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METHOD AND APPARATUS FOR AN ALGORI THM DEVELOPMENT
ENVI RONVENT FOR SOLVI NG A CLASS OF REAL-LIFE

WOaNBIMNATORI AL OPTI M ZATI ON PROBLEMS FI ELD OF POWESI0GN0382

The present invention relateslto the field of

i nt S\ﬂrat ed probl emsolving. Mre specifically, the
i nvdAETHRD ANDR APRARATUSFOR ANALSORIFHN OEVEEOPMENT

RO S LA SR AL clonrora,

heuristics or netah@PTIMIZATION PROBELEM®r sol ving a
particular class of real-life applications of
conmbi natorial optimzation problens. This approach of

HEEDO@r'qﬂV the algorithns is carried out with
m ni mal ef orthl\#r codi ng while delivering outcone in

the flhenpreseat peentiomeelateato dnefielf sfdhiegtatbd preblsingoiding.
the i nvention
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et Ra M e G R Telaten i & svatego inat o Vestgr the rapid
d@w@wﬁg«ﬁerﬁ@f laf eHesticldiorfHRPN N ﬂ#@basﬁﬁmwmfﬁdi HOR Wi any

it should be appreciated that the pres I‘nvention I's
oifr foims oéa hesiristies oumetahauyistiglicxsrRochitorsdlviiga particular

. reed Ay A

3T Ao DB 5 of e i

at;)pmmyrmf cms:dsrhga'tinn @h?hh" slgotithmd' d¢afibd fr?gwﬁiﬁ?ﬁmﬁﬁal effort in
ere |, endenc 0 n I Nncreasln nu er o

ol whlfs SrbBna e s o Meiorgye: Adedbmerineharesefiient in

sbiviry & R £188s o%n‘db‘f‘erﬁ&t fond lﬂgrﬁ?, th& %vén‘titnﬁirgqé?&atro' 0

probl ens correspond to cl asses conbi nat or
copliguring& igenetie elgogithmi(Gdy) th avevitie solutiahs forsupply ¢hrain

' e [ mension of. 1 he, probl emincreases,,
ez BistivhofBra e sl i rSriaterfioBt fieuienat ruapon is not
litnited no testagsecomipnent i al | y. These problens belong to a

l Ps% 08 enms termed as NP-hard. The NP-hardness
Bﬁ‘éﬁgé Vﬁbs ptim zation problens conputationally

intr a e ratd ve. a
ot o p nh S eSon CHAGIQIN RIC SpbBABRRRTEONRs  fqut e to the
idestifieatiorast cartain peor as tproslerssadirapipreatohss have

and B PRI B BUEGFaR e ate e R eRiermm hicrshsg number o

appiyatianb ©F conitdtansl Jﬂtmzé&%rﬁﬂ%@%iif@éc%@ﬁbé{t tRfite often, these

apﬁroaches, and the algorithns are usual
red Hiereganarionpreblems eofiaspans tomlasasiseef gomybinatoriatieptimization

PR P O b e BT, RS R M apion e

pebierminereasesthe coayatational 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 include evolutionary computation, simulated annealing, tabu



intelligence approaches such as ant col ony

optim zati on. However, in order to harness the
w@apabidoizy of these algorithnms to sol ve real -PCT/8G2006/000382

probl ems, one is usually requpred to put in

consi derable efforts in designing, inplenmenting and

SRR Hett D ReldiS; AR kRl Miktoadly aBRInts fecBfty Siam
iruteﬂigbnwapprqachees&eﬁ alseard cofort y&ﬁiﬂnﬁn.@aﬂorﬂfeat deal of
| ow- | code 8enerat| on and fication, which is

t edi G‘éfﬁa Nnseer 19 karmnessihe caprbjlity o Haeseealgoritmes tmsolve

Bl pREENSNENIRY GeBARRERURT BOPuL A SEXFPRR S fors
obs@mnrcgmmplemmmngrmsastom‘iznpgnme algoathmsttiesamhe Spédific nature
S | nvol vi

bl |
L BBl SR o LB TR OB LA YeieRDanprasesess tend to
r@cﬁﬁlfé“é 'g@élat e o¥ ra)w Fe‘i/eQEBSé ﬁbhébétl@ﬁ SrORBEEREESH, Wiich is

adapti ve object-ori’ented
teqjowazdunetifmlemstwrm tbepe eeasudeda,tnoWa it mindcrmopo aad esore people

B ROLKBBi Bl T ey o8 i ae ot e

ppoisieRssolvng oretegapt GﬂFéﬁibu Rt intbFest %er@ésé)f)f EFob!BiﬁJ&olvmg
hel] p for general problemsolving. In

e@“ﬁ@‘?ﬁ’“@@@ Inyplgngpeyolutignarg atgrsitteny wr@bbgs aﬁmsd 2 lot of
h@hf‘f‘&{ Je9B ,@E@erf@?htgrén(ao}og%ﬁ%ééon Sof t war e and

I"er ar’chi cal nar ring Design System

( HEEDS). Sd?atv\ﬂoeﬁ Prabh2easataptie cijeci-eivrmed Dpihiization
rious t| m zafn n techni ques | ncl udi n enetic

Sy g8t iReeipd éﬂ%@oréﬁ*ﬁw%%%@w intgligpnt $¢f@mnewbjects.
HoWekiet apR lﬁ%ntﬁifplls%écﬂ%l é?)? H@Hﬁa%?:{) o@&@ébbﬂ& gﬁr88é§s EMirol

soIV|ng different optim I on
optinizediond It duessned czftar roéichp halpffor genémat promamwoltnhg

o1 1 07 BBt R Bt g8 08, e 6 988 e By Brrecess

Irﬁ@@ﬁ&ﬂ@h%nﬂ@é§g}ﬁ@ptﬁﬁ§aﬂéh 8|o|ﬁWa$é EHH%éFH?'chlc%l Evolutionary
envi ronnent s various algorith

Eogiteegnedpsign Sé‘ﬁ’@dfmn(ldEE&S)l soiftware yprioblenrestving environments

N TR U S—

Theglpmwuma asskevéiendipiirtefhes soraixpiititig RHBRI! SptReigstiePiools for
fer lghe flexibility to configure an efficient

SQ{VW PEHE OpliHAalion RiCBlaNS Beingraddsgsssco bl kickass\af miatforms
fiIARfesth8prd Sr%’o(ﬁ @ thn‘[\@eSI gﬁ& éht?ssgnh%ﬁc?ég th lﬁfﬁ&‘ency of

conputing tec 'S |ntr duce 0 enhance
proliéinesnlding gieatlyp dlewewvér, dxesst safgva]pttoﬁismleysentlally simulation

b4 T i ARG o B st e o
effRidritlylif tRdr &fardnitents, the execution depends on the entire system.
For applications which require embedded real-time 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. 5,581,657,
distributed COmputing 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-al one
probl emsolving algorithmlIn U S. Pat. No. 6,286,017,

w@2@raphizal environment, which assists users POI/SG2006/000382

generate the stand-al one appligcation rapidly, is
presented. It contains a nodular library, which is

managgrdj. By PﬁPW‘W@@@@bWan) Qgg‘ﬂeélserﬂ)irja Fnemf\klﬁﬁé%ssists users to

reuse technol Oa% Users ar to re rieve
ganesaiedhe standoatonaepplibationyragidly, isheesenteddiycddihinkta modular

B4R PR MR SriRraS et Aad @doRta oivat Petivese reuse
tetiweolegy. Ubb are\i i®RtABle 1dg ﬁaﬁﬁé#ﬁgﬂﬁeﬁbm the

i.ssue. 1t does not_involve any a gor |
fg@,@q\ly%ét prawvidest ddased en ihey prasedueast seleetedea&mmf alone

| th
AL o TRl SRR T8y 3 A BRhoh g acresses
t hmomihg i$stet i 1od t
begemg?rl g}n}nyga MAT'L ABofﬂ\gIbL rg)ﬁ(m%h ?ﬁcy;algﬁﬁﬂg@fgeg e'k?lowledge
ff‘&(‘f’ U’ ypaY Mo} Riash the needsiof sslutiom meihod@ogxa mespxcomplex

aﬂ@irﬁhmgu.ké%érg%édrigﬁcéngsa?<§ bE FhARfddI™ I

supposed| I't easléer %o retrieve the

i nt eQ'IQMbABps agEtheralominizaer endforimemuh MATRARD It is
However, it

S8R0 L BATIAS BRI i éggéise%%ggﬁ;ﬂpagppymmmnhe
PYGEIAURES |ﬁc§lu§|ﬂ§|co\%5@x H&afH@uﬁ:&h&nﬁ\L %ﬁ%lth@ It

