;e8e,.,|F"6T.! r A database useful for configuring and/or optimzin
system and a nethod for generating the database 1 background g nl A] gzaD‘Z
invention 5 The aimof the invention is utomatic del 1 ng,

anal ysis (verification) and realtine si mmm,mm’wu"aar ge-scal e
configuration problenms on a standard conputer a personal conputer).
Mat hemati cal |y speaking, such problems on %1%’ donmi ns or intervals can
be expressed in ternms of truth tables with Il ~ conbinations, each of which
can assun® datakaseruspiul far icaniigeringiand/or aplamizingl asystem and 3 .
Here we are ass vari gbl eg, ch ~ 0 with Melenents. Thus, binary
vari abl esmsﬁ"g' %Teégéﬁﬂgr%@ngd m%l case with Me2. Cbviously, M
conbi nations will cause "conbi nati onal explosion” and it is therefore not a
trivial task to solve large configuration problems with a nultitude of

vari abl es. Neverthel ess, the present invention nmakes it possible to unify

t he seeni hgl Baekgnousnsi @fﬁwlnweqtlpnerrents for 1 s conpleteness (ail

conbi nati ons nust be accessible to ensure | ogical consisteney) with

conpaci neke am pefiedBetianiiotr aurposhadametic sraegling. iapalySEdvedicahplend real-

i nterl ock§ng sﬁr}{ﬁétﬁaﬂsofffé’fr ef&hleV@:Y\ﬁ&E}%ﬁéﬁ b%leﬁﬁ@or@%@t&ﬁ&a‘@@o%uéﬂ@éa£ er-
t housands vari abl es representl ng oignal val ues or swtch positions. To

i |1 ust r at ¥nabopPHerddpthematieally eraking. sygh SirMems Q iRt Bomaiss wainfervals icam| es

will be chas éﬁéh%@n’ﬁyot fethhatges WAL coRfbindBorsd, abers oPivhieR KB Es?stuh%”éthelsone
| e ot her conbinations are clearl

conbi nati ons ar allo

illegal b@éﬁ%géﬁfwg‘g’ % f‘i"!ﬁ%gégqﬁloéﬁgﬂﬁgé' )- Herenih aieeAssHEWRe- A yarabias, ﬁﬁ“ﬁrh
converp hopii Meshaat Othus, bihalaarifiies areceeeodhyidéed 26 eadpedriBadshathsmsd em
into subsystens of sufficiently small size to allow their validation,
whereby not only illegal, but also a | arge nunber of 25 | egal conbinations
may be exObwicel, Arfésoﬂnbinagorisnwa dagiss ecbrhbxohtmmbl axmd:simdtaiumltoi tﬁdﬂ@‘ofeyﬁcbteén

I n genera r.a bi.nar es but
will al soénl‘”ﬁc{]ﬁﬁg&lﬁ?’ rr hto'd! 33?’“? Sésg?%ﬂspl Rit'e g’%ﬁlo(r?ls Yaf'e" 5¥ %Fﬁ’e'ﬁl ued
| ogi c | ntheg:eeﬁ)wt orertionirbakes at ;saseibla ot @ify dhes yeeningly somrmu;ar)deemlre@tﬂnes foo be
abl e f r

omputor 1 SUip s R AbR Sy AR adoRsSHE (R, A2 oBheifialty) RRAESN

al most i nBACKIASE OB BPRSSNALIN aMQPWOfe%aH‘ﬁP@ is configuration of products or
services (e.g. cars) conputers or travels) on the Internet. Mny pr oduct s
are available in a nultitude of variants, which nust be sel ected by the
cust oner FOHREPHUIBRAIOKINIAYEIGES! fpr ﬁeé'ﬁ@ﬁd’@ﬁ{at'ﬁ'btaf%?%‘tm#ﬁ%@ SEH" ‘E@}l‘ﬁ‘”ds

conbi na 35ar|ab¥é83e;§¥%sérhhﬁ?% BI Vs @rrﬁw&as;ﬁ:s.hb@s dmo ilhegats, eWéthsanﬂhﬁérlock-
conbi nati ons are i

Comot P8I P SRR ich PR Sy a2uRPE v ps' GRS 2Ry B e BENeEr Y Z%bl 6

t he user ttateser ecthbinati@rsaSbimeaoynbotdtipnd hre kg &dliowed) while iotes comvieatidriscame

very conpl e r r tion
t ool s haveg%r '“%%Hava S% hgy W%u}éhéef'ﬁead Qa;étqgggm-rcg%gc osec?% %%gﬁ%é‘fg%%and
US 5, 515, tonai tegbnaodys ltsnaslueea r@ee&mﬂy fmbreswgc\ewwsmnﬁnjbfsubsnsms of suffi-
requir eneagﬁuﬁeﬁau%?iegdo%SMﬁ r m.eamvéw%t 81'&\? .u%eesegupénse; es»aogeﬁenbérrbf

t hi s cont ext eteness” |1 ndi cates the nat hemati ca
requi ?%rreiﬁ*ga‘t%b”ﬁt'lo"%mlt??a?’i‘%ﬁ@h&?é”‘ﬁ@é’ha\l%‘"’ﬁl?W%‘tt%“@i%r%”Peo‘@isé%’ In

fﬁnSI st eB?é’neral e s-flé\t@rrpiaﬁﬁﬁl'éts wilnY&Hel lﬁrﬁlte@ﬂ@‘tﬁlr@ﬁﬁvaﬂu@sﬂi&gﬁlmb!s&Q*dﬂdle@fﬁér@wt
is pro

em w t hou e ob] em of i nat i,

be under sE®8IYRSSAA '%W@ 'b'i/\zerﬂg r@gg(\!pyung "ﬁﬁ%erir‘?f ”5? SLeFF'eOf "Plts@ﬁtsl) \311'5| s
the est gb higgiymEBﬁ'atﬂ)é toabdléb{@ iodiha)ﬂd% @fnﬁ@ataabrasmbtemrs ih rsestémfsl aiWhan @izt ey meehnan

"array database at abase. i s _an ol for
confi gur af’fif)cﬁn%‘ii%rfﬁmgﬁ%&igwqqa‘fo@ %r&vnggog?gwpéeﬁ% aa%s?%’rf?%éﬁsﬁcﬁ‘%? SQOSE%LBN?%e
fol | osongneddsiywi I | be understood that due to its unique-inherent
advantages, it is also useful for a wide range of applications for which
con ventional database systens, typically relational databases, are used at
present. Angibeeexarfile lsneanfiguratiorcel pradeds 98 baMiced (9. 9663, Flogwputess eviarnel ont he
i nvent | OntHgﬂnS@rr’(&”M‘aﬂ&Wd’u@{s arg%vgf‘éb'ie ina n@ﬂ&cﬂ%f%ﬁ@ﬁ‘@' %%h%uﬁ%%@é‘fé&?é%ed
Logi c. esl s tric Power i neeri ng Departnent, Techni cal
Uni ver si t Wy die géqﬁqa,fﬁeq(frorylagmgmperlcgggutua dependent options. Thus, ‘only some combina-

35 tions of these options are possibie or legal, while other combinations are illegal due to some

| [
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.2+ - | au~ 2002 2 Brief Disclosure of the Invention In one aspect
invention relates to a nethod for generating a database usef ul «f A 3002
configuring and/or optimzing a system spanned by variabl es on” f| ni te

domai ns and/or intervals, 5 said nmethod conprising generating and storing,
ma nenory or storage 'rredi um of a com puter, an addressable configuration
space of the entire systemin terns of all |egal Cartesian subspaces of
states or conbinations satisfying the conjunction of subst anti ally all
system co n S I 0 | eqal

Chrt ool an i hEa i ecindicla KRRAMERy Ukl bR ROAME €40 RNk toais oy
| i nk vari abakie thesgsqstOtsgfe@stmpmi)aomm@blam dombx@tigwd, cives lﬂrbst vaTy icatplexal (
| egal sol HFddQ:E' Ldeit he systemare stored as nested arrays. In the

foIIovm ng, the database generated according to the invention will be terned

an "array database", this termreflecting the fact that all |egal solutions
are storegyija atrnﬁnrs@toaba%su@ﬁzém&xﬁ.buﬁ%retoes%e@ b@édn@é/évanéé:eD@fg' fHe sy QB8R 2Nd
expl anations rel evant to used t he present

speci fi cafiSERSehE Wpag%g%ba'é’sumsﬁ fib‘%é% ‘h@'(?rfﬁ|53b?|dﬁ§‘anﬁéﬁrn§’s@§@samﬂpi3 it g

subst anti gld peqatdmémgadr conipRiterddsaing c@ﬁmphéwes\sa;rnu%béaﬁoﬁr@sé@{sbsi‘nyth@g;on ext,
substantlalléé all the constr ints on tﬂ% stem Preferably, all 1

conbi nat i BIfsteR "EHEPIGIENESH|! c%tﬁf g e ?a‘tr?fé‘"(‘?ﬁﬁgf gt g §°@H'”?Pfé’ss’$ﬁ3’?em
ar e est abbéesheshfiet no vhieh iqyical esngidetgse the | egal Cartesian subspaces of
st at e'j or conbinations will satisfy the conjunction of all system
constPlints on all interconnected variables. 25 " Opti m zi ng" means appl ying
a heuri st iTbhe ge¢seot roenidn porbiesan elagantisblotion & geg p@b!dnegathomotn‘eimeﬁlérﬁnﬁ
The term. S b and/.or intervals”
i ndi cat es "g%{%é@c [&gr% gggl & ¥%]nghﬁ§e{§$ﬁc{:gﬁa§ﬁ§ g)(ﬂé@fn derGiRtgn, tb? B d
el enent othesnmrélovaﬁ th@@swlléimqﬂ of Iadglvelawet ofudatabast e dhe fmﬂowmng iterirted ame'tr-of
interval s m I t S
subst ant | S SEET el Afl BEUERRRRN o aPih B p SORER ey RS bRl
pref enp edlr@a@é?d @nqvela@gaiesermu ingreasergn élﬁéo@mw dl W'I'@er@}gimmﬁttédt d@3ods 7
AU G 2002un6u81rﬂ{eh§§'a%0ar§5 éoﬂqg ‘aldoSusaiiff MFRAG e T ERY @&Wtep ?cfr %, 9&1-
ate

nore | egal conbi nati ons, onbi nati ons bei ng derivabi el ca

the Carte&?%ﬂ‘i’”ﬁ'r%@k%seé’b’“@ﬁ@ B’P@ﬁﬁhf%at'ﬁi‘a‘é’ﬁﬁtbés%ﬁifé@ef’cﬁt PESERt var i abl e 5
"System constraints” are the relations (propositional functi ons) on

vari abl es ,defin r the system "Interconnecting variables" indicates

Vari abl esAnesBit matesateald e B A PR et SANS B s gler.

vari abb e Gentelr.abedhbaichenoleyhotdasebsdidriggicoPh e thevise miéam Rowendtietkdriag a

gi ven reI t [ {dggs one Cartesian sub

space. "I ﬁ%gggg%té??%ﬁ%l %H%e%aq??égﬁgﬁﬁggu g%g@le 9kagmeans | egal Cartesian

subspaces with at




15 | east one common variable. It is a crucial feature of the i ventl on t hat
all illegal states or conbinations violating the system constT ZQQZ
excluded fromthe relations. Such exclusion of illegal states or conb
trons can preferably be perforned while the database is generated by the
met hod according 20 to the rnvenhon, the illegal states or conbinations

bei ng excl uded whenever identified. A state of contradiction or

i nconsistency is present in a systemrf just one relation of the system has
no | egal conbination or state. On the other hand, a systemis said to be
consi st ent2 i fBetf Dessdbsorecobthe lmventionnbi nation is legal, i.e. satisfying
all systemconstraints. If, rn the generation of the database, |ust one

rel ati on dh cmesygpt@mhiesn¥eption rélatehay @ mahddeipagenwatiignatiatabagy uﬁﬁuls‘braédﬁﬂg-

t hen t hat S f ont r o n nd
st bo- et oty e bl SRR S e MogiRh 3y Risdle
(t hat iss, saghbietiiodgcomgirgingcgesetatingranid\storag, @ armemocsomp$tesegsubs<ysme:hao¢om-
system '%Lﬁ%ﬁgﬂ%égﬁés dbIDES LBt SAAe orlife Bhikd <R WIRKAE 3Py 1ehAF A%
each | evel e collirgation process, 1nconsistencies or contr

wit be i cﬁéﬁﬁwqeécpfaerﬁ%lewqflcomﬂlﬁlon? é@tu:mnq theesaniunstienm o subistantia i Iall Gasten

subsyst em Qhsh¥ilseon all UasihbMbeRith A HRAShALIAD ld@;bp@%ﬁgsum%ugﬁﬁa’%é%ﬂl e&pd
the systemw ||l be consistent, as manifested by all rela tions havin

| east  one dregAPleca leedi C&ﬁ‘%’l%’?ﬂ%@é'“d%s Pfri'”i‘Wé”?ﬁ'%%éﬁtasstﬁééiaﬂ'%@ ﬂéhbawn
cl ai msy t henibesstavishyeal lehf sbRfidnaPAN s@en®Bid dtete8 ¥ hesle@hraqd i abl es or,
alternatively, about a part of an entire systemof variables, In all cases
rel evant to the present invention, the system understood in this nmanner,

lt ?‘] COWD|t etialtye ﬁﬂfwm@dtHeﬂdaItMseAgeneratedk@bl’dﬁg&@Qﬁe ?w?hmm»menatmé&law ""é}%y
e systemis ei al_ or e 0 a
const ?/al n?‘]sat?%ﬁsgvg’ﬁ’? t? f’ﬁ'&‘:u%gelh&ffggﬁawﬂnﬁﬁﬁmgmf %’Feﬁr‘gﬁaaﬂ PeFRIAPESTe ct

t o absol ut@leyorahdre ppstedmrapanst rai nts. Thus) the term system used about an
enti re.system of variables, indicates, in the context of the clains and the
specification) that the entire systemis conpletely defined 5 wth respect
to all sysPemitoossndzixpesataisae@méntito some ofide tofms heeddiattad aswsenasrkarfication
preferably, wth tespect, \gsabsol utely all system constraints. Wen a system
of variables 1s not conpletely defined in the above sense of this term
then only that part of the systemwhich is in fact conpletely defined is

covered by the t@6r{f‘guﬁr3(g<3trﬁéﬁns%téb?@ﬂn@&ﬁﬂ@?anﬁél@'d‘iﬁegaﬂ&@m'ﬁ)ﬁéff@nss&t?% @&Hables
tially", as used Iinclaim1l, indicates possi ble to have a system

whi ch 4% not de?al"ﬁfé‘tﬂ‘gl%‘bﬁﬁaﬂwlﬁy&‘ﬁ%Fo'lséfa@ﬂfsq’bﬁ’?ﬁébﬁ?f§f”r af Figraphyadll lege! gagtbi-

rel evant to thenagsgs of thbh@nﬁlaéab@tss@mgmahé bewBtramtdsH ﬂhl&tslyétlehyarecs%lfhbﬁl;rﬁéﬁ in
indicate a systemin

es f colligatio
compl et od and THED S HREST GHES HEF Baat T aTHRE, AL e o AUEt &0 P8 AP !
certain tests fsatstydhscotjemdpn ofhil byestdnh eordsabintsronvalr in@monnsctad varcamiesi der ed
ideal, it may neverthel ess apply for certain applications of the invention
where the realtinme capability of the runtine environment i 5 is not a
requi ranent . As"Qpidiizgag guezrisanelynheheystesalesiar of epmiisativay wiendeselahiaged
by conjugating ghsniRdiigrere relations, each relation representing the |egal
Cartesi an subspaces of states or cor nbi nations on a gi ven subset of
vari abl es. The conjugation of the one or nore relations conprises cal 20

cul ahng the Car tRsieah §B?§t@@\c‘s€b‘énﬁé’é by’s\féﬁlaﬁ'lgs bnam@cﬂmhm@am?ﬁhfewaﬁ ?nd?cf{aﬁé&e
es no, 1t ur er

one or nore re |ations. rel atjons have

action is requi F@yeg ?ﬂﬁb{?g%ft@etsrﬁ ePbF%YFiSQn%f ﬁ%@o??j ge{fleere'Hﬁ“ﬁ{%‘? yaHes
pref erged feat uteg.pbgicherutnvaioks )t a flté sstelf aitérgans. Wit h at | east one 25
common variable are colligated. The colligation conprisés conjugating the
constraints of two or nore rel ations being connected by having conmon
variabl es to eslTbbltérgh"Amhed@assabia eonfiguatpnsep” fulidasfsyihaystisardiebaihégal
constraints of r t f

nore rel ations E&ﬁ?lkx\ﬁ)on% qu‘%&@th& r%'legér}ﬁe%d -t‘)-@ﬁ} ol nfelrrfga QQ il ‘eég\ %ﬁéﬂs
rel ati ons up toaee expbcity emprasestédl i mit. Joi ni ng conpri ses the oper ati on of
replacihig a set of relations with a single relation satisfying the conbi ned
constraints of the set. The set of relations is not limted to two

rel ations but can in general be any finite nunber of relations. in a
preferred enbodi nent of the invention thei3case where three or nore
relations 35 are joined is typically deconposed into a nunber of pairw se
joins. This pairwise joining can conprise a predeterm ned strategy or the
joining can be in a random order.



