,I NCCRPORATI NG The present invention relates to a process for
ai di ng the de zation algorithms incorporating a tine limt. It
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A conventional example of a constrained combinatorial
optimization problem is the problem of the coloring of a graph. A variable is

20 associated with each vertex of the graph. The domain of values of the
variables contains the available colors. A difference constraint connects each
pair of variables whose vertices are linked by an edge. The cost function
corresponds to the number of different colors used in the solution. The study
of graph coloring problems serves in particular within the telecommunications

25 sector, in respect of problems of allocating frequencies to radio links in an RF
network. An analogy is made between colors and frequencies.

The complexity of the solving of combinatorial problems is often
such that only the search for low-cost solutions is conceivable in a
reasonable computation time.

30 A first observation related to complexity theory is that no efficient
algorithm for searching for solutions exists which is generic, that is to say
capable of efficiently solving all combinatorial problems. It is necessary to
develop a specific algorithm for each class of problem. The performance of
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. the algorithm depends mainly on the analysis of the problemand on the
subtle use of the results of this analysis. For exanple) the result of the
anal ysis may be a heuristic guiding the choice of values. In the case of
coloring in, a sinple heuristic consists in choosing first the col or used

" nost in 5 the solution during construcdion. Likew se, the order of

assi gnnent of the vertices is inportant: to reduce the practical conplexity
of the search, it is necessary to begin with the vertices that are nost
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30 use mechanlsms or transformmg complete assignments {which do not
necessarily comply with all the constraints). These two approaches may be
combined: this gives the hybrid methods, consisting of several global and/or
local searches.
In limited time, the global search performs a partial exploration of

35 the tree. One then speaks of a partial search. Numerous algorithms have




. Finally the incorporation of tinme into a hybrid search involves
apportioning the conput ati onal burden between the various global and | ocal
searches fromwhich it is conposed. The article "A Meta-Heuristic Factory
for 20 Vehicle Routing Problens (Mta-Programrng for Meta-Heuristics)"”

- [see reference No. 3] proposes the aut®natic construction of hybri d
algorithns on the basis of a set of elenentary search operators dedi cated
to the problens of vehicle rounds. Cbnstructlon is done by a learning
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[ See referignge fiom dblasbbldseand fooniseaints afromptite sohutiong sdaraht phmase.
Initially the CP tools placed the stress on the modeling phase by proposing a
set of constraints having great expressibility. More recently, advances have
been made with regard to the language aspect of the solutions search phase.

35 The “Optimization Programming Language” (OPL) language from llog [see



.5 I!ﬁyt anong several conponents of a voice processing algorithmto

optim ze quality on output. The present invention applies nmainly to the
contractual node. It is possible to switch fromthe contractual node to the
interruptible node [see 5 for exanple reference No. 14]. Each gl obal (or

- partial) search algorithmdefines a de#ision tree exploration schene. From
each schene it is possible to extract a tenporal control procedure which is
usual | y adapted to the i nterrupti bl e node (for exanple the "Limted
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distinguished depending on the type of time constraint:
e In the contractual 'mode, the time limit is known before
conducting the search. It is imposed either dynamically by a
request coming from outside, or statically by a system
20 requirement. The search algorithm must best utilize the time
allowed and must duly yield a solution.
« In the interruptible mode, the time limit is unknown. The search
will be interrupted while underway on request from outside.
The search algorithm must produce solutions of increasing
25 quality over time. The performance of the algorithm is judged
as a function of its curve of change of quality of the solutions. It
is preferable for the quality to progress better at the start of a
search than after.
e In the autonomous mode, the time limit is unknown. It is the
30 temporal control which determines the best instant to stop the
search and yield a solution. This is the approach that is mainly
studied for “anytime” algorithms [see reference No. 16].
The temporal control generally uses prior learning on the basis of
experiments to carry out the selection and the adjustment of a search
35 algorithm. [See reference No. 15] studies the temporal apportioning of a time