Iangﬂe;g LAB progranmm ng
SHPBOSLY mﬂkésﬁ’f(ﬁawéps usks toagtrieve the lrﬂteg’rdteaprwddnjres and

th th t
Qe o L8 YPH ampllcaBh e i o DUt RraaireRiomeves i
cWWneE@@Mhél@eQrcfé EGdCaUtBMARKBIN BA @K Vsl I%érfg 3@159! with the

lf Is a high-level script |anguage dedi cat
f'}?élog grammingnlapguage i MAEEL@&Bairggrammmg(lﬁAguagé This is a

brges&tgarﬁ%w@grgvg} g %‘fé%‘*%ﬁﬁgﬁndmla@bﬁggge
Furiberneark) IteequirdsARBAUpROGLETGH EQferkM | thdrd iy vYare

evoI ut|onary rlthm The .ezfile is then conpi
nM?iLrg Bo C++ files. The generated C++

fl | egagy SpbBlflEé.'l“ 6h SPE%IhﬁS’n éban L( %FA%“sea”qrblevel script

corresponding library to

langpreesiedicated Wethe\a}ﬂemflcaham xof al/glutlomdilm dgeithir @RA)L Nt retrieves

t ted d
VR E RO 58 Ahd Fauines o eivel- 5 R EAvirages: GALID and EO.
Users ctposiitieebefite inneAsEN Iﬁh@ﬁé fir c%?lﬂghﬁri%hﬂrévolutlonary

dev%&? pﬁ@&g”ﬁ?édg ?ﬁgg&%ﬁgd ??Iis/g%‘kSl:EZ?g?xmler to C++ files. The
I 1 g e o R BAR A A R A o cprsmoding tiorary
tohprghiace baetecotabibfiierimplénsntiipthe 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 language. These two script languages both require a
specifically designed compiler to translate the script language to a functional
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any functional programm ng | anguage. These two scri pt
| anguages both require a specifically designed
w@owpiotmi2t o transl ate the script | anguage to BCT/SG2006/000382
functional programm ng | anguagg. Furthernore, it is
necessary for general users to be famliar wth the
PR RIRG 1A TR PrmORe, IR B oIS S0 be
famifauwih the spmipk aif the laaguageext of the invention. It
shoul,d not be Iakeg as an _adm ssi on that an’y of th
r

mat ef 1) dgsHssion 5 ngm.?ﬂgs,pldpgqceg,r 12k se o‘f”qvﬂﬁgge in this
seSETEAticHeREhaluds A W REBE e %ﬁtéﬁ'aﬂfﬁé‘ﬁn\éhﬁo@” Phould not be

before the priority date of the disclosure an
taeneasman sdwisgian it anyeRthematarigldoemala paet ofsthetprior art base or

r t.inventi rovides a data,structure fo .
o SRS P st Srototeptatne priorty date o
thed giecliobtire 4d claphy hegimt | east one

conmbi natori al -optim zation problem and nethods and

SHM\&A&YJQEJQ\‘ TN st r ucture. The data structure is a
the. 5 E2ActE) BRAESHRSTERR ot Tolidesrd oRE Shittlielide

cadfigueingan deoceduta cotmppaenf ot@rbhei dlgerithhtiap seRaT aBleast one
copponent . A user | ed through the tree structure

SRR ASy aR gt Brab B AN LTRdhadE R BbPEIaBIS WHlas the
sthget L T%é@étﬁ%‘tﬂu%&r%?eé{‘%% ﬁ%ﬁ@ﬁégé@%&&é}&a %@hwgﬁ?ggf

of the options in ones erm ne whi
configusingtibe procadursladonparanitt Arraveksss of teodath ttdeecdrresonds .
str.uctu | e a?llgéeneric sof t war e

th Ee. fThi S kes hale silb
S RAPRAC ﬁﬂri‘éqyrﬁggs?é?é% FRpEMBAEN i endl y i nterface;
enabi @ S REIShEcUgAUE ek AR | o@deag@éeé %giéDf?a&é(rlsFly

al gorithm based sol ution nmet hodol ogy aut omat1 ca
algpfithim zat aaeh nasler mgkingta ssleciion bakvedngibeiavaitaleroptions. Some

ofP AR 501832 ok FAIPA A8k Pl wARh BLETh Povmisst isortr
tawbe tieroulgh theltnelel YNBILEENTINE MERESHOSHISIE PAGeRATCBHHAYABystem,

tring structures. A first specific expression of the”
whichgpivigiesian eParpanbUiesrlycibitians: engblrgussrs i@ awickly configure
. r . _
aBSSRAYhal POERERELLSH Lol oy thi sl opimize
theresisifiguratians ofshé algoethph dyi sjvihgra elasd opcarabitatarial optimization

conponent a,correspondi n data, structure _
PR oD AR b eets U B Peg 3 Hes Whegathespolutions can be
reppsssHiedtas gdMuBRIon stifd!streRr&QmMrising a plurality
of nodes associated together in a tree structure, a
pl ur Alfirstyspsicifisaaxpressitss of iner ipyentiomig & eefiet ofaonfiguring one or
mBR?bFSeRdiPhiddnfichents 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 together in 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 a traversal algorithm in which a plurality of said
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to be nmade to configure the procedural conponent, said
nmet hod conprising configuring said procedural

w@oepomnent by traversing the tree structure byP@EI/SG2006/000382
traversal algorithmin which g plurality of saidnodes
are | abell ed successively as a current node, and, upon

s 5 A S 31 A S By 5y o
réprpaenting arohioldeanisibhiis B be pradeet eshffyirs ife prideRDtal

om an, aI.ternat@%S(’;ﬁoi t . of the invention can

de. F :
CE&F@P&PL{ SEVing ipRvipa Qicerepeesanéed by the euirpnt node.
the mRbRoth afbRatiVe E@inlt bf th%nin%ﬁﬁér?eéﬁ Y)gee%?fygéfsse% Refs of a

the invention is a data structure for use’l
datmstrgeitrentprasprin tealetiioconrponent  of a search
al gord t h r sol at | east, o

f . M . . . »
combREEhieAl. ALRISMZivG exPTERYBN G ihainiestianing daga tructure
fetuigecihWonfigarRg b%ﬁécé’ddré?@t)rﬁhbHéﬁ%fea é@&{cﬁiﬁ%ﬂitﬂﬁw for s?lving at

possi bl e confiqgurations of the procedura onent o
laast ope foMhinatoriaheptimizatien puehklame wherpinithe mgta atructure

i i : . of th
oBBo¥ P S e Bt hrlod HeE R 2BBlaifiayors g harocedural
cpmipoaet oibie dlgetiths #sdtrbé fstuctrdedpfimeh@i ther (i) a

vari ati on node representi nlg%one or nore options for

conf RRIMMAY noge reprsaniing the srptsaent obthe algprithm;

ro : [ ich, .
B o hbbr PR, AreR R SRl o SRR A L el St frst
node dpeirg sittvar(i) anatisionaadle epessBmingf sremoomere bptitves for
fif[st.nogés V\/n(?re' nin the ca?__? of a second root node
CRUGHHNGG e RSRES 3} FomPaREo BB () RePOREBH MOREJBPTeseNting one or

N8 chBRIBLSWIABK afd rddMfre’idb rc%%ﬁ%@hfg?%f &BEEQG%? ggﬁﬁobgnt

the case of a second node ste rom a
nodeOnB®r seereratcnod gmodepr easmstemmimgdforntmnectichedisst nadles,
i nvent.i o

BB 3 B BB e R RS Bl noce e
SECTMPNEHE r@éreéeﬁ@@nféfbﬁhg@bhbﬁgbﬁd}hg%fb‘tibh,@,gaﬁd in the case of a
conbi natorial -optim zation problem “wherein the data

sgeenstpede siaspingsicamaa propertytnags: theessacepdawsiet lepesents one of

i configurations of the conponent procedure of
ﬂﬁé%é?%%rithm the tree structure conprising a

pl ur Ahidlierodtiveudsiressisn lof tHeethveatien s data tructure for use in
h!fer arr chical strycture; each sub-tree being associ ated
cqgHTnGcR ProsesbiRl cagResE of Beear pidettiumier soing a
CERBRAIEIH -0tz AR BroBin Ovherein the data structure comprises a tree
structure representing possible configurations of the component procedure of the
algorithm,
the tree structure comprising a piurality 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.
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a variation subtree associated wth a plurality of
options for configuring the correspondi ng aspect of

wa b@7proeedur al conponent, or a property subt rBET/SG2006/000382
associ ated with one or nore cgoices which are required
by the corresponding aspect of the procedural

CONPENERirtHE} & g@?or [ re%éﬂﬁ?ﬁ/eﬁﬁlﬁw B fq dQY fgrrjngpfor use in

provi des a dat or use I n configuring
canfiguringran algoritwoh fomspleing (ﬂmmlamatorail—opptmmtmtpmblem wherein
erein.the ises a tree

mat  conpr
% Bl CPtsaien B Ghec bR ros pRgowie ppmaesipg
r 0ot aiipifRiry 2bot ised: one first root node stemming from
the prinmary root node; at |east one second root node

st enfi legst Qrtﬁrflltslﬁéo¢t| naste stentmingdeomties primary eoattnddeast

For EHESPt ol ol oskaioRe T Rl 18 0§t i pRee therein

thmmeleaaror@tsemmdfr@bt hb@efcbrrﬁatnsé%herwde C) a property
common to each variation for the first root node; d) a

node@h® VAHRHR) f%tﬁeﬁ'fﬁfp’@m@o%mn to each variation

for ot n

ty" 2bPE rohe Pork oo Mbrgvaliilaiar Mo fist By aeT
aspeca prcmqﬂyerz:enmdnrtmeefadhomriatlon If@ielﬁeeflrﬁleﬁobo ﬁlo@é

conf i uri | east one procedural onent of a

heur PEE NEO8 BRINtGHPc: BRIV IS to FagBYaation dordhe first root
nadgorithm for solving at |east one

conbi nat ori al - optim zati on problem the at |east one
pr oc@h@liﬁa’lhen‘dmidnehnode,‘nprl sing a tree structure

havi |on nd property nodes, said nethod
conpﬁ%g%ﬁbe€% 8 tree structure in accordance

Wi t hgy deiULal. | ow ng steps a) selecting a sub tree
corrprlsm a root node stemming froma prinmary root
nodelloanather aspast they p@qe@ttmgtl@mprqm smaﬂmdg)fbonitgurlng at

her  th ted
HaEoRBlocBREy col AR It B e DR e SR RSP
gemmtlngi)anla‘lgdmhrrsfelr eoivirty aﬂ%mn@&b@blmﬁﬁallcﬁﬂmxfﬁ%
e for a further sub tree repeating steps b) and c)

emyRedt leant ong progpderal component comprising a free 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;

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 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.



