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PETRI-HELP - Intelligent Support
for Modelling Time-Discrete
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3,1 Abstract

Ar Intellisent Probl€h Solring Envirclnenl (IPSD) tu d6cribed tlnt eüPporl,s no{i.cs in
leärning lo construci modcls ot limddisdete distribüted systcms vith Condiiion ltvent
P.hineh. The syst€m, PBTRI HDLP, itbdqlor a thoreticaL ftmework EomDqllin8
thrt ä help sysleo 3\otrld otc' h€lp, lel lhc learoer nse ,ro-i?ooi'19€, dnd supPori
direrent problefr $lvins pias.& ln PETRI'IIELP ihe ledne..reäic Pclri nets for Eivcr
tsks, i6ls iypotlffi äbout the soltrtioN (or fi.stue.ts of ilEm), and €ceives f@dbrck,
omplelion., änd cofetion propG.ls.

ln PETRI'IIELP, lslc Nc slatcd to tle l@rn€r s sets of tcmpornl losic formtrltue. On

!eqü6t, the syrt.m nnaly@ the Petri nct f.a8neni detted hy thc ledrnd and nrlormg

the ldn€r about the äctu.l Gtrb, set or tdk fo.nnls tulfilled by the currcnt 6olulion
propGat, h addition, thc aystem .epreent. rules th.t rcllect lenrneß' succGsttl 6lePs

towards fdk solttions. Thm rul6 @ u&{ fo. olleritrg comliletions and correction
prcpcäls. So th€ syslm @rst tly improvd itselfby le.ming from its Ners-

A..ording to onr lh@rclicnl ftmework of hclp system design s rYcll as empirical wolk
don€ with PETRI'IIELP, the sysid! sl,oüld rlro suppo.l ?laann's i-e.' crcatin8 ab
ltracl solution ida and poshoninß inplementarion d@isiont, md thc .onslrz.riat of

räsks, rot only solülions tor l,üks. Somc additioml work will b€ desoibed rhar is aim€d
dt cxrendirg I,ETIu-IIOLP irlo lhcc lwo dir€ctioür. PD'l'lU-ttDLP lql ro rhe develol -
tr,eDt ot ntrotltr sysleh. { IPSD {or ihe d6ign oi ptrcumalic circuils. 'lhis sysren sill
bc h.iclty dccribed itr the clcins sectior-

3-2 In+rodrrction

IrtclligeDl lolp systms md k.owledge @mmünicaüion systems d€ €xp€cted to lupDly
l,hc Nd wilh nrformaiion thal is smitive to the &l.ual problen rolviDs siiuation dd
to the &tual knowledae aüd intentions o{ l[€ u*r. Develoring thb kind ol sysien.
require. a vdiety of ddign deci6'otu, like whd to iüpply r€medial ilformation, wl.t
ro e,pply (wl6t detcrnritrs 'good' tclp?), and lpw to prcenr it. The am!,a'de of
knowlcdge @nmuni@iion sysl€ms by Neß oiti6lly dq)cDds on satirfetory solüiioN to

In order to dupgorl ds;gü d€isiom for the dev€lopmetrt ol ätr ilt€lligen[ lelp system,
a thcor€tic.l fiamcwork of problem solvins ed ltuitrg is n@ded. Witüour sucü a fra-
mcwork, dGigtr d€bions will be l sely nnüo{iBied ed äd hoc, r6ülrins h a syirem
which tends to be inconsistetrt, dimcult. lo work wilh, d rct @pted by irs usqs. Our
ISP'DL T[@ry (imlere - alccs - problen slvibs - drivd ldnils ]@ry) is suc] Ä
tl'or€lical ftde{orL F;guE 3.1 md 3.2 sive a llief ovdiew ot it. The ISP,DL TL@ry
att€'npts lo i'rtegrate impesdrivo lcnit'ing I?2,23,28,38r 42,431, suces-ddven lear-
nitrs (€.s., 12, 3, a, a6, a?l), atrd phd6 of ploblm mlvins 114, l?1. A@rdi.s ro rl,e
ISP DL 'Ihcory 126, 2?, 241, if the probLm 3olk. is faed with a *t of possible soals,
he or 6tc will @nsirücl a soluliotr (o. a soal, ad the krcwl€dg€ üsed in this prcblem
solvins p.oes {iU bc deductively optilriz€d Güccedrivd l@ning) 60 n wi[ b€ !*d
,nore €mciently nr futur€ (Fislr 3.1).

Tl,e probl.m solving prcGs @mbts ofloü. phd6 (Fignr€3.2): Th€ problem slver (PS)
dciiüe'd6 wilh tlrc rdult of cnoosins or deiing a goat to pusu€. Then a ?l.n to .e&h
llE sodl ir lyntleiz€d or traustqrcd frcm m dlie. !.oblem by an'loguous l@nins.
Neft, lhe plan is @e.!le4 ed ih€ obtain€d edt is d.irdrcd. /'np6i" miahr Bulr at
.deral poiDls in tbis prc;N: The PS oishl ool be able to .lto@ or io üore ä soäl,
or lhe plM läüof be üeaied, or deution may not be p6ible, or tüe obiaio€d ßulr
may not be etisfyirg. The PS edts to d iDpds by enterirg a Dew problen $lvitrg
Iroc6s, sios w6k ldurüri.r like lookitrs fo. hetp, ekitrg, and ch6ring. As a Bütr, rt,e
PS may ncqnirc .ew l owledge indüctively (inpssedrivd le nins) so h€ may ove.corE
the irtrpd* änd @ntintre wilh th€ orisinal lbblem slvin8 prccs. Bü alternni,iv€ly, iüe
information obtaincd may not be helpfll but codNin8, !o the l€arn€. migllt en@unter a
scconddy impdse t5l.

'l h€ ISP DL l'h@ry leäds to sveral deigtr principle for a knowledse 6nm 5? lni@rior

. A.6rdinc to tlle ü6ry, the ledns vill look for ud apprecirte holp if tE o. she 
'!.aüght iq u imps*, Wiüoüt a impü* l,herc tu no ned for help. So th€ 3yst em

6honl.l .ot inlqrüpt tlE l@rner büt olfd help o.ly oD rcqüest,
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ISP-DL Nct

r Ei.h oI the phag cM äsain b. 6n6idcrcd s 6N;iins of the lotrr 3ubplEe Id.b'. c,il'c
rßL of d.v€lopils n 3pe.ili6rion ol d .yeidn nay .oßb. .t tle $bph's " d./it nlird (decidins wl,!i
ro rndify), 'r,lmning" !r.F b Frdoro itr oldd ro cElte a lFecjli.riiotr, "de.Din,s' il,b nlan, and

Figtrre 3-1: ISP-DL Tlory: P.oblen $lving dd dedüctive knowledAe optinizati.d

. The lcamer should be prcvetrted Ircm trapping inio @ondary impdtes ihat mäy
lead away frcn the orisinal pmblem solvins. So pm-hDoirdr€ sho d bc usable at
impds e much E poriible. Iclp 6hould b€..dapled to the knowledg€ slate ot
tt,e ldner, i.€., h€lp shoüld be uer-orie ed. Tbis requne eilher ä leainer Dodcl
or the posibilily io i6t hypoth66 abo(t ll'e slution üated (w bclow).

. Ac@rdids to the ISP-DL Tleo.y, l,elp sloüld be provided at dilterenL plrt6 o{
probl@ $lvins beanse impes4 üdy arke in .ll p[M. So a heb systen s\oüld
suppor[ deliü€mlins, plaaniw, ete.ntins, and .ratua,itrg $lliion proposr]s. Ilclp
shoüld he prcbl€m pl,e orien{ed.

Tl6e thre r€qüiremenk rrc yell met by letti.g tle le ner d, [lpo,lcaee äbont ler or
htu sluiioß or rohl.ion hasnerts, dd E€t lelp dtl propGals lrom tlE systcm 1241. Tl,is
l€aye {h€ etivity on the l€mels side, tlE leaner is nol distrrbed by unwantcd sys{en
commcnis, brt inlon.ation is o/./cd to ure leaher 4d mäy b€ obtd.cd on .cqücsl .

Se@ndly, lt?otles icsting Deans tlhl the systcB takes aftoünt of ihc \ser's i.leN
md inienlions, llat is, ol hie Dreknowl€dse, pilbolt leadiig l,im awry onlo dillcre.t
problem solving paths. Thirdlt tte hy?ot\es te{ing appea.l tÄke &6unt of dificrcnt
probtem slvins phäs (Iiigni€ 3.2, ili! sill be discussd below). We csll systcmd desisned
äcco.dins io th6e criiedd lnlelliseoi troLle'D Solvins Dnvironnents 0PSES, [2aD.

PDTnI IIDLP 125, 30, 391 is IPSE desisned to süppo.i noviccs nödcllinE vil.h Con(li'
tion'Evedt Pctri nets. 

^ccording 
to ihc ISP-DL'lhcorr modclling with Petri rcts is a

problemslving etirity consisiing ot l,he IollovinE $b *tivitidr

ligürc 3.2: ISP DL TlFry: Plollem solviDg pbas dd iduciive loowledse &quisiiion

. to develop spaincatioN of sysi€Ds or prcc6s6 lo be modelled ('deliäesrind)

. to 
',lan 

a Pcrri ncl solution for Ä sivcn sFcincadotr ('pldzninC)

. to &ruölly @n$i..üci r Petn\et, (c.u tin{)

. to cv uare tllc resultin8 ret, for example wlethcr il m€ts the speilicÄtioü (" e!a-
tstinf I.

So U'c slill oI Dodelli.s with letri rct3 may b€ deornpG€d inl,o lonr subslilh. Tle fißi.
sübkil do@ nol direclly refer to the @ns[nctiotr of Pctri Deis but to the develormcnt of
sp€itcaiions for lhem. Tte oihq t][@ strbekills refer direcily lo Peiri net coNiructio!.