.5 'z auc zoaz The joining process will typically reduce the nunber of
relations, and the resulting nunber of relations are then colligated by

| i nki ng them and grouping theminto one or nore clusters) of relation(s). 5
A cluster can conprise one relation or a set of interconnected}r Aldfi QQﬁz
These clusters will be described in greater detail in the followng " e
finking of the relations consists of adding |ink variables and addi ng one
or nore calcu lated relations} representing the constraints on the |ink
variables. 10 . Laki ¥ el atj i 1 hi or between
clusters. The | %(E%Aﬁé'gﬁes?g%%%et &ég?ﬁgﬁ%?gﬁﬁg&t#&éﬁ% %Lﬁ&;{egg{ SHTPia ng
a link rel ati oriceorlr snbigations Heingkderiygblaisaieiataghidsetheofadesiamiprauycbt tHen a
cluster the |inkfekddd QN8 NaeRORes&$vatabid. | Nk variables on the relations
in the cluster 15 It three or nore relations interconnected with common
vari abl es are generating cycles or closed paths, then they are grouped into
a singke clusteg,GOARbh& M AR hBrBEuHs ERERshBhALAARNs\Sn FaRASEFURNGE
the resulting clusters) are interconnected without cycles, 1.e. I1nh atree
structure. 20 T9dN% P&t ructure makes it possible to ensure conpl eteness
of deduction in the run tinme environnment by state propagation, for exanple
when a confi gur,,ﬁi on or

optim zation is perfornmed. 25 The term
"conpl et eness of HEINETING ARy d%‘ﬁ%aéestﬁg'ta%&lslp“fsgaf 'Eaﬁt-l-%%sﬁi"é%][?@ﬁ'@@% nust be
de duced on one or nore variables. In inportant enbodi nents of the
i nvention, the, | et eness _of _d ti | l.l.1oqgjcal i
consedlences on&grlr{q)ve\;?ﬁéaﬁ]e gs adgﬁaﬁ%g n%&% tggt% w ea%g{@,d %%8%@8%? BMeMtONN ot
linmted to thatand 38dathters giken aalatiay vatataalagee index which idmsdifie one Qattedtam atith-on,
one or nore obj Sgge functions are in corporated. An object function of a

gi ven subset of "VAf i abl es, the object function deriving characteristics of
the given subset of variables, is linked to the conplete configuration

