
Chapter 3

PETRI-HELP - Intelligent Support
for Modelling Tirne-Discrete
Distributed Systems with Petri
Nets

Aurhors: C- M6bN, I(. l'itscIke, O. Schrödcr, J. Folckes, IL Cönb.

t:$ke, nol, only $lulions lor t6ks SoNc additio dl work will bc dd.ribed lhar is ainr'{
nl cxl,rtrdi Dg l'lt I lll-lllrt,l' nrro thcc l,wo diretions. l'Dl lal_llDll' lsl i'o tl'e dcvcloP-

mcnl ot anoiher Bysl,€m: ' IPSD lor the deign oi Pndnhtic circuils. lliis 3vsrem will
bc l,rielly dscribed itr llt closi',gstion,

3.2 Introduction

I"tcllige l, hclp .y.icms dDd knowledge contrunication svstems ee cxp@lcd to suPllv

lh. u; wi , n,forn.lion tlDl i. sensitive to UE &tual Problem solvilg siiüalion dd
to the .clual krovlcdge ätrd itrlention! oI ihe u*r. DeveloPing this kind of svstens

rcqriro a vad.r,y of dc"igr d€isions, lile wlEn to !üpplv ren€dial ndormätion' wlat
ro su,,nlv (wl'ät derd, i,tc'amd_ Lc\'?), d ho{ ro Pr"*nl ir' 1lF 'r',"id"P 

of

r".,"i".-t* -" " ' 

*"i.*i.r 
"yshms 

by uns rriti.nllv dcne '13ons 
isfatorv solülio s l'o

Ir order to snpporl d6ign decisions lor tLe dcvelopmcDi oI o irl'elliadt help svsten'

. t1'6rcticd d;n,eNork ol prcbleü solving d lcaflins tu n&aled Wi(houf sücL a f'a

'nc{ork, 
dGisn dtrisious witl be la€ely trn',olivated Md ad hoc, r€ül(iltg in t svslem

sirich tdrds G be inconsi"tot, d;mcull to work {ith, ärd rot a@pted bv iß ülds Our

ISI' DL TLeory {!mDd& succ6 problem solvirs driven learni4l[@rv) is sucl a

lloretical franework. Iigures 3.1 4t3 2 8i"e.lri€I overvie* oI it Th€ ßPDL Tlrsrt
,1,€mpts to ilrtc8.ate imDals drivc! l6n'ntg 122,23,28,38' 42"131' st'Gsddtn lce_

.;"g 1..g., 12, s, e, lO, 1211, dd Ph6e. of Prcblem 6olvin8 114, l?1. Ac@rding 6 tle
Isidl;il';y 126,2?, 2.i1, ir ihe probt@ slvs is rGd sith a sel or pßsible soak,
lE or sl,c will conslruct ä dtution for a sdl, and the krovledse Ned ilr tlh Prolileln
solvn,s pro@s {ill bc deduciiveiy oPlinrized Güc6*driven ldnnrs) e ;t will be u$l
Dore eftciently n tuture (Figür€ 3 r)

'I'Irc t,&l,lcm solriq proc.ss consisii of four püas (Iigure 3 2): Tnc rrcbten solver (lS)
,/.lil,;id6 with ,tdult of choosins or ciatins a goal to Pußu€. Tlcn a !i'n lo redclr

tl,c co.l is 6r il'"si..l or lrÄ rl4r.d lrom ar orli"r p'ohlfln bv analo8üotr^ Fsoni"s
I,r.ri r I" r,tu is ,,*ure/, on rh. oblain",l 'dult is PuolnalPd. I'npNF nrish( r4ült "r'
u"u..i 1,"i,,t" l', lli" p'o"*: Tl'e I'S Disht noi bc äüle to choGe or lo ctote a 8oal,

or tl,e ;la' 6Dnor be creäted, or €xoculioo !!av rct bc to$ible, or tlc ol'l'dned renlt

'n"v 
tut L. sarßfvi tr. lt'.FSrPdts(o"',imPds"bv"',i''iugancsl"olJl"msolving

r,,i.,t*, ""i"s 
*61 hrar'a lit.I@kins for h€lp Nki s,ä d.l'"atins Asär"snlr'tl'"

i'S "'ar a' q,ircn-* r'o*hdge indüctivclv (in'pdsc drivctr leärnins) sol'e 
'nnvovc'ro 'e

rhe nrtrose a continue virh tl,e orisiMl I robld 3olvin8 procst. Dui 
'licrnativelv' 

Urc

n,fo dnr oblaind Drny Nl bc lebful btl @nlNnrS' so llt ldr'r ni8ll 'treütrlo 
a

sci,or dy i,rpusc l5l.

'Lhe lSlrDL Tl,eory l€ads to several deign principle lor a knowlalSe @Dn 57 trnicölior

systc{' (Fisure 3 3)l

. 
^ccording 

10 tl'e iLsrt, tl'e te ner *ill l@k for ard appreci'ie help il lß or sle is

caüslrt i;ar nnl d*, Without m iml * therc ß no ned lor lelp. So tl€ evslem

shoukl not inl,crrült l,Ic lcrn'd bul, oltd llclP onlv oq rqnest'

3.1 Abstract

An Intclligenl Prol,lem Solving Dnvircnüdl (l l'SD) h d.$ribed ihal ' pDort s trovic,,s in
learning to onst.trcl models of iime-dicrcl,€ disiribuled sysi@3 witl Condition Dvent,

Petri net.. The eFt€D, PETR! IlrLP, is based otr ä th@rcticäl lndevork re.onnneDdn,E
Ll, a help systcm slrcnkl ot€r hclp, lcl, ihe lcarnet sc rft-t?aoledre, d snpport
dilt€rcnt prolllcn solvins rndi.& In PBTLI'IIELP ihc learncr c'cni6 letr' nets for €ivcn
tdks,16t3 hypolhcs about thcsoh,lioDs (or frasmcnts of l.!'em), d ueivca feedb{k,
omplelions, and correlion propGöls.

In PET&I-IIELP, tasks de stat€d to the ldner ae sets of tcmporal logic lornn'ld. On
requel, tie syrte$ nndyG tle P.tri ret tngn€nt.rerted by th. l.nnFr dtrd i')to ns

the learn{ about tlE aclutrl {sub-) set of tdk fomtrls fullilled by tle .ür.cnt solution
propcät, ln .dditio., tlE syst€m reprsents rules that rcllct lcarn€rs'succc$ltrl slel\e
lowards t4k solülioß. Thes rüle tre used lor oficnrß complciions nnd .of.ction
n.oDosals. So tl'e 3ysten con.l tly nnprovd ibell üy lear.inA from ils use*.

Accordins to oür th@rctial frmework of help syste'n deisn s Nell ae €mpirictl sork
.lo!e witl PETLI IlDLl, tlß sydldn stDnld lho supl ort ,lonnin0, i.c., crcalirg an al)

stracl solulion ideä d postponinß ioptcme.tatioü decisions, .nd thc conslrrclid .f
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rEid, öI iü* pl'lg .än äsain bc omidecd ä @mtuiing of ihe löDr sübpl,'s. rbr dmrPle, rhc
iEl al dev.lo oC a ;n.cincdion of . syrcn m5y .alcisi öf tl'. süDhljs 'd./iö.slitr/ thcnln,s *l'at
ü, aftily), 'olnnnins' sl€rE ro pstoDn n, o(hr ro .l1* n dl*ilic.iiDn, "cxccüin's 1his dD, .nn

Il;gtrre:].r: ISP-DL Thory: Problcm solving and d.du.tiv€ knowledgc oprimizntior

. The l6rner shotrld bc prcve.tcd from knpping i'rlo secondnry impss ll^t hny
lcad .{ay fiom lle orisinal prcblem solvirs. So ,,re-l&ürelrr sl,otld be üsa]lc at
impNsB d müch d pGsible. II.lp slotld be ädaptcd to thc knosled8e sl e oI
rhe l€dmer, i.e., nelp fhould he ßer-oi,ented. This require eiil@ a learn.r nrdel
or tl,e pcaihility lo t$l hypoth*ß üo{t rl\e rolntion created (sce below).

. Ac@ding to ilß IsP-DL TL6ry, h€lp sbould be provided at di0er€nt lhses ot
prcblem solving becdF impNs may aris in dl phas.s. So n ltlp system shotrld

sutport deltö.sliag, dartrias, ..ecutia$.nA enolmting sohrlion prcpcals. Ilelp
6ln(ld be p.oblm phde orictrl€d.

Th6c threreqriremenh nre wcll met by leliirg tho lcärncr l€sl Ä'1dtl46 aboni [d or
his soltrtions or sotu[ion fia6Dent3, and set belp md propcats from l.Ie sy$ten J2] Tl,is
l6ve lhc etivity on rlrc learneCs sidc, tlt l.arner is not dhturbed by nnwanl,ed syslem
commeüts, )trt information is o/ttd lo lk le.,ner änd mÄy bc ob{aincd on rcqn6r.

S.6ndly, Iypollees tcsting mcnns ih iüe sysicm täkes m.otr.t of ihc ürer's nl6
od inlentions, tlat is, of his preknowlcdgc, withonl leditrg lim aw.y onto diltcrert
probleh solving p hs- Tlirdly, tle ht?othes teling applo.ch lnkes a..out of dificrent
prcblem slving lhd6 (Figlrc :1.2, ihi. qill be d;cu$ed below). We call sy,i.rn6 d6'sned
ac@rdins lo th€se üitdh Irt€lliscnl Broblem Solvins Dnviionoents (IPSDS, I2al).

PDTIU-HELP I25, 30, 391 is an IPSD dctisned to support novices modelling wiL[ Conlli'
tion-Eveüt Pctri nets, Ac@rdins to thc ISP DL Thdry, modcllnrg wilh Pcr,ri ntts is a

t.oblen slving aclivity cosistin8 oflhe lollosnrg strb-dtiviticar
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Fisürc 3.2: ISP-DL Theory. l'rcblcm sivirg phss ioductive }no{lcdge quisilio

. to dcvcloD spc<i[6l.ions ot eyetcms or rroccaß to üe r odell€d ('leltüe'di'd')

. lo plm a Pci.ri nc! durion for a sivcd.pccilication ('pldt"rd)

. tö mlually @Dslrücl, a Petri net {'etd.tl,rd)

. to cvdinr€ Urc resulling !rel,, for cxäülle whclh€r it m@!s tlc sPcincation ("eod_

So l.l,c 6kill oI tbdclli4 wil.h lclli Dcts mäv be deonrPGed inlo lour suüskills Thc nsl

"rlxkilt,locs 
rot direciü rof6 to UE enslrtrcl.ion ol I'cirincl's btrt to ihc dcveloPmctrtot

dpccilicalione for l,l'orn rlt oiher tlrcc suülkills refd direl'!, to l)ctri rcl @nslruclior'

""'"1.'hr')-;;;{r-;"'.rl.r,",r tß our wridL4 thr spdäL 
'on 

.itri* @nk rriont so

'1," 
odrcrj ,i J'fqdn phtr "i poll!m sol ns ä aivirie l'd a rdßne sLrrLü"



K'bw|.dS. üquß nn PmLLn lolvint

risure 3.3: Dcsign principles folb{n,s lrom the ISP'DL Thmry for in{€llisent knowledse
@omünication sysiems

h IDTLI IIDLP, th.le.mer cm c@ie Condition Dve.i Petri neis for siven tsks, tet
hyporh66, and Nlk for h.!p sd prcpocnls. ln tle rexi rcction se will describc oü
prel'niDnry empnica.l s{udi6 rti.h we did i! order to iDvestisäte ihe design trincipl.s
for th€ development of PETRI'HDLP. Then we wilt dd.ribe ihe mÄin omponents of
PIITRI IIDLT. 