.- alibrary of primtives describing adjustable limts of exploration of
the tree and highlighting the rel evant adjustnents, these adjustnents
‘advant ageousl| y bei ng obt ai nabl e by learning, - a library of primtives
descri bi ng various tenporal sequenC|ng§ of partial searches such as
“figuring in the aforesaid library of search primtives and describing the
manner of adjusting the paraneters of each search. According to one aspect
of the invention, the adjustments of the limts consist in indicating the
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this relationship.
An object of the present invention is a process for aiding the
design of optimization algorithms incorporating a time limit which provides a
framework for more easily expressing a search algorithm and its temporal
25 control, in particular in contractual mode, this process being able to extend
the framework of constraint programming, and making it possible to more
efficiently solve problems with a time limit.
The process according to the invention comprises the following
functions:
30 - a model defining the problem to be solved,
- heuristics for guiding the choices of construction of a search
tree,
- a library of search primitives for describing how to construct a
complete a priori search tree,



- A search schenme 3 (SS). It gives a structured representation of the search
space. In the case of global searches, it describes the way to construct
the decision tree, independently of any tine constraint (conplete a priori
tree). The heuristics are used to parageterize this construction. The
“primtives associated with this conponent relate to the description of the
choice points (the nodes of the tree), the conbination of choice points ~5
and the m nim zation/ maxi m zation function, for exanple a costlprofit

function. An exampl & Qbraty OFQreitined destrbiheachistaBlealimig offexpheation ues for
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conplexity, of the,rel evant val yes is cal t. " ter | nt

policy". 8 A té?rf)ccﬂrglngs{or are r5as(pF§?_olfﬁﬁe dﬂg%?trqg‘regﬂgha:&%%ﬂap%@%@on of

ESsas a neheslinits expresde accofdingdot empof dhe dolnwivl. thage podes:i fopzes a

sequence : J ving of ESs or aconbination of the two. This
ggnroﬁgis&\@“?l‘ Q&Q{Stk\}é‘?‘

conposi ti es 1t possible toSexpress nost of the hybrid net ho?s

shuffling [seer ef BidhascReding]to theymandian; Hiesingarrerabpe of the time limit

(hybri di zghi abhenhrdsge theehajurbag ofNearanmitdodimélsionin
I nterl ggvg?&aﬁ Qiy%?ﬁrp‘ggg%arc ' @g r ef e{ encgNol.\i%Lrl] , et c.I It Ssl?lrg)lulgd

Deptq h [se

however beNERAEPIEKEY Of #F S8RLLY exanpl edoes not relate to a hybrid

al gorithm It utilTheprasentdaavestioni willcbe bettarl usdenrstdms omseading dhe

di versifyi . i Qpj g,{pcq:p i ;

sever al sub@%?\b%ﬁga%igé@ ib o’fﬁ%ﬁ%%lﬂﬁ@ﬁ Sl rtru t agé%%@ Qmﬁggf ﬂgmrﬁl\ﬁﬁb

ani nt er | eagXargpleranseiiussateddontiesarpendeddipgsamdn WHEvi ng t he~5qual ity of

the sobytion The Sobgifong aise &hatiggraMOMMLSIEERGS el ONGin a flrselansi on
og". "tenporal apportionin I cy" enhances, a. conposi tipn by indicating
how to apportion a t! ?Wﬁ”ttec?gegl?\%' Seh qqqcsathEHr{Bg&a?f%ﬁﬁ?E%e ref erence
No. 5]. Forexanple, RiguespiRt tble aappdidgramsnglustrating therembist fieretianse20ESs
of a sequence. Thus eagh i i i limtallowing it to
control its expl or at' ?"%ﬁé%ébﬁv@gggp%@f:g%%&teﬁ?rmde of adjustnment of the
paraneters of each EHSgufe 6zdim, prdiggeavi Wkistiatindaphe veucegssimait sfepse
referenge No. 4. Regyssienfed GpThaBrédad s ifieridi. system the requests

