1 METHOD AND SYSTEM FOR TI METABLI NG USI NG PHEROMONE AND HYBRI D HEURI STI CS
BASED COOPERATI NG AGENTS Field of the Invention [0001] The present invention
generally relates to systems and nethods for tinetabling, and nore _
particularly to a tinetabling systemand method using pheronone and hybrid
heuri stics based cooperating agents. Bal:kgr ound of the Invention

[0002] Timetabling is a combinatorial optimnzation problem The conmmon
exanpl es ofMETHEQBOANRS Y HEENMHEOICHHMIL E A REINGG I USIHNG BHERONHMSELANDt abl i ng

and transportatio ' [ The ti | i a hi ghl y constrai ned and
conpl ex prpobl em h%é@ﬁ@ﬁ%ﬂ%BmmhﬁQ’hgk@ar ch conmmunity
across Artificial Intelligence (Al) and Operational Research (OR) for nore
than four decades and still been heavily investigated as nore and nore
experi ences have been col | ect edFinid whéhabpkindat i on of new t echnol ogi es.

[0003] Various techni ques have been enployed for solving a wi de range of
ti metabling problens. For exanple, graph coloring, integer progranm ng and

linear ppoegrianmi ngTHavecRERNEARY oShudieddfied S Sakhy davs etffi@dﬁ\f&r ’
these sinple and easily inplemented techniques are inpractical for conplex
ti met abl FH§labHeR) @wsmofcpodyWare t¢ attishgtablingnaysabl a'im@;:ptﬂlloblu_emg ﬂharkﬁn(hﬁe_rll_ )
t ackl ed nst,rai.nt Qrogy anm ng and heuristics technol ogi es such as Tabu
Sear ch, %?dn%ﬁjeﬂdel%fuﬂ%é%%ﬁﬁaﬁ%i%i)ﬁ)aell%ﬂg%ﬁ%edﬁse Based System approach. However,
the tinetabling problens are so conplex that exhaustive search is often
conputationally intractable, thus the existing techniques and systens based
upon a single and sinpl e heudaskgrovwnd ol the bivenbiopf t en fail to provide
optimal or near-optimal solutions. [0005] Genetic algorithns have al so been
applied to timetabling problens. Briefly, the Genetic algorithns (GA) are
based uppoozihe pri ntinpteidingf inatdontlins@hier bbemiAMdn problem. The common

examples of timetabling include school timetabling, sport game timetabling and
transportation timetabling. The timetabling as a highly constrained and complex problem
has been aftracting the attention of the research community across Artificial Intelligence
(Al) and Operational Research (OR) for more than four decades and still been heavily
investigated as more and more experiences have been collected by the application of new
technologies.

[0003] Yarious techniques have been employed for solving a wide range of
timetabling problems. For example, graph coloring, integer programming and linear
programming have been widely studied in the early days. However, these simple and
easily implemented techniques are impractical for complex timetabling problems.

[0004] More lately, timetabling problems have been tackled by constraint
programming and heuristics technologies such as Tabu Search, Simulated Ancaling and
Knowledge Based System approach. However, the timetabling problems are so complex
that exhaustive search is often computationally intractable, thus the existing technigues and
systems based upon a single and simple heuristic or algorithm ofien fail to provide optimal
or near-optimal solutions.

[0005] Genetic algorithms have also been applied to timetabling problems. Briefly,
the Genetic algorithms (GA) are based upon the principles of natural selection and
evolution. In a GA system, solution of a problem is encoded in an artificial chromosome.

Each unit of the chromosome, known as a gene, is a variable with a defined range of



evolution. In a GA system solution of a problemis encoded in an
artificial chronosone. Each unit of the chronbsone, known as a gene, is a
variable with a defined range of 2 values. Cenetic algorithnms operate on a
popul ati on of encoded sol utions or chronosones in a selection-reproduction
evol ution cycle. The first generation of a sel ection-reproduction evol ution
cycle consists of a nunber of randomy generated chronosones, which are

then sel etdloes. agemtidiabgpritoma opértieassa poralliton ofSateEHed I fiohs BRIREHSs@iest he
first gengratign are a matin ool for reproduction fromwhich a

_ put.into ting p ‘
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evol uti onﬂ%ycl er epeat soun%i I 3§I§§%??ﬁauﬂ£ﬂgf’&”%‘8@§# lbeﬁﬁc%ané’%oé?mQ&
nunber of Whichdue drani sedabtabaicatdigntcy dltbess (LOROE] Sowesesis mexibets dTanShrhased
ti met abl ilgmeq][cﬁ%sot ens are tnot able to 1(sol ve | arge and conpl ex timetabling
probl ems EOVEF YU JHE & MaMbePoYionsenoiegtog Bpra/ whick soreroppiceationgsour ce
const r ai Nd@ivedy doRASHH heehhat I li.cation of. genetic
al gorithns, on}elﬁo‘f t he %gﬁﬁé}isti gr?gﬁiaétfe?ﬁggmt%ﬁag&gfig%ﬁr%s%%g lgtﬂiggﬁﬁlﬁdm{]ﬂ%
sol ut i onsthfnpgpulssion: t he salentimageablietioangtdiutidm coEls trepéats a88E an tdp@nfaunber
of genes j - song _nust be within fifty to one hundred, or at nost a
f ew hundréggggnﬁgg\@\ggrof gﬁ?‘?ea Iﬁ‘ﬁﬁl??éPWB‘fegaf@WW@ Feelutieon pgleschedul ed in an
educat i oroeas$t i t ut eHERERASHd Mg (ERATAS : ein gach
activity may require nulti plle ‘rgesour_%egﬁﬁﬁié%%%@%%%%gg&g Sﬂ'@fﬁa&%‘?‘nt ai n
a few t hGieatiNgendinetal)ing prabierey anthmoveryt hape tembeholisanditigenas/or too

Ther ef or . SONES. : fred to encode a | arge and conpl ex
(i et abl (o Eare OB P aRa Ry hor T ke G 800 SCURLATg Sughiel Heisaheryer
[ 0007] Regentticyalgatithan| oay o Ok ddhdidbho 1k AL ARSI Uil Ql ving

f.or ..
timetabli nl%éﬂ{qobl ens. Briefl él the ant col ony optim zation xfgi% 8%1}1%0“ thm
e

is a met& B peppmasakleulsneid. ofn shossl e coopehatiunpeagengaes ahl2d

artificighr 1.1 ivel onstruct candidate solution to a
conbi nat or i%?gsggtegﬁﬁ%g?@g%ﬁfggfoe%e %ﬁ&ie df”iﬁgd‘ﬁ%ﬂ a erﬁ’%%fﬁ%%r d‘g‘?“ée"ﬁl‘a the

candi dat ausbkuol antitifiestabt isoig:dddhinaih eMRiaYioS Qhdth®banaadil E{%@ ILenatively
adds sol ytion conponents, which is selected using |ocal searc Reurlstic
and pher ﬁ%‘ﬁ@“’%eﬁg@iﬂ%ﬁf@ ARy nayHaire suddplp reroprccandhan tachsdirarhbsome s
gener at eghavAbdREint H8ew Ok HLd t jon Ls conpleted, the ants give
feedback on the Sol uti g%gﬁiaﬂgﬁﬂggiegogﬁgéﬁ@t?Su%¥eé1d3 m@‘f gléaﬁ]ogqnt &ﬁdsaﬁ]ﬁe%%%%ne on
sear chi nghgiafdrs, dsichyprgisobak rmhﬁredrmI&ﬁcdﬂ@chata&-%tgaﬂdl&ﬁﬁple>§‘ﬁ|rriéftaib@iﬂ Gapgnent s
t hat arelegeltltﬁr_og pﬁrtgjal |y, .better are used by nore ‘ants and t%eref ore
recei ve & RIGHETT SApHHEd SFAIHRS Sredvfelountiagean opti mal sol ution is found.

[ 0008] M joBorji go, aRdcMiivMVaRi Lol onk~initially deduced the ACO
met a- heur_i@?’?i cin an%e}égl o_ny@%%lﬁ gﬁggﬁ%ﬁgb S?L(%% r]‘fﬁel? %’89‘6%#3 i HVIgE real
ants in Umegbliapnirdieng ﬂ}mﬂshmetamftcomympﬁinmmitdmeaArC@phlgfaMtrﬁ}oisL @ﬁmdégl

sour ces : , See, Borigo. et al., Ant System timzation by a ony
of Coope}?églgilsﬁgq (3%% S u‘ﬁ“ﬁtﬁgﬂl’?ﬂm%.CO%?/??‘E“}%&‘?“*W@JE‘%%W@QJBI 260) : T é@anm
(1996) . iGeadval | gnsact AGRIITRIAsNENE] & k ISt L hr r.abl em sol vi ng
steps. First he optim zati ODS pr obll em iccsoglg{elﬁ‘liﬂéggl %’"ﬁ%ﬁéﬁg? g’gﬁ&&g‘ec%ﬂd, a

| ocal sé&ﬁ’é’l‘ﬁ%ﬁ;aﬁéﬂlﬁ%‘%q‘%a Fandagiit @b ety witle am exptyna@detidnoindileant to

nove to ; i > S.its.,sqlution constructjon. Finally, when
all ant slwki:ggl\l/veel}z%ﬁ%ﬁ%%‘?@?‘%ﬁ%@nﬁﬁtsﬁ@l 1SUEfssted b icah prardnbeaistipaad i ng

rul es amcappbicedspooitupdadig, phEr oTBRGleAcd RSk AfluiPllfslenadesndnf.
cooperat i ﬂg agents defined by M Dorigo, et al, are basically
pher onon 8BS EBYHE LS FRINRIgEAL Hie aihs givec edbarkcat ¢heeadhtiamtshidiey ihavé he

sol uti onesaalsdl BY&d sk i 51 ' density .of the pheronone deposited
on the searchi nglt;%atpﬁ.11 %85%18 iﬂi‘%gﬂé%} &rﬁp%?ﬁ%ﬁ#’gg igiobﬁ]a PIBAGHIRY t o
sol ve vapnicsusSobuivi cranroneads that are better or partially better are used by more ants and
therefore receive a higher amount of pheromone until an optimal solution is found.
[0008] M. Dorigo, and V. Maniezzo and A. Coloni initially deduced the ACO

meta-heuristic in ant colony optimization by studying the behavior of real ants in



optim zation problens such as the traveling sal esman problem (TSP) and tour
routing problens. Although the ACO neta-heuristic with pheronone-based
agents has been proven useful for solving some conbinatorial optimzation
problens (COPs), it has not been successfully used in solving | arge and
conpl ex COPs, such as |arge and conpl ex %t i met abl i ng problens. The reason
why the ACO rpaha- heuristic using pheronone based cooperating agents has not
been succ®&¥d¥ighingdhe shasteamaiingonghtecaoseta fredisphatricanns eadlc iepgDoRiNad

usi ng phe , ) IS, sknpl vased upon pheronone updating rul es
and for w%g%%ygﬁﬁgg)éﬁg@? étgoﬁlfkfsyi actljgﬁpytog%(s?%"éaw&ﬁg@c%?@ﬁ@5541@- Sut-d¥pmn
space andCyhdrbétidse2@ORs29-4i [l @96).”@@@%11)&(%Qllmg@ﬁ,%[bt_lllﬁ)ﬁmﬁg fcﬁﬁstiﬁs ch\{ﬁ .peen
made to sol ve scheduling probl ems using ACO “or ant al gorithns. For
exanpl e, BORIH-&IVIRE staps; dirst dhaemeinaimaticl goblenhislefinedsinlove gtaphy Sesdrdy a
timetabli : . | o A ithms f t he Uni it
Cour se. Ti'wel b mCe BEr i A R s thes P aods Bt ol o e pevaga mal theant
Pr oceedi ngsndéteEilo COR12AADnsindiidn EUTifRean, DA . At ,
Comput ation .in CPO:{]B nf\t ori gls I q)}t ilm' zlat i%gn, }é% Jrfiﬁ%gg%l%e%ﬁg%#&é(gFl.acroéjéjﬁ?
p334- 345.SOP‘HP}’= 8 l BY9TPRIONG Seestingsrybesuare dpp et halgktt plrompne boviekeof
si nce thejgear ghi 2N . Socha.at el . e .si npl e pheronpne-based
cooper at i rllg?eggfeiﬁéfiésb? ?ﬁ% é@o&%gﬁ]%&gé% ng%ed(affﬁefldt eweﬁl%@o | §> S6¢ \PESISAMY | and
si npl i f i edierinmeceibedepapeniibg aperSi, Pasc HenMHEERERAS o MBS Thel SIEAE sE@E‘ﬂ um
used for cglrmgni ﬁﬁt'igﬂ a n,%; cooperating agents, contains very Imted
i nf or mat ‘0> SHEHEE EHEG dpehypiibh Phgpmopp depasitebac e iserrdridgpatho enabl e t hem
to sol vedoaege and Bs., .. a . and conpl ex tinmetablin
pr obl ems.[ ‘41_3[ 0.011]Plgfeysmi52 g?s(mt e p lgﬁgﬁgﬁgg%aas%%egg%ﬁ?@? v@UPP%ﬁ?’P@mé‘.‘PF‘éﬁormus
agent s aRBumMAAtN-gblinssysh ensth¢ AVER)g basanm prsief (The) ﬁ{@m};ﬁ%ﬁﬁ@d

t e

attracti techno ies in and conputer science comunity.

t echnol oé?og)é?nlﬁet‘*ﬁ@g(éqg?la% ‘@h@o?l?@éhwlsflﬁ@%@ﬁ@@n@ﬁd-wdt pgeagehts byat ens
are a copgsphusbfupdsagh g fem i P : urrent ntributing to
many di vgr se domains suc %aﬁs ié?\d&g{r%%t?g%l (&gﬁ]l‘%e%\?déll }% Lolé{?g]l’g (:Cﬁ%g’f i bag not

el ect r onPETCBIFREERLY pErgoini sobving bnpeted comghl et €0re,alucRhonabt and ceRIpRUL er
ganes, e (P t rai-ni ng, ubiquito conputing, and social sifrulation.
However , ﬁit-h%ga)tl? lhgg é)?@qunlnls' \;[&Wg%s@\rh Vé‘%dﬂ’é‘n‘gégi w§tat sk eaye phovmosadysddor

deal i ng védpbratinpplext his AntebNhRELAGHI VA i | ppLabling,

probl ens. In part ilgcul alr? the decisi oniﬂﬁgﬁlieﬁ%hgggs l%)eg{n?s‘r%iﬂgzea{(?()thonr%flﬁgﬁlgl ogi es
of the alifGiRENsIE Phgemancdneedmgenisingemly byst epm plsuahomsuidatist radchdt i ity

i pul ay , : Ll LI earch st t ture h
mdust s G Bk b pEEERRLFohsr v e S bbEroltitte Tecaue mapivlc
pr ot ot ypensysh&impokidch utilize autononous agents to sol ve various
conbi nat 8@{9’ opti m']gati on problens. [0012] Therefore, there is an existing
need forl’& et hod RFE1EYstEisthsre bonpmese ta saret abbduipgpraibesssing KGO
inventi af satiosfiliess ;S rovidi.ng, a nmethaqd and system for
timetabling t r%atlmﬁlzseslmﬁ%églgﬁ%hggcalﬁcfQﬁz/g’r’? toh‘égﬁIﬁf1£iﬂf59}éiﬂl?é§%801(‘f%ﬁb’éfﬁﬁtt}’ ng
agent s. UrheahBthodotdnn. syfse.efoocht d/he., pragenty o iMen thomOMERe CB{P&e
lirﬁtatiﬁn’sﬁ\@?}; t?e_ ?xi St'i'gﬁggA met hod and ant systens in solving [arge
conpl ex t'1 BB P RPIpn bt a@*‘%@? meieref-Ehe-Artdl Irpeperdings obPes@OPRGORgeENt s
that corsi MrofenOWRRELIERS i.pul-ation with hybrid heurjstics, The
intelli %%n_t ég%%elr ating gg’Z‘n]?‘Z"l%}ag’” tglg)tnlé{bqjl?aet noms‘g%llyémﬁ%?ﬁl&g PHPIEGH ex
ti met abPPHESHr Yol aary b L6Me) 3343450 coPt iz ecBabsi isQns, Ji/sSdoshYi ﬁwzg.
mul ti pl ral nt.s i mposed and nmeeting nultiple optimzation criteria.
Gt her a _{/Ogg%%%es?lcgfiﬁfa ﬁ%gﬁlﬁgéiﬁ?lﬂﬁﬁs‘?ﬂ #’Y %B‘éhaaﬁpf’d-r‘éﬁle siiple phefoaneremsed t he
det ai | edodlesatingdidcdts, 11RU Y 48, t The present j.pvention
provi des, a ti_r;egtoagbl ing sf/gsg%em bgg;eﬂggoﬁﬁngﬁﬁidr?g?io%/@gjsgﬂﬁg%@ﬁo% Sb‘ﬂ?llﬁ‘?‘gati on
usi ng phErHbRE Psekichy Binet thephéremions, Wasled theapdivat 1hd BYEshSuNTERCn

ti met abl,j ovide an optimal.tinmetable solution for a

timet abF*SB%% %%?%%%ﬁ?ge@gsné?@?@s SEYR “BH%& Hifprpation, agenisippstds, givercmorct i vity

bei ng scofietiptied it erdersbanbbltithen 6 toive 18oPLad :3&)198169%@)199 s@‘&?a??ﬁir(geg?ncd |
es. In

aIIocategI all I €9 ired resources froma plurality of sets of Tresou
one asp&UPP§F "if l{’ﬂ)‘Flg?é‘?ﬁlemﬁventi on, the tinetabling systemconprises an 5



el ectroni c device having a nenory capacity that contains a storage nedi um
and a tinetabling nodule being inplenented in the electronic device. In one
enbodi ment of the present invention, the storage nedium stores the
information of the tinetable problen1|nclud|ng the plurality of activities,
the tine slots within the planning peri®td, and the plurality of sets of
resources. |In another enbodi ment of the present invention, the tinetabling
modul e cdf@ri ses a B@mdfaset hg rpiptorooins based t apenfsp bug OBt EM@IlélﬁQust heensoHife
graph for %he t|€e € éggggkg wherein the source graph consists of a
plurality” VS g%‘-‘é’é%en?qerf& the\arogunGny pp @§a€1H/C¢@QJﬂHQIOBt€§' irof
resour ce AN08@S c6BPHIRS 0 tinme odes
that are aSSOCIatgd mf?%h?ggh%ﬁﬁ?ﬁfl?@ﬁgéc@gg ?%ghﬁégisgx?ﬁé?éﬁ§°{ﬁ

pl urali tﬁgéﬁtsr@ﬁom@agmﬁeﬁsm titve at ¢amecpadieparbOiph dor analyzing problems,

n“|t"re%%H%ﬁ§ ace, i the source graph; .and wherein the

ti netabl i'ng Htﬁoél 13: e g’egmﬁyt‘ihh?tsﬁ @YY th?}bﬁs JelBRiipy Teligvale user
per f or mi ngetfho®t aklcBosRl dnhiRB o8 AT S r h to
thereby deternine an Optlﬁé| flﬂEtangg% %#?oﬁgafgglifgﬁg&%Pgég puter
i nventi oﬁa’éﬂeépoe%ﬁ@mfd@sﬂ a&mmgemhbjulmgs wethoind asd dooial simulaipho Ve ehwan,

colony o usi.n he and hybrid heuristjcs based

cooper at me& rgéég[m %}?’ n%wba,qul %‘ gg‘\ gﬁmﬁ@%i{ inebteasy g) respling with pesprlgxity snsk abl e
probl em tittatactoms os tise RigAtiRltibahh t¥oMEmact c being
schedul ed i.nto gﬁtlne sl%tlmfthlngéﬂﬁ a%ﬁlggl%%éﬁgﬁ'gﬁﬁ&%gﬁﬁﬁxb%ylcaded al
r equi redOP’é‘@&?Fléé§lefthQﬁﬁl%I?ﬂ Qll?&llelatlyOlmmacsstegem{s anésmultiegsnt dystearse saspact of

h t hod the st f
construct g 8 i 28 iskBBR I 9! i e Pegy 8P e piofingucBaustia

r epr esenapplgatities @diouyh tffess h@vepbéérnafhbtﬂé’loodevél%ﬁ%Bt%ﬁyp@% Qémg%ﬂﬁﬁﬁﬁﬂhﬂeng the
resources, and a plurality of tinme nodes that are associ ated
pl ur al i t BFOTPRSHSERIS Iherivs varione campinatnsy ebimigalioyproblepssour ce nodes and
the time es for t r ace t he source aph;
initiali ZOP% one o1rﬁlé}rrgir;8(§3l!i stg%%gggﬁgeg{%gﬁlﬁnef@? glp{hgﬁéfmglsyﬁg e%ééﬁ’ing‘lr‘??‘ng
agent ; ahmteméhmg)pmbhglst ITied mbbdiondatibhi@nhBeRECHY PRHVENED £5cBddSANdy8QHT Ce
graph foy gl d one or nore searching agents to determ ne %
opt i mal ﬂﬁ’é’f ’é’gs1 "I”‘d%SF%PrhelP@G&‘B}WﬁéY@i%}i@lwﬁﬁ?b@Q@amm@mgl ageat]spl’l“)hﬁ ng the
pr esent " nventlo is th