10

15

20

25

30

e) if the selected one node is a | eaf node, returning

a value of the |l eaf node to configure the procedura
w@oeponent ; wherein steps a) to e) are perf or medI/SGuI6/000382

that precedence is given to variation nodes over

property nodes. Preferably, the algorithmmay conprise

a ge j [ L ti ' .

o FiipfaR 485 slcHPAIhG! cBribftl £ BRE Ao R HEhOLTa hybrid
gemdtivoalgofithomnf i guri ng a genetic al gorithmfor sol ving

an optimzation problem the nethod copprising the o

St eplh iUt 5Psbi @wer@eaﬁnﬁ IRVentgn e@mﬁ%a Bietded of configuring a

o S « a

SRR AR FRARS) LB Bl Bt comprno e
stepe ofiopul ati on of chronosones based on a fitness

functjon tp there desi gnat e nmbers of the . ]
popurLeroiing 85 AP YRl &t FaRmaspriss eareRenng espective
pO&sibRIcdNHgNRII0AS P HAhbRSR HIBBRAtHMAE Parent generation

to reproduce an offspring generation; d) updating the

popuPhevaluating et motmcspeﬁ elyogEsenas tmaoﬁgeaﬁhnesa fuhction to
tiso P A6 FBhaREABEIS R 1S peifftih B AhatEFterftion:

poputiaperfurmiig onepreahdregeHaiesopBratiéh<Lipattted pdrat ?eneration
termnation fondltl onis net. In a preferred aspec
to eprofucsaan offsRiéng 9emeBHeNi des apparatus adapted to

conf 4O &atitly the u%%n%fﬂ‘??rﬂ%‘&ﬁ%% | &{berﬁ{iorﬁ)iorgetg%r with the

heuri1'stic searc rocedure gener at |
pafegdgenaratiboy sol ving at | east one
conbipatorial-optipm zation, probl em said apparatus
comp?l e RN Bbetier FelsR AR G o nolgr A Updiated
gfiglgnce with a predetermined instruction set, said
apparatus in conjunction with said instruction set,
bei nf repeatingdsteps pitd o) untiilibe temhiodtiars conditibm semet.

her ej n not her ef erred .aspect the present

ol BetaPRd aeothB cibte s AP aEnreRidBh apparatus adaptedto
cEIguré ait REist 8né PREBERITalLTRNDGn SR Gt WALAIEAE isshAth OIprocedu re for

copput er readabl e program code and conputer readable

uss iy generatiag anaianEamoier salvindrelieast org cemhinagerialmptimization
pldBisth, 18 BLARRIYEBIHRIRBRbsSr AelfY bbbt 18Epette in

procedure
accordance with a predetermined instruction set, said apparatus in conjunction

with said instruction set, being adapted to perform the method as disclosed
herein.

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

a computer usable medium comprising computer 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
problem 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 herein.
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generating an algorithmfor solving at |east one

conbi natorial -optim zation problemw thin a data
wW@e@ces®ing system said conputer program prodBCt/SG2006/000382

conprising: conputer readabl egcode wthin said

conmput er usabl e nedi um for perform ng the nethod steps

of a sed . .

ner o JeBREr &b tueRl Rt eEr A ThES Honmate tpassibia o
adakssithe m@eﬁs lahe challestiisesisa tie- uiidtp VRIdre MR provide a

of a turn-key solution provider. They provide a

plstiarmdphiewiopRipdr GeBlIgURRIBBHINNYs el are sfficiamtdor splying real-
In%rcggff'ﬁl&hﬁ%r? BlotiGhs %?'r?{éé}gs {)FQJ\ llﬁtggracw& H%tﬁé%' ﬁCHF\I/lﬂa

y means of an infegrated problentso
eewmnmemeriﬂserslszmsyshem Bysgratoisniity natesosund tblachground

R BT R Bl A RSl ma
tHH @hff@l‘rﬁ‘té ‘éoﬁfti’%] b o é’Hé‘ilaﬁéeQ ‘é’éﬁbﬁc E g%‘?ﬂ‘?rﬁ 'h?bﬁh&%ﬂ'%lmny of

hybri di zed w the hedristic
thecheursiigsios mets-hausstickedrovigled fortim #\@awucmnmmtt ThEhessult is a

S LA SO R P T BRI T4 35 Bcatons.

Uekrd reyuireaflinrdabdddig efiert W%Ugwrﬁ@e ke Pgﬁé‘@iéﬂ Sfbgrgam for
program for sol ving various problens of interest

S@lwmgo\éﬁmusgor@hl@rrm ofinteresidnaintrosipeinigithe prr@l@lemr@@mam gpecific
53T s DU A, R o SRt sl etopmen

:spasrdmjedl sigreificaraly. lmeme%nuin&éhtlorambama@bﬂy applideble to the

cl as tszatlon problems with a permnutation
oBsb & oA Fetiaplrs Wi s selltn pigHgture, since the

I
SN o MR AP R R | PG o8 AFE RN P String,
i nve&themasp@tsjlasdlmetedramas;bmts pﬂdhénmmlon areddisclosed in the
rt of the

def.jned in th

GRS AUt of RBTRRY R h FPRNGa: PaUTr OMDing & Aan of the
desdslionetithe Hvenfienpresent invention provide a nunber

of advant ages and/ or advantageous results, as follows:

1. Aln pattieyles: eartain emlbedinents efghe mpresant mw&ntlbmprowde a

5 AR SATEE oSl SIS T

envi nonMeAn inklgrited ptr@blanﬂgdlelr@omtonm@ttff@fd@sﬁgw and

deS| ni n configuring variants of hybrid genetic
dgve| egmﬁ'?@? e%lClenAa@@Hmm%f% %Y'DQWTM%PBM'O'W problems

Do Enarof LA AB 5308 B BB GAR G cosionin
asd|configuisng variartts o hytanid gene’mpa@mMmd. as pernutation
stri gg 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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4. The genetic al gorithm devel opnent platform further

conprising a nodul e-based procedural library. 5. The
wore@al@obased | i brary adopts a novel hi erar chi Pel/SG208€000382

structure of left variation-rgght property tree

structure as a neans to nmanage and organi ze the

procgdur a l.es. . | c.algorit . .
GevePopronfCoePRS Al Rk Gy Hfingy gpmrises high
leyebgtziphidal user intefare fae eommurmﬁywwgmﬂw?mhma

geneti c aJ[]_ orithhrrs. 7. The graphical user interface

Peal Tzes THE draRMIR} USriArTars (arlizes dhe visualizafion ofdhe tree

I ' j [Pan8 - The left variation-right
sfictaFd fd?ré?g&ﬂﬂms%rmgpgi% e

property ee struct r conprises a |eft
var i &t i onThedéftt variatie-tight preperiytrecfatructuravieriset conprises a left

Vtr. versal. rule oet@e 'thtpe depth-first tree .
el 8t Ardpey RRGUE ToRaugioR BhiEgrpiessal Tuike fogether with the
dEsthtfirauires halefal Alle 24 9AES tHESN gtb r@@lﬁfﬁe&ﬁﬁg&p@gg% %lﬁSn of an

hi erarchi cal tree and subtrees.
algpfithan pyiteavessiad abongathedii¢racchioaliteae a0d Bubiresar k. 10.