space by deduchpgddfieGaNYLAC M RBSERL0Y b0 BBRECAHdHIFLIRR R GACH

l'ink variable connected to“the given subset of var

~~~2 JAfter théeagrenpcampabiiEblfas been generated by the nmethod according

to the invention, object functions can provide information between a set

‘of variables and a set of object function values, a g., Puce, wei ght,

col or. 5 I'fisg Cegaldpatyty ddhe fyRetiaoRalal tieee! ghies HoterRavatians welglifcathe sys-

order, e.gemasnsttiliChts extiudal fldhd tharrplatdrde SueRBxdesiars 6f YBES dtfed bec&pbingdf

obj ect function valu The characteristics, of the aobje h function may be

et or i nodohnaeT HErEn PF BPIDR P RATE FRID0H b HE BRI By B Ml 8 roing

conbi reat i eo tod irivhetioyl vienillegali ke oy colmdinaestd beibgiaxgiutdeprehenever identified. A
state of contradiction or mnconsistency is present in a system if just one relation of the system
has no legal combination or state. On the other hand, a system is said to be consistent if at
least one state or combination s legal, i.e. satisfying all system constramts. If, in the genera-
tion of the database, just one refation of a system is found to have no legal combination or

25  state, then that whole system is in a state of contradiction or inconsistency and must be ex-

cluded.

in the following, the process of colligating relations (that 1s, combining relations to arrive at a
more complex subsystem or system) is discussed in greater detail. It will be understood that

30 on each level of the colligation process, inconsistencies or contradictions wilt be identified
and will, thus, result in exclusion of the coiligated subsystem or system. Thus, when the gen-
erating process has been completed, the system will be consistent, és manifested by all rela-
tions having at least one legal Cartesian subspace.

35 In the present specification and claims, the term "system” is used about an entire system of
variables or, aiternatively, about a part of an entire system of variables. In ail cases relevant

to the present invention, the system, understood in this manner, is completely defined in that
4



10 sented as a relation on the object function, the given variables, and
the link variabl es These characteristics can be the values of the object

function given by functional mapping of a set of independent vari a
set of constrained variables. The nmappi ng can al so be a gener aﬂ @E?Qﬂz

yi el di ng one or nore object function values for each conbination of 15 the
vari ables I n another aspect, the invention relates to a nethod for
configuring and/or optim zing a system spanned by variables on finite
domai ns, said nethod conprsing 20 - providing a database generated by the
met hod acevrrdicngbtratomenter be spspads ettertiegal pr esgalt witmreapedtan adikgstem con-

O duct 09 &in 1030260 (HOLLLBNANHL AR A oMy BIATETREL APl DHLLY

of states I nat1 ons spanne nore vari es o
repr esent & bgn%na@tﬁéﬁwdmrte@ysyswn eserh\abayt arhentre s¥semeari vesamés, andlcates,

st at ement .namg/ceﬁxe%%fqne 2 5 Y sﬁ&gdaét.&g tﬁ%\qhézers\% 534 t8hSs @8&@@%3, B¥ndane

stat ement and inquiry to the ase uci ng_:hesr neans der |
det er nf ni Wgh éﬁquPfdelaéiﬁysﬁeﬁT ‘é?”é?ﬁf’é!@@ relevand it 1hggise s Ier dtghiesgi vfémpr@éitramiv with

prem ses, rdspactablabsbRitely 8l @UREANDhERIME SWHRBn"d B\ bf vERAHISS or
whi ch therasrpra daat abaﬁ cagg provi de ! all an nweéﬁ que;tl on c% pg%elg

the | egal d%ﬁﬂ?ﬁl'ﬂé‘i“? GhRSYe gense ‘@fl tO’éﬁe%tth@ﬂ opirthatopast ok Hiei %ﬁ”ﬁg’h!qmelss'ysfa@m
const r ai nt&mplBRlyP@sTHEd iy c@lessy tgahe sérw@@tearm Ms@ﬂ edhe =8 NBHY teAR “substar
zooz An eﬁggr nal st at msnt rfdgqﬂ %éﬁ serted and/ or measur eci1
states and?Br B0re8P LIPS MdsRigsHRa \?.%ﬁ‘ﬁ’& aﬁﬁss‘,ys?”?jé’ﬂl%t'? Bt égfingdy
subspace afth Sé%éetsto(slystem‘rhm&&hlhﬁnﬁatla‘ﬁe ﬁ@trr‘émvmdo e dsedbfRedatashds GtheGhem
vari abl es) g'tt hterl, wi_t hout .or. oI I| FFB sserted sanq(égvoqr. asured
states andBrapBH¥: Faf /IS Y vﬂ‘ﬁ At PREST Rt &YURiPB MaB kRN t he
systemr epasre;stemtiedndbymteraetharmraynedatvabraaentandsttbleeadameidrtormerfan'ri\ tedtin $a4ts &Pl y

per ! of od B 505 e 8 AN WASHIL oo SMndl RPLLRBOL WPl SRl Ll o8 O

10 val ues "Of each’ varr a € Vect
repr esent certmn apyept@s efritd mwemt@asxmeeajtr@traalemefqapmlmth@f é-rewnunmnertenm;onm&dte

an out, ut | StARLEeMES t(SV2) may represents deduced conse quence(s) on each
vari ab e gf theedént?ﬁryg system when the constraints of SV1 are colli 15
gated with all systemconstraints in the array database The deducti on can

be per f or g chdiatéPase, s ien e5nsiaNE MY el dRRTInIrRRYOErAREIAG oARGE more
relations, each relation representing the legal Cartesian subspaces of states or combinations
on a given subset of vanables. The conjugation of the one or more refauons comprises cal-
20  culating the Cartesian subspaces satisfying the combined constraints of the one or more re-
lations. If no relations have common variables, no further action is required to conjugate the

relations.

According to an important preferred feature of the invention, all relations with at least one

25 common variable are colligated. The colligation compnses conjugating the constraints of two
or more relations being connected by having common variables to establish the Cartesian
subspace(s) satisfying the combined constraints of the two or more relations.

The coiligation of the two or more relations will normally be performed by joining the two or
30  more relations up to a predetermined limit. Joining comprises the operation of replacing a set
of refations with a single relation satisfying the combined constraints of the set.

The set of relations is not limited to two relations but can in generai be any finite number of
relations. In a preferred embodiment of the invention the case where three or more relations
35 are joined is typically decomposed into a number of pairwise joins. This pairwise joining can

comprise a predetermined strategy or the joining can be in a random order.



obj ect functions) at a tine by colligating the given subset of variables in
the relation with the given subsets of states in the state vegqpr @EP bh%n
deduci ng the possible states of 20 each variabl e The consultatioﬁq 2
relation can be perfornmed by colligating, e.g joining, the relation and the
states of the variables present in the relation The result of the
consultation can be the projection (union of all elenents) on each vari able
of the colligated relation, or the result 25 can be the colligated rel ation
The colligation can of course be a joining, but it should be evident from

t he di scusShoiRmyiarRACIRSVEY fYPicRlX radhee Ermimiesof splainseaiiththedeayltinthnirsberatf
limited thedtehOadenthén BEIRIRED BEiidFROEEREING PEUPIRG MY BRS bASof WRrOEILSIRKS) of
vari ables are colligated 1n parallel, 30 the projection on two or nore

vari abl es E#O8ENilarly be performed in parallel. The inven tion is not
limted to such parallel inplenentation, and the invention can just as well
be i npl enent ed, sequentially I n one enbodi t of the inventi conpl et eness
of deduet: Bfriet Go aPRBE S Yne SR it S CURiaRr s PR Reghpbr ttom
further cobseepcebexkis greatedastalbid woefbionmngny | i nk vari abl e -- 7 AUG 2002
This operation is terned "state propagation”. Such state propagation
conprises consulting two or nore relations mparallel The invention is of
cour se not The trikingdofttbe selatipnganoakikis| ofiadgingipktvatidloas aadd@ddidgennecort therecdaitst er
structure, |a¥é&"re|5ﬁdfrﬂﬁ)tx‘epr%ssﬁlﬁglt+ﬂéI:o 2R dn € nhlmlaﬁé‘%@.ed sequenfially. 5 1In
a further aspect, the Inventron relates to a database useful for
configl®ing and/or optim zing a system spanned by variables on finite

domai ns_ang)\Ofindridt &r¥alichs éaheoéi@mnazgj Y iR Ewéith 39515%_.8%@9'“9;88%8&%%3%0“

space of the entire systemin terns of all Ie%al Cartesi an subspaces 0
states or @B¥PISHEAY haeréurmed pyiestpblishined Apturetatiopreamrrisingswanink apriigbled, whilg

Syst em congy bdhkih§ withind tuér 1hahR$elatinid) BMbrk&d 81 GANRRELRY dreBalrelations in
Cartesi an subspaces bei ng addressabl e as | egal conbinations of indices on

link vari abhB&dSteEo t hat substantial all |egal conbinations in the system
are stesed as nested arrays 7 ,~uG zooz An inportant feature of the

confi gurat| and/ or opti.m zation according to the invention is that the
stat e of cONUPAGT T B B B Fr et GBI Ho 4" BT SF ARS8 P (P Eee"
ar e deducedosduepatitoiisan thepgreagrobpes ntoasingd custen coBpiEimuithesthied or b rela-
foll ow ng § Wovent ), rj [ LA wWth refererice
to the fiolnBerf arsgieblss ind ARG ELER ) Bl Bt HnctRl Ydnoh LRl SHB T ¢

si mul at i ontrésstatciredleducti on) Fig. 3 Conpilation of variables and rel ations
" Fig.,4 Colligation i0 Fig. 5 Strategy for joining a list of relations

Fig. 6 Colligation graph of relations .
The tree structure makes it possible to ensure completeness of deduction in the run time en-

vironment by state propagation, for example when a configuration or optimization s per-
formed.

25 The term "completeness of deduction” indicates that all logical consequences must be de-
duced on one or more variables. In important embodiments of the mnvention, the complete-
ness of deduction relates to all logical consequences on all variables, but as indicated above,
the invention is not limited to that.

30  When the array database is to be used for optimization, one or more object functions are in-
corporated. An object function of a given subset of vanables, the object function deriving
charactenstics of the given subset of variables, is linked to the com-plete configuration space
by deducing the constraints imposed by the object function on each link vanable connected
to the given subset of variables.

35



.Fig." 7 Colligation graph of clusters (tree) Fig. 8 Directed colli a&
graph of connected functions (input-output dataflow) Fig. 9 Col g [Hb
relations in a cluster 15 Fig. 10 Cycle elimnation yielding a tree
structure of colligated relations Fig.11Determi nation of run-tinme cluster
wi th added systemrel ati onsFig.12Li nking clusters by colligating connected
rel at ibf)ns E‘xfgarlB&ahE'ygﬁtdua@ewfasrwe?tgemraw& Iby /b_ma maujumactc@m.om td thakinvention,
vari abl esF Li nking an o t function to the, ¢ ratl space20
o, 18The aiia ARABATR LPBPrOrUS MpmiAten dilurh o ey SF Yt ah B A 3LBPRH on
I nt er connggh@idnGlalirkes §., pacy oldightcosioect i on of relations) Fig. 17

Conbi nationai logic network _ 25 9 | ~~U G ~~02' Fig. 98 User interface
exanple Fig. 19 User interface exanple 4 Summary of the Fol |l ow ng

Di scl osuy af dl8et @frdsti;leyctd@mbas/elu@é @obe nbenarda ABurat! drer, nﬁgl bmw’un'@)ars:c anar-
conpact, et co ete repres ation conmbi nations o

confi gur atd Bﬂyﬁqgﬁﬁéﬂ§e SIONR Fbt8§ﬁﬁ? @”%?fYWHQEV%Pg The configuration

space of legal states or conbinations is represented geonetri caI I y in terms
of nested data arrays, and the ADB can be quI ated ver efflc I Itj%

si npl e opérr"‘ét‘?'”@ﬁ%d@)r‘/?t‘f:ﬁé’gg‘ea?ti’lﬁﬁisfumﬁé’é‘ﬁ“@)( gﬁ SePRedgut hesc 06’15 ‘X‘b ling
and si nul ghk QBrnétﬁe@d@cﬁL@eB% éd&htcﬂﬁhbﬂlﬁ@h@f%&gl@éﬂVéﬁxabre%SW@QEleeba{ng fdprd-he
maj or data flow of ADB nodeling is su rized E

Uobr - i QG FHRER G 6 DILRE B e et FRIPRES. 728 PEdhE V8ot et of
rules or relations on a given set of vari abl es. The ADB is nodel ed ~n—a
three-step procedure as sketched in th bl.ock. Al in Fig. 1
15 T ConpiPes CRTAGBI B at Heu e ORS CEEAAC BncksT Spag Ry [oErow fanads
vari abl e and seashindepaidefnvarfati@ndtid &4 of bestidieed Wriaplal TR mappihgREE also
sentation. At this stage, the relations are con5| dered as mdegendent

i tens. 2002 2 gNarplyaiatiop yiekiingRae of g1'e POIFS UBRICIASENCT 529) CorThgation of
confi gyksath o apRee of the entire systemis determ ned by colligating

i nterconnectected relations (constraint elimnation). The systemis

simul taneously tested for |ogical consistency and redundancy. 25 3 Generate
obj ect fumchhear G5hant @k nﬁv@non%iaté%n@l A Ynethdtefdr Rodtid g driyorbsprewtiended
with further attributes, when the |egal combinations satisfying the system
const r ai nE¥SIEFESPRE8RE PuvaTRLIRS AP ()'éﬂedg%'“%ﬁs oBjLBEPHFETPENEIt 0 be opti ni zed
like) say, a price or a weight. 30 At this stage, the process of ADB
nodeling is finished. The entire confi guratl on space can nog/ be addr %sed
by coordinate iPANKNSG daiePaserRsnegishP é”@p@reg‘tofjcﬂ‘fgorgﬁ‘gttﬁéh% St aspest PLYE

The maj or oper ghégimt Hveidh sidrul ation is sketched in Fig. 2 and will be

descri bed in nore detail in Chapter 6. 35 10
deducing any subspace, corresponding to an input statement and/or inquiry, of

g lala)
LUy

states or combinations spanned by one or more variables of the system repre-
sented by the nested arrays by deriving the consequences of a statement and/or
25 an inquiry by applying the constraints defined by the statement and/or inquiry to

the database

"Deducing” means deriving or determining all logical inferences or conclusions from a
given set of premises, 1 e all the system constraints
30

"Inquiry” means a question for which the array database can provide all answers

A question could be about the legal combination(s) of a given set of variables satisfying
the system constraints and possibly also satisfying an external statement

35



.7 AUG 2002 Each itemof the state vector SV represents the state-(ﬁmGogﬁb
val ues) of the associated variable. In the input state vector SV1 2
nore vari abl es are bounded due to external neasurenents or assertions. SV2
represents the resulting constraints of all variables. An inportant

technol ogi cal requirenent is conpleteness of deduction; that is, all

constrai nt an @me!z‘»neu heaty@ehabdrebe @ duntoed W RESertddl/yepbasurstl Statdea@duend.

The nost r’r'Port thechnol 0 |caI novelty of the ADB can be summarized as

fol l ows: 18t ’8{% PRWVEANTe her f or med wit h conpl et eness of deduction in
real-time - with predict?0 able use of processing tlrre and nenory. The ADB

S|rrulat|onH|jsth§éaﬂ wtableforf edded c n uratloH or cgontro
systens an Af P 13 GHPERRGAS Ol cBAlE Gt L r CMBINARNS 13 PGP DR HRVEN 1 )
is ]E_hat Rl éubrsei at Uﬁlrlwaflé(l%)ﬁemﬁﬂﬂ WigRiue Gr tmeﬂ:gatedsmwbaiermmdamort hﬁbsﬁﬁéielstates
configuratio ace of the entire systemis represented geonetrically in
terms of r@é‘:{)%rdpgﬁr%lﬂ?'ss fromg\eee;ﬁwrpgmégtst emis automatically tested for

| ogi cal consistency (verification). ~ 5 ADB nodeling is not a real-tine
task. On large systens, the nodelin rocess can with advanta be conput ed
on- 8 dei CLIISIQIT HIWEER VB SRR ToATFA IS b G2 B4 812535 GRE (00 BT
repr esent ghkfns efntahy) péﬁ&h@mmﬁééﬁsadf@tﬁatwé@toska\mﬂ@bdes@hﬁ@g/an RGE Qhtes or

rel ations) unifies prepositional logic, predicate logic (nufti-val ued

| ogi c) HhaaussHf |98F1'%1Varéﬂ%%bra 20 4. Al processing on the standard array
form (ADB nodel ing and sinulation) is based ona few fundanental array

oper at i ons all of which are suitable Tor parall el ~processing.

The
di fferent ThySe2BdRRM %%t‘é‘"‘r?éoro@vﬂP\é"%ﬁ@éﬁsefbg};?ya%ﬁeétefdeﬁdé%'e'ﬁ?ﬁﬂge? Fraes or

rel ations fasm tHdeRaBHSRht, wrmar%n(dm@p&@{alté gadtbioia\2) M&bfﬁé@@ﬁt@ dedlisd faksk- be
mani pul at ed indi vi dual |y 25 search rather than si eonetrical

oper at i onSIHSACEE} 89§acprv@é‘é§’§| ¢Hgheientre pstem dYr@”d@ﬁe?ﬂﬁ‘étFB'ﬁ’st AleS¥L taspitcolt

sear ch, ; Wy Ay With 81 By Ah &En B ARRIA GRtdrARIaMiRise conpl eteness of de duction
must be ensured in real-time (e.g. railway interlocking systems). ~ ADB

Model i ng Basically) the task of ADB nodeling is constrainf ehm nafion; that

i's, all nofelfgRbu&PEH BRpdforansy d6H§&mrkbeoﬁé bmne?et .%cvaméhpsl &h8%r 8Re %P(mohec' t
representation of all |egal conbinations or &éﬁei eértem an subspaces. 1

Conpi | e Va&bieshfusstien(a) HeA Hivednscaliigatieg ihe w@* § y3rtRbipssp b Filation i

constrai ntSe gRehaubBefor wadtball g% {9 Wcidrafanhedakautiip@se PbssiNalsete Obf
nmeasurenent) and rules or relations on these variables. The conpilation is

a two 3 $FEPVErIRRdure as shown in Fig. 3. 11 - 7 ~U G 2002 5.1.1
Conpil e the Domain of Variables The domain of each variable rs any ordered

finite setﬁ‘%a list) withn unique itens. The donain (Fal se, Trued of a
pr oposi t i Ji&ICPart ‘Sl‘é’f?éelﬁh%c%{’ koyeRTAMed ySollivping 29 Jqﬂ'égitP@tre‘ﬁ’é‘iP B an

explicit repsesRfabé omafedbleseiteeRlrslation arie rabliotaBRbAsUIREIoN £in bBghLase
finite numencal i ns or dered set of

of large or be 5 even i d

i seont | FUPRARE S SlamBns) oot Firatimal er< el GEeTBhie o o

syst ems tcbnﬂd@ﬁhélcfofhgé%ltre&mah ETHEAEDIIRJZHIES chh loBiIsblirat @@ A Jbirad! it k. should be
evident from the discussion given herein that the consultation of each relation is not Iim-

ited thereto

In a preferred embodiment of the invention two or more variables are colligated in parallel,
30 the projection on two or more variables can similarly be performed In parallel. The inven-
tion is not hmited to such paralle! implementation, and the invention can just as well be

implemented sequentially

in one embodiment of the invention completeness of deduction is obtained by consulting

35 connected relations, until no further consequences can be deduced on any link variable



J14a@vli"-7c-t JC~fC~11 ~J = .JVvx> 100} | 11 10 1l 111 11
ar--r, ttoorr " 111 L 1--- ~r ~l i ~0 Tabl e 1 Domai n of §Z¢éh§&ﬂﬂ
statE variabl es A and ALARM are propo3itional variables with the length
n=2, while COLOUR(x) is a predi cate variable representing a nom nal scale
nmeasurenent with n=4. |n the internal array representation) each

measur ementlhissORfiIrgkeay Byteimed dalggirapaaptigo meushistale propaaRiTHCRY PESRF dFsult-

W DTH(x) afg ﬁdo”&’r'rﬁor%rr@laﬁ@hs Wﬁérguéieﬁ%'ﬁw \Aﬂﬁ[&rnsis\% M%c;hr n@?‘l%ule‘ifﬂb such parallel
representation of mai n el ement s, | ustrates an

i nterval m!émﬁeé?éleﬁ eamimdugutvéfw plystar sirudtere, ﬁ@tmmnt:pntqénv&astsas well benimpieral