'cvahaling ihe r6üli (ror mnple, findins our w,ie Er thc speciffation 6nt.i!3 .oDlrad iciion!). So
ihe otrcpi of dilterenl lhffi of Dröül€n elvins elirniB ha a EdniriE rkuduE.
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Nno\dedg. aequitition Ptubhn tolek|

risure 3.3: D€sign pri..iplq followins tom thc ISP DL Th6!y for intclligent knowledsc
@mmlti@tion systems

In PETRI IIELP. ile leroe. can crcäie Cotrdition Dvent Petr' n€t' for Siven taks, tcst
lypothce, and ek for ltlp ed prcpcäls- ln the nexi *ction we vill d€scribe oü
p.€l'nirnry empirical studi€ süich we did in ordet to inv6tigäte the desisn p.inciples
for the developmot ot PDTRI HELP. Th.n we will decdl,e lhe main omPorcnt3 of
PDTIU IIDLP. Altd ttht sm€ empiriBl vork vilh PDT&I'IIELI' is prsent€d. T\c
redts indicate höw PETRI-HELP slonld be exiendcd. The flth section d€tdibd work
äiDed therc exteNioN: The in@rporaiion of r use. modcl, cxplaüationt' tlc ayslemrtic
conslrüctio! of net solütiotrs, atrd srplort of specincatiotr devclopmdt (lle nßi of the

four sübskills menlioned above)- FiMllx lh€ cmpcraiioa3 of th€ PETRI IIELI' lrojec{
and its erl,eßior l€aditrA to a new syslcm in rlE domain of pncud.tic .ircuiis wjll l,e

3.3 Empirical Work Supporting the Development of
PDTRI-IIELP

Düing t he ilitial ph$€ of the dev€lopment of PETRIUELP, sevcral quations were rdiscd
which häd io be $lved enpiri..lly. Our prclimin.ry empid.al itrveiiSa[ioß were .im€d
.t th€ louowiDs qudlionB:

. Whai d'mcultie do esptriälly no!i.6 have while conskucling Petd nets? W)er€
do tley ned sisl!n@?

. In o.der for a syslen io dalyze läos' P€ki net solutioo prcpmäls, a ttuk 116

cdption or sp€ciflation is ne6ary. Temporal l%ic {2rl is o onv€ni€nl mcan! fo.
sl@ifyilg timediscrcte sysl€ms. Irurlhdüore, spccilying üodellina tdks G sts
of tdpo.äl logic fomuld allo{s to dalyze Petri nel $lution proPGals bv mode!
.Iakina Gee below iD morc detail). Bul befor€ pusüins ihis npP&eh, ve härl to
invdtisate empiric.lly slEtle. ii b f€dible for novicG at all io work tiih tenrPoral
logic tdt specificÄlione, and whether $eß Mept lcmporal logi. tdk sPecilications
or rcject lhen I in.on|felc.sible' tor cx.mplc.

,18

. Wl,ar kiNis of srral,cgic do sübjcis pursk itr consirucri.g Petri ncls?

Ir Urcre slüdi* *e made ,6e of Urc Petri n€r €dito. develop€d by the MOOY Projeci
Crotrp1121. Iourten subjcis worked in s sle-6uhj@i Gs;ons. Eac[ temporat losic rdk
torlitrh wtu srilter on a card- Figürc 3.4 giv6 an dmple.
'I [c rübjets re@ivcd a shoft nrformal ddcdpl,ion of 1!. icml oral logic oDcrälors. 'llE
en'jccts w€re dked to ptrl eel ced at a @lain pla@ N soon a tley @nsideßl ihe
fdnrula d b€ing fulfillcd by lhe current stat€ of the'r Petri Dcl solütiol So'ne ol l,lr
srbj..ts' int€r&tioß wilh tLe systdn wdevid@taped,60 ii wd PGeible to li.d oui ile
snllj@k' dscintions ol formuld to Petd net lragments.

Progrqss conditions:

o (Wrc; 0(Ws^K)) Abhrcviatio$:
Ws: Wailer is slc€pin8
wro: Wailer is ready to accefl order
IC Kilch€n got order
P: MeaI gels preparEd
R: Meal is r€ady

tr(K-+ 0P)

D(P+ 0F)

Exclusion conditions:

EI- (Ws 
^ 

Wro)

figüre 3.4. Ca.d5 witl t€'nporal lögic iorfruld N päi oI the lnal€rinl u6ed in onr prcli,
minary cmürical ihdi6

^s 
6la1€d.dt;er, viesed hom our ISTLDL Th@rr iheromtrtrctioq ofrPelrinet to agivcn

tdk @! be deFcribcd a @mi.ling ot synllrcsizing a pl , exe.lting il., dd eBluating
tl'c rctrll,, 

^nalysc 
ot th. vid@ prclo@ls s\oNed that tlt sh.l€Ay Dürstred I]v novice

c l,c su narizcd I'y tlie hnlowil'g.lel,s:

. Clno* " l"flr'ula

. SynrhGire a Pctri ner tBA,n.ni U,l ,.i*lr ruml ,1" to.-ot,

. llxaut€ llris pld

. Itvaluatc l,Ie r6uli by net simülatio!

. If nc6ary: Chänse tl,e ner

. ticpeat tlc prc.s wilh aDotler tornnln



The folldwinA kiD& of imDNs@ wer€ observ€d m$t frcqocnlly:

. In lhe stniÄBt phe, subjdts enconnler€d tle nnpsse tlat lhe .dlization ol !
fornula emcd lo inv.lidate anoiher formüla ölHdy realized dtier, so l}ev lBd
to Montider the endier lornül{s). Aooth.. @omon inPNse ws tlat ihev did
not know hov to pro@d, epecially in ih€ hitial ple of ?roblem aolvins lor
qnmple, they did nol knoF how io expr€s a dtujunctiolt nr a Petri net, änd somc

of lh€m aked for hiris i! th6e situ.tiom.

. In the evdn4re plse, subjeck t€ndcd io lo* lra.-k oI the siDulalion so ttey {cre
very ün@rtäjn aboüi whether tö .onsider a formula fulfilled or nol. 

^ 
related

impdse *s ih.! dbjects felt tr.ertain iD deidn,s when ihc net wd comPlele'

i.e., tbe tsk finishql.

None of oür sübjeck had serioüs lroblems with re.dine tle formuls, $ w€ did nöi
conrid€r it necdsary to develop additional maierid for explaiDiDg thc tdt specific&tions.

The novice did nol s€m to follow a speial stratesr in tel€cting d realizing tlE tsk
lomlls. Büt with more cxpertise, th€ subject'3 net @nshuclion procs teniled io
b€ome more 3yilemati.al- When beconing "iDtermediat€', th€ subjects stülcd to lol
low the deisn strates/: "First imtlemenü the tempora.l logic imDlications Tien chcck

th€ dclNion @ndiiion.-" {i.e., the ccoccurrcnce of two state is cx.luded,like - (Ws A
Wro), ffi Fislr€ 3.4). Wiihin this d6;gn shal.gy, se were able to nb.tify several d*irn
/r€!ri3ri6 that the slbj€ct3 kmed to folloF. Dach deeisn heuristic link I Prc8r$s con_

dition to ä P€tri ne[ fr.gment. Figurc 3.5 shoN lhc tine most lrequent d6ig! ietrrislica
idenlified. {l'or exmple, ihe dsign ieu.istic \nersins' say. llnt . Progr6s conditio!
with lhe pattern "o(', .^..- 

^ 'a 
r Oy)i can b€ implemcni€d ir PDT&I IIDLP 6 a

*iof plaßläb€l€d'r,..,.-le.dinstoÄtrdsitionleadingtoastatcv.) Tl'€ dGi8n

IEftistig fuuy expldided 40 of 54 solniiom creat€d by ot. subjecis

^nolh$observalion 
ws lhnt vith U'c üsc oI (l*ign leürktica' subjech tend.d to.n.outr_

te. l€ss impdß in tlt. evalnation phe. They @nsidsed tl'eit solulion s omPlclc s
s@n s a nel frasmetrt had ben @nrtructed for cactl prc8.s otrdition Con*qüeniu
they tended io make l6s $e ot the !eü simtrlätion. Dut ihe deisn hcuristica workcd oülv
s tooa d aftü.Dplying lheB the qclGion conditioos did oöt requirc ttc coNide.al,io
of my additional conshaitrls. On€ of ltc üNk6 reqthing 3p€cial attention to üe evälDa

tion condi[ions wd "lrrmc lishh': In äddition io apdyios desisn h.urktica, thc 8n]je.tg
I.d to mske süre lhal one trallic ligl't is alwaF red. With tl'e tßI "hnmc lghts"' ile
subjtrts hd d.rions pfoble'ne, and b6€d on the lonrule thcre *N .o wny lo ssist thcm.

Ttßy did slot of lial atrd eüor i! thhsituation, nakitg mftl Ne oI tlte net simulation

Onc oI our sübi€cts wN an exDeü: n compute. sciqtiet {lb had Dtrch dperierce wirl'
I'e{ri nets. Ort main obmvalion. wcrc:

. TIE expe.l also followed tl€ deisn sirategy: 'first inPlem€nt tlß teuporäl logic
implicltions- Th€n check the ex.lüsion ondilions."

.  s to lle dpected lrom ISP-DL Tlr@ry, th€ dpst äggrcgar,cd certain rteF. For
erar l,le, novi6 ed inl.rm"diat€ chcclFd (he exdusion rotrditions one b, onc.
t'ut (h" 

"xpcrt L@k all rdds ontäitrihg e(l siotr @trdirions a[ otr@ aDd rlrcl"d
llE n "i', orc stdc€".

. lhe expert did noi work dcordi.g to ihe d6ign heüisii.r (Fisure 3.5) d clotrly s
the intermediatd. For €xaDlle, he t.ied ro kep th€ nets s sinplc I po$ible. ln
$u!e .äs lle sk'pped progrds @niljtions @ntainiDg tlE 'Q" opcrator, becaüe he
comid€red the lonnüld ao [€ lüllillcd d a by Drodü.t of tlie r€lizäiion of otLor

So rle main reülrs ol ih* pr€lininary stndies wirh rs!trt to rhe d6ign of PDTRI
IIDLT'wcrc:

. I', $m€ rittralions, novi.es have problemr n\ exprssing logicäl oper.los, *pecially
disj(nclion, e Petri nel iir€ment6. So ther€ shodd be form ios available alout
how to do tüis, i,€-, lnrls about the next fev edititrg sieps shorld help to overcome

. Novi6 lEve problem in deidils slEn i6k forhuld e fulnlbd, dd *heD the
lsk is fitrish.d. So ihe eul,jeclo should be provided witl iüfornaliotr corcdni.s
lhe craluation ot slüiion proposals, like n'Iörmätiotr about fulf l€d and unfullilled

Thcsc empirical redls se in &ordaac eiih our desisD prin.ipte tor PETRI IIDLP:
Thc firsl Drcblen novicd l6!e @uld l,e aildrß€d hy providitrg omplctiotr or con€ction
ptui,Gals. 'l lis ialG arcounl o{ llrc ldDd's rolulior prol Gal N DucI E Do$iblc, so
Urc lcutrd l,ü io Nrke only Dinimäl clhrgca lo l,is p.op6al. DE m@trd Drcbled .otrld
[e addrdscd l,y lsl,ira hypotlBe .bout funl€d ad unlülfilled fornrld. In Lllis wan
tlc leNncr mny nakc üse ol ler / hh p.e-tnowledse b@trse the le"nrer sp@ins wlat
formutd Lc or she coßidds tulilled by rtr€ proposal.