^fter 
tlht sm€ enpiri6l work vilh PDT&I-llDLl' is Pr6enled- llrc

rsullt indi. e tbw PDTIU-HELP slo d bc cxienddt. TIE 6ltl, seciion describ€s work

^iDcd 
at lhscexten6ions. The n@rporaiion of r user nodcl, cxplanations' thcaysrcDdic

constrü.tion of net solütions, ud suplo of sp€ci'ic.tior dev.lopmcnt (LIe liBi ot tlE
fouNl,rkills nentioned above)- FiDally, lle @pü4(iom of rhe PDTRI IIELP Projcci

d its extension ldling lo a new syttem in th€ domäin o( pndmntic circuits will Le

. WIai, ki"& oI skrlegiG do subjets purtuc irr.odsirucl,ing I'etri nels?

h l,licsc strrrlica ee nbdc lsc ol tlrc Pel,ri net cditor dcvetoped by lhe MOBY I'rojut
Cu, p 1121. Fonrten strljcc16 worked n, sn,sle$,bje.t sdrions lläch tet'poral losic tak
tornmla ws writr.co o. a card. l'i8nre 3.4 civ6 an cxnDde

'l l,c s'Lj.cG re@iv.,l a sl,ori hformal d6criDtion ot l,!c lcDDoral lo6ic oPcratob, TIE
srl)jccts vdc slcd ii, ptrt eacl' c.rd dl, a ertab pla@ N sooD s tley &nsiderql ihe

firnula N Dcn,g fulliLlql üy tlic current siatc of rüeir I'etri mt sohtioL SoD€ ol llß
subjc.ß' nrhr&lions wiih tl\e sFl,€m werc vid@idped, 3o it wN pcsible ro Iind out lhe

$rbjc.l,s' dsociatioDs of formüld to I'etri trct lragd,ents

Progress conditions:

tr(WroJ 0(Ws^K)) Abb&vlaliolr;
Ws: Waiter is slceping
Wro: Waiter is ready to accept order
K: Iölchen got o.der
P: Meal gcts prcpared
R: Mcat is ready

tr (K -J 0 P)

tr(P- 0R)

Exclüsion conditions:

tr- (Ws 
^ 

Wro)

3.3 Empirical Work Supporting the Development of
PF}TRI-IlELP Iligüc J,4r Cards will l,elnporal logic lormtrltu d Pal, oI tle nrat€rial uscd h or. lleli'

nritary cnl,i.ial si is

^s 
sl,.l,{l canicr, vi.,.rl fron our lSlrDL'flr@ry tbc construction of a I'et.i nei to a Aivcn

l,trsk .ä' l,c il$(i[dl N consisrn,g ot syrrhcsizn,S ! l)16n, oxccrling il,, anl cvalur{i"8
l,Lc rcsüll. 

^.alyses 
of llc virleo proto@ls s[oNed tlrnt ttre sirätcgv trcued bv mvics

cnu I'c sunnrarizal [v thc lollown'ssrcps:

. Choose r lonnün

. Svnlh6irc a Pel,ri nel, frag'ncnt thät migli ftllill the fornrulÄ

. llxccul,e ttis plan

. lr{.lüatc tlr resült by ncl simüldr,ioü

. lf rccNary: Chargc ile nct

. Itq!: , thc prodss wil,l, anollrcr fdnnrla

Düring tlEinitialphdc of th€ d€velopnenl oI PETIII-IIELP, svcnl quclion. wcrc raiscd
which had lo le $lved empnicälly. Our preliminary empiri.at inYetisations w.re aitrE(l
at the followiDg qu*lions:

. Whrt dillicultics do 6pecially novicd hdve while @nstrociing Pelri netd? wlrcre
do lh€y ned a$istnn@?

. In order for a system to aalyze leünere' Petri ncl soh'iiotr proposals, a iask ,lcs-

.riptiotr or sp€ificarion is ne*a.n Temporal losic l2ll is r corv€nient mcÄ$ ror

speifying tnredtucrcle systcms, Furtüermo.e, sp€cifyi.g modelliq lNks ae sets

of tdporal logi. formül alloss to anälyze lctri net slütion lropotah Ly molcl
.heckins Gee below in tuorc detail)- But beforc puslins tlk trpProach, wc li&l ro
inv6tigate empirically Nhctler i! is fcaible for rcvi.6 al äll to work vith iemDoral
losic tük specin.atioß, d whcrher N€rs Äcccpt temDoräl logic trik st,.cilications
or reject tlem s incomp.ehcnsiblc, for cxdnl,le.
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The following kinds ol imptus wo€ oberved Fost treqüently:

In th€ !9 ,t6izc phNe, subj.cts cncoüntcred thc impNft tlnl tte r€aliz.iion of n
fomn'lÄ sc.Dcd 1o inv6lidrie Moilrcr formula aheüly ..alized.tulier, s ihcy l,el
(o reconsider lhe ca.l'e. rormuln(!). Anöi.h.r com'lon imrsse es thai il..y dnl
rc|, know how to p.ocd, especiJly in lüe initial ptse ol problcm slvnrg. For
cxampl., l\ey did nol, knor lov to exprds ä disjunctio il a Pet.i nci, ard :ome
of them 6ked for hinis in th6e sittröiions.

In the eo.lß/e ph6q suhjecls tendcd io lo* lrek of ll,e 6i,tul.tion so thcy (ere
vcry un@ ain aLolt {heiller to .onsider a lormula fnlfillcd o. not. 

^ 
relatcd

impdse wd that subj€cts lelt trncertaiD itr dccidnrg when llr n.t ws conplelc,

None ol otrr sübjdts had srio$ prcblcm9 with rcnding ll,c torlülü, so wc d not
consid€r it necessa.y to develop addiiionat material fo. dplairing ue tsl< specificaiionB-

Tl€ Dovice did not s@m to follov s sp6iäl etrategy in selectirrg dd ralizing tlB tcl
forDuls. But with mor€ dpertis! the sübj6t's .cl @mlrüction trocsses icrdcd to
be.om€ !!ore syst€matical. When beoming 'intermediat6", tlß subje.h stüted to lol
low thc d6ien strat.gy: "Fi6t implenent tlc lemloral losic implicalions. TlEr chcck

tl,c exclnsion conditiom-' (i-€., ihc @occurrcnce of lwo si.at r id dcluded, likc - (Ws 
^Wro), w rigüre3.,t). Wiihin tlti3 dcisn sirategy, ve were nbl€ to idcntity sevoäl d4itD

iielrü/i.s that tle snbjccts sc€med lo tollow. Da.h ddiglr letrist'c link . Dtogreos .on_

dition to a Pcki nct frngment. Figürc 3,5 ihows [he nine mosl fteqrcnt dcsign her.ill,ic
id€ntilied. (ror exmpl€,lh€ deisn heu.isiic \nerging' rays lhat a proaress condition
{ith lh€ patlem "D(', 

^ 
... 

^ '- 
+ Orf 6n be implemcnl€d in PDTIU IIDI,P a a

ret oI [le' labeled ,r, . . . 
, r- le.dins to a tlmilion lcading 1o a sl6l.e y.) 'r'],e dcai8n

hcnristiG fülly qplaiüed 40 ol54 ioltrtioß ceated by ou sübj€cis.

^.oihcr 
obsc.väiion wd thal with ih€ uicofdeign hcrrisiics, nrüjets tendcd lo cnconn

to lcs inrrßs in llrc evalMtioo phare. 'l'l'.y ,ioNid€rcd thcir soh,lion as con\,1,,1.] ß
sootr N n nel fragmcni had ben constrücted tor c&h prcgrcs ondilion, Conseqtrcnlly'
they tended to make l6s üse oI ibe tret simnlätion. Dut the d6ign heuülie workcd only
tu lotrg d ä{to äpplying thcm the exclusion conditions did not qluire LtE coNnbralion
of ny additionäl ons{.aints. O.€ oftle tdks reqtriring special artortion to the evrlD.
t;on conditions ws "tramc lights': h addition to apDlyin8 design hcü sli.s, thc.trhj€ck
hd to Dake sure tlat one lraüc lislrt is always ied. With tl,e tük 'hafüc lighis", lte
$rl,jects lEd serious problems, nnd bas€d on the formulü tlro€ w6 no {ay td ßist thcm,
They did alol ot t.ialatrd etur in tlri. siiGtion, n*'ns Du.h üse of lhc nc[ sirnalation

One of our sübjels wß d dperl: a omputer scienlist who h.d mrclr experien.e wilh
l'ctrin€ts, O{r n'a ohe.vnliond wde

. I'hc expert älso lollowcd lhe dcaisn strategy, "First implcnr.ni lhe tcnrpord logic
irnplicationr. Tlbn ch6k lhc c*ciGion .ondition..'

.  s Lo l,c eapected lrom lsP DL Tldry, lhe dpst äggregntcd @rl. slcF. [o.
exan,lte, rovie ud i',ic ncdi .4 cl'€cked the d.lüsion coDdilions one by on€'
l,ü1, ilc qtc.t took all ad6 @nlaining dtlßior onditioß at on@ änd cl'cck€d
thcnr'ir oü glan.e'.

. 'l'l,e cxFrl did nol wort &cordirs to thc dcsign lßnrirliG (ltisüre 3 5) N ctcady E
ll'. nrt.rmolialcs. Fot cxa'nplc, hc tricd to tecp tle ftrs e snnl,lc N po$iblc h
sou'c clvs lß skitpcd prcglcss cordil,iuns @nrairirg ll'c"Q" oNral,or, [cdüse he

consnlcrrd thc* fonnüld lo b€ lülnlled d a by producl oI llic rcalizalion ol ol,lct

So Ur otdr Bults ot ti6e prclilnindy studi€ witlt ßFd to tle design oI PETßI_
llDll'werc:

.Insomcsii$l,iors,noviclravepbl,L'nstuexpresnrglogicdoperaloc,Gpdiallv
disjunction, 6 telri net f.asmcnc. So tltere should be inlormatjon rvailable about

low l,o do tl'is, i.c,, llilrts tboüt lh€ ncxl, fcw ediliog stePs should lElD to ov€r@me

. Novics l,av. Droblcm itr d@n[!s vlcD isk forhüI8 de fulnlbd, dd wh.n the

ldk is 6nhhed. So the sübjets ahoüld I'e provid€d wilb inforDri.ion conc$ning
u,c cvalüal,ion o( $lul,ioD proDostls, like i ormätion about frlfillcd atrd nnftrUill.d

'l hcs €r,piricrl rdults ärc in eord @ viih our desisn lrntc'ple for PD'l[l IIDLI':
Thc ftst Droblem noviG hav€ onld be addre$cd by prcvidiliS onipletion or.orr€ctioD
proF*als. 'l'his lakes mcounl of llß l@rer's slüiion pq)osa.l ff nnrcl, 3 tosiblc, so

tlrc bdnd l!ü l{' n,ake o ly nri,rnMl cl,angcs lo l,is os,l)cnl. I l,e *qnrd rroLlcnt coukl

l,c üldr.ssd by tGlina hyl,olluca d[o{t frllilled dd udrlliltcd forD,uld. In llis vnn
tlt learncr rndy makc use br [q / l,is pBkno{ledge becnüsc l.hc Larn€r sp.cili6 wlEt
tonDulae hc or she @nsiders tulGlled by llE prcpGal.

