3 e G SRR Ao SRIRGHGS: ool for furher
iedaduslooenf tevesiygiécaratimpatiothtbe pertarmange ehigatiERibtrees
G5 ARSI TAFIEIUE | IO 20071070012 PCTISG200610003¢2

14 common to apply some sort of heuris ice'biised local search to improve

the quélity brevetiarainwparitietion epresaarhvdittiamaravidesmisersf elites
Qr#edp@f,m)tp apply Individual Operation on the initial population of

individuals. It is noted that, item 100 in FIG. 4 is an independent instance

of IndividlaF OPERFORETRIE 5'\¢aieg | HassicoTiacuaef difepsngfrsmpteatuced,

ohiehkndivitleal 6Ppesatioad e ian.| - o
T e L b

Means. O RABlys the tree structure of the block Population

Update?it iS: (el troedetienting \hisheoisprngssioms e arrepiedinitd
e R % T e SRRl ot eceagon of cnch
schemétfelfowbeltes anis DvartgEineon/atiothie plrermerat Avithae sot as
REAIRIDABE R A5 RIS of PU 7 and PU_2 respectively.

FIG. 6 shows the tree structure of the block Population Evaluation. It is
used to evaluate the current parent population. Therefore, the Fitness Function,
which is used to evaluate the fitness of an individual, is encapsulated in this
component as its property. Besides, some pre-processes, like Fitness Scaling
and Sorting, are often applied to the parent population before reproduction starts.
We introduced four types of scaling methods: Linear Scaling, Sigma Truncation,
Power Law Scaling and Ranking. Some of them are associated with real number
parameters, which are set as properties associated to the cotresponding methods

of scaling.

FIG. 7 shows the tree structure of the block Termination Condition. Itis

“used to control the modes of terminating the genetic algorithm. We implemented

three criteria:  Time, Max # of generations and Convergence. The fime criterion

%
i

erminates the genetic algorithm when the user-defined computational time limit is
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(# of elites). PU_2: Once a certain number (update interval) of offspring

are produced, 15 only the best chromosomes from both parents and
offspring are accepted and added into the selection pool, PU_3: Only the
whilzhahvatas: better than the worst existing parent and differentdr8:2006/000382
members in the existing population is ageepted. The # of elites and the
update interval are the properties and are set as 20 real number

mhe@mam_nﬁawwﬂgan@w@fm@w@ﬁﬁ-t@r.ﬁ%ﬁt&@éhﬁlé&?@gﬁtr}m when
Population Evaluation. Itis used to evaluate the

iﬁﬁ?ﬁ%@%ﬁ%ﬁéﬁ%f SR a10e U ReLio eaon, YeRRaslicas The
té’evERiges RS Titades detrindivivualdsibncapsulateddbiNiseamPensAlimber

- ' f - like Fitness Scaling 25 and
3 Ssasenny B A AP ERST M SR SRS o e
SRR RKGRRSH letrlotieipsesaiuscdimgemethisds plineas Boadisged to have

Sgmarfednoation sPRYeHEAWS¢aling and Ranking. Some of ther_n are
associa\{@,g’with real number parameters, which are set as properties

associated e edwesp PrethyasipfsyanviycBtsrranagbmsttie

téerstehtalrg e mmbﬁ%ﬁﬂf@m@@aﬁ]eo@%%%ﬁp%%ﬁﬁge fo %@gf’é Weious
f inating the genetic algorithm. We implel '
CHHERA” T ML h 57 Qehe RS HichCBrVERgdndes Fhenmibetirsible

t‘éﬂ&inm@’mgﬂmﬁi¢mhgodt@mimhem§ﬂ@sg%ﬂ%§3gﬁ%@@@%¥%§%%?%d as the

tj JL. i 012 PCT/ISG200 reached, while
t%?l\ﬂgy%#é% g%ﬁl%%gt%gﬁéggﬁlt[gﬁoﬁe?esr'mi%rﬁé o @Eﬁadhﬁ%nﬁhﬁﬁ% f?ﬁé‘ user o
riAasRINST Aeritions feaithiel cheruslyesiecified ssntielpfrgepRIaianst finding a