3.4 The Main Cornponents of PETRI-HELP

I'DTRI HDLP comisre of rtre followins omponenk:

. 
^ 

lequ€qce ol moddiling rdrt6. D&h isk r€quiB the c@lion of a P€tri net model
tor a timediddeie dktribuied srstem. Ea.h tak tu rpeciffcd s a set ol t@poral
logic formuld so Petri net solutio! prcposaL cm be alyred by hodcl clsking-

. 
^ 

ne, ddtlor for eNl,ructins d simülal,inA Petri r€ts,

. L h1t?oth66l6t ennitujaert eter€ ihe PS msy 6tate lypoihed dbona th. tsk
tormtrls frllilled by tle cürrerr st6le of Uß soluiion. Tlc ays{em giv6 f@dltek
about th€ I'ypol,lE€.
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lrlil llt-llDl,l' conlni'$ n &alueDc oI t.n nodelti'rg tdks- (fhelklollsks coüld üc
cxiended c6ily.) Tle leanEr may crente Ircrri net solulioN io th@ given tsks, Deh
{dk is sp@ill€d 6 a sei ol te'nporal losic lormdd [21]- As mdiiorcd belore, tlft allows
to vcrily Pehi rei solülion proposals by tnodel cl!€ckins 18, 10, r9l- l'[is k done by
iir.rtretiD8 rlß lemporal logir tormüld on ihe @ grÄpl of lhe PS\ Pchi nel proposnl

[25].

figure 3.6 (left sidc) sltows tlE temporal l%ic apecili€iion to ttrc modeüirg i6! 'Ie
,ränrd,t" 1201. l tialtr, l.he wniter is 3tepitr8 Gtartiry @ndiiion: Ws). o!O, O are llE
l.mpordl losic oDeral,or6. I.lormälly' E meam'älways' ('it h äiways trrc that ..."), o
nEars "eveütüally" ('now or at som€ poiDi itr futür€ il tiu bc irrc thäi .. ")' dd O
mcörB'iüexttimc ('at. l.l,e next point in timc it wiil be ln,e tlBl, ...'). So for exa$ple

't](Ws J OWro)' meäns iitomdly: 'lt is alNays true tlät iI tl,e waitd sleps ihet
hc viu everlually bc rendy io r.ept ord€r.' The window on {he riSht ot figure 3 0

.ontdns the d6c.ipl,ions of tl,c übcviltio.3 us€d in ile tormüld.

Wc {ill d6.rihe @h @oponetrt in ium.

3.4.1 Modelling Thsks

In o.der for a sFtem to Sive h.-lp ard supPort to n PS, it musl be;üle to dDalvze tla ts's
Flution to . given .dk. So a tdk specificaiion i. lecaary Specifcation. for Peiri rct
modelüne tNiß ärc not very common, even itr tdtb@ks (e.s ' 135' 361) Petri n€ls t€tuI

io be pr;nkd d slulions to talß d€sdibed i ormallv. Dxccptiont d€ fot eftmDlc

Josko [19] vherc P€t.i n€td are üsed lo speify tle semaaiiG of @mPuler architectlrc
d$diptioil, dd Oldqog 1291, wherc Petri neis d€fine tI6 manlics ol Droc6s tdnrs
dcrived trofl trde spdifications

Fisurc 3.5: Dmpiricälly ob*ded ddisn hdrisiiG

A compleliol anrl @ffitio" com?otr.ti whi.h on th€ PSis rcqtrBl d€liv€ß prclmals
how to .omDleie or io @[ect the cüÜent st e o{ s Pclri net This @'nPotrcnl is

b@d on rüle leüned by tle system from lhe solution P&Fdats ot ollt'r leant's

- 
Fn.mülös : Aostoürool : DertdPrlon : noslaurdnl

st.rtlng condition :

F.ogress Condlrlons i
D(wrct(g(w'^K)))

d(R^w3t(O wF))
o ( R^wn +(a w6))

Eaclusion Co.ditions

o(w!wwrowwrt) !{

Dcscription ol Ploces :

W! A Yrllrr ii !l6Pl,€
y/@ a wdfir r' redu ro d.0t ord.r
w.t a \{. .r l' r..dv to sdc

p a l16rq.t3ortsr.d

Figü'€ 3.6: 'lehporällogic sp€ilical,ion of tLe nrodelnB tsk "ILetnürn l" of tle lsk
.equen@ of PDT&I-rIELP

TLe tdks in PDTrulßLl' e par[ially ord.red a@ordin8 to livc Dodellins sok. 'lhis
I[dial order rclleclß our prclimnBry view aboli Fy.Iologictl Ldk enplexity. IncHinA
tak €mplditr shoüld also l€ad lo d incr€de in l6k dimcqll.y. AltirclgL we did not

ru6nc ll'b eDrpirical hypoth6is sithin ih€ prcjsl, i[ could be inv6liSated viih a t*t
U,6rctic aDDroeh (i.c. lt scl nodel a Ncd by 140], eilh a cogniliv. @npldil.y ao ysh
(i.e., l$, 3al), or witL a rei lh@retic,pp.o h {i.e., llll).
Tl,e five DodelhlAs soab €:

tr (x -+ 0(x 
^ 

Y))
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a) "Atomic formrls': to üeate nets for implicarions viih an .tomic formüla in pren'isc

and @'.lNio. Dxample E(Ws aOWtu)

b) 'Conjuctiom': to cr€ate nets for implic.tions vitü cmj{nctiors in preD,i* and

.onclus;o. Dxampl* o((a^ wt - ow'!), o(. 
^ 

ö) - O G^ d^ e))

c) "Conlexi": lo ddte n€ts 1o. implicatioN wiih ilE sde atomic tornula in p€nirc
dd @nclNio. Dxdnple o(G 

^ü)+ 
o(a^ 4)

d) 'Dkjunclions': to cr€äic nets for inpli.ä.ions mntaidns dbjrn.tions in Premie
änd / o. corclmio s w€ll. Example o(Gvö) - O (c^ evdv. 

^.))
€) 'Additional con6lrdints'. to d6te nets for sets of fo.mtrld r€quirins spaial at-

te.tion to .h€ dclNion conditioß (exmple. trc trrm.lishis. In aalditio! to ibc
sücGsion of coloB fo. €tul tramc Ight, ther€ is lhe const.ailt th one traft. liglrt
müBt älwnys lt r€d.)

Tbe parli.l orde. ol modellina soals in@rporaled in tle rcqldce of Pm'nlEDLP no_
d€llitrs tdks i. shown in Figürc 3.?- As.än be sen, ihere e taks fot modellins Dährdl
sy3tems (four s6ons, photosyntlGis), techni.al rystems Gäilrcad, lheü@lat, äüton.tic
lock diüemtial,lrafic lishls), do.ial .Fteft (.6teurml, libra.y), dnd syst€ms @nrni-
nins teclmical d wel d s@ial spets (ielephone, sarase). It would be no dißculty io

3.4.2 Nct Dditor

Iristrrc 3,8 d€picls a 3trapslßt of thc PETRI IIDLP net €dilor: a sluliotr p'oposal of tl€
'liestaurot""tmk. In a Cotrdit;on_Dvent Pelri net' circle r€Pr(xet pla@ (@Dditions'

"i"L*). and r' r"r'cle rcpreg! rresil.ions (.vents). Tlf 'ondil'Dn 
reP'@ted bv d

dr( is lrue il lh" ;lnc @ntai s a lokeD. Oo tbe IeI! ot Figurc 3 8 lh' tools for 
''liting

lrc strown, .t.l"ri.s, moting, nMing. 'rPdring 
ptM6 l'ä'3il'ioos' and dc, md *llina

tolctrs. ln addition, tlErc i5 a tool for simdalior'

3.4.3 Hypotheses Tbst Environment

Whd tLe PS ie conskucting a Pelri n€t to a giv€n tük, h€ mav 6tate lrvpotlEe abouü

wl,ic! sub"et oI ilE fonntrls b lullilled bv l,he &lüal st'te of lbc sohtion Thii k dotre

by rcl.ni',s ll'F 
'6pe.rivc 

r.ük fomüls (Fisure 3 9)

'Ilrc svs(cm llFo d,nlYz.s llr (st fonnrld l'v nrcdcl 'l'ftkitra ^3 
llr eull, n r'lnirrs

'i,. 
,""'-'r* rUnrr"a .",1 ".t lulfll€d by r.hc cu or 

'tal.P 
of rl,. 

'olnriotr 
([isÜ" J l0).

i-.. iL '-ri'i"* 't. 
*r* 

"d 
fomuld ioto lhe l!'sdl. suLcr or formulN rhc lc(ri nc{

sl,'[io; pr"nG"l is. DoJ.l ot, dd th" sci oI rdnaiojtrs lormul4

Our lemno'a! loaic allows ror b,o.l,ins l,ime dd mck6 uY ot slcp semdtr€ ('f ll0l)
r 
" 

.*-.i'ti"" i"ä.n*a i. r"bb l '11," (emporal loai' formulN a'e iulerpreted on tl'e

.*. *."O .t rL p".i ."1 solution prcposal- A parl ol tle ce StdPh of flE n€l of

r.i"".? 3.s i" "r,""' in tisar" 3ll Fuihermoe. siDe PDTru'HELP is rdlliclFd to

coniliLion Dvmr P.!,i nere, i[. 
'nodels 

ac alsnvs linile dd usuallv 'vclic

Iigure 3.8: The PDTRI-HDLP net €diior

Iisü€ 3.7: rartiäl ordcr ot tlE PETRI IIDLP nodcllins tdks
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3.4.4 Completion and Correction Component

Bed on lhe nodel c[@kins approa.l, PETRTEDLP cu inforD the PS about wl'*
peis of the tak speification a.e ltlfflled by the ctrüdt staie of tle .olütion. t hc model
checkitrS @frponai do6 lot tell lhe PS how to .ortirtrc vitü lle prcpos or how to
@rect it, il th€ PS is caushl in m imp*e dd d@s not kmw how to pro@d. Tnetcfore
h I'DTRI'HELP ihere is als a @mpleiion / orc.tiotr componena.