3.4 The Main Components of PETRI-HELP

I'li'l RI IILLP @r,Risßof ihc tolluwirrg,"n,toncnrs:

. 
^ 

rqt,rcnccof rnd.//irs,dsts. D&1, t!s,i rcq{ireslhc crcalion ofa Pclri trct nio(lcl
tor a tnne-discrctc dishiltuted syet€n,. Deh l k ß specitt€d 4 a eet oI lemporal
loaic lormuld so Petri rcl rclül,ioo p.opcak . be ana.lyzed by modcl clle&irg

. A r.t altto' fo. onsrrtcliüg and siDnbrhg Pelri mls.

. 
^ 

hwtoLLcsd Ißt cnrironn.r, where lh€ PS may stat€ hy!ol,$4 nboul tle lsk
fd'nüld trlfilled by l)E cürrcDt stät€ ot Urc solul,ion. TLe syrtem gives leedbek
6[oüt the üypothesc.
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u(x-+ 0Y)

x.

O-n-O

tr(X+0(x^Y))

o( x -+ 0({Y1

El({X1 
^-.^ 

Xm)

Fisure 3-5: Dmpidcally ob*rwd dsigtr b.uistica

A cof.I'ktion anrl en tion.,mlunell whith on lhc PS'i reqrcsr dclivcß rropcals
Low io .omtlete or to corrcct the crrrcnt sidle oI r Petri nct. Tlrit .onponctrl is

bdcd on rults l€d.ed by tbe system from tlt ßolütion Propos.b of otl!.r learncrs.

Wc will derüibe €ach omponcni in türn.

3.4,1 Modelting Thsks

In odcr for a syst€'n to give bch tnd ß mort to a PS, il musl be able to Nalyzc ll'c l'S's
$ltrtiotr io r giver tsk. So a tdk soecilicltion ü lec6sary SPeciliations fot Pciri tut
hodellins tNks ärc not very common, cven in tcxlDooks (e.s , [35, 36]) Pc{ri rct3 tend
to Le p.$mtcd N slutions to t ke d€scribed i otntlly. DxccPtions are for exanrDle

JGko (l9l wherc l€t.i nets arc üsed io qdify ll,e sem.ol,ics ot @n,püter archiL..-tfe
desoiplions, aod Oldercs 1291, vhcrc l)chi neid dcnN tle scmanlica of l,roc.$ terN
derived from irec specilications-

l,DI ltt IIOLI' corhnß a scquencc of lcn nrodelling !dks- ('rhe list ot tsks @üld bc

.itdrlcJ csilv.l II. hrirF n Jl r.nt. Ircl,,i n'l solulions lu tl's Sivo' iaks Eul'
ra\ ir sr*.il",l N ä ri ul r.onl'otrl lusi' Iolnuls 12ll As nx nrion'd LcIn'". iLis allos'
t o vd'ti l,clri nci soh,lion DroDosals by Nodel .lEckins 18, 10' rol- :l'his is done bv

irL!,rciing ll'c icn,t,otal losic tor ds ö l,Ie ce g'aDh ol thc PS's Pclr' nel' P'oposal

1251.

llißuc 3.6 (|cfi, sidc) strows rtc temporal logic sP€cilicatior to tllc npdclli'g tGk "lle'

"r..irar Izol. l,'i,iallv, llF wriler is ble"Pn'8 (sldIinsonJition: wsl o'O.O "rlF
r-,-.t t"O".n.rL.'" l tormällv, o n,cans "al*"vs" ('r! is äl rvs rruc (har' _) o

-".,i'" "^.iL'^iry" C"." "t dr. so,". poi,n in turürc ir will b" rruc rl'a{ '1. ah'l O
n,eans "rext{nne ('ai ll'e nex[ point itr timc ii will be inE tlnt ') So for exa'lple
_urw, 

' OW'"i' ,tr-nu" informallv, 'll is alsavs küP !h..t il rhc sJr"r sl@ls UFn

lr sitl cül'ln.,lly li r^Jy b ü..1n 
' 
o'J'r'' Tl'' winduk o rl'" rislr! of l i8ü'' :l tj

bn!^irs tlle detüiplioN oi (lE aübtevi ions üsed in tl'e fortnüls

l.iaurc 3.6: 'ttrtpornl-locic sPdilical,ion of l,he nrodcllilrg tdk "ltdt''u'ari" ot l'lß t6k
scqüer.e ot IDI'ltl IIDLP

't hc tacks in l'lt l lu llltl,t' dc !&liallv o crcd cordnrg b fivc Nllcllilrs goals 't lis
,, ri.J urJc' r cll r ln .tr r r,r clirn inary v iew -Lour PsyLllllüBn al i ak enrPhrilv lna6i g

iük onrr'le ly J'oulü dl$ l"al lod, in '.tu"ia 
idl dim'ull'v 

^lllousl' 
w'JiJ no!

"msüc 
!l;is.mDi'nal I'vporl'"sb kirl'in iÜP p''je't, i! "onld Lc invebtiBaFd *iLh d rGl

it'"oai. ar,r',,a.1' (ie lta(l' n$dPtd urd Lv 140l'wil'lrd@snirivcconrnlairvanalr'is
(i.c., [$,3a1), or will, n *l r,l'orctic dPr ro&h (i c,ll1])'

LIc live mod.tliMs Aoals &e:

0ercrl9llon : ßestaubntformuros: Roslaü.dnl

D6crlption ot Pl6ces :

vls 4 w.ltlrl..lcplnq
wro e w.ltlr Ir r6dq to @e0t ordör

Wß ä Wrlrer It r.odu lo $ry.

P A l.l?.1 sölt Dr.p!r.d

Storting Condition:

Prog.ess Conditlo.s :

0(wrcr(o(w!^K)))

o{ R^w3t(O wrs ))
o ( R ^Wro 

r(O \'{rr )}

€xcrusion conditions:

o(w'Ywo-wrt)
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n) 'Aiomic fodnula": to .reate nek lor impli..tions wilh an alo'nic lorDuh h l)r€misc
and conchßio. DxäDple o(ws + qt/ro)

ü) 'Conj,,nctions': to.reale nets lor implicaiions with conjrnctions in prorise and
concluoio. Dxample: o((A^ wt J ol/ro), E(' 

^ 
ö) i O k^ d 

^ 
d)

c) "Co.text': to deate n€ts lo. impliatiom vitlt tlE lde alon;c folNlü 
'. 

preDisc
dd conclnsio. oxdple o((4 

^ 
ü)+ o(. 

^.))
d) "Disjunct;ons': io cr.alc nets for implications conläinins dtujunctioN in pr€m'*

d / o. conclNio N well. Exdple: B(d v l') + O (c 
^ 

e v dv. 
^ 

c))

e) '^ddiiional constraink": to crcate nek Ior sts of fornuls requirng special nt'
t€nlion to rlc cxclüsion connitions (€x.n'ple two tlallic lishts. In &ldition io l.l'c
Bücc€$ion of @loF Ior ceh tEmc tiglt, th€rc is ih€ onsträint ihat one källic ligl){
must ahays l[ Kl.)

The pdtial ord€. of nodelling goals incorporatdl in the 6eq{erce ol P&TRlltELP me
delling teks 

's 
shown iq lisure 3.7. As 6n }! @n, ihcrc d€ idks for frodellins natüral

sysacm (tou. sc6ons, püoiosynlh6b), t€chnicäl syst€m Gaillwl, ihcrmNlat, .tr|.oüatic
tock difiercnlisl, trafic üshis), social systems (6taümt, libr..y), .nd systcm coniai-
ninA te.lnical s well s scial üpets iieleplDne, AaraAe). It woüld be no dillculty lo

Figurc 3.7. rdtial order of the PDTIU IIlrl,P modclhrgtßks
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3.4.2 Net Editor

lri4,re ll,8 d.picl,s a snlpsiol ol tl$ PEfltl IIDLI ncl tdilo. a sohtior propcäl of the

'll$i,n rdl,r lNk. In a Couditiotr_Evcrl, I'otri lct, chcls rePrcsctrt pläcc (condilionr'

star.cs). .nd rc.l.arß16 re-l)resnt tldFilioN (.ve!l.s). IIE .ondilion rePr6cntcd bv a

plnc is truc iI the plac. @ntains a iokcn. On ilc lctt of l'i8urc 3.8 tbc tools lor edithg
arc slown: dcleln,g, sroving' nanring, üeating pl@, l.aNitions, drd Nc, atrd letling
lokcns. Id addiiio . tlEre is ä iool for snnülation.

-Net;n€sioomnt-

m
a
9

@
,/t

o
tr

1
5I tat+

liigtrre 3.8: The PDTRI IIELI n€t ediior

3.4.3 Hypotheses Test Enwironment

Whcn r,he I'S is enslrüc(ing a Petri rcl to a Siven ldk, h€ nEv srale lvpoll'ed abour

vn :h süLsel, of t[c r]rmuls is itllilled bv the etuöl sta(e oI tlre solüliotr. Tlti. b don.

by :clcrting l,l'o rcsDccl,ive ldk fo ntrls (F gürc 3 9)

fhc 6y61,.!n llEtr &Dlyrc tl'e tdk formuls hy nodel cleckiry. 
^5 

the resült! it rclurns

tlrc lqmuls lunlbd aüd not ltrllillcd by ihe cütetrt sla[€ oI l.he 6obtiotr {Di8ue J l0)'
i.c., ii partitions lüc a.l€cted forFü16 inio the l4get 3ubset of lordüle lhe l'etri net

sol',tio p.orcal is a model of, ard tlr€ $t of r€mäining fotnulü

Our ten'tx{al losic allows for bra,cl'i.s tinc md makd u'e ol slcp scnrartid (cf ll0l)
l{" rcn,";,tirs is il.lidcd n, thl'le 1. I'hc l,cD\hrnl-logic formulN t e idtcrlr€rcd otr {!e
cde Arq,l, of llrc Petri nci $lütioD Propcal- A pdt of ilrc cse graph of tle net of

Fieür;3.8 is slDwn i. liiCttre:111. Fulhcrdore, 
'itrce 

I'DTRI IIDLP ii rdtri.icd io

CondilidlDvcnl. l'cki nel.s, tlE n,odels nrc dways fini[c atrd *lnllv cvclic



3.4.4 Completion and Coüection Componcnt

Bded on tne nodel cbccking .pDrdcl!, PETRI IIELP cnd idom thc PS ähöüt wlat
pads of th€ t6k sp6ifrcätion äre fi'llilled hy lle .nrent state of ihc solul,ion Th€ model
c}lecldng omponent do6 noi tcll tbe PS low to ontinrc with il'. prcpos or how to
corrcct it, if the PS is caa8ll in m impse and ilocs Dot know how lo pro.ed. Tloctorc
itr PITTIU EDLP th€re is .lso a conpletion / @rection component.