is defined ted Sedu@NB4vand upper boundary given by the value and type of
each boundg% (0= (gipen lf =cl osed). 5.1.2 Conpile Each Relation into Standard
Array FobPm 20 Each user-defined relation on a subset of donmmin variables is
conpi I ed i 1} 9 dhyligerSfspadatl L& SsPudal BF caHilgMngahd

i tens. The[}# ?rst |rt es% S H%he s@(mo@rarf@esgez{;jhé ggtﬁ%)esseflgn sub scacgs n% OHQ@
second it emMiziRg @heysisePANReTt by weriafles ka finge stomainsd ard/ar @twalsatbwpe@tamg
the succeegiopdyRHORRRSIBIObntlE: AQNSt ths RARE @ iiePmE | Car.
representatﬂlooﬁ V\/mc Tay be ¢ ngfal(l?'{'/g%l éaés theebasf%scorrpor?ent g?w‘aﬁa %BrB
12 - ~ mgia@ mgam taea)mmm@dlocat wealisfying the Lorjuigign raé Isibstentiadp allhe

variabl ¢ WJITH and LENGHL hrtaRsewtn af ifferchitid RghPESdNs iENFH ve-

ing addressable as legai combinations of indices on link variables, so that substantial all

—_—

legal combinations in the system are stored as nested arrays



That is, the conplete state space of |egal and non-legal conbinations is:

R 246 8 (LENGTH r -r 1 p11y 9!'0011~-5~0011I1~ (WDTH r
Table 2 ~ 5 The standard array formof Table 2 is depicted_/elow as tables
in two isonmorphic forms with eight | egal conbinations (exp neﬁd,de@@ or,
alternatively, two | egal Cartesian subspaces (conpressed form: 1 2 296
81445681618Db4856Dhb) Conpressed Table 3 20 # EXAMPLE The .
conpiled array formof the relation TEMP ( > 12 0 ) ~ ALAR ~i on the donain
in Tabl e Anfiportint féature bf fMd donBOGAtiert and/er,optifizhtigh Bcoprdiddtothé inledd ik &t~ |

t i i ~L. 1. f'"r~.0~~120~~~~ Table 4 S |J.igate Rel ations 5

Vet hermt | B51957° 55 GRIFTIOF R 86 Y ARk 2By 08T BRI L ValyE 8if Sucshishen
con~unct r atnsaftingldt leael ate etason.So far, during conpil ati on, we have
considered the user-defined relations as rnde pendent itens. The

confi gur agi op@ﬁge of the conplete systemrs now conputed by colligatrng
the i nterconn ed relations (elimnation of the connectivity constraints).

e | . : | oqi i % | ocal
|l t anepuaLYoich gy BYRHEM: Pl 88! Bdehil i 0ALRRLeGRIRhSLEARK ifieRgaLoca

confi gurati on sp COR~UNCtron o em constr armes

yields a gpnty admtdgm%a{ytgp,%wﬁqabgsgdundant and non-constrained information
ically.”T

is elinnatéed automati e procedure shown in Fig. 4 is adopted. 75
5.2.1 Join Relations until Size Limt The sinplest operation of colligation
is to joi hi% el at AFRYSafFRasgisimulagiondptaladsdustien) i nto single rel ations
representing the con}unction of the pair. Connected relations are joined
whenever BRIVENI ediripilatieh of sariakies ahbeelatiaes of the—joined result is |ess
than a given limt. Wien two re 20 | ati ons have many common vari abl es, the
j oi ned rek%t'i‘pn &/iomgaggnsrral | er than the argunents.

10 Fig. 5  Strategy for joining a list of relations
Fig. 6 Colligation graph of relations
Fig. 7  Colligation graph of clusters (tree)
Fig. 8 Directed colligation graph of connected functions (input-output dataflow)
Fig. 9 Colligating relations in a cluster

15  Fig. 10 Cycle elimination yielding a tree structure of colligated relations
Fig. 11 Determination of run-time cluster with added system relations
Fig. 12 Linking clusters by colligating connected relations
Fig. 13 Colligation of relation pair by projection on link variables
Fig. 14 Linking an object function to the configuration space

20 Fig. 15 The state deduction on a single cluster

Fig. 16 State propagation on interconnected clusters (acyclic connection of rela-

tions)

Fig. 17 Combinational logic network

25



Simlarly, when the relations are sparsely connected, the joined relation
may blow up in size. in the case of contradiction (Il ogical mcongt@t[?nra\ﬁz.
the configuration space of the joined relation is enpty. | sol &t &dA
(non-connecting) variables w thout inportance for the system sinul ation
(interimvariables) may be elimnated. 14 7 AU G 2002 The strategy for
joining a list of relations is shown in Fig. 5. The torn factor or
connectivity factor of arelation pair is used to predict the size of the-
j oi ned re ult factor of a connected pair is defined as foll ows:
5 loxl,h P X TJ“"TI);'Q ¢ RXXPRIA n-A }) JF ---- z ' Cwhere: I,: nunber of
I sol ated varlabl es inrelafionr to A : size of relation r (nunber of
Cart esi anFgLd8padss)interfacgexampfe rel ati on r (nunber of tupies
(conbi nations)) C. nunber of conmon vari ables + nunmber of common ~ntenm
vari ables ~ 5 EXAMPLE G ven the small systemw th three relations RO, R1,
R2: RO: (A vSgmmagyofthe)Folipwing @'SC"ESWEF R2: Da En G Table 5 The
corrpllatlonof each relation yields: ROO 000101 110~01~10
0 0 1 ®he amray datapgsep(te be termed] ABBin e fP&B‘{V@QB'ST%éOWBP%& y8hsompletaispee- 6
may bes | oidiskidnndrnaeddl %Sﬁﬁmraﬁbﬁé bchbn arafiéA rdeéhﬁorRﬂnﬁ@Ebﬁ%ﬁ{%térr\QteB\%\
conpl ete confiquration space: UG2002 R=join RORL 10
10 101 01Tla seigy@iomsrare of vee! @E@@H@ﬂﬁ‘“%ﬂﬂ%s fepresented geometrically in terms

of nested data arrays, and the ADB can be simulated very efficiently by simple operations on
these arrays. Each step in the process of ADB modeling and simulation 1s-explained in the
Chapters 5 and 6, respectively.

10
The major data flow of ADB modeling is summanzed inFig. 1. Inputis a user-defined speci-
fication of the system constraints 1n terms of a set ofrules or relations on a given set of var-
ables. The ADB is modeled in a three-step procedure as sketched in the process block ADB-
MODEL in Fig. 1.

15

1. Compile variables and relations (Chapter 5.1):
Each user-defined variable and each relation is compiled into the internal array repre-

sentation. At this stage, the relations are considered as independent items.

20 2. Colligate relations, verify system (Chapter 5.2):
The configuration space of the entire system i1s determined by colligating interconnec-
tected relations (constraint elimination). The system is simultaneously tested for logical
consistency and redundancy.

25 3 Generate object functions (Chapter 5.3):
Optionally, the relations may be extended with further attributes, when the legal combina-
tions satisfying the system constraints are associated with values or object functions to

be optimized like, say, a price or a weight.

30 At this stage, the process of ADB modeling is finished. The entire -configuration space can
now be addressed by coordinate indexing and other simple operations on the nested arrays.

The major operation of ADB simulation is sketched in Fig. 2 and will be described in madre
detail in Chapter 6.
35
10



We have thus finished the coiligatron task on this small exanple; all
constraints of the iso lated relations as well as the connect_L\?i %G
constraints are represented in the joined relation. 5 The resul't 2002
nodeling the systemis thus an array database with the single relation
depicted in Table 7. In general, the array database will contain nore than
a single relation, when systens scale ~ 0 up. 5.2.2 Goup Relations into
Clusters t t r i.ons hi n
the- user - 957 el rB8Sad ekl B e BBRRoME i Yol eS8 b itk

pr oper t i eyamible. He theonputggieteomctar i, d@q;pcmor@varw@les aeshmamdtsmdgedb external

i nt erconn t ile
an arc lin ngreﬁgéndégi%m@fau on &Bﬁtsﬁggééﬁgﬁﬁgd?%g%ﬁob*ﬁ |‘§ﬁ'ﬁ L%‘
drtferent 'FRFPCPTH%“ tsehnplegieal regugremagnt iScS-‘Qm tengss of daduction: thpt ises/l nyrsa'pm!s on

wr fhout  chipseshapas Fﬁhé’BufbﬁFi@@)vec{oPn{uQ!&@&i@eﬂt i's possible on ensure
conpl eteness of deduction by state propagation on the si rrpl e |inks between
the relations. Exanple: RO A~ (Bv C 2~ Rl: (Hv O ~ '~(~D Table 8

G aphs wi trhe ehdes@honahthsctrblogical Bsveltd Bahe polBesanBesdunirRagtddad@ii®ek:t 0 ensure
conpl et eness of deduction by sinple state propagation. Exanple: 30 16 -
7 AU G 202 RO: (A vB)~ (Cv DRL:C ~E nFR2: D ~E nG Tadie 9 ~Q (O - .(D
~(E~ 5 Befior&D®# Lqrrrtdmbna@bérifogateidomth ¢dneplatehaisi dnedactiengn oapieting ntvmhc;},rgg,t;er S,
al | of which can be nedto et her w t hout es en_the

G aph BT 1 o1 509 Bire oS Eihge THE 2B ey the FUR fiwiallf s iFefieufitle o
single cl ustmbedﬂ‘é@corﬂigutdﬂusbr atre®! $yistentodrd madorron weh aplsnodlt angiutees. syst em
O copse, ,we 4 m pat I i atio into a
Singi o of et ool P9 Biinal #h padenf 3 koA ALR Hafhek Ml BB AT Jph he
process nostcafigurationrepage of mege’ltlseysstseem is feprésenigd depaisitically imteomp of mested

rel ations | nfpubhendBxlAUDS Wgueﬁnaﬁwgttsged bk ftaP EAGLRE) (JehficdlBi MM
nunber of cl usters IS our as own I n

i nput Adut put AR SIEAINT ie ok aredldimetask. sOrala‘rgméyst@ﬁs (tb%trmﬂehﬂg P(daepaicy’) withhe

predefined féd%‘éh@%e Q@Eé’mﬁu@@bh %Riéhlcﬂfég%deﬁng?k'érPéwaﬂ'prgu@ﬁlpleSprQ%SGFSEd in
adi rectsd coliigation graph. Wen the graph is aCéC ic (no cycles or strong

conponent ), ObHEORRPA rﬂP’S?f\‘F’l‘%"oé‘o?ﬁﬁ"é‘lyéteHyC%f‘sérF‘Wbﬁ h%lséﬁr@aﬁ? éb’abéﬁ"ﬂbﬁf Bffom
input to outtmmts) urifiest frepsatsabloge, eikaiche 1Bhgr(ai-vall RYR) esdrdstiok® alge-

el i m nat ed %// groupi ng the associated relations (functions) into clusters
as shown aboV&. 20 Fig 8 illustrates a predefined datafl ow on the systemin
Fi g. @oassuniihgotdsaingescthe sednatirdoarrdysfoan (ADB tratelind\ena streulbihat) i basegrapa i s

acyclic and th I Ie fromRO to
Ro%. 25 o 2. avastoeatd sl Sper R B ockirich e Sl R PRESEE S 8BecslRT £
sketched in Fig. 9. !'n order to ensure conpl et eness of deductl on, all

cycles 'nm@edlﬁéraﬁmé bVt ,tg%‘erﬁé bmm%ecadgy a% fp}eseﬁn %Wﬂ@é 80 didlRint LEe

cl uster i ?1 I's an alternative conpac ficien resentation
of the cI U 5‘?6@?”4?6 ﬁ?'ﬁﬁlr(a@ |°8‘|‘19%‘|6’§l:e’rhu30”@5? ”3‘93 ”ﬂ‘)&ﬁélbé ERPRURRd B9ividsete Pii ne
Tree Skruhblrf ratheiGBkh istabie GeBrlkaichiosterdtiong on%arfays. Processing time therefore de-

pends on the extent of search, which is a problem in applications where compieteness of de-

duction must be ensured in real-time (e.g. railway interlocking systems).

5 ADB Modeling

Basically, the task of ADB modeling is constraint elimination; that is, all non-legat combina-
30 tions must be eliminated yielding an explicit representation of all legal combinations or legal

Cartesian subspaces. "

5.1 Compile Variables and Relations

Input is the user-defined system constraints in terms of variables (on different data types or
scaies of measurement) and rufes or relations on these variables. The compilation 1s a two

35  step procedure as shown in Fig. 3.
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Wien a list of relations closing one or nore cycles in a cluster are large
and sparsely connected) the "conbinational explosion" wll nags AUP 200&

i npossible to loin the list into a single rela 17 RO: (A v ~ (CvV

Rl: C~Enr (O"(D R: D~ En GTable 9 5 Before further coil ~gati on,
the relations are grouped into clusters, all of which can be finked

toget her wi thout cycles. Wien the coiligation graph of relations is a tree,

each rel at5i19{| bgaﬁ%ﬁhgﬁg\qﬁgtﬁqawagpega single cluster. Fig. 6 illustrates

the col ligation Iven systém O course, we nay elimnate ail
Cya 0 cl eshbyossiauBagh K/g\'@aﬂlé‘v‘k&}h:y_@?ﬁerbﬂmﬁit@sai(ngt@v»ﬁlhb&][n]?{u_e HERMEMRY ldoni,gan
order to e e _succeedl n C | tlo rocess, nost . _I t on ar ge
et ey TRt e o G Ehe bR Dtesi i o DD f RERES: B8 WilLan th ity s of
cl usters. ekpliclt hégesstamtipnedf dihelemmrisntire finitdbeésmanh, of, us ttkes sasdesoff ioge cRsngpAWN

in Fig, 7. ~5 |ln the ¢ of .1 nput - out y. . relation is a
functi (5)n out 'Bﬁrf'te:nu?’z%%%ﬁ%'??'}‘sr%g 0&9% gg %tnéfdﬁ %ﬁgg@hlgf‘% 9at a frominput nodes

to output nodes is depicted in adrrect~d col | fgatron graph. Wen the graph
is acycl ~ e LS, @ [ te by a
L o YL B SP MBS RS 000, GRSl AL APH FoGATTLA

di gr aph, ®bhies diystrased inuEableé. el i mi nated by grouping the associated rel ations

(functions) into clusters as shown above. 20 Fig. 8 ~llustrates a
predefined dataflow on the svstemin Fig. 6. a hat each rel at oon ~s
a functi ol d . : ; ete

with a stig®e priobagation fromi{RasedrnREs. 25 S $031Colljgate Relations i
Each d usfttr TheNHathix) st eps {dit ¢ Sketched m Figl 9.51n order to ensure
conpl et engds of| ldfetiixdbn, al{l{2dyBles in the claste? fGust be eli m nated
(Fig. 9.1/3. TheArdMed run-t/i{@F @hjuster (Fig.|9.2) is an alternative
conpact andl ef fliCORAUR(Apr esgrfRat i ovelww t ligreeh st €r2 cdnfi gurati on space., 30
5,2.3.1 Qycle Elimnation: DatBiweli i ne Tree Structure of Coliigated
Rel ati ons{ § Fi g.| TEMP(x\hen a lli{xte & [ nekatd 3hs ¢l-ost-Rrg—ene—gr—Apre—cycl ey
a cluster} are ljiarge and sparjeJyzdocmect ed, the{"conbinati dpat—expt
wi |l makel ~t inpossible to jgdin the list into a|srngte—rehal~7 1
2002 ton.| Therefore, we wll |generate an equwal én® blLtl AedH | kotld 160 aﬁt
ildbns it hle

list of cplligated subspaces;| that is, a new I|{ ﬁ& of TEt [
foll owi ng| characteristics: fach user-defined Variabl e (donaim variat s
only present in a single relation 5 The relati IAked_toget ey by
systenpgenerated |ink vardbtdi eSorhial disigerd viithesx sthieueiriables (W t hout cycl es).
Each | ocal Cartesian subspace of |egal conmbinations is associated with a
uni que fink variable with a unique index. 10 Thus, we will isolate
vari abl es ,p ' | g LaLy rE Q4o [ =00 onLy on
subspaces W T sre ol el ber R T RL B2, HE Rl e e
- ~&can be calsedriayie apgresentingfa pashiapi enads megssiempeirvitive=4 o tegateimshagayrse- i s
acyclic. FxaiBELE, 1y ﬁeﬁegsagm & 4S§iGEn b$!181ds988atBY. ddRfain iek! ASIEEH®R) shad! €
cycle: RO: %Aav B) E(CvCr: Bl |~r15fé: S“‘_aEZO _a_m| ¢ _ &

15  WIDTH(x) are simple ordinal scale measurements with an explicit representation of all do-

main elements, while TEMP(x) iliustrates an interval scale measurement given by a finite set
of intervals. An interval is defined by its lower and upper boundary given by the value and

type of each boundary (O=open, 1=closed).

5.1.2 Compile Each Relation into Standard Array Form

20  Each user-defined relation on a subset of domain variables is compiled into the standard ar-
ray form, which is a nested array with two items. The first item is the set of legal Cartesian
subspaces, while the second item 1s the domain indices of the associated state variables. All
the succeeding processing on the relations is based on this common representation, which
may be conceived as the basic component of the ADB. -
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Table 10 ~0 ,~ (O "(D) ~(E~ The standard array form of each conpiled
relationis: RO0O0O00010101101011025RL R OﬂpféJB g é 11
1 1 Table 11 List of relation{s) on isolated (non-connecting a D Z
(Fig. 10.1 and Fig. 10.2): 0000101101012 Table 12 18 - ~ Au ~
zooz List of relations on connecting variables (Fig. 10.1 ): 0000010
~010111J. 11110~ 2 Table 13 5 Wien the |I~st of relations on
connecting variables is joined (Fig. 10.4), we have the follow ng result
with two relations on isolated domai n vanabfes and one common |ink variable
Linkb 000" 010112t00001002 (2121 [-1T o01i |l 2 Tabte 14
15 20 The &XAdPitructure of coll ~gated relation fulfills the requirenents
for conpl et eness, conpactness, and speed of sinulation. Conpl eteness of
deduction is ensured by state propagation on the relations mthe tree (see
Sect i on 0)Givarhie fellowng relation en thecyariablea VWD TohandoL BEGT Hinr dakledd in t he
followqng is an alternative (isonorphic) representation. Sonetines the
user-defined relations are including internal systemvariables (interim
vanabf es) ,Rwhi dWOTAHS IRSSEMIMt FHEEEH.  An exanmple is network problens with

i nput and out put nodes (which are connected to the environnent) and a

nunber of jnternal nodes connecti i hput and qut put podes. Wen the

net wor k cof&f lIsaﬁhﬁtCngEege F@ﬁ%@éﬁf’ggg?'@p"gﬁé’”g‘fﬁ? CPF’glnéuca'égs'Ffr able to
elimnate the internal variables and to, represent t he subspaces on the
i nput output variables. 19 5.2.5.2 De%é#ﬁ{ﬁe Kégggg%RUn-tine Cl uster

(Opt i offal | y) 1 —
4 10011
51001 1
(WIDTH)
Table 2

15  The standard array form of Table 2 is depicted below as tables in two isomorphic forms with
eight legal combinations (expanded form) or, alternatively, two legal Cartesian subspaces

(compressed form):

|
|

SN N 5 oY Y O
OO FO{OV D0

5
a) Expanded b) Compressed

Tabte 3

20 #

EXAMPLE

The compited array form of the relation TEMP(>120) = ALARM on the domain in Table 11s:
25

13



.The aimof the following task is to determne a very conpact run-tine
cluster representation, 5 which can be sinulated by sinple cocu: M_Fﬁ gggz
i ndexi ng and table | ook- up without state propa gation - even on sma
conputers and controllers like, say, electronic relays. The run-tine
cluster consists of the original domain relations extended with Iink
vari abl es addressing the Cartesian subspaces, and a set of systemrel ations
representing the relations ~ o between |ink variables. The inpact of each -
Cartesi an subspace on the entlre systemis de terni ned by asserting the
associ ated |ink vari abl TEMP ek gof each |ink
vari able. This deducti | s—for—exanpte—carr+ed—oyt Ly statje deductions on
each link vari able index.| fFheTstat eductons—Ey He oe>€tecut ed in
parallel. ~ 5 The detefni ndtd dnldf3aHd Iné$ted ¥aM-ltime cluster is shown in
Fig. 11. EXAVPLE 20 Letf us| agarmTtomns| d ttre—Ttudter] Tablel 1U with three
relations RO, RlL, R2 The run-tTne Truster depirctted bgl ow consists of the
three domain relations{(left row) and the three assogiated systemrel ations
(right row). For exanplle) in sysfemretafion 0, the tthree ijndices of Irnk
vari abl e LrnkO (representing theg[Cartesian |qubspaces |of RO| is used as the
25 input to deduce thejconstrai rlt(ss) Qn e R illi nk vari dbl €. Thus, system
relation O represents the inpactj of { he* Cdrltlesi an suﬁspaceg in RO on the

]

entire system 20 7/Auc~oozﬁd) 0j0 0 Ot~ ~0" 0301 11101l o1l1x

0 .z Systemrelation 0jQ-'~ " 011 01 x 2 3 1Rl Sygtemrelation 1 00 ~ -