Wh€n a PS b cr@ting r coEect Petri nei to a gia€n tsk, for cxatuple, by &tplying dcsiEn

h€urbtiß li&e those in FigüE 3.5, lhe seqlence oI int€rmedi.t€ Peti n€i soluüioD staica
o.clrins b tuImondrari. vith mp6t to the sei of fullillcd form!]8- Thai is, a lomrla
fümled al a ql.in 6taie m.y be nnfumlled at a later stätc. Itr Sdernl, any ct.nse of
lhe Pet.i net propcal will r€qüne rhc wholc set of itrk form{le to be ve.ified asain. So

i{ ll'e iyiten woold olTe. onplelioü Dropos s bascd or c'npid.al d6ig! hcnrislicr' it
could happen lhat previoüsly frlfilled formulm would be utrftrlfill€d 6gdin at later stäsG
of solütior d*elopment.

Table r: semmiics oftbe tcthpoial losic üsed in FETru-HDLP

s'ra.red Ta.r : "B*tnür6nt'

f c6mr I

l- nri--l

t He'p I

m
ü
,

o

l((o a) = { ifi v P € Parn((.) Yj € P: Kj(a)

Def: . Kr i6 nodö #i in the c6e srapü, Ki b a set of atoms

. S(l(J r= {Kj I Kj ir iDDediate straesor of node #iin the 6e srnDh}

. Patl(l() := { 0,, ... ,j") | Kj,= K A

K,i+1 € S((n) 
^

Kn+r 4 {r(n .- r(r} 
^

(s(Kr") = 0 v

I K' € S(Kj") lX' € {Kr, . K,;})}

r(atont) = t ilt atom€Ki

K;(a^!)=t iltKr(a)=t^K,(b)=t

K.(.vb)=l ilt Kr(a)=tvKr(b)=l

Kd!qb)-r ift K;(a)=f vKi(b)=r

Iiisü,! 3.0: Stati,€ a Lypoiheilr Tlt PS n,a.ks llrc Lck loüllls l,€ considcF tulnlled
Ly the cu[enl slal,c oI tle &lütion prclosEl

'll'is tu mdesnabb becaus it *ill @$e sc@n,lÄry in'DN€ Md @nfNe rhc rcvicc.
l'Lt l lll-ll ELl"s appro&h lo l,l,it prcLlcNir io idcurify sllliotr srat6llÄl fullill a 6up.t
tri, oI t[e tdk fonnüld ihat se.e llllilled by lte previow lretc. Whcn . PS @Det.ucl5
a lchi n€!, we call a solutiotr state s./e

. ifit is thest tins släle (the mptyn€t), or

. it tk üek toi'nuld lülfrll€d by i! arc a Foper supqsi o{ tle tak for.rtrl ftrllilled
by tb€ erevioß saf€ stat€ crcated by tle PS.

K(-.) = r

K(oa):t

Ki(o a) = t

ir Kda) = t

ifi irS(K, = 0 lhen t
cl* v K.i I Kj € S(Kr): Kj(.)

i{r VP € Prrh(K,lj € P:I(r(n)
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we 6n deline dßi3ß dl4 whicb cd be u*d for @nplelidn and

There arc two kin& of deigl! rul6:
wberc neti d ncir d€ säIe &lution sfale obtaiftd üy lhe PS.
treti F Fi, n€rr F F., dF rI|i-
li, Fj de subsc of lhe tNk spsificaliotr.
Afler rca.hing neli, rctr is ih€ very n€xt aafe siat€ t@üed by
rhar PS. Tlar is, rle Ps did nor rä.h a n€rr, nerr F Ir, suct rtrnr
!t)l'rfF;.

lf tüc Mtüal solü{ion 3tat€ of thc PS is neti, tlEr the diltdeD@ bciFen nelj d nelr
can be nsed lo propGe . ret compl€tion.

l') neL F rr

If l.he &tual $ltrtion state of the PS is n€i., ad thde is a rule'rctj F F.r" dd lrt ) R,

th€ dilterde l,etwen Deti and letj (the pet of ne|l üot @ntaircd in rcür) ln
be ueed for a @ü€crion prcp@al; !lm, i.amirions, md drow! thar lave io b€

e dilteMe b€iw@ rctj dd Detl (the p&t ot lelj not coniaiDed in rctt {ä
be ü6dl to propo* a @mpl€tion: plm, lr itioß, dd drows ihai have to be

Th€* two type of deigl rul6 re l€eftd by the sFtd from i.ter&tion. ot PS! wilL tLe
syslen while comtructitrS Petn rct8. h on€ modq PBIRIHELP do* nodel checkins
after e&[ dlititrg st€p ol th€ PS, ü a new safe ml ioq state ir idq{ifi€d, the lwo type
ot rtr!.R stated above de cr€ated

. by asocialins tlre lNl saf€ state with tle cür@t sale 3trte (rute trpe a), ätrd

. by sso.iatins tLe curcnt safe state with the 3et of formul4 it is a model of (tule

Tl'6e two kinds of n,l€ t@ned by lhe lyol,em N the b6is ot tle @mplelion nad
@r@l,iou prcp@als given by tlle sJtlem. lly mdkilg uae of th@ rule! ompletior dd
co{ectiotr propG.ls make sur€ lhat previously tulilled lomlls rehaiD satiofied, thu
avoidina sonddy impds md @ usion of the l€dDd.

Fisu€ 3.I2 show a @hpletior propc.l gddsi€d düiDg tle developm€ll of tL€ let ol
Iricure 3.8. Tle rMmm€dalion is to add a trdsition om@t d lo lhe plae P by d
drow l€aving frcm P. Th€ .i8[t ot I'isure 3-13 shows aa exanple for ö compl€iion Md
@..elioD prcpcal. If the PS dks lor inlomdtioD for the net on th€ left of Fig!rc 3.13,
l,lrc 6ysto t@rnmmds

Ifigtrre 3.11: Pa.[ oI the cae g.alh ol [l'e Pe[ri net of Figüre 3 8

s.lected lask : '0estdurnnl'

lolfilled fomul.. are :

tL---eUl
f n"ro I

fJjo. I

Nor aulfilled formulos aro :

Fipre 3.10: F€dback to th€ l,yPtheis of Fisur€ 3 9
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. @mpleling t nsilions:
to add a tr sition *ith rlE p6et {Ws} md th€ Dosisct {Wt fWß + W3"
on the risht of ligDre 3.13), ttd another tramition wi[h the preet {Ws) ud the
pct*t {Wm} ("Wd r Ws' on tlE risht of Iisur€ 3.13)

. enphling amuei to add an rcw frcm lbe trdsition wilh the pr€st {lt, Wt
md .n empty postset (d€rcted on the risht ol lisure 1.13 by "[(R 

^ 
W4 J ]") to

the new plre Wrq d anoth€r anow from the t[ntition with the p.*t {Ir, Wrc}
änd an empty pütset (ddoted on lhe riShl of Figütc 3-13 by'(R 

^ 
Wrc) - f)

lo lhe new pl@ Wrs

. deL,if,g atumi to dcletc th€ a.row from tl'c tl@ Ws to ihe transition witl prcscf

Irinre 3.r3. Coopletion Md o[ecliotr prop@l

{K, Ws} and 1cl.&1 {l') (denoled on the risht of liSue 3-l:, üy "l(K 
^ 

W4 -
Il"), änd to delete tlrc a o{ fron the plare Wrc l,o l,lE ttdsitior witl Prset Il'
Virc aüd an cmliy postset (dc.oled or the risht of li8ure 3.13 l,y i (& 

^ 
Wrc) +

r).

I,DTI[!II|U,P cencra[e! .o'npletion dd ofection ProPGäls tucl tl6t tIe snallGl Pc_
siblc lroper slreßet of the etuälly fullill€d tormdd ß fülfilled The r€üotr lor t'Ii! is

tlrat rle PS should reciv€ oDly lnidBat help inlornatiotr that ß sulicient lor him io
overconrc tl€ aciu.l ihps*. Figlre i 12 shows t situltion wherc the ledrer gett orlv a

small amouDt of iltonnatio'\ s)6€s itr rigurc 3.r3 a lot morc informaiioü is 8iven. 'Itrc
rcdon fo. ihis G lj,at Fi8r,re 3-13 shoM ö 166 6Dmon sitüation wlere onlv few rü)e
I'rvc ben leamcd for by tl,c aysl..'n. h sencral, alie mount of nrfo.maiion delivcrcd to

tne PS on reqtrG[ detdds on ile nmouDt of lcarnn€ of tlE sy3t€ft 
^s 

lorg 4 I'81'RI
IIDLP hß mt ldned müch, the rü16 {end ro bridse l ge Saps in iie develoPn€rl of a

P.tri let solution. Bui the more PETRI'HDLP l6m, lh€ smaller th€ grys bridged bv

the rül€s tord to 8et, d so l@ hfornation l,enib to be delivercd 6 rlE PS at a iimc.

3.5 Dmpirical Work Supporting the Development of
PETRI-I{ELP

Wil.h lb€ firsi vebion oI the implcnenled system, w€ @trdlcled dpnical invelisations
*il,hin a compüld scien@ Pdtqüalifi@iion 6rr* for t€eheß' aüd a practice coure {or

sludents- Witi tle implemelt€d sltleß, oür main quetiotrs wcre to IiDd oui

. \ow the subj€ck mde u* of d e@?ted tlE pcsibilitv to tcsi hvpollees and

l.o s.l fedback aboul lütlill€d d u ulfill€d fornuld,

. low the subj@ts made uie ol d äccePi€d tlE @inPletioD / @rcction pioPdals.

Th€ strbjects pdticipöiitr8 itr the pratice cour* 6lled oul an ev.tuation shei vL@ thev
were Gkcd l.o @mm€tt on then inpeF änd on dren u* of ihe vdioü PDTRI EDLP
f€atur@. Most subjcck vere able to solve tle vbole scqücn@ of PETnj-IIELP iakt
wiiLin d lcw hoüß. We foutrd i\.t tethg hypoih@ wd mad€ $e of d &@pted
vidcly, evetr 6ft€r tl'6 3tbjecis &quir€d sme expdlise. We ProPose thai lh€ rcao! {or

this i3 Llat r€ceivirg feedb&k äloqi fülfrlled Nd untlllill€d Pdis ol thc tdk specifiotiotr
direcl,s ttre sühj€cts' all,entio! to vhere io proce€d with the tNk, but {itboul for€taUing

In onl,r6t, the @hpletion and @rection prcPosÄls eere l€ widely Ned md &@!ted.
Tt'e si,bjecls' conmerts indicated that tlqe @med to be thre Eeß fo. ihis:

. ln 6eaerat c66, iüe subjcctt did lot consid€. lhc i!{ormatior te@ived d plusible-
l'lEy iad probleß lo w vly tlß rrcposal woüld take lhcm 6 step futl.her- In eme
cdes they tri€d to self explnin lhe n ornation 8im 11, bul someü;n* tüev just

Net:Serl8uronl

from Plöc.(s) to Plsc€(s)m

s
,

o

Fi$re 3.12: Completio! proposa.l

rmm Pr.c.(.) to Pl.ce(s)

trih rnn.itroi(.) to Pt€ce(s)

tr.d rl.c.(s) to rnnsltion(s)

00



v

inrcprated the Dr önosal into lt'"irsl'lion wnhoul und''st^ndinA i!' and som'l'rnr6

ih"v".*" ** up"cr . T l'.* e'T'. rs of feäll 'nck and helP inlotmar ion h"ve a ko bFn

expeted by o!. ISP DL Th€ory I21.