A soyrce ratqr. which is able to generat

st and- al oﬁ@g%ﬁ%%ﬁgﬁﬁaﬁégé'ara& ISUE%?e_cgBg@infqtg%cc{-onen%ec?framework.
conf {Qur aAi Yurcébedes gbmBrariFevhRH i8abftPHerdlBte stand-alone
obj ect ed-ori ented nodul e-based |ibrary and the above

PragERMNgseeh QI usertgpeating candignratiprh andds inpleoranted besed on the
(¢]

| t
Gecieomirdd #ddie B2380 ALY Mg 18 ABOUE e FilETirens.
Further sCopbsetkingiblasedkubionyizatiort bEthermegrim is generated by
i nvention will becone ag&arent_ fromthe detail ed

thgesqur POEPARS gruenrtardee salyingavarious aetigrization greblaras be

nde [ oft deitad | [Pt ‘ ; L
o S Lo AL ST B PSS sparen
fremeheriesaitacbdesciiptiogigian hyreivaftenf Hdwestrr inshounlddsd ynderstood

i i h d _nodjficat | i thin the

86 SR HeERART B WG SSBATES bl pipe retered
RS ermep Bt AL AR e v
changeasqg modifisptiens within thetepiidanshecapspelidhe infertion will become

[ ' ter. understaod by those
Pty RS skl y i 0P B BB iled- Pl
BRIEF DESQRIRTION OF THEODRAVEINGSEed enbodi nents taken
in c[9n' unction with the acconpanyi ng draw ngs, which
are g‘i‘J{; §ClRgyren Phjects fdvaniagrs @nc\aspests ofthe piesent

sfalb Ayl b Sefl LS RGN 1 ERKSRILAT, Oy
refeneace ¢o theytolioning 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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hybrid genetic algorithm flowcharts consisting of
procedural conponents in search algorithns which may

wheoocomoigur ed by net hods and appar at us whi ch BECESG2006/000382
enbodi ments of the present inygntion. FIG 2 shows an
enbodi ment of the invention which is a hierarchical

r oataer 8 A prmbBRIREHTRA M nvEhtiSR {ridh js 5 gy poture for
tihcomposert nddédis/Qmaratien.f or t he conponent | ndi vi dual

FIG 4 an enbodi nent of the invention
\?ﬁ .e{:ﬁ"!‘qasf &WW@@%?%E%EW rthf% we@ﬁ%m@n ISR g Stiugtyre for
tHlé‘bém?bhérﬁtP@ﬁU/aﬁb@Inlﬁa%%ﬁ an enbodi ment of the
invention which is a tree structure of the conponent

PopuIFHﬁi 2 8hoye @reembbdiment sif thes inventioh ediiche it a trbetsheicture of

e structure of the conponent

ﬂll’-é]oé E{) é}ﬁvﬁgﬁ@ﬁg?ngjﬁcf%e 7 shows an enbodi ment of
t he Fl‘@(e@tshOWs\dﬂ Stbb8inferit 'of ehS invehtioh WH?éh [%®tree structure of

onent Term nation Condition. FIG 8 [ustrates

th%ggmpewr&f/’%mdam EVQM/P@ur ation for the corrponent
genet G ERREAS M ombbUfant o Wy bhfiot Wi B, oo Foture of

thet caropomenit Terevipation CoBEiFAhJ_ED DESCRIh PTI ONOI PRACT | CAL
APPL Bl LI TY The present invention has w de-ranging
pr acl:f@ 4‘ L"HEHPteéafBﬂth\g/O F e\samplss cenfiguration farithg campenent

OF<pPhePrsQliddmng environnent has been carried out for
ans%glgﬁﬁl cation with industrial relevance. Using the

Al goFiG HisiDewe (thg divigiotol any geretic &lgorithm into three components

based problems of the present invention, a
f'ﬁﬁ)%ff té'ﬁagt '%WB?'Qgrithm was generated and
DETNIEEDDESCRIPT$ONAt €d i nto a supply chai n managenent
wor kf | ow. The Kbrl d GA served as the planning and

PEAHGALPBRYFABILIEY manage the distribution of fuels

by a out | et ref
ot at TBnErestt e iR e Wik ko BelprRt et aBe Celig & areo of
ltgudlﬂiy asra peileratsdiing eheirénrpentings Iééﬁbbfﬁbcpéutf feehA application
l,eni shing. We termed the overall planner as a

Wl'tﬁéndti VLR:‘I{e'ﬁV%ﬁ? cV¥singthenigetibe) Devglapraenidinvipament for
P'ehﬂhfa%?n EE%%@B'ﬂrbﬁble'rﬁs 6AthE i Es A ifvéhtlonTa bR R Higorithm

fuel's
was generated and subsequently integrated into a supply chain management

workflow. The hybrid GA served as the planning and scheduling 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 traveliing 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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di spatch to the various stations in a given zone,

starting froma designated depot or distribution
w@enromo1The mai n obj ective of optim zation i SPEDSG2006/000382

mnimze the dispatch cost, wych is usually neasured

by the overall travelling distance or tine. FTDS hel ps

o T QRN AT IR b a2 Bl el epuice.
vittichy Beed tmbé yakeneintmaecaumpst rai nts, suchas tinme factor

(del thin a.s C|f|edt|rre W N and priority _
of s 46 Pattirrr e uebfdenstealbarm And Soherenine varedponding

s6QRje BHeRha BYdTEHED NS dim lt BPfd ﬁ’@b@lﬁ‘ﬂ &E‘ﬁr‘?‘t Rfler

the correspondi ng source co s as a pre
inoeseeriatiag the prabiem moélsantspemfmrfeammes Aduckras the truck and station

bl d f f
fDfERET Mot IfoBlRL ele; & RS R etion i the saheduler was
achieveda haairgshort thfe 2lNIHHRa BHTEARbR abpﬁna%ﬁflﬁ%'s,%fm
was achieved in a fai rI%;1 short tine.

d@&ﬂ@@ﬁﬁn&r\%m%g cyelerfobthessigpeitnn evayl egpise tweeakscrdivien months.

A PR S R TR O R B R R RS OBNEKTS

ENBS?' adeiNERtidnal W“P?\gg@;@]@??ﬂgﬁi’?ﬁzﬁgﬁﬂﬁ%ahw% significant
BT Eoleveh peded snaratioon 8P seombartianeatTinis tevlaus ang
|ﬁe$ﬁ3|é’MS aAd ‘ﬂmhlﬁ’% td Bbefblie tPREep Db Wit held n_%g’t’fc @g & teloin Jumber

drastic 1 ncreasSe in nu
aa |waélra§ dtyersﬁty@rﬁpppmemoosscomed Iveith Nvetfhcttthat ﬂw@%orﬁbl@knty level

Oﬁge co I exi t eveI E{&f}ea eas denands
FabEerke clafiaalgoribmsio arhieyn asesent
ateahbleflewsiiof Qéﬁéﬂﬁﬁncé’v W]tH ih%%@ cofd 'g?‘%fo‘%ts' i BfinbNthere is a

mnd, there is a need to develop a p
need tQyelavelop Replatéeroutaintegrata ﬁlmrasgutccesdmtagmngmd deS|gn and

JERAELREFELL b B il P e e
emtw)elmheme ,of tite prssent Mvehtién,olvasscudf oPid dhgabi Qﬁtlmlzatlon
e ch have errrutatlon sol ution structure.
Febfamsathich b pasry B85 plusioscHtaG R, §HS Tissnsribei an
f
Piﬁ%%'%?sﬁ&ﬁ%?ﬁwapﬂ%ﬂi@%?hibﬁé&% R e

i ncol’r’p@ pe&fee“ep remimdmneht obithe! presént ineentidroal kypigal system
solution nethods for Fo Vi ngnf&ptlmzatlon probl ens

InGRIROTa(ReRIaCTGhTaL MEdiesder sentitmtssalutian mgthess fos setying
orwmliahbﬁ%@otﬁgﬂﬁ@qwé'fﬁéﬁlﬁad fb?‘ﬂ*ié hlss o?%??ﬂeﬁ%% éa(grefs%d.
y_conti gured.

genetic al gorithm nmay be convenie
V\th;he_s_e 8 isents, peukstis-easerhpiaqpedatdstios aafen@fic (@gorithm may

b&¥BRISHISN %%qﬁrgggﬁs Fromthe figure, there are six

corrponent nmodul es. First,
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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the Popul ation Initialization procedure produces an

initial population of chronosones. Then, in the
w@enanzinn | oop, these chronosones are eval uaPEHSGHOE0M00382

on the fitness function. In n@gst cases, the

statistical information on the popul ation al so needs

SASSPEY P, NS RBIARTILA SR Mo

gémetiatiod u dlholgh tes ngoedsedy irs GA) dnoiaidenal Opereioaisi (81, mutation

gL AL SSRHE b Bre P ABPISA e i @i siRneticsomposition
oftheabexigmBahemdbrd Bﬁh@féf%%rrfnggg%ggﬁﬂ ' If’iﬂal f"f&h%‘l% the

not necessary in GA di vi du rat
PapuatioorUrdeie oredhanisim dbarres)lting effeptireg gap@artled tog:ether with

t h t
e R ehERY codn i e By BRRGR en o Refasw oSpsrationyfor
furpler @épﬂ@@ubf@ Wﬁld'p@bbé&é igndabateBaiif e GA ééb%h converges or
resul ting offspring generation together with t
thedeaminajiensoagdition is saist i t utes a new popul at i on of

p?gsgégﬁl%gﬁf epea{]o{f% H{]H{i&l?ﬁ ré%@é%%@@ ﬁ'b%\%F afzgro&ertles and

aﬂtrhtwtberpnmwdhgo.rsewwﬁhtdp@nbnsﬁomhmg@ﬁdltééﬂﬁ‘g@iﬁ‘@%n@us
dules is associated wwth a set of properties and

C%ﬁr}tqqfﬁmfé%ofpﬁfbeligerlw udeige Freperpe rpaatirbriasmierganaged and
o%%ﬁﬁz‘éﬁgin@ﬁle\’%hi‘éﬁﬁréé’ Efrh@t‘d{r%‘t VD Sef8f 1P, 9 gﬁh&@% as left
| the properties and att utes are nanag an
vayajeoni-vght properthiree strobtwal tr ee structure. W refer
structur as_left var at i roperty

t oo G ZBhoEs e fiel Staybhire o Ik Ofaind Prodiicay somponent. It
lstd%o%fg?e@fe'rét@ tﬁ’é%ﬂ‘élﬁﬁtﬁ m%&@tfrodﬁthé at‘é?l?ﬁogelatlon for

enerate the offspring individuals fromthe
ugnt eapreductionnsyations.r €pe MUclnllobvalmf@natqf tims Offejpeing

PSP 0 TS B o
sutiirde tof dérivte tied t/aﬁamirfs&ﬁ |ts0p@kenptu R. Uf;%pwag IRbHORST, M.g.
| ts parent ring Pr oducer, (e.g. Crossover

CrasparebAng &/@@'eg)et%wﬁ&e th dasked line revéamg;dwalnlggk aproperties”
séﬂ/QQ s tRE B ‘?gﬁg {:I‘élﬁfls réf&sof&metr@'ﬁt Ebl?t'?% ﬁﬂngﬁ:ﬁh% H@Sommon

root of th tree to i
propepias dfedl the \mlrllatmmmof/ @ffspringirodficéX $isgh &9 G’arent(s) Select/on.