When a PS tu d€nting a oü6t Peiri nc( 1o a Sivo t*k, for exmple' by applyntg deign
lEu.istics like tho* in Fisnre 3.5, t[e sqNn@ of inierm€di.te P€tri net sohiion iintes
occuri.s is n,umo'o,,ai. wilh rsp€t to the 

'et 
oI Iullillcd form{ld. Tl'nt tu, a fornnh

fullllled nt . @rt.in siäto may be unlunlkd at a latd stete. ln Scncrnl, any .Ian8e ol
tb€ Petri net protG6l will reqüire tle wholc ael of tsk formlls to be vsified ägain. So

if rlrc sysiem would dller @nDlelioü prcpGds bascd on c'npir;cal deign hcn.istic, ii
coutd happen thal pr€vio$ly fulfflled lornulm would bc unftllillql agnin ät latcr stngd
ot.ohtion devclopment.

I<,{o .) : I ill V I'c l'öll,((r) vj € I': I(j(Ä)

Det: . Iq tu nod€ #i in the cd* sraph, Ki ir a st of alons

. S(KJ := {l(j I Kj tu imnediate'ucG$. ol nodc #i in ilte cde 8rrDl,}

Table r: seüaDtics of the tcDrpo.al loai. üsed in PEII.I-IIELP

Seloct€d T..t : "[ett.uronl'

t c-dr I

fi"---l

m
&
4.
o

fic{n! J.0: Sbrn'c r Lypotldis: 'l'hc PS t'n.ks tbc tNk tooruld le consnlcE Iülnllcd

by tle cürrcnt stalc ol tlesolüiion Prolosal

'fl,is ; ündesirdble bsa$c it vitl caüsc s@nday impcse ard confurc the !ovi@
PüUII llDl,l'\ qlDrod! to llis problem is to idcntifv $lutior stales thai füllill 6 supeF

sel ot l,[e ldk tormuld üat werc tullill€d by the Pr€vioüs state- Who a PS 
'onstrucis

a I'cl,ri nct, we call r solul,ion s{äte sde

Paih(KJ := { (j1, - ,;) | Kr= Kr 
^

Kr,+1 € s(Kr',) 
^

r{r+, G {Kn - r(r) ^
(s(K,") = 0 v

I X, € S(K;) | Ke € {I(r, ... Kr"})}

K(a^1,)=t

K,(avb)=t

Kr(s+b)=r

K,(-.) = i

Ki{o a) = r

I{i(o a) = I

itt

ilr

ilr

iir

K(a)=t^K(L)=t

K,G)=tvK(b)=i

l((4= tv K,(b) = t

Kda) = r

ir S(IQ = 0 ih€D f
clsev Kj I K, € s(K): (j{a)

ill

ifi VP € Patl,(Kr)3j € P: Kr(a)

if il is lhc stnd,n€ släle (i,llc ctrrpry nct), or

iI ll,c lNk tonDuld i,tlillcd by ii arc a prcPcr suDcrsct ol tl!€ tdk fo n{la lullilled
by tlc previous 6ale stale creätcd l,y tlc PS
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wc.an defne lßign ril€r whicl!. be n*d for co'nplelion äxl
l'lcre arc t{o kinds ofd6isn n,lcs:

d) rcti + ncr,r, wlide Dcli atrd lelj e€ säle dolütion sl,at€ obtÄio€d by the lS.
ncl F Fr, n€t, F F, d l,-j I Ii.
lj, F, arc snbsts oI the lNk sl)eilicdtiön.
Aficr rdhing n.!i, ncij is rlE vcry next safe srat€ re&lGd by
lhat PS. Tlrt is, thc PS did nol rc-1, a !etr' .€k F llr' sml, tlFt
Ij)Fl)Irn

Il tI. &rral dotuliotr rtate ol thc l'S b ncir' tlteo llle diller€r.e belwen n€tr d neti
can be sdl l,o DroDcc . trci codolciio!-

II tl,c aotual solüiion state ofihe PS isnelr, and therc is a rülc "Dclj F Fl dd Fi r r;,

thc dilteren@ between ncti d nclj (tl'e pdl oI neti rct @Dlain€d net,) c.n
b€ ücd lor a @rr@lior DroDGat l)löd, trsnsitiotrs, drd ärrows that have lo b€

tl,c dillcrcDrc lets@r nctj nud Nti (tl!e p t of neii nol. coutained in rctJ cär
lle {rd to pmrorc a @n'pl.iio : !l&6, traNitions' d örcw$ ilut lav€ to be

lliAtr.e 3.10: F@db I to tlrc I'}?otlBb of Fieüre 3.9

'flesc two lypes ol d€ign rüld ar€ le ned by tlE ty3t€m troD inier.ciions of l'$ sith ihe
sysren wLile cons[rncti.g Pelri trels. li one xrode, l'ttllU_UDLI' do6 tlodcl c[cknrg
.Ii.r @L.dititr8 Etep ot ihe PS. lfd lew sato solution siatc is id€trlilied, tl€ two tyDe
ot rul6 stdc{ lbovc arc crdt.{

ly ssciatitrg i\e Lst salc state with tlE cüd€rt satc statc (nle lype a), dd

by ssocialins i'E currcDl sale ltate witL tle *i ot tormulA it is ! mod€l of Glle

Tlle l.wo kinds of rnls l€arncd üy tle sysl,em dc lbe b$is of tle co'nPlcliotr drd
or€clion propGals Sivd by th€ syll€m. By makiry urc ot lh6e ful*, comPletiotr od
coiiectiotr prcplMb ü.ke sürc tlnr pdioMly fulfilled fonndd remnnt stblied, ihus

svonliüs scond y i'npds6 dd cont$ion of lhc ldncr.

liisuro 3.12 sho$ a @mrleliotr propGät somaicd duriog tle develoPmeni ot ll€ net of
lriStrre 3.8. TI'e r€@mtnendälion i. to ndd a tränsition @nnetdl lo tbe Pla@ P bv d'
ariow leaving frcm P. Tle risl't of Fignre 3 13 shows atr €xä'nPle for a conPlction atrd

co(ection proposal. If l,lr I'S dks for infot'narion for the ncl oü lte lett of l'igurc 3 13'

the systcm re@mmerds
Figure 3.11: Part oI ihe cde gräph of lhe Petri ftl of Fisure 3.8

Selerted Iösk :'nestölrnnt'

(ffit
t nort-l

f- si;;l

lotnlled lomüla3 ara :

Nol fullilled Formulas 6re:
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/,

o

Figür€ 3-12: Completion propordl

ll(, wql anü I'oß"t {l'l (dax{c,l "n rl'. i,8ni or Fi8 r" 3l3l'} "l(x 
^ 

W") -
rl'1. änd lo dctcF i,1,. arow ftun' rle nlä( W'o [o lhc k'nsil'ion witl' Prdl' ll
Wru rr',1 a, -, nry l,crrr, (J.nolcd or, tL' ngLl ol lii8üF 3 lJ l'v'llR 

^ 
wo) '

r).

I'r'rl lll Illltl' r('n1a(6 co',,r'1"lion r d .oii"(lio propGcls su'lr l'l'äl !lrr s'nÄlldt Pos

sil,l" p,,'n,' su;dsr ol rlF;.rn4lly füllllhd rorhulN is tulfilled ll'c 
'@oh 

(or tl'is ic

tl'at i1," I'S slF.ll rc€;ve onlv rninimal help inrorN'tioD l'h ß sullicicnt for him to

ov€rconE l,l,e er,tral irnpGsc Figurc 3-12 slows a situätior where the ldrer gets onlv a

snrallamorDt ofnrtonnätioü, wherd in DiSn.c 3.r3 alor trlore intornation ie8'vcn Tlic
rcaen for lhis is rhat lriSüre 3.13 3ho$ a l€s conmo' siruaiiotr vlrcre onlv fw rulcs

l'.". I'ec. lca.ncd Ior l,v l,hc svstem. Itr gcndtl' llß ämolnl ol nrtomatior dcliveftd to

thc lS on rdllet dcper& on {h€ üoütrt of leaorirg ol tle svsl'm: Äs long d PDI Rl

IllrLI' [N rot leamed much, th€ r 6 lq'd lo bridge ltree gaPs in ilte dev€loPnert oI ä

l,{t.i trci solütior. Btt the t,or€ I'DTßI ttEll' l6rnt, tle straller lh' saps bidsed I'v

l,hc rnlca icml to 8ct, dd so lds inform.l'or t€trds to b€ d€livercd l'o llE PS ai I tine'

3.5 Empirical Work Supporting the Development of
PETRI.HELP

With l,l'e lir6{ vcßiotr of th€ imrtc'nented svstetr, ve cond{cled empirical ntvetiSations

within a L$'npul,d rden@ Dostqüalili.ation courle lor tc&hcE, nrd a prelic courre lor

slkl.nrs. Wirh rte nnplemcried svsl,.m' oüt mait qtdtions wc'e lo lind oül

. ho{ l,lE sübj€cts made ü* ot ad c€Pt€d U)€ p6sibililv to test lrvpoi\ct's md

lo gd fdlba.L aboüi. trlfill€d and ünfulliued lomülN'

. trow thc sul,j.cls nadc use of d äccePt€d tL€ coürtlcl,iotr / turecintt ProPosals'

Tlrc subjects pari,icipalnrg in l,lE !r&ti.e cour* frlldl ort än evduation 5h@{ vl€rc tlEv

{de 6ked l; coülErl o' t!,eir imPüs and on their u* of the varioN l'DT&I_llELP
f.atur@. Most sübjecl,s sere äbl€ to solve rlrc wttole seqüen@ of PltTIlI IIDLI' talG
wit\h . Iew hoüß. We fouDd thal, tstin€ hvpotns wd ond€ usc oI lrd eceded
nnlclv..vo aft.r llc lul'jft ts 'lnn.J sonr" dPrai* W' Propos" (h^( Il'" r"6on for

!lri" i; l.L.l 
' 
eei. inB tee,l l,- k al,ou I fulfi llc.l 4d u n fullilleJ parls of ülrr rdk srsill'ar ioü

directslhc sültjccl,s; atlention to wlcrc lo l,rdced {ii[ t'l'e tek, bul'v'rhotrl lorctdlir€

lr conl,r*!, Urc.om clior drd @ücction l,rotsals werc l6s vidclv usql nnd a(cpl'ed
'11,. sul'je,'rs' commcnts irt'6tcd Ural thorc s@mcd ro bc Urr€c redoDs for l'l'is:

. In sevcr.l.ses. l.lte suDj@ts did mt @lsider the nrfodnation re@iv€d d plaNiblc'

'l hcy !äd problems to w wlv tle ProPosal so d tÄke tlsD a 
'tep 

turlher' ln some

cd€; lley ticd to s.llexplain tlE nftrnatior sivcn I1, bul' somctime thcv jusl

Figürc 3-13: Compleiion d .orrection propGd

cotupleling t ßitioü:
to add a hanrilion wilh lhe pr6et {Wß} and thc posiset {Wo} ("Wß r W,'
on the ris\t of lfigure 3.13), ard noother trassition wiltr the pret {Ws} and tl,c
PGI*I. {Wro} ("W3 + Wrc' on lhc right of Fi$rc 3.13)

.omrblt.J amGr lo add .n arrcw from thc iransition with lüc pll*t {lt, Wsi
a.d an empty pGisct tlcnoted on tle risht of Fismc 3-13 lr "l(R 

^ 
Wü) - l") to

rhe new pl c Wrs, d .noaher mow from ihc transition wirh l,he prdct {lt, Wrcl
and an €nply rcisel (dcnoted otr thc rishi oI li6no 3.13 lJy '(& A Wm) + l")

leL,mg orre@i to dclcle th€ arrow from tle pla.c Ws to llrc k.nsilion vitL tres.t

m
ü

4"
o

rmn Phc.(') ro Pl.ce(s)

rrom rmnritlo r) to Phco(s)

rtum Plr.e(6) to T..nduo.(s)

60 6t



lieurc 3.14: Corrcapondctrc Letwecn llt two l'ä rcd graPlß. llach rod' n' lhc goal

s;ph corctuts ol a rb*l of tlrc Bct ot tpccilicarion lormtrlN, '&l' norL h thc äcl'ion

!"opt' i" . t'al .a 
".-t.a 

by the ud. 'l\e lir*s b€tw€n lhe tm Srapls link sods
to n€k fDnlling them.