iter ' volution converges by counting
B oy By et oc
é&ﬁfﬁfﬁ@umﬁ)}?@ﬁ@éQﬁ@@%ﬁ‘ﬁﬁb’éﬁ@ﬁﬁ@@%ﬁgﬁémm@pwe%s of

eoItiaRRRCRSS dSderrmackta Bgf\fsﬂf%oi‘c‘é%%ﬁz%?ﬁ t‘t‘i‘él?'o!»j b‘%ﬁ%‘g%‘%ﬁe leaf

With the module-based procedural library, which is manage

RRYSR A HEB L ARRIRY e daliceraliensaiawanstitadasiespived above.

Vattoel praspe dteof tdgo iy deFians s HBtré v ki i dblsshown
that, p(ﬁéibée. iLO “features” sso?iated to an algorithm that is being
configured ar‘e’: ‘1‘8&%@9& fgem? w of & sample configuration of the component

Offspring Producer. Starting from the root, it first traverses the variation (left)
subtree of Offspring Producer. According to the left variation-right property rule,
only one variation, for instance Crossover, is chosen. It then continues to
traverse the corresponding subtree (Crossover). Due to the depth-first rule
(inordertraversal, LVR mode), it traverses the var)‘ation (left) subtree of Crossover
first.  Assuming that the user chooses the Uniform crossover, it reaches the first
leaf node, and continues to traverse the property (right) subtree of Crossover.
Associated to it is a real number parameter Crossover Rate. After specifying the
real value parameter for Crossover Rate, the flow proceeds to the second leaf
node and goes on to traverse the property (right) subtree of Offspring Producer.
Hereon, only the Pareni(s) Selection feature remains to be configured. To do
this, we start by traversing the variation (left) subtree of the Parent(s) Selection.
Assuming that the user chooses Tournament out of the three variations of
Farent(s) Selection available, it reaches the third leaf node. Since the property

(right) subtree of Parent(s) Selection is empty (NULL), the traversal for this tree
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leaf nodes in the corresponding trees. This indicates that, the job fora

user to determine a certain "feature” of an algorithm is essentially the

process of finding a path from the root node to a particular leaf node in
wheaorsasponding tree. Therefore, the task of configuring a eompteisns/ooess2

algorithm becomes a process of 15 travggsing the trees to find a set of

paths starting from the root nodes to the leaf nodes, recursively applying

thiedl dfevenidtpraigit pi trertpmpe nasciitesehgandd, e 81eg68tsal process

' i -first. mod t ing i lied. FIG. 8 illustrat
e e e LAY R Mo R cmsy eromer:

Stakwg ifoinspry ridtatefiasctravensestie. vatintionyafth 28:56bHEGOES a
RiRIB R P OBEELINGIEE (iR IPLR OB PHOREIG I S with

one variation, for instance Crossover, Is chosen.

{RAVEBIRERBRBS BBl SDBthas (C1ox over) reuie tmtiwe depthefiest rule. The
(ORI ATRYEESFiH/ RIMRIRN: it By B5Ses JDRMAT ié&%&"%ﬁ% ﬁé‘rt?\t/rggr%di put to

%féssover first. Assuming that the user chooses the Uniform ¢rossover,

RER ARefRIeI8 RensiBdoarithBbntinues to traverse the property

(right) &ubtreecal 1Gs0sAaY e ARTORIAIEE! 19db i8R L8a! ) WIRE PALARIE s are

(p%o%{%r P%ehA%eér sgeCéglpggthe real value parameéter for Crossover
&a 2 FREROW hrOR ANt d RS- SURISHD IRiSratdaBa Mia gowarinas! ageisterface
the pregseryf (¢'(g1_ﬁ§;chibgaegoﬁf&ff_wt?gﬂx%@?ép%@qé%go%%ﬁtﬁaﬁea, The

