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Ahrtract

'I'him shont peper prememkn onr experence: i Fring
difexent lenedn of mirgration of CHH chnignens
wiih other mmiem companenin and Eech nignen n-
nide derision anpprort awtkemn for conkmiling emvi-
rmnmenial emegcen. 'The inkegration regnere-
mexk ab the bnved of nysem componenis s dimkin-
gnimhed Fom the mirgrablon mnireTenin ak the
vl oOF npexalic epw in the CHH probdem obang
ryth. e demcaxibe howe thewe anperdn b berm
denkk inside tno amiemm, CHAHMA RS and CAH-

ICA, and pant ont the inHnence of thin sork on
onr rorrenk Ak

Eepwords: interactive planming, comAatraint astinfie-
tiem prehler, feature weighting.

Intraductian
Thia paper preaenta mr experience inoming OHE tech-
nijued to develnn advaneed fimetiom in decidien ap-
pert ayaternn (TS5 for comaples dernaing, aeh ai 5
for comtrolimg enviemmiental eTaeTgeENCIER.

Tn rewl apphlicatiem domaim CBR can he efectively
exleated when it ia integrated teth with other tech-
nijed awl with other aoftware ayatern componenta.
That ia, firat frore & anfteeare ayatern perapective the
CBE prohblera aolving architectime often toiat eollah-
crate with other compementa depending on the appli-
catiem needh. For imtance, 0 & NE5 for comtrolling
enviremmental eraengencied CRBE meay interact with a
gergran hical nformation ayatern or with & dats taae or
with & extermal envirenmaent dranlator. We ahall call
that type of integraten “onllahoration™.

Secrmel, the CRAR techmolesy e can inclinde ether
techmicpien te ackdrean aome of the aem n the CBE
prehlem alving cycle [Aameodt & Plaes 1984). For
exaTaplE in the “reme™ aen ia heeoming macre amwd
TiETE comnTaem i e cematraint satiafaction technigmien
to adanit the candidate aslution [Purvia & Pu 1885
Wilke, Smaith, & Cunmingham 1993, Another sxan-
Ik A the application of featire weighting techmignes,
which are horrewed from achine lesrnmg, to improe
the aimilarity evalisation atep [Wettachererk, Mehrd, &
Aha 1987, Rindd & Aveaand 1983). Thi aeemed type of
integration will Te called “Sncluden™.

Ve have heen comeerned with theme two leveln of inte-
gratiema diring the developrent of RS deigned for a
aperifie anplication domiaine Aghting foreat firen Thia
in a complex detaam de to the fart that the foreat
fire evchitiom dependa em aeveral enritemmental vari-
ahlen amd can he peorly mexdeled, reanlting in imeer-
tainty awd incompletensa of the data. Mowover the
decion maker [the target st of oor Ayaternn) T
performy Aitwation saasarnent, Tafld & plan of fimt in-
terventicn, allocate amd diapetch TemmeEs 84 Ao &4
pemaihle, premed by the impewling damger for people
and thingn A domain theory that previdea & way to
comapite the efferta of & preciae decidon cannot exat .

Tn particular we have heen comwerneed with appert-
ing twrn haaie activitien performed by the wem of o
ayatetm! planming for the int intervention incaas of an
eTETEENCY, training for etnetgency menageTaent. Both
antivited Teata om Teswrming taaka that ate nanally per-
formaed hy expleiting eat experfewses o the domesing
which anggeata to comader AR technicpis 84 & com-
maem core. The effertvenem of ndang OBE, technicgie
fear e kly prenniding & draft aohtien to he adapted to
the cirrent Aituaticn hea heen peinted et alas o other
atudfien comeetnimg cHAR TeADOTAR Dlanning [Gervado,
Tha, & Tangley 1988). Tn order to develon effective
fimectiom we integrate CBE with different apecialized
technigped anch &4 teTaRetal Teaa It terhmiopie, Tha-
chine learning amd data vinmslization techmiguen

There Amecticna have heen developed awl teated in-
Aicle two deteomtratora: CHARATE, & ayatern aimed
at anppertmg the maer in the whole precem of fite fight-
ing inchedimg heth Altustion amemmnent sl planming
artivitiea [Rind et al. 1981), and CARICA [Avewsni,
Terral, & Martin 1997), & ayatern that mipperta training
feor intervention planming.