3.6.2 Model Checkins Bäsed Explallations

ln I'EIRI-IIIILP. thc followins Lwo kind6 ol sih'al;ons lcqnirc cxDlnnäiion':

. wlry is an unfullilled formnla oI the lsk specilicäiion ir f&t trnfullillcd?

. Why is tle &lu.l @mpl€tion / @n€ction ProPGal in fet oPced?

TIe nprrolcl' implcment€d in POTRI'IIDLP i' con.dned with l'lE li'st kind of explAr

tions i;why not; cxplanationt. lt would Le edv thonsb to dtcnd tlis aPProa'h io llt
sccond lind ol €aplänationr.

ln order to do ihis, it, would bc n@s6 y to slow

. dr., additional formuld would b€ fnnll€d if lhe $er .ce-Pli tb€ @opl€tion /
cdf,ection Polosal

. o,,, tlEe formlls woüld in fdt be frdfilled atte. .cccliits thc lror@al

. uÄ! ll6e lormulG e oo, t,llilled Iy [he present ncl-

In our empiric.l studi6, wc olserved that hüman tuiors telded to cxptain rnfülfill€d

follulß i; lhe l€rner by simdÄlnrg (Parls of) tle oei. 'thal is, tbe f&t th't a füNRl
b not sstisli€.] is vedfieil by showing il6t a mükins stnte of ihe net cÄ' be rctln'l
tlRl, violstG tl,e formtrla, TIE modcl clecking b6cd expl.nÄtion co'npoDönt of PDIIU
UDLP imptmenle lhi6 €xolalation pattern. lnform ion ß giv€n in ä slepsise m '€r
Lee l32l f; dddll. Tl'is co €nonds [o otrr ll'turri.al n6ir.ion rl'nr onlv G 'nnrl hcll'

i"r.'*"ri." "t'.rt'i 
r'. ci".r d n@lpd to rG.lvc rhe Ylu^l impass" Lv 

'clt 
nrl'h"äl'ion
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For y trniullillcrl fodnuläof a liypotlicsis, llE learnq may ak lor d expldalion {"wlrv
is this fomrllr rot satislied?"). tle qptaDalion componenl dsüm6 always qtrdrtilied

. Otr l,l'c tult i€vcl ol cxpl 
'atioo, 

lhe eyslem iüoiN thc te mr rhat it ie Pdsil,le
Lo reel' Ä nßrting sla{e dt tl'e rcl wlerc tl€ formula is rtol truc. lhis i'Jormation
nhy alrcady sumce tor tle learner to tee why the tormü].; tu fact {rfüllillcd' 60

lre nisl,l süop eki.g for rurüer inlormalioo here.

. On the sc@nd l€vcl ol explanatio., the fotnnln b de@m0ccd In .@ öl an im_

pli.alioD,llß ledncr i6 ;.lonned tlBt a müking 3tate of the rct miglrt be reäched

l,lrat with reepdt to U,c lornrda is to be inl,crpretcd sd.h thai lle prenrisc ol l,he

forDula is true, [ut ils @N.lüsio is tror. Itr c:* ol a cotrjunc{ioq thd l€nLd is

i',lolned tl,at a stat€ .an be @cl,ed vhere ai leat on conjuftl tu fabe. In .e ot a

dis.iuncl.ior, tl,c lcn cr is inturDed ihat a siaie caü be tdclFd wlere all disjrnck

. Otr tle rhi(l levcl of cxpldbtion, {hc l€amer k ilfoined abonl tle redoN for lhe

sil. ion d*dibcd on llre saond level. TIit l€vel of €xPlNation nake use of tl[@
bNic conccpts. dcadlock, circle, and altemalivepdsible "Dcadlocl' m@$ thät

l,),e reMr lor tlE tormüla behs ünfulfill€d is ild. the ret may twtr a sinte vh€rc
no trandition is able to fire. In ce ol an imPlic.lion, Utis rnds tlat a si.ic cdn be

rcel'cd l,lbt corr€ponds to ihe forlrults Plmi* bcn'8 t.ue, it's conclüsio bei.g
Ialsc, and.o l,rusiiior ablc to firc' "Circle'meaDs tl6t thnt tlE rmn for l,le
ton ül! bctß n.Irnlbd is tlat a circular sdldence oI m kins slalet i! posible 5o

lü^l, .dt.in placd rn.y rcvcr 6ct tokens ln cEe ot an nt+li.ariotr, tlris mcans lhat
dl sl,ä1,6 ot tLis squcnce .oiicsFrd lo ihc to.nrula'3 Prcnirc bcing l.üe bul, i('s

c"nclNio benr,< fals. "Allerndtivc posiblC only nppli€ for imPlicalions @nlainnrg

thc 'nclitimc' opdslitr. ll says il, ilE rcMn for tl,c lormnln bcn$ unfültillcd

is tnat a nerh'8 statc is possible tl6l @rr.spotrd. to tle formula's pren:i* Lcing

tru€ bul, il's orclüsio beina fa.l* bdsue it may rot ncccssarilv itue h tb€ ndl
lnn€ sl,€p (oüly at som€ ldie. tnne stcp)

. rüntly, on th€ foü.1,I lev€l of €xPlmation, tlrc seqüen@ oI ha.k'rg stai6 lo.iling
l.o lhe sitü iod ddribed at l.[e tlird level (t]bt i', deaitlock' circl€, o. nlternatile
pGsible) is visuaLized lo tl,e l€dncr by nei .nndätior so lh€ leamer can s )rcw

l.l€ .rii.i6l nDrking slateG) 
'nay 

be lrouslti ä$.nt

3,6.3 Incorpotatirg ViewPoint Certercd PlanriBg into PETRI-
IrRT,P

^s 
sl,Ätcd, Lt'c llilrDl lhco.y md.q)hicät dtodid lcd ro a co mor inplicaln'r fltr

lllTlll llüLl': ll€lp inlormalioü slbuld bc provi<led on a levclmore abtr ttlbnpl&6'
l,ransilioE, md lilrks l.lft intorrarion sl'oüld su?Dort Dl nirg aod I'vFl'heca l'eeliogot
pl s cpccially ai lhe early sia€€ of pbl]lcm rclving, d'd it should snPpot tie stcPwise

transformation ol pläns inro norc dcl.ilql ors, uDtit a slülion b reäcbed



Wc invGtigarcd Än appro h devcloped by Oldüog [20] thÄt allow lo t@ifolm . task

{caoiptio;(a specificntion) iri.o a c.rdition'evcni I'chi nct bv makins üsc of inic ncilial'c

spdinc ions d wcll N " rixcd lemß' (tcnns @,npßed of spcilldtio. fragnrerls and

Petri net fräsmcnts)- Bdicrllx thc intentiod oI Oldcrog is to düive ä dd.ripiio of
lhc opcratioMl bchävior of concür€nr proccaw Ircnr n st oI logical formülas a,c.ifvn'g
lh€* Dro.6s. A t. sformrtion begins wiih a set of formul$ and @nstructs a prcc6s

term f.om il by tramlorm.tion rtr16. TIE pro@ss l€rm exp.*s a possiblv conctr(cnt

Droccs in än äbstr&t proer:mmirg langra€c. A Petri rc|, witl as cxplicit r.pr6cntation
of concürenct defines ih€ semmaict of the pDtcs tcrh. It cm bc derived frcm tI' tcmr

by net cons{nr.l,ion tüld. So r dcrivaiion cltnin ca. bc @Irsiructcd frcm tltc ipeciliGtion

Based on Oldems, Wedis [44] r@nuy develoPcd a metlDd for ihc de.iv.tion ot Petri

nc(s lrom trec spe.inaüons dirtrUy eillbut using proces l,edns- Ilased or this work

lr slormatidnal lteps wcre intcsraLd ioto PDIIU ünLP [15].

3,6.3,1 Viewpoint Cetrl€rcd speciffcaüion

TIe spftilicatior of a pro..s is stnl€d in tree logic (i e , Il8l. 
^! 

a simPlc cxarnplc'

Tabl€ 2 sho$ a po$ible lreelosic spcciti.aiion of (a vüiant of) the "Rcailuränt' lNl
which ee will call "Bavarid Bie.a ten':

ftace of events in the "Bavarian Bicrgartcnr':
w* @ @. wb- K. P. @. R. Wß. W6. @. Wro. K. @- P ..

ftace losic specification of th€ "ßavariän Bietsarten":
tra@]. {I(, P, R} € prct(K.P.&)+ 

^tr&e I {ws, wrc, K,Ir, wß} € r,rcI(W3.wm.K.R wß)*

View oI kiicl,en:K.P.lr.K.P.R....
view or wnit..: Ws.Wrc.K.ILWß.Ws.Wro.K-R.Wß.

l,y t@kin8 .1, il i.o'r dilroctrt vicwpoiük (like lhc kil.ltn's vicwpon't and the vai[cr''
viesroil( olr exdnDlc, sce llE lower Part of lable 2)- ll'us spccilicdions oI con' ex

sFtcnrs aü be @Niructed by eqtririDe tlE kMwledgc frcn tlE lsents P ti.ipdnrg in
ir.

3.0.3.2 Vicwpoilt Ccntercd Planniüg and lmPlenebtaüion

I'r ordor ro nsc {l,e trenslorß:l,ioMl aDDr@h sil,hin PETRI_HI'LP, scvcral si,nPlilicrtions
sde malc- l'igürc 3,15 sllows our gral,hical rcprcsrtarions of rcnre transtorma[ion nler'
LL lhcc rep.esentalioM, each rule lE tlre Pa.rs lhc uPPd pdt ontaiß tlE Dam€ of
l,hc rnl., tl,c 

'niddlc 
palt 

'nay 
@niain .onditioNi md tl'e lower !trl,contairs ä slal,.men(

'Il,c parallclism rul. lE no condilior lt vtunölizs l,lE €qüiv.len@ ot ä cotrjunctior of
tcnDs S .nd 1 (S 

^ 
T) to two sDccili.a(iom S and T lhat hale to be impl€menl.€d a

llardllcl ncls, Ot ttrc PDT&IllELl' sden, se nay create lwo toal regions labclcd l,v

S and f, whicb have yct io be i,nPlemdlsl lt Pelri nct frasmcnts. TIu' a soal r€sion

ropGcnls a spccilicttior of a tdk or 3ubisk lbe gddl to cEte a Pclri Dci fGgmdi t\al'
k cqüivalent io ihat qJ€cifical,ion Ilre dotlcd crGsillg line beiweer ihe goal re8ions in
Fi*ore3.15 mc ll! U'ee tEl,s viltha'c to be sy.clronized (whiclk 3pdilied bv ihenct
qnrLnrarbn rule)- Ior dnü\tc, äPplyiiC the P.rällclisrn nn€ h the k&€ spccilication

oI tl'e lJavarina llierEarl,en ir 'lbblc 2 lea& to t[e Soal regiols slDwn in li8ürc 3.16.