- i ure. remains to be configured. To do is, we

B B e L S G B Pare P combitiohnion i
AgHupnifg sadtandhsbiachedses TrreisianmEnpoutafdhe sbreeyairtiensofe
B iSelectl j ' third leaf node. Since the
el R B0 S B e e ture
¥avalizaing: tidteaiohaReppror0d1 2 R0 TS GRINK/EGOBES it ad cikierithm

desiigusaien;sé tis QBKQRQ%%??L@&%FH@QI@H'vm%ﬁr@g%ﬁse%’coéﬁgﬁn ms

escriped a%%ﬁ %)vers three paths from the root node 10 three le
SR TR SMR A iniiive seepbinlnieracenid iayyvaye theestficiency

chaliguitamaldeisikedifanrivgrRirducer instance, which is a form of
uniforr};\fct:ross%g,er with Y?éto rnament parent selection methodology and a

real number QOSSN PtSSHEE CaRMGHFRIIR dhatn aresmiscriatsfanshe
edgerithemesidyeos ind iy santien anbidn 18YUALPACOHINBIBARNGLE exam ple,
gég\%%%étg?géo%ﬁgstggtsgavét%m%ehIcecg%(g:;mxgzg!g%eges/tswg tgggéi?ié%t? @he present
Invention adopts an object-oriented framework to facilitate codes generation
functionality. Each node (except the “variation” and “property” nodes, which can
be deemed as accessorial nodes) in the tree structure is regarded as an object
(even for the real number parameter since it may have properties like range,
precision, etc.) and is implemented as a class. For any object in the trees, its
properties subtree members can be represented as the member variables of the
class. The variation children can be realized as the subclasses of the parent
(base class). The children may further have their own features, i.e. variations
and/or properties, which can be similarly set as their super classes and/or
member variables. From the descriptions above, the user-configuration
information is stored in the tree structure. The rationale of the codes generator in
the preferred embodiment is to follow the paths from the root to leaf nodes,

defined by user-configuration, and then retrieve and generate the corresponding
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involved only in high level user-system interactions via a graphical user
interface 10 in process of configuring algorithms to address a specific
problem area. The variations of any genetic algorithm may be represented

Woadtewsalaast, which is derived based on the blocks from thepﬁii(/sazwé/ooo:ss?
components described above. The configuration of each component may i

be carried out with the tree structure visualization. With such an :

appjoatiiclaveasgrneraldisers Wik Jmited,algeithmy 45 Ig%!%]}a%%ﬁ%%i onstitute

ar, t nfigure and design various genetic algorit roug
hi§kﬁ%l§?gl%§1%eirﬁ%&%%@rﬁp PrhtaPINEE aeisapag imalestitienayodtile for

alRMthenvassiumrisagidatyenbmaced. After configuring the desired genetic

algorith i tg use the codes generator of the present
inventiorr?\?(;% S’gmg}ﬁﬁﬁce& %%83”%?%&2@9%55& msgiehe divided beld s

b&SEP BRI EHifi Gurtitiohu v /sleevppérdifigehdiherprrseBhiBNBRIgE RGPS

aphiechrrisntss framewmerk o facilitate.codes generation functionality.
Each node (except the ﬁ\yéri%}(‘)'nfgé 'r8$8‘|5r rg{yegﬁ‘egggmﬁ&% tsnpssent

dERIHEPAL eSS BRiAP A GRPeR) itiow tree atruptimezist g BFIBMLAS AMhe artificial
objEoim(aveRdot iR dan) Bamhﬁéwé}ﬁaégféglé Sesdhay rfg&%ﬁ’gﬁ%ﬁ'@? All the