Tn thia paner we ahall explain weow we dealt with the
cifferent typer of CBR integrations defined ahove, m
the framework of there twn projecta.

We will comaicder the ollaboration type of integration
firat, them the incbuaing type.

We ahall comelude the paper with one kaon. OHE
can e really exploited nide & real application when
availahle aa & TThrary of fawctiona ready to he integrated
with the other anftware comapementa rather than a4 an



inlependent aoftware teas], 84 1t 1A TETE COTATCT TICGT-
maermial prexhicta. Theae comideratiom metivate our
enrrent werk nodeveloping & COBE CH-4 Tihrary, called
CBET [Avenani, Perind, & Rierd 1997).

Callabaratian

Thia aecticm diamaies the integratiom of QHE with other
ayatern comapenenta imide the OH AR ATDE and CAR-
TOA grateTm.

FPlEnning the first mtervention

Planming the firat intervention durfing & foreat fire erner-
RETCY, TEnTeER to Tk planmimg amd aATtmation adaema-
Taent accordhing to & preciae operationsl work-fiow that
in typical of sach fite fightmg onganization. Thih ac-
tivity A appeorted in CHARADE by & JBE planmer
whirh ® integrated with & gecgraphical infeormaat iomnaym-
tern [GT3), with & DAMS of the temmre and with &
mirnetical fire apresding Teckel.

The relaticnahipa etween the Ayatern componenta a
depicted in Figure 1. Tn partienlar the GTE ianages
thematic Taanping [reads, tivem, hasea, ete.), vinmlizea
the fire fremt evesluten, aa forecsated by the e apresd-
img Twcke], aned &llesen teo performn ATsEtial guietien. Thia
helpn the et in fixining the Apatial analyaia em par-
tiewtar 2omed of the fire front [celled alao aectons) whers
AoTnE &Ctione [water Aapraymg, control Tine, hack firg,
ete) hawe to he executed in order to protect peonle
and whishle thinga or @raply to oowtws] the fire. Thia
Apatial infermatien [Rector length and etientation, an-
remibifity, awilahifity of water reervoita meat the Aee-
tor, type of vegetation) previdea part of the predictive
feanturen nasd hy the planner. Other predictive feature
crmeem the fire'a phydcal parareetern and are ditectly
previded by the fire qresdmg racdel. Finally other
date, which are cemeerned with the availshility of the
rerteed lecated in the haasm clbaeat to & aector, are
previded hy the rermimee deta hae.

O the haaa of theas aenarin dats the planmer e
trieven camliclate plamm that can he adapted to the owe-
rent fire emergemey. The reanlting plan ia & corrent as-
htiem feoor the current emaergency and defined & e
allecaticm prohlern te he aolved hy anadditiemal ayatemn
comapement, the acheduler. The aohition cemapited by
the achedwler in a Tiat of ondera to he aent 1o the o
for renmre diapatchmg. This ewda the intervention
plenming precea aipperted Ty CHAR ADE.
Tramming for mtervention plEnning
Trainimg for Interventicm DlIANMITE ™TERNA to IEoTAcbE
the preeem of learning and iTapresring Dlanming atrate
giea amd tactich Ty Aremen. Thia kind of training activ-
ity in trachtionally performed by playing & Amnlated
ETRETEENCY Arenario tanilt on the haak of eat ceaea
Teachera of fire Aghting planning define & ew reafia-
tir aremario by explmAng & remaory of chasa