S

ask25for the tinme-constrai ned solving of a conbinatoria .
probl em Speci fi cal T veHaus &gudions iglerspisd ?égé%ef%ﬁegd"?vif?rha'gm thet i ve)
are those @ésigg-bi RfgGHitAhRITEIdCotdingt & athee:aurmehtiw‘wéI wilbrbeni d%mmbeahwme
imt.D Suspend, continue stop.a sear O~ _Wden or reduce the tine
linit of areg%rgpgﬁgg%t@qu 1'ﬁ¢rbersr?a\ﬁrb%sa@8§{']°%1gres'tate of progress of the
search. A tenporale céntrole! 7. {tEOntaimhéhe gpéiniibnraddbeproblepoieke tsheesde of
te”porﬁh control (CO’ME%F&{H oP{n.sle%?&ér"r%é?%ﬁﬁ-ofU?)“r‘\'s{}bﬁ{té.Upt' bl e mode i s
d activations3bof the

simul a by a succession 0 Ve 539 contractual nmode with an
increasing time |imitA seb2aof heuristinst iTdns ¢3 anhextendable et ohreedaiingd

anal ysis of the mde'funétﬁj‘ﬁs-r%r_s%lrﬁéﬁ@ &hd Schéiegd anl tsd nstRtibALLE al Ss.
The selection rules are determ ned by a prior |earning phase. The TC has at
its di sposal tools eSOIuRN: nigot Hxampig, tf@%'éF'P%rfﬁ’fag%'gﬁ%cﬁhet?@o'geqﬁfal ity
of a solution (distaRgfds0 Aheetopf pfilivanindkee @thpogsibientd hreateainety of

the solutions ("performance profiles”). These tools qgiv tate of progress
i nform@fi on for a useéUWplits °§}§F@§P6+W%WS§F% g %%ﬂﬁggﬁ“ﬁg?rgﬁﬁsggggtive
adj ustnent of the paraneters of an ES. They could also serve in the case of
t he aut ononpbus node of the tenporal control. It is also the tenpora

control which receives and incorporates the requests during the search [see
reference No. 5]. It should be noted that each conponent possesses a set of
primtives facilitating the expression of a search algorithmincorporating
a~5tin limt. The TS and ES conponents nmake it possible to formthe
relati onship between a tine limt and the adjustnment of a search algorithm
These characteristics are inportant characteristics of the invention (see

o =



. Figure 2 shows the general architecture of an on-line optimzation 20
system It depicts two things essentially. On the one hand the search
engi ne 8 which actually solves the current problem on the other hand the
deci sional nodule 9 which drives the Zearch and whi ch receives outside

" requests 10. The decisional nodule inStructs (instructions such as: invoke
a search, interrupt it, nodify the paraneters, interrogate the search

engi ne), the search 25 engine provides results in return (solutions,

current profile, statd §td&Sof Slifedrishie&s fHef B6@BRANAS thlo hébiisticy: GRi tecture
does not specify the way to contro| the search, nor how to exf?\re s, this

control . Figure 3 shawe of rouslishin & GORAEY B tWer hQUfRS PMotheslirsth; s
grchi tec'élure (ignpridﬁ_ggﬁstﬁ: dwlcﬁﬁpm%@] ﬂycbﬁﬂiggtﬁoo:cﬂjécggemdla?gﬂs_ticﬁargi ng
0 procedure and_| nput data. ich include a fixed ti Lqiut,_and a
col l ection of inst aEB@sreia&onéaR/P%fejVﬁ%WOPﬁ agﬁ%r@ﬁps ;9%%1%89{1@? Qehicle

roundss (del i very | ofHd esafmnatioratyl #ie, heoristidd ofl therRgatel of tihe urrent
architecture, the t or.al LSS i i i3 an
21 Gor i thmwhi oh per PORTA oL M YRUapBs Ut tod brlBNB ¥ ind ERES i
representative of thetpoablteraviatuaie a3shaled.ved and for a fixed time limt.