"“'p" = 0 rFr~,~-b.}jz 00111012 ~"~ ~ 1R Systlemrelation 2 i
Ooo0"- ~fl~":~00 O Ft%t—vi—"061+2-% —f~—~—=Fabte—15 5. 2.4 Link

Clusters W have now finished colligatiTehlest the rel ahon(s) in each
clusfer, and the fnal step mthe process of colligation is to colligate all
relation phairs, which are connecting clusters. For exanple, mthe system
sketched mFig 7 the relation pairs (3~~"5,2~, 3~n~s,~,,), (9 10) and (10
12) nust be colligated. The data flow of linking clusters is shown in Fig.

12. The re col ating a relation pair is a newrelation (to be
t er med Irrﬁiyrechlt'ﬁ?%ﬁ ﬁferﬁgfcmesfol I ovm ng) on the commn varl ables and the two

link v set o the a
dat abage, MeregatiGTE shr s v sonsten i1 B sRlR O GeRiRETat PohCBy Rbid by ree-
pr opagat i dienenSe Ha duusg exosnpeiatbr, vee hamcmr@hcwreabﬁm ugargefide’! rdldtussraat ege- n

more det aidenhg'r?t &Rl iTg\@t&o%'ﬂg@rfatigr?ggaéee&fatkja %W%té shditfl 1 Rok) cdrputed by colli-

gating the interconnected relations (elimination of the connectivity constraints).

10 Simuitaneously, the system is tested for logical consistency: when a local configuration
space 1s empty, the conmjunction of all system constraints yields a contradiction. Moreover,

redundant and non-constrained information is eliminated automatically.

The procedure shown in Fig. 4 is adopted.
15

5.2.1 Join Relations until Size Limit

The simplest operation of colligation is to join relation pairs with common variables into single
relations representing the conjunction of the pair. Connected relations are joined whenever
convenient; that 1s, when the size of the joined resuit is less than a given hmit. When two re-
20 lations have many common variables, the joined relation will be smaller than the arguments.
Simitarly, when the relations are sparsely connected, the joined relation may blow up in size.
in the case of contradiction (logica!l inconsistency), the configuration space of the joined rela-
tion is empty. Isolated (non-connecting) variables without importance for the system simuia-

tion (interim variables) may be eliminated.

14



?" AU~ ~aoz 5 EXAMPLE Gaen the relation pair RO, Rl: RO: (A\L,I?gt = &gée
D R: (CvD ~(EnF Table 16 Cbviously, the sinplest way tlo Uﬁ Q
these sinple relations is to join the pair into a single: 10 0000010 1_ O
10 10 111 10 i0 i 1011 Table 17 However, to illustrate the isonorphic form
of link relations, we will extend the standard array formof RO, RL with

I rnk var~abfes: RO: (AvBlL ~(CvD vem~000000101011101011
02 Rl: (CvD ~(EnF) 100~0100000 110101 1 12 15 Table 18
Colligating the subspaces on the common variables C, D yields the foll ow ng
link relation: Link relation; RORL. 0000120111 21022 Table
19 22  |'heIFHYJAT Ioiing@ list guiskaiions & shavwgh® g, R1Thawen fagter oe canriegtivityak es
it possi th@ot & AeskRHSpAINE @i tbGre@B the Wial bOfe SRASERDI t Reiffises &f, t he
link vari ablg. On | gjr qe (gnd cggar_sel y connected relations) this is a nore
conpact rEPPELEhRALFOSIPRAAS fUPKPng the relations. 5 5.3 Add Onj ect
Functisons (Optionally} The configuration space of |egal conbinations may be
extended wi th user-defined_object functions to be nmanipul at ed

heuri stical | beﬁl-ﬂAoa(fuﬁi@/‘i\:BWﬁl ,(quqn%zgy | ogi ¢ conputations), a
= ‘e 1

JF = oL
where
N number of isolated variables in relation 1 —
10 A size of relation 1 (number of Cartesian subspaces)
T: size of relation s (number of tuples (combinations))
C: number of common variables + number of common interim variables
15  EXAMPLE

Given the small system with three reiations R0, R1, R2:

RO: (A v B) = (C v D)
20 Rl: C =»> E A F
R2: D = E A G

Table 5
The compilation of each relation yieids:

RO R1l R2
a B c ol c = r RO 5 G
0 0 0 0 0 01 01 0 01 01
0 1 01 01 1 1 1 1 1 1 1
01 01 1 0

25 Table 6 -

The relations in Table 6 may be joined into a single relation R = R0 A R1 A R2 representing

the complete configuration space:

15



.wei ght or a pace (for optimzation). An obj ect functlon Ois def| ned on a
subset on the state variables So, S,,... S~ O=1f(So, S,,...=-3 AU&A002
conpiled into standard array form EXAMPLE ~ 5 G ven a system m)del W th
the configuration space (VIilDTH, LENGTH) and the object function PRIZE = f
(VI ~1 DTH, LENGTH) represented in a single relation in standard array form
‘.1~ 22.5149.0163. 31 88. 44620. 24830. 05614. 05817. 2 Table 20 20 Wen the
object function is to be optim zed during system sinulation, we may al so
represent the configuration space, of I%rlgg domains rn terns of Cartesian
subspaces on whi ch the ob~ect fdRE? i Nits fonotonic: 23 7 Aa ~ 200z 1 2
912.54.0f 168([3.3 8= The obt ect
function of each Cartesi anosupspacge o $ @V DY anli[ntoeuval with the | ower
and upper boundary, and {heiap®0al ptoed stfate vjaol abl es afe ordered to nake
t he object function 5 ingreeas) ngi e obtecn fjunctifonimay be linked to the

configuration space in eftoher| of 1ti\a q: 101 if jtlbericpnfiguration space
of the state variables So, S,,...S~|?,_F;h J,resented|nasinglerelation
(in standard array form, the relatio %be extended with a further

attributeQ, reprg ﬁsmrhi@ﬂe& %}%b%}mggﬁérb alé{{'%}’n'tﬁlg sn;repl' &a id: PSS RLS! %:{E%tus%[s- Oa

SpeCI al case as s ~ nore con
add the objesicrelations gk ovellaas the wewacéwmaomtratntsgram@taﬁéarmd #r thayoihed melatiort he

attri byt es, O osSPof @ogzhn e 80lerine s i ¥ liBse A A éh&ggiéagg{h bogeesn

flguratlon Space of : e flowchart o di ng”o

i s shown infablegl. 14. 24 - 7 Au~ ~00z EXAMPLE G ven the fol | ow ng
conflguraglon space in terns of three relations: 5 ROO 0 000 1 0 1 0 7.1 10
10110 RLOOO1~000I 00~10101112

in general, the array database wiil contain more than a single relation, when systems scale

10 up.

5.2.2 Group Relations into Clusters

At this stage, 1t is not possible to join further relations within the user-defined size hmit. The
coliigation strategy now depends on the properties of the colfligation graph depicting the
15  structure of interconnected relations. The relations are represented by the nodes, while an

arc linking two nodes (relations) represents the common vanables.

Two different kinds of graphs are particular important:

20 o Trees (graphs without closed paths or cycles): In this case tt is possible on ensure com-
pleteness of deduction by state propagation on the simple links between the relations.
Example:

RO: A = (B v C)
(BC
25 Rl: (Bv C) = D E’}—

Table 8

e Graphs with closed paths or cycles: The cycles must be eliminated to ensure complete-

ness of deduction by simple state propagation. Example:

30
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Link relationn. RORLOOO, 01201~11121022 Table 2 éo T he
object function Y = f(i3,E) is added to the array database by™ pﬁ ﬁbéﬁ[ﬁh
on ali hnk vanabies associated with the state variables B,E Y =1 (B, E) 0
0~0,0101~0120211~~122Table 23 '15 6 ADB Simulatio

When the nodeling task is finished, the array database is prepared for a
very efficient sinulation, which can be perfornmed in real tinme. The nmgjor
operation for ADB simulation is the state deduction shown in Fig. 2. 25 -
au ~ ~00z The state vector represents the state (the | egal values) of each
state variable, In_the input state vector SV1, one or nore variables are
bounded due to extq@nalAnpqﬁuggnﬁpgstr as sertionj;;The deduced state
vector SV2 represents the %esu ting congtraints opyalhoyari abl es, 5 when

t he systen1constra5?ts and t e, constraints of 1E;LQ@qu§£Pte vector are
colfigated. The s Beduftfon is carriled out means a few array
operations (suitable for parallel processing) on the basic ctonponents of
the array database: the relations, IIablée®e relation clusters, the

t t f t f t
%nlefl.%ongee?érgqﬂé%é Q%ﬁggtloﬁﬁlh% r'g%r]or?s gr%ecf&?gedaiﬂg %ﬁ#‘% %{ éfg'h ﬁ@tl O %ﬂl gns
si ngl e r abgetharrwithost cypldar\When tm;powgatmm wapinefe@tiong Isipytres|sfach aelatmm 16 tiyus
'nterseCta'sQ&)iatEE'@uthQQWgt (},@&gr vector (SV1 ) with the relation succeded by a

pro~ect ~on on each varrable of the relation yielding the output state
vector (SV2). The colligation and pro~ection are described in greater

details hej OW;llugpatheﬁlgIﬁbﬁ d;rbR%ﬁbf@bﬁén ‘é@sté‘\h' of agata »@@H%Iyd@hﬁé?@ a%%t em

with the relations RO, B) V@rfg Rl C ~
Tobl 6024 BB 9" AT 85 &9 Slaih A PO EE T HOBPYET B EBY 1o DRk 1 SReweRDS Fe)
yields: Qofighidh Srodesd rosP efficnilod latgdsyktdinsl lthQieilrJ@@k@g?cﬁJ@@e\P@!aM\Msl nfdow

deduce all consequences of the external measurenent A=7

)
fol | owi nd e maximum number of clusters. In this example, the maximum number of clusters is four as

shown in Fig. 7.

15 In the case of input-output systems, each relation 1s a function (output = finput)). The prede-
fined flow of data from input nodes to output nodes is depicted in adirectad colligation graph.
When the graph i1s acyclic (no cycles or strong components), the data flow is complete by a
simple state propagation from input to output. In the case of a cyclic digraph, the cycles must
be eliminated by grouping the associated relations (functions) into ciusters as shown above.

20
Fig 8 ilustrates a predefined dataflow on the system inFig. 6 assumng that each relation
is a function. We note that the graph i1s acyclic and the fiow is thus complete with a state
propagation from R0 to R15. |

25 5.2.3 Colligate Relations in Each Cluster

The major steps are sketched in Fig. 9. In order to ensure completeness of deduction, all
cycles in the cluster must be eliminated (Fig. 9.1). The nested run-time cluster (Fig. 9.2) is

an alternative compact and efficient representation of the cluster configuration space.
30 5.2.3.1 Cycle Elimination: Determine Tree Structure of Colligated Relations (Fig. 9.1)

When a bist of relations closing one or more cycles in a cluster are large and sparsely con-

nected, the "combinational explosion” will make it impossible to join the list into a single rela-
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three-step procedure is adopted: 26 7 au ~ zoo2 1. ldentify all bounded
variables in the input state vector SV1. A is bounded or constrained to 9
whil e the other variables are unbounded and thus assigned all Lh? ﬁd;@lgmg
dormain values (0 1). The input state vector SV1 is therefore: ~
101-~ABCDES5 Table 26 2. Colligate the constraints of the relatlon
and the input state vector SV1. Each Cartesian subspace in the relation is
intersected with SV9, itemby item (variable by variable). The nost
efficient operation is to select only the bounded input variables and to
conpute the intersection ax+s by axis (suitable for parallel ~racessrng if

desired). Nonvalid paces are eted. In the present
exanpl e, only the [f{¥st!%CarPesPan®stuipagce is enpty therefore del eted:
st ate vector SV2 is

1010111~i R £PEF~ Tabte 27 3. Th[:ﬂég_&ut
the projection (uniBh &f =ald ~eFenents) on each Hi s operation rs

al so suitable for paralTel processing on each axis. The axis projection on
Table 27 yields the follow ng output $LgkLe vector SV2: ~oyoi oy ABCD
E Table 28 W concl ude that A=E=1, while the other variables are unbounded
(don' t5 caBefors fupther eligglign. the refatipRp e geused inkp e/usferi @l i% viueh sars be ginked

relation ﬂoéethgﬁwfﬂ%éxn%éSOWﬁeﬁrthé&cﬂﬁg%t@r@ﬁ%h io® Peiftibnk & Atre8NeSdHhelB6S i<ARGs
interconnected clusters. Mreover, 1t should be noted that this operation

can be us%ﬁoﬁﬁtegﬁvthc?aft‘%ﬂ‘fﬁ'ﬁéte(scal e of neasurenent) on any relation in
standard array form in 25 eluding object functions. In the case of object
functions,. t t state vector constr by ap ation

or 1 ter i o FiBkd Bl i Sl T BRI 8 B R TL b CaHR NP PDRI T DgHe B cy-
au ~ zmozclés By @'&wpﬁg a‘tea'elasdmwhtoansmgle ahibles.tfolveRet, at boter @& oskethelficeeding

structure_gf the ne uster, wt atlosa

rel ati onscoq)j ai%'?nprooﬁg% nRSt gfqr%g%ggar\%gyftﬁn{n%ﬁusc rspigvtlgoqﬂg?@/r}(w i%@ﬁ%tep
2.3.2). The rmmwmmlbrmbheofcﬁ!u;mrerln trasn ebenmde doe edxivemy nefber entlustersns fur as
five-step,pLo e, shown in Fig. 15. 5 The key to the efficient state
deduction 18 t at each Cartesi an subspace in the conplete configuration
space has a unique projection on the Iink variables, which can be deduced

(Fig.445. ﬂ“\ thg 'cQse éfﬁn;@t ofipdt LR8N, régé%(ﬁéﬂatl(aﬁ'lga fl;lrétléh 1Lt ‘1§m§)_|t ﬁ*ﬁe BYedgne

or in para el heu risti'c search 1s used in this process

i denti fi c%fteidcﬂ?“b‘?f d3tLiFRTe P PUhpRASS\F PHIgR RAsiep (S @eplci%d L a)d'fe§t1sfs(ézﬂ'9?60rs@laéfet

t hose donwingn itied giapﬁrsSaCVm fn'& FERs GRBFbrRdRspdnent® teeastd h&d i éRgiQel
reason to copsult domain re ations onI¥/ wi th unb unded varlRe;‘te)I es - th Se

ol at i onsSTIPIS SRGPTRRRGALS AP et il BithR P Yol SR tegprles must
However, B¢ epnibied.by bboudping ths aswaiiaesigentior (funatibns on@akciusteed at isodven amyvebe
chos en,

Fig. 8 illustrates a predefined dataflow on the system inFig. 6 assurmng that each relation
is a function. We note that the graph s acyclic and the flow is thus complete with a state
propagation from RO to R15.

25 5.2.3 Colligate Relations in Each Cluster

The major steps are sketched in Fig. 9. in order to ensure completeness of deduction, all
cycles in the cluster must be eliminated (Fig. 9.1). The nested run-time cluster (Fig. 9.2) 1s

an alternative compact and efficient representation of the cluster configuration space.

30 5.2.3.1 Cycle Elimination: Determine Tree Structure of Colligated Relations (Fig. 9.1)

When a list of relations closing one or more cycles in a cluster are large and sparsely con-

nected, the "combinational explosion" will make i impossible to join the list into a single rela-
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~ 5 as candidates for the succeeding step (Fig 15.2). The domain rel ations
(Fig. 15.2) may be consulted one-by-one or mparallel yieldi ng_? Agﬂgls?_oqz
out put state vector, presumably with new constraints on sane vatia ;
the link variables are still unbounded, the state deduction ~s conpleted
(F~g. 15.3). 20 If sone link variables are bounded, the inpact on the
conplete cluster is deduced by consulting the systemrelations (Fig. 15.4)

(one- by- ongoMIThidefdearaé Wel JeneFt@ahlaqunalent 6QTLE Roledtdac st d1RofgTBY Bub-
vari ables is deduced by c n.relations.with new

d onsulting all donai

const r ai nt PRSI GBI @E’qt'?tﬁg‘s\%mtﬁ%?@gwwﬁicﬂ?‘r""f?r‘ﬁy‘?szThe result is the
25 conpl ete output state vector. Summ ng up, parallel processing may be
introduced at_djfferent lLevels: 1. Parallel colligation (intersection) of
cach axi o 1 n GRS SRR GO asbiabis Y St OF acHTam oBach. axi s
in the §ndiviThgaklatiehataronisked3 bhgdthedPasalkisbmsgaiceatee dbic tvagBbRY v B tree
relations (10 Z%t' 4. artal I‘el state deduction on systemrelations (10.4).
5. Parallel StHrHed¥Y0RYi¥HYn donmin rel ations (10.5). EXAWPLE 35 G ven

t he nest ed. clEash dscal €artesientsabsmitecdf lehal dohdimmiony 1S yss@mEe@8uth 2 uAguS 13R02
RO - -000 O Q/g@}g 1&\1 1 1g.nlde~0 | ~1 ~ 0~ 2 Systemrelation 00 010 1Z
1121 ~~ RPN ASEFIN T 0000 00011101211 RO000T
0111 Systemrelation 2 00001211 Table 29 5 Mreover, given an

i nput at e I i | S _earned qut as
1T ust g iy i gl et oHR S et WG ool Rybi End bUR RS e TR e P
st at e vect s#bsp@ieg. withecammomnkrablem diiecfiva-dtep brogedise shewn :in Gigl —6-tan-bd uded- 0

11012 J)n Qny']selt opreJatiloné é%egv\me":rt)lwé E&%a?:olwig%h il-iaEMc,Tabl e 30 15

EXAMPLE
15

Given the cluster relations RO, R1, R2 closing a single cycle:

RO: (A v B) = {(C v D) J—_ﬂ\

Rl: C = E (C) (B)

R2: D = E EF._(E

Table 10

20  The standard array form of each compiled relation is:

=F

omw

o

(=} 3
ol—|o e
o

o]

(e} [ and
(=Y
o

o)

o [\
—

[y
[} R o]
—
I_J

OO

Table 11

List of relation(s) on isolated (non-connecting) variables (Fig. 10.1 and Fig. 10.2):

- A B LinkO.
0 0 0
0 1 01 1
0 1 01 2
25 Table 12
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2. Consult alt domain relations with bounded domain variables (Fig. 15.2)
ROis the only domain relation on the bounded vanable A Thus; thegrg,
reason to consult R7 and R2. Consulting RO vyields a focal outpuf téU@SZﬁﬁz
vector with new constraints on LinkO 29 7 Au ~ zooz Conjunction RO n

Svi: 10101 1 1iyol ~1Ta ~ Local output SV: ol ol ol oi~o
i[-01 ABCDELInkOLinkl Link2 Table 31 5 ~ . Consult all system

rel ati ans associated with bounded link variables (Fig. 15.4) Systemrel.0 n
SV: " |, 'List ofrelatidng od churesting uagmailesS¥g.01011):0 1 0 1 0 I A B C D E LinkO

Lnkl Lank2 Table 32 4. Consult all domain relations with bounded Iink
variables (Fig. 15.5) The donain rel ati ons associated with bounded I|i nk
vari abl es are consul gl ut JENENENEtor SV2: Rl n

SV: 011 1 Local outpt |S0:10 0 1 0 1LAAI{HA D E LIMK® Li gkl Link2 15
Tabl e 33 30 ~ 7 AUDG 2012 RzIn SY: O Il 11 1 1
1 0| 2
Table 13
5

When the st of relations on connecting variables is joined (Fig. 10.4), we have the following

result with two relations on isolated domain vanables and one common link variable Link0O:

A B LinkO

0 0 01 0

01 1 1 1

1 0 1 2
10 Table 14

The tree structure of colligated relation fulfills the requirements for completeness, compact-
ness, and speed of simulation. Completeness of deduction is ensured by state propagation
15  on the relations in the tree (see Section 0). The nested cluster representation to be ntro-

duced in the following is an altemative (isomorphic) representation.

Sometimes the user-defined relations are including internal system varnables (intenm var-
ables), which can be elminated. An example is network problems with input and output
20 nodes (which are connected to the environment) and a number of internal nodes connecting
input and output nodes. When the network constraints are represented in the ADB, it is de-
sirable to eliminate the internal variables and to represent only the subspaces on the input-

output variables.