Now l,l,c l,wo Dcl,s lor tl'e kiic!€n nnd for tlrc tailcr c be coNtrücted sepa.atelv ud
syncllronized later. l'iSüre 3,1? 6hdws stePs in lhe .onslrüction of the 'ldlchcn tet"-
tiicurc 3.1?^ slbws iis +ctili@tion e , sonl resion. 'in'l(S)", tle set of trdt pMible
cvcnl,s ol a pro6 .pecified by S, misht bc dpiy (d€ädlock, nol slown)' corh one

.l.nlnt (lhen tlF 1".fix rü1. h cppli.alJI"). or mo'c lhd o',P clmo!! il'a'dled Lv !b"

""r^m,,n ',,1.). 
Sinc" inir(!rar" I 1K. l'. Rl ( Pret(X PR,r) - lKl. r.l'e Prfir ruh

appli6, gcnerltin8 a plä@ leading to a ttssilior labeled witb K leädtu8 to a goal r%ion

aari ?3 n (Iisure 3.1?b). TI'e lcw soal rc8ion reDreents tI€ kilcLen dtd LävnB received

u ordd from thc snit€r: "I(.ir@ I {I{' l', R} € prel(K.P.R)*'. Fi8urc 3 17b rePetrts ä

mix€dcxpr€sion. Ndt, thc pr€lix rule i! al plicable again,leÄding lo lrisnre 3-17c. 
^flerllü@ applical.ioN of ll€ prc6x rule ([igD€ 31?d), the oxpr6sion "K-P&l.ra.e I {K' P'

ta] € prc(K-l'.ll)*" will be oüiained sLi.l, tu equivaletrr to the oisinnl dPr€ssion "tra@
I (, l), lL € Drc(K.P.lU*". Thrs tl,e recußion rülc is aPDlicnbl€ (witL S subsiiht€d
ay "tr e 1 K, P, Ia € DrcI(K.l'.R)*', änd S'suktitüted by'l( r.lt.trec I {l(, P, R}
€ l,!cf(K-P.R)*'). The recursion rule stat6 ihat if a spccilicatior S is €qtrivalcri lo a
rnixc<) expre*ior corl.arnrs. spccin@iior S', and S and S' tr€ equival€trt s wcll' ilen
cl,dsing thal rtrix€d c*prdsior by renovbs S' dd iniroducing .ecüßion still keps it
.q ival€nt to S. Figürc 3,Uc lhovs the Güli ot it! npplica{ioD

Table 2: 'l}ace and trace losic specincstion oftüe "Bavarid lrier8arten"

Tl'e üppc. pari of Tnble 2 show a pGtible trm. Ws, Ws, K, P, t' Wß hdve tlrc same

m€anitrg s in !-isue 3.4. O denotes thinss ihal may l'pPcn bür a.e ol no cotrarn llere'

rrom the kitc\en's vicwpoint' lld€ a.€ only thre r€levnnt evcnls. I(, P, l] T[is h
exprcsred by'tr@ I {K, P, R) € prer(K.P.&)+', vhcre I i! lle prcjftlior opera[or'

md'prer(K.P.&)+" is {r,It' K.P' X.P.R' K P R K,1(.P &K.P, K.PILK P.&'.. } G is tlre

cmpl.y tra.c). Snnilarty,ll,e wäiteCa Doitrl of view is ssucccsiotr oI slcenin6 (W4' hkn's
ordcF (Wrc), psiins tlEm to ihe kilchen (K), bcins tol,l tl6i I me.t ie rdlv (lt)' d

ftom a knowledS€ acq{isition persFctivc, an dltrtuLive feäiure ot trme sPccilicnt'ons

is ihäi ihey emphsize the äcqüiiil,ion of the knowlcdge ne.dcd lor tFcifvinß I sy3tett

ir@ I {K, l" ll}
€ prer(K.P.lt)+

tre I (wr, w.o, K, n, wß)
€ prel(Ws.Wro-(.&.wrs)*

(i?
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Iigtrr€ 3-15: Som€ traNforbntion rul€

3.6.3.3 ViewpointCentetedsynchronization

Who trets Inve b@D created for ditterdi vieq oints, ih€v c [e glucd lo8'ilrcr to o 
'

sinsle rct by th€ net.onbination Nle (Fi8ur€ 3.15). Thc let conbiiation rulc cornbtr€
ne; for th. tso views in Tüle 2 to the nct showo in llisurc 318b. (K and & are ihe

Bylclmnizin€ trditions,)

Usina l,h6 trffiformation nppromh, dillerent stmtesic are lcsiblc' be.aüse wc cat lakc

a look at the two dilter.nt views ol Tabl.2 sio ltdoNlv atd tlüs avoid Lh€ parällcliim
nde. The lesttt is shown in figurc 3 t84. Altünätivclt tle.o'nlonerrts ol a nct 6n
b€ d€v€loFd in p ället sd .ombined late. (Iistrre 318b) li more coDplex exarnP_

ls, itrtermqtiate stratesiG bclwen mMimd sequentialilv and mdind rardlelism üc
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3.6.3.4 SuOporting plarnina ol I'etri nels iü PETIi.I-IIELI'

Tlris dec(nD descril)s I'ow tüe lran$Iornr ional aDproäcli 'an 
süpport' lc ners ir @

1, ll l,Lc led er do6 ddl trov lD{ to Drocced dd a[3 lor a conrDlction proposal' lle
sysl.n' n,ay üf.r lrDdl ilgions (d illüst.äted in lisules 3 16 d 3 l? s lßlp) So tlre

ldflEr is l)d cd vi[l' ddcrilnioos of süblNk' vel, io bc aolv€d, ud wiur recon]mctrda_

tions lrow io dccorrpce tlc isk irlo sübtsks Thns tüe svsicn! trill 'ot [c rclicted to

llclD on lhc lcvclot rlad, lransitions' ätrd links'

2. l'hc lcd.e nry state l:,! otieses dhonl gel resiois, \tot onlv ahout P€tri rct hagmenis'

So tl).leamd uay gei n orhätio! wlel,l'4I€ ot slrc is "on tlc righl' lr&k' 'l verv eadv

,,lnn',itr! s(a(6. F;r "vnn'nlc, r.hP hanFr mäy dk !üe Fv"r.em it i! is qrltropriäie [o

i,-r'i 'r'i n.'r,t"", "t ribl" 2 inb rwo pd'nllel ornpoo'nl' {Fi8!rc J 
'6r 

wirl'oul'

l,"lhcrn'g nbo;[ wl,a! t[".onpotrenls will cxetlv look likc at this Dlanning stägc So

rt," k a.-. Nay lxtponc i'}plcDn'lxlior considdations and work w'r[ p lial pläns and

3. 'l'he lcamcun.y ruei v€ dir6t güidar@ iD Petri net coMtr{ction bv {!i'!g the tra$/or_

n tiot .nIü as n k while oür lodel cb.ckirs npPro&I dlows ior /tue, lumNtrained
pr"l,ltrn *lvn:g t ccause evelv solution proPosal cM bc andvzed bv l'he svstcm' llß
irarsL,rmatioral approch atlorvs ihe lc nc! to cr€ale a lctri nei $lution br stepwisc

^'-t-"Lio"ot'r.i,to.tl^!re,i',"sJsr"marnal.dqiBl'ior'al 
sav All'irr!(ivclv rl'e

'i"*r.',".ri"r 
*t." -" .t"o 1," oll"Frl d dll"trrtions lur oDnl'i'iun I'opcals s"""ra

L, o(ld to IiDd oul whcllü ii is f@nLle lor novid 1o u5o lhe transformal'ion ruLs lor tl'e
,ldivälion ol a I'el.ri net. sc ca.ricd otrt a sirsle subjcci.h'dn Tbc 

'ubje't 
wö a Dovi@

.t,nrxrrilg l'cl,ri n.ts llorlskwdloücrtelhc"rßr rant" nci vil'lr pa|nr nnd I'cDcil'
usnrx,{rapiiol rcpreerl,alio i oI the iräNlormation ruls d slnwn in l'i8ure 3 r5 fhc

"'lrj*i ri.pl.a r '".xi'r.tly 
p allel siraiegt Slle neded sone äsistd!@ tor aPrlvins

rlrc p"rdLclig'n and rcc"rslol rüle, slt did not nDtrcdiatelv renl're ilcir alplicabilii'v lht
in ß;rcrd, ste l,a(l no scriors problctrt virh ilis lek Tlis prclndi'&v ßull' susscal's

ll,; ihc auprceh is fcdabl. d aluis for suPDorling mvicc l'el'ri rcr ddiEr'

So tl'c r,rÄnslormdtion aPproacl ß a @ünd bdis fo. lel'litg the lcaoer expres initial ideN,

r"rtid nluß. lG[ hylurhB"s dl,ou[ lhcrD, and '.oive Prol'GäL lrotrr l'lrc svslqn r! il'"
1",". t-a rt'" i.or"* i" 

"n"Ll"d 
to l.t,idk about sPsili6uotrs ( ,d "mixcJ lcrms.)

wil,hort trottErin8 äboüt tleir imPlendidl,ior lron ihe l,%itrnir8 Tlß träßformdl'ionäl

arrronch d sia[; [erc w& imPlensrl.ed for lhe ltrpos of PDITI-IIDLI'llSlbut' td
rol, yet Len tcat€d enPirictlly

3.6.4 Srpporting tLc crcätion of task specifications

I', I'D'l'RI'llDLl', l.lrc icüDoräl losi. apProeh allows iLe analvsß of anv .olution propGal

.Gtcd tJy a PS Ly model clcckir8, 30 il, suPf'ods frce' dplotativc, {trgtiüsl Prcbldn
s.lvitrg. ;fh. l,'e; b8ic al,t,roa]l allosr tlte dcdvdtion of a sdlul'iotr aDd fiü allows



systcm ic, rule gnnbd problem slving. ThN ä(ordjng l,o oft th@ry, both altrotulEs

Bu[ ncilhcr appro&l üdmß ihc prcbleft of sp4ü.aliot d.utloPnen, TIns, with
rdpcct io o!. Lt'oreticsl framework Ge liisurd 32 änd 3.3), llie !.oue'n sotvins levcl

ol d€äöcmri,n r€mdN still trncovcred. Thit me.nt tlat thc l6nei slDuld be suPrortcd
by PI'TLI-HDLP in g.n.mtin, ihe steifialion of some sFiem or proces Then l,l'e

P€1ri net soltriion cMted by th€ le rcr {ould be.l!€cked agaiNi tli6 ipecincation. In
asisting the leüncr lo d@te a tpcification' tlß s$ten mry h€lP the learner and IclP
in a dialoe to ncqnne dd lo itte$at€ the knowledge need€d.