. lrcposing ldts of the @lüiion tate rw.v pdi of lhe Pro[lcm @lving lrom lhe

PS. In 6; c66 tlc itrformation dcliver€d is t@ dciailed l'robaliv' smcinnß
r mor€ absträct ltiri itrst€ld of a Pctri mi fragD€nt woüld höve been eoflicie'f e
help infornltion.

. tn sorF lM, more info'mrlion *d givcn in rhe Prcasdls lhe tutrBllv n'cdFd bv

rlF subjecl. Aut d mdtioned "arli'r, llh is a Prcbhn (hat diminisha when Ihc

syslem learns morc rü16.

Th@ reull3 3üaset ihe tollowine direction' of lurih€r de'elopnenl of PtlTRl-tlDLP:

. A@oröng to ihe ISP'DL Th@rv, @mpletion and cone'tion prclosals 3hould not

curc a big supl* and llprcbv iead to anoth€r inpc e So tb€se prcposrls slnukl

be adapt€d io i[e a.,sdl &nouledse !,4,e of U'e PS'

. The 6yct€m slould be able to e,Pldin iis cooPl€tion aüd @rr@lion proPGals'

. Comolpl,ion.nil .oiin.lion prcpGÄls sltould noi ontv bF Sivcn m Pa'ls o( tl'c linÄl

J"ii*, r," "r* " 
. ."- dö;h.i -Pldnins' lcvet Tl'h i3 aho slar' Öur ISP UL

Tlrory rcommmds: tlclp inlonalion should be given at {he 'svnthcsi2e" P}de
N well (Fisore 3 3)

s"I*e.u.nt sork on PDTII-HELP vd aimdl a( lh6e thM ilirc iions Th" crl's b_

*ü.i a..'lU* "-l .."d at thc Jeigrr o( a usr mod'l Aftq rha!' lhF 
'xnlandrion

i-iliti*.r Psrru IIBI-p -. dedibcd, and .tr npprc&h tor süpPortitrg abstr&t Plan'

.i"' ri.ttt". * -""ti...a tetore, [hc ldl of modrlliog Joes nor odv ' 
onsist ol 'Faiin8

."iäJ"r""Ä, 
"r* ""*ina!ions 

ot timc di+rFtiz"'l diskihnhJ stsr'er 3 l' r aF or

'"-iirr"" 
*.r' ö**J - "ell. 

So 
"e 

nl$ show l'ow PETnI ttElt suppo s rl'" dcv"'

lopment of specifietions

3.6 Extensions of PETRI-HELP

3.6.1 ModeUing the User

l,D to now. (hcc ss no nosibilrrvin PETRI IICLP lo a'ldp( thervslc"' s ldp hrilili's l'o

,'" *i'"r "*, " 
*"4". ir'" rolldinss..tion dd.nbes oür ärPro&h (o 

"vsLcm 
b'havior

dtpred b the Ner l:101.

lor this oliectiv€ is n€c6sary to knos what ll€ trsc' is pl ning to do A Plan-is dsi-
a"*i i. tJ" *q*.* A *iions that tras'torms acerlain strtc io nnnd 6t't' lll I'lan

*-" "iii.r --i" ia-tir"i'a qell l nown plsn nr na ol'"rärion6 i n ' eiven se'l 'n'" 't r r i

om._Plannrs a" *"ll x pl- '".ogni!"n 
t"qriE t plÄnni 8 sP^c 'nd 

tnowl''I8" "l'oni

lh. l,larnine döDain, Our approacl, being design€d to dctect plnns in Plllltl,llDlp, ig
appliol,le to every nlatrDilg domain wher€ no exllicit. domain tnowledgc is äväilable. lt
only reqün6 än ortule (in tle &rc of ValiaDt, 1984) to cl4sify rlE u*ft sohriotrs s
@rrcct o. nr@[e1,. L, PItTRI'IIELP, lhis tu done by bodcl cLakitrg. Sii@ i! the Pehi
rct dornain thtre is no expliciie deien th@ry for dselopirs a let lor a specificatiotr,
oür approac.h is to let the syst€m ldum tle ldcb spe of p*ible goäls ärd solütioN
(Pchi net proposals) fiom problem solvins rerion6 of trseß. The idea is ro idenrify s
!sr's 3olution pat[ in tlis .earch späe to ddive prediction! about ndt .teF from the
idcnlilied pal,l', dd lo üsc ih€* prediciions lor giviry help iDlormation how to proced
witll rle net propcal.

Theretore, sodls oI tlte lser s well 6 thcir reälizaiioß lave to be detsted by the !y-
stcm. Evcry ltpoi}csis the uer slat6 about [b (coLhet is itrtopre{ed e a slbsoat,
'fhe t,ypol.l,ec @Dsist of lsub )*!s of thF r.€mpo,al logic spsifi.driotr fo(murd. Tbae
sübgoals form thc goal grapl, (prcbld spee).

Itvery.ubsorl l.l,e ücr tsl.s by nodel clectiitrs oüspondE to a Petri Det developed by
ilrc use.. Tl,is n€i is exDected to solve iLe t6ted soal. If ihe hypolhBtu holds, the bei is
Mciat€d with tle siated sübsoal. r(on tlse neas, lhe so callel &tioü sraph is crear€d.
Il, cotrsisis ol all nct6 f,'llilling 6ubgoab md all lhe q€tr LIE uü travers to reöch net6

Itl,B two sdch spee arc elahli,h€d (fisure 3.U): orc fo. the soak and o.€ lor their
r€alizations. Doth e linkcd by oüeponddcs belw@tr net3 dd tl'e goals they fulfill
(some tind ol goals m€ s relatiotr, 1261. TLe. 3pas d€ built u! by observing $ers,
r girg from rcvics to exlcrts, h tlse graplü, äll [he itrturmatior tlht can be detecled
dori,,g lhe prcbleD slvnrg resions, like all um &liom, time lhe &tioß r€qüire, drl
rlre frcqücncy of decisions de storcd.

For the !ürpo@ ot prediction oI Eoalr dd &tioN, ihe etual us is identified e't\in th6e
g.q'16. llte sysiem'6 predictiotr is thai the soal. or etiom wiih th€ his!*t. prcbrbility,
will L€ perlomed by tle $er, givd the observed rtiols drd goals (or rlei. gderiliza-
tiont of fie lser a d pr@rdilion. So tl,erc b m nclual uer model with sumprioDs
6l'o!1. th€ uer md @nctNions dram fron rhen [37, 61, but a kind of u,age nodel [16l
witb ufr id€nlili€l,ion,The ploc€s of getrdatirg help rsiDg iLis mod€l is split irro iwo

. Irißt the nctual gonl of the ürer müst be id€.tilied. The eysim predicte tlrc cürretrt
go üy reldti'g tlE ars'. history 1o the goal graph ätrd choGins the q@l with
the higlet proLrbility. The prcbabnili€ e deriwd fron the r€@rded behavior of

. The sftond sl,ep p!ülicrs lle etion thal lhe IrS will n$l lik€ly take lor @lrins t Ia[
soal. As on lh€ soal level, iLe rdt rci with the [ishest probability is ideriified. The
dilterer@ Iretw@ thtu q€l dd lhe us$'s net is used lor gderatirs lelp inforhatioD.

Since i! tl& applluh lelp i. b&d on ihe mGt lrobable onliruation of tl€ propGal,
givcn th€ &tml oiäte of ihe solulion (tlbt is, lüe wer's path tholgh the goal giaph
aDd etiotr grapb), iLe information deliv€red [ak* eount of tlF &tul probl€m solvn,g
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F
rro. any untullilled fonnüla of a [ypo1l,6is, tl'e lc{ner may dk for ä qpl aiion ('Wt,y
is this fortuul. üot sdis0ed?'). TIe explanatiou @mpon€rl @ums always qümlified

FiEtrr. U.t4: r'or6ponden@ b.!wn lhe l,vo leärned grsplß Eeh nodc in,th" godl

äiij":ffi T**:i.1;'r,:"*l'ni;:xr.'r;:"lt*'i":1är.'l;r'':i'ir

3.6.2 Model Ch€cking Based Dxplanations

ln PETRLIIELP,Ihe fouowitrg tso kinds of 3itüdtions r€quire expl'naiions:

. wlry is d unlülfrtl€d fomnla of the tdk specili'ation in fa'l unlulfilled?

. why is the etuäl @mrletio! / cor@tion Propc'l in I&l Pspo*d?

The trDnroMh imptemenled in PETRIHELP is @'rdm'l wilh the lißt lind of "xpl r

toN ('Why nol" explinatioß) ll' woul'l b' dv rhough lo extcnd [ltis dpp'odh bll''

sccond kind of dl'l ![ions'

In ot<ter to do lhis, it wotrld be necsüv io shoN

olaa ätldilional formülN woüld be lulfilldl if tne üst mc€Pls t\e co Pletion /

ütl9 thde fomulN would in fet bc fullillc<l after &@ptins tbe PFposal

üfi! $6e Iornüls d not tulfilled bv the pr6ent ner-

. O! tle frst level of €xplanaliotr, thc syst€n intorms the learDü lhat it is pcsible
lo rea€l r mdkins siäte of th€ net vLqe ibe lormda is not true. 'l bb informätiotr
nay already süm@ for ihe learncr to se why ihe formula is in fact ünlünlted, s
h€ misl,i stop dknry lor lurlher inlormation hqe.