Ii%e range, 25 recis'%n, etc.) and is | ented asacla

oBject in the traaas it p IpErave sub daLtas ATher e capebiicely elented ditor
theinatinpevadahies sting. Classy The N%Q@Erﬁgi%fhsgﬁe%e Lealized o
- | fth t (base class). hild s 6’0“9
R ) e Aforre e e toblatoe
simifapipsetgen neliosupieiheigesrsiangior-30 e mber wi?atnke&@?ﬁe W8t time

dsrsePEomE ARavE er-configuration  information is stored in the tree
structure. Th% ratiohgl'g (%fstﬁé? LG GhrmAtcale olomirgdhe users' high-

dirreRicatienfoll6whint pdiths seofurtbiioroptisiveaftnedesbigrfioad hin-
cHanfigyratianna ri d generate the.corresponding WO
0T I070008 o S HOOR OGS 1 o sl en R o t0
SNE'GpS ey idipiRd gesk riidhdikercahstnsefia standetiga@piog pablbm
tarhpaddwedas B tic ithapme - Iving various real-life .
r&lajéem§. A shownig}?]S}IgIG (ﬁélggﬁg/ gqle n'et%%é@%ﬁ?% tcgg“%[ bE {ﬁy%%ﬁ%%wﬂre
three b %ﬁﬁSﬁ@%ts”fr‘érﬁ‘%osﬁrHﬂﬁwﬁ\Qélﬂmmaﬁ@@m&h’eﬁmemmion,

gonwtegeperatidne aptifitnessThenadenaif ke SERIE RS AIBRST SNL 95 S oblem
I?Eriﬁ"?ﬁgtexciusively stored in a special generated class: problem. in principle, one
only needs to manually implement the fithess function in the generated genetic
algorithm module to customize it for solving a particular domain of problems. ltis
noted that, the blank module of the fithess function is also generated as a source
codes placeholder. The user only needs to overwrite the function body of it to
customize the algorithm for different problems. This way, the most time-
consuming codes generation job in algorithm development is avoided. The effort
for codes modification and customization is also minimized. Together with the
high-level configuration process of algorithm design described above, it enhances
the efficiency of the algorithm development significantly.

While this invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modification(s). This application is intended to cover any variations uses or

adaptations of the invention following in general, the principles of the invention
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invention focuses on the permutation-based optimization problems. The

artificial chromosomes coded as permutation strings are generated
automatically. All the genetic operations, like crossover and mutation, are
VEgaeificingidesigned for 10 handling permutation strings. Theycareasoeitigoss?
problem-independent, though "differentigperations may lead to

performance that varies with problems. Therefore, generation of the

§eAdrie epiemabak, depriilusadiynalkethesmst diswonfrthacoding effonk known

are-alaghariedputawiamaticallyf ?H%ﬁ‘&qtﬂ%%ﬁ?éﬁtwﬁ }f}»él%{%g and egmay be

specifications. Only the fithess function involves the problem’s

EPRURIL IRdOeRERs IahipiuteR hntirbaiaepentiBnth Fitness function is
used trevaliaedaditdrainbaaethay e domaisaericiamI IRl vinout
ng the GA to

the problem bejng addressed. It plays a crucial role in guiding
g%%f&‘ﬂw?‘éﬂtﬁkeég SBILtGh Bn esSepdiak fharasterirties ipf guriinganion, it should

atgaritherstovdittiaicbRVageRasiR iR ARANERIMBRIAFBABISBEGHIE the present
be exclusively stored in a special

iInformation of a given problem 20 can
e SRR BA Lo, BN G heSacip Rrartagod broady
iiplenteatshiifirrebstopetion indhewgenriated denete inlaesthppaRiteciaims.

i7@.i Vi icular domain of problems, It is noted that,
eSS 00 A S LRI L BT Mo
WohEs hacaidiaand shensset theyineesdto ave mprientheifoaction Bodrebre, the
B3602% QSR ithm f ' t.orobl This way, the most .
st cumariselte 0o B O TN PR e