I'nBt\h%Htah@@) st&H%f ﬁfé v&gt epco?negnlg ]lél 16%%(}113 Hbe%sé‘ﬁﬁ ACQ 4

determ ni ng an Optl mal e SO I on usin

sour ce graphd radiang sasttxas e s:mluntgefmgf caapleyithyets d@SpRBRnIEHOUEEE rRdes
whi ch ar.e 3859 iated with t Nﬁ%}spa |s nore efficient and nore robust

than usi'fi 5’ i P??Pgmttinﬁeﬁgﬁ’étls Bt herpppae detsity thwipHytean woh bybdd an
advant agﬁzuﬁ‘dﬁés exhS 1t Ggdidi WL Al a@ééﬁé eoik %etarﬁ]}i’etit A&Y ‘?J 'er“d {,(gﬁ}i)lg ti ma'

timetable solution is possible eve t hough ng p
very coﬁﬁn@ﬁb@wmb@emwawnlé @ &b @@dmlmmlhmnsd@vmﬁgﬁg qulﬂi}ﬁ@ cBhasant

i nventi i bI| tem the thod, and the product

over corrg mge(‘[ ltne?u%gm fp lgli&ﬂglf)il e 60 Qg’t%haﬁ‘é%’ﬁf}%ﬁ o0& Udménvende i t hns
to enablvantmenppmﬁmmidw@@@;éea@hl}lf@dj&medtd%sé%% | 'arge and conpl ex

ti metabling problens. [0016] The objectives ‘and advantages of the invention

wi || beconme apparent fromthe follow ng detail ed description of preferred
enbodi nents thereof in conne accorrpanyl ng draw ngs. Bri ef
Description of the Drawi ngs f%ﬁ'%?f'ﬁfgpg}c Q4 Hbdi nent s according to the
present invention WI I'l' now be described with reference to the Figures, in

which i refere nuneral s denote |ike elenents. [0018]FIG | is a
functi ol 13]bl ock @I%%?%l‘dflv‘%{“itoprﬁﬁ‘élﬁﬁ$ admsjadlisgmshsistsdbasnl @nan improved

ant colony optimization using pheromone and hybrid heuristics based cooperating agents.
The timetabling system can provide an optimal timetable solution for a timetable problem
that consists of a plurality of activities, each activity being scheduled to a start time within
a planning period and being allocated all required resources from a plurality of sets of

resources. In one aspect of the present invention, the timetabling system comprises an



[ ved ACO usin heronone and hybrid heuristics based cooperating agents

: nrrp;gcgrdance W tg ltohe present invention [0019]FIG 2 illustrates a

ti metabling problemthat consists of a tinme scheduling problemwth tine

spaces and a resource allocation problemw th resources. [0020]FIG 3 is an

exenplary matrix representation of ti mevspace associated with staff

resource for a planning period. [0021] FI G |I4 |E(I|)rlﬁal;st§ra:g‘][%gs;la aof;{l gggs[ra%{t% :gray
v 1 asjpexesy cs that maa e e,

Y reﬁﬂ@%@mﬂiﬁg.mhézmmmy < ?idé??ﬁ?tlon of the avail able t}ne peri od

(ATP) 1 on AT T4 € bFBu s plntsiiod 5 M ropisrdavise. dn en@hlabwmg?wehgr aph
const r uctpeekely irtvieRti & atlﬂ@ SFRASE HHORAE Qe M€ 1hfo Jtaf'ig g%] ﬁ'm cBre

wherein the source is tonstructed for
ndpdinggho ?Ia‘ﬂb‘d’ of adtivtifies llsq)aﬁESsIoi{sG)@iﬂﬁb Hh@p]a@nlﬂg fs‘aﬁkfdataﬁé th
resources<d . slot arrays (TSAs) and finding conmon avall a

mani pul at a]lT((g/ lﬁ- 8 eSQUIc I th et gf g}@ se iexentsinarlye
time perti Cﬁﬁ%)g‘?’r qestt i9i pther coduenes om@
SOUI o QNRRARESH A &t 13062 By RTLANE 9 e TPLARL! Yt em

of FIG |
for 1he timetable problem; wherein the source graph consists of a plurality of activity nodes

l e

representing the activities, a plurality of resource nodes representing the resources, and a
plurality of time nodes that are associated with the plurality of resource nodes, thereby the
plurality of resource nodes and the time nodes form a multi-resource-time-space, i.e., the
sowrce graph; and wherein the timetabling module comprises a timetable solution searching
engine performing timetable solution searching cycles on the source graph to thereby
determine an optimal timetable solution.

[0014] The present invention also provides a timetabling method based on an
improved ant colony optimization by using pheromone and hybrid heuristics based
cooperating agents to obtain an optimal timetable solution for a timetable problem that
consists of a plurality of activities, each activity being scheduled into a time slot within a
planning period and being allocated all required resources from a plurality of sets of
resources. In one aspect of the present invention, the limetabling method comprises the
steps of constructing a source graph having a plurality of activity nodes representing the
activities, a plurality of resource nodes representing the resources, and a plurality of time
nodes that are associated with the plurality of resource nodes, thereby the plurality of
resource nodes and the time nodes form a multi-resource-time~space, i.c., the source graph;
initializing one or more searching parameters for one or more searching agent; and
performing timetable solution searching cycles on said source graph for each of said one or
more searching agents to determine the optimal timetable solution.

[0015] There are many advantages in applying the present invention. One
advantage of the present invention is that determining an optimal timetable solution using
cooperating agents in a source graph having a large number of activity nodes and resource
nodes which are associated with time space, is more efficient and more robust than using
existing timetabling systems. Moreover, the invention has an advantage over existing

timetabling system in that determining the optimal timetable solution is possible even



I 8 illustrates definition of the activity node, tinme node,
¥22?F%ryciesource obj ect, assignnent cluster and possible assignnment
clusters of the tinmetabling systemof FIG 1. [0026]FIG 9 illustrates a
| ocal searching heuristic used by pheronone and heuristics basedh it
cooperating agents to select a poss!ble6as§|gnnent cluster for t edaﬁ Lv!dy
ak, according to common available tinme periods (CATPs) analysis an ybri

h¢ Himéfeblingretakileim 0 €. 200
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ak, in thgotihdreivalRlohohs YahiemRt Jr 'tg& B%:S%z%gg%%ﬁng#eg%—ﬂq%ﬁlh&@fgpgﬁé‘%{&&ﬁf &

fl hart of a method of timetablin _
usiO\rll\g phetighisribe oA {8 themoiatyito sobaseg aenpRNAG HECABBM Sobl929] FI G
12 is a dgs@iled flawchart. of a timnetable solution searching cycle .rmdul e
and sol ut' onj eval ua e&ﬂ*%ﬁﬁ? A vinfngen el thetinymtion vell ecame am}ﬁf)@ﬂ)]fﬂé:lﬁi 13

andi i Of (8. em for executin e
Tothod of H G e B P e R O B ML AR o oGRS Er e shcent
i nvent i ofCARIPBYIngrilievigsod nore readily by reference to the

Bricf Description of the Drawings

[0017] Preferred embodiments according to the present invention will now be
described with reference {o the Figures, in which like reference numerals denote like
elements,

[0018] FIG. 1 is a functional block diagram of a timetabling system based on an
improved ACO using pheromone and hybrid heuristics based cooperating agents in
accordance with the present invention

[0018] FIG. 2 illustrates a timetabling problem that consists of a time scheduling
problem with time spaces and a resource allocation problem with resources.

[6020] FIG. 3 is an exemplary matrix representation of time space associated with
stail resource for a planning period.

[6021} FIG. 4 illustrates a time slot array (TSA) representing the time spaces
shown in FIG. 3, and how the TSA is mapped to real time as well as the definition of the
available time period (ATP) for an activity.

[0022] FIG. 5 shows a partial exemplary source graph constructed by the graph
constructor of the {imetabling system of FIG. 1, wherein the source graph is constructed for
activity ax, with required resources and associated with time spaces.

[0023] FIG. 6 illustrates manipulation of the time slot arrays (TSAs) and finding
common available time periods (CATPs) for an activity.

[0024] FIG. 7 shows an exemplary source graph constructed by the graph

constructor of the timetabling system of FIG, 1.



foll ow ng detail ed description of certain enbodi nents of the invention.

[ 0032] Throughout this application, where publications are referenced, the
di scl osures of these publications are hereby incorporated by reference, in
their entireties, into this application_in order to nore fully describe the
state of art to which this invention peftains. [0033] The present invention
provides a tinetabling system based on an inproved ant col ony optim zation
(ACO usilR@eSbher omoni&s. dridubtydies dbfvition efithe setivas @dde anReR&ld RGiIAGERLSand a

met hod of emnn netable solutlon usmgthetlrretabllng
system tt ésfs S alg‘sﬁgéﬂg%ﬁﬁsll f,asgerasnislugiess of tha dedtabbnglesteri o t he
preferred’léinbodl ments. It shall be apparent to one skilled in the art that

t he i nventi on nmay beggractl ced without some of these details. In the

neant i me,l0¢28k techrrI 19 didvsiidtes knlovsl scardhhes Besiitld ased By thiRr@héndVahd nNOt
be descri sg_as not to gbscure the invention. 8 [0034) Now
referri néll% ? HStifI@&iage%g&t%gaemg@gﬁ?%W 6‘86”& W?’r@@é‘ﬁtlglﬁi@e@fé‘ﬁé@h fmo*»hcmchmiy

accor danag aicbitigne paehonr RSB oRf FlLG
shows a fupct| olﬁi]el bl ock di a1 ram of @Fhiodgl(%\rt?gfﬁﬁﬁﬁﬂé }Féjﬁ ﬁ%%a%n ACO
usi ng phé‘ﬁ%ﬁ’r’éﬂﬁbeﬁmwl’@ilbgﬁﬁ‘tmt@ﬂ“b@tbs based cooperating agents. The

timetabli ystem es a tabl.i.ng_nodul e that conprises gr aph
gener at or[(ﬂj%ll]S and F}g ﬁgt@tﬁ fﬁ'ﬁsé"n Cnﬁs‘zaf%lg%lhéé”%ﬂq Yoask bbrph&mimtlier@d
schedul i hgyristies bTfe doopBbah hRehS ¥SEm: IR @Agp g€ @g&ﬁ;ﬁ@g%ﬁhg Lefage, medi um

i ncl udi n% different parts 20a, 20b, 20c and orageé ne u?’ftgjtores
an the i HidmEEbme wewnl odd Dy the ti net abl i ng modul e so that the gr aph

Joarchoolora CoN ORGP 8 uehell B0 uBh AP uMeo Sl uimiilhby dpibenaiiad « hat
the di ff s Oﬂlﬁft& Istsagasher fmdhd by AP HieOhadeAEoSILLABGRAI UM as shown
in only e purpose of illustration ge medi um may
be any e&)g?:ﬁr oni c 5@1 ceds @ﬂawpwcbﬁpaémtll@stabtamcpiutoxofscatxblangldyeIBabI ing
modul e i m;olifie 98k INRby EHTEM}B'IEO ﬁ)ﬂl}?ﬂh %8@28&3@ n]t]al ns a list of

activities, where each act|V|ty €én a start tine wthin a

pl anni nglopatii od anBIGI I dchbed mi 'eiaemplqw codi IR 68% cdBuRPLYIRh for

timetabl e solut rinted by a printer connected to”or displayed
on a screEHHL) Etlﬂm)itla é?corrput er systemshown in FIG 13 discussed in

detail hereinafter. In addition, the tinmetabling system 10 conprises a user
input interface 12 that allows the user to input information that specifies
a tinmetabling probl em suclhcasiladlidd esctiptioh oftlic IvivEki@s: resource requirenents,
constraints, and one or nore optimzation criteria for the optinal

timetabl e solution. [0035] The graph generator 14 conprises a virtual source
graph cqostifuct or 22, pdbent | utd on se

defi nerq26 !The |nfor%at|1(t)ﬁtlm‘fee%|[]?%?ﬁa%rbeﬁﬂ{g%§ gg%%l%gg?ﬁl ﬁ er#%(‘fgc @%%r a

r esour cdonpuBesieiatled deseripiipe 0§ paten embddimess of thedit@tiona constrai nt &

wei ght f r edit nd . a.tinmetable solution optimzation criterion
edi tor. [%tzjs)hovm ﬁﬁﬁtl%w% ﬂjtl?télpafﬁ‘ﬁﬁmge‘hg Stlﬁ)‘%blT@“%&mies‘ef%@t%é ghor age

medi um 20=l@acks 20hhdése @OHSAAINE age Mélf:ﬁ))uﬁtcogféi’%ﬁ&?bp LaR nQ@ 1%&?0]&11811@5
cooperatl ng, agents search for tinetabl e solutions tual "source graph
conpri s&¥OHE PRIGURELR 6Fler to morh fulbn desage theduatmmmatootvhtah lthis im@htion
activitiega3p, a list of time slots 32, and a list of the categorized
resource nodes 34, wherein each resource node is associated with a tine
space r é®sekent ed llhy préent insent@n prot®esh Ghie1a38ng B?S%M'Hagé!%n a0Hh vugir aph

al so contial ns vari ous ‘ﬁ ? &Shedul ed informati on” 36 and ot her constrail nt

i nf or maf i or 98 PRI Z8EMer4at Ponsiae phpemeng eud by dliheeisgcaphsedidobpdreting

descri begkritagleh ahdmdene H&@;rﬁﬁ'ing an optimal timetable solution using the timetabli

system. In the following description, details are provided to describe the preferred

ing

embodiments. 1t shall be apparent 1o one skilled in the art that the invention may be
practiced without some of these details. In the meanfime, the technical details known to

those skilled in the art will not be described in length s0 as not to obscure the invention.



9 [0036] The sol ution search definer 26 defines the tinetable solution
searching problem For exanple, it specifies what are the activities to be
schedul ed, and what are the constraints that are to be inposed during

ti metabl e solution searching. [0037] The_tinetabling engine 16 is an

i nproved ACO based search engine that Bses pheronone and hybrid heuristics
baaed cooperating agents to search the virtual source graph for possible

ti met abl e[p%‘ﬂ uti ons @WolrﬁfWGHOtTﬁéw o]ptiiwml istproetdeb| e tiselalingmyitemt hem

det hi f th b
L ot abl & xarats ona il g TR PRl BEoaarsr S8y fiige Hoa,l siobisst or od

in the stfulnagmahbldxcklrﬁla%ﬁ@n ﬂhﬁé@n@@ﬂﬂﬁa@'sy@t@ﬁﬁf@%%@dsﬁAt@ﬁsn@o Aer Iggnéare
for Iocala[nﬁ ar c, ,. gl obal searching, and search control e for

exanpl e ket @Pllﬁfcsc@é?féﬁ‘a@w@ll?@g’@m@ are tiinetahling eystaof It)lcmbﬁbdsea

sol ution timetahl e solution searching cycles
per f oi m&ﬁggﬁﬁlﬂyg i rre?%‘agﬁ?ﬁun% “S@ﬁe pglr ESNUGF 01943 e dnEtadingnengiee

st orage redbune ﬁﬂﬁbaltmntah&u&ﬁaasfcﬁﬁmﬂﬁhgpl’@ TR tihR& A s %@%&n Y& B cb uédsa
enabl es trackl n% of control paranmeter settings ass%c ate W th e source

graph and'@repR @Iuﬂéf“&ﬂ"@”ﬁ%\étﬁ%@%‘té}a@éﬂ@ﬁr Ueh, é’d]c:bqndtliéd githphiyerenadion 14.

The know istics,are aI ostored in the

st or age ﬁegﬂ%ﬁd%ﬂggd{ iH)l[ﬂg%}f@] =i ﬂ?ed lme%"#zﬂ% B%‘)@Hl? Sr‘?g}}"&ff1L ¢ HEPHESTREPI s of

t he prese&an gemvanta worcet praple onswlnb @Miedﬁdei@bﬁﬂg@hgﬁaé @lﬁ sbirl:l&le%%@&d ;?mﬂﬁ tined
efine

tinmetabli roblem nJ:‘lhownln FI G 2 the tinetab
as searc ’l”%&%gf olppt ‘pﬁs 1S Woe ArPERT et that @éﬁlf&relacﬁtalwswmém ﬁﬂ'cleiﬁhmlmptl nal
SOl ut | on opuRviigRge dnRhARSL ShahlinlEE if Ao 8360 AELLYLY B yﬁﬁgﬁpgggﬁd”' ing

52 and satisfies all resource constrain
al | ocat i 8wr@&4. mediug mayr}blcemﬁzcniemtonasdcs«hﬁwrwiﬂm nfdmors, cabli@ués‘ ”@Iug{? bfnﬂ)e

bl t hat t t A, 50, wh
o be sohbatibiat 83l R Pitslat e selogen 45 nengbcprsnen tiecolasiivhes
pl anni ngwhered e@dhtheraaffRroenaRfe@ilcd If't? ﬁﬁl'[]g'%mﬁqag ) ﬁ%}f}l:gélg Egén{)ﬁ étng

al | ocat ed 54 with one or nore resources are req
act i vi t yallqogted wigh leéiélle@aftsﬁ)umss thsbptanaﬂtmlaaleielsﬂnm)ﬁd 8trfayt Beprhinté®by a

schedul i gln nnga? [S IIo; ion, which are_not shown in FIG 2 but wi |
be descr ‘1 r| PRIPYSHOT T 6589 EPoialed v R BIPRR o SlsMathowarin

activi t yFIGaK 3(disehsded il detll @leeikhfics. LRI A, t%cl%ﬁltnﬁ érgs{eﬁﬁﬂ conigﬁ/i/sb $qany

subject matter including a | esson, a sport event “bf her
event wi $35" tPEIniGAERCe d3 dhat edlows Hist wsai tmtlspui'ﬁhﬁ)rmaﬁmvﬂiaysp?ﬁai}ﬁeé aligeplbaiag

durin ri f .referred as .duration thereafter) within the
pl ann?n }%glié?g%ﬁﬁ S%gta?ls o) agte WE TR BRI RGPS CPBﬁ“”ém\?\;e"’é‘FéIO@?? 8 PEAE | ng

timet abl eptharatan oeﬁhﬂaaﬁol uhﬂ&hin'fei%% SBMioRe a 10 week, and a lesson as a
i fpr two hours. The resources in a tinetabling

t eachi n actl vity | ast
probl em 3! al so pﬂ%s@ APh peneater B4 epinpdisss meviitued Isodico grdphmensiresouoces and
L L A

60 consists of a pl ura1|t
wher e Ndwrasprigs eedeseditos, atmscahcmudmﬁddn@f ad@us sfable or timeslot editor, a constraint

& weight factor editor, and a timetable solution optimization criterion editor. As shown in
FIG. 1, the graph generator 14 couples to the storage medium 20a and 20b to generate a
virtual source graph on which the cooperating agents search for timetable solutions. The
virtual source graph comprises the information from the storage medium 20a of a list of
activities 30, a list of time slots 32, and a list of the categorized resource nodes 34, wherein
each resource node is associated with a time space represented by the list of time slots 32.
The virtual source graph also contains various pre-scheduled information 36 and other

constraint information 38, The generation of the virtual source graph will be described in

detail hereinafier.