Wc dplor€d lüe pGsibiliiy iha[ tle syitem's dsisiuc€ in the developncnl, of a task

spdili4tion may be organized a a Soctätic diä1o8. Collins l9l dcvclopal n sel ot dial.s
Nle th.i w€ tlrink cän bc u6ed to eovem this pro*s. Applidl b rhe tsk ot üeating n
tdk specilicÄtion, sme oI Collind rü16 ln be rsiäicd in lhe followirrg {.v:

1. 
^sk 

lhe u6cr wl6t asenh will be involvd h tl,e sysl,cm to be sp€cifred.

2. Ask the uter abonl th€ slatca c&]i age.t cän be in. Tlis will Icad l,ö a scl, ot
d!.nl-state-Pais.

3, Ask tlE urcr äboui wlicl' ag€nt-siale pairs are ütrtudly cxclutiv€

4. Ask lhe $cr abont shat ns€nrstatcPairs, or oljünctions or disjunctions ol asent

sia[€-priB, lead lo what.orequent lgctrt sht€-pdiE, or @njns.lions or disjrn'ti
otrs of ägent-sratepaiß.

5. Iror sny agcnt statepti. or conjunction or dkjn.ction ol agent_statePairs th.r llm
ber spci0cd s beins a @nssNence of sme ollrcr .g4l 

'tare_Pair 
(s), Nl lt€ üser

Nlcthcr the corsqmnc€ is dpeted to be trüe in thc next time stcP' or w[cLhd il,

is expcctcd lo be trüe at some latcr Fint io time

6. Ask thc user äboüt tlE cotriunci oI a€cnl, siatepairs expcci..l l,o I'e t.uc in lh. lirst

Ttrc lisi lwo qüGtions ac tr3ed to Btablish ihe alonic tomüld of l,Ic taek sPecilication

The tl,i.d qu6tion deliveß inforndtio abont the d.hsion dnditions. Tlre .Nv€ß to
quBtions 4 and i are med to caiablhh the progEs @ndi[ions ol tlrc tdk .pe.indtiotr.
Qtretion 5 l.i$ .o &qtrirc infornation ndled tor ePccifying Ule temPoral logic operalo$

Finally, qu€stion 6 eslablislE lhc slnriitg @nditioD

3.7 Cooperations

From lhe MOBY Proj.ct C.ouP we rGived a tot ol supporl .rp.c'allv in l,Ic ead'cr
phd6 o{ lhe projcct. Th€t p.ovided N witl lhcir Pelri net c(litor so we wcre abl' to
do oür elrpirical in!€tisntions. Depecially flans ltlehc!,hek Eave ß a lol oI 6upl'ori
con@rning theorciic.l prouens which had to be @lvcd lor ilE d6ign dnd dcteloPnFtrt
.f PI|TnI IInLP.
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nrtl,dnrorc, th.rc wü.ooDüalion *itü lle.nldd JNko and tlEsrouP oI Wcrner Danm,
&nr@.ni',s lhcoretical discüsions s vell ae pr&rica! süDpoi nr [l'e dei8n d inrple_

n,crl,alnnr ol l,l[ No{lcl dKknrg aDpr6ch

Il'crcwd älso @op.ralior with ]trtsl_ßndi8or Old.rog, cooccming thc;,'tegrdlion of llc
transto ral,ior approacl in(o l'llTRl_liltlP. ln sterd dk.$sions he ]atieDtlv answered

onr qtretion' änd orcvidcd us will! a lot ol addilioMt nhteriäI.

Wc tl,nnk W€incr Ddnnr,IIds flciltlhack, len rdd Jcko, and Enßt_&ndiser Olderog

lo tlcir sttpor! ard tor l,Ic vcry liehful dßcu$ions,

Ori,sidc thc üniversil,r l,Ietc wd eolr€ration viiü llE ContPeletr@ C€trter Infornratik
(CCI), MepDcn, @n.€rnins the development of lrclp lor nedical peMfttl beirs lrained

nr 
'c 

$e of E4{idl m.di6l eqüiPmeni BGcd on specilicatioN ol 
'nedical 

€quipm€Dl

tor snrgery we receivcd frotn tle CCl, wc developed t€nporä.I logrc tdk dsc.iptions so

}ctri Nt elütion lbuctl0 cd l€ coDstn'c{qt, a fedbacl änd @nptelion prcposals

c bc Bivcn. I' .oopcräiio! sit\ ttre cdtrcatioßl instittr{e ot tl[ chaDber ol iMustrv
an,l connncr@ (llildürßswcrl dd Deurscl,cü ltdü'trie ünd Itmdehtäscs)' {€ .ürertlv
(lcvclop PULSD (q,ieumätic Leürins and SiDulatn,s Drvüonmcnl), N Lricllisent Pro

L,lcm Solving Dnvi@rmeni for the doDain ot pNumnlic .ircuits, bs€d or tbc lolndntioN
laycd h ilr l)Dl'ltl utllP prcject. Tl'e {ollowirg sctiion will provide a bri€l decridion
oI I'ULSlt.

3.8 PULSE: An Intelligent Problem Solving Envi-
ronment for the Domain of Pneumatics

S{!v.räl cl,d'I,.ß ot iDdustry and qrtrn,c@ (including Olddburg'!) otter I thr@ vcar
lran,nrg lor {hdc b.ilrg c rployed d 

'neldworl€$ 
lendnrg b a ndl..r craflstratr's di

rknnd.'|1,tu couse includG !50loürs sdiotr inparlins ll€ bsic onc€Pts of bvd'äntne
äNl pncümatie. Drc to tle fet ilBt o.ly lew läboratorica €xist wlEr€ the participanls

caD n,.tre practical experience ir t[Gc strbjects, w€ vde ökcd to develop .n inlelligqt
l,roLlem solvirg environDc'r[ lor ihe domain of Pftümnli. circuii dev€lopmcnl. TI'e sv

slc 
' 
sloüld olter ldk dcs.riptioüs ir lLc way U'e pärticiPants d€ used lo, od 3üpporl

tl'c developlncrt oI rclaled pneunatic circuit6 It shoüld ollei the oPpor[unitv to tesi

llypotlBcs äboüt th€ 6rr@lnes of tle deYoloped p eünrntic circuik concertritlg llE tdk
{lcscriptions, atrd it shoüld oller leedback dd hlp

I',l,l,ce irainn,g.o(F€ l,ydraülics aud pneunstics a.e talsl)t s tiDe disüel€ aod sinte

,liscrel.e sysieiB. No diltderl.ial eqüäliont üe usd to d$cdb€ ihe belavioür of tlc
syslcnl. coDrtoncnts- Tlis lclcl oI absl,r&iion fostered the ndlptior ot tlß 

'neLhods 
usd

n) lll'l'tl.l-llltll'lor tdk d6cril,tion ärd lyporlEscs tcstbg.



3.a.1 Tbsk Description and Solution Development in thc Do-
main of Pneümatics

ln ll'e l'rtining s€tion ot l,lr@ @üßcq rsk ddüiptions in U'c domain of l,ncunrnli.s
a.e D.@nl€d lwo{old, 

^ 
deüiption of the rituntiol the problem n isd in b support.d

by r fomal fuctioml diagram which dsdbes tlE irtdded dymmic beh.v'our of llE
pncuDnlic circüii 10 be dcvcloDql. Theslution isto bo dcveloDcd ae. pnenm.lic .ircnil
includinA sever.l pn€umati. elemenh like hlve, pmp3, .ylirdd, $itche, and pipd
con.ecting lbee elemetrts.

Lik€ PET&I-IIDLP, PULSII olteß sev.ral tcks ibe prc}lcm solvd may cloo& Iion,.
'l hese tsks de prcscnted io the way ile prcblon slveß are mcd lo. Thir inclüdcs
a lo.mal lunctional specili.älion (3 6!!own in fiArre 3.19), dd n lexl {lsci[inß thc
sih'ntion. For the developtneot ol r soh,iion n grapl,i.al cditor h nscd wl'i.I ofeß tools
lo inserl, dclcie, mätriDülat€i änd @mp6e elements ol a pneümatic circuii G@ figurc
3.20).

3.8.2 Hypothes€s Tbsting

In äc@rdano with thc ISP-DL tho.y, the problem solver hs lhe opporrunity Lo slale
a üypothesi! abont lis aohtion proposal äi y time, This b (lone I'y mdrknrg tIGc
pdtr of the lün.tionll dia6.am wl,ich ddcribe thc behaviour, lüe rroblen solver ßstrnca
his circuit propNal Bhonld hrvc, 

^s 
a fecdbäck ihe lrypothdis is rcl,rrn€d in a sep.räte

window vith the {üllilled behävioü. müked h sreen, atrd th€ utrtunlbd märked h rcd.

For .)rcki.g hypothM th€ fu..tional dediplioü is traiforned to tempor.l logic for
!nnl@and ihe pneumaiic .ircria i! han6fom€d to r finiie6late atrlomator lriil. 'r'his is
done hy conDci.E lh€ finite statc atrtomä'3 *hich d$cribe ihc po$iblc Dehavh of ll'c
p.€trmatic cl€m€nls. Aftcr thät, model chekine täkd pln e chccking the validity ot lhc
fomüld &.ording {o the linite atate aulonaton. So il w4e pGsible to apply ile appro lr
ddelopcd itr PmRI'IIDLP to the domain oI ptrdnatic cir.uitr.

3.8.3 State of Development, Experie'rcas, and F\ her Com-

'lb date, PULSD include severdl tek de.r'plioft rrroblefr solveß may choose a.d work
on. This is supported by an editing environtucit il6t ofi.c detly re pnenDati. cle
ment3'synbol! (DlN ISO 1219) l,e is used to vork witl,. At any [imc n hrpotl!.s's
specititrs tlü inlended behavioür of ihe d€veloped circüit catr be stätcd. Fecdbäck i3
gi'en aboui tl'e behavioür alrendy shown by th€ $lution propdql, aDd tl,e b.I.vionr
that ould nol yet bc observ€d. I\rthcrmor€, PULSD hd N explätration componen[
that splains the syslem's fccdbä..k and inlorDalion on a conc€plüal lwel la5l.