CARICA aupperta heth the activity of feeding & cans
hase of paat emaergencies, previching & apecifle Todnle

for caaen acepriattiemn, and the ceas Teae exnploration an-
tivity, previdmg & aeeomed Tacxdinle haaed on CHE. The
comanlety of the cae arfAnition phaase reatd om the
fart that the et i Taere familiar with & graphical rep-
rerentation of the plan where actiomm aw depicted aa
ARpTORTiate iema em the Taan, &4 it I8 trpical im & aifi-
tary domain. An example w given in Figure 2. There-
fore the fimt racdule providen & aperifie graphical teol
four thin type of plan dearription which & compement
of the cape emergency deactiption. The aacomwd Tiwod-
e preanides & ramge of Treowaing amd diaplay Pimcticoma
that make praaihle knewledge extracten from & aet of
caded. Tt allewd to detert depemwdencien hetween cdata,
anemire practical planming competenied, vanalize oom-
plex data, chiatering Aimallar caass. Theas Pimetiona Teat
cm the integration of CBR retrieval techmicpes with well
mocted machine learnmg techniier for electing e
vant feature, cluaering caaed and foren st g imkmewmn
valued.

Inclusian

Tm thn aectien we dearfihe aome exampled of hew ape-
cifle techmigpen, Auch aa comatraint aatianfaction awd ma-
chine leaming technigner, have heen exploited to -
preve acmiee Atepa maide the CRER prohlem aclving crele,

Constramt satefaction for plan adaptation

The CHAFR ATIE planmer, aa aenticmed aheve, metrieven
plam matching aenatio featirea reanlting from the
sacaaTent phade.  The camdidate plan nesda o Te
adapted to the owrrent Arenari: m order to yield an
exertahle plan. Thifferent apprschea to thin tad ame
dinemed in [YVeleas, Munce-Avils, & Bergmanm 19945,
Leake, Hinmey, & Wikon 1986), aome of them [ie
geneTative adantation) are not anitshle for intervention
planming in the fire fighting demainthat lacka & gemeta-
tive prohlern aclver. Tn CH AR ADFE the adantation tank
in perforreed notwn atepa. The retrieved plan meludea &
Aet of omatrainta, om titie and resamee wriahles, that
are antomaatically propagated and checked agaimt other
derriptive variahle of the cument Aitwation. 4 Arther
adantation pheas in wealized through an nteractive pre-
cedn of echiting activitied performed by the naer, 1ike in-
aetting/deleting antioma, TedTying action durationa or
temapemal Telatiom between pama of the plan. The Flan-
ner architectwre depicted in Figume 1 aleowa the uae of
& comatraint eadcming Techile that Teansges the oom-
atTaint netweork sariated to & plan and aupperta heth
arlantation atepa.

Flan adaptation exploita comattaint resuming tech-
nitpieA for mwxdeling the cematrainta on &ctiems aned
cherking their comiatency. Tn particonlar we foommed om
the teTaporal comadrainta of & plan. For examaple & plan
for cemtrolling the fire om & given asctor can he TTpTac-
tiral if the time regpired to performn it 8 greater then
the desdline waed by the fire propagation troeard that
Aerter, actioma can have it and Tesamam chira-
tiema, amd Ao om.
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Figure 1! The cemapementa of the CHARDF gratera. The Situatiem Asusarnent tacchile preariden & arenario dearriptiom
ter the CRE macxlule. The Planmer aupperta the mer for plan definition and yielda an allecation prohlema te he aeolwed
by the Reamee Scheduler. The Planmer incheded: the raae-hoaed resarmer, which retrieven [Atorea) pland from (o)
the plan menwry: the plan A W the data apare in which plam ae matalled: the action manager, that Tanagm
the waer rerpaeata to Taexd iy the plam inaalled in the plan apace; the comtraint resacmer, i which variahled and
crmAattainta are created and cenaraint reaasning algerithma called.