TNd) within the planning period, and where NI denotes the total nunber of

discrete tineslots within each day (tk,I, 4,2, tk, NI, k =1 to Nd) of
the planning period. As shown in FIG 2, the resources 58 consists of a
plurality of sets of resources (Rl 62, R2 66, . RNr 72), where N, denotes

the nunber of the sets of the resources? The subjects within any set of
resour ces na¥ be defined by a user in any manner. For exanple, human
r esour ced9938¢| udi ngllad kolpBes seareh dlﬁsﬁyelb% G}aﬁemﬂ!ezﬁdelaﬂteﬁsabiﬁ&ﬁé@ﬁ‘éluﬁ ts

such as i.Ci pat es , and a set
of trai nﬁjngﬁé 1ﬂfOE) %‘éé%%le ec11R(;§ ha‘f)f% € tggacuvétl‘@)10 B8 SC@QUH%I%@I@&WW tiskbd, t he
facility cbﬁﬁmmt@ehaRMe 13%em}50&@ @hﬁgaﬁmmmmsmfﬂgr e the activity ak

t akes place or one or nore pieces of equipnment that are required by the
activity [#R7 e. g. . Fergmetabling ehgiBe 16 is ahghipjoved. ACOrSahed boieh eddie that

resource ful .for a tabli n probl em only when they are
rel at ed %ésgp%g (lglr}g?eg%néjg b5d he‘f*ﬁglcrs(%@%ﬁ C(S)ﬁp‘Bé RiedriisHe 5?3}1%&§p’&é‘éﬂ gdce he

r esour cegraphl for pesdblsaus&asleci s@l%ﬁa@ﬂllonh%f‘dlﬂ%% ﬁma Qgéilalbfogoh?l %ab ling
problem the resources may be divided into ategories ‘based

i nt er chafgéaBinedt Withe wepiedinfesmiioodor sﬂmdclnm:aoﬁ/ﬂmqmembbaﬁnetalhe sdlmﬁﬁxﬁset e

resource hat ar | af,.t 0 each other and | nterchangeabl e.
For exa §rf gq 1@39%??@[@3300%%@{% s[eﬁ gbg %@58 A {recioyaas mpdamy20c. These

functi onad)mtt‘ql rarandtypicat o selRNAL B srdfor db&g rs@ér@hzﬁgsél%é:les%arcﬂﬁ KR Nrch
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ot her. F&EARdiaclude, for cgamnlce the mimber of @ypeipted agkith asdnke spabiradf

ft t | t | ab th
or gan 2ot o Rk B B TP BB G hinaGuFiee Padred b

i nt er chathgegink@bling h:ngin}aerG @mmbﬁfedlaaiassto{e@%%]ht:rbt&fag@ﬁnéd@urﬁ%%t hugk a
virtual source g of a tinmetabling problem the resources nust first be
rel at ed ?51“%1]?%8%% gdee dd. flhe W?I@é@é‘béﬂqbﬂwla@bmgeg coRebleparamgenmings Fl G
3, ther eadsbeife@Whde st ad e uBefoh M Qf .8 mairix, 80

exenpl ary representation of El ggﬁfi EptChI %ﬁgrpsdféeswe%%o%{rﬁ?@d %@éﬁ%g{?@hsmz

r epr esengahesataf 4k The k:ndwitedgé\laud wiles of Mhe hybridBeunsnBe breofis$ bREd in the

resource%I Th1e0 resgzgl%ce Sk 82 is associated with its tine space
repr esent 842 AS 28t al rows in the matrix 80. Each row of the matrix 80

11 consiptssiof NI bhiEh&HePhsd The val ue. of  an eI enment
in the ti me}space maltn X 80 reé%élgig}é%égiﬁg hgc@j@%ﬁgﬁgfplf’ﬁ?m ]tmﬁlguoélpg’(?’ee

uti|i zathreridedra allmblé'@dﬂlﬂ@stralémumfce mma)amg lbmb}ell( wier shokviminl FI®@ Nshe For

exanple, of the e can be 0, | or 2, where the
val e of B% L‘Hl(‘e“ g h%P“Fﬁ% 1%‘%%?%”‘“*?‘&&‘8&10?@2’ aRtimal solon; kg & pg ofveliviatl®, val ue
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a ti met dBFSidTiep gBresoprrs congriin tprpedi z@xxﬂlva"aﬂ)yh)esouﬂqaraﬁsmioﬁcﬁél M tlgendler m  of

arrays r t L unbers,..each. i nteger nunber which is refereed
as ti neqé I%%isa%hsgl%gzgflp ﬁ%ecaﬂletiﬁaﬁam&p@& Ier‘ﬁ 5 9aihat § gl olpctiyHisadiS8: FI G

4, the stlwe e\seu{raq:,eagt eire. spasend @ bstafdiulh QZM’LHlnFé (ﬁmeé kdod %P'ilﬁr%% ed in

f or m of ’t&tg me slot array (TSA) notated as TSAk lpcontal ns a |ist

of di scl&ter§ ?%ﬂ’érp AT P8 ipd dhareattes), pHd (antles eachttzme dfﬁ)l acTihgy intoeker

nunber s C t or exanpl e,
alIBcaT&AM %ﬁih Gtk 91%1%@%?(911 LAy 1%1? aluﬁée%gxreggg iﬁ}{a a@%ﬁéf OE

the first tinme sl i's ma rea agitd: t he
second wsrummwdtrmmsw@aﬁmp%a to ke fhBe Beeddlifdatd fIBurke &ﬁoé%laﬁ' \E}glcﬁ%gb be
speci fi egl %6 therz@ b ssurred that an activity ak has a fixe

dur ati on YD g£ HWII S?Iilti?é 3 dgfed latgrpe he FIG 4, the schedul ed
time s| gogopar e MARked i Aginsnae G ol and Slot 6

| o
and Slot 7; the tine slots b ate narked a'%(s 3 &eﬁ’i‘glea‘bls ih%ﬂum ey,
Slot 5 ahertsiasy may b&)alm&ub‘ﬁaUm,aﬂ@vxmlamag ladbdsen,td sRrieeh0dSelaMIPS) arfan be

found f t d ATP2 8,2) 92. In ATP2(8,2), 8
repres eﬁf{h gla&eélygvtl tértfm? FW%%SQWHG ‘20‘%86’1‘%55 esacflﬂiéy i delkcoplaet during a@xadvi ty

ak. [ OOget]odlsofmint (RN fkdeRQ#B arid 1l t unre

mul tipl resour cés Now referri n}%gf'tamﬂlg Widhig ip@ﬂéggﬁg?egggﬁéeg?}ple

descri p ’Féﬁllalwngc%eﬁﬁdr@éﬁ‘m?kb’fIemﬁllnlg-ime@aiue Casant ddueatipac tsgrvaphalb 06 aone
activity. The activity ak 100 requires several sets of resources Rl 102, R2
104, ..., and RN, 106. It is assuned that the set of resource Rl 102
consists of participant groups, g, 114a, g2 114b, ..., and gNak 114x, the
set of resource R2 104 consists of two staff resources, nanely si 116a, and
s6 116b, and the set of resource RNr consists of two types of facility
resources fgi 110, and tk 112. Furthernore, the facility resource group fgl
110 consists of two specific facility resources fl 118a, and 118b, and the



[ 0045] As al so shown in FIG 5, the resources required by the activity ak
100 are associated with time spaces 124a, 124b, 124e. The tine space
associated with each 12 specific resource is represented in formof an
integer array, e.g., TSAin FIG 4. For exanple, the resource gi 1l1l4a is
associated with the TsA 126, the staff Tesource si 116a is associated with
the TSA 128, and the facility resource f1 118a is associated with the TSA
130. To szkI ighg at keesoprobi eem(:hi%igcactﬁmgh m@j 3% fothevol BAssSow ReoNEsSinonly in
D, whic or | strati ose . In real |ife problemsolving,
the TSA g h“&%ﬁ%“%%}?y 1 ey ﬁ‘gsot §I16td§f[}%l'ﬁ?‘| fogme relyting Bumppegsabices pidanni ng
period, eqg@ipnien@shidkesd 0 DN. For the optimal solution search for a

ti metabl i ng problem the ATPs need to be conbined into a final consolidate
conmon TSM4B2 f r orfitibhiedhirinheo ddmman tiavplhaibh @ctibdns0 peniied o GATRalieanr be
anal yzed. i.,s . defined gs a.m mtime period that equals to the

duration dl%m&e gg\}?t% 1< (Y4 - prdvs des ™ PIFL}?I@(‘J}GTQIS@HS thedeiat B‘é@b(ﬂ(ﬁf depe(T),
activity. WIRE WhRindUE #d@ih Pheiddh, %H'M'léxéf&?jﬁﬁ&%& 1 toﬁﬁ%emoo@f“ ]pf; ?ﬁg ped

ATP, it is possi bl e to have nore than one or exa

dur at i on tigtesigis ‘ézébm\ﬂa@}yda}s(@ tiame . sim\usk aido N@bom@phaﬁmg heged. t AsEhoshot s,
there w Ll g;zt\go ourcc gr  Lhe aﬁ tﬁ E this conbined ATP. FIG 5 shows
the CATP&'Y 72 ﬁg £95usts Py g oluralily of sty pheyomeasiRi Pedifibe es» Rivme
space gr aph vilere Nh@en@CetsltMé hymBl é{QQe L& e is
provi ded rr}t])re details of manipul ation %?h?}\égeéoﬂgrcgé%?ésuﬂ;gcq }thgvxnmg

r esour ceOf FFROUEISH eayake deidnas aFlIIS@r 116 an}Anmnmeldl got exomie) nlaummbotsbersl ng

224 is u | ts of. an I comon avail able tine

peri ods. ﬁ%ﬁle&"?% a ? b Pllgi:;ll ? {assb% T 73 ég t?%el?ieg%rséld? P S& %tPaUWHaﬂ%atl on
status oR;6acPig g, ££S0UREE) 65, aﬁv@a s&irlﬁtﬁa%ﬁﬁz?gtaﬁ‘lg}éﬁ fqgm,| gft '§N1Jr dto
record time.slot utilization status of the staff resource sf 206 e next

two di gi B% BF saie defepo theekasry geseares) ow: 73t inhy batgrowpestiatausenis pdetd tiepant

gr oups ghet g re used . to ore.tine
booki ng of g@% al%r ese% lra(g:%;br 0?8%49{ i?\éi%‘s’ (%ﬁtlj\%ugjf élE g\a?a’telrﬁ%u@ﬁ&y 1:E‘f AVt i on
in the rasow.ddfd:i fr, Space, g o k &drtheritora, tﬁ@li’é%@{u c0f 59 arclm@4niraful for a
repr esent or a activity of an avallable time slot 214, a schedul ed

time slo mﬁ%@ IR RE gnb%lpié’ﬁleﬁ they aiegelaedd lrte dimectrroe$§ . Tixrsdatioh bgtvtesnt hi s
defini t'@l@,tlnﬁé‘s‘}‘)aéé Jlﬁtth@leggw%g?fvﬁl B@&lSéL%§§%ﬁqlC£§a l%ierem and g2 204 are

utilized in a tinetable fheflrst el ement s of
TSAgi and@oai$Ag2 ar5é01]a11111¢'iebiela'ig)ynebie1n’()(1*:11exam@du;tzasrh@aYr lﬁﬁ&jk;meﬁ Qto MRS OMEERR Qi 202
and g2 204 t|| zation,is a lnt&g@e nunber 200, e.g., (1+1) x 100 = 200.

Sim Par 1 38 om beT myerhegac b feclSoRER ABDWETYEIONKES dreidisciety

10, 000 =edfuOO0icfansl chbeganadey. r frg0
utili zat_zlconll S f X 186 obo = 1%%1%%1 [@%Ll ot 8 n'ijgﬁitek%%ﬂgcfa%fs l‘fi':)(éF)engSn &t ed by

i nt eger 1Hlﬂ*r’c§‘é|10<2ns it e ﬁmly scdiBgs capaeity z2ed fu:mmﬁngrmd: eyt embhpliezati on

status v e ements of TSAgi and TSAg2 are 2, the summari zed
val ue i sCﬂ &g& OTL]J[‘£%l548] Fnalty, "SRECER IS g‘ﬁeﬁ’ CBEY & A% VBESofHAEd i nt o

a conmmorintetdhangdable vaitl 83¢h TRAR! D‘ QExdhpled | t hat
there are thrg%d CATPs, e. 1g. : CA'?PB}(B pzf %?élbﬁ Eteﬁa@A luc%]glgﬁeé)\%ﬁﬂ e

CATP3( 1GPoyiabsoftwarpeviyela i nOhgé*mHs-;dvmlanyd@bcxd@xm@hlaﬁx;\w thé bi gabe:andnosen
];grpr éggncﬁ?géélgé&,){h QS'Iﬁgﬁtgelﬂg%bﬂ'E id 1§n L9 ﬁ 6%%11? pl’ﬁg‘f g}l(tilg gbﬂ%@é time
space grcampufeoﬁabevery activity of a tinmetabling
[0042] In order to construct a virtual source graph of a timetabling problem, the
resources must first be related to time spaces to form resource-time spaces. Referring now
to FIG. 3, there is provided a staff-time space in form of a matrix 80 as an exemplary
representation of resource-time spaces. The staff resource Sy, 82 represents staff k (k=1 1o
N;, where N; is the number of staff resources). The resource Sy 82 is associated with iis

time space represented by horizontal rows in the matrix 80. Each row of the matrix 80



probl em has been constructed, a virtual source graph for the tinetabling
probl em may be created. FIG 7 shows an exenplary source graph (G 300
constructed by the graph constructor 22 of the tinmetabling system 10 shown
in FIG 1. For this source graph 300, [0050]G = (A, T, R d) [0051]where:

[ 0052] A = a set of activity nodes of t hel source graph 300; [0053]T = a set
of tine slots representing tinme-space of the source graph 300; [0054]R =a
set of r&stiseeolMbdiss: 9pist rensolicle tgr SPhTROgIuE 0055 Einert i SRt spessi bl e

300, 056] Still referring to FIG
7S o heba R S8 sl I SRR O s W R e shemﬁegwmesnmcd
nodes. Furtiherhert aki Ngo R%'M 1%35(&@]4]68'\?&]@@0@%@@’%%7%111 & (1 ﬂ§{3 & bea\/?ro?b

t ate roups |1 C, ere =
gﬂn : glr P)W 1%&1@\,\{%@@9@]0 meansi theghe mffstmﬁcerasaoumeﬁ 1§Kvaszﬁl%r €alke ¥ pleagdd 2,

d di n source nodes, and tinme nodes
33? ght Q?Ehaﬁgl 1% eR%i“ t"’élsé%’{‘i“%}? %’ic; 152? Iocaﬁcé ’Lﬁgallhé Hivitg elaadynen & refeap Has fheginer 312

denot ed ag [&Geadircaek®okkeal for activity al. The graph cluster GCLfil 312
contains a |list of pOSSIb|e assignnent clusters, where C denotes all the

possi bl e (%43} gnmentn @ tise@blingono ﬁeﬂmqmmmmugm?mfcﬁﬁQm;?@@&ﬂﬁéﬁmqgaggg seen
312, 1n unl i ke ta resource
part§ oi pontar i usele il MhTRll deeFimeies et vbiThiaveraae trag drt.

Layer | ilzredwowanethseimappde iiMdred0Znel N s?l%%nﬂ iy er flhé‘?l}'bef_es!)]!ucg QES' sts
fgs) 304; the last l|ayer, 'e.

d (fgh
ggn;e:? g g}%gew %fﬁgtgf pigk l%?as?dawéea@a@ésn {ofrin, Ofthe 11rhdsloamtday‘ ﬁ@é\)&?ﬁa‘{ecﬁ&Cause
d und ei r. car.r esponden
Fesour e Ty bag R ARy R Rl B i vedios roF Ciecd i By, say
al 302, mh@eplnamhers lmJESA;sS%emf Fe eha @ﬁ&puﬁ&%a! YRR ds 154 da¥. Gfor &% iee ppuch as
t

Lgrsre: 3 ]Ic: #’ Ir§f Emef égiolgs ppeéi %o 25.@2;]1 qﬁge per?(;[d (gfh(?SrO((a) 0%%3 anguﬂrle scl;ciﬁcrl ?st Elap;?eédotlcj)r e
(900-0950. I is noted that the time mapping can be specified by the user. It is assumed that
an activity ay has a fixed duration (D) Dy, e.g., Dy, = 2 time slots. In the FIG. 4, the
scheduled time slots are marked using spare dots 90, e.g., Slot 1, Slot 2 and Slot 6 and Slot
7, the time slots booked are marked using dense dots 94, e.g., Slot 5 and Slots 10 to 15.
Thus, two available time periods (ATPs) can be found for activity a, e. g., ATP;(3,2) and
ATP2(8,2) 92. In ATPy(8,2), 8 represents the start time, and 2 represents the duration of
the activity aj,.

{0044} As mentioned above, an activity to be scheduled may require multiple
resources. Now referting to FIG. 5, there is provided a description of construction of
multi-resources-time space graph for one activity. The activity ay 100 requires several sets
of resources Ry 102, R, 104, ..., and Ry, 106. I is assumed that the set of resource R; 102
consists of participant groups, g; 114a, gy 114b, ..., and gna 114x, the set of resource Ry
104 consists of two staff resources, namely 1 116a, and s¢ 116h, and the set of resource
Ry consists of two types of facility resources gy 110, and fg, 112. Furthermore, the
facility resource group fg; 110 consists of two specific facility resources f; 118a, and
118D, and the facility resource group fgi 112 consists of one specific facility resource fi
118c.