This architecture, i ;\ygér{ggg‘gﬁgh{é §.(égpl IE?%{?F égrf&h}ﬁ\@é&eggm%gaﬁ:ofa single

cl ass of probl emis’ttea assi'ca em of vehicle ro ndsig, t he type
of request is very therseah( spags.dntthaecasendh gloRal sEACNESBdeaC®8St rol of

the algorithmis in 8t IS d@RRSor Rreld Q8dESenddTitgubE athyshows
t he abghi tecture of ﬂﬁigﬂ%fﬁ Bhstrl r v 4

. L Ian ua%{seeS.refeirﬁlcsl\b.7and Ng 13).
The conponent 15 " @Eﬁ:??'ﬁt“a'ﬁh&@ﬁﬁ?ep%é’gpﬂltéeqo Bgﬁ}%}]rgagsgrg@aﬁ nce of
sear ches pertai ni ngtd Qpdraaritéridd twsi consteyctios. dTé eprenitive§hasswamtetes are
descri bed by a sear Chﬁhts ngri%%égﬁgﬁ&]?@ﬁ@(%%@ HBQcﬁﬁt!icﬁ\E ?gngth%?ﬁqhggg has no

tool or primtive atV! i nCor porates’ ) ]
explicitly, with theointséihe nodes of the eehithe gemignatior pf ePIRRIAMNE" whi ch

has ngeffect on th%n@ditva@tmﬁnilﬂéﬁoﬁ%ﬁm&ﬁmn Thingtibs, b dxainspleoaponent
is clearly differentiated fromthe TS

] . conmponent _of the. present .inyention.
The conponent 18 i s castP&fibntunciigh tHe @g)@@#p@rﬁeﬁt CBP' h&9 qeé%%e
i nvention since thi gneamanent ofl@haddatuesntdrl v ebfiable. tAr pramipke | oft y of
defining an order of traversal of the nodes,of Lree. ~5,,0t her
hand, it does not n’&QQ‘Q'H'an@%r?bf’lC&anW%ex%l?Q:Cf ltée'd%rtggre?egqeyaaﬁ%natgf t he
conpl exity of the seacbheshbbAntie stargracentstues anljfustheePlolngsage.
Represgnted i n Fi guig, 5 1faandd {0, G130ksSQ A 4Jih ¥ihaus. fvect i ons

represented in Figu ~ cooper a one anot her. The qutsi de environnment
fixes a tine |init teledpnshie seetwern ABodshrapdi gearch h$&eMee AlOKS 20 may
be modified during tfipapfacehstriibgors @Arthd tpsecasiar funativh ngf theecurrentoked,
with this time limt, at %g th(i're is selection of a tenporal strategy TS,
whi ch, by calling ufteditBeedel ul es 21, chooses a TS from anong a

col l ection 22 of dS#An Aex@dratidre strategyi wi t(BS)i sltapmpecifiesnaprametes tn) to
the vari ous explorat] r I 20f ot I f j on of
its Z%Sassoci ated " acﬁgl P@%@ﬁhﬁgt@@f)ﬁ?gg OJJB%TT{%%r?rtﬁ)dngrﬁéjcg§%§%fn%Hggégf t he