Theae comtrainth canm be macdeled in tema of
henmeled dhifference hetwesn the tite pointa cerreaponed-
i ter the artiema atart and end titeem. Thia defines &
AP prohlern em variahlen with cemtimena demviita ae-
cereding ter the formafizgaten given in [Dechter, Memi, &
Fearl 1981), the ao called Tempotsl GSF [TOFF). The
variahlen repreaent the actionaatart awd end tiTea. The
crmAatTainta are theas repreasnting the imitoem dura-
tiem oof &artiema awl thess Teprewnting the temporal e
latiemd hetween the actema. T the CHAR ATFE ayatem
we cemaideted & tractahle awhaet of the TOSP formaal-
amn, the Sitaple Ternpotal Prohlen fomalinmm that ad-
it & Aimgle tenmmcked difference comtraint hetwesn two
variahlen. Particular attenticon hea heen devoted o the
analrai of hese the different temaperal resarmimg comp-
taticms that can he perfermed em & TP [determining
the metwork comiiatency, comaputing the feaaihle timea
for the variahles of the netwotk, comaputing the maini-
mal network representation) can he hetter implemented
aned meed inoonder to el ciently anppert the interactive
preeyaa [Ferind & Ried 1983). Thin amalyaia taotiwted
canr tensatch om eficient algerithmos for the ineeETen-

tal updating of comtraint networka [Gersrind, FenAnid,
& Ricei 1904

Feature weighting for cese retrieval

Feature weighting ia & techmicme, which originatea froms
pattemm reregmition awl machine lesrnmg, that haa e
cemae pepilar in teany COBER ayaternn The CH AR ATDE

AYALETA R Tt 1o Aslerct n & Taeme ADQTORTALE way the
plan apphicahle in & given emergency aitnation. Ceon-
veraely in the CARICA ayatern, where CHE, i rasinly
nael for information retrieval pirpeas, weighting ia
atremgly infliewed iy the naem geals exprenasd Ty dif-
feremt cuuetien to the gratem.

The retrieval funetion in the CH AR ADFE planmer ex-
pleita & mwel apporessach to comapite wated neighhor
haserd em & Tecs] metric that we called TASM [&Sé:a.]
aAY TTNELHE ATTAlaTity mettie) (Ried & Aveaani 19046
T appresuch weatd om b beaie saamaptiema. The firat
eme [lecafity) atatea that the taettic ia defined Tocaly:
the apare arnmed & trial caas A TessanTed nAmg the
mettic attached to that cae. The aecomd one [aaym-
L) Atated that the distance hetween two pointa
& comtimena festire apare FoOa net aymmetrie, e
() # &lw, %) T fart we me two diferent
weighta for the T1eft™ and the "right™ ditectioma.

We alao provide & lesrnmg prexedire for adanting
the Toeal weighta to the input aApane.  This prore
ehime A & typical feedberk fenture weighting masthod
[Wettacheted, Mohri, & Aha 1997). Cur mexdel ha-
Aically implerenta an anytitne algorithmm [Boddy 1981)
that updates the diatame hetween an inpt caae ¢ sl
ita meighbiem depending em the tole of the neighhom
in anlving ¢ TF the meamweat neighher i can he med
crrtectly to anlve o the diatance hetween & amd i A
derteawsd [winforeement), otherwiae the distame he-
tween ¢ and fan R nereaded [pimishmaent). Thess tech-
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Figure 2 Fxarple of the graphica]l plan repreientstion wed by firemen. The five frent evolution at different timnea,
are drawn sa clensd lined. The black armewd inedicate the wind ditection. The wheled hes ioema repreaenta the diferent
artiemi te he performaed [in the eome where the ieon ia located). For ingance the oen laheled Q0 FPM indicaten the
actiem of water qpraying with & medinm tank truck, at the fire head.

nijued were filly evahiated throngh & et of expermienta
em pepilar datassta, s deactibed in [(Riesi & A veaani
1983). Cemeerning the fire fighting demain the wmlida-
tiem activity perfommasd by the final wer fooired Tsindy
cm the higher Tevel fuamctiona of the ayatern ao that the
effentivenem of theas retriew] techniguen foor the apesific
dlemaain waa only partially teated.