Pr.od h Par ent Sel ect Simlarly,
SERIHS i sSSP Ale-penaqse an gioieet by thpaame
stRaBreS L FCaHeple Fohe SKﬂ@\'/e?ﬁat%% dfof égﬁmﬁ/‘&@?]gﬁg ?f/ﬁésover

O fspring Pro ucer, Crossover contain
camainsrvariatioss bve Unifarm érrossavers Qsder-1 CrossqvairnOne-point

CEETRLER A B o e BT B VP, o e
vartmima HeatdHeecorhm@n, fe SIUPS SIY.eTCIBaEEverdRr41824h réMHfhber

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 implements a traversal algorithm to traverse the
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parameter which is represented in a hexagonal bl ock.
Therefore, it is denoted as a node in the right

weoroawinf Crossover. It is noted that the dartBRGL06/600382

bl ocks "variation"” and "propamty", also define the
rule for configuring left and rlght subtrees in
r e
pﬁgefg?l%fn‘?@heé%‘é@gt{r%erec%%%idﬁ% |+Hl‘.lt ﬁ?ﬁ‘mt{e g%%raq};%ﬁll %qlﬁ}gﬁhere a
s@lﬁdtn@mfrbrrgan nelrtbies orfchmeepmndxf agwwubﬁcme/anfe ishreqgiked. d'he

| d d b
Vi DR odleS BiseE © coniiP e Basiinaarimas « he
Syst ARG PEHBESgRAsbA B}i@lﬁégbr@ngél&ﬂéﬂﬂ 8 drf E?tvlg n?‘r?girfﬁicult to

t hepr e- eX|st|nﬁ tfee stfuct requesting I
upgerstanst that this higsaichiasl thestrugtuselis openio hbmmmmemer

oI A o TSl b SIS s e
agtigoekisting pAscetordglad thdiesiBRiys eldorbé!xérﬁﬁlep Bthe? 'Erossov%r

skilled in the art, it is not difficult to understan
opgrziorenlike partinlly miatelad erossovar(PAMX), enaysbeyeamly nntroduced to the

PRSP Fealiteh oRIAESANGS of flo SRR LiUPR Cropgbver, Orcer
1 &Xrossd ey amdopeiofst @@sbdmmrr Toid datess oﬁ@rngeétﬂiﬂﬂt@s and

her crossover ors, like partlally mat ched
feéf“&f?%\?%mrﬁw %@ sa/ngitrep $tmqt@m@%mamomé eatlier.

TRY&F6® Ms Bﬂﬁﬁhké‘%nray@f&ﬂ%rta%‘? érrgltlig%g o% f/%?d gasly scalable.

exi sti ng Uni form over
One- thawthatﬂ'tfs’a:eaetrucmhecan berredsapmmm aguatbaridiwiags without

B4 Y5 B PRIRORIRAE) B il b e i e
frenl thw scepe f %b@ébhhﬁhehﬁo@ﬂ%‘r ék'é‘#ﬂ;ﬂésiﬂ V%@Péhg%&t) subtree
Note that the tree structure can redra

Ofrfbﬁtﬁ‘@dedﬁbﬁ\léﬂﬂspﬁﬁedﬁ(sbﬁedﬂﬂﬁnglm gmmys (NI, ||ndlna’eng)that no
PISPERY HAS 13 peoshh [OMoBEE IR hRTis f giAvipg e Famstdoture

witthie the spepe vf {i1d ipketic ks ﬂ@d@fméﬂkéd NJEL CARY Glitted from the
Par ent Sel ection i.s enpt NULL"), indicating that
d'ﬁS%Po‘éﬂéZﬁ‘ﬁ“ﬁ fﬂ%cm“éqlé%i%éﬁawm T@ﬁd{%ﬁ’frm@urﬂa|tla@|eoci©rnarked
‘Db ENIBE” éé}?alts&%% Oz,{fnmé%ture within the scope of the

i nventi on, mar ked NULL can be onmitted from
t he KiGagy shnws thquee atrattoes farehé rﬂnd/uiaiubxbOpérmmnﬁment It

" |
s 36 351 bl RG0S RTes BELHGAPHIRE 6 PoNTGL %'gfvidufei?gmnawsrc?vmg ts
c t
oL i s o U el S g gporaton
2e¥changs leahsearc aqdd\/lutaylom S@Ivemhvaguatloss sf local seaach like

ta§€’exc an%)%('\,l%j)%é’f'l t\/@ ﬁ°£m§ﬂ igng S%uﬁgl §§j’@f’%t’on dnd windowed
mwta‘tlom wens irdorperatdd. SR ke |ab§vé 28N ESRbRshRPp r‘b%b&ur%% may

ba Wrofdu[:gg Ioof mut ati ons fgscr anbl e nutati on and w ndowe
y following the left 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 genetic algorithm. Therefore, it is
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mut ati on) were incorporated. As stated above, any
establ i shed procedures may be introduced by follow ng

wao b@7iafot2 vari ati on-right property rul es. Fl G PdI/SGmns/000382
the tree structure for the Popul ation Initialization
conmponent. A genetic algorithmstarts with an initial

cBRPNORd é’ébl?/ Qohfe E@ﬁ o N8l fdicaHelsBa 1884 8R%55eh 1B Frmr%vc% the

Popul'ation Tnitialization procedure s Tespons
quelity cdthe inifisd poputdtion. pdpubreseoninventism providemwsees the option to

ul.atlon size .an inportant ar aneter, is
BB BB o RS bR eRE TS iR moted tt
iteAi 00 MURIG: LRMRGRpsheatlihsante 'om?c%idi%ﬁl OPération. The
performance of the entire genetic algorithm
copiiguspiiere of it candisodifferent droapiial of tmee Intividualf Operation in the

SL I t.o | t.hi Ljt :
ogflatEhicd ERRY. RSB Shudtlie SRS Sureta AdC. oY which has
bpen premtets T detdils byheans 60Fi@Rr.y | ndivi dual

Oper ilon on the initial population of individuals. It

is n G shaws ’fh@ digerguiciyreaf ¢he hlgck lac?pwl‘fﬁi_ﬁmpélpd_etﬂ It ifs used
4 BSAFR e RN g SEEA 801 e

repredadtiomnofi thetriext generagiono THeabred sEharngs ard\éhowh hstsiBtrees
st r@;@tlfre r)f aél.his sub reﬁ%i n F]G 4, which has been
A GNUIH SPlanalion AfieachPCheledoldWEI G 3. FIG 5 shows

the pres: @\felx‘l‘éie)k}frfg op I%rptleﬁétepnﬁ’éml\ﬁw 9'&8Hggﬂtxﬁnbért of elites

is used to determTne Ich offspring shoul
(troteffesdd into the sel ection pool for further

oo Btk oo b BRI UEh s Pl hrs bR S50 R ucea,
oflylireBetDEhRWFOsIthés frofVigdth FRIPEME a‘?ﬁpéﬁ@ringrékrg agfcepted and

repl acement with a certain nunber of elite
added g thepsplectionpeoh certain nunber (update interval)

f j _chr.
£t onr Bo B OB, BieCciaie Rher@Piar B WERY ek AR o
et oy PN b A e I O erant
e
fr om.?h% #b@{]%/'f% aﬁﬁéh%wg@ﬁer(@te%b%@r@ﬁm% Rroperiesapd age set as
reHl Buhieh g%'réh%?er@'lﬁ Per ARABLE 2 @tﬁgé&ﬂ}el re the

properties and are set™ as real” nunber paraneters of

PU_1FKhcb Spas tes preetstueture oF i@ blockRopuiation Evaleation. It is
oA G S B BT BB e Funotin
whiterieueee to ihazté Bes itneus 6f ég!ﬂqdi\\g@ugb id énéé}%‘é:lét@ in this

evaluate the fitness of an individual, Is encapsulate
COMPPREI asoltpprrnartyasBesides sopwr pre-pResstes liksdritness Scaling

afl SIS %36 Biten' dpitiel'th %S Sardf bbpdiation 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 corresponding methods
of scaling.