. OD the $econd levcl of expl aiion, the formlla i6 deonpoed. In cmc ol an im'
pli@lion, tl€ ldner b i onned ttat a mdking state of the rct miglt be reachcd
that with Mpcd ro tl'e lornüla is to b€ id€rprcted such tlat L[e prdie of lhe
tormul. is lrue, but it3 emclNio is mt. In . e ot . onjün.lion, tte ldmr is

informed {hat a slaie 6 be reacled wberc nt l€dt on orjnncl tu faLe. In cde of a
disj,orciion, th€ le.mer is infomed tü.t, a 6iale @ be re&ü€d whqe all disjünctr

. Otr thc U'ird level ol dpl ation, U,c l€mer is infom€d aboüt th€ roens for i.[e
situaiion decribed or th€ sotrd level. T[is leftl of exp] atior mak6 use of three
bsic coD@pts: dcadlock, cir.]e, and altemllive-rosible. "DBllock" m@s tlat
thc redor fo! {he forhula being lMulfilled ;s l.16l the Nt may rea.I .6tul,e where

no transilior is able lo fi.e. Iq c& ot än impliaaion, tbis m€ s that a siate lä be

rc&hed tlat corr6ponds to the lo.mlla's p.di& leilg trne, il.'. co'.1üio l,eing
false, dd no trdsition able to fire. 'Circle' neaß {hdt ihat ihc reNn fo. re

fonula b€ins n.tdnlled is thät a circülar sequetr@ of mdkina states is posible so

tlist cerrain ptee rnay nev€.9€t tokem. h cde ot m implicatio., tlis memstlat
sll stat6 ol this *quo@ orrepotrd lo lhe formüla's pr€mise b€ing true bül it'e
onclusio bc;ng Llse. 'Alt€.nötive lcsible' only applid lor inplicationr oltntrin8
tlt '\cxl,linc' opcral,or. It 6ays URü Ure rcaon for the formtla bchg üdüllillcd
ic LIüt a mdking state ir pdrillc llüt 6rq)otr.b io lhe lor ula'o prmi"e [eirg
t.ue bui il'3 .olclmio !€i!8 fälse beuk il may nol tr€sdily trüe in th€ Ddl
tnne slep (otrly at &me l.ter time step).

. Finallr otr ihe ldürti lev€l of dplaDtion, ihe sequerc€ of me&ins stät6 l€a.diDg

to the situatior d€cribed ai lhe thitd lekl (thnt 
'., 

d6dlock, circle, o. alternatile-
po$ible) is vßualized lo fte lerba hy let .intrlatior.o t!€ l6trq can # )bw
llE dil.i@l nErknrs staLeG) lray be lrrcüsl'i aLoüt.

3.6.3 Incorporating Viewpoint Centered P lanning into PETRI-
IIELP

As stat€d, the ISP DL Th@ry .nd empnical studie l€d to a comon impliation lor
P IITRI IIELP: Ilelp idormalioü slould [e prcvided oo a level more ab6lr&l ihan pl@,
lrüßitions, and linkr. This information slnüld support plmDirs and lypotl,ee teiing ot
plds enecially aL tne €ady s(ag6 of prcl,lfl elving, dd il slodd süppori rhe süe0wise

{raßtormation of plöß into oor€ detäil€d on6, until a soltrtion b r€a.hed.

['[iTii,tl'r#* ";lrrffi *] I rxm*ä'**xf $'p
htf "*#$f ü't: j:;1":liin:1"** t'dari'n "'n''ncn'l'r 

rE tRI

fi:.*ll* $:::,:,1:11fi r:*lrt:um;,'iil5"t*ill:ilü::ilillJll
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I

w. ir\.Jisal.J an npprcalh .levelop"d bv Oldrios l29l rhat allom to I'anslornr ä rdk

,i"l.,l'l'i."i.""..ir"1i."r 
'nto 

a @;dition ev" P'rd ;'! bv maki' s ü'c ot rnrrm"diir '
;::;;ä;#;;;ii;;;;xea rm"" (r-." -.p*"a o' s?oi6.a,.ion rhgm"nri üd

icr.ri n* rragmentrl. Bsndlv. !h" inlcntion ot Olderoc ß [o 'renve a d's'rpuon "'

' 
r.- ^"".^rionÄt behavior of (.""*,*r p'*t* 'tt " 

*i ol loenJ fomuls sP^ ifvins

;;..j;-;.;; 
^ 

!,ansformrtio! l,esins {iLb a set oI romul* and consr'r u' ß ä trö' ca'

:Hil;:fi; iil;;;;i;...rJrn. p-'"* 
'"'- 'lpres a poaribrr on' rrr 

'
il::" *; ;";;;i;..".mmingrdgü"g' A Pclri n'r' rir't' m 'Ypricii Fpr-rntation

:i;:il;:;. ;;;;'ii: ;;'r il".rir'' p''*" L"' rr 6 be dciv"d rrom (he rP' m

;:;iil";;J:'i;;;i- soade,imrionrrhinenbnonslru'r"'rI'omrr'"'r'P'rn'ärion

AEcd on Oldcrcs, W''lis l44l rerntlv d'velop€d ' rnerhod lo' l'hc üerrtal'ion of l l'ri

"'i i,- ,'-" "ä.in*,ü's 
ln€ctlv wirhout usins Pro'63 tcrns B6edon !l'issorl

ä"r.*.rr.r"r }.p" ""* inl'eercred inlo PETRI UELP llsl

3.6.3.1 ViewpointCeut€redSPeciffcatiotr

TIE sDeificalion of r pß N is dat'd in lree losi' (i " ll8f Ar a.siml'h dd.pl''
irir""'i"ir."" " "*"rr'i" '-rlosn 'psi6'a!ion 

or (i nrinnt oI) r'he 'ltcl!{rän( ra(

whi.I we {ill call "Bavtrid Bidgüten":

Ttace of eEnt6 in th€ "Bavarian Biergarten":
W". O. O. W-. X. n O. tU Ws' Ws @ Wro K or' P '

1t^ce loqic apccification ofth€ "ßaffian Bie'Ca'ten':
;-" t {i, P, n) € P*r(K P.R)' A

i,".i i iw., w,i,, x, n, w"J € p.r(ws wo x R w'3)*

View of kit.hen:K.P.R K.P.R. ..

vi.w ot wailer: Ws.Wo.K.R Wß ws Wo K R Ws

'r'blc 2: llace and t.ace logic sPeciffcaüion ofthc "Bavaria! Riercarten"

Th" "nner nnr! of Tätrl.2 shoM . pdsihlc l'rre Ws Wr^ l( t' R w's hwc t'h€ tumc

-.-i.c*it nlg.,"l.l @ dcno!4 tl'inas t'ha! mav happcn büt aeo' no@DFrn Dq"'

From thc kilclEn's viewpoi.t, tlrerc are onlv tlrre relcvnnt cvenk K' P' lt Tlrb is

:l:l-:]l];;;;;;; r ri. P. n) € D*(K P.RJ'r, whc* I i3 lhc ProFction oDctrror'*ä:;;(i'p tFti l:, i:i.p, n-.i.n r<.r'n x' x.rn x P' K P R X r'R l r' is rrF

l-""'Ji.*i. iii..rui') ;" wait;rs Poi0r or vics is s sü(*siotr o{ Flerins (wE' r''kiDs

;"fi iü;i: ä;;iü i. 
''r* 

rü*- rrr, r'"i"e 
'rü 

r'hdr' I mdr is 
'Fa'rv 

(n)' mn

From a knowledse &qüisiiio! P'ßPetive, än attretive feäture of tra@ sp@ificalions

;;:'";";;;;*"; * *qi,iuition ot ih' *n"*torg' nedcd ror spccilvins ' svitenr

ty loohina at it from dilldert viewpoinis (like lhe tiilcl'en's aiewpo;nt d,d l,he waiter's
vicwpoi.t i'r our exdnple, se tlE lovd pet ot Ttble 2). T[ß tp€cili.atioN oI @mplex
sFl€nrs @ be @Nlrücted by equniDg tlrc kmwled8e froo tlt aBenL PdticiPatn\g i!
it.

3.6.3.2 Vicwpoinü Ccntered Plannins and Ituplementation

t'r ordd to üsc ahc lranslormational apDr@h sitlin PETiII_IIDLI', scveral simDlincrlioN
vcrc urade. Ifieure 3.r5 slows ou. EraDhic.l reprentations oI mme lranstormnlion rules.

h lh6c represertatiou, each rule he th@ pdte The uPPer part @rtaiN ilE !.me of
the rüle, tle middle part Day conla;n .ondiiiots' and tLe low€r Pän @nta;ns ö 6l,n(eDai
The pdall€liÄm rul€ hN no onditiol ll visuäli@ üie eqnival€nc of a corjunclion ot
l.snN S od T (S A T) to t{o specifictions S d T tlät lave to be implmenied d
pardlet nels. O. tl,e PDTIU-HELP scrs, we mdy 66t€ two gdl r€gt tu labeled !v
S and T, whiclt have yet to be impl€meDied by Pelri nei hismdt'. Thue a Soal regior
r€pr@nts a speilicatiotr ot a üdk or sübtßk tle 8Gl to deale a Petri let IragmeDl thÄt
is quilrlent to Urtl tp€cifiBtion. TIE dott€d üGsitr8 liD6 belwen tlE soal re8ioß in
Figure 3.15 man tlat tl6c nec rill have to b€ synchoni@d (whic\ is sp€cifi€d bv the rcl
mmbinatior rule). Iror d rple' öIplying th€ la.alleltun rul€ io llE tre speincaiion
ot ll'e Bavärian Biersart€n in Tsbl€ 2leäds io lhe gonl resions sLown in liisure 3 16.