Tn CARTCA retrieval had not heen peimaanly designed
for clasaifeation or problern aohring, even ifthat can he
ampperted.  Betrigval roiat aatiafy waer'a infermation
negdn when & cuery in eeoted by the gratern and fes-
tire weEighting 1A therefome tailored for that pirpese. Tn
& Aeremiel applivatiom, when the wer adka the ayatera for
& graphical plot of & given featume the aymtern weighta
theme featuren that explain hetter the variation of the
inpit feature in the datasst [Chambers & Cleveland
1983).

Feor theas pirpesea we e itaplernented in CARICA
weight ing Taetherdh baaed em Tnfermaation Theery, T the
wAeT A frenged on & partienlar featire fp, amd hefdhe
in mterented in dincovering what other featimed ey ae-
cent for the tethavior of f |, then & atatiatical criterion
Ty he med to detert ach & dependeney. We hypethe-
Aize that the featimes that maeitiiee the “pimity™ ohjec-
tive functicma, which are waed for top dewn mchictiem
oof deriden treed [TRTOT) [(Weka B Hulikewald 1981),

can he exploited.

Canclugians

Thin alert paper dewctihen ot experience in dealing
with different integration levels of CRE techmiea in-
aidde TiEHA ceaigned for mperting eTenmewey TaA-
agetnent tadka, Aeh aa plannmg the firat interventen
(CHARADE) and training for interventiom nlanming
[(CARTCA)

Tn particnlar we have datimguahed & firat type of in-
tegraticm, that we have called rmllaboration, which com-
cerm the ntegration of the OBR modile with other
Acftware Ayatetn compenenta. At thia level the CHE
planmer in CHARADE milaborates with & G153, & data
haae oof rermiteen, & fite apreading macxdel aned & ached-
nler. The CBE exploration tacdule of QARTCA mblab
nrated with & todnle for caae aopinaitiem tanlt wpen &
aperiafized graphical teol for plan dearAption. A s
emed level of integration, called inslgion, ooncema the
expliatatiom of apesialized techmigmies Tmide the CBERE
prohlern alvmg cycle, aich &i comAatraint aatwiantemn
technignea for plan adaptation amd mechine Tearning
fenture weighting technigpiea te iTpresre the Aimilarity
evahiation atepn and ohtain & maere effective raae e
trieval.

Thin experene atitnulated & orrent prejert aimned



at tTersating the techmigen dearfihesd in thin paper in
& CH+ Tihrary, called CRET, allowing & fleadhle manlti-
Tewe] integration of AR compomenta into different | ape-
eifle real applicationa [ A venand, Perini, B Riod 1997).
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CHBE Intrgraticns Queatinme

. Integratinn name/vategnry: CHARATDE

Prriomoamwe Tadk: Sitnation swsament & plan-
T

Integrating Ohjectlvwe: Plan adaptation
Braaming Comwsaenta:
[teTapeTal)

Crntrnl Archi tecture! CBE 84 asater

CBR Cyrle Step(a) Supported: Fene, Revidon
Beprrarntatloma: Fimple tetaporal comattainta

Additlesal Resmoning Commeawwenta: GIE,
TBM3, acheduler, nrer [adaptation)

Integratinn Statua: A ppled

Priorlty future work: Tntegratom with decinien-
thesretic planmmg technicpies

Crmattaint Tesarmmg

. Integratinn nane/category CARTCA

Prriomoarwe Taak: Training deviee for mterven-
ticm planming

Integratinn Ohjectlwe: Tnformsation Betrieval

Beasming Compoassnta: Tnchictive  fentumw

weighting

Crvtrnl Archi tecture: AR &84 asater
CBR Cynle Sten(a) Suppnrted: Fetreval
Beprracntatiomna: Taer information needa

Addfitlnisal Braaoning Comapestenta:  Brewsaer,
rlats viknalEatom

Integratinn Statua: A npled
Prinelty fatume work: Forting amd engineering