[0045] As also shown in FIG. 5, the resources required by the activity a, 100 are

associated with time spaces 124a, 124b, 124¢. The time space associated with each



which are |listed under resource type node fgj. For discrete resources, the

resource type specified fgi is sufficient for the scheduling engine to

al l ocate one required resource anong fi, f2, f3, and f4, because they are

i nterchangeabl e. The dotted node circles, f1 to fi nean the activity al

just requires one of them For exanple,fzypically any one of the tutoria

roonms, which have sanme eating capacity and same functionality, can be

al | ocat edsneeifecresairesy isateprds00%9]ikowewest, arf Ditegenarty F €8 0UTSe sy Fides plrapner

nmust specj oth resource type node fg8304 at |ayer Il and resource node
‘!"’Iaxqplt’)‘h}‘h%‘@%‘f”‘%ee@ali‘s“é‘ 1§ AsogtatRdghith Bie 1A iodhe w1 resewge eel Yodes,

f20 at |ayer
say fa), dsdciatb®ithandTRA31 e : u 1 de, f.08 at
Layer 11, qanéat henslc hedul i nzgf}gﬁgiﬂ%é;ﬁgggg{ér%g%ﬁg%ogv%lg )é%%? feagcgﬁ?”fgggﬁoal%

shoul d beld¥sekp sigpifietpe areblert Fithtedishlapgdaliisess shOOBR] ATPS Higy 0D Gehigl aph

300, the .ti ot. node T 31 onsi.sts of Nd days 314, wherein each day is
associ at eI(E:I Ifév’\{,i%%lﬁ&gltuloiléjf”poofe e P&ECIEITS?QIfg fé‘?b]%“rso}éfﬁ%%gﬁ 1S4 shrend coivpr il e ;bl e,

the numbefmofloaysing bt Bidle bk MEpRHIRE DDA, WY KATD IRYS, | Bof sl

[0061]Stil| referring to FIG 7, each résource ™o ocCi'a

time spacélutiphescaichelos padetablingpradent de ATPE aced of bt Rbe®&iednBld b XBS]
which wll store t i_nf. ion of .resource utilization status illustrated
previ ously Ilfogﬁﬁ%&) Hj%ﬁ%nnisg‘g :@Eé? ong Syhigly ﬁ]ﬁ;ﬂ%}mqw agehle Ymeypezird (SAZES i at ed
with an ibotaagigred. i TR CRTP ixdSERd ad'h rdinhhid 1A% b b TBy e and
a" with an i n?,eger tinme méltri X _3236.an[ 8%%’?%%%%%%%%%8&%%@0 %?hl%g%gfthe
ti et abl BRGCEYLY ard R vides aligsasireditasotives fos dlw ewiviy apNha0 hewhential of dche
necessar y . QRN o) . Aph. 300 .consi,sts of n graph clusters
GCLak (ké‘i“%p%%d%@gﬁ%a\?\*n@né%g?béw@?\gf - ois oSS P havemore 8o GA LR wi ¢ h

an acti viFoyexamse,dbthiealursioh e aekiivit 3% NOEe sRks anddkmd A0 M BRd ﬂn‘iés]ﬂ?,qm red
€ gra

resource _nodes as well as jts associated tinme space. For exanple, t ph
15

cluster F5 pll bf hino SéyTiRsifpy the actiién st tds eamnibmdp TPi F1Gohshavrcthe € AlRsor di ng
to the giyen Aok Vi hif ti.on urce. requirements and pl anni

period. Simlar }bil\é? %2262? hgrﬁ%ﬁgcixﬁéﬁzgg ré%’,le ?esaléIHStsgﬁcea%‘a@EBg’ng’%and
GCl1. 2" regpelyta 160 y5 shawe icbhStF.ucted for the activity node a".] and
activity e a" rgspectively. [0063]1t is noted that although every graph
cl ust er F°§2‘the souey @‘r@{;f’p’r'? HRYIqedsmpigndetike ok paowulaieinctf the G4EBebhned

with t hepdz'ﬁﬁp#érs%célﬁ%ssp%&dasr ehAled, FRsthaty P&rdtiéi? Etl)na’}{)inat]ignai string 224 is

used to store the results of analysing common available time periods. The first digit from
lefi is used to record time slot utilization status of facility resource f5 208. The second digit
from Ieft is used to record time slot utilization status of the staff resource 82 206. The next
two digits are used to record time slot utilization status of participant groups g; 202 and g,
204. And the last two digils are used to store time booking of all resources.

[0047] The status of every time slot utilization in the resource-time space is marked
with a number of 0, 1 or 2, representing for an activity of an available time stot 214, a
scheduled time slot 212, and a booked time slot 216 respectively. According to this
definition, the firsi time slots for resources 21202 and 2204 are utilized in a timetable
schedule, e.g., the values of the first elements of TSAg) and TSA,; are 1, therefore, the
analyzing result for resources g; 202 and g2 204 utilization is an integer number 200, e.g.,
(1+1) X 100 = 200. Similarly, analyzing result for the resource 52206 utilization is 1 X
10,000 = 10,000; and the analyzing result for the resource fs 208 utilization is 1 x 100,000

= 100,000. The booked time slots represented by integer number 2, are simply



activity, there is only one unique resource-tine-space in the tinetabling
system 10 as shown in FIG 1. For exanple, fromthe staff
resource-tine-space 80 as shown in FIG 3, it is apparent that any other
staff resource-tinme-space displayed in the graph 300 is only a repeated
duplication of part of the center stafff¥esource-tine-space 80. Sane
concepts apply to the participant-group resources and the facility

r esour cesswRMaRtdd, [§10064]phs tishavivation sheusselisanghapkt 3RMentshd TSAG tan¥i ty

nodes ar psted.frommta a' 330. Al activity nodes are ranked inh such a

sequent i g{é‘%ﬁcﬁgﬁ; ztlh‘étswllﬂ’ rlé%“fa\i‘iletlﬁ%ér?a‘ﬁdi ng the nost resources will be

schedul edobdgist, andinhide (REhAM LY ¢ j y t s wll be

schedul ed | asgt A Thus,n Qfsi rrplae§ bﬁtlgﬁlrgg? 8% ghﬁéﬁgh%é%dﬁgﬁjaap%ﬁ?@sﬁ? %gl.egg\.{%t H'Re nost

di ffi cul tTboi for Dy, 20l in 186 6cedulbedofiid st thiken@osid CATPfe.@aNCATPIGIYY in
d

t he rank | St u th the actjvity's resource denmands an

time- spa?ggﬂt:?ﬁ?i@?ﬁ% ) f‘g‘g%ﬁb@é&%%éﬁ i desedeh aaentipilb derddavhsy CATP
descri pt i B chéyenaet ine Adivit i le, ) | h,
Referring to FICG Ié t he acltvi gftﬁi}@(ﬂga% g}g%,1B(r%gpaﬁgg%?ﬁtl&ﬁg{ag%tg’%?gaﬂlayag?i vity
node 302 Tepresdigedsupiber appiptbl@meibags.shown in FIG 7, contains information

such as Lyity ID cactivity name,. type and ration. The duration is an
i nt eger ﬁg&rﬁggr t hatA?L%pE} g‘é‘@ﬁ%’es“‘)]ﬂlﬁ%'tﬂ_‘i‘f%g@?e 81aPti e Wb et ¢y tintabhing he
activity prelles ilkaeen cbR086ldne vaail VidrYe Fﬁ B 1602¢ @ihl?e?ab(fﬁgtp@gﬂﬁ?aglﬁ%ggé ce

requi renents such as a list of participan roups require t he
staff resHiiehs [TEeqdisheds aaneveanplirstsoufed graph i(GY 306sounstesicd aguibegdapiThe

taff , -parti ci t . | e-fixed th
deci dea oy oy Sy an t PROVBEFER D RL BRRRTAG bel wihEapkicea ohe0hcor i ng

to the activity nature and staff work | oad. [0067] For the facility
resources, the sub-set ID of the facility resources required nust be

speci fi etPP58or unaly=(BsbuRcER, the planner nmust further specify a detail ed
facilitygoggource, vﬁmﬁc:, the facility resource ID and nane. However, for

di screte resources, the planner only needs to specify the nunber of

resour celp06gqui r ed A 1 atshieofsmiidinysndites f (hefsote ofpeishl y resources required,
normally the required nunber of facility resources is one, but occasionally
it can bEABre thad ohée! OTHEGSIGHe teRptsELEEHETerisPasy of hgi seuronighdphailitocat e t he
required er of pdisgck -for. the actiuLty concerned. It is

not ed thg)?yﬂﬁe Iis%{ oa?&ggiﬁfélﬁyé/@]?%dégé{Q%sso}llgggf@é&ﬁhbnsi sts of one or nore
facilitylop&8ource GbFecksolfifisibRussihoventiuskhéor Be séhee faghbby resource
obj ect 406 contains information such as the sub-set ID of facility resource
(e.9., fg), fg2, ..., or fgm 74 showmn in FIG 2), the facility resource ID
16 (e.gosdil, ...suPkeibdi308 13HO i.1. El , facilit .esqur ce name
that T enrecanting & opactFrc r csotrany Farhafeohled ARl LR 56
facilitycreseat celsnod068hiThe, ddtingidcyviipde #402n raymep, i Qnablitecotiicaiin t he
pre-sche liqiglﬁ ienfl_or)rragi on beggu?e t he pl anner mayépr e-al |l ocate resources
for an act IVPEY SO Br "BEE £ix stoar t NonR0lf Shalighe Aot | Vipuarly Ta@ivity ay

pr e- schedghies; ivf o Maftei ingl . pPre I 1,.esour ges, ,pre-schedul ed
tine, cqngt raint infor Iﬁg{}ic%ﬂﬁé%@%ogfi E%lgoégioﬁgﬁlﬁf@nsf%ﬁ%méﬂ G 1 he
const r aiineluilivgorsmarécomdes hasdpimnnedes it ch MPORE 6P RCAJivEy GONEE bSO an
activi ty.toFor eﬁar]rllé)sl_e.,3 hh act i vié% ab shoul d be conduct ed before activity
ai " whi ¢A'S ESEPESTEIFId F8R8raIC Consthar ki sl fartactigithat. edhe praph tchister

const r aiCE" i31¢lcd8@thsiaNidk b fevi ' A2, AL eclfi6 ko thi
activity only. The generi g?%%ﬁibger%F%Pgl?hﬁﬁ%ﬁg’g‘?@&?rrcggglg(ggstagl 1illelpofﬁll ¢
activi t ideggnap cdysgmred! tha saurcoprph 386.0r age 38 shown in FIG |. Details of

these g%}%ﬂd ¢ ConS/I&{ ’&lmngg sggnefrgl%st%réi g?z%ﬂl gl%stfex(‘) HC%%'S}Z in FIG. 7, unlike staff
resources and participant groups resources, the facility resources have three layers. Layer]
is resource set node Ry, 302; the second layer, Layer II consists of resource type nodes
(Tg1, fgs) 304; the Jast layer, e.g., Layer 111, consists of the specific resource nodes (13,

ey

1a, and f20) 306. Because all facility resources are categorised under their correspondent



9] Conplexity of a tinetabling problemlargely depends upon the size of
Egnglobrgn1andythe constraints inposed to the problem There are basically
two types of constraints: |) hard constraints and 2) soft constraints. A
timetabl e solution nust satisfy all hard constraints; otherwise it is not
an acceptabl e solution. Typical hard cddst raints inposed on a tinetabling
problemare Iisted below [0070]1.) No participant attends nore than one
acti vi t y ratourdretypasewhémepecify0Q7kkaunke N@quimﬁdnl&fgdg;a;f%ctﬁrﬁ%lowggégi ﬁ;”{ai}ﬁe

han one.l esson at t sanme ting; 3.
et i b M AN L IR B AL
above hanebsgpnst r aiinfssasl@n@Nhat ate A8 BHCERLAR lr@sorul'cl ,tn%g |e§;d-[§ of uf,! %}?q {?HJS'[ _
not have any tinetable collisions anobng resources alToca 1Ora ities;
ot her wi sevhi¢fearzdisted wider sesootceappepbably. KhedimayicirtRAses, ME ecsbard (ype

but it is not encouraged to inpose too

i . i bl i bl e ,
Co e o i BT QB AL PRSP 11 L5001 encour aged Lo | rose Lo
maki ng So) o Ko aahaklAang) bifutdaAdnlel KA HoIENSLALIDNAL A 1188 ABLE e
col lisions, {0074] Soft constraints are sort of preferences “an
requi r enBHELY Adpitkequngs ¢ne oftherai Rrsxamipld, wﬂm}tlyany mct: Sﬁi_thbt?eﬁwl_'iﬁ%bmé, e

i it is allowed that the soft constraints inpose
onl'y. par i ERESHRL by ool R Al oBB e o0 e GHERED BIED) any
t h" et abl joogojpr obl eERwai €, TH @hap@tddblcky 1%5&%4}%(13\“5%%%%?{ Fergg‘%,cg yp er
than hard 17 statements. It is inportant to find the preferred sol'ution
accor di no4co! gy PEf et daes Tt pnd easpurce Tode dfoctt dayes Bl @nﬁgbeﬁeﬁse thersihiicht bt 3

t 47 o) S Sopetines .optim zati on becones _

e e TSGRy OB LSRR B SR carevene et
conpl ex. 30bamiayler Hutndheo@hed@ing Se@bitel R8s nSOMRE WBSH 18 SRIdk gﬁﬁﬂé Laints

have to be rel axed. The conputer software systemhas to be int gent
enough tWed@d iy ajhes niseahangaables o what extent soft constraints shoul d be

rel axed. [go6p In the source graph 300, the time slot node T 310 consists of Ny days 314,
wherein each day is associated with a list of time slots 318. For a weekly repeating
timetable, the number of days, Ny 314, is the number of working days in a week.

[0061) Still referring to FIG. 7, each resource node is associated with a time space.
The time space is represented in form of integer matrixes, which will store the information
of resource utilization status illustrated previously in FIGs. 4, 5 and 6. For example, the
activily aj is associated with an integer time matrix 316; a,; with an integer time matrix
322, and a, with an integer time matrix 326.

[0062] The graph constructor 22 of the timetabling system 10 will construct the
source graph 300 when all the necessary information is known. The graph 300 consists of
n graph clusters GCL™ (k=1 1o n) as shown in FIG. 7. Each graph cluster is associated
with an activity, and contains the activity node aj, (k=1 1o n) and its required resource
nodes as well as its associated time space. For example, the graph cluster 312 for the
activity a;, denoted as GCL™, is constructed according to the given activity information,
resource requirements and planning period. Similarly the other two clusfers 320, 324,
denoted as GCL™ ! and GCL™ respectively, are constructed for the activity node a,.; and
activity node a, respectively.

[0063] It is noted that although every graph cluster in the source graph has its own

time space, which is associated with the resource nodes and related to that particular



[0075] Take school tinetabling as an exanple, there are many soft _
constraints inposed to the tinetabling problem Follow ng are sone typical
ones: [0076]1) Student attending a |ater class in the evening should not
have an early norning class on next day; [0077]2) For any subject, |lecture
cl asses shoul d be conducted before | ab H@ tutorial sessions; [0078]3) Every
teaching staff should have one day off during a week; [0079] 4) Sane cl asses
wi th dif fastigny, ﬂ?teuﬁemonlgrmpanmmdsdune -thnheshekdd thd tzdieﬁé‘lﬁlﬁqgrﬁysﬁemmc} as

t bet ween | essons for sane
5?838] 512 15%8 “’?Eeul ob‘giﬁt*é?mle% BBB’s@Fg Qﬁggq%?egm@awspﬂ,ﬁe@pa@§§hmw & Grdrii ng;

[0082] 7) iStapgeoh ﬁlhugh\éy b@ef Safhestsledfn g% géez‘%ig]"w Bhdd 121“1%8%1% %an Qﬁgﬁ' ven

pl anni ng peri od,; 8) Mnimze stue eaC|ngs
bet ween JFRested d@p{gqappy@@f part of the center staff resource-time-space 80. Same concepts

apply 1o the participani-group resources and the facility resources as well,

[0084] As shown in the source graph 300, the n activity nodes are listed from a; 1o

a, 330. All activity nodes are ranked in such a sequential order that the activity demanding

the most resources will be scheduled first, and the activity demanding the least resources

will be scheduled Jast. Thus, a simple but useful heuristic applies, e.g., the most difficult

activity will be scheduled first. The position of an activity in the ranked list depends upon

both the activity’s resource demands and time-space utilization.

[0065] Now there is provided more detailed description of the activity node and

time node in a source graph. Referring to FIG. 8, the activity node 402, representing 4"
typical activity node 302 of the source graph 300 as shown in FIG. 7, contains information

such as activity ID, activity name, type and duration. The duration is an integer number

that represents the number of time slots during which the activity takes place.

[0066] The activity node 402 also contains resource requirements such as a list of
participant groups required, a list of the staff resources required, and a list of facility

resources required. The staff resources and participant groups are normally pre-fixed as

they are decided before the timetable solution searching being carried out according 1o the

activity nature and staff work load.

[0067] For the facility resources, the sub-set ID of the facility resources required

must be specified. For unary resources, the planner must further specify a detailed facility

resource, e.g., the facility resource 1D and name. However, for discrete resources, the

planner only needs to specify the number of resources required in the said sub-set of the

facility resources required, normally the required number of facility resources is one, but

occasionally it can be more than one. The timetable-scheduling engine will allocate the

required number of discrete resources for the activity concerned. 1t is noted that the list of
facility resources required consists of one or more facility resource objects 406. As shown

in FIG. 8, the facility resource object 406 contains information such as the sub-set ID of

facility resource (e.g., fgy, fg, ..., or fgnr 74 shown in FIG. 2), the facility resource ID



periods; and [0084]9) Maxim ze utilization of the facility resources.

[0085] The constraints |isted above are to be evaluated during | ocal .
searching and gl obal solution evaluation. Mre detailed descriptions wll
be given in the descriptions of FIG 9 to FIG 12. [0086]Still referring to
FIG 8, the tinme node 404 contains i nf ofati on i ncl udi ng day Dk (k =1 to
D) and ti where N11 is the nunber of time slots in

slot Is (s =1 to Nd(, 1 o :
a day) [6&871111,,6\00&@2 AY8t Bomein g€ ih) cand Egility esents specihhi sgrdsontiiea
: 1 will retrieve all
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to creat goessgr aph cThisdoritt30ds bepMa) Bpﬂi:érﬁily%ontai]ﬂsthggf&%ﬁgdlﬂr% i%ﬁ:iéti&lf‘lfto
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time node sel ected forman assignment cluster 440, "denoted as ACLak. The
assi gnmePPY GEBIOTREPGR: heorlayier apaysinepnscispeafiebignings oh aascédty. virdy | D,

poss! bl € cEBRpUITRIL el L IOSTIN KD TULLBLS, [eSSiLRe 19002, ] oo =

cl ust er GOuekald3@sicontsi 4t & mofed that the constraints included in the activity object 402 are
specific to this activity only. The generic constraints, which are imposed to all the
activities, are stored in a common storage 38 shown in FIG. 1. Details of these generic
constraints are described as follows.
[0069] Complexity of a timetabling problem largely depends upon the size of the
problem and the constraints imposed to the problem. There are basically two types of
constraints: 1) hard constraints and 2) soft constraints. A timetable solution must satisfy all

hard constraints; otherwise it is not an acceptable solution. Typical hard constraints

imposed on a timetabling problem are listed below:

[0070] 1.} No participant attends more than one activily at the same time;

[0071] 2.) No instructor or training staff teaches more than one lesson at the same
time;

[0072] 3.) No facility resource is allocated to more than one activity at the same
time.

[0073] The above hard constraints demand that an acceptable timetable solution

must not have any timetable collisions among resources allocated for activities; otherwise
the solution is not acceptable. One may impose more hard constraints on a timetabling
problem but it is not encouraged to impose 1oo many hard constraints as they certainly
increase complexity of the problem, making solution searching difficult and likely
generating timetable collisions.

[0074} Soft constraints are sort of preferences and requirements. Unlike hard
constraints, it is better to satisfy soft constraints. However, it is allowed that the soft
constraints imposed are only partially satisfied without making a solution unacceptable.