L dae o a

ESs and the sequenciseglrfdiea.h@%@aW@IV%Q'WW&MCBP%@%Q 28 5ctoed.
There follows, at 2% te*iﬁlo"i‘gb.uﬁ"h'geETS Herehsel bpplics ef céhginnndividerr eht ESs
(ESA to ES~ ) as a functlon of t%‘%s menti ﬂolrihgi e%" a%ijocifatt%d W th
each particul ar ES (iEgts opgan &¢S.¢ Pl 2 liEsomtnE Branelid '8¢ ne Ts
and of the time 30 agmiktets (hodes Bietheariars CeBaimaefergnbesn[saej det ed, the
correspondi ng exploration limts eac e} er.m,n art] rav als of SS
(at 27, based on t t?é‘qqéﬂfei gnfe(ggnrfgs 2’”% %hgwﬁoz\gf §9.ptr&fﬁéés.%x§c§%?oé_r)lf of the
various partial trayairsitives i expdessingntheequiémie. Qporiar tlegming ddaseois
interleaved (primtive "“ipt"). This i arserdivpgH o the
TS selected. This r&etﬁetsgggynpo(raqé}é@wnw%Ogiulggscgﬁtrgﬁéc{fa one or, nore
sol utions, or even direnehevant. The lissnpoited iyhincreasing complexity, of the

relevant values is called the “parameter adjustment policy”.



- 11 tinme is insufficient or if the problemis insoluble. It will be noted
that the data of the elenents 21, 22, 24, 26 and 28 are obtained by

|l earning, not described by the invention. In conclusion, the present

i nvention makes it possible to: 5 Ofer a franework for expressing search
“algorithms incorporating a tine lint8 This franework must facilitate the
readi ng and the mai ntenance of such algorithnms. Propose a nodul ar
architecture for specifying such algorithms, with the possibility of

reusing parts of th | ts ont iTSHB t hus
pronoting nonetary g\at%nﬂ%é glt]% g? ﬁ%ﬁﬁtiée tltr?gqplg%lbk ]H nam ch-? to get
a good adequacy of €Re al '@@lanﬁhrﬂft @XPF%GSUQWBOEI ihendlgmpagat ocemeoli nht ance

and possibly profit -brfBspbPRCEIehleRés Srarsy, Fanaﬁmftéwé@mgl%féé@sﬂg the
field of application of constraint progranming tgo on |ine. pro 12
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No. 10], « Interleaved Depth-First Search » [see reference
No. 11], etc. It should however be noted that this last example
10 does not relate to a hybrid algorithm. It utilizes an idea specific
to local searches, namely of diversifying the search by
apportioning the computational burden over several
subsearches performed in a quasi-simultaneous manner by an
interleaving procedure. Each ES contributes to improving the
15 quality of the solution. The solutions are shared among the
ESs through a “solution log”. A “temporal apportioning policy”
enhances a composition by indicating how to apportion a time
limit to the ESs of the composition [see reference No. 5]. For
example, an equitable apportioning of the time between the
20 ESs of a sequence. Thus each ES will have its own time limit
allowing it to control its exploration. The TS also specifies the
mode of adjustment of the parameters of each ES: frozen,
progressive or adaptive adjustment [see reference No. 4).
¢ Requests 6. Coming from outside the system, the requests ask
25 for the time-constrained solving of a combinatorial problem.
Specifically, the requests envisaged (associated with a
primitive) are those of on-line systems:
> Initiate a search with or without a time limit.
» Suspend, continue or stop a search.
30 > Widen or reduce the time limit of a search.
> Give information about the state of progress of the search.
e A temporal control 7 (TC). The type of request imposes the
mode of temporal control (contractual or interruptible). The
interruptible mode is simulated by a succession of activations
35 of the contractual mode with an increasing time limit. As a
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8. -Korf 1990 system. They are also used for the adaptive adjustment of the
parameters of an ES. They could also serve in the case of the
10 autonomous mode of the temporal control. It is also the
temporal control which receives and incorporates the requests
during the search [see reference No. 5].
It should be noted that each component possesses a set of
primitives facilitating the expression of a search algorithm incorporating a
15 time limit. The TS and ES components make it possible to form the
relationship between a time limit and the adjustment of a search algorithm.
These characteristics are important characteristics of the invention (see
Figure 5, described hereinbelow).
Figure 2 shows the general architecture of an on-line optimization
20 system. It depicts two things essentially. On the one hand the search engine
8 which actually solves the current problem, on the other hand the decisional
module 9 which drives the search and which receives outside requests 10.
The decisional module instructs (instructions such as: invoke a search,
interrupt it, modify the parameters, interrogate the search engine), the search
25 engine provides results in return (solutions, current profile, statistics, etc.)
[see reference No. 5]. This architecture does not specify the way to control
the search, nor how to express this control.
Figure 3 shows the architecture used by reference No. 3. This
architecture comprises: a model 11, a hybridization scheme 12, a learning
30 procedure 13 and input data 14 which include a fixed time limit and a
collection of instances for solving just the classical problem of vehicle rounds
(delivery lorries for example), so-called VRPs. In this architecture, the
temporal control is static. It involves generating an algorithm which performs
averagely for a collection of instances representative of the problem to be
35 solved and for a fixed time limit. This architecture is very specific for the
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incorporates a time I|m|t explicitly, with e exception of the primitive 19