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SV2:" 010101 nABCCELiInkOLinkl Link2 Table 34 6_ 3 State
Propagation 5 State deduction on interconnected clusters is é?gigﬁ%
state propagation as shown in Fig. 16. Al cluster relations mnth

vari abl es are consulted and the state vector updated repeatedly, until no
further information can be deduced. In practice) the propagation is
controlled by the link variables: when no further constraints can be
deduced on the link vanabies, the propagation is finished. 10 Conpl et eness

of deduc"ﬁ?@%SDS@?MF:@N«‘!&EQRﬁﬁ@&ﬁe@l@ﬁ%dt%auwe”ever the colligation

graph is acyc Thus, state propagation can be used on the follow ng
structures: The configuration space of interconnected clusters on common

l'ink variakd 88 ofGBk e&wr@ﬁ&k &m& o%@ém%t@@br%mpamum%lcgjért@trb&@séﬂéﬁo% on
comon | ink vanabl es stens with gﬁﬂt@g |n d i nput and out put

vari abl es"{isR ¢en Pe 58‘?‘&?‘33% SV“?'F Icﬁérldlnéﬁ jge “FRMURM! SRt REAPR-
exanpl es gdtloust svdhendirhdliescalkt confiuliérs ahd carsrobérstike, sapveladtiodis re9s.7. 1

Conbi national Network The constraints of the snmall conbi national network
shown in Fig. 17 are given by the interconnections of the |ogical gates.
The i nput Tiie hum-tiroe citbter aonsigts dathalagealdbsen tetsionh exidotad witofinkwariablel @g- and

Bool can’ CorHIG I EaatlSpyebaet g o bebor Psh e SR B b Sl

E, | ntceripetwBeonhskamaridbleb) The irdpa@ mf 86cH-Chresan squoeteearm th@, dntmé eystemB@ﬂbean

H, I nt | ;

o T nout BaReE N e BhE B30 BRI e 8 BRR ki At R 8y
11; B = (link \anrdblEZThls dedui:tmovs rdz;exa)ﬂﬂieweme@mueby Blate EedﬂC(l@nsmn &ch; link vari{ B
or G ; Ggie Mex(Brltafe) dedicfordPhayhe executed in paratiel.

15 The determination of the nested run-time ciuster 1s shown in Fig. 11,

EXAMPLE
20  Let us again consider the cluster Table 10 with three relations RO, R1, R2:

The run-time cluster depicted below consists of the three domain relations (left row) and the
three associated system relations (right row). For example, in system relation 0, the three
indices of link variable LinkO (representing the Cartesian subspaces of R0O) is used as the
25 Input to deduce the constraints on each link variable. Thus, system refation 0 represents the

impact of the Cartesian subspaces in R0 on the entire system.
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dl =(Eor F) ; J=not G O =;Hand Il); 02 =~ T_ and J) ; Mdeli b;a
array database yields the following result with all user-defined re 015@02
joined into a s~ngi e database relation with just 4 |egal states or

conbi nati ¢gns: Tabl e 35r¢& conclude tlhat [T95)dcaRdr&¥zlion lohat] i s, all gates

coul d be : P ) . 0 f a simulation
envi ronmeft g S {dep! g . vargablle OF | spasge 3 fied the state
02=1 (trugjo W iy & I goNJequ nce§ jeducgd YT T[S Ssgemjttagary variable or
conbi nat i qf [V ot Es Ty [be §IS€Y as TPyt - therers—po di stinction

bet ween i nput—and-output—vartabtles—5 7. 2-Ararm SystemGven—t he foJl ow-ng

input file for a snall_alarmsystemw th three state variables on different
data types: 10 DOVAIIN ALARM1 Bool ear; Sl|GNAlystEmurd Red,onyel | gw, G een,
Blue); TEMP, Interv (@it Link0 ] TEr7P ( [
100; [ ) -> SIGNAL (Yed | gwo Bl-u&y = | TEI A F2O5-{™]) -0 AUARM The two
rel ati ons have one ¢ogmon wari ébie EMP japdi nugt thergfore bg col | ~gat ed.
Joi n2o0 ~ng the rel ations y| eI ds the fol I'ow ng array dafabase with three

| egal Cartesian subspace ngle re , abl e 2 e that the
relation i s depi cted R

doma~nindices. 25 T m Tabl e 37.
33 r*1l i Table 37 703 E@o ragsume that a
car manufacturer wamt® lalll 1t ré'ifnbsa bl e [combizhat i ohs of 'éljstcrrer S options

to be available on the Internet. eﬂh J‘?sfm | ow ng array dat abase i nput
file wwth the | ogiCal constraints of e cars: DOMAIN 10 Model, I nput,
Enum( 03%0

5.24 Link Clusters

We have now finished colligation of the relation(s) in each cluster, and the final step in the
process of colligation is to colligate all relation pairs, which are connecting clusters. For ex-
ample, In the system sketched in Fig 7 the relation pairs (3custero ciustert), (9 10) and (10 12)

must be colligated.

The data flow of linking clusters is shown in Fig. 12.

The result of colligating a relation pair is a new relation (to be termed link relation in the fol-
lowing) on the common variables and the two link variables. When the set of link relations is
added to the array database, it is possible to ensure completeness of deduction by state

propagation on the clusters and the link relations.

Fig. 13 illustrates in more detail the colligation of each relation pair (Fig 13.2)
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c3001 cap c300 cab c3000 cc c3000 cs 15 c300C cd ~Car no "CAR 300"

300 Cabriolet", "CAR 300 Turbo 16 Cabriolet", "CAR 3000 CC', " 2&3@ fS
"CAR 3000 CD') del™; Engine, Input, Enum(m 20 16"2, O116, IZBhp 1 3 02
3000r pnt', n21 16" 2, 1i 16, 190hp, 190_Nm 2900r pni', 20 ns" 2, 0S16, 195hp, 205Nm
3800r pmt', nturbo 16" Turbo 16, 160 hp, 255 Nm! 2800 rpnt, c3000"2, 016,

130hp, 173N 3750r pni', ¢3000 23" 2, 316, 150hp, 212Nm 3800r pni', c30C0

23t ur bo" 2, 3Tur bo, 200hp, 330Nm / 2000 rpni, 34 | AU G 2002 c 3000 23
turbos "2, g, TupbeS, 200 hp, 330 Nm /2000 rpnt) "Engine type"; 5 Doors,

| nput, Integer(2 "Two doors”, 3 "Three doors", 4 "Four doors", 5 "Five
doors") "Nunber of doors"; 10 Paint Type, I nput, Enun(hbrnaI"Normm

pai nt". th@hgh ewggggﬁFg“ﬁglﬁy")"The type of paint"; 15Paint Col cur, |nput,

I nteger (153" Cirrus 170" Bl ack", 198" Enbassy bl ue", 214" Cherry

red", 219" Tal | adega red", 20223" Ojoardo grey netallic" 227"C|tr|n bi nge
netallic",ZZB"PIatana grey netalflgog", 229%hezwhnsvbbue met al l.i ¢c", 230" Scar abs
green netal lic", 25231"t~l onte CardiQ y@I¢QM/:>2&2 ~Dey by grey", 233"Carrara
wite", 239" Nocturnal blue netal He235Eucatypttas—gr'een netal lic")30, "The
pai nt col our"; E4heei Type, Input EnunﬁﬁgAlloy Al |l oyl AIon9 35 All oy6

Al l oy7 "Whe "No Al |l oy mheels" AIon € 15 spokes open", "All oy

wheel s, Ae desi gn" .. S cl ose "Al'l 0 _wheel s) 3
Spokes.  asoRARER. B smyles) b & EgRie it PR ibafoed T foubis raat e s Sindle:
adj ustabl e front seats”, 40 EAS1 "Else adjust. left front seat", EAS2

"El se. adjust. front seats . 2 - "El ec. adjust. EAS2M
"Elec. adjust. , "Front seat & S 3 o nput, Enun( NoSSR
" ' " " " ogprn Vg n A WL T T2 P o
NoSSR', SSR1 "SSR1", SSR2 B TS BT PSP TodsNi ne roof"; 10
Oi1jo0i1if 1 Jof 1 1
Table 17

However, to lustrate the isomorphic form of link relations, we will extend the standard array
form of RO, R1 with link variables:

RO: (A v BY = (C v D)

Rl: (C v D} = (E A F)

0 0 0 1 1
01]01 1 1 2
15 Table 18

Colligating the subspaces an the common variables C, D yields the following link relation:

Link relation: RO Rl
D Nk
0 0 0 012
0111 1. 2
1 0 2 2
Table 19
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Gear Box, input, Enum(Manual "Manual", Automatic "Automatic") " CGearbox
type"; 15 20 25 30 35 40 left front seat, nenory", front seat.s? m@r?m}
RELATI ONS Model (¢300i ~cab) -> Engane(m 21 _16); Engl ne(c 3000y -> 2
Model (¢3000 cc, c3C00 cs, c3000 cd); Model (¢c3000_cc) -> Engi ne(c~3000);

Model (¢3000, cd, c3000”"cs) -> nct Engi ne( m 20 16, m 21-16, m s, m turbo-16);

~| odel (c3 0-cab -> En iree%’mturbo 12% ne(c 3000 23 turbos) ->

Model (c¢30 R ﬁg%” bHBeptons RO, db felﬁtﬁa)makﬁswb%rs(o@s@wdé%%c@eoc
cd); Nbdebﬁt&BQﬁ;))fgLRaﬁigBMFBnZtﬂe 16dices2df the ik vanaties. tmllaﬁ@e avB dphfseR004 -

Dot sy need GaBgaisah b “f‘%g%méifg?g&wa@ﬁﬂee Yooodbe k. 12 "

Door s(5); #Engi ne(m 20 16) -> FrontSeat(:'~I AS); Engine (m_ZI-16 ms, m
turbo,16) -> not FrontSeat (EASIM Ee=.S2M ; Engine(c 3000 23 tur bos) ->
Fr ont Seat S ront Seat (EAS2) ; Model (¢300i cab, c300
cab) 5 ngtgAFf&g@]t %&%ﬁk&%ﬁ/ﬁﬁ%nﬁ?ﬁodel (c300) or Engine(m21 16)) -> not
Front Seat (FAShfeRlon 53 (802 QotBhangre by B shbARL AR (SSREMRR e
Engi ne(m 21 16) -> not Sunshi neRoo R2) ;

Engi ne(c- MGW@éO@E%BWPQStGPtﬂeB@ﬁ“Ea' OG@ 25”%@%5’&?) (farfuzpytiogic computations), a
Sunshi neng%ﬁ%l%lﬁnceE(m@g%,%ﬁan > not Sunshi neRoof (SSR3) ; Engi ne(m t ur bo
16) -> not Sunshi neRoof (SSR1, SS Model (¢3000 cc) ->

S: . i nshi neRoof ( NoSSR, SSR2) ; I\/bdel(c300i cab, c300 can) ->
SunShHOERﬂﬁfc(bNEﬁﬁR)cho@@ iS derﬁed\uncé 232t ORNBE REftE vaHies 8NKE, .S, O = (S,
Model (c30 Ccd ‘%) t Sunsni neRoof (SSR1); hl odel (c300 c300r" %ab,
c300 cab) 1’95@3?% E’Qm smﬂ?‘?ﬂﬂl@fre\’:é‘lﬁ‘@) -> not Pai nt Col ourl 231, 235); 5
Enai ne(c 3000, c 3000 23,c 3000 23 turbo,c 3000 23 turbos) -> not

Pai nt Col OE%(%/@%EZ%) Engi ne(c-3000_23-turbos) -> not

Pai nt Col o 219, 232, 233, 227, 230, 234) ; Engi ne(m 20_16, m 21-16) -> not
Wheel Type( Al l oyI Al'l oy4, Al l oy7); 10 Engi ne(c_3000_23) -> not

oo TypeCATS %hé%“@r?égﬁiﬁw eI PR Ee MR E K B vt unc-

Engi ne( m_Qf)n PRIARe &(VY reprerpintRs(imatsindiroreiadipn insstaodard array form:
Wheel Type(Al |l oy9, Al l oy6); 15 Model (c300 can) -> V\heel Type(A110y7) Model
(c3001-cab, ¢3000,cc) -> not \We I oy=) ( Alloy'; ) ;
(Engi ne(c-3000) and Mbdel ( c30MRLLEE S

1 2 2.5
1 4 4.0
1 6 3.3
1 8 6.4
4 6 20.2
4 8 30.0
5 6 14.0
5 8 17.2
Table 20

20  When the object function is to be optimized during system simulation, we may also represent
the configuration space of targe domains n terms of Cartesian subspaces on which the ob-

ject function is monotonic:
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not \Weel Type(Al | oyl, Alloy9, Al l oy7); (~7odei (¢300) and Engi ne( mbi[ 0,.16))
-> \Weel Type(Al l oyl ); 20 Engi ne~c_3000, 23-turbos) -> Gear I—|0x('l\/2‘I [?20102
Pai nt Type(Metal Iic) = Paint Col our (223, 227, 228, 229, 230, 23.), 235); Note that
the user-defined relat(ons can be witten in any order and in many
different ways. In the abovenentioned relations, the user has witten many
synbolic express)ons with logical 25 inplications (IF-THEN) rather than a
few tabl es. The nodeling process is independent of the input format.
Modeling the input file yi gEarr g od DRI abase with five

"rel ations representing the JUTal Ol SPpw e Qf gk 1e| car. These rel ations

are interconnected by commum 7Tk {vagr gbigs: ??’8.2

Fr ont Seat 5unshi neRoof LI NK “JN%S?°Rg§¥b§§§§§§§§jSSR23EASlNOSSRgEASlSS
R35EAS1SSR26 EAS2No SSR7 EAS2 S2SSR29E/ S1MSSR311EAS1IMSSR212E
AS2MNOSSR13 - EAS2MBSR314EAS2VBSR2~ 15Table 21

Door sWheel Typehl NKI 3, 4, 5NoAl | oy, Al | oyS03, 4, 5Al | oyl i , .

| 3, 5Al | oyITQ?NBiAFtI WFNW WME@?WM%AP?%‘,SA@Y%BS an interval with the lower and

| SNoA! | cv uhbdr @l | SH71R4 Hadddiiya AlatOyAibNe hdeayddibd @Y mERE the object function

Al'l oy7105Al 1 oy4 ~11 En i.neCGear BoxLI NK3m 20 16Manual , Aut omati cOm 21
16Nhnu§|,Kﬁﬁ@%ﬁ@iclnlswhnual,Autonatic2n1turbo 16Manual , Aut omat i c3c
3000Manuak, Aut omat i c4, 5¢ 3000 23Manual , Aut onati c6, 7c 3000 23

t ur boManual , Aut omati ¢8, 9c 3000 23 turnosManual 10,11 (to be continued on the
next page..) 38 - ~ au c zooz

Model LI NKOx& bijidt lflimi@o 309 kel Dped 60 e Toaitle3a00sphes e Bed of 823e8801 cab03

i 4c300 cab745c¢3000 cc(C, 3,4,6,7,9, 10, 12, 13, 155¢3000
cs0,2,3,9,5,6,7,8,9,10,11, 12,13, 14, 1557C3000

cs0, 2,18, 415,6thg canfgurgiohspade 0f3héa 41a1s6B8e®EGSo, S1....Sy is represented in a single rela-

cs0, 2, 3,4,5, k4

¢d0. 2 3 4. 5,@{1?}1?35?%?%8? %%?%éég,t%re}%%ﬁgﬁ%gg% extended with a further attribute O rep-
cdo, 2, 3, 4, 5,r65€nt8g gpq@pjfgt, mgpt'lcg],. ﬂ'@jslgngQgggrqsudered as a special case as shown in
cdO0, 2, 3,4, 5,6pk B, 9, 10, 11, 12, 13, 19, 151012¢3000 cs13, 19, 151113 PaintT

aPai nt Col our LI NK2LTNK3Met al 1 c223 0 | OMetallic223 ~1,4 1Metall~.c

| 22322Met &l |n @208L SARGRRFATYEVERhIoI13S he LbIedY fungsorbas g new (lation in standard

| Met alibi c223r% ford? 8n 27DathditeddH 6, 75,10S] and the link vanables associated with the con-
5hbrnal153,§70 198, 214 §%§é§32 2338,11 1 d

| Vet al | | c223' 95708583959 38, 230€, 11 7Nor mal | 153. 170, 198, 214, 219, 232, 233
19,12 ~ 8Metal lic223, 227,228, 229, 230, 2349, 12 9Mor mal 153,170, 219 113 |

10Met al |'i 2 1 Table 38 T rr dat abase in Table 38 can
be storedgg%%ggtﬁ%?@f%%ﬁéi%gﬁéFWF%Oﬁﬁﬁéﬁ?Wnﬁbggs§¥ble for 5 any client on
the network. This is carried out in either of two ways: The array database
is loaded to the client before sinmulation The array database is stored on
the server and sinulated fromthe client through the network (only the
state vector is transmtted) 10 To illustrate, let us assune that a
custonmer wants a car with two doors. The deduced state.vector with al
consequences is depicted in Fig. 19. W conclude that only the cabriol et
cars are available with two doors - and the sunshine roof is not a |egal
option! 15

PV
&b e
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39 = - AU G 2uu2 ao CL:~1MS 1. A nethod for generating a database useful

for configuring and/or optimzing a system spanned by vari able {lte
dormai ns and/or intervals, the nmethod conprising 5 generati h'g?awé édd%

in a nenory or storage nediumof a conmputer, an addressabl e configuration

space of the entire sy stemin ternis of all |egal Cartesian subspaces of
states or conbinations satisfying the conjunction of substantially all
system constraints on all variables, with all interconnected | egal

Cart esi an B(dfldces bei ng addressabl e as | egal conbinati ons of indices of
link variables, so as to establish a database in which 10 suhstantially all
| egal solutions in the systemare stored as nested arrays 2. :A nethod
accor di ng @iverctheafatpwinggesfigyratiofn space iretpams of Wiressrei@tioesinbi nati ons v i ol ati ng
the systemconstraints are excluded fromthe relations 15 3. A nethod
according to claim?. wherein ation of a swemis
found to have no | egal conbin ire wst~mis considered
to be in a state of contradi curems nd rs excluded ~. ,~,
met hod according to claim1 of g, s : constraints are
determ ned by 20 conju; ating DPeL o "o 6 1761 gt grTs; each rel ation
representing the lzgal Cartes gL Y SPAGES pfistatgs or conbinations on a
gi ven subset of variables. A neth according-to—any of the preceding
clainms, wherein all relations with at |east one common variable are
colllgated 25 6. A nmethod acpording to Bl aim~, whgrein the colligation
conpri ses conjugating the con e relations being
connected by having common va e Cartesian subspaces)

. . . 0 .
satisfying the conbi ned const ahlﬁ PHrtiete—ormre relations. 30 7. A
nmet hod according to claim~ orgby U‘“cl B 7 thf cotHgation of the two or
nore re lations is perfornmed by—totntng—th ore relations up to a
predetermned limt, "~ AUG ~DD2 41 the resultl ng nunber of relations
bei ng col ligated by |inking thprmiakdregiauginngRe h@m]
[) ¢
0 |0 0 012
011 1 2
1 0 2 2
Table 22
10 The object function Y = f(B,£) is added to the array database by a projection on all ink varn-

ables associated with the state variables B, E:

Table 23

18 -

6 ADB Simulation

When the modeling task is finished, the array database is prepared for a very efficient simu-
lation, which can be performed in real time. The major operation for ADB simulation is the

state deduction shown in Fig. 2.
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into one or nore clusters) of relation(s). 8 A nethod accordi ng tcuél ]
7, wherein each relation is extended by adding a unique 5 |ink” aA |§b&
with a unique index identifying each | egal Cartesian subspace on the given
subset of variables. 9. A nethod according to claim7, wherein all

connected relations are grouped into one or nore clusters. each relation

bei ng associated with a single cluster of relations) 10 15 10. A net hod
according to claim7 or 9, wherein three or nore relations interconnected w
| th commbiny 8k Abbas: RRRREALI AE ste! @ 1 ancvg@éepofp@ekhsst%%glsaapﬁldme%;?ut
single cluster conprising t hr ee or re relations, the resul

cl ust er s) StBi& YR§QnY\eh @6ﬁﬁ’é(§’ﬂ‘§€l Viaﬁa%ieﬁé BEebaNdel dug & Q)Ft?ﬁ@bﬂ“eéﬁv%f?@@ﬂtﬂm]as A

met hod acg&QigHNaht YeBL@dBtdR. vestR (B veprbledo Bt Fe@ulfﬁgsc&fstrhfh% b@gﬂsr?émﬂ ed
relations within each cluster are determ ned by coll1gating

i nt er conn&Ren g systgr easIsEainty 3 tﬁ‘*ﬂ%“fﬂ"ﬁ% Pfetf‘eﬂ’WéF %‘BS‘F \@Eﬁ%@fwwrgageq he
configuration spacz of the entire cluster. all constral nts between the
t hree or pore I| ra ei n~ represented
el ati ons i Sl dcaEn B carged opf R THERF PLAITEE e SRR BMABEIPTPargIa o
claim?9. a:ec@ersm]g)ibn thdeaistd corapunepdd of thé anaft ¢dtaterss: Wi t h comrmon vari abl es

| i nkinb two cI ‘§ is coiligated b~ adding a nevv relation on the comon
25 vari abes ‘an ﬁg 'Y%Wo 1ink variables. 13. A nethod accordi ng to any of

t he precedi Rg tkaklaton ghstesi N an obj ect function of a given subset of

vari abl es. the object func erivin aracteristics of the given 30
subset of Va“tgspr&etgrcopgeqt %{Page‘ﬂde?ﬂ%n gtﬁ%rff?e? configuration space by
deduci ng tha cessihked otsctdhciash | i nk vari abl e connected to the given
subset of variables. I ~. A method according to claiml 3, wherein the
characteristics of the object Function are determ ned and the constraints
on the link variables are deduced on each conbi nation 42 of the given v
ari abl es, 6.1heTheStdte Dedunigon epracSimglecBelaiom rel ati on on the the object

function, the given variables, and the Iink variabl es.
15 The state deduction on a single relation in standard array form is carrned out by colligating

(by intersection) the input state vector (SV1) with the relation succeded by a projection on
each vanable of the relation yielding the output state vector (SV2). The colligation and pro-

jection are described in greater details below.
20 EXAMPLE

To illustrate, we will again consider the system with the relations RO, R7, R2:

RO: (A v B) = (C v D)

Rl: C = E
25 R2: D = E
Table 24

Modeling the system into a singie relation (by joining RO, R1, R2) yields:

A B cC D E
0 0 0 0101
c1{01{01¢}1
01]0 1 1 0
Table 25