Whiheherhdnsirips B BsurterrRiifiusalicanthessterpiastioads adisdhe following

onivimeizetehngaihermiifitie bigtslevelcanfiguiation necessaf algoiiie as
deélgq[n descBbega#?bove,flt enhances the efficiency of the algorithm
BRUBIBHRE AL FIFHEERU{H T QiR hiS R veRloS A Wak @ develdrig,inbut also

equinelsitnsiitbispesificcembedipets iieies, i Wilibsundessiead 20 ot be

é%r&&QﬁQ?e ec%r{JH/g e%rtsrr}odlg%t tioné?,. This %Félri]cation‘is intended to cover

any variations Lses or 'adastatori@t BRI ForPYINGHRRG HGeserdo secure

WROBANEIES 36 gethien entiersdiO:2 8077 @942 RIS TU IBRON6MIRRE2 td &ecure
ingludi partures from the present disclosure as come within

B B S R R R a bR and =

HHEM S A BB algpiBoLEiUres essential features hereinbefore set forth. As

the preseihneIHBA% RS SIRRACIGL iﬁe%‘?éaéﬁ%ﬁﬂéa thAY aken to specify
the presence of stated features, integers, steps or components but does not
preclude the presence or addition of one or more other features, integers, steps,
components or grbups thereof.” Thus, unless the context clearly requires
otherwise, throughout the description and the claims, the words ‘comprise’,
‘comprising’, and the like are to be construed in an inclusive sense as opposed to

an exclusive or exhaustive sense; that is to say, in the sense of “including, but not
limited to”.
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5 departing from the spirit of the essential characteristics of the invention,
it should be understood that the above described embodiments ang potte/ise
limit the present invention unless otherwise specified, but rather should

Wo eansindea broadly within the spirit and scope of the inventignas., o< vo03a2
defined in the appended claims. Various,godifications and equivalent

arrangements are intended to be included 10 within the spirit and scope of
tHelidiBtgion and appended claims, Therefore, the specific embodiments
are to be understood to be illustrative of the many ways in which the
principles of the present invention may be practiced, In the following

claims, Meapthptlistaomiigmioosesarmine PR R COWBHIBHEHIESES soarch

PEIERIRINY ' ction. and not. only structural equivalents, but

alsgql!S eqﬁ?gﬂ@ﬁ%ﬂ%e%.Oﬁgr%g(rg%ﬁtﬂﬁet,gﬂﬂfﬁ%ﬁ“&%é%Pamabé%ﬁréﬂﬁ method
nfARIBYIHE Terreehareqammsivptvatia naibeeorgAC R IEcture
StHfReedRIHREWES, MIQISH r.whereas a screw employs a

helical s rfg%% tfy secure Wéggﬁ@rﬁ%ﬁmgag%ﬁ?m%r@mironment of
fastening!‘ﬁlga%ﬁtfft&t‘rﬁeacﬁﬁlpﬁﬁwg s prewldyebquikalentssitiiabiesgdher in a
"Compiises/ieorapsigagivinenidsedkLthi ification is taken to.specify

the presence of Etfarted fgvﬁurels, integer%ﬁs%g}g] lgrﬁ om gﬁeﬁ\ﬁ?scgﬁ’fctg eWhich are

ntﬂot Srod e e PHEkr dReop oG AR b eeasamore other features,
integerﬁawmtmgﬁﬁmgrmww.'émty%%%% Sn%%@ﬁ(t

j herwise, throughout the description and the claims, the
B BT Vg 1 Rl tenorbereshowmlsaaibant sod
ifedeR arscinbe llesiopiposesditelyansexcusive: Poa¥NAHIIVRSERSE RLIR I de
SaYrEs RIS ' t not limited to", LLOYD WISE WO
20%5/07061?%@#%%%3%%%&%? TG4 KIRRSTSUFE dnguRsecsural
ESRBERRGorREBiVIRBrB RFbERiN Gl thentpoitentsb scsradahy SlacsiiiBhidiode.
solving at least one combinatorial-optimization problem, the method 5

Emploggﬂfo each procedural component a corresponding data structure
fepresénti fb%é%émﬁﬂg'mé proebili e trepsirentuthdrddtaes one or

mmmmpéame@ao,l@é@ﬁ»@ﬁ@ﬁ)&ﬁ%@éﬁ%%@ﬂg‘&%g%?%@ WS plurality

re lurality of said nodes representing respective choices w
g&rgﬁwons%)r Conhgunng an aspect of the procedural component.