10 "lcTimeLimit" which has no effect on the adjustment of the search. This is
why this component is clearly differentiated from the TS component of the
present invention. The component 18 is different from the ES component of
the present invention since this component 18 additionally offers the
possibility of defining an order of traversal of the nodes of the tree. On the

15 other hand, it does not make the assumption of explicit parameterization of
the complexity of the search (absence of “parameter adjustment policy”).

Represented in Figure 5 is a time chart showing how the various
functions represented in Figure 1 cooperate with one another. The outside
environment fixes a time limit t for the search. As appropriate, this time limit

20 may be modified during the search. The search procedure having been
invoked, with this time limit, at 20, there is selection of a temporal strategy
TS, which, by calling upon selection rules 21, chooses a TS from among a
collection 22 of TSs. At 23, the time limit t is apportioned (t; to t,) to the
various exploration strategies ES of the TS selected as a function of its

25 associated “apportioning policy” 24. The mode of adjustment of the ESs and
the sequencing of the ESs are also imposed by the TS selected. There
follows, at 25, the adjustment of the limits of the n different ESs (ES1to ES,)
as a function of the “adjustment policies” associated with each particular ES
(ES;)) 26, of the mode of adjustment imposed by the TS and of the time

30 allotted (t). The various ESs having been adjusted, the corresponding
exploration limits each determine a partial traversal of SS (at 27), based on
the heuristics 28 and the model 29. The execution of the various partial
traversals is done in sequence (primitive “seq”) or interleaved (primitive "int").
This is controlled at 23, according to the TS selected. This results in (at 30)

35 the production of one or more solutions, or even of none if the computation



5 16.-Zi | bersteinl1996 Shlono Zil berstein. Using Anytime Algorithns in
Intelligent Systens. Al Migazine, 17(3):73-83, 1996. 15 CLAIMS 1. A
process for aiding the design of optimzation algorithns incorporating a

time limt, which process inplenents the follow ng functions: - a nodel
~defining the problemto be solved (1, 149), - heuristics for guiding the
choi ces of construction of a search 5 tree (2, 28), - a library of search

primtives for describing howto construct a conplete a priori search tree

(3, 27), ;. a lLibraty. rd i ti i bi i li.mi

explorati BWeolts 'Bﬂgﬁ'\éﬁgﬁg Ogr\#dtwﬁi %r\éﬁfegrﬂff ?ﬁf;}éoﬁ}ﬁﬂg'&r gﬁ’éwg}tﬁﬁp éggjdl}g?} rrgfﬁ sa,tdta- a

i brary obf tihe efetiands 2de82r 26 26 andrdfare okiainadaly Baqoiegc nabdeserigrd ti al
sear ches Bv(flh'eﬂ'ﬁlefnitigwi ng in the aforesaid library of search primtives and
descri bi ng’thé 'manner of adjusting the paraneters of each search (5, 23)
24). 2. The procebscerclysignnthe presenhinyentionmakasnt passiblg st nents of ~5