FIG. 7 shows the tree structure of the block Termination Condition. It is
used to control the modes of terminating the genetic algorithm. We implemented
three criteria: Time, Max # of generations and Convergence. The time criterion

terminates the genetic algorithm when the user-defined computational time limit is
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and Sorting, are often applied to the parent
popul ati on before reproduction starts. W introduced
wo owr/otoppes of scal i ng net hods: Linear Scal i ngPC1B8GI086/000382
Truncation, Power Law Scalingimnd Ranking. Sone of
them are associated with real nunber paranmeters, which

ré‘é&eo%ggvrﬁ tlé?% gﬁ%} g'o?éﬁgéf‘#fb%%tcﬁje [cﬁ'n ltel?ﬁnrga?% ﬁff%@%ﬁ‘%@ when

thénautmbec kf iferativnareacheSahdiusepspetifiet hunsst dfQepeRdtioNs. The

GoeliRateiTbHos EhevaliaT cpiuSiats by mmriagitonsumber
oRBcderRRr SEHET oS WithbiBarf) l'rﬁér?rbilé’tﬁ‘neh? H"'Mlé‘ﬁ&f g@ngﬁxapnce the

genetic algorithm when the us i ned conpu
numieriexaeeds 8usectiefinedwalue, theeewsintioh pfoagasds dbbmesl to have

I hm wh h b f
bl pliag PSR TRaRi or Jopeci 11 ed number of - ¢
genewdith trsmodlR-SQsEpBRBaarH hbﬁa@y I wn.cﬁffé ?r%rfadefd Byhe

evol uti on converges by counting the nunb
higrarchical {ree gFéW@FLH?B @ﬁéOdMOBHahOVQnySemre\fmm explore various

230545 oP i esidl LRI B G ZRE 1G] ot Bty thatepossiple
“feaﬂaredoaasec@eld wldntdlg@nthmsthtaﬂsmaﬁg ednfidlirel drB9ocated as the
library, which is nanaged b

dul.e-b d |
I SHE8 Th e EASRANA G TP et FIBIHIREIRGda dnah oy 2 user to
dé&@ﬁﬁn@é%eﬁéﬁ?“fé&ugé"péf%{g\eacyaf}fhﬂ?fs s T o\ﬁ%ﬂ{%g o254 ?ﬂ?‘ldinga

design. FromF
ppiskomitbe roetnadets' a aaﬁmlaatleaf rtCElGilﬂl thbg;@rneebﬁhﬁihgttrees

e l.ocat ed af nodes in the
THE e By F coBbSunf & Brriteiedor 3 e?‘PfBeF@bO'PQ?SS of
travérdfig the tesdseiofirtea %eP@F 6é’th§ st4rf 'f'rro nodes to t e leaf
algorithmis essentiall proce a pat

NPASHN relersivedit aMM@gttbea(eﬁpaanamn aght mpenymeleu des!chbed above.

t he .task .of f
e SR Iela Fhe SBEENEE Fodk i kBB o0t SRl g™
t he F rG&%nertréte@Cthé fioRt oftd saphscoifRfurhiiéh bf fPfé' ddponent
d ot ngjdes to the | eaf nodes, recursively applying the

sping &rodycesn Staging frere e r9oty ifiest deaversasciheatasiagion|(left)

S48 LEONbrh VIR0, LB AREIHIS B oy prpay .

oalysueNagiadionf fcgwnstanw Grbsddver,dswhosemt tEhés ebhtigues to
Pr odu root, it first traverses

S
ulES 350 apreapordie sublibe (Eabsovent duia fegtherdsriodrst rule
(iR a8kl [tR nﬁcﬁféf) ¥ falélide’ding C@%tl@ﬁ QBE)’ Lotk Sf Crossover

only one variation, for instance Crossov s C
fitst. Arswmingrthahthesuser chogses dhe umfonmu'madl m@aches the first

le?f‘ ﬁé@%,e r'{ﬂ‘g@@}?@% to t\’%%fﬁtﬁc;%‘g Ero?agptt R%\Q@S gtrree] gf Crossover.
Agsddiatetao it(isef gkl ﬁuhibeepaﬁém&e@ﬁﬁyﬁﬁver 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 Parent(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
Parent(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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first. Assum ng that the user chooses the Uniform
crossover, it reaches the first | eaf node, and

w@orimees to traverse the property (right) subCT/e€2006/000382

Crossover. Associated to it ifga real nunber paraneter
Crossover Rate. After specifying the real value

. o . & roceeds to the
D Ty ol o R O EAER (S e oBEy TEE Fadralfrocess
desctibed abowe ceesrsfthi@ief saths frpnPthediont hodbes ge 1851 Nodes:

t { l,ecti f eat 19¢:1 to b
i 7o Ve PagS B ouGBeaT « Thg Whayes ypaceanfigures a
feasibll OfisprirPPioapaPlristsRl wihih B RN SHuridlmSdrb8ver with

Assum'qr;g that the user chooses Tournanent out
teyinaena prERNt setectibn Pagtbintl Oy Seldea téad muavssrl axbssovek tate. The

' | eaf d Si th It ,
b o B ot DrmiiRlenli o CnegGnin fak barptgy caried out o
aChldvk)a corhplete guREtidhighathmhi s treeand the
configuration of this conmponent is acconplished. The

h
t r avéirie Aptest had yithdbe hiemsiahical dtee sfovcture, sistem gavdispers are

i E des: Uni form .
B 08y RB0g GBrRRE LATeGRBR Tl SN vor erace
irc prefcegsioé somfigLetg digeritthisior adure8s adipeelfic f1sbRAT Grea. The

a formof uniformcrossover with tournanent

which i
vpYataQs @fe?rfa/cwtﬁﬁ'cr?égwa Bl By ken@prsesended hyreliowchart, which is
. i at o) nent
o058 631 bERE TR YR LR CoPpilenth BELe RAPAASA e
casfigusaiomoteagh eompgoert inay degmriiedwut Withithe nelkadridhat

NS e E R R S R —
déﬁl”gﬁre%ﬁbh%@?ar@aﬁsl@tc%é\%ﬁé'anﬂ rsieg'sm&éﬁéﬁg?r@igpélgc?ﬁﬁ%s

of co uring algorithnms to ad S a spe
tspegh ¥aivahigh leve andantuiivieasrepbicabingerismeet This ataypthd sificiency

. fl hart, which is derived
oﬂ%‘é@ﬁﬁﬁﬁ?ﬁ@ﬁ?éﬁ%@?@ﬂ”@%ysi X conponents descri bed
abov Afteil tenfizumihigghe aleisPBd @bnede BIgoRtANE Mse FRYah8 to use the
rried out th the tree structure visualization.

C
CRITHILNRTRIA P! S PERRERT INVeBtOR &9 Bpaeralie spErog) eddd, for exadple,
i ' ' . nf L gur d
O BRI Blo b R R CoeHiB R 155 2P TR prosent
Inventon addptsrarudhjesteoerept fameworkao ffacittatd bbGe\g¥neihon

fficiency of algorithmdegign is greatly enhanced.
"Rt EABl RS (PeHIdEs el An BrdsrbA nasios which oan
béglebried i ' i
A ool IR AT ERAS | g P oo
(eysnrfeethedeel nimber pateoetensinee itraf ihgueatropertiss lisbeange,

i fi . nt .i pvention opts an. . .
pRRREU ¢ ol 5 BRI RAE N 8% PEBERS) BBietin the s, s
popeeiss subirdeunetribenathh be reprtenstEas X RIMBAIS ariables of the

"var_IL ation" and "property nodes, which can
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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be deened as accessorial nodes) in the tree structure
is regarded as an object (even for the real nunber

w@ananeer since it may have properties |ike rBeigeG2006/000382

precision, etc.) and is inpleggnted as a class. For
any object in the trees, its properties subtree

oRete/ciaseal iPferhPse ?lqgéhsegrljlas?fslﬁﬂege Wﬂgée:@@h @Sg ?'5639 constitute

the class. The vari ati can
& flansjenaprgrant. it ben herdetved masegeneticsiigofithen module for

h th f eat . e.
g VR el BERIGRRT ese' whi ch can be i miiarly
set a%s Shei mSEIIC@VQCel g@ﬁthﬁ?@&?be"cﬁwb@glnrﬁg‘thme

From the descripti ons a ove e user-configurati
GomRANAS BAM & stiisiusal viewpoiat: tngEfISU‘eplI@(SEmEa’[IO'Iﬁh genetlc

IR Pl RS A RER (b Blhed PrinheirRent Sbeipuesent
imearftionddessesdet theepomyutaten-baesd ioptiftdtRh p @B%ﬁ? e*i*he artificial
rhetrl eve and %gnerate t he correspondi ngobjects
FOPERRRed CodRd Bs| Reymutiation  gisings |aé%gemrate@eummmlgd All the

dfehkais o%@l‘kﬁfbhé Ui &o%&?\ér%réarhg%%tﬁ lon- & %%péég?@ﬂnges;gned for

viewed as a genetlc a

haadiing perraatation fstringso bTIm;sare%sMN?Wobl@nFlr@ep%ndéﬂﬁ/ though
ivided 1nto three co onents

L Sndtalidis, ma) 158 i Befipimaai At Vatigs sdbvera
Theresfors; gepefaionsithayénkkit! H{dHaC iy ?H?T udL @WQE?%ﬁ{e ost time

nbodi ment of the resent i nvent1 oh ocuses
gm%@%mg Gﬁoﬁaé@dabptqaﬁﬂlafhoubautpmaihbaltgsfoll&ihmg the users’ high-