3. A method according to claim 2 in which each variation subtree includes (i)
a variation node indicative of the existence of a plurality of options for configuring |
an aspect of the procedural component, (ii) a plurality of nodes stemming from the
variation node and representing the respective options: |

said traversal algorithm, upon the current node being a variation ndde,
receiving input selecting a single one of the nodes stemming from the current
node to be labelled as the new current node.

4, A method according to any preceding claim in which the tree structure
includes one or more property subtrees, each property subtree being associated

with one or more choices which are required by an aspect of the procedural
component.
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to be made to configure the procedural component, 10 said method

comprising configuring said procedural component by traversing theltr€&D WISE
structure by a traversal algorithm in which a plurality of said nodes are
VabedtodBuccessively as a current node, and, upon the currenpapede2006/000382
representing a choice which is to be madeyto configure the procedural
component, receiving input making the choice represented by the current

néde. 15 Meinrktmatiogritingaionciaimahiondigi %y&y&m&%&eenczudea (i)
inglppA gwewﬁgﬁ;@gf%sugtrs es, ear%#h variation subtree being
assocjated with a plurality. of options for corfiglilihg dRiggeiepshihich are
pfEEtiEiFaicemipisisnto 20 Bigurmethasaciontiing teoshon 3rin WSS ore
vakatesshines incvies jati indicative of the existence

of Oplurality o?ggpfi}gns for ((%n igﬁgﬁg&g&r? %g‘?e'&?%ﬁﬁ%m?&c%@u@pemve
cgﬁlﬁ%%nt, (ii) a plurality of nodes stemming from the variation node and

represesding e:respacity; tioRs, Si algarithm, upon the
cyrren noﬂe P ing a vcfsléfialﬁco&r{?l h%%%@g r%@g%ﬁﬁzl?npl} %@%cﬁiﬁéog%riﬁéﬁgde’
one Sﬁ%g ngdg‘segwﬁﬁﬁiﬁbem%g%ﬁéﬁtpm oeciabe bedasthel

reweRssbisnadtnd.rewelhshesedkaduBny BiRsRdg o eh
tl@f"?&ﬁﬁ@ﬂ#ﬁ&%& r(i%ncludes one or more property subtrees, eac proper%(/" 9
subtree being associated Y 3oRMA g isFeEpeRsinbicheire required

by an aspect of the procedural component. LLOYD'WISE WO

2007/07 RGT/ /000332 20 5. A method according to claim 4
in Whickfptﬁjeczr? %go%gcr%y@ﬁgt?gegﬁ% gé"ﬁ(?ﬁ HIREPERY suE! M Sativeessin upon

tHRESHERHdROBp RN mbeslefivioesiibichatteareguineshte fe&MAde rocedural

aeodig Hrena; - nt, (ii).one or more nodes stemmin
from the %géaﬁméég??rﬁg ﬂg?gge%t%ge%% Cr{'e%sgﬁ?i\?é’ R sieds; 8a

FROSRHISIGY HasRraRertne darneAelestrsmsinaaropattyaede, causing
all of the nodes stemming from the property node to be labelled

ycces&i\ﬁ%{rgs the new current node, and upon one of those nodes
O FRFIHBEE fB GNiREERRAiDEnakig Wieceindbpariginighm

bécoming
cievipeises one of;

a genetic algorithm: or
a hybrid genetic algorithm:
the algorithm operating by generating an initial population of

chromosomes, and in successive iterations modifying the population of
chromosomes.