Many timetabling problems are more naturally described via preference rather than hard



i ossi bl e conbi nations of resource assignments that can be derived
;22533?n8 to the resource requirenents specified in the activity node 402.
For exanple, at the virtual node Rl 416, either s3 418a or so 418b can be
selected if only one staff resource is required. Sinmlarly, at the facility
group node fg, 422, either f5 424a or fﬁ7424b_can be selected if only one
facility resource is required. A possible assi gnnment pluster i ncl udes
i nf or mat | YACEGER. 4 isaanorianyta yd fogstfehed as]mf;ﬁﬂl I?I'Etﬂil‘dl_ﬁllgllllﬁ pﬁifezfeﬁlane n‘(gﬁ'tgﬁa'()f

[ : and trail density. .The possibl e assignnent )
Ol ust er 400 SRR EREN AN e B0 g Bttt e duipameRs Shier B OB TNk,

O i i an. r edded
and wher ebdcheeNakilti-obgectines, Rudes aefs ﬂ@@ﬁl%bmn%séﬁ%gi IgFée}E e&!nulghee éotnﬁﬂ%&

i h cl ust GCLak 430. There are four p assi gnment “cl'usters
enbedded | neHEog eIl SanoGoDkl 60 soms st st e f 020054
0092 0094]. . Kip ... ak - 1-> R2S3IRN, f gi ct, -akcl, -
[PACLaLz[ %ﬁﬁﬁ’“}@f’s@%@%‘ﬁé@aﬁ Eoibcdﬁ?‘?]f@%%??%@a‘@?gfdﬁmg %m@kis whagk - >

R2S6 - - > Rt gofl bd{sBakeSsholRKig3klaRACLak4 @ ak -> R1- R2S6RNrf gi 16T( Dakc4,
takcil) - In the abhove listed four possible assignnent clusters (1),

several nBt7alions -{@¢ seheoliymgiabiing asymbolanyple, bewsmiegnamniofopen atadits blt he
SYmbol - “imhpb a8 L BHBOLRA Hob GARL PASRAN £, dEROLES the zth possible
assi gnment “cluster in RE aph ¢l Gabgp %ﬁféﬂn{:ﬁ&_ §"&Ssociated with

act i vi ty [eR6] wher e 1 Studertt @tiénding &hh@r PRES hpﬂhka%][veﬁi'n\t%hts;ﬁ{smerhot 196 pedg n

bold is a variant node, such as s3, s6, f5 and f6, e ot her nodes *have
al ready SSTPPRSFSHCRREKHEWR val ues.
[0077] 2) For any subject, lecture classes should be conducted before lab or tutorial
sessions;
[0078] 3) Every teaching staff should have one day off during a week;
[0079] 4) Same classes with different student groups should be scheduled at

different time;

[0080] 5) There should not be oo large empty gap between lessons for same group
of students;

[0081)] 6) If possible, avoid early class in the morning;

[0082] 7) Student study hours should be evenly distributed during the given

planning period;

[0083] 8) Minimize students and teaching staff movement between class transition
periods; and

[0084)] 9) Maximize utilization of the facility resources.

[0085] The constraints listed above are 1o be evaluated during local searching and
global solution evaluation. More detailed descriptions will be given in the descriptions of
FIG. 9to FIG. 12.

[0086] Still referring to FIG. 8, the time node 404 contains information including
day Dy (k = 1 to D) and time slot i, (s = 1 {0 Nai, where Ng is the number of time slots in a
day).

[0087] According 1o the resource requirements specified in the activity node 402,
the graph generator 14 shown in FIG. 1 will retrieve all the required resource data from a

center resource pool R 58 shown in FIG. 2 1o create 2 graph cluster 430 shown in FIG. §,



19 [0095]it is noted that if for exanple the facility resource is pre-fixed
with a value of f6, then the possible assignnment clusters FACLaki and
PACLak 3 containing the elenent of facility resource f5 nust be renoved
fromthe list because it is not legal to assign another value, say f3 to

fulfill the facility resource request. 1[80096]It is also noted that the
detailed Day and Tinmg slot information is not given after the tine node T,
only genetetedsd&dendicat iton), sudth mprasBeak tle, tirhaidsiing fblgvensaidh@ray the
subscri pgﬁ\@;\g%ﬁ@a&%ﬁo” akcz (z =1 to 4) denotes the possible assignnent
cluster ak? tor activity ak. This is because the conmmon avail able tine

periods ([@ABPs) depHRdiMeRylifLIGRIHPIN chNBe8RAELTIE of LT RRAGE L ?ctgl e
associated with the possible assignnment cluster, which was descri 5(} W th
FIG 6. [6B9rjeTRedes neragsinleryinylst gmmiOchises 43e dnordgs @edi'ymtac rgerenber
all the I signment . ¢l ust er 50 that.include trail density

deposi te%.Bﬁ #h‘glp '? ?dan%‘tdg pﬁ%gghaéﬁb% %@ﬁiéuéﬂd\ﬁﬁsﬁoﬁ’aﬁ yth ﬂl%cp}”t}é@aﬂt Kstdrhg he
opti mal assugrERBgaUISAETINATBRE {MRIRPETIPLE nﬂé}ﬂ% | gt 4pQ; 1o
fulfill the pesource requirenents gknd to satli g%?ﬁt e[c%gegr%i%hﬁéﬁqt%‘g%%ed.

[ 0098] Al ﬁ@ugh lihhewdzamensdveient Chosétbtatass ilgnmanmatibusicars detivich&dgr aph
cluster : - Lthe.sol uti on searching cycles, which are carried
out by t%%%%%%S?Qﬁ"%‘g%%‘e%@,Chgs%nr ﬂ]&m‘é@ﬁi TSR ey pfesied @diEnencddi || be
det er m ndeteamutedt ored in the activity node 402. The final confirned

assignnment cluster is the tinetable solution, which is one of the possible
assi gnmeftP8el ust er €5 089 ghblp Ssharcvgssibgrgraph chistest@ELAMBO corBisG. of8. The

only dif{g858RGRsdi6l by i | ust er, does. nqt . .store trail

density. [0099] 1o ie!tcpﬁ"tsb%’ﬁag‘t%‘ésﬁﬁeegquﬂ Err%%é%l“%“&_@l”&%‘:@}’h b%_ﬁ“ﬁ"&é&ﬁ?‘&é“%l‘? Hat i on,

an exanplwowte rapntirenadpasscgimiptaceliusi®le 462, ForeRahPleFliGhe SirdDfode
Luster stores the information that indicates how the

confirme i gnnent
activit yﬂhgfig» %ﬁ‘eﬁfa 4ﬁ§a OF Tk B0k o by seledpdilbeniionh stifhasowres durcgeiraddes

and ti mesnodgly, Eotheox& igpa 'Relqlt cl u: th i § associ ated

with the activi ty ak %W Ersotu;p {t%ggff glo%?%gﬁl%ag?%iapoéﬁ?ﬁ%{boﬁfﬁlaﬁeoﬁezeqi&ds 14,

whi ch i sOWly ongdciliiydescascd lecquifed. M0 posftde BBS roknP tRERS Sich@edMormation

deci si Ons_u%ﬁiéis%g"rﬁﬁﬁ)red on t his node because the participant groups for an
PR 1P xBeEs1Ol assryeny islisies d Pg et paskibist ispourgaskiogessintlo

activityare
anot her wail deaditynodge potable NQESRAAL t 0. Lespudree node s3 418,
noting that the yI i nk tlo 5301\{118)%’?115l mr@ggﬁvuﬁtohgsgabo&% i ?g%l ?68 i%ﬁa?‘éitaé this
i s confilthel addiegnient 1o NeXt anhevhassibgMEnis @b ushiter bi phssgne ssdigvimkt ual
node RI* resour,ce 20 pe de fo, 422, and resource node f6
424b, thcelﬁ&%gc MRghERE D ads <hile L3 ¢30anthers et oy possife st renamode D2
428a, andudidrFembbdiedtiakicA@8Mh cluster GCL™ 430, as listed below.

[0090] PACL™, : a - Ry — Ry = 53— Ry = g = £ — T = (Dakets Taker) T
[0091] PACLakz ag > Ri—2 Ry = 83— Ry = fg1 = fg — T o= (Dakcg, Takcz)

aK i 1
[0092) PACL™; : ap — RiwRe=ss—>Ry=fs,=6H—T= (Dakes, takes) W
[0083] PACLakq a2 R Ry= S¢ — Rygp = fg] =—-T= (Dakcq, 1akc4) .
[0094] In the above listed four possible assignment clusters (1), several notations

are used. The symbol = is the assignment operator; the symbol — is searching path
indicator; PACL™ ; denotes the zth possible assignment cluster in the graph cluster GCL*
that is associated with activity ay, where z = 1 to 4 in this particular situation. The node in

bold is a variant node, such as s3, s, f5 and f;, while other nodes have already assigned with

known values,



[ 00100] The above description also illustrates the sol ution-searching path
in the source graph 300 displayed in FIG 7. Therefore, the trail density
ern, is stored in each of possible assignnent clusters 450 respectively,
where the z represents the index of thegﬁgssi bl e assignment cluster and ak
is referring to said activity. The pher ne density Takz deposited on the
sol ution-searching path will be used in Iocal searching for

pr obabi | i 099Based dBds sptod ki fog ckagplehbe fasiitth réipbrdeds PRURISELWES s vaREai | S
of which 6’” IL,h%eidescr.ib ed herei n%fter - 1, 00401] Ref erri ng now agai nto FIG
8, a coopér it iy BgERHb S sermapsclyfigs HACL Asgci ACRd swionkining Bepdmanit ng
agent 412fifaciifodourdde rAgent rRiea | L {14c85; rating.agent
412 via an agent object ID an{j nane.1OAT}]ggleé%ggédﬁg%eﬁﬁg%gggggqg%]Ssé‘%lfaI F}? has
a |ist ofvadehedufsdelfidbllitvd fayiliDssomndragubitst of chosen possi bl e assi gnnent
| Ds t hat esent |ist. of the canfir assi gnnent clusters. The agent
obj ect 46@5‘% es notl' & Prenefed ﬁ}af abF é%ifqg’gr%%‘i% Hew Ao tIRWIREN iSMobgivEV t y
nodes andiflet e the hb@ oMY EORAC338: ABTRR oG L e stored in a
comon storage because they st of act ?m\iiﬁtof/] 4&%%%@%“3%;{2%@%llo“ilﬁeeige
cooper at iSHESCAgERt = atur dhag (a=Jeard Miengies el @ssibhassgaperahistg ragarit, &2
updates t trail nsity stored on the i bl e assignment clusters. The
i nf or mat iagﬁwt%% "o;f(s?1 ?StﬂE’ebe\é@ésiegtﬁ?ﬁe‘:ﬁfnn&‘i’lh§Y%&i’feaHﬁFeti?€é]i0Fls dendiPely depead aigai n
stored i mm&hogmmohe SpifRgemt QpacdlthatGOARLEAIdINGR i 0lgl 1t is
noted that the trail_densit jéleposi ted on each o?ﬁ%oés%%sag?ﬁg?lgL%scé\%g%{hent
cl usters"Wl‘i‘l}WB%dC‘rSélflb@sWé@F{@-l(Ear ed) after one searching cycle is

conpl ete is al .that the activity node ngt only states the

ti met abl ?Or?gglflltor obl er%?ﬁe‘ﬂ%%‘?ﬁ%g St e dhe %/iﬂb%g&_d?? PRyl dREerbshel dhe

requi r enpnssiblandsigonshr alublkess §SPAXRAnONdE BaI1AEhYY H¥poshU. aﬂh%%ﬁ@cgtﬁlﬂlsg{'s a
solution ta the requirenments by includi gg a confirnmed assi gnnment cluster
whi ch cofi2§'8t d %othae it E¥aul el seardic fradie aptined astigiies duhiedatheny the

[ 00103] Asoshiqun, i , o e hi-itet.able solution searching by @

cooper af?cr,lg aﬁ%ﬁ%‘g?ﬁgﬁgh%&‘éﬁﬁi E@gﬁgﬁesﬂ%ﬁr@w BHY R ailaif‘f g§18¥%@1q vity
node al SOBUamitingdsabt activity node a" 328 in the ranked activity |ist
330. For h activity (e.g., ak) as shown in FIG 8, the cooperating agent
starts t@%gési gn trii"é&%%lb@fg@e@'e cRjerd 1w ssiRe aggigomeniclwMers 420k gravcchoster
schedul e420, st dhd erdd & L 8,02 428a and .tak 428b).. 21

[ 00104] Now 't her e | S&SIP g\'%?lgggﬂ-géﬁg?gé Icg@eggg}:l?lil DL C&Hl%ﬁoﬁﬁé%ﬁ%éﬁ?p%aé’élﬁch for
findi ng aentrextiinaésounoedcoesipimatt dastaods] bhd@esoneRpsesiddinaneafaler red

enmbodi ment, of, tﬁﬁ g_:efent‘ [ n(genti on. Referring nowto FIG 9, at tinmet, a
cooper at 11§ ‘agent’esds! CEbucs Astanaeng slust tsihe bmstahle Sbioanwhichenotcoft he

virtual hesewise a8a8smERak.R04 . 1 ACGRNH N9t At C21 SOYI Ls
illustrated in FI G.g& there a’rae Nakp p%gdsr} %ﬁ%ﬁglgéfgﬁﬁéln%déﬁ&gt@éﬁs fat

r epr eserladiffaenee pothsi e essigmount cisas Sognmestorcipaibiensiy ons that can neet
the spechidsgd resoyrce requirenents specified in the activity object, in
parti culc[géég en di "s;%) rﬁwglag%g&%g{ag? %@&f'&ﬂnr dyresppies abosqtions i sxaBpla dfi st of
t he possichfiemedsgiieenasisb@ni¥gierchusters Blledn@rmafbisyd 0 mel y
PACLakz 'EZ':' 1 to Nrakp, whefr% Nrakp is the n%r?ge?} 0}‘1 Spééﬁsﬁs/ﬁngﬁéﬁglsgf’%gnent
cl ust er 8¢ Hrfoypatiap thyt wdicatevhevwebopetiaity ngdagetit 50ked td, cusesiphel wak hod
descri beghdn. ) | t .the. conmon. avail.abl e tine periods (CATPs)
522 for eééhct%&gﬁ ?O{j(%e&gg@@?b Ogg‘a sqlgeﬁﬁ@ﬁ%c’éﬁ%gf@r%S.Slwngﬁgﬁﬁ'élﬁattlﬁe
possi bl essssitghwiththehaisie e, PACkakis RESAS i GARRSHoR AT 1Y, tAEHGATP
512, and.C 'EPN%M; _ﬁn.d,the,p_ossi bl e assi gnrrentwg]l_ ustgran?PACLakZ’SOBg as
three CATPE NQGE &S {RAE WA aHBEIN Py cessineoamPdecititre nebygacatiraloagent
consi dekgdt Beahioie RHANILNG: i 0,..wWhich consists of 1\11.tine slots.
Sinilarly, the ti HE PPNl Sl %2?%3&2‘63; e"%@?%%éi% aﬁié]%‘ltﬁ%a%f%“@@@h
schedul ststy linkegoes netadihémngrisyistoein #0( mad ’,hE 6pard 0fn BL&BE:dSiAg sdense
dots wa go]%ﬁed Jort 0 .h?r %ur ose by the planner via the interface 12 in
FIG | ?6 THERPAHBRALK fo By HE 5 mutked sadirebeldiling ta gdeate Ha istresligoe

t hr oughatsheun@BOWN&e 1Rl 40GakieaNciand: kij N | §99dgposits some
pheromone on the searchi n% path 506 Th O;ésrC{aaﬁqugggﬁdtgyr?%’t%ﬁgﬁs‘?%cﬁ he
possi bl e assi gnnment cluster object 450 shown in FIG 8. There are Nakp
possi bl e resource assignnment clusters 508a, 508b, ..., 508y and 508z that
are virtually linked to the virtual node 504. The searchi ng agent 502
chooses a possi ble resource assignnent cluster node based on a probability
function, e.g., Pak,- f(Tak,, CATPz, CSakz). The probability function
depends on foll ow ng paraneters:



[00106] a) Takz is the anpunt of trails present on a |ink that |§ soneti nmes
referred in the possible resource assignment cluster in FIG 8 ]
[00107Jb) t he nunber of CATPs available and |ocation of the CATP within the
pl anni ng peri od; and [00108]c)the_evalaﬁ$|on of constraints inposed,
CSrakz, including generic constraints ch are inposed to all activities

I fi traints which are inposed to this activity only. 22
R 00105T | Vs C&? f - e, sof 18598t nads! b 4pdssthis badlewothe oériad siogarments, nede, a

\YBY 48
[OO;OQ]!n_B? = ' ' ' foll ows: 2
desi rabi | fifaflyh8#edfmAhde DS 428, ind Bl 1) 4bg, def i ned as ' (2)
[00100} The above description also illustrates the solution-searching path in the

source graph 300 displayed in FIG. 7. Therefore, the trail density 1%, is stored in each of
possible assignment clusters 450 respectively, where the z represents the index of the
possible assignment cluster and ay, is referring to said activity. The pheromone density 7,
deposited on the solution-searching path will be used in local searching for probability-
based decision-making together with hybrid heuristics, details of which will be described
hereinafter.

[00101] Referring now again 1o FIG. 8, a cooperating agent object 408 that is
associated with a cooperating agent 412 is shown. The agent object 408 identifies the
cooperating agent 412 via an agent object ID and name. The cooperating agent object also
has a list of scheduled activity IDs, and a list of chosen possible assignment 1Ds that
represent list of the confirmed assignment clusters. The agent object 408 does not store
detailed information about the list of activity nodes and list of the confirmed assignment
clusters, which are stored in a common storage because the list of activity nodes is generic
to all cooperating agents. During a scarching cycle, the cooperating agent 412 updates the
trail density stored on the possible assignment clusters. The information on possible
assignment clusters and trail density are again stored in a common storage for all
cooperating agenis to use.

[00102] It 1s noted that the trail density deposited on each of the possible assignment
clusters will be refreshed (cleared) after one searching cycle is completed. It is also noted
that the activity node not only states the timetabling problem, e.g., specification of the
activity and resource requiremenis and constraints imposed on the activity; but also
contains a solution to the requirements by including a confirmed assignment cluster which
consists of the resources allocated and start time scheduled.