1l bgé&h@é’t oﬁg Y I Fitras un%, ﬁkglkj/tagftlléggggbtlgﬁwnsgdomam-

are enera

sppahatnfomﬁaﬂdn laad%aﬁ@pﬁiblémf&e@éhaéhpnFltl?ést functlon is used to
eggl Jca desi gned for handling pernutati

H%e@@natheydomajmsaacmn ékepwieﬂga of thbquigblem

f t
b\é/lgi; |§%&§\%St pr O%YQQSCr er e(?% é&dﬁgf’% Eﬁ%gppqrqag\e entire
sgleliﬂen ilandspapet itdss)sorivetal irs gaidirg th@@géhﬁrrﬁfb%ar&lé me
t he cogq effort, are also carried out
Y%ﬁﬁ??% “1“% R YR 131% femaiesrecilis foramasion of a given problem
capeel é)dcmweﬁﬂﬁoré@‘ryatspécfa! é@ﬁér%tédjaﬁts’s ?é{'otb{]é/rg | Vlgsprllhmple one

probl em s donmai nspecific 1 nformation
opwdmegﬁtgwmlmpmma%theffmmﬂs fonction irsth@ Qéherated genetic
an t he domaj n-speci fi

| b
AR HERI I 4B B teipo duer Bcdien dommaip phpmblems. i
nmredcthai the@bRnk @ilgidlghé hﬁne@éfuﬁ’ct@hﬂ %ﬂ@og %f%'ﬂéd %ﬁa source

| ution Iandscape It is also crucla
oo FOPIAERIRIBRnal i UsBHOBlY Nescs to ovetveriterihe rfumnoﬁrtmdy of it to

c&’é%ﬂﬁilié ﬁ]%eé?béﬁtﬁﬂ r%ﬁﬁ@r‘éhpg of%(lﬁrﬁa Iﬁélsa‘f’gr . Iﬁ%ngé:tanr}ng_e

excl usi vel Yy store In a Sspec
cqm&megwcoldes genemt@nqobmmalgmlkmw@hﬁrﬁemé‘ lé%idléd The effort

¢ ness function in the generated
o&%ﬁgﬁs @odlflca?lon and customization is also minimized. Together with the
high-level configuration process of algorithm design described above, it enhances
the efficiency of the algorithrﬁ 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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al gorithm nodule to customze it for solving a

particul ar domain of problens. It is noted that, the
whbk@nk7eoorul e of the fitness function is al so PENSGHNE000382

as a source codes pl acehol deqg The user only needs to

overwite the function body of it to custom ze the

ir dis ' rabl Thi St .

RN VD EpanBRaThoft % Seen MsBiob ot REE Rkhin known
Odewvsiboame ptadtise avithird e arfhe wiidiotie hoentiardpsriains and as may be

m)@é{i cation a}%ﬂ c#sto 1 zation is also mnimzed.
a Rdhe {SeRNg| deattips nerpinbeiars $efUPHRI on process of

al gopkt i i bRy e h e :

ot f1 pr o, PR P lor la 18 rbba" i el forms withou
departiegtfrarg thegpinit obthehassdrdiat chasaatetistitsiof the imexrttioan it should

o e B 458 RO S eespubed efbclmentiyare i to limit the present
invedtidn Qiléss bHerwiddl SpaBIAblC Mut Yatther sRGRAISE ddhsHR¥E! broadly

any variations uses or adaptations of the invention
within s st Angssepal of theeingentien gisedefifect imethe appended claims.

. . o . f i '

VEPSEL AR LB AUER SRR & IMohlSe i oo

withiacthiecapiniti dritl scdpeeofathie ihoeitiore AntippeRdedidifihs. Therefore, the
s may be applied to the essentia

ertain nd a s z |
Seiic,PRPORKRRAA [34¢ dp deswidarsiads topae illystrative ehthe many ways in

i i 9 ' y I i thout :
VRHEH) SR 8 (ST 0SLEH hoRRHF SO TR e oo
clatias,acneanspiusdundtianheclansest aen, intdndeldotbd cbeer structures as

ofdrmine ) T #fiad AR Sl BH B sieveRlopruMaeREs, but also
e§uegieht eftuctivés. " Fdresxahpie! Célt?%y%ﬁr‘étr{a%e&]a’%‘)@g#s\w may not be

within the spirit and scope o e I nvention as
stigtuigd cequivalertsaippéineied ohii employsr aoogindeidalf isadacent® secure

' r nt re intended,t e
BBl E UL Epinh, RASEIE SR BB e euaasolp seour
waoderappes tegethéRimthe dMafdRnes. of fAgteAPRGIddden parts, a nail and a

enbodi nents are to be understood to be’illustrative of
SGrRY e RAURRIRNSHURIIeS: t he principl es of the present
I nvedqtd : a0t | . ; ] | | .
BB SpRIAE! A uok il b eBBo 5 0 1o spociy
thet prasence sofastajest featniesy integetsf stepd HuBoMpONeAtyd buPtdoes not
onw?gfihr uct ural equi .?I ents, but al so equival ent,
Pigeie hpeeseie ahaiien of | AoRigRose 1PHneT TaAtras siatagRrs, steps,
cdmonétits ber ngrbﬂb‘é Yhdted?dUl YRLENHIALY ttl‘i‘é’“c&éé‘)ﬂ' klearly requires
enpl oys a cylindrical surface to secure wooden paratg
othgguistethrongbpetashe: descsiptienpanyg sthe blimsalthe uwwbmise ‘domprise’,
in.the environnment of

PRI 3 S M 5 SRLEEER & cpposea o

arequeiusive ir exhaustiver fsnse; FRITNS kS 88Y, GRS s8h&Wof ¥WAGNding, but not
Iml]Jﬁ,gédtol”n this specification is taken to specify
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the presence of stated features, integers, steps or
conponents but does not preclude the presence or

wa@eoao7om2 of one or nore other features, integPCBHS$G2006/000382

steps, conponents or groups thereof." Thus, unless the
context clearly requires otherw se, 'throughout the
CleAlM$Spti on and the clains, the words 'conprise'
"conprising', and the like are to be construed in an

i ncl usi ve sense as opposed to an excl usive or

Y nel o3 BEBSShPb b brogeqtl commmBetlinota soarch

i ncl udi

abgarithguior sglvirieaileasisi®s S6rRBR -G RI-PRIMSARIN SroBlen? the method
search a%l ?orlthmfor solving at |east one

eE%‘ﬂBY'HSt BF PaFh BRI CPBPOBetb Rerorraishendiny itk structure

@m@s g ; r nent a

rorr ggg@% é“{aﬁ’g Oggts gf@{rr [ﬁ@ '&r@JOP%ﬁW@EEWPHBe%yS of

e e Sorr e e TEIERY SRR ot noditadBbicd loggther in a

i.Si urali |
'tl?ﬁ‘ggsgfqgglﬂrei, il Fg&'iall'é/eor}%aﬂqjg?@l‘?% r e%r'\éﬁemtm liespestivesetiaices which are
thd&ﬁadje@E&6§@ﬁ§dr@%%6ﬁa‘&%@h?%%oﬁf}§gn%ﬁg which are to be
conponent, said

made to confiogure the procedura
met h&@iccBerackeorpising coufiguring said mocsdatsr @mponent by

uE IR e 0o STV bR A tiaaroa FoHam nywiven s arafiscetsaid
nades hedkidetidd SueesssRaKEhY a%%&%ogggén%%} @gdqu(g}ég‘gfﬁode

the current node representing a c

rSR{BRCRYNGB FhPigerwhieh is forlor Britteatio eomiigoresthie, proesdiinal g
' j ; ' esented by the current
cbrifishefiE fodbhinsthefing T ERSEP doptebehiva i b duseent node.
tree structure includes one or nore vari ation

2subt rees, each variation suptree being associated with
a pl 4rafihog pcordipg & slaingr! womich dne irgestruatyre inclodes one or
mobe& vaFifESS o according t ,
cl ai rarfIZ i ngi\;\ﬁir%ié?e@éagﬁ%\%ﬂ@? F%ﬁgugg E‘ eaﬁsﬁglaﬁ%‘gg”tgie) plyrality
ofenticnsi fon configringdircaspect obthd peocedued] eBaHoPkNA
plurality of options for configuring an aspect of the
procedural conponent, (ii) a plurality of nodes

3.5t enNimgthodaBch bialh 2 | ' -
respective opti gﬁgg?ﬁg?@%ﬁg}@ﬁgg%ﬁgr ggﬁ%ﬁﬁﬁgﬁ%tg%%h@ﬁ%des (M) 4
a ¥arakien npdeindieativg of theiexisterme ofalplurality ef uptighs fopebnfiguring
i ' o] of the.nodes stenmm ng fromthe
o P o S4TGBl s s rom e
vatiatianmeidecahdi espresbiihglthe d8¥pddtReasbtipasCc! @i min which

t he tr.gg St g‘%ﬁtur e i ncludes one or nore property
subt T raveERah algasiun ypen the ewrendinegledssing aatagidtion node,