30  We will now deduce all consequences of the external measurementA=1 (true). The following

three-step procedure is adopted:
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5. A method for configuring and!or optim zing a system spanned by
variables on finite 5 domains, said nethod conprising - providin

dat abase generated by the method according to any of the clai ma-'? Am&rﬂﬂ][}z
deduci ng any' subspace, corresponding to an input statenment and/or inquy-,
of 10 states or conbi nations spanned by one or nore variables of the system
r epr esent ed g}/ ?;a ngstedc? S deri vi n t he consequences of a

st at ement ‘antfengfy al bpHaded yan '%b%/men@p‘ftﬁé oRst¥ 3\ s deFned by the

st at ement and- @bumdwmwmnsmamémmatmam% other Iriablysrat habo@eea st ngud 9s-
claiml~; wherzi edu 0 b ce of tate 0 tions is
per f or med ons'gn%(?@'?lwesot?ﬁgé J%fn %P’%}%’ﬁﬁ@fﬁ GRLRE aé%iv Si?r Vé‘ Wﬁfrﬁ Gt

asserted and: neasured states and,’ constraints fromthe enviroruner2t
17. A net hod accordi ng to cl ai g Q ahe |1 interaction between
the sy stem 20 representec! by?* ) —eka mﬁd the emironnent is
performed by a state ~ ector S\?) prescenti ng all |egal states or val ues
of eachl variable. 18. A net hod accordlflﬂ)[%] gClaim16 or 17, wherein an
input state v ector (SV 1 } represents e asserted and~or neasured states

fromthe envipAyeine amwan@%fw no%tmoemxe&snrst;’é Jeatsr)s\EPr esent s

deduced consequences) on each variable he entire s>~stem w hen the
constrai nts Bfchsyanesignesyspaseygttae) "Q)@t{oﬁ 'Sa'merwsenevmft%\ﬁéﬂtmtm@m tyatinidde oy r ay

dat abase. 19var&br@tnfedma§mfrdshm@ bRNGNY t@ée@&taﬂnw&hé@o&&edwn&n%naﬁf ard @t ©
of the entire Séstem iis deduced gyconsu ting one or nore relations) an

or one or mof¥TEHELRE MtEISEEORRNS By 2% <au'ia|b}?ef°b§>a@dj?‘|%a€tﬁsn§ if Hesiggid elNon-
subsetypof Vat’/a!ﬁlbdeﬁtbty)nCéﬂflfSIafrﬁkL&ﬁépQBes\/\brtef'Ueﬂél@d glhvuaa ;suwteﬁambne%a&etﬁe'ﬂ?stt he

state vector _and therlﬁdedum t he ﬁ'@sezl bl e states of each vari able.

a~~ 200Z 43 SACHRMEITRECHES Agd orgidfiees: wherein Wo or nore
variables are colligated in parallel. <4 method according to claim 19,
wherein the deduction of pOSSi ISt d 5 on tw or nore
variables in parallel. 22. A - b GaPmaim 19, w-llerein
conpl eteness of deduction is p : 11 e*ils.-rtlr g connected rel ations
until no further consequences : _I%e_l-qpe%L&el edam_e—la-dy 10 l'ink vari abl e.

Table 27

3. The output state vector SV2 is the projection (union of all elements) on each axis.
15 This operation 1s also suitable for parallel processing on each axis. The axis projection on

Table 27 yields the following output state vector SV2:

B®o1{o1]o0
A B C

Table 28

We conclude that A=E=1, while the other variabies are unbounded (don’t care or tautology).
20 #

This basic state deduction on a single relation i1s the foundation for state deduction on rela-
tion clusters and interconnected clusters. Moreover, it should be noted that this operation can
be used on any data type (scale of measurement) on any relation |n standard array form, in-

25 cluding object functions. In the case of object functions, the input state vector may be con-
strained by optimization cniteria like, say, the minimum prize of a given configuration.
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23. A nethod according to any of clains 19-? ', wherein at |east two
relations are consulted in parallel. 2=1. A nmethod accordin QﬁJ hé 2
clains 16-?3, wherein a state of contradiction is 15 identTffi gy g | egal
stnt~s or val ues being d~duci bte when consulting a relation. 25. A database
useful for contigurin~~ and%or optim zing a system spanned by vari abl es on
finite domains amror intervals. the database storing an addressabl e

confi gur at§-8n BieletoPedyrtianmn a dlestediRaetation Custer of al | |egal Cartesian
subspaces of states or conbinations 20 satisfy ing the conj unction of
subst ant i altg/staictyre &f tha efted ALY IR Klustes M/l doman relplians, ang sysemlrelations on

i nt er connegdngflon agabar%!ése&bamtmb&mg@slobgy r(m‘odéﬁk{j’ &@%a@b@)a%é %%«’%% of tgal

combi nati ons of indices of |i n# vari.a so that substantiall
conbi nat | SRESIETFANIDE degugad ey eilicienlydn afWersian IgcedyaRoWm | Hig. 1 dat abase

accordisng to claim?2~ stored in a nenory or storage rredl um of a machi nery

d/ I 26 whi ch
s stored T S M0 el BPausionadn i ain usn 8 WayP ARl (g Sorgpicts con-
accessi bl i gﬁmnodesdaoet hamaaiqueyprsjabpasethef linkheariapies e\nhnby c@ppﬂ@/umcé’@ (Figput
st at ement S1 5a]i1dF ZggH{j tﬁe%slaé&v\hqgl dqtsakgtaéogeds 5':)]1%ne r%-one or u') pgrtag?[able heu-

dat abase accoradr ng nory- o

medi um whi résticissarab sptsed int thisoqwoegssr abl y connected to a machi nery and/ or
conputgr and! or network so that the database can thereby becone accessible
for deduction of any subspace of the system by applying input statenents
and/ or i nqUier idedtificgiiontné baunddsseut verigies (Kigrathi hiérused teiseloct thospdtreainasid! or

network COmpi! Shie ofs SRR 1 L5 RORARALE h rmoﬁhoacoﬁgm&%gm%%?rr%’si ng

toclaim25 is stored . A machinery ahd/or conputer and
accor di ng W Mtauumcz@dﬁﬁ mﬁa@ﬁs rﬁée%f%ﬁifpabéﬁé'é“Pfsd%fil@faefelﬂhw cmtrwatmmryﬂw

storage nBéiét'émett@rSHsJOe\%rV\ﬁé(p (th"lt 15"1 is%o@@@&‘hﬁblblalﬁ?d&rﬁém@%ﬂa‘t‘n%é %y% &d¥en
subspace of th é}gt emb (g%,e ?/ ? nput statenents and! or inquifies to the
dat abaSe. %Slcanﬂ'dﬁ V(Hrtf?eéb‘& ginagiaroFe alhtlsdhe ﬁomi%rﬁlﬁtﬁﬂsdﬁ‘ﬂalﬂé% may be
stored in ddneuirenanebysneldr 18 baraageidimed ol oopet Sthtectort BRERUMBHIS withmheSUCh
a way that the database is

constraints on some vanab!es If the hnk variables are still unbounded, the state deduction s

completed (Fig. 15.3).

20  If some link vanables are bounded, the impact on the complete cluster i1s deduced by con-

sulting the system relations (Fig. 15.4) (one-by-one or in parallel).

Finally, the complete impact on the domain variables 1s deduced by consuliing all domain
relations with new constraints on the associated link variables (Fig. 15.5). The resuit 1s the
25 complete output state vector.

Summing up, parallel processing may be introduced at different levels:
1. Parallel colligation (intersection) of each axis in the individual relations.

2. Parallel projection on each axis in the individual relations.
30 3. Parallel state deduction on domain relations (10.2).
4. Parallel state deduction on system relations (10.4).
S. Parallel state deduction on domain relations (10.5).
EXAMPLE
35

Given the nested cluster representation of the following system:
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accessi bl e for deduction of any subspace of the system by applying input
statenents and! or inquiries to the database from any conputes cpmﬂng to
the network. 32. A nenory or storage nediumin which a database accordi ng

to claim2~ is stored 20 3 ,. A nenory or storage nedium according to claim
32. ~~-herein the database is stored in such a way that it is accessible
for deduction of any subspace of the system by applying input statenents
an~j Y%or | Ht+es—to—the—dat-abase ge nedi um

25 :
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"1098& () PSR109B& ()-]cfhiaB7?FOL% 10B; " 109B& () - @109B& ()-Y
6@ 109B& {( 1o G Logs |() ~ . YA0%R' ()-!(,.%0% B"B& ()-ij kwHgE?FOL%

10B! snid Jo4 u-muyo ()~ ! nf @L0%U& ()- @2z 10% U& ()-!$10%JU&' ()-4 10B
10B) a?E?FOC9 TOT T 9d0%UHUE () -! @ " %0% U U& ()-3S#10% U& () - S&10%

u& ()-9z szou& ()- flO%U& () a llll""g#z[<E’>FOL% 103s3y#10% U& ()- S,/ %0%
U& ()-!@ VONVOE "GN SRR T () - 3&f #10%

U& () - g## A% ' 3% s ()ni Link2

6.3 State Propagation

5 State deduction on interconnected clusters is carried out by state propagation as shown in
Fig. 16. All cluster relations with bounded variables are consulted and the state vector up-
dated repeatedly, until no further information can be deduced. In practice, the propagation is
controlled by the link variables: when no further constraints can be deduced on the link varn-

ables, the propagation s finished.

10
Completeness of deduction is ensured with state propagation, whenever the colligation graph
is acyclic. Thus, state propagation can be used on the following structures:
+ The configuration space of interconnected clusters on common link vanables
¢ Object functions connected with the configuration space on common link vanables
15 « Dynamic systems with predefined input and output variables (acyclic digraph)

7  Mlustrative Examples

The following small examples illustrate different applications of the invention.

20 7.4 Combinational Network

The constraints of the small combinational network shown inFig. 17 are given by the inter-
conpections of the logical gates. The input file for the array database describes the domain of
variables and the user-defined relations: )

25 DOMAIN
A, Interim, Boolean;
B, Interim, Boolean;
C, Interim, Boolean:
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10 U 10 U 10 U 1 =s10% U&' () - Y<z#10% U&' () - ! 6&9%A0%CUCU& ()-SF 6 10%

U& ()-$J&" " (7)) }[<i _@O0L% 10f S#10% h& () - @ #940%ChCh&' () - S#1Q 0"PAUG oo
h& ()-3S#10% h& ()-! A" @ %409%h& ()-s! @& %0%h& ()-s) **}++E,J @FOL%
10! 1+ %40%hQh& () - * @10% h& ()-! 1" #l Yd0%hCh& () - ! (#1 %40% h h& () @10%
h& ()-SS10% h& ()-J- .~.///1//}~SHEFOL% 10! 10 h 10 h 10 h >s10%

h& ()-!(92%40%hHh& ()- @ 6f #10% h& ()-S 410% h& ()- 4! # 19%40% h

h& ()-S// 031101} A ?SHEFOLY, 1BI01E&109& () - S10%&' () -1 TH109%& ()-! K

YA0UBSE () - TF#10%r ) 5L $S1OUR 1 Chr 123 34, 4/ AdESH=FOL% 10!

f 9$109& ()-"109%& () - @¢100/&'() F109& ()-1109%& ()-| @#109%& () -/ 44G65%667dESH
=FOL% 10! F, Interim, Boolean;

3SH109&' () -f sgcmocy«gcn{ggri,g,o%%o(l)eanf #109%& () - Sf 3+MPA0%E () - YBH109&' () - 7777777
77bCFOL% 10! @10%&'§ Y‘V&O%&' % 10 10

10=s10%&’ () - Y9109&" [ S BB B89Q0: " : aBbCFOL% 10!

*MBLOYE () -! MBLOYEGRE ) 113, Me@ &#10%‘ ()-3910%&' ()-39"109%& ()-g ::;o0;

. : <dEbCFOL%

J, Interim, Boolean:
11, Input, Boolean:
12, Input, Boolean;
10 01, Output, Boolean;
02, Output, Boolean:
RELATIONS
A = not Il;
15 B = (Il and I2);
C = not I2:
D = not (A or B);
E = (D or B):;
F = (B or G);
20 G = not (B or C);
H = not D:
I = (E or F);
J = not G:
01l = ‘H and I);
25 02 = I and J);
Modeling the array database yields the following resuit with ail user-defined relations joined
into a single database relation with just 4 legal states or combinations:
13 » @ J
ololt1l1t1}o0fotol] 141 1 0 1
0 1 0 0 1 1 0 1 1 1 1 1 1 1
l1{y0{0}0})0]121}1}1 110 0 1- 1 0
10|l 1}]0]0]0]0}1 0111 0 0 0 0
30 Table 35

We conclude that /7=02 and /12=01, that is, all gates could be removed!
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10! 10%& ()- & 109% ()-910% ()- "10% ()- & 109%& ()- -7 AUG
" 109 () - <<v===. >d>} A\?bCFOL% 10! 2002

1 109%: ()-Y."109%& ()-1+ 10%' ()- y" MBLO%: ()- @ y" MBLO%: ()- @ y" MB10% () - @
>g>>Y?2\ 2] 27221 2xnbCFOL% 10! % 10% ()- 10 10

10f 910%&' () - 5" 10%&! () 2210%: () -y110%&: () -1 710720 AABITHCFOLY 10!

F' 1098 Y-10% 109K | LOog Y9" 10% %&'
A AAAZB(B?B drE %E(f} B a(%n?)u W&eq\é%ﬁeﬁtd‘%ﬁ?& P@eéi &va(rg)le 02 is as-
109&' () - F@érl&m&s(g)weﬁs @@@&@Dﬂ%ﬂb(@ﬁé).%tﬂl(ﬁn CoBSEBLSS) dedUt D YR 1 Sednl B4k ahy) -

|2 18?;2: 8 %} #% @ /éa (@ﬁ%l’logo/{fifo%a?% %ﬁ'ﬂza\%’éy%ng\%glg}aﬁe Ij no distinction between

| ("109& ( PPERNCIBOBUBGAHEIES, 10! &10% & ()-#10% & ()- 10 10 10y8: $109%& () -
Y7" 10% () Y410% () - G HHHCI9K: K; K<K'PB4FO 10\\ 10\\ 10\\!g|
t$10%\ & ()-11 t$10%\ & ()~ 10% & ()-"10% & ()-f"10% & () - f <KHK) L3LLLM Z;

PB4FO 10z109%| & Q
7.2 larmt System

Given the following input file for a small alarm system with three state variables on different
data types:

10 DOMAIN
ALARM, Boolean:
SIGNAL, Enum(Red, Yellow, Green, Blue);
TEMP, Interval(}11:301,(100:();

15 RELATIONS
TEMP ([100;[) -> SIGNAL({(Yellow,Blue);:
TEMP (}1120; [} -> ALARM;

The two relations have one common variable TEMP and must therefore be colligated. Join-
20 ng the relations yields the following array database with three legal Cartesian subspaces on
a single relation:

0,1 Red, Yeilow, Green, Blue J11:301
Yellow, Blue {100:;120)
1 ! Yellow, Blue [100: [
Table 36

Note that the relation is depicted with the legal domain values rather than the domainindices.
25  The internal binary representation 1s shown in Table 37.
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MPL0%& ()- !* M10% | & ()-  MBLOY ()-

)@#1%%1&' ()-11 10%4||(| (%)-vaM\/NDNfoL){\:PMFo 10(10%-& ()- =7 AUG 2002
P#10%- &' ()-! (PH10% [\ | & ()-

#1098 R&' ()-)! 110%)| e| & () - Ms@0%| & () - NNNNNNOCKL. 4' ( 10%- & () -

(10%-& ()-  (10%-& ()- ' (10%-& ()- (10%-& ()-

OOOHO ONOQOOOPL4( 10%- & () - (10%-& ()-  (10%-& ()- ' (10%-& () -

(10%-& ()-  (10%-& ()-  OCODOCOPI S24_ F4#10908@& () (10%- & () -
(1094 & () (10%-& () EEENSETTIN TR PV U4 10998& () -
$Y10989%88&" () - mLOYA 0984 — 1 Q0B

F4#10%$& () - pPPPNORRS| [ S#10900/8! ()J
%L09BBE ()-S- 910988& ()-),1 1DWAE2() -|SSH]
f#Z10990& ()- 4 & - #10%hPAh& ()} @ & - #10%& () -

L 10988& ()- TUUUVFr VWA [ : viud _ 3LOD@*10%88% @F“ 0)- 3 - %0988 () -
-9409D& ()-- y+ 10980& ()-) f3(I 10964 (|) reOARRMARRPXAM] - #1098&' () -

#y 10984 () - MLO%A0%A 0% 9=10900& () -- |<lp9BBi11=)—3
109884 () - PXXYYYZZ| [: vU4 D093 & () 411;11%00d8R1 ()|, 310%& () -
@L109%& ()-T- #109& ()+) -#1008& () - ZT[ Y —vot | & 1940% % & () -
"YOLO%& ()-S B- #10%9%9 ()= YOH QOR' ()| :
| 9.098& ()-, " I:viud 3 BMLOWE () -remraoveoa ()| T 331- #1098& () -

)
1 10984& () - - 10%?/&() ) ‘&'|0i0%ty& ) -| [EEgEEaaV (GO () -
y#1098& () - Z10%60% 0% &<[10%&: () - %1co () M{
3@- #109%4& () - SaSbcVeced| \ <va [3; #1084 ()l3! b%g; | YSHI098& ()-- @

SH10988& () -,
& 109884 () -

—

YL0YRE ()-- @9AOYSE ()-) 9H#10%B& () dddddd dd #yo%&' ()-3;
#1098& ()-3; #1098& () - 03 #1098 () - #1098 ()-? #1 tyé &1() - 3; #109%8& () - dd
dddddnN. 843: #1098 () - 3; #1092} 3-#190 ) - 3;

#109%6&' () - SW.PT! S" 9#d! d#d) d/ d6d8d_"784Bahi¢ BV3; #10%5& 0O)-3; #10%5& 0O)-3;
#1098& () - 3; #109B&' () - 3; #109%b& () - 3; #109%8$&’ () - 8d; d<d= d>d’7dAqu5843
#1098& () - 3; #1098& g) SWLPT! S" 9#3; #10%5& () 3; #10%5& ()-

#1096& () 7-AdBArasust GRAFSIFAHPD 43; #1006& () - 3; #1098 () - 3 #10%& ()-3;
#109%6&' () - 3; #1098B& () - 3 #109%86&' () - 3; #1098B& () PdQIRITdUdWIXdr R6, 43; #13;
#109$& ()V\fgz\gﬂg%@swmg rﬁig%@neyufgct#rm%gjs@l tge possible combinations of customer
#10%68& () oSBRE T 62 Qéianeiie[od]ieé thisnel. 6, 43; #15W.PT! S" 9#' 3; #10%& () - 3;
#1098& () - 3; #109%8$&' () - 3; #109B&' () - 3; #100/65&' () - dadddeef a@ 43; #15W
+@LI0MKIR ()- @' FOULOUMKIU&' () - ' FUAOUMKIR' () - &HALOUMKIR ()- "fL1lO%UKU& () - 3;
#1096&' () Sivieg hittenfolib\/in@REBSy #dt5HaHROK FEO0MUS il 105V EO{strairss o 09<4Ks: () -
$29%4 094 KY4. &' ()- 3110%KU& ()- . YIOYKY&' ()-hhhhli 3i Pi | [: RE83; #15 F
OO/GS& () K f 109%8& ()- F- 100/65& O)- S, - 10%& () Y 100/65& ()

10 Model, Input, Enum(c300 "CAR 300",
c3001_cap "CAR 300 Cabriolet",
c300_cab "CAR 300 Turbo 16 Cabriolet",

c3000_cc "CAR 3000 cC",
c3000_cs "CAR 3000 Cs",
15 C3OOC~cd “CAR 3000 CD")

, "Car model"™;

Engine, Input, Enum{(m_20_16 *2,01i 16, 128 hp, 173 Nm / 3000 rpm”,
m_21_16 "2,11i 16, 140 hp, 180_Nm / 2500 rpm",

20 m_s "2,05 16, 145 hp, 205 Nm / 3800 rpm",
m_turbo 16 "Turbo 16, 160 hp, 255 Nm / 2800 rpm",

c_3000 "2,0 16, 130 hp, 173 Nm / 3750 rpm",

c_3000_23 "2,3 16, 150 hp, 212 Nm / 3800 rpm",

c_3000_23 turbo"2,3 Turbo, 200 hp, 330 Nm / 2000 rpm",
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& ()-g @10%& ()-9! @L10%& ()-g @109%& ()-gjjj]jkk|[:RE83;#15 f&@%"/ﬁﬁ é)-
S/ 10988& ()- +SS, 1096& ()- @10% J{& ()- @10%Sv& ()- ~{ 0
@10% " ${ & () - kgkj kmknkokpk]| kkvU43 f10% $& ()- s$10%8& ()-Z210%$10$10%
=109%$& ()- S610%B& ()- |4#109%& () - kkkkkkl |[:vW43 3fl %0%8& ()-@3
10990& ()- alOo%e& ()- 9f10% m & ()- |f10%8S& ()- /Pf10%t& ()-
| KmGngnt nn| [: VW43 Y/ 10%BBABD) 23, rulOIOBR. { Jruros, FAOIBARE! {5 nES),bYORE () -
y&ZYA0%A& () -S 3F" SH10%A& () - @opwp qcqdgeqf q| [ NA4310984 0984 0986
=10988& (5™ | 8T#10988& ()- | Y7- #10988& ()- , 1940988& () - -
), 1940%8& ()--fqrq[r]rrrr|[9ONAASTG! tYRe100R ()- >F10% b & ()- (F10%&' () -
@109& ()- g#1l0%& ()- $109%& ()-Fr;s}sssss|[: NA4310! hOl $10% #& () -
T $1094~$#& ()= L1090 ()= 11090 () - . | #109%#& () -
*| #1008 ()-ng’?’fsm Rﬁpé‘t{?/ﬁ'ftzeﬂﬁ\‘&lo.”"kﬁ 510988 ()-Y . 10%$ & ()-Y .
10%$c& ()-f L . 109& ()-f 3+PodBkee)doonPl$10% & ()-ttwtt uuuuuu| obU43
$10% %& () - F1094.0%4.0% Y=109/& 4 ) Fodr 7#kQ%8&' ()-T 3109%& ()- -
410994 () - u$u%u&u' u(u) u*uoS743 x; 1Q%WBI % & ()--x 10%r% & ()-x 10%r% & ()-x
10% 1% & ()-x 10% 1% & ()-x 10% 1% & ().- fz10% 1% & ()-
*U+u, u. uOu2udunN. 74x 10% r % &' () YFLEORr BES(J-x 10%r % & () -x
10% 104 & () - 5W§zP3x 10% r % & () - 4uBu<u@AuCUGUi M 74x 10%r% & () - x
10% 198 & () <VbaBadh L0301 I (dede) LOMEAL Lhont
10% r % & () - GUKUMIQuSuluVu_) 75§‘9gzp3x 10% r % Elufg%}_ﬁx" 10%r % & () - X

0

10% 1% & ()-x 10% 1% & ()-x 1095 T0s&F (Vekrbtd Gduf udD75Wgz P3x
10%r%n & ()-x 10%r% & ()-x + "The type of paint";
15 PaintColcour, Input, Integer(153 "Cirrus white",
170 "Black”,

198 "Embassy blue”,
214 "Cherry red",
219 "Talladega red",
20 223 "Odoardo grey metallaic",
227 "Citrin beige metallaic”,
228 "Platana grey metallic”,
229 "Le Mans blue metallic"”,
230 "Scarabe green metallic",
25 231 "Monte Carlo yellow”,
232 “Derpy grey",
233 "Carrara white',
234 "Nocturnal blue metallic",
235 "Eucalyptus green metallic™)

30 ., "The paint colour";

WheelType, Input, Enum(NoAlloy ”"No Alloy wheels™,
Alloyl "ARlloy wheels 15 spokes, open",
Alloy4 "Alloy wheels, Aero design",

35 Alloy6 "Alloy wheels, 15 spokes, closed",
Alloy7 "Alloy wheels, 3 spokes, asymmetric")
, "Wheel type”:
FrontSeat, Input, Enum(MAS "Manually adjustable front seats",
40 EAS1 "Elec. adjust. left front seat",

EAS2 "Elec. adjust. front seats",
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10%r% & ()-x 10%r% & ()-x 10%r% & ()-x 10%r% & () -fuhui ukunu}BwUrngm