8. A method according to claim 7 in which at least one of the procedural

components is a Population Initialization procedure which produces the initial
population of chromosomes.

9. A method according to claim 7 in which at least one of the procedural

components is a Population Evaluation procedure for evaluating the quality of the
population.
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10 6. A method according to claim 5 when dependent on claim 3, wherein
upon the current node being a node from which both a variation node @Ay WISE
a procedural node stem, firstly the variation node is selected as the
vearrentionade, and subsequently the property node is selected@sshenes/600382
current node. 15 7. A method as claime@in any preceding claim wherein

the algorithm comprises one of: a genetic algorithm; or a hybrid genetic

altforithr;raetiioe! algeoittimyaperaling by géneraiingzan sitalmapyatiomatal
CREMRFRME d. ive iterations maodifying the pgpulation of
(:Eromosomez;S ?A%gﬁwﬁoﬁﬁﬁrgoy iRGRECE ag]r%@?/ '\/@rﬁ@ﬁ%’@ﬁ@?\%e of
tHOFoesames snohsopxateischPopsatiossinitialization procedure
which produces the initial population of chromosomes. 9. A method
according to claim 7 in which at least one of the procedural components

is Al PophiIARRCE\AfGRIdR e alnid for whislnalngantaneatityref thec@Bural

pe@nﬂp@'@mu@g@owé%ﬁaow&%g%@iga%ﬁ&&?@&%%%é@%%ﬁ 70

A method according to claim 7 in which at least one of the procedura
components is an Offspring Producer procedure for generating new

chEbmogomeihetsingobielien SENGer P MORPMBASatddar A RReIPak 26 6RLdNg:
tc&g@gnéﬁ@swgg?ea}}rlga t one o%%;ﬁprggreﬁural components is an
operation performed oh the LhY8 MY PREGIIYRING When imtarsipate the
aslgsvdting.to claim 7 in which at least one of the procedural components

IS a termination procedure for determining when to terminate the 10

alggnorithm. 13. An apparatus adapted to configure at least one procedural
compontheBParaissrenaiedithrmdoligoleinylatast@peocedural component of a

COSRRAARIAMARIIBIZEOM BroblelD: SAIK BRRAIANS SREIRISINGBIOSEIN2M said

means adapted to operate in accordance with a '
apparatus comprising processor means adapted to operate in accordance with a
predetermined instruction set, said apparatus in conjunction with said instruction

set, being adapted to perform a method as claimed in any preceding claim.

14. A computer program product comprising:
a computer usable medium comprising computer readable program code
and computer readable system code embodied on said medium and readable by

a computer system to cause the computer system to perform a method according
to any one of claims 1 to 12.

15. A data structure for use in configuring a procedural component of a search
algorithm for solving at least one combinatorial-optimization problem, wherein the
data structure comprises a tree structure representing possible configurations of
the procedural component of the algorithm, the tree structure comprising:

a primary node representing the component of the algorithm;

one or more first nodes stemming from the primary root node, each first
node being either (i) a variation node representing one or more options for
configuring the procedural component, or (i) a property node representing one or

more choices which are required to configure the procedural component
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15 predetermined instruction set, said apparatus in conjunction with Fﬁigm WISE
instruction set, being adapted to perform a method as claimed in any”™ " ’
preceding claim. 14, A computer program product comprising: a computer

WlsHigleogetium comprising computer readable program coder@fsandos/000382

computer readable system code embodigd on said medium and readable
by a computer system to cause the computer system to perform a

methochaeGs FHBE: kNS c!g;’m,v% . data structure for
use in configuring a proceduralgc%bmﬁong%%gﬁhsﬁjar@ AT %}ﬁf{ﬁ%}c’deg’