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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with one or nore choices which are required by an
aspect of the procedural conponent.5. A nethod

wa@ewondiony to claim4 in which each property SPOL/S@E06/000382

includes (i) a property node ppdicative of the
exi stence of one or nore choices which are required to

j t t t i .
e o Téodl eCbRIG 1801t PR uiibh S38h GHERSHY Rbreds nbtces (0
A eprRarbhnodryindivative st exietericeiafemie Graherd £RYIESES Which are

oRRel iy H9% 19 Capie SRamBcC obing chymppment (i one or mor
de3es ' | . th
R Rt SR B e e

¥t node receiving input making the corresponding
to claimb5 when

Horent d.
SeS'en é%?agé\sgf é@%ﬁﬁ%m‘?@% GHENttNesledRping At prapady node,
dzeisiny all obithe Hddes stmehing ®lofn the BFdRH %d%%eo@ﬁg)leﬁed

rocedural node stem firstly the varration node I's
CERIRIY & thAdeK pYIERNt Nasise andniponuireegiitosb yiodee becoming

tRE @D 1S iSEk e.current node. 7. A

R R 0O eoe A i Faila M G PereinGraics « he

al gorithm conprises one of: a genetic algorithm or a
rithny the algorithm operating by

ybri netic al go g
ég;enen“gm%ﬁ@oé\ﬁc?‘?fp&\gaﬁo FIpUP ythashdepensdens epsdaies 3, wherein upon
th® c6HEAR i ' j AV the. popul at i on, of
chr ormsﬁﬁrrid?/s%i. b%{ ﬁrré?ﬁg‘g n{;@g@ Z‘?‘ﬁg at\c’)aerl:eﬁ'é’ﬂﬂ q AhdRircpcedural
nede| siersy figstly toe vatiation nodelis sdleciearan@Btdricht fode, and

' itialization procedure which produces the
TRB Rt Piordl B35 A elod6Res the Sumans nde.
according to claim7 in which at | east one of the

7plr ocedural conponents is a Popul ati on Eval uation

pr oc &dUEE GRS elpimedin Ay preceging claim atherbin the algorithm
cBRPYISEL oAB-}0- A method according to claim?7 in which
at | east one of the procedural conmponents is an

O f sprgemgtiBradghbyritiem; procedure for generating new

chromgsones using the existing chronmobsones. 11. A
et hgg‘yg’g"écﬂ%eﬁ@ AGENEE M 7 in which at |east one of

the HOSBEHHR ' ration perforpmed on
the chr o@osomsg Blgﬁgéwg?ﬂl@aﬁﬂg gﬂﬁnﬁ‘.gl poptﬁa ‘on OPE
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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12. A nmethod according to claim7 in which at | east
one of the procedural conponents is a termnation

w@e@codwre for determ ning when to term nate tPEI/SG2006/000382

algorithm 13. An apparatus agapted to configure at

| east one procedural conponent of a search algorithm
rs@lay . i Lial-optinm.zation

Sobi 08 fooBRARk 1 BRI b o) s B b s peoedural

serapoeents is ap OftdpeingrPadcosidamneedue for geRERHRIgHEW ned

nstruction set, said apparatus in conjunction with

%%ﬁoa“qsﬁgleﬁda'ﬁ‘%H“%@%’?t'%gph@w% to performa

net hod as clainmed in any preceding claim 14. A

conmput er program product conprising: a conputer usable

i uﬁwmejﬁ@d estatglingtpaiaim 7rinadith at [Easyoasct gieprRedural

eadabl e system code epbodi ed on said pedi um
SolBY sl 8 Bpetaiipsamecsat i cyotmarsmasadvidualy,
conmputer systemto performa nethod according to any
one of clains 1 to 12. 15 . A data structure for use

1% cohmejbed ﬁgcgf%g)@e@laiﬂlav in grhieinehleast oae sétrecprocedural
TR R ——

algonthirur e conprises a tree structure representing

possi bl e configurations of the procedural conponent of
the algorithm the tree structure conprising: a

i i A G t of the
B8 ok OBSBLSBUARER Pt TRDS: Skl comporentof o
gearemalgorithon forostdyingat hedst oat conttindteriatoptihietiof iproflem, said
i{?‘ti on _node rePr esent i ng'aone or nore options for

%Dg’[‘?‘fr garPRE EHIE Piosesarr RPaks Agapien;to aeraie in ageordance with a
p?é@@l%frﬁﬂh_eﬁ%@tnﬁ&l@fneﬁ%éiﬁ%lp%g?ageéi Bﬁuﬁgﬁ%ﬁnﬂpﬁﬁth‘@&%ﬁgtrucﬁon

are required to configure rocedura onen
&t brire adepleddometiosm @ awthad eswlaigetiiomnyneecédinelaim.
first nodes, wherein in the case of a second root node
stemm ng froma variation node the second node

e pr e eohpuien Prodraih Brocict 86IPASINGY options, and in
the case of a second node stemming froma property
node & $RMREEHHaabledreditipt eerpptising sonuiutenreadabiecpogram code

: ' laim 15 .in ich at

e R ProalolT SRSl BoGofdl Sateried vt tpadable by
& compieter sysien leecarsiecthei congiutdesystémvarietdrena sdhé@8ccording
t§5500| ated with a {,‘)%ur ality of options for configuring

ANYORe A climShkiqidcedural conponent associ ated with
t he second node, or a property subtree associ ated one
or nore choi ces which are required by
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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an aspect of the procedural conponent associated with
the second node. 17. A data structure for use in

w@onf7iogeri ng a procedural conmponent of search BETSG2006/000382

for solving a conbinatorial-optimzation problem
wherein the data structure cofffrises a tree structure

representi g,% egossi bl e configurations of the conponent
pr oceYift 8" BPre ARCNdyPdes machraiemmieg pruene péthe first nodes,

{ & lHdald [ t oget. her |
AR 08 8Pl bobBed GGG GH 4 AES ndd
gesoodinudedeprasents one betrocstregporsirecsptivnst BAd in the case of a

rocadurdal cngon(f{nt, and being one of: a variation
LR R i Ofi 8PP Pade the spcsst nefies rapsesents one of
taerhbiésl ng the correspondi ng aspect of the procedural

conponent, or a property subtree associated with one
or nore choices which are required by the

' _of th dur al . 18.
s DR AP AEE R inBdp D | S m R At eE A OB rsecond
noaleisds tnpambty 86dd BEA wReser(dub-Red WHicH isUkHapde

i ndicative of the existence of a plurality of options

for coYAnaionisvgtres asspeiatedwithreeplpralite dloptionsoiop corfigyring an
i ' st emi fr t he vari ation

Bt & et onf R Al B T SRedd 3ot

met hadprapedy dubfet @ssbeiatedlan®br flcké Bhdidek Wikt &fe Rafilired by

p:‘%ape@%%\é %ubtree i ncl udes (|gﬁa property node

3 {Beqrocpdurak ampaaenivassosiated wilbitee second node.

choi ceswhich are required to be made to configure an

aspect of the conponent, (ii) one or nore nodes

1<t emdfi dgtafstaieturadopuser tonfigutiey apdcedprat senipongnt besearch
A nmet had of configuring,

' hai ., 20, /
e T e
stroeturecbaprieesariiad sgudilRe Q§erﬁfn;g A ssFHIé’}Sbﬂgé‘@raﬁan of the

initial population of chronosones resentin

cpRIoEent pocsedrs of the@dgarithom at i ons of the genetic
pasedf 1B, sfipftE BB, Bl R oF st eddo58er n a

hiezatohical sfruttoes;popul ati on as a parent generation; c)
perform nﬁgone or, nore genetic operations upon the

par eﬁ?cgé TERE NG gspegirtaslivih arcasiasppnding aspect of the
pw“@é"%g’%”ﬂmb‘?ggtgﬁ% cg)fopul ation with the

of fspring deneration er wth the parent
geneRAariation 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.

18. 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
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e) determ ning whether a term nation condition is met
for an updated popul ation; f) repeating steps a) to e)

W@ pdo77he term nation condition is net. 2 1. BCTRGH06/000382

as clainmed in claim1l furtheé conprising a step,
performed before step (a), of %onflgurlng the software

b BEE L ety mata &5 conflausi abaspdcs of e campanent, (i) one
orehbRhddds ¢t6MmnhiAg SRR b 8?? r%o%gfdr{d"\%})g%egﬁnﬂb\fﬁ@gespective

at | east one conbinatorial - m zat'i on
chgisesantial |y as herein di sclosed. 23. An appar at us

I L Y R VR N

albistrgnihe aldilodomerising tHe stdssel. 24. A data
FI;truc ure substant |pal |~9 as heﬁl n di scl osed for

r epr &3 SFRVidiggiareintial pepiglation of onfdrescnes reppesardingr respective

pRREBRNEMfigiratfbrRSRAE gBRSEE A cfithm:

b) evaluating the population of chromosomes based on a fithess function to
thereby designate members of the population as a parent generation;

c) performing one or more genetic operations upon the parent generation
to reproduce an offspring generation;

d) updating the population with the offspring generation together with the
parent generation;

e) determining whether a termination condition is met for an updated
population;

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

21. 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.

22. A method for use in generating an algorithm for solving at least one
combinatorial-optimization problem, substantially as herein disclosed.

23.  An apparatus for use in generating an algorithm for solving at least one
combinatorial-optimization problem, substantially as herein disclosed.

24. A data structure substantially as herein disclosed for representing the
options for configuring a procedural component of a search procedure.