At tleddof 1995, äfi.si versiotr of PULSE lhs been dclivered to Ure D Ill l:llild" n8sgc
sellsdBft, Bonn. It we dirtriblted !'nons dever.l .h{nbeß of industry nnd comDerce
wlE.ö it i3 t6tcd siti padicipn ts ol lhe irainirs couF.i,

 l tnc n)oDEnt scvetd couporarts arc undcr develoPncnt that a.e ddigrcd r'o suplorl
lüe prol'lem solvcr d w€ll N l,l,€ lcctut F. A siürlation l,ool wiU süpport thc problet'

solvcrs by lLighligl'ting ll$ LelFrioür of tLe dclcloled pDcunrric circtrit it€p bv srcP-

'Il!i! L.lr)s dcreclnrß jtroblcms capccially älter 
^ 

Ivpol,Icsis we rcjeclcd. llspciallv urc

l.cnrers ixlic^rcrl rheir ii er6! in a lsL editin8 l,ool to dcveloP formal lNk dediplions'
Srch n lool is crtre l,ly bcitrg dcvcloD.d Io süPPort tl'c dcvcloPn]ent ot formal funci'ional
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Preface

'l his qxrl ßivcs nnovcrvi.woftl'ework done l,y l,lo'Arücitsgru0t)cl fonnalik_Svslcne'

tAlS' al, !h.I)cl,aru"nnt otCo"'pnl(r S.r. rrof tlrcU iv'rsilvol Ol'l"hL'n'8d ri qrl'
u".,'' tr',.ro i,Ü rdl", ll'" 

^rl,.ilsBrulr'.lnl"'n!"iil 
Syslrnß I$ l,,rn s'l'l'.'l.n hJ 'lI

: Nicdcr stu lßis.l$ Vu' al' dnr Vollswt AqFSl i(l ung' ( Az 2l lr ?0C31/9 lr_14/89)

'Ilrc r\ls ws found.d io iüvcsl,igare PrinciPl6, mctlpds and Drol'otvPi@l l'ml imPle_

nrcntätions lor r\e developm€rr of comller sofl,ware d lhrd{e svslq$ Ei8Ii main

rrcjecls lave ben snPPoricd lry Ure AIS:

1. MOIIY: Modelh's.nd rn.lysi. of on@ nro@dtrca I'v Pchi Ncls
(lrcL Dr. V. Cläß, Dr.Il. Fleisrlhack)'

2. DNS: Dislr'lutcd snntrlalion oI I'i8l! levcl !'cl,.i Nels
(l'rof Dr. lvl. Sonnetrstlrcin)'

3. lthillclD: hlcllig.nl, snnport lor modcllingln.e_discrclcdisl.ibrl.d svstcnrs *itlr

(l'rol Dr. C. Möbüs),

4. COMDDS: SDccili.ltio., lerilicdion d sinrulationof@nPutcr drchite.tur€d€sign
(l,rof. Dr. w. DäDm),

5. Shncture.nd Lchviour of linite distribuled Ntomala
(hor. Dr. V. Claus, Prc{. Dr' E lt OldcrcS)'

6. X-Iatrl,sy: Intcrt&e desisn and i.r eDe.t ion lor rtl[imedi. aDDlictrtid's
(hof- l)r. ll. J. 

^l,Pclratt,),
7, MUSD Ur User nrt€rfec d6i$ vi{h reepel l,o $ttwarc'€rgonotr'ic c.ilerid

{l\ot. D,. l'. Go',,Y)'

L lnicßrated ISDN Systcns Co.@ptsr Colnputer supPoricd mop.rative work usina

ISDN t€hnology
(l'rol Dr. t'. J€nsc\)

Cencrnuy spoken, thc fiBl. Iive prcjdis sort on mod.lling a anälFh ol coDplex sv

6ler,s, wlilc lhe l6t th.e !rcj@l,s oriattaie towad. ntültim€dia aPPli.aiions- Thü6,

^lS 
projecrs .lcalr vitL lot'ica lik€ nodcllit'8 of I'Nn$s ProGs, oDrnrtd elpporrcd

@Dcrariv€ work, nser interfa@ ddign, disldbured compuling or ltn dwde d6iSn'



ea fou ed at Old@blt& wh€m mmy id@, arknDr. äad Fä
infl ücnc |eüch etiviri6 dd lppli€riou,
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integ.nt€d the prol,Gal into their 3olution wii,\out unddBta.di.g it, ä sometnte
thcy w€rc even uFet. The* eltecto of ledldk and iclp info.mtion hav€ al$ l'@n

.xpeted by onr ISP-DL Thory 121.

. lropsing prlts of l,!re Mlttion !lkc6 rwny tarl ot th. rfobl.m mlvnr8 trcm tllc
PS. In some l]:@ llE idormation deliv€red is too detriled lrobal'lv, somelinr6

a more abstret bint instead ol a Pctri oet frngmcnt sorld havc ben sumcient a
help inlormation.

. In .ome ca*. no.e i.tormätion ws s'ven in the rslos.b than dtullv n@dcd tv
lhc subjcct. Dut as ülertioned eärli.r, ihh k a ProbleD thai dnnnftl'$ wher {hc

syst m lcans morc rü16,

TIEe r6ult. 3üggest the followins direlions ol fiüte. developmat ot IDTRI_llttLPl

. A.ordn,s {ö ll'€ ISP-DL Th@ry, @mPlction and orrciiön prcpGak shotrld not

cNse a big surprise 
^nd 

tlereby I€d to dother imps*. So ilese Prol c s slotrld

be a,laptcd to lhe d.rlal Änooa?dr. tatt of thc PS.

. The system s}düld be ablc to .tPldin iis comPlelior.nd @ eiion proposds'

. Complction aftl oncclion pmp6ah slDrld rct only b. sivefl a I}^rls of tln linel

solütio!, but also ai a noft aür,mct'Pl ninS'lcvel. I'bis is äls whät o{r ISI'_DL

Ti@ry recommen&: fl€lp infornation tholld be Siven .t tle'svntles'ze' Plls
s w€ll (Fisüre 3.3).

Sülß€quert work on PETRI HELP ws äimcd.i thde ihr@ directions Tl'€ Dcxl srb_

sli; d6ffib6 vork aimcd .i UIe d6isn of a üs modcl. Aner that, the exDlan ion

f&ilili6 of PDTIU'HDLP are dcsüib€d, and 4n nppreeh for supporting nbstr&t rlnn_
ning. linally, d mentio.ed bcfore' üe tdk of 

'nodelling 
does not onlv @nsisi of 'reali'g

na"models for given speclficalions of time_dßcrctizdl dbtribtridl svstems, b{t älso of
specilying such *stcms * weU So we dlso slov how PETTI-IIDLP sttporis i'l'c deve

lopm€nt of spdillcaliotrs,

3.6 Extensions of PETRI-HELP

3.6.1 Modelling the User

Upto no{, tl'erc ws no pcsibilityh PDTIiI_HELP Io adaPt tlrc svstdls help t&ililic to

lh; actüal üscr'3 rce&. Thc followins ffilion d6.riba our apprlEh to svstem bcl'nvior

a.däDted to lhe uki [30].

For thß objcctivc is necesery to know vlral tl'c usr ü plaDni'g to do 
^ 

plän is ('ßi
tlqed to De a ssruene of ttions thal tra.sforms ^.ertain 

staie lo a final siatc lll l'l
recognition ntam idcntifyine w€ll knosn plsning ope.ations in a eiven seqten'c ol acr'i

o.s.l'lännidg ae {cll s pl rccognition requi.c a PlänningsP@ 'nd 
k$owl€dgc abotrt

llc tl.nnine domain. Orr aDproac}, beitrg dGigncd to dcleci plÄns in PDlllllIDLP, k
ätplicablc to evcry pl nitrg donrain tlErc no expli.it domäi! knDwledge is available. lr
only rcqunG an o.ad. (n, tle scncc of Valia,t, 1984) to clüsily ll,e üser's $lütioN 6
corMt or ir.orecl.. h Pll'l'ltl IIDLB tlridi3 d.ne hy Dodel cIeckitr8. Since iD the l'clri
nct donrnin rtrerc ü no explicite deiBl theory lor dev€lopitrg a net for a sp€ilical,ior'
our äppro&t! is lo let thc cy.tc'n ldam tle sedch spee ol pcsiltlc Aoals and solrtions

il)c{!i rr{ prorGah) troD proLlon solvins scsion6 of NeE. The idca i. lo identily a
t$r's solur,ion patl ir ttris sca.cl 3pa€ to derive predictions aboul rcxi sleps fiot' llte
irlcntifi€d I'al,l', rd to Ne l,he6e prodictions for Siving lßlp inlornation how to pro.ed
witl) Ll'c nct proposal.

'l hcrcforc, ABls ot tlc ü6cr * w.ll s rle'r rcaliza(ioos lBvc lo bc dclccrql l,y tlc sy

srcm, llvc.y Lypoileeis tlE ßd slä1,6 alout lis Gub-)nct ie iDlcrpicted e a subgoä].

ll,c \yDol)'es @DBisl of (subrsets ol the tonrporal losic sp€ificatiotr rornüla- 'fh4e
strbsoals fo.or the soal I'apI (problen cpate).

llvcry $ubEoal tle uscr lsl,s by model chec.hitrg @ü6ponds l,o ! Petd net develoPed I'y
thc Nc.. this ncl is cxpccred b solvc thc lel.d 8onl. IfUre lryPoihs's holds' ihe Dei is

tucocialcd wilh the sl,aled sübgoal. llrom thse neG, llre rc callcd acliotr graph i. o€ated.
It coNists ot all neis lulfilling strl,sonls, ud äll th€ ncls ih€ Ncr lrövcrsG to r@l rcts

1'l,N two sdch sprc are estsblished (Fisuc 3.14): orc for ihe Soak ad one for ihen
rcalizalionr. Both are lirked by @nspondenc b€twm nets and the goals they tuLnll
(s ,€ knd of ßoals n,eanerelation' 1261. The6e tp&s @ brilt up by observirg uses,
räneing lrom noviG l,o experts- In ih@ grapl,s, all the inforDntion tlar l b€ dclcciql
during ll,c I rchlcü, elvn,s sc$ions, likc all üscr aclions' tims Ut tio,b rcqrne' atrd

tlc frcquen.y of dccisions dc atored-

Itr tl,e rurposo of rr.diction of 8oa.ls and &l.io!s, the mtüal $er h idolifi€d wilhin {.[$e

srarl'$. 'thc aystctls Drcdiction is tlat tl'e goals or eliol)s ,ilh tl,e lti8ldt Problbiliiy,
yill be perform€d by the üser, sivetr tl,€ obc.ved &tions nnd sods (or th€n sderäliza-
tiont ol rhe uw e , preondiiion, So Urere is no &lual trsr nodel vith dsümplion.
aboul. lhe üser a corclüsiom drawn frcn tl,en I3?' 6l' blt a kird of ßäge nodel 116l

witl, Gcr idoiillcation.The proGs oI generali4 help uitg tlit model is sPlit into lwo

. Firsi lhe acl,üal goal ot U,e üs ntust be id€rt;lied. 'l'he syslcrn prcdicl,t tle currerl
goal by relrti.g ihe usci's bi6tory to the goal Sraph d chocing the g@l with
tle higbGi prolability. The prolnbilitid dre ddived lrom tle rc@rdcd behaviot ot

. 'll,c second sicp prcdick rlE eriotr tlEt tle PS will mosl likely ttke tor rochins thai
g@1, 

^rod 
tb€goal level,tl'endt net vith ttre [i8]est probability ir ideltifi€d The

dillcro@ bd.v@r ihis net md ilE u6eld oet is used lot 8€nera.ins lclp i oünatior'

Sn,ce n, llis öprro I heh is bücd on tlE most Probable coniinualion ot the proposal'

sivo, lhe äcluat srale ol tle slution (t[at is, lhe ns.l patL thDush tlle goal 6ra]lr
ard el.iod sraph), tLc n'fornation delivced tak6 &co!tri ol the &tual problcn solvins
[elavior of tle nser.
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