[00103] As shown in the FIG. 7, the timetable solution searching by a cooperating
agent in the present invention starts from an initial activity node a; 302 to the last activity
node a, 328 in the ranked activity list 330. For each activity (e.g., ay) as shown in FIG. 8,
the cooperating agent starts 1o assign the resources (R1 414, Ry 416, and Ry, 420), and to
schedule a start time (node T 426, time node D, 428a and 4 428b).



| [ [ [ density deposited
Oot herwi se [00111] In Equation (2), itak, is the pheronone _ :
on the possi[ bl e a]ssi gnment cluster PACLakz, CSrak, is the quantitative .
eval uation of the resource constraints inposed on the activity ak, which is
calculated as follows: [00112] CSr"k =( i [00113] I n Equation (3), the
eval uation value of RCS]) ) is 1 if th esource constraint CSri is
satisfied, otherwise of f(CSri ) is O; Wi is weight factor for constraint
csri: thelORF%Uk i s Mrw thersteproyided aghstnlcd dm:ln@hmdoﬁtbzlﬁé@da&hdﬁ‘tcﬁu ﬂoﬂﬁ@dﬁﬁ@am o
the timet A8 B PEORS E BT o hl%dga]r LGtk ar . agt ) Qf'legomql 11; 1615{3 tﬁgorm
density fon the possible assignhent Qyrdacsy AGL&H% cEref fin gosipgintsdtthe o a
smal | decmmaflnt mmbmn Raynmg%w We. 3, §1Q§ﬁ@h'a% pashh g@fﬂpk@‘ Eie stf?on

hi c pheronone density is updat ed cco e qu
21‘e a{ ﬁel 28% Hyglé? ?éhé@ﬁ apsblgn|tedhd witcrimesiwee Bdde mmamnngmhﬁjnm@nmmne

ESUZ ][ |t gnl 1?51(?.!1'(‘!6(61% f?cgn?%m% Q US{I énbi“ &éﬂiﬂpql‘? 91‘6][@"— pe ]2%?13}9&; z?s%@%lg}\égigg@mﬁg that

r esour ce rapissgn mélmﬁleqﬂolslﬁbl%heﬁﬁﬂcé)@ss%nféﬁ'r _bRYIMAbAI 1P L P MO e specified
resource requirements specified in the activity object, in particular when discrete resource
is required. FIG. 9 illustrates a list of the possible resource assignment clusters 510 for
activity ax 500, namely PACL®, (z = 1 to N, where Nr*, is the number of possible
assignment clusters for activity ay). The cooperating agent 502 will use the method
described in FIG. 6 to find out the common available time periods (CATPs) 522 for each of
all the possible assignment clusters. For example, the possible assignment cluster PACL®,
508a has two CATPs, namely the CATP 512, and CATP 514; and the possible assignment
cluster PACL™; 508b has three CATPs. Note that when analyzing the CATPs, the
cooperaling agent considers the whole planning period 520, which consists of N, time slots.
Similarly, the time slot marked using spare dots 516 has already been scheduled by the
timetabling system 10, and the period marked using dense dots was booked for other
purpose by the planner via the interface 12 in FIG. 1,
[00105] As shown in FIG. 9, the cooperating agent that has gone through the
resource allocation and time scheduling cycles deposits some pheromone on the searching
path 506. The trail density is stored in the possible assignment cluster object 450 shown in
FIG. 8. There are Na]"l, possible resource assignment clusters 508a, 508b, ..., 508y and
308z that are virtually linked to the virtual node 504. The searching agent 502 chooses a
possible resource assignment cluster node based on a probability function, e.g., Pakz: f('raky_,
CATP,, C$*,). The probability function depends on following parameters:

[00108] a) 7%, is the amount of trails present on a link that is sometimes

referred in the possible resource assi gument cluster in FIG. §;

[00107) b) the number of CATPs available and location of the CATP within the
planning period; and

[00108]} c) the evaluation of constraints imposed, CSrakZ, including generic
constraints which are imposed to all activities and specific constraints which are imposed

to this activity only.



I on: 0116 4 00117]In Equation (4), the value a grakst,", is
ggﬁgL{QS agofolleé:)[%0118]] 23 ?00119]Vﬁen.all cooperating agents have
conpl eted construction of their respective tinetable solutions in one
timetabl e solution searching cycle, the trail intensity ek, is updated
using the foll ow ng: [00120} AO= p(6) [©®O121]A -3 s calcul ated using the

i NQg: zi A
follow nQE'OULU%?lZZ] ],116-E?der to select a desirable possible resource assignment node, a

desirability factor g™, (z=1 10 N“kp) is defined as follows:

[00110] T+ CSr™ ;. if CATPs returned @)
q% =
0 otherwise
[00111] In Equation (2), Takz is the pheromone density deposited on the possible

assignment cluster PACL™, CSr**, is the quantitative evaluation of the resource

constraints imposed on the activity ay, which is calculated as follows:

[00112]
Ny (3)
CSr%. = 3 F(CSr < wr,
i=1
[00113] In Equation (3), the evaluation value of [(CSr; ) is 1 if the resource

constraint CSr; is satisfied, otherwise of f(CSr; ) 15 0; Wiy is weight factor for constraint
CSry; the Nr“kcs_,- is the number of resource related constraints imposed on the timetabling
problem of the particular activity a.

[00114) The pheromone density ’Eakz deposited on the possible assignment cluster
PACL™, is Initially set to a small decimal number, say (.01, when a searching agent
completes its searching cycle, the pheromone density is updated according 1o the quality of
the solution searched. Detailed information on updating the pheromone density is given
later on.

[00115] With all the equations given, e.g., Equation (1), (2), and (3), the probability

for selecting a possible resource assignment cluster can be calculated using following

equation:
[00116)
prets = é—)x 100% @
[00117] In Equation (4), the value of qraksum is computed as follows:
[00118]

Nr ak P

q}nak eum = 2 q;,}ak (5)
=]



(7) [00123]In equation (7), (Airakz)), is quantity of trail substance per
unit of length (pheronone in real ants) laid on the possible assignnent
cluster by Agenth between tinme t and t+At. It is noted that there are m
cooperating agents. The val ue of (Aek,) is given by: (8) where, the

el ement (ECSak, + z 23 i s eval uated using equations
simlar to Equation (3), the index i stands for the Agenti. ECS is a
guantitative gl obal nmeasurenent of constraint satisfaction of the tinetable
sol ution hed by ent, EOP is a quantitative. gl obal peasyrenent of
opti m zat[?gﬁlégri teri é\h%?h?igvcggbgvgﬁﬁeagﬁ%?gw &oupyles cFr?“é‘é‘é‘ftH}’PeG}JBbelf he
agenti; Gespectvatigendlamiutithi¢h ohs tintiddiakdisesh I A ki he
ti met abl e ;searchi ng process. [00126] Referring n%&i%%ﬁg&%beﬁg%ﬁgt&g&
cooper at i'ng ag¥kicdspmerthepllovies to the virtual tinme node Tak 602. The
cooper atig&zgjgent needs to pick up a CATP anong all the CATI's returned by
t he chosén possi bl e assignnent cluster, say PACIt3 508c, from previous step
described in FIG 9;-“*1(9@;&27:]“&@.WQQP@@@G}LZbefore, the CATPs returnéd from
the previous step in FIG 9 initially are distributed within the whole

pl anni ng period. Now the system needs to distribute all the returned CATPs

into Dd 12 accQrdingl.y. r._examl. referring to FIG 9 again, if the
cooper at %Oazﬁgent é?slé%@%‘f%@gﬁﬁ@gggggﬁﬂ“@“%ssi gnment cluster, say 24
[00122] -
ATakz = 2 QXT.:‘ )h
Fr=t
[00123} In equation (7), (A'ca]"z)h is quantity of trail substance per unit of length

(pheromone in real ants) laid on the possible assignment cluster by Agent, between time t

and t+At. It is noted that there are m cooperating agents. The value of (AT ), is given by:

[00124]
(ZCS Y+ ZOPY, ), xC, If PACL™, e valid timetable sohuions

: i
(are) (8)

[00125] 0 otherwise where,
the element (SCS™, + SOP™X,); is evaluated using equations similar to Equation (3), the
index i stands for the Agent;, TCS is a quantitative global measurement of constraint
satisfaction of the timetable solution searched by the agent;, ZOP is a quantitative global
measurement of optimization criteria achieved by the timetable solution searched by the
agent;; Cys 1s a constant which is initialised at beginning stage of the timetable searching
process.

[00126] Referring now to FIG. 10, the cooperating agent 600 then comes o the
virtual time node T 602. The cooperating agent needs to pick up a CATP among all the
CATPs returned by the chosen possible assignment cluster, say PACL™; 508c, from
previous step described in FIG. 9.

[00127] As mentioned before, the CATPs returned from the previous step in FI1G. 9
initially are distributed within the whole planning period. Now the system needs to
distribute all the returned CATPs into D days 612 accordingly. For example, referring to

FI1G. 9 again, if the cooperating agent 502 selected the possible assignment cluster, say



PACLak3 508c, then there will be six CATPs returned to the current tinme
node selection stage. As shown in the FIG 10, the six CATPs 614 are .
distributed into D days, nanely, 3 CATPs 608a in D1 606a, 2 CATPs 608b in
D2 606b, and 1 CATP 608c in D3 606e, as shown in FIG 10. The list of tine
slots including CATPs returned for eacﬁaﬁay is illustrated in FIG 10 by
the list 616a, 616b, 616c, 616y and 616z respectively. It can been seen
from t he BAEL™1608habert HerDwyll DB.siatid ThaycDRedao IR chade BaYy nbfTR1dcgbyr ned,

i i de DD 606y and the day node DD
gggg | )a/.r tehsﬁ'ﬂ%‘ﬁl ;r/%o%‘lcog’%]i lllj‘:iﬁé FHSE%F% %?@%S?ﬁ_lﬁw@ ?iéﬁ%wf‘éiénw Psent nemelyt he
probabi | ICHTPUR0BA 9ADSRRal 0 chPRs BN iPDY IRy, AATPCIAAMAHI gl BFsStar

time for activity ak is derived depends onh OW ng’ par aneters:
[ 00129] a)BRWinsin ﬁ@-ah‘buﬂﬂleolﬁslt elaliis Potesecudiop @ATPakefurem fdiecavh dayial node

t ATPs. (] odes) . shown i | G _10; [00130] b)the nunber o
&‘krptsoavgﬁl”g@g lgﬁ%abr"ﬁ% BY i 1%?38%61&& 6 ¢4 R Oprianeathvglypet ¢a@jd},§eland
00131] c)sthe fiovatieakican (ofhat ivEDEE Meduber P8 888 FANSHLAILA EATPReSEDy |
EStaky? FnclddinggginerLc‘%onstrafgﬁglﬁhi?ﬁygkéﬂﬁ%%ggé%%?g aﬁF é§®P§3t|es
and speci’BPEheBisinariot Hswifdhe dnenodepbsed06patdile dgtiodetl, 606y are fully
[ 00132] Agai.ny.d N order to select a desirable time node, a desi r'z'ab! lity
fact or qtytzbﬁe:’ 1to Ntak,") is defined as follows: [00133] 2- "3 t CSek

3,1 f CAM@xegt s(9) Vatihenwhs %sb@@égl‘ﬂ)daﬂOEQH@faxio%biﬁ.@)funy%ﬁt 1'1'56!1 %o élp)%séq M]nber

f TPs returned by the chosen . . . .
of CA opgma] CATP K'om which the start time for activity a is derived depends on following

parameters:

[00129] a) Taky is the amount of trails present on a link from the virtual node Tax
to the CATPs (time nodes) shown in FIG. 10;

[00130] b) the number of CATPs available and location of the CATP within the

planning period; and

[00131)] c) the evaluation of time schedule related constraints imposed, CSl“ky,
including generic constraints which are imposed 1o all activities and specific constraints
which are imposed to this activity only.

[00132] Again, in order to select a desirable time node, a desirability factor at™, (y

=1 1o Ntakm) 18 defined as follows:

[00133]
T U+ CStYy i CATP exists ©
g1y =
0 otherwise
[00134] In Equation (9), Nt*, is the number of CATPs returned by the chosen

possible assignment cluster; and CStak}, is the quantitative evaluation of the time related
constraints imposed on the activity ay, which is calculated as follows:
[00135)
Nfﬂkr.:--‘
CSt %= > f(CSt, )xwy, (10)
i=l

[001386] Similarly, in Equation (10), the evaluation value of f(CSt) is 1 if the

constraint CSt; is satisfied, otherwise of f{CSy }is 0; Wt; is weight factor for constraint



possi bl e assignment cluster; and CStaky is the quantitative eval uation of
the tine related constraints inposed on the activity ak, which is .
calculated as follows: [00135] f(CSii)9471;(10) 1=1 [00136]Simlarly, in
Equation (10), the evaluation value of f(CSIOis 1 if the constraint CSti
is satisfied, otherw se of f(CSti ) isdh W; is weight factor for _
constraint 25 CSti; the Ntakes., is the nunber of time related constraints
(nanel y t@ﬁbpﬁlalNi@anss thei mnﬁbexld“f‘pﬁﬁeqie 1exad chﬁsﬂeﬂul[’@(ﬁ@héi?&mﬂ%&@i @(msﬁgﬁ?hq?n

rticular activit [[Q0137]Wth Equation (9) and
:)Plozagﬁl |I “040 S dBGt “&P@bffﬁn af?fé@ﬁwibmpélwcvlﬁfea@w@mmt| me for the

schedul edogqtyi vity h i %81‘{ l.at e S$l.ng - ch W ng
equat i an £00138] [%1 il n Egﬁgta}égg )C%] chh ' 0d ‘?“3?1&1@9 AL, g%ut ed
as fol | ovighichig11@] Mmekfogtilee kehedmed @d@)ity a; can be deuved can be calculated using

following equation:

[00138] .
pre, = (2 1 100% (1)
[00139] In Equation (11), the value of qt®, is computed as follows:
[00140] e,
gt s = Y gt (12)
i=1
[00141] In the Equation (12), Ni**,is the number of CATPs (time nodes) returned

by the chosen possible assignment cluster PACLY, for the activity a,. It is noted that
although the link from the virtual node Ty 10 each time node (e.g., day and time slot) is not
illustrated in FIG. 10 for simplification purpose, the trail density is deposited on the chosen
possible assignment cluster PACL™, for every activity ay, so that PACL™, includes the
information of time node decided, as shown by the possible assignment object 450 in FIG.
8.

[00142] Referring now to FIG. 11, there is provided a general flowchart of a method
708 of timetable solution searching by using the timetabling system 14 in accordance with
one embodiment of the present invention, In particular, the method 700 is described using
pheromone and hybrid heuristics based cooperating agents. Afier starting 702, the
timetabling system will read/receive timetabling problem definition data including the
information on activities, resources, time space and constraints 704.

[00143] At the same time 704, the timelabling system initializes one or more
searching parameters for one or more searching agents. It also defines NC, Nmaxs Npi,
SLobser and Npgiop as searching parameters, where SLgyser is used o store a best timetable
solution searched by cooperating agents; while Npsiop 15 used to stop the timetable solution
searching cycling if the timetable solution searched by the cooperating agents does not
improve after Npgop cycles. The parameter NC is the solution searching cycle counter

which is initialized to zero, and N,; is a counter used 1o store the number of cycles afler



[00141]In the Equation (12), Ntakt" is the nunber of CATPs (tinme nodes)
returned by the chosen possible assignnent cluster PACLA, for the activity
ak. It is noted that although the link fromthe virtual node Tak to each
time node (e.g., day and time slot) is not illustrated in FIG 10 for
sinplification purpose, the trail densi4§ is deposited on the chosen

possi bl e assignnent cluster PACLake for every activity ak, so that PACLake
i ncl udes Wwhighithé Gilamtd ismoofimpravedndideisdgei Hegilizas 6o aMid BEIPRS Sk e
assi gnmen ogh_ect 450 in FI Gcﬂ? [00142] Referring now to FI 11, there is
provi ded ‘A YBHe AT SR HRF L I mea WRICH A8 oD@ mum Resnbgyl of cvopemiionagent

sear chi ngey, ¥stRYrdpbRed B G gySt em 10 in accordance with one

enbodi ment of the present invention. In particular, the nethod 700 is
descri bed0@$ithg phefanong siibtchiylb.i ti, hewer istineatibasad GRAPEHAL HRELAGHNL S.
After starti nﬁi70t2 Q{ee th&?et ab%i nlﬂsyst,em w || read/receive tinmetabling
probl em &&F55TH £ BP dAF & MhihitisaRks ek 8 astisitisascont iemiodbeir vspiiss demesdsur ces,
time spacge e thad 1tss P14 010014 _ i 704, the
timetablin %Egi_st%r?n]%i n(;:;}tIimali%ilggg1 lgkg&%ﬁ éhn‘g%%%glg??gﬂ?}n%ﬁlﬁarl %%8{%0915\' Y 309%Sne or
nore seam wwét)ag%rwgurce noddssmddeplurgisy NCHim. nodbkiromShoksragcanediMe3st0l, as
sear chi n%agﬁroz%rgglt ers. .\A@ere SLaso s .used to store a best tinetable

sol ut i on SEartiad %lii 8o BE AT ™ ‘Eférif" @8s0lqdeWNEdlsi Toguiresl ipsece obisep t he
timet abl @hsokik g1aph s&RTLBF BehsEUSL ANGudch o Lpetapl ion searched by
t he cooperati ngg_age%ts does r?o%ig{iE ﬁgrg‘éli?fé gg ;ﬁ el{ralvﬁg,s%gifﬁ “‘?@Jf‘éﬂs@ﬂ’fﬁgnﬁ‘iﬁﬁamt er
NC i s t heaidgiwalibhokwapwnt ngdesy&|seidcplunisy ofitiinehspiesi Bhitlisabiczgdagiohaear o,

d N'; 8 A d to sto he number of ] fter ~ 26 which th
aonoel PRrRIG UM HESE Sk b Qo et e d 5B 8 o o BBt of

time. AnatshemeaealnsitnghPRERIRERatedWith Ml GfkaldSiclii, B, UM nunber  of
cooperat | ng‘} agent search cycles repeated, Is also initialized.