the lindts consisy igfbpdifatidifelbf PFoNCcRprdseiRte wealen edigorhweiential |y
in the search tree. 3. The process a?, cla+medf|n C a'{ml O{?&ﬁ vvhﬁ;eln t he
searches are made adBBPHNBLIRD BoHE Ml HigITARRWG' ! HP et tate Heyzen,

pr Ogrg_ssi vel or adaptﬂe‘é@jng’zﬁrp]dlthé'h@irﬁtéﬂéﬁ_éé ofisuch aigm'pihmei one of the

precedi ng cl ai s, rein the ipcorporation e. an
algorithmis done'?ﬁ%&ﬁet%@%&?ﬁ% richgegwr%i&a%%%’%@?%ﬂr%h)dﬁ%@ﬂ he
conpl exity of its seaitlclthe hosshulitprafcessingspaittaiofdbe ialgentbnmothatherigs ecedi ng
cl ainms,, wherein the eGt,Lon, 0 t tr g in&alh&n

sel ect1oon rules (21 &Jgng}%Swcﬁglfggges&%@ﬂi’g;ﬂpgoﬁrgﬁgg ge&?%%@?gm of

t emporal strategi es.savings.

¢ Incorporate the time limit dynamically to get a good adequacy
of the algorithm to the time allowed and to the instance and
possibly profit from advances in hardware platforms.
15 o. Extend the field of application of constraint programming to on-
line problems.



- 6. The process as clainmed in claimb5, wherein an apportioning policy (24)
associated wth a selected tenporal strategy (23) apportions the tine limt
to the various exploration strategies of the selected tenporal strategy. 30
7. The process as clained in clain15n£% 6, wherein the sel ected tenporal

" strategy conposes the node of adj ust t of the exploration strategies and
t heir sequenci ng. 16 8. The process as clainmed in one of clains 5 to 7,
wherei n adjustnment policies (28) associated with each exploration strategy
provide for the adjustnent of theRefgfencest the various exploration
strategies (25). 9. The process as clainmed in claim8, wherein, the various
5 exploration st s_bei ng adjusted, the correspondi ng Ilnlts of

expl oratla)ﬁA@%Féké‘gé‘?rgF % a partial traversal of a search strategy (27)

based on the heurEshags, OZBbrsﬁLﬂS‘/mbleteﬁ)Aﬁheé anal(Bo/fEh@arm perdiness cl ai ned

in claim§ ctl f_ the
o 8 et S ghbab o Qwséfﬁ‘?o@f?#@/zag G F¥audl Negy Bl

adj ust nendolpoWitdye& Sdid) 18890ci ated with each expl oratl on strategy, and of
the heuristics (28) are obtained by | earning and experinentation.
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2. The process as claimed in claim 1, wherein the adjustments of

15 the limits consist in indicating the branches to be explored preferentially in
the search tree.

3. The process as claimed in claim 1 or 2, wherein the searches

are made according to one of the following three modes: frozen, progressive

or adaptive.
20 4. The process as claimed in one of the preceding claims, wherein

the incorporation of the time limit into an algorithm is done through the
adjusting of parameters dimensioning the complexity of its search.

5. The process as claimed in one of the preceding claims, wherein
the selection of a temporal strategy (20) calls upon selection rules (21) and

25 chooses a strategy from a collection (22) of temporal strategies.

6. The process as claimed in claim 5, wherein an apportioning
policy (24) associated with a selected temporal strategy (23) apportions the
time limit to the various exploration strategies of the selected temporal
strategy.

30 7. The process as claimed in claim 5 or 6, wherein the selected
temporal strategy composes the mode of adjustment of the exploration

strategies and their sequencing.
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strategy, and of the heuristics (28) are obtained by learning and
experimentation.