Now tlc l,wo acls lor tl'e kilchen nüd for tl€ wditd cm be @n6l,rücted sepa.alely Nd
sytrc.hron;dd later. Fisüre 3.1? shows slcps in th€ comtructiotr of lhe "kiiclEn ner'.
Fisure 3.1?a slows iis sn@i66tion d a goal region. 'init(S)", the rcl of trexi pGaible

evcnlß ol ä proc6 3pecifi€d by S' nisht b€ empty (dcadlock, nol 3l'ow!), contain one

€l€nert (then the prenx rtrlc is appli.rtJle), or more lhm one elemetrt (liddled by lh€
expansior mle). sitrce iiir(tr e I {K' P' R} < pret(K.r.R)*) = {K}, ttrc Prefix rule
aplli6, acndaii'r8 ä plä@ lcading to a tr silion hb€led tith K lcadntg b s goal rc8ion

agai ?3 r ([isur€ 3.1?b). t h€ nw goal region .epre€trll the kikhen alter häting Meived
nn oder frc,! the waiter: "K-tre I {K' P' R} € prel(K.P.R)*'. Fisure 3-Ub reptwnG a
mix.d expressiotr. Ndt, thc pr€lia Nle i. applicsble agai!, leaditrS to Fi8ür€ 3.1?c. Alter
ihr€ applicatioN of t[e prc6x rule (Fignre 3.r7d)' tle dpEsion "K.PRtre I {K, P,

R] € pGI((.P.R)+" will be obtaincd qhic! i' eqüirdent to rle orisiral dPrs3ion "tr@
I K, P, & € pref(K.P.&)*"- Thus the reuFior rnle b apPlicabl€ (vitL S substiluGd
by'trace I K, P, R € prc(K.P.L)+', dd S'suhtituted by'I{.P.R.tree I {K, P, R}
€ pr€l(K.P.R)+'). t'he rccursion rüle state thal if a spsilicalion S is eqüieäldi to r
mix€d dpr6.ion @trtaining . .pailioiior S', and S and S' Ät€ eqüival€nl d sell, tlrd
.hdenrs thal mixed expresio! by removils S' dd iniroduciry rectrGion s[ill kep3 it
cqtrival€nt to S, Figlre 3.1?e shoes ihe tsult ol its aPplica{iotr

trdc I {K, l', li}
€ prcI(K.P.&)l

he I {Ws, wrc, K, Il" wB]
€ Dref{Ws-wro.I{.&.Wß)*

j
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Fi8trre 3-15: Some tr'ntlormation tul€

3.6.3.3 ViewPoint Cedteled Svnchronization

Whd nFls have bd .@ted for dillcrPtrl vi"wPoints lhevcn bc Elued tog'l'üs Ioole

Biul. nd by l.h. nel ombinarion ruh (FiguF 3 ls) 1h' ner @mLinrr'on rurF 
'on'Drnes

.'.i'" r". ,r'"'ä "i* i" +"t te 2 b the;c! shown i! Fisur 3l8b {K Änd Rrrci'l'e
synclronitins tan'itioN.)

llsin' rhe lrd6formal,ion aon'orh, dillecnt slra/egis are pd'ibh bqxsr w" mrr l'akc

; lo; a! the lwodi[e"n( 'iewsotTible2 
simtrltanmtrslv and tlus avoid thc ParatFnsm

-ü. rt 
"-äii 

J;r'"* tn ligtrre 3.18a. Alternativelv, th€ omponents of a net cän

i".i*"i"""Ji. -*rl.r *a .;bined lstq (Fi8uE 3 r8b) ltr norc @mpl"x.dänP

t"", inL..-"tiot. .r *L"glo U"twen müinal tequenlinlil'/ nnd rndimal Par^llcl's'n dr

F

3.6.3,4 Supporting plannitrg of Petri nets in PETRI-IIELP

flis 6ectio! desdibes low the traslormäiional approeh cm support ledneß in con

l If lhe lcdNr do6 not IDo{ hov to Focced od Eks for a @mpleiiotr propcä], i\e
slctm iay oller soal nsions (e illGtrntal in Figüres 3.10 dd 3.17 4 h€ld. So l.l,e

ldNr;s r.ovided vith decriptions of subiNk6 yei io be solvql,.nd with rdmmcnda-
tions how {o dc@mpoc the tdk i o sul}t6ks- Thus the ststem will not be Miricled to
help otr llE l€v€l oi places, trdsitioN, and linkt.

2. Th€ ledn€r mäy state Ä9?o theses ol)otl spal ftsioß, aot only about Pelri ner fiagm@b.
So the leämer nay gd nformntiotr wLeth€r he or sh€ is 'on the ighi tr&k" ai v€ry eady

dnnüing rta86. For dahple, the leaoer nay dk tLe system if it is approprial€ to
slructure th€ ptubleD ol Table 2 itrto two pddll€l @mporals (Fi8urc 3.16) wiihoui
botlErirg ahoüt llBt l.he ompon€nts will d&tly lmk like ät lhis plännins sraS€. So

rl'c l.drno. may poslpone impldEtrtäl,ion oDsiderations and work wilh tül,ial plans ard

3. Thc lcarner Day lwiv€ diEt Suide@ in Petri net @nil.üciio! Ly 6itrg the tmntlor-
maLiol flIcs 6 l.Ip- While ou model cbcckitrB approe! allows for /ree, uo$traircd
prcbtem solvitrg bccaüs ddy solution propGal can be aalyzed by the sysfem, the
transtodational apprcacl allows lh€ l@net to c@te Ä P€tri net slütion by st€lwi*
aprli.aiio! of tbc rules, t)bt i6, in ! eystematical, dqivational wry. Allernatively, tLe
tramtormatior rule cm als !e ofiered e explenlions for conrplelion prcposnls s€nera-

ln order to find out wlerher it it fdable lor novi@ 1o re the t.antlormntion nla lor th€
düivätion ol I P€l.ri mt, ve carricd oüt a 3itrglc subjecl stüdn The subjeci w6 a novie
con@rnins l'€tri nets. IIer tek wü to @ate Lhe'rsiaurut" nel with pald and pencil,
!6ing grsplicat repremiations of the translomition ru16 e shown in Figw 3.r5. The
srbj€cü adopted a mdnnaur peallel strötegy. Sh€ n@dcd some dsistuce for apptying
l1l€ pdalelbm dd recusioD rule, slE did &[ inhedi.r€ly r€alia their applicability. But
in sen€ral, she hÄd no 6erioüs prcblds with thir tdk. Tlü preliminlry 16ülü eugg€sts
t[at ttre apprceh is fedable a d bsb for snppoding üovic6 h Pelri n€l deigtr.

So tlE tEßformation approadr is a eüd bNis tor leniDg the I€eDq exprs initial ided,
rdtial Dlens, t6t hypoü66 al,out, tleh, nüd re@ite proposals Ircm the sy6l€m at lh€
saDe level. Th€ ldmr b aabl€d to thitrk ä.botri spdificatioß (ud'nixed tqm,')
vil,hout bolhering about ibeir implme ation ftoD the begimiry. TIE tr rlorm.lional
appmach a stated lEr€ wd impldrdt€d for lhe purlos oI PETRI'IIELP F5l l,ut [d
mt yet betr teted empirically-

3.6.4 Supporting the creation of task speciffcätions

Itr I'DTRI IIDLP, tlrc imporal losic approet allom th€ alFis ol any rohtior propGal
d6ted by a PS by nodcl ch€ckiDg, so it süpports fr@, dplorativ€, ünsdded prcblern
$lvinß. The {n@ losic ^pprcft! 

dllows the derivll,ion bf Ä soltrlion md ihus atlows
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sFtemati., rule$ideil p.oblem solvirs Thus a@oliling to oü ih@tv' both aPprcdhd

But neithn apprcäch addrs€ lhe prcl'len oI 'p"ifr"l'on 
d'urloPf,c Thus' wiih

ll'*, i-1,,1'ir'-*,r..r r'.mewuh iw Fieue 3 z ud 3 r) rh. nrobled elvins l"vrr

:f i;,#;;; ;##;tt ;""'"j ir'r"ä"-"'r*''n" temtr sr@nrd be supporr"d

;1,Iffi:i.reö;;;;,- lhe 
'ppcir'ario^ 

or sme sv3hm or Prccs-- rhen the

ä,i"'"i""'r'iä. *;i; ur t"he h;d rourd b" ch"cled again* trris 3pc'in'arion' rn

;"ä;;;l;;;; ." 
"..J" 

n rpecin'.tion, tro svst'n mav I'erP r'hc r'arner and lFrP

i" .Jii*. *q"i. -a ,. int'sräie ttrc knowledsc neded'

w- """1""..1 i,he D6ibilitv !ba[ rhc aFlem s rsisid'e ia lb" drv"lopment o( c lask

;;:,i;;;";;;;i*d d Ä so;ari" diaros. corr'IN lel drveroPeda rer or diärus

,i't* tt x w. tt int .nn l" o*d to govm rhh Pro's ApPlie'l lo lhe ldx o' 
'rear'ns 

a

i*l "o*ln-ti.', *...t Collins' ;ul6 ' be rdlaied in th€ followins wav:

1. Ask the us whdr agenk viu be involvcd in the 6trt€m to be sreified'

2. Ask ühe Ner äbout the .tata each a8€rt c le in TIis will lead io a *t of

qcnt-slal.-Pait3.

3. Ask the lter aboul wtdc\ agdi statepaiit are mutuallv exclNive'

4. tuk (hF ßd abou! whtt ascDl_sl'alppairt or @ojün(t ions ü.disj un'(iom ofas-n-r

sl,.!e pairs, l"ad to whaL 
'on5€qnent 

agco! srtr[e I)niF or @njunclbDt or orsJüri 1r

ons ot agcnt{tatePairs.

5 For snv u€ni, r!ätc onir or conjun'lion or diejülclion of:gcnl' salc P rs rhat I'd

s*" 
""-in"a 

* U"i.* 
" 

_*'qud@ o{ sode othq nsenr stnl'e par (s ) dk. t he uer

wtreLle tt" con*qroe i:exPel€d to be l'rue in ttr" nexl' timeslPt or whcthcr rL

is expected to be true at som€ lsler point in time

6. Ask the usr aboüt tle cmjutrcl of ascnt'slatepaiF expected to be true in th€ llrst

fhc 6ß( [rc ou€liont äre used to establitl' the dionic formuld of l'he ldk sptrifi'alion

'i'l- iü.,i -;-i.l"ir** r'rormd.ion aboü, !h. ddusion onditions rrß a$eß to

ili#;ü;J;;'Jt;€tabrish !h' Proers condiliotrs oI rhe ."st sPtrincrrion

ä,ä;;;;;";;"t,. *Iomation trF red tor srcirvina tr'e tmporrrrosi' ol"rar'o'3

Fitrally, qudlion 0 eltl,iislE l,hc tldring Ondil'ion

3.7 CooPerations

Frcm üe MOBY Project Crclp ve reciv€d d loi of strpport 6P*iallv in tle eNlier

lill* "i i"" "'.1*l't.t D;'i'l'd u" sith rh€rr P"tr n"! "Jiro*o we sc'e äbl" io

l;"::,: ";;;,:Ji;;;;;;oirs. E"pmiarrv H"ns Flcis'hhä'r ."ve us a ro! or su'Porl

:;"::i"';;t;;-i;:;i;" "hi; h"a. b' *r""J br rrF d"sign nnd d'vcroPm"n(

of PE'I&I'IIELP

IF

3.4

Fü.lhermore, l.here wd @peration with B€rnhnd Josko ud the a&up of W€rDd Dämm,
@ncernhs ll,@rctical disusioN d vell e pretical support in tle d6isn Nd iDple

'ncnl,ation 
ol tle model .he.king .ppr@ch.