10%r% & ()-x 10%r% & ()-x 10%r%w & ()-x 10%r% & () - 5WzP3x
10% r% & () -uuwuyu}u~uuui N-75 L109B& ()-x 10%r% & ()-5WjzP3x 10%r% & ()-X
10%r% & ()-x 10%r% & ()-uuvv wwOw [: 75 L Y1098& ()- &10%& ()-
, SH1099&' ()- 1099& ()- , AO0WR ()-f yy#10%&' ()- OWMWKxXXyy|[:75 L
00109%& ()- | p+%40%& ()- (- L098&: & Y% 1098&' ()- ! Y40%& () -
1 94.0% % & () - yyPzSzVzW XzYzgz| ofidf? fd%i&L&JE*}t 18940%£6% F521L09BE 7Y -
| - 1099&' ()- 5g#10%9& ()-g 010%00C&seYy- "mjekzprsedz~ZzfRbEdats, memory")
8$109%4.&8L& () - #3610%&L& () - 1098 &L &'c(}acl QULL &9 10N ELE () - z222222{_?bUA
8&$10%.&L& ()-10%.&L& ()-#3610%.&L&' () - 10% &L &' ()-10%&L& ()-zzzzzzz_>bU4
10%#~& ()-s 109X&&' () - 10%.&L& () - #3610%.&L&' ()-10%.&L&" ()-zz{{"| }+}|[: bU4
109X&&5() - ~ 0B DYEREE R (FRu@® , B4 U O9F®RR" 1YSSE @ 109X&&' () - @ Y$109X&&' () -
0109X&&’ () -s+} we|[:bU4 |, BSH109X&EsE) ~@iBLOMXEL () - y/ SHLOYXE& () -
-109¢&& () - 1 Y0YDX&D& () - L |fy<10/%g‘§§l(,,)§5< % s <xfvUs 9@10%R28&' ()- @
$109R2&8 ()- L10%R&& ()- 60 10%& B1DX&10X8 ; 1096&& () -f (| [ vU4
F. 10928&&' ()- ' @10%R&& ()- YA0%R&ESHI -"6SFI09R&& () 29409288 () -
(Z940%R8&& () -, @obU4 yL$@OYOWE' () - FABRENR2 A& ; 109R&& () - 6
y8S#H1Q9R&& ()-g 5$109%R&&' () - /@#10%’2&&' O)-|[:bW y | SIOY%@ER () -
@ %WOWWE ()-f %0%(%(&'%/“ %10%)%)&' ()- Q %0% & ()-
Ff #10%@/@ ()88 | [Pt Fuavgdes: ( 548“”@ 10% ()- @&, 10%&' ()-6
| L0%@@& ()- S10%@d@& ()- | @Oﬂ/ﬁ@d@t(c) “pyddrablét )y S910%@@& () -
1098$&& ()-- * 10% & ()--6 | ' 10%Q@{ Lopdy  10%H@ ()-" S& 10%@/@ ()-
cH [:-410@@ L<10%@@& ()- " 410%"& () - f410%&#&& ()-9g6 2 10%@@ () -
f OOMLOY@@&' () - 1=3*910%& ()-3 bA410@/@ 109%&&' () - ( 109%& ()-f |
10%1 %5 ( ) FELATEONXEE () - 39A0%X&& () - FLO@@0@@ |[: AMA10@4@ ' 109X&& () -
109%$<& () - @S 1QW& (k@S g@@ﬁ&&m(zh- 15F, 10%9& ()-' SHIOWX&&' ()-S e&S8;

<=>| [ NA41010X&10X810X% ) 10VEE. ()08 LLOLBRE L9, 304 HAVXE& () -
Model {c3000_cc) -> Engine{c_3000):
Model (c3000_cd,c3000_cs) -> not Englne(m_20_16,m_21_16,m_s,m~turboﬁl6);
20 Model (c300_cab) -> Engine(m_turbo 16);
Engine(c_3000_23 turbos) -> Model(c3000_cs);
Engine (c_3000_23,c_3000_23 turbo) ~> Model(c3000_cs,c3000 cd);
Model (¢300) -> Engine(m_20 1€é,m _21_16,m_s,m_turbo_16);
Model (c300i_cab, c300_cab) = Doors{2);
25 (Model {¢300) and Engine (m_turbo 16}) -> not Doors(4);
Model (c3000_cd) -> Doors(4);
Model (¢3000_cs, c3000_cc) -> Doors(5);
Engineim_20_16) -> FrontSeat (MAS): '
Engine(mﬂZl_lG,m_s,m_turbo~16) -> not FrontSeat (EAS1M, EAS2M) ;
30 Engine {c_3000_23_ turbos) =-> FrontSeat (EASZM);
Model (c300_cab) -> FrontSeat (EAS2);
Model(c3001_cab,c300_cab) -> not FrontSeat (EAS1M, EAS2M);
{(Model (c300)} or Engine(m_21 16)}) -> not FrontSeat (EAS1,EASZ);
Engine(m_20_16) -> not SunshineRoof (SSR3,S5R2);
35 Engine(m_21 16) -> not SunshineRoof (SSR2); )
Engine (c_3000_23,c_3000_23 turbo,c_3000_23_turbos) ->
not SunshineRoof (SSR1);
Engine(m_s) -> not SunshineRoof(SSR3);
Engine (m_turbo_16) -> not SunshineRoof (SSR1, SSR3);
40 Model (c3000_cc) ~-> SunshineRoof (NoSSR, SSR2):
Model (c200i_cab,c300 cap) -> SunshineRoof (NoSSR) ;
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$- #109%&&' ()-- /109X&& ()->ul@|[: NA41010 s' 10%¢& ()- @ ZYA0UR&EL () -

Z940%8& ()- , 100R8& ()- f %0%&& ()-S y100%R&& ()-[9N [ : Nad1eip AUG 2002

8#109R88' () - @ 3% #109R&8&' ()- |"&10%R&& ()- 109%R&&' ()- & 109%R&& () -

L- 100R&&' ()-N1vU410 @ 10%T8#T& ()-; t)10%I& ()-; % 10%& ()- 102&102&102&

9<109%R&&' ()- y)3%A09%R8&&' ()-S1T[|[: vW410 @0 109%& ()-t 10% 3# & ()- N

flO%D b& () - Zengh 499@#60(()) akat behd D08 ) e 300b 83 LOYOHOR: (Junkhh] 1 VUAL0 @
$10‘V$&R(q)} % $T098& ()-g  $@O0WE ()- :$10%& ()- @ L1OYB& () -

10%#& (3PHECEBVUA10 t 1098908 ()- $S 1090& ()- 105103103 91096& () -

. S10%& () - MABIGE0) H@ uFeL- FERALG 2P " POSFIRFEe YIur (22300 oa & () - , 0
gwl/goo/?/a& ()- ()Mod&1®%&>(9>)nbi gLAUACAELL )231| ABIFITE () - 0S7410 YI0WT& () -

(yd'& - Y 040 0, ) 0,

oo () BT e oA VA Oy OO U ot oo () -
Y1096 9678’ 13- PMLFO@SS?@Y&WJW& ()- Y109d9%@& ()- Y109d9%@& ()- /K-~
Y1000 90 & () - ENGLASAYEED )23 _ ¢k} ) /-PARK-IPaYERUWTITE () - Y109T9T& () -

Y1099 &' (g%r(lgfalgg/gr%g {9v 2 YLOWTUE, () - ) 13579dD74/ K~ Y109arod& ()
Y1009 & () - & (6)&& Y1096 06 & é% 09T VG & Y100o@& () - 9
DsS374/ i 10% R&*P§ 1-2094 R&-1) 16’Y§#T Awéz&ek‘)ype”‘“ 6%%&“(3 o )6F°/d'& () -

/| K~| 10 Engine(c_3000_23) -> not WheelType(Alloyd,Alloy6,Alloy7);

t X84/ 1 109 &&xdgink Zlco%&& 26) CMb&ls)lo-% Rife Ly AN S&)() - VI 1 10% &&' () -) +yY94/' el

0% &&' ()-' e10% && 0%&& %&& ()-Vi+, -9;

<DFt X84/ ' e1068%&" ‘p 3”%%%&%% < AY&%L’%‘)”YJ&O%&& ()-d' el10% && () - FGSU
VWZcy X74/ Mq_q}%&&sQ) => WheelType( Al‘oyl)

, @10% &&' () enRLOW &&ribd 1d) ew%&&néam@a&%l&& (Ar16ed)[; NA4/ 101 &101 &101 &

| $<10% &&' ()- .. SBNL0% @ k2b10%-%-&
171 10% 8& ()° @Sr‘[? %4?1%& 1”6‘@/@@ 3791/18/ ’ /ao%v&o& ()-S OF9 ()100/@&9& () -

, LS#1099&9& (4951‘32( @011%&9@0( ye! ‘S#‘l@n/@&%Tél)?e @f‘ﬂlfkﬂﬁlli“)‘v ‘&1090&9&' () -V
&1090&9& () - "(&M:184 098898 Gy Wd&l&%’@@@&d(c}lo\m&dso%)&ﬁ& ()-

F3‘V<i0‘%9&?§$ Q))ee%‘ﬂgé’e?%l?o Vo &l0Y0&8&. 4) ' &V &1090&9&' () -V &109W&I& () -V
&10°/<9&9 &V &10 (% eE+Yy &160/@&9& () V &10‘%9&934 (S) \ &10°/<9&9& (O)-V
&10908&9& () - &9 &0 &TE T ELIHRDL () - KLV RF &1 8% & &

&10908®&" () - E@Nn&l@%&@&‘@ar\m&ﬂ.(}%&@&%)\4Mn&40)%9&9& (0)- &eG+V
&109089& () - p&M:SIAIREOR 1( )1 b EI0UDBI& (2 )/ 281 09REILS Lo, &M, 235 ;
&1090&9& () -eD+V &109W&9&' () L-nPAdO%W& ()- )s10%W& ()-V &10W&I& () -
&109W&I& () -V &109W&9& ()-vUAV & [10%& ()- V, 10%$c& ()- , 10% $& ()
#1099&' () NaBohBHRe Useridel@d (9latanp [can be\wEtenfin fomzﬂqr)arv i @qroomr(eyt ways.
3%‘0%/& Oy the 305 e%%%%@o/f%&tr@ use?"ﬁég\@/&ar( %anyggr@&lﬁé%}ééglons with logical
10%& () - FlOO/d.OO/d.O% 109%%% &\) $1090&' ( % fs! 10%%4 %

Y4 098R: (WP@MPQH'C“TﬂﬁMGK“FF ai‘cﬁ/m‘ tebleg MSUpRITNI R© m'”(’?Pe@efb@me()
31098& () mpWiGHdE 10984 ()-C 1094 ()-1C 109& ()-C 109& () -
1098& ()-0j17C 1C 10% L109%BT#3& ()- B1l0% Mp) & ()-1 >10%t& () - 9>10% #
& ()-C 1098& ()-09|[:7C

Modeling the input file yieids the following array database with five relations representing the

configuration space of the car. These relations are mterconnected by common link variables:
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1, 210%08& ()- D QLOYA& ()- ,) 10%#& ()-E d,) 109K K& ()-E <%
%4 0%t9R4& ()-- ! VIOWAR ()-!]| obUAC s$109% % & () - 0% 0984 0% S ZO@MI&AD[}Z
Y910%80&' ()- FE@10988& ()-S FA10%8& ()-| %Av|[: bWMAC @0%%& ()
10%%& ()- @Ql0%%& ()- SH10%Ws& ()-T f %0%%& ()-f yy#10%%& () - Sv
h|[:bWMC 0(10%t& ()- &10%%& ()- $MO%Is& ()- AWOWR ()-- 10%6%s& () -
@ S10%%& ()-x|[:bUAC 8QAA0Y%SIS& ()- rl1l0%!' & ()-S 110%& ()-S

:10%9%6& ()- a(10%!& ()- (10%' s& ()-xvUaAC ,!1098%& ()-T FmLOYBY& () -
$1098%& () - Y10s¥%s10s¥%10s D/af‘rloﬁteachs&S@shiQ&‘EW%b&mkel [ vUAC " 10%t& ()-@
nmA0YBY& ()- !1098%& ()-S_  S1098Y& () - f N8$886 & (
Jf 7 3109089D&" ()-*|[: vU4AC | *MMASBYR' |() - ~SSRAYBY& )- 1$10%3%&' O)-
@FYd09B%& ()- 3! Y'1098%& () - MASOYBYR () -3@%3) | obUAC 2
3"10980&' ()-31089408%408% " ; 1898%&' (|) - bASGEPN 8% & (B-T 3sO0SH109BY&R () -
1,,31098%& ()-)"cey[|[: bWBAC FHFO0WIYK (NoSSKZ 10088& ()} Ff#109%8& () -
T10988& () - Ff#10980& () -| YCLERSHR' () -[ 1HIRIDUAC |, )5 1098& () -
Y&@10%B&' () - @ Y" Yd0%DRARE. (BAID Fz10%ABIR2- A npd 0% 98K & () -
A nAO% BE& ()- OR[:-41pWoBRAIDYIBE () No93RWAR) () 7 10988& () -
],, MLOYDD& ()- Y,, MLOYDPMR £AS2  Y,|, MLO%ERE' () -| nOB. q |109B%& ()-'0 .q
1098%&' ()-.q 10989%& ()-.ql 10988 () -] #10%B%& () - FLOY®d0%eEnD .q 10%8% q
1098%&' ()-.q 10989 ()-.q _l0%¥B%&M()-|' 0 ' NgSIRYBY&! ()10 q 109BI& ()-hM /
{10%#& ()-.q 1098%& ()-' ol . QERSYBYR () - . FSEB/BY&R [)-11g 109BY& ()-'o0
[TAITIV|[:,] { S10%#& ()-h _SEB%#E ()|-h SISHFAE ()t Q8f 1Q%WHKE ()- f
10%#& () - Lf 109%-#F& ()-ME|EASEM{ H! 109N9&SR)- "N0WIR |()- 3910% % () -
F#L0%9& ()- fs1099%&k ()-| L1GPSH& ()I-Fal[SSE3 { F. [ 1099 ()- ,|.10% % ()-

) MLO% 9%&' () - &% 10%&' () - L &UERS%E ()- F$ASR2 15
Doors WheelType LINK1
3,4,5 NoAlloy,Alloyb 0
3,4,5 Alloyl 1
3,5 Alloyl 2
2 NoAlloy,Alloye 3
2 Alloy7 4
5 NoAlloy,Alloyeo 5
5 NoAllcy,Alloyl 6
5 Alloy7 7
4 NoAlloy,Alloy6 8
4 NoAlloy,Alloyl 9
4 Alloy7 10
c Alloy4 11
Engine GearBox LINK3
m 20 16 Manual, Automatic 0
m 21 16 Manual, Automatic 1
m s Manual,Automatic 2
m turbo 16 Manual, Automatic 3
c 3000 Manual,Automatic 4,5
c 3000 23 Manual, Automatic 6,7
c 3000 23 turbo Manual, Automatic 8,9
c 3000 23 turpos Manual 10,11
5 (to be continued on the next page..)
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5° 94 09Z68Z8& ()] 371401 60

131096 & ()- 1%
1$10% & () - Aor
1$10% & ()- 194
1$10% & ()- 1%
13106 & ()- 1% - ]
1$10% & () - 1$1095& )~ Aot Y8 1$109& ()10 & () -
1$10% & ()- 18106 & ()- 1$10% & ()- 1J86W38 ()- bB2f Y8& 181006 & ()-
13109 & ()- 1$10% & ()- 1$10% & ()-Aor& $"&) 06_2f Y8&  1$10% & ()
1$10% & ()- 1$10% & ()- 1$10% & ()- 1$10% & ()- 1$10% & ()- 679AFNDB?f Y8&
1$10% & ()'he 3%3P%E18bade inTHELYBRcAdn be AN ERar Intdas1S&s PR niake fit i 8essible for
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100 L ORERC e FRR(0 o SR ng o o MBS0 3o
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1098 ()- @ @"1098& ()-h' *+, - 7DIWW 10 -7 AUG 2002
k10%9% &' () - k10%% & () - k10%% &' () - 10g%9109%9100%gy &@ 10%g%9& () -

) @10%%9& () - f IKOUWK\ ahL, 7k10%9%g9& ()4d<10‘Vg%;&' ) -

j kK10%%& () - k10%g%9& () - k10%%& ()-' jacdhnopt eG+7k10%g%& () -

] k10‘3/¢g°/¢g& ()-k10%%& ()-k1l0%%& () -

j k10%%g&' () -ty{| eE+7k10%%& () - klo%ﬁg&“\(lﬁ k10%9%9& () - k10%g%& () -

] -k10%9%& () - k10%%& () - hi, 7k10%g%g& ()-k10%%& () -

] k10%%g& () k10%%9& () -k10%% & ()-' | eGH7k10%%& () -

jk100/¢g‘3/¢g& k10 k 1.0%g %

i k10%go%ge&: ( Ae’ﬁit’ﬁgﬁ/g@/gé?@&m(“fbg‘l‘%fﬁé’g}éﬂ&’S(ef“'pf%%%&”?% f”kdf@%)@‘b/’@@‘zt“f asystem
j -k10%%& (% AOYEYE&iblebn ﬁKﬁQ%’Q(}{ﬁ&s /KA RVEYE the method comprising

j k10%9%& () - klO%g0 & ()-k10%%& () - jeG+7k10%g%g& ()-

j k10% Y& ()g%@m@gg&d s)orkr!g)%ga/ n{oyy or storage medium of a computer, an addressable

| K10%0%&: () ebTka0a% I 10%% 10% 0%
j - k10%goge: (§° 'E%‘%ﬁ P(Se ﬁg%ﬁ““ e%%r ?%&@d&é@@@%ﬁﬁ%&/ '? Sieshices o
] K10%9%9& () stkkO Y9 ¥@ebinhtikdOXa Yy &10(&15 LOﬂJUHCthl’l of substanmll\ all system constraints

j 4>DEKZ\ eE- 76GL0%g% 66100%13& () Gloo%i/g& -6G10%%& () - E6GLO%%& () - 6
GLOY%gY%g&' () - 81 all nagattes, ret1ObgaRONECtS Resfan subsRresARasatdreseloug vg &

e LI | B0 PO T B e

E— 6 GL A% Y& (b tab CLP@YIZal oliNiordRUAUEHES! 4} SRR )ray E6GLOYGYRE! () - 6
GLO% %8 () - 6GL0%%E! () - EeG+76GLO% Y& () -' EBGLO%%E! () - BGLOYYEE! () - 6GL
0%g%& ()-' E6GLOY%Y%S& () - eE+76GLO%%& () - 6GLOY%Y%g& () - 6GLO%Y%g& () -' E 6GLO

%9% & GLQ%

e TocLbvgugh () eOTRRe 1) Caetovheisi 1) Meealgyisin P R g RE S scto
%W%& () - #+145@¢m Ec)ns%i\tﬁso/@%/t@:&d(tﬁled F{Ollﬁ(tﬂ;@%j%l&s() ) P(10%%& ()-)

P(10%% & () - 6GL0%%& () - KM\lVgl eE-7) P(10%%& () P(10%%& ()-)
P(10%% & ()-) P(10%%& ()-'') P(10%%& ()-) P(10%%& ()-ijnhL, 7)

P( 100/@0{‘3&3.( )A)mgga@?(&%}xélo' Icl)aim 2. wherein, if just a single relation of a system is found to

have no legal combination or state. the entire svstem is considered to be in a state of

contradiction or inconsistency and 1s excluded

4. A method according to ctaim 1 or 3, wherein the system constraints are determined by
20 conjugating one or more relations, each relation representing the legal Cartesian sub-

spaces of states or combinations on a given subset of variables.

5. A method according to any of the preceding claims, wherein all relations with at least
one common variable are colligated.
25
6. A method according to claim 5, wherein the colligation comprises conjugating the con-
straints of two or more relations being connected by having common variables to
establish the Cartesian subspace(s) satisfving the combined constraints of the two or
more relations.
30
7. A method according to claim 5 or 6. wherein the colligation of the two or more re-

lations is performed by joining the two or more relations up to a predetermined hmit,



P(10%%& ()-) P(10%%& ()-) P(10%g%& ()-' eG+7) P( 10°/¢g°/¢g&' (.).7
P(10%% & ()-) P(10%%& ()-) P(10%% & ()-') P(10%%& ( ) eE+7) AUG 2002
P(10%%9& () - ) P(10%%& ()-) P( 10%9%9% ()-) P(10%%& () -
P(10%%& ()-) P(10%%& ()-"#3$I hM 7 éZZ 109%1& () - ) P( 10%g%g&' O-")
P(10%%& () - %1 P(10%%& () ) P( 100%0/ 9& ()-'1 LM\I%
91 10% &I & () -the gegking [urnber gigeatepns)being co r}klmrhfmmryugme them
1094& () - pvW
9110% &l & () - ‘?EW Qg O A R 3 Bos &1 & () - 1#38(1110% &1 & () - <wMT)
O#38(!1 10N &I & ()-110UW & & ()-!110% & & ()-!10% & & ()-#38(! DWWT)
9#3! 10%&I§( A #38(I P10 & & ()-11098 &I & ()-!109% &l & () - ! 0% & ()-{_?
9#1 109 &l &3( )2 MBegkiceor “é#?a‘(‘f"ﬂlé%v f&"“(e)ach R4 O 1&g leng § U“*QWW)
o1 1090 85 & (I hAOABMeELti o T et e e HORGE by g OWT)
9#! 109 & & ()-!10% &I&'()-'l &l& () -#38(1 11098 & & ()-(*,-|\8w
W) given subset of variables.
O#38(!1 10U &I & ()-!10UW &I & ()-!110%9 & & ()-!109 & & () -#38(!-62\"_h" DWWT)
O#38(! 109 &I & ()-#38(!'T10N &I & ()-110WB &I & ()-!11098 & & ()-'10% & & () -h{_?w
W) 9. A method accordin to claim 7, wherein all connected rclanons are %rouped mto one or
O#! 1098 & & ()-!10% & & () - 8("10’4&I&'()-|]:0%8_LI&' )-110% &l & W
O#! 1098 &l & ()mdre@Ids&drg cayh rel@dantiediry JssH3&ed MiGoa En (c)uste];@%:&ht&ir({s)) $*_2WW
) 10 _
T0. A method according to claim 7 or 9, wherein three or more relations interconnected

with common variables generating cycles or closed paths are grouped into a single

cluster comprising the three or more relations, the resulting cluster(s) being

interconnected in a tree structure without cycles.

15
1. A method according to claim 10. wherein all constraints of the interconnected relations
within each cluster are determined by colligating all interconnecting v ariables within
the cluster thereby determining the configuration space of the entire cluster. all

constraints between the three or more link variables being represented as one or more

20 new relations on the three or more link variables.

12. A method according to claim 9, 10 or 11, wherein any pair of relations with common
variables linking two clusters is colligated by adding a new relation on the common
variabes and the two link variables.

25
13. A method according to any of the preceding claims, wherein an object function of a
given subset of variables. the object function deriving characteristics of the given
subset of variables, is linked to the complete configuration space by deducing the
constraints on each link variable connected to the given subset of variables.
30
14. A method according to claim 13. wherein the characteristics of the object function are

determined and the constraints on the link variables are deduced on each combination
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(SV) representing all legal states or values of each variable.

18. A method according to claim 16 or 1 7, wherein an input state vector (SV'1) represents
the asserted and/or measured states from the environment, while an output state vector
25 (SV?2) represents deduced consequence(s) on each variable of the entire system, when

the constraints of SV1 are colligated with all system constraints in the array database.

19. A method according to any of claims 16-18, wherein the state of the entire system is
deduced by consulting one or more relation(s) and/or one or more object function(s) at
30 a time by colligating the given subset of variables in the relation with the given subsets

of states in the state vector and then deducing the possible states of each variable.
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indices of link variables, so that substantially all legal combinations in the system are

stored as nested arrays.

25 26. A database according to claim 235 stored in a memory or storage medium of a

machinery and/or computer and/or network.

27. A database according to claim 26 which is stored in the memory or storage medium in
such a way that it is accessible for deduction of any subspace of the system by applying

30 input statements and/or inquiries to the database.
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A database according to claim 26 which is stored in a memory or storage medium
which is adapted to be operably connected to a machinery and/or computer and/or
network so that the database can thereby become accessible for deduction of any

subspace of the system by applying input statements and/or inquiries to the database.

. A machinery and/or computer and/or network comprising a memory or storage

medium in which a database according to claim 25 is stored.

. A machinery and/or computer and/or network according to claim 29 in which the

database is stored in the inemoryor storage medium in such a way that it is accessible
for deduction of any subspace of the syStem by applying input statements and/or

inquiries to the database.

A network according to claim 30 in which the database 15 stored in the memory or
storage medium of one or more computer(s) in such a way that the database is
accessible for deduction of any subspace of the system by applying input statements

and/or inquiries to the database from any computer connected to the network.

. A memory or storage medium in which a database according to claim 25 is stored

. A memory or storage medium according to claim 32. wherein the database is stored in

such a way that it is accessible for deduction of any subspace of the system by applying

input statements and/or inquiries to the database.

A memory or storage medium according to claim 33 which is adapted to be operably
connected to a machinery and/or computer and/or network so that the database can
thereby become accessible for deduction of any subspace of the system by applying

input statements and’or inquiries to the database.