[00144) REP&H ng stlitf linegatiy eplutian seafehdng fomiatiithd eamtiating apbigs begiet &b ng
syst em Wil 1 , St e ), L awhich bt ranks all e activities
accor di \rll\ighet%le% gﬁﬁ%r Itle‘gdc‘)gugr“clg1 k gr@r%nr%(gg.acﬁlhi yé‘?‘aﬁlht%@ﬁ@’a% l%(rcggtstquﬁtqﬁ & the

retri evesordatidongaecitat B Tht tdlalanuphiss af tdopeRfin@abdnyd K¥cAREegs m@ Pl Urality
of resource nodes Fd a plurality of tinme nodes fromthe storage nedi um
20a. Eacl®8¥!said %?%ﬂéﬂll@’f@%}%f sygeam il {henqueeeeils tapedoinattaoetabl holitton
requi r edsch RSO G120 aphe.generat or constructs a source
gr aph havi ng g’a@d ép%ll?iljjrgfaéfj ?to §-5§1?1 %a%%%?%%lﬁg/ﬁhgogg%e,phghqn&‘mﬁlaﬁ?azlpjg’tlé CRFPFESGur ce

nodes 84gsafsdopletsrmbic ybef tinicrmispaces. Sahi HSQUICRGNROR é%%fchﬁlgpéglé{a@' ity
of graph_cl ust%]é, each .gr aph cluster being associated with a plurality of
possi bl € BSETHRNART RfIgTesh andipe fal rdenaiss 68 itht extreliind petisHndhe saildple

acti vit yrepdes1intO93be] iThgitdi e §0ol .Ut ching for all . the

cooper ati ng agelgt s be ins 1T olﬁg(g’ﬁ%lgf’iiﬁgt%yc? {A’l{“/s?tg ;al]gl(rél?)]&’élglgl g?pﬁ)s 1% Phked
act i vi t ypepiching patbher gregphisidBoasimstenuchedrdls dded @DIbaUSGer GeNERALOr 14

{1 et abl PR G st E R ah SR et e 8 Porn e A bSol aeberching
cycles.
[00147} The module 708 then places the m searching agents at the first activity node
a; of the ranked list of activity nodes. Each of the cooperating agent performs a complete
timetable solution searching cycle starting from the first activity node a; 1o the last activity
node a,, where 1 is the number of activities in the ranked activity list 310 on the source
graph 300 shown in FIG. 7. The solution searched by the cooperating agent, say Agenty, in
searching cycle N is denoted as SL™,.
[00148] After all the m agents complete their timetable solution searching, the
method 700 proceeds to step 710 to evaluate the m solutions searched and find the best

solution in searching cycle N, wherein said best solution is denoted as SLNbes‘. If the



searching cycles in step 708 on the source graph for the pheronone and
hybrid cooperating agents to determne a best tinetable solution. In this
nodul e 708, the m searching agents are created and initialized, and the
trail density on the searching paths in the nmultiple resource-tinme space is
initialized, e.g., the trail density pr%—‘(/i ously deposited On the searching
paths in the possible assignnent clusters is cleaned so that another

sear chi ngSleyel & betw than bagiibetbousolitior denashaeBiv,LQRimited Wb FROUE s difh uence
from prevji ' cycles. 0147] The nodul e 708 then places the m
sear chi ngﬁlgilégegl 3 lgéa@tg Q%I%Slfsl\éf%]tona@{qo’?ﬁtst Dhifid gerog Algpd Pg@mr%%’k@@» ihesearelting

activity aeitesuntadbhis ofcréhenePpperat i ng agent performs a conplete tinetable
solution searching cycle starting fromthe first activity node al to the

last act 914! node la"chegiieg step 112 nHd Ghuribemheibtr dettiméhblesohtlos Bersanked

activity li.st | source graph 300.shown in FIG _7. The solution
sear ched églfetﬁgllg%@éél%gg P %ﬁgé’d@ﬂgfﬁ CaSFAGEH PYeling cowrlpt NiCnig cayell @ INges

denot ed abarSNN,) or {{QRd 4816 RS, i@bdual Be 1dFpA98M ﬁ};co.%?gg RN tth %n 4 eftzl €
e m

sol uti on searching, the method 700 proceéds to st&p to eval ua
sol ut i onSORERR sraahiga Mmethiodd O0hetuesp stpl 1981 @ihérwiseaith hi NMEL Ytk &indabiher ei n

sai d bes  UtLOD N0 as, Sl fibesi. the 27 Skit, is better than
the gl obté’f’ o skdCping ingeﬁi?(}&d}g%(%?eeda §%§1‘“’§LS&P, 71‘1 tos PG B labl solytios, andst em
updat es the @ginabad teast! 736b0tHeavlutRAdeSehing Moceli@ez€r 0. At _end of the step

710, the searching. cycle counter N is increfmented by one. [00149]In
checki ng '8y 712 M ritkgre i pramisieder ndre detaibedateseriptbutin diGs glar ehilng

cycle wik; L i f ear ching cycling cqunter NC is
equal or lu:mae?%gé h?ﬁﬁgﬁgﬁ ?r?golr:j}pc?%]n}oﬁ‘éfegg)&z’ rsokﬁ‘”,ogieéfglélaﬁ%ﬂ 1”88“ Edtfér tenan
Nmop. W tietleod NO'brietily discueted beves ohuibhewn SE@ICE 1 Rgd Mot hed 100 AjsWins t o
step 708, ‘g@erwgf wth a "YES", the tinmetable solution searching nethod
proceeds {0 WEXTIE{IEBHEAIDP P02 SHtpertnghend indgal winethsgireddtominahdumbenofcones
to the epgorelfinf . S i,0, ' rQcedure. 0150] Now there is
provi ded a ]gmr e%dgégﬁf’e%lgggcér]}%%%%%glgllgﬁex%g i ng’ ?I%getelt’}}%\? B flut i on
sear chi ngoaptitiagragdnl @084 e dnd ehipttyiop teialitabi ametmesha; i Dshnt hgmet hod
700 bri egjtl%m?i_scﬁyssed above. As shown in FIG 11 and FIG 12, the step 708
starts wt P EHEY ATIERITLF 50802 by creating and initializing the

pr edet er wond nunbehe Qf;1GA2RE! 8k ] | y_al, ocati nenory space
for pred!g?er%i‘i ned nung@;ﬁg?ﬁgo%%)%;%?%gﬂ%%ﬂesn{ﬁ ﬂgagi%l}:gt §h64§§1,} %ﬁﬁl%r‘r’ﬁ't Ti“l‘?ng
their |ispchyie mdhsadatieshatevaled by iHoseanbingiagéss ff the prividuaRehr @S 8 BRNENt

tClr :us][ e(rjel:—?s[,?lg%/ Ql%%ﬁtﬁ(ﬁlg th%”réﬁﬁ"%eﬁsﬂf aiu‘glJe;zagglgedslgye&e%gziciﬁgga%ggtz {:Enntihfe Ip%!ssiiiflie ng the

assignment clusters PACL™ , (z = 1 1o N¥p) for every graph cluster GCL™ in the source
graph 300, namely v, = C, and At™, = 0, where C, = 0.01; and where ™, denotes the
pheromone density deposited on the possible assignment cluster PACL®™,. The possible
assignment clusters PACL™, (z = 1 to N*) are associated with activity ay (k =1 to n).
[001562] The timetable solution searching cycle module 708 proceeds to step 804
placing predetermined number of cooperating agents (m) at the first activity node 302 of
the ranked activity list in the source graph 300, and empty the list of scheduled activity IDs
for every cooperating agent. At this step, the confirmed assignment cluster, which is
included in the activity node, is initialized 1o null and the agent counter h is set to zero.
[00153] Step 806 increments the agent counter A by one.

[00154] Again referring to FIG. 12, a timetable solution searching cycle is carried
out by the Agent;, The timetable solution searching cycle starts with finding all CATPs

among the possible assignment clusters PACL®, (z =1 10 Nakp). Thereafier, the timetable



searching paths previously travel ed by the searching agents in the previous
searching cycle. In this invention, the trail density are deposited by the
searching agents on the possible assignment clusters PACLa (z = 1 to Nap)
for every graph cluster GCLa in the source graph 300, nanely ta = CT and
Atak z 0, where CT = 0.01; and where 3%k,. denotes the pheronone density
dep05|ted On the possi bl e assignnent cluster PACLaz. The possible

assi gnnerﬁOiw,ﬂIQJst?@ndllﬁ’@\@a}czm()du]e 'm)a oorNam)es avith aseligdhedep RO aﬁcéﬂu‘ﬁ'zat}y ak
(k =l 331 E00152 The ti m(j,taé)]le (ﬂ)l on searching cycl e nmodul e

pr oceeds ]?3? TORR VL 11%‘&51“?1 Y dfe}f‘aé? lhél%fm%éﬂyg#m@@’é)ﬁerza@ﬂﬁmﬁa‘ageﬂﬁs (n)
at the fifpstheakliviy by viRgex ! Yol

graph 300, a}nd elnpjt,y'yt\he |§'(t)a%ol1%?cﬂﬁd{fﬂgg ‘Wlﬁ 1Bédef lele\)gqi}na%
cooper at ﬁ@@ﬂ@g@q@whm wmc$1m7oa betmoad wrmehboaﬁ@l Qe e Ghwsh e nunek ch s

i ncl uded Ir’bég acit V|t g is initialized to null and the agent counter
his set % ?%Ic Hﬂ?f 1§t1 b cBowni RR?F‘@?F‘EWF@WW@* sysist Péddntehaskd oy thae.
[ 00154] Agabbubikfyefuhbieh PE* FlO@'ngﬂg‘lloﬁ‘ 6(1}) o sgiQ iGity 91' utign ﬁl%a%re%mh % g{ 3' eis

carried out by the Agentb. The tinet ution 'sear c’hl ng Qts
with findredplarps @wmg ﬂaenolmen mesq)blsmsmganaaMmIWMerldlmtIMSLTBA@QetheI (z =
lto Nap)vch H]%r %afétler g e bI e sol ution searching cycle nodul e
708 cont i nues wiPicHgh P’ﬁdm ﬁa§ mgﬁi' AR clyeiss ime dicaasiivii mede

cluster BAGRL. Fistoesh Al Bcnh g%&dﬁwéeﬁg&d&r{h&é}ﬁ bl a Ly 1o

the activity ak, where is an index 1ndicat current I Vi Then
the ti meﬁ‘é‘m @ %%ﬂume@ﬁa@e%ﬂr‘@hmhgs Jdlga@ﬂrzeedmﬂdl(bWOS continues wit h choosi ng a

start ti ng a TPs retur.ned fromthe chosen possible

assi gnne £ ster IQ}\@%& 13%6??\ 11&%{}1{‘31%’“ gB ﬁ“l‘riepf/dflﬂ?ﬂcltsllﬁ??aﬁ@dkalwp
Equat i onfdr Jalx)vhﬂé)ﬁnialcmt Vst yctidky o8& by istalf o SRBK RN Qi EY FlsBu Pl £ Kg(ﬁd&?ser ts
t he chosen_ possi bl e assignnent cluster denoted as PACLake toget er w

chosen staP® ¥#tEMGode as the confirmed assi gnrrent cluster into the

acti vityppestg obje Finald 0 n Se; modul e 708 updates the
centre resoﬁbrqce ti ogp%}gbga } Sich évéafi <P m%%*aﬁ%‘%n%% Qpstys for al

i |l ustratdivities, E1eG11118tab][e(k@51551'_|nlgtcyb& medge 708‘@?&1%1@@%&9(1&1?% %Qltd éﬂ%ll soft
assignment cluster is repeated in a loop for a while unti

activi t yCHEHBEHROsed 8N ARIEMIFRED PR sBerifiek durcp $10nke Snlheiﬂﬁl Eﬂiuhﬂnt h a
start tiggeh C i the. confir @ssi
cl uster s%osrdagcﬁll%éggyg%ﬁ%hl ggﬁ%tsﬁgmtogne gfg})%%gel}a qh‘? ﬁ‘g“‘é‘i}’c ﬁiﬁ‘cfﬁglérgfg’@
eval uat edjs scecdrind ngele ch\mted ~alNg) sthikh 1]@@5@&&%@@)%%@3@% Qpty mgat i on
criteria s ‘d1 RicS 810 bgetlrretable sol ution SLh searcheg]bg
Agent)] . aSF’ga “r‘%eélg PLﬁLi olsst EEH jokedgdatad end phespackise er¢lont SleNest Se&lﬂ?éaltgc hed
inthis ar ¢ n.th r.

ARk s e S AL T, St o vy oRaee S P Pl e Eeng of

updat es Nches, y assi |ng ‘SLh to I's"no
t he sear@dhiongh 631«: iest afd tS sdi mey teegrdatridrigicagantiue 1@.18at, sdnhebaearehiieg

Sneke | B B B ) Pt autelihF i on due to that some bettér sol ution
95 P, by ety sopss a0 8  ADISEL LS ok o0
solution searching cycles determines whether the current sear ching cycle indexed by NC is
{inished. With a “NO” the timetable searching cycle module 708 returns to step 806 to let
next searching agent to carry out its searching cycle. Otherwise, with a “YES”, the
timetable searching cycle module 708 proceeds 1o next step 812,
[00158]) In step 812, the timetable evaluation module 710 compares SLNCbm with the
global best path SLgnes searched so far and updates SLgpeq with SLNcbm if SLNCbest is
better than SLgges. In this situation, a counter (Nap) for timetable searching cycles in which

there is timetable solution improvement is initialized by setting Ny; = 0. Otherwise, the



[ [ cycl es determ nes whether the current searching cycle
;sgljg;;gnb;eal\llgcih!sn?i niyshed. Wth a "NO" the tinmetable searching cycle nodul e
708 returns to step 806 to | et next searching agent to carry out its
searching cycle. Gherwise, with a "YES", the timetable searching cyc: e
nodul e 708 proceeds to next step 812. [23)158)In step 812, the tinetable
eval uation nodule 710 conpares SLNch", with the gl obal best path SLGRes,

hed eonfeaNnanthupoatiedsbBhoBesdenoid MaineNehestilc iduSQcReShidoS DRbLET
fﬁgacsﬁc%es In this ‘sji tuation, a counter (Ni) for tinetable s a?g_ﬁl ng
cycles in PSI&OIE‘}FFéeré”?%O tolReeRBpROsENEt on | mprovenent s i nldt |bal i zedt by
ttin 3 0. OHMBLEMWSEs u reN' i ngremented by one to
Zgnot egt m?wg}ne ti n%}iqg\t{)\lil% asgoﬁtlﬂﬁ? oﬁﬁg'sgg’r gt“i?r%gmc%ﬁ)glhagmbté@ﬁm@@rq‘vélruﬁjé@l with

no sol ut merdulepovetanes 1o A015A} Reflentt ngrdagaiml 140 FhGy A2, on@lcadit er.. st ep
812, the tjnetabl e eval uation nodule 710 conti nues ro calculate t¥ | | s
ATakz and {?p atke®t Mg Joursnarpy. wherslepao Ak 4w At drulNth qll)s)ev@hngmcfle 10
I ; i = % Ace, . Fupther the eval uatign modul e
comput e e PEELEBERS ahY PIAS: PofShT uraiS ATY ) 6R S DA > Ko = |

- = | i = 1. hi ng
to Nak chntihdnh 64 S1°A0705 waB W8 HmeSEE B+ Wi B glseFohing Obie (800 SGALE
cycle (F:)z)uNn%%r nNC =- NCH. 56[ 001860] Tﬁe tli }ret aEI e evals_ﬁzgﬁ%ﬁ Cﬁo%ﬁf}lén 9?8

conti nues'&d-determine in step 818 whether searching cycle is finished.

" NC [ bl ear ching nodul e_708 and eval uati on nodul e 710
return (5% Besglzq?%%@é?q?@e ’agﬁagﬁélimﬂg%%?é%icwuwéﬂ@det@xmw@pm§@p 818
o ey Rochestatdiigl b eiagIne, ITpLOKRIERt. GhtahicNE Wl Sl eRCHah as
when NH, >= NBstop or if the total nunber "of tinetable se rn_& 0 es
reaches R(HHBBLIOPRRINING &retwg, 1o'S)ep %0Ben ctirg oh ianethabiegrchRarabien goaekEe modul e

. : ! : d at
o ep e RIS G i b RRR b st T e s @S R e TP o1
pr og ram Npad, drsf theaotatl@dmbsr 6D1BEBc %%hﬁﬁzﬁ/g@k’ Mac IQCCOWHEI? hcusabl e

i i de random access nenories ( read-onl"y ‘menories
Ere Rgllvlhf;n "ﬁﬁmé%é}( e 1gﬁﬁaﬂﬁfsﬁ@ﬂw Vglsanodile eohpedtatbngosde 716 oppy, adiisks. A

product ith@%‘iné%ﬁﬂ@édlélgcg] i&ﬁfﬁ%gﬂ?@?{%@aﬁﬁo‘gﬁgEﬁcorded on conputer usable

medi um can be execut onputer system 900 as
i Il ustraPewi] n FI Gheethod 700 can be executed via a computer program that is recorded

on computer usable medium. Such computer usable medium may include random access
memories (RAMs), read-only memories (ROMs), hard disks, and different types of
compact discs or floppy disks. A product that comprises the computer program recorded
on computer usable medium can be executed with, for example, a computer system 900 as
illustrated in FIG. 13.

[00162) The computer system 906 can be, for example, a server when the timetable
solution searching system 16 is implemented as a client-server system with different access
rights for different users. As a server, the computer system 900 can be coupled via a

communication resource 908 to a network 904 such as, for example, an Intranet or the

Internet. The computer system 900 comprises a computer 906 that includes the storage

medium 20 and the timetabling engine 16. Typically, the computer 906 has, for example,

an intelligent data processor that supports the functions of the timetabling engine 16. The

storage medium 20 can serve as the computer usable medium with the compulter program

recorded thercon. In this case, the storage medium 20 can be one or more memory devices

such as random access memories (RAMs), read-only memories (ROMs), or hard disks.

Alternatively, the storage medium 20 can be a memory device reader such as, for example,



[ 00162] The conputer system 900 can be, for exanple, a server when the

ti metabl e solution searching system 10 is inplenented as a client-server
systemwith different access rights for different users. As a server, the
conmput er system 900 can be coupled via a comruni cation resource 908 to a
network 904 such as, for exanple, an |rlranet or the Internet. The conputer
system 900 conprises a conputer 906 that includes the storage nedium 20 and
the timetablmpgt @ngidnee b a Toppl @adkl dtivel TRICEATRULEY o%gﬁer}?ﬁﬂc EOm&ta F :
intelligent data processor that supports the functl ons o the timeta

engi ne 16° 11191%0%1?‘8?1&3@glﬁéﬂﬁ’mﬂh@@@l%@éﬂﬂﬂgén&leeéé the conputer usabl e nedi um

with the ter thi.s..case, the storage

nedi um 2&@%’%&}’% oﬁgﬁ%ﬁlgl%i gﬁ%dn%g&/ gg@ﬁlgggn%%}@ﬁS%@“?’h?ﬁi‘bcrjﬁ”%@éw Weetdri es
(RAMB) , reedde@ndtr cmerrﬁrl 0 & D a( NI Jovithei ﬁmafo@hpﬂ]ne? k6 ;A'o& ?ﬂé&ﬁ% b £h¥a bh%‘ 614
storage nedi um 20 can be a nenory device reader such as or exanple

compact dPECoYpiey thegndey gmgplst Hibs e raphezengath 14, ﬁlerlmlrcyafzdhegleﬂgne eadee

enabl es c t.ablin ine 16.

[00263) Th g epl-aubay-AIPHL B DESPRAT MiplebBeL BTE B8 Ul amcaiciieria

engi ne 1@0mpa13m@ aindese EIsidod k@rbo%llOJZGDa@@léd RWHIHER s o g zEH?)Wie‘? /P06 is
by nean Cetdgﬁéa bus 914 t hat coupl es the video controller 910, e graph

generatorlm_'%1 ti metabling engine 16, the storage medi um 20, and an
|nput/oucm4§34(I/O) t er 1N interface 12, conprjsing a
nouse 91% nd a keyb Trhga dg%ggmg%%anﬁggeﬁg 916“%%& ey e@%ﬁn%Pﬁl 01[&3' &e1/0

i nterf ac@l@llcﬁi 7PODaﬁii]lﬂ'd1g1 @Eines dnt compsinds MR dd’tﬂﬁﬁ‘& 1RgRIPYhd8gechify the

ti met abl | n% ’?Otet} rret hod 78(2 and the p uct that conprises the
conput er 'p %)Oéiy i #0 le@k‘ llnﬁéy $H8 1ftde Avdcoon %yﬂ ieﬁ@ alleweteatbicipnebloysoem 10
to overcagriRhrtat | east alleviate, the problems of the prior art.