Tlrcrc ra r.ls .@pdaiion wirL Drüa lüdiger Olddos, @nqrins ihe irtesbtion of t lB
t.ansfo.malion apprc6dr inlo PmRI HELP. h sevdal di&u$iom !e p.iidLly dsssed
oür quslioß dd provided ns wiih a lo{ of additional mrt€rial.

We l.l'mk W€rner Dmn, Hds Fl€k.[t!ack, B€mLdd Jcko, aod DnEt-Rüdigq OIderoB
for llFir support and for tL" very b.llfuldistursions,

Oukid€ lhe univeßily, Urere sa @operaiiotr with tlE Competcrce Cqtq Informatik
(CCI), Meppo, @trqnitrg lh€ developnert oI lelp for fredicäl peßonell betüg train€d
in the nse oI special medical €qüiphcnt. BNed on speifi@tioDs of medical eqdpmert
for üsery we seiv€d from tle CCl, we ddelo0ed tenporäl losic tak de.riptioß e
Petri net elution prcp6al3 cd be coßhüci€d, d fedbac! dd @npl€tiotr pDpßals
on be givm. In coopqätio! F L tüe educarioml i6iirure oI ih€ clänbd of ioduslry

d omnerc (Bildünsswe.k de Deütschetr IndGtrie und Hudelstnse), we cuüently
dclclop PULSE (Bneumatic Leärnins dd SituulÄling Etrvircnmdt), an lDtelligeni Pro
blan Solvins Envnomat fo. tle domain of Fermalic circüik, bded on the foundatioN
l6yed in th€ PEll RI-HDLP prcj€ci. The totlowin€ ..clion will provid€ r l,rief dscdption
OI PULSE.

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

Sev€ral clhmbeF ot indust.y ard @mnde (includiDs Old€nburg's) olt6 a three ye&
thining for ll$e bcirg emptoycd 6 metal*ork€E le.dihg to a ndlo qaltsman's di-
plon.. This eüßc inclüds a 50 hours €tio! inpa itr8 lhe bsi. oncerts of hydraulicB
and pneruatiG. Dü€ to the läci that oaly f€w laboraiorie dist whde the pdticip.nt3
can mä.ke pr tical expdieD@ iD thGe rrbjets, fe wde dked ro .ldelop iDr€lliad{
prcblen elving dviroünetrt lor tle donain ol lndnilic cncuit development. The sy
st€m sLould olter ldk de.riplion. in lhe vay the paii.ipantr de used to, ed sntpor!
tlrc dev€lopment ol related pneumaiic cir€üits, It slould olter the opportüity to tet
lypotl66 abort tle orr€cirs oI th€ ddclol).d prcümatic circüits @nmina ttre tdk
deqipiioß, md it should ofi6 (edha.k nüd \elp.

In lh@ training @uca lrydraulis dd pn€umatiG e ialght d tine djsdete add Btate
diBcrcte slstems. No difiq€trtial €qDiiors @ üsed lo desüib€ tlE bchavioür ot rhe
sl6lem's componetrls. This level of abir&lion fGt€red lh€ adaption oI tlc m€thods used
iD PEIRI-HELP for tdk desüiptiod md hypolheg t€ting.
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3-s.1 Task Description and Solution DeveloPment in the Do-
main of Pneumatics

Itr tüe tbiDing 6ection of tlt* cous€, tsk descripiioß in the domtitr ol pnenmatiß

* "'-*t.ai""raa. A d€ciotion of the sil.uaiion l.he problem Üis€ io h sunPotr(i

by ; lomal fün.lional diasrm 'hi"h 
decrib* the itrttu'i'd dvninic bch'viour ol l'lr

p;dnatic circuit lo be develoPed The solutioü is ro b€ daeloPcd 4 ! Pn€um'tic circuit

including sevaal peumalic elmnts lile valve, pmpa, cvlind6, swilchd, md PiPes

@!!etirg thde element..

Like PETRI IIELP, PULSn ofl6 sev€r tsks the Prcbl@ elYd mav chooe fiont

Th6e tasks nre p;enied in the wav lhc psblen solver6 üe us&l to- TIi6 inclRlcs

a lomal tundio;al 3!@ili6tion (a sliom in ligure 3.19), ed a Gxt dGdibins l'l)c

sit$tion. For the deväoPment of a solüiion a Sraplical editor is uscd which olfcß tools

io itjgt, d€leie' mdipülrle, and compmc elemenls of . pneumatic cncüii G@ I'i6rre

3.20).

3.8.2 HJrpothesesTesting

In ecodanc€ with lhe ISP-DL ii@rv, the probl€n mlver bd lhe opporlünitv io state

a [voolheis.üoxl bis elution prcp6il n! any iioe Tbit k donr l'v mrking lh€e

ouia of r.hc fua.rional diagrm which deüibelh. bebaviour' rhc prcblem slver Num's
irir circuit prop6.l .botrld have. As ä fedbäcl rb" hvpoth6is is rlurnerl in ' eperarc

windo. wi;h tL f ffll.d b"h"rioür märk€d i! sEn' and the unl{lnlled mdked in 
'ed'

For checking hypoths the fünctiooal decriptio! h iranslormed to temPoral l%ic lor

-rr- oa ä"lnom"ti. circüit b tran6fo.n€d to a ffDiie slate Nlomaton [r3] 'L'his i3

.r""" h' 6nD;in! lhe fin,l.e 3talf, aülomata shich dedbe the Pdsihh behrvior 6l (hF

"*'-".U. a*"Ä. After that, model checkins [akes Pl@ chtrling lhc v'li']il'v oI I h€

Lmulouor<lins to Lhe linile 3i.s!" autoonrotr. So itvs pcaible b anplv the approa'l'

develop€d in PETRI-HELP to tle dom.in of pneumrtic ci'cuiß'

3.a.3 State of Developmert, Experiences, and F\rther CoIn-

Ponenta

To date, PULSE inclldd see6.l tst dddiplioß problem $tvds mav choo* and vork

on. This is suplorte<t by ao €iliti4 envircnmen! lhlr oJtm *&ilv fie pnclmttic €le-

menb'synboü(DlN lso 1219) [e b $ed to mrk with. At anv time a hvpothcais

"r*ityl.i U'" i"L"a.a r.nÄviolr of üh€ deEloped circlit can be stal€d F€cdüack is

Eiven'abäut the behaviour al'eadv slown bv l,[e 6olutiotr prcpmd Nd ühe behaviour

;l,al @üld oo! rcl be ob* ed. turthftmore, PULSe hN d explännl'iotr comPonflt

rlat drlains th; syrten's fedb&k and inforDation on a conceplual ld€l lasl'

Al ibe end of 1995, a fißt v€Fiotr of PULSD hdbd dclivered to th€ DIHT_DildutscBc-

aellschatl., Bonn. It ws düi.ibüied amons 3ev€ral chmbeE ol indu'ttv md omme!@

vh€re it it t€ted sith pn ticiPätrtoof the i6ining couFd'

7

r\1, lle momdt rcvsat coßponois arc utrde. dev€lopmdl tlrnL ,.e deigned to epporl
lhe problem 6olv€r d vcll e tLe leciulw, A sim ation tool will rupport tlG problem
dolvcrs l,y lughlighti.g tLe b€häviour ol tle d€velopdl pheMatic circuil st€p by st€p.
This lE\'s dete.tins problm ep€iälly 3ftd a lypotLdir w3 !ejs[ed. Eepdally lhe
l€ctürcF indi€led liei. ilrtdet in a tdk editing tool lo develop fomal üsk dGüiptions.
Slcl a iool is cürr.ruy benlg developed lo supDorl lhe d@lopmetrt of forml fuctional
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Fisurc 3.10: Applying lhe pÄrallelism rule io tle tr&e speiffotior in Tabl€ 2
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Figurc 3.1?: I'etli net (oDstrmrioo, NiDs prcfx ö81 re.uftior Nle

Figü& 3.18: Two Petli nets derived f.om the tr@ speindiion in Table 2 Fi8urc 18a

(otr the lefi): net ddired by a seqtrdtial st.atesy, Fisür€ 18b (otr lüe iSht)r !€t deriv€d
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Fisüre 3.19: Tek derription 4 a fmcl,ionnl diagram

[isü.e 3-20: Th€ pn€trmaiic circnit editine field inchdins ' slulion lor thc ld'k d6cribed

itr Figur€ 3,19.
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Preface

Tl'k reDort siv6 ar oveNiew of tl€ work dote bv lhe'Arbeitsarüple Informatik_svstme'
;^lsl ;[ rk"DeDütD.n[ of Compüler S.io@ of lhe Univesitv of old"nl'urg dü'nrs rhc

i,.""" r,,..lo l,o lricr. Th. Arl,"ib;üppe lnlorma(ik sv.reme'h.F hen supPo'Fd bv ll'e
itl;.Jeoa"t,"l".l- vo'.t,.t.r voll'wnsetr_sriltuns (Az 2l0_?0031/9 l3 t4l89)

I'he AIS wN fouftl€.j to itrvetiS.le princiPlcs' melhods dd prototvPical l'ool imple-

nEntatio.s lor ile d€velopmdi of omPlex &fiwee dd härdware sv'tems Dishl mai!

projccls lnve bd tupPo ed bY the AIS:

I . MOIIY: Modetting and ddFis of omcc t.o'edtrrca bv Peki Ncls

(hoI. Dr' V CIaN' Dr' ll lrleiechüek)'

? DNs: Dktribut€d simdation o( lißh level Peki Net'
(ProI. Dr' M sonn€M.Iein),

3- I'cl,rilleb: Irtclligcut supDorl for modclli'Alirne discrclcdisl'iÜütcd sFlcnß *itlr

(l'ror. Dr. c. Möb$),

4. COMDES: Spccilication, vcdficnliondd Bioulaiionof @mPutq dchiial!rcd6ign
(Prcr. Dr. w. Dmm),
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(hof Dr' ll-_J. 
^PPehattr)'
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(Prof. Dr' P. Josch)

Cenernlly spot<d, t\6 ftr nve Projects sork otr modellins ud malvsis oI conpl€x !v_

"i",.". "l';r",t. r*, thtr prcjdl,s oritrlnle ro*dds mdtiDcdja nPPlird(ions Thus'

eiö 
",.i., " 

,r".r, 
"i'1, "oil 

l,k rnoJellng ot busirres p'ocds4, @mpü!P' tupPo'rcd

-q'.-iir. *.t, w" irl.'fee d6i8n, disrribured computinsor I'a'dware dcsian
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ii" o."Jp..*.'a *t"r'ridhmeni. As ore Eult of this procd, the in6titutc oFllls
*--l*i.a ut Ora*lu,g, "lErc 
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ntflü€nce ree.l! &tiviii6 and ap?liqtiotrs.
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