SOIVig' af IS £BRe Fofntiratishiedptmsiecaiomprionigionveheseistithe ndaka the

swoatutecdmmisessisesmsttigh e eIEsSALng RRsshle sOnoWRIonS. o

%C d%%%%ds Ert}al com fonenrt of the algorithm, the tree structure

comprising: a primafoae R pressihnhqre tanfsseedtsidaeatyesimts; one of
abramete first nodes stemming from the primary root node, each first

30 node being either (i) a variation node representing one or more options

for configuring the procedural component, or (ii) a property node

tEpreséntidig dvrenet ancreditpicesaihictearevwmphireddetigsreHb®econd

REAERGHRLORRL YR WISE WO, 2007/070012

PCT/SG2006/000382 ékzé_ %naéqb}?{%%‘}g\(‘s\%c%ened‘% 534S 8itBR'Stemming

from oRe/BfFHETiRtitRecasSMpietem Witthe pasalf BiSEEUmE A ANHRUring an

SeBUD BIaEoRR YRR RRdRd represents one of the

corresponding options, and ﬁw theH§§§e§ %%%qébgglc?ﬁj *51%8%%‘%8 A §ffm

a prop@r WY FPUEEARPABAER pra @ te orrecbbiSehevbiticas, dayuved by
atatesforonat mmwmaqlaﬁmééﬂ@m%'%@&éﬁééwwﬁétﬁ&:%%%?ﬂg e,

nodes is the primary node of a further sub-tree which is either: a variation
subtree associated with a plurality of options for configuring an 10 aspect

'of-the prdetedsiralctom faness resoakdediMith BB RRAAAARASo 05 R obfysearch

oclated one.or mare choices which are required
R e oot e ssomiacise
SIPCH fuRPBRIsRAS e astrimtoafiguiogenigassisipleoBHIRNRALGhS of the
coR@bemch? ﬁ'@%ﬂﬂ% Egrtﬁg.lsczl@r%rﬁkﬁ%mblnatorlal-optlmlzatlon problem,

wherein the data structure comprises a tree structure representing
possiﬁ@é&ﬁ@m@%mmmng a plurality of sub-trees linked together in a

hierarchical structure;

each sub-tree being associated with a corresponding aspect of the
procedural component, and being one of:

a variation subtree associated with a plurality of options for configuring the
corresponding aspect of the procedural component, or

a property subtree associated with one or more choices which are required
by the corresponding aspect of the procedural component.

8. A data structure according to claim 17 in which each variation subtree
includes (i) a variation node indicative of the existence of a plurality of options for
configuring an aspect of the procedural component, (ii) a plurality of nodes

stemming from the variation node and representing the respective options.

19. A method according to claim 17 or claim 18 in which each property subtree

Includes (i) a property node indicative of the existence of one or more choices



component procedure of the algorithm, the tree structure comprising a

plurality of sub-trees linked together in a hierarchical structure; 20 eagh qvp wise

sub-tree being associated with a corresponding aspect of the procedural

component, and being one of: a varidg®bn subtree associated with a

plurality of options for configuring the corresponding aspect of the
whighoaeluegluisd jorenmatia oropefig webare a spssciomitu witmpoaenimijeone

' ' A=V i t of th .

R N R A T
chaiee$ variation subtree includes (i) a variation node indicative of the

existence of a plurality of options for configuring an aspect of the

procedural component, (i) a plurality of nodes 30 stemming from the
20.variatioe thedeaselatpessargiaimnt! iastheticeroptising astepmeetsamed
befBfEQUANGIP sliBhigaaie L8AAGESASHRIR YR BIRR DRSS a)

Q) a property node indicative of the existence of one 6r more choices

to )|yvaRied 23 Giaieted s @rurEsiaime hedt2o configure an aspect of
the component, (ii)) one or more nodes stemming from the property nodes
and representing the respective choices. 5 20. A method as claimed in
claim 11 further comprising a step, performed before step (a), of
configuring the software for performing one or more of steps a) to e) by a
method as claimed in any of claims 1 to 12.