[ 00165] Wi l'e the present invention has been described with reference to
parti cul B016%nbodi Mélntestheipresant invéeiourde bstrodsciibat withecerdodiIpiHisuar

illustra nd.t hat ent i scope is.not so limted. Aternative
embodi rre%l%%gdl et%ﬁtlé g élté it m?q\'/‘?\r/sé‘f’lchoﬂﬁi W‘{)Fmﬁ%@wt%ﬁiﬁa@]@ﬁ&mtﬂ@ aidothet Hevi ng
or di nar yirskitidn sdopt Renair fo L@l ﬁllleltiﬁﬁv@%ﬁﬁgcﬁﬂnén&vmﬁ}é %pesgﬁrﬁl@%rﬂ%ll W HCh

al ternate enbodi nents are considered to be enconpassed
and scopRecEme Hvapng e tose heengicodinamcdal ¢ tigl ar haidchperatnt llneemfoﬁs e nt

inventio R -a nded cl nd i s supported hy the
f or egoi n]gelifznssgﬁg%thl dlo?%gna? ‘%\Eo?mfg{%cﬁr %F%&ﬁfﬁrﬁsm © GRCPPRALSER Wi HE QVs‘iP@ih based
on an i nprdoscege aiftthe pkadpy PREMENZ aAb&ﬂdh'l%l}@@h@@@fpgmﬁe present invention is

described by the appended claims and is supported by the foregoing description.



and hybrid heuristics based cooperating agent, wherein the tinetabling
system can provide an optinmal tinetable for a tinetable problemrequiring a
plurality of activities be scheduled within a planning period with a
plurality of tinme slots of which each time slot has a start tine, said
timetabling system conprising: an el egtronic device having a nenory
capacity that contains a storage nedi um wherein the storage nedi um
stores the information of the tinetable problemincluding the plurality of
activitidhatsklinddne slots within the planning period, and the plurality of
sets of resources; and wherein the el ectronic device is enbedded
wth a tlnetabllnq nodul e that generates optimal tinmetable using the

i nf or mati'on i APWREEYNE PBHMRDKle, an improved R plepn oRtivEzatipitizgorliegionpdul e

conpri Se%ncﬁh)ﬁ)@lurh@@xsgﬁsalﬁlll@cdc@ﬂﬁ JuH%taghﬁu Fer e OMS LhMGhERG IR HPHLGE: G aph for
the tinmetabl erein the source graph consists of plurality of

acti vi ty “Noef §§P¥§EFgﬁéﬁWFWB“WH@“HEfTVPBﬁ%%“”éyBV&P&P%ﬂ&SBF‘W%EWUWb@ nodes
repr eSenblamgng b&ridlesious prsqlivantkife Pbiralitich Qfh tindRINAGes shephRsem i ng the
time sl are associated with the plurality of resource nodes,

t her eby ﬂ@mgfﬁfﬁfTQ§g?ﬁwW%source nodes and the tine nodes form a

mul ti-resourcet @lma&p&@ﬁ;u hvigg g mériiey SprYiGehagt@plits a3ehge medium, Wherein the

ti metabling onp, ar hi ng engi ne
per f or mi ng trﬁg¥L§F€%k gpmgwnggg?gj”ﬂm”mpe %gmgﬁ ﬁh%pgﬁﬁP ﬂﬁ&%ﬁgbased
upon | ocalurasizvaefciviinigesh eher iirs¢ Blots rvulhers[harp(thngllng)tpail;odplaal’ Ommaalupdﬁtsémgl rul es by
pheronnnﬁﬁapgmhxgrld heuri stics based cooperating agents to thereby
generate an optimal tinetable; wherein said el ectronic device

provi des sai dwhariertbs electopieidvebe tsi mtddst evifron tiuseblg hiklcuser gengakd

gener at egpiﬁ’!plq llﬂ@tldbié llwtﬁgh%uhﬁl\éh plgut‘t:t‘e@(i\’llamaagkélVI ty being schedul ed to one or
more time slots within the planning period and bei ng aIIocated wth al
requi red resobtif¢es ““32“’TFHé“'tf>| Wfétﬂammmge%wtuéml@mh ehsiivgel for gehesrusting thehe | ocal
sear chi nghhgUirht fof ti{eullllﬁe‘iaﬂldqﬁ{)&gﬁ hRERRAD L ukde Yo NG h; SQ@OP]:I JRIRULEe by
whi ch the searching a ents choose a possi bl e resource assi gnment” cl uster,
wher ei n f%é‘%?%ib%ebt’flcwv sty iBE %P'Lll@é@é’ur%@"wd%ecwéﬁﬂ*fés SeSaurby.

P, =1( eZandGATTRa1i€-DF 8#ie hodeWRBF Inin£AE AmPABS! (B BrcaSal@RMemnt el |ﬂ'L§§I@ off N
|ndexed as of trails present on a lin P, reflects

t he nunb@?”%%“féﬁﬁbUQVQﬁfQHF@yBHG“WBtﬁWﬁﬁﬁmB*CP%b“%ﬁﬁ@”ﬂfﬁﬁhhwﬁﬁ§cplannlng
period, mndsﬁfﬁakzmeﬁhexgmﬂhuailon of constraints inposed, including
generic 32 const.rai osed to all ?ct|V|t|es and specific
constraints wiich ar “n” m’%mﬁg[PW S CURTISET & | g solubingy searching engl %
prObabI|Wﬂ@HﬁmgcﬁwmﬁcGﬁmhmnnmbquMmbhmthes&ﬁﬁf@hﬂﬂgﬁﬂg@nﬁSmﬁh&@&ﬁu@n

?Etel B?l)bﬁ;@ %Dl(, 1(18 unckfl& EIQF fm(,a(l[r&dn ing lulcs %I’ Fj))ﬁCloquC dd ?gb Jﬁ%ktltsﬁ,&v@g&\-ﬁ;er ein
CSt " ky) ,uvm@melbm 2¢nGgo Rymbsgcmhetcamuma fmﬁct@lﬂcal | s presented on a link from
the virtual ngde. ki LiQ.h JLeflec r of TPs

avai | abl e and O%iat !fcon %1to e d%&%m%lf’é( Le m,% H)ﬁmtllnqnma%%blgl Use bégg‘ C. Sey

t he evalu@mﬁ%%éﬁﬁhwﬂﬁ@mﬁdh@@ub@hﬁ@ma@édmnwmﬁbm@aWh@mkmpn®edlmpmohud|ng
generic s@&@@xhi’ilmlﬂtpﬁnmé Ebhl()éialﬁl HLHEQ%QL& Qiudh| zc@& i\@s&lu?& and specific
constraints which are inposed hi's activity onl y. 3. The thnetabling
systemof claiml, wherein the source graph conprises a plurality of graph

clusterss, Wheﬂ@'tﬂw@a@ﬁlhv GEBRNT GhiuS T Bineled GOTHRKISE R he@ii@elLVhdiYeROde, a
plurallﬂéﬁj&ﬂresources nodes, and a plurality of tine nodes that are

associ at IPoh PRl AUy WOH%'C%HH’ %eﬁ'é‘ﬁ”ég‘éﬂﬁscé@’oﬁodé@s“b“ resource

assignment cluster, wherein the probability function of resource may be 1cp1c%cnl(,d by P =™,

CATP,, CSr "“) wherein cach possible assignment cluster in indexed as z, =™, is the amount of
trails present on a link, CATP, reflects the number of CATPs available and lacation of the CATP

within the planning period, and CSr™,, the evaluation of constraints imposed, including generic



4, The tinetabling systemof claim3, wherein each of the graph clusters
conprises a plurality of possible assignnent clusters, each of the possible
assignment clusters representing a conbination of resource allocation and
ti me node scheduling arrangenent for the activity or the graph cluster. 5.
The tinmetabling systemof claiml, whgrein the source graph constructor
conprises an editor for editing the information required for the
construction of the source graph, the inffirmation including constraints,
time sl ofOBBHRP rEichag lmrﬂfé%t@e@wple\dtua@ﬂﬁi wictifle sonsledveiveitiede witokedt théhipl ural ity
of activi¢ipedesngthe plurality of resource nodes and the plurality of

ti me nodes. 6. The tinmetabling systemor claiml, wherein the source

gr aph construé?b?dwﬁhﬁwwg%bmdmﬁdDUWh@h“@éﬁ?@%&d@ﬁﬂ%éﬁoﬁdm<M@ﬁﬂﬁwh@’one or

nore cri @emivhidfhke duh€ihd RRLhARILa SOIMEQHSRAT RN agbﬁ%xpitlﬁ%o@@[q”@&ltﬁw at ing
one or nore constraints being inposed for tlnetable sol utions. 7.

tlnetablph@p§?§ﬁéﬁ¥6f‘@Fgrﬁﬁ Py ﬁﬁbnbﬁﬁmﬁﬁé hbeVw“ﬁ@u¥“§#nb§ué@h%T4se

acti vi tyliniankh 0@ e ricat irg io M tW( PL @A @S RUEGEME hifRseS BACLIETRMRKE &td on
heuristic; constraint based reasoning robablllty based deci si on- maki ng;

and 33 BBHIOR A5 O ROURNSET aamTEs perid At Aph? Aglugyen eniof sérdim 7,
wher ei n tdigedashduwtint Ympaodk iigide Behdsit: cnstiBNts DBicH8@Amp@REd o all activities and

specific constraints which are imposed to this activity only.

3. The timetabling system of claim [, wherein the source graph comprises a plurality of
graph clusters, wherein each graph cluster is comprised of an activity node, a plurality of
resources nodes, and a plurality of time nodes that are associated with the activity node and the
resources nodes,

4, The timetabling system of claim 3, wherein each of the graph clusters comprises a
plurality of possible assignment clusters, each of the possibie assignment clusters representing a
combination of resource allocation and time node scheduling arrangement for the activity of the

graph cluster.

5. The timetabling system of claim |, wherein the source graph constructor comprises an
editor for editing the information required for the construction of the source graph, the
information including constraints, time slot booking and prescheduled activities associated with

the plurality ol activity nodes, the plurality of resource nodes and the plurality of time nodes.

6. The timetabling system of claim 1, wherein the source graph constructor comprises a
solution search definer for defining one or more criteria for the timetable solution searching

cycles and activating one or more constraints being imposed for timetable soiutions.

7. The timetabiing system of claim 1, wherein the hybrid heuristics comprise:
activity ranking heuristic;
multiple resource-time-space manipulation heuristic;
constraint based reasoning;

probability based decision-making; and



ranking the plurality of activity nodes so that the nost difficult activity
is scheduled first, thereby the activity nodes are listed in a ranked order
in the source graph. 9. The tinetabling systemof claim?7, wherein the
mul ti pl e resource-tine-space mani pul ation heuristic may be used for

anal ysing available time periods for maid activity. 10. The tinmetabling
systemof claim7, wherein the nmultiple resource-tinme-space mani pul ati on
heuristic may be used for anal yzi ng conmon avail able tinme periods anbong a
plurality of PE¥GHieescwigui red by one of said plurality activities. 11.
The tinetabling systemof claim1, wherein the local searching heuristic
conprises: a trail intensity factor; a conmmon avail able tinme period factor;
and a coﬁstraﬂﬁfm@V§Wﬂéﬂﬁ6W‘¥ééWb?‘“W%@iWW%%WW|ﬁﬁﬂEmPWﬁgb@VBVEﬁﬁb®lclalm

11, wher @inRing AR prenst L'S[QlklMl Ly QM@ H@-Eh'algnc 1‘1@5@&1@5‘?@1[@@%? &dcRAutNEsS ﬁ‘ltd'cﬁyf action
Ievel of one.or traln;f mposed on the tinmetabling problem 13.

re
The ti metGBFY Y "adrs e Lb n@)rgjji ﬁﬂ“‘mﬁé?@ﬂhéﬁﬁ% trail intensity factor, the
comon avail able tine perlod factor and the constraint evaluation factor
are adapged in a g% ion_for the searfhﬂn agent to choose an
opti mal p055|6W’1§¥”i8ﬁn€H? EI st W“f@r“@ﬁémaéFlﬁﬁtwt"Tﬁm°¢H@€§W%%tabllng
syst em ofnagibditmnbeurishiene) i (shiefof dnaptiabdveiibnl tulc pensis $@akie hdtRgy.engi ne i s
further adapted to provide in pheromone and hybrid cooperating agents for
searching tinmetable solutions; wherein the pheronone and hybrid cooperating
agent s sé@r chThortintehvélimptsysrah @imbmabVe“$QEMtannmmwmhewsmuwﬁ@cgﬁaph based

on the prnQR la!ulon chuzfmlt'igq‘xtﬂ OLQ, useé%m %H;lg/le %rrg]%aqgrll Ia\rf]ﬁllaag%lﬁn?)e%ods dn?'ong:, al’

further conprising a user
plura 1ty of lLSOLll ces mquu{,d by one of said plurality activities,

11. The timetabling system of claim 1, wherein the local scarching heuristic comprises:
a trail intensity factor;
a comimion avatlable time period factor; and

a constraint evaluation lactor.

12. The timetabling system of claim {1, wherein the constraint evaluation factor is based on

the satisfaction leve! of one or more constraints imposed on the timetabling problem.

13. The timetabling system of claim 11, wherein the trail intensity [actor, the common
available time period factor and the constraint evaluation factor are adapted in a probability

function for the searching agent to choose an optimal possible assignment cluster for the activity.

14 The timetabling system of claim 1, wherein the timetable solutions searching engine is
further adapted to provide m pheromone and hybrid cooperating agents for searching timetable
solutions; wherein the pheromone and hybrid cooperating agents search for the optimal timetable

solution on the source graph based on the probability function.

15. The timetabling system of claim [, further comprising a user input interface that ailows
the user to input information that specifies the time table problem; wherein the information
inciudes details of the activities, the resources requirements, constraints, and one or more

optimisation criteria for the timetable solution.



the user to input information that specifies the tine table problem
wherein the information includes details of the activities, the resources
requi renents, constraints, and one or nore optimsation criteria for the
timetable solution. 34 16. A tinmetabling nethod based on an inproved ant
col ony optim sation by using pheronong and hybrid heuristics based
cooperating agents to obtain an optimal tinetable for a tinetable problem
wherein the timetable problemrequires that a plurality of activities be
scheduled within a planning period with a plurality of tinme slots of which
each ti Mg, sl Ok, Lh@?ibl@mﬁﬂc@l{otd bBJhHgm az?i@f{ }Q)vtc(ll H?F&Q!y 0 111‘75;0;"‘8? uG 1 0%1'01?(,9
constructing a sourc€ graph having é 'ura |ty Tod
represenﬁ“h@mﬂﬁ@@aﬁﬂﬁdﬁwﬂegomamﬁku@@%ﬂ@y$®ﬁlmEQEMﬁbémﬂ@d@gﬂﬁepmé®®nt|ng t he
I esour Cegub@RdwRerdh HE ﬁln'cl'%lMu 9%&0!}1@@@“@9@% al fRPLBP &I Wi \plgdstbb?(,ht: JE% Wﬁ!h ts that

are associated with the plurallty of resource nodes, thereby t plurality
of resouﬁ@@mﬁﬁﬁé§“ﬁﬁﬁmvh@“FPWéjh@ﬂb%m$6%ﬁ@é‘hﬂhﬁwmﬁé%60¥%émﬁWﬁé—@phce
i.e., themsouing e e@b@RNiprising: initializing one or nore searching

paranmeters for one or nore pheronone and hybrid heuristics based

cooper at i ng aﬁ@ﬁﬁ@m%a*owc“Qb@TW%Wﬁﬂﬁ&“‘Hﬁﬂﬁﬁﬂﬁé”%b?ﬁP%ﬁﬁ“@@é?%ﬁWH@ cycl es
OR sai d splurte o@l’e@tﬂh:cb@@e@ﬂcmx@@ﬂmg 06 AsoHEA BNk P ﬂh@lbghzﬁl hédet #él) @§,m§1{1‘d g' obal
pher onon rul es eronmne, an ri euri st ase
cooperatﬁ S”ﬁd&ﬁi@mtﬁ°ﬁé?ﬂﬁﬁ%ﬁglggﬁ%W %O&W§m6ﬁtWWﬁ1mP‘W@W&BL@EUéWd
prOV|d|ngmaamdogenmwmﬁmdcmmtsma$ahmnatabkeumesphe1usﬁ£am&agdpgenerated

opt i nmal tlﬂEt%QmﬁmhaVqu each acti nore time

slots within th pr’mﬁlngmm%ﬁfgzmuﬁﬁmﬁﬁggﬂo 85’? %ﬁe E%O%WF W%ﬁﬁf@ed
resourceQMnHm7mﬁﬁh®0@mﬂmga@hmng met hod of claim 16, wherein said step of

constructing ]thf%llTﬁﬁ)u{I ﬁgta@cg 9(9“109105 d}eﬂde&(,lcs gn %.f]nd SJ;L%L %}gp\{ﬁ b'lgeddtcag)t()l?' lOan]SOCI at ed

wth said pIura ity o trvity no CEes nodes
and sald“ﬁ%bﬁémpvymbﬂmﬁnmé&h@de@mmmmwtw“mmmeﬁmdnﬁhmgmsmmme@o@hd&mgraph

sai d SOUR&RsQL BRMY J&@%‘l A @renlsw&l@n fodhe 8 10& PJHpﬁln'zl'l%En%Ea%l’c fiach of said graph
clusters is associated wth one sald ra tivity nodes, each of

sai d graph clmgﬂéﬁéﬁﬁbﬁﬁgaﬁdSWU$éWF®vméﬂ>@@S@ibWééaygwynm@mv“cmuéﬁers and

i denti f yhRGo GG Btih@tdit&idaN@bnad: (ﬁ}o@ﬁctﬁlﬁy@@l?grthm ik BtandilEpd: fofln?ntcﬁ}%l i ng
nmet hod of clajm 16, wherein said initializing step conprises defining a

predeterﬂpﬁﬁw‘Hﬁhﬂé?wbﬂhéﬁﬁb§rat|ng agent s.

17. The timetabling method of claim 16, wherein said step of constructing the source graph
comprises:

retrieving data associated with said plurality of activity nodes, said piurality of resources
nodes and said plurality of time nodes;

constructing said source graph, said source graph having a plurality of graph clusters,
cach of said graph clusters is associated with one of said plurality activity nodes, cach of said
graph cluster having a plurality of possible assignment clusters; and

identifying said constraints that are activated.

18. The timetabling method of claim 16, wherein said initializing step comprises defining a

predetermined number of cooperating agents.

19. The timetabling method of claim 16, wherein said step of performing search cycles
comprises setting a plurality of cycle parameters for searching agents, said plurality of cycle

parameters being stored in a common storage medium.



19. The tinetabling nmethod of claim16, wherein said step of performng
search cycles conprises setting a plurality of cycle paraneters for
searching agents, said plurality of cycle paranmeters being stored in a
common storage nmedium 35 90. The tinetabling nethod of claim 19, wherein
said step of perform ng search cycl esisfurther conprises placing a
predet erm ned nunber of cooperating agents at an initial activity node,
said initial node being the first activity node of the ranked activity
list. 21 .The tinmetabling nethod of claim 20, mherein sai d placing step

conprisesy  The imCh@RAL RIRNG @fimMRY @\f|11,!{l$lt5%l( OfiepSGNGRANL G, %rrchvé ks |
an agent object, each of said |ists of scheduled activity | éﬁng

respect|Véhy UGS ANASH SV RBCEAB e RuERET §f éwﬁﬁéﬁ@b%ﬁgﬁébéhméﬂlﬂWVHY

cl ear i ngn@REsaQIrinFWIMedd iic&t@thfls%%‘QWﬁly hORGr ﬂ\@ﬁz’n&nr{&n«tltlyq;&tus'[ er |Ds ' n the agent
obj ect, each of said confirned assignnment cluster [Ds representing a
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22, The timetabling method of claim 20, wherein said step of performing search cycles
further comprises:

selecting a cooperating agent from said searching agents;

choosing a possible assignment cluster for the selected cooperating agent based on a
probability function; and

repeating said selecting and said choosing for remaining cooperating agents.

23, The timetabling method of claim 22, wherein said repeating step comprises adding said

scheduled activity node [D to said list of scheduled activity 1Ds.

24, The timetabling method of claim 22, wherein said step of performing search cycles
further comprises: storing said timetable solution in form of list of the confirmed assignment

clusters.

25. The timetabling method of claim 24, wherein said step of performing search cycles
further comprises: evaluating said timetable solution to determine whether to update a cycle
parameter of said plurality of cycle parameters, said cycle parameter corresponding to a best path

for a searching cycle.
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further comprises: computing trail intensity for every chosen possible assignment clusters of cach

of said stored valid timetable solutions searched by m agents.

29, The timetabling method of claim 28, wherein said step of performing search cycles

further comprises: outputting said best timetable solution.



