; JKLMe3et 6T| SZ 9-98-00S 3 MAR 2003 PROCESSI NG OF TEXTUAL | NF' ORVATI ON AND
AUTOVATED APPREHENSI ON OF | NFORVATI ON 5 TECHNI CAL FI ELD The i nventi on

concerns the auto ehensi on of textual information conveyed in an
I nput string, the’ﬂ%’ﬁ@ﬂ@@@m, f a special know edge database used in this
context, and syst ereon. 10 BACKGRQUND OF | NVENTI ON34:949R«105
attenpts at aut omat ed!6i§@r ehensi on of the neani ng of speech and t-c—.S<tMAR 2003
neither |inguists nor conputer scientistsl have made nmuch progress. I'n our

opi nion they have concentrated too nmuch on the | ogical structure of the
texts thensel ves and have neglected 15 the structure of the world. Speech

and textual infoPROCESSING QIVERTE/AL INFORMATINR AYDUCt#ORMRTEPhe Wor | d
and refer to it. Quite sone made i n phanol ogi cal and/or

ra@‘ro ress has been
phanetical, |exical, norpho @J%J’FEN\SWWWT@MI yses of natural

| anguage processing. However) when it cones to understanding the neani ng of
speech, i.e. the semantical interpretation of speech, 20 the breakthrough
has not yet been achi eved. As a consequence) the pragmatical analysis, the
contro Of?ﬁ@ 211 vi ces by natural speech, has al so not been devel oped
very far. abﬁg | e of a nodem speech/text recognition systemis
described in the article "Enabling agents to work together', by R V. Guha
et al., Cohifiavettianmescens thecutokGMpd pprehG@iFionNdd textyal dnfoymaSe cdiveyellif-ah4 2,

and revie by.T.J. Schult i.n the r article 25 "Transparente
Triviali téﬁg‘#ﬂf&g&f%@%ﬁgsatrépwwﬁge flataasgaised 4y thisepnicxh apdg- 121
Anot her e@?g@h@bgﬁda(hg@ag_uage processi ng systemis described by M Chung et
al in "Applying Parallel Processing to Natural -Language Processing”, |EEE
EXPERT, Vol .9, No.1) Feb.1994, pp 36-44. The Cyc-system described by R V.
Quha 1@ a know edge based system for true/fal se categorization of input

st at enent I i in his article 2 S Z 9-9 $-005 that
t he know %&W@Q&b&%ﬁﬁ%@%t abase used in the Cyc-systemis not
standardi zed and uses only the following relations far deduction. 'is

cl ement ofln theif ytesmpis at auddrnated apprehensicoudf st meaning of speach aily] @&t neithdarhe

Present | ig0flsHbe e BBl dEndd e hAddSh i prb st RS LB RETS 0RO
concentrated too much on the logical structure of the texts themselves and have neglected
15 the structure of the world. Speech and textual information are obviously based on the

structure of the world and refer to it.

Quite some progress has been made in phonological and/or phonetical, lexical,

morphological, and syntactical analyses of natural language processing. However, when it

comes to understanding the meaning of speech, i.e. the semantical interpretation of speech,
20  the breakthrough has not yet been achieved. As 2 consequence, the pragmatical analysis,

the control of tools and devices by natural speech, has also not been developed very far.

A typical example of a modem speech/text recognition system is described in the article
"Enabling agents to work together", by R.V. Guha et al., Commuaications of the ACM,
Vol. 37, No. 7, July 1994, pp. 127-142, and reviewed by T.J. Schult in the German article
25  "Transparente Trivialititen; Cyc-Wissensbasis in WWW", c't, 1996, Vol. 10, pp.118-121.
Another example of a language processing system is described by M.Chung et al in
“Applying Paralle] Processing to Natural-Language Processing”, [EEE EXPERT, Vol.9,
No.1, Feb.1994, pp 36-44. The Cyc-system described by R.V. Guha is a knowledge based

system for true/false categorization of input statements. T.J. Schult points out in his article
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5 knowl edge in a database. It is an object of the present invention to
provide a new structure for the representati on of know edge in a database
that allows for ease of know edge increase ("learning") and/or ease of
know edge retrieval ("understanding”). It is another object of the present
invention to provide systems based on a new structure for 10 thgz9.98-005
representati on of know edge in a database. August 3, 2U00 -. 3 ga 20a3 3
SUMVARY OF THE | NVENTI ON The present invegtion concerns the prét sngﬁ Zﬁ[}a
textual information. According to the present invention, an input string
whi ch includes textual information is segnmented into segnents. These
segnents a comhi ned with semantical units, froma know edge dat abase

re the Sel
represent i HsatéhﬁgP% B TEPRsERtatiem ncthe dgtabase ysechin the fyASYHEM IBAOL s whi ch
are siml arg.agk B RECH b il [C+: oapr i Ses
Al or ar ohi cAI TR ARaHBYREE T e Bl SR b R SEARACh i BN o OTPRILR6
hi er ar chi exf’,Adddhdsagbsetgdf t he present invention are addressed is
connection with the detailed description or are apparent fromthe
description. sz 9-9s-oas -4 5 DESCRI PTION OF THE DRAWNG - 3 MA R Z003
The i nvent iIbi# anobjest of thsduesent inaention tp prayidan new supatvesforthegepiesentasionai ng
schemat4 c ) + Fl hows the el enents (semantical units and
poi nt er%) g{n%gw‘gggé?gld%#%sr%archi cal know edge dat abase, in accardance with
the present invention. Note that a pointer can be a semantical unit, in
whi ch case Jt RanSbjRe 8t inePreddfi invéiiioh 18 Wovide 4 Adw SfrudBi@ @Plﬂ@tﬁﬁmséﬂtflon?d? I's
a schematic block diagramof a first enbodiment, in accordance wth the
present i nkaAwlasige in @ deabasetatiallows fotrasmof knawledde idéragsed(leefming "3 endorl

enbodi nent, _in acconrdance w t.h.th resent invention. FIG2C is a schematic
bl ock di agrcﬁ?ﬁ%@mg%?ff%ﬁdﬂé‘ﬁ%ﬂgi ‘ffﬁﬁfsg}“ﬁ'%ci:or dance with the present

invention. FIG 3A-3Cillustrate how an input string can be transforned
into art i ; ' ' ' [

present | noaair ot Bl of R e AR BVl P s bR 08 R e o
dat abal¥, ithe prsentatioreoflinowledge ipaaambesel nvention. FIG 5 illustrates
inherited attributes and relations of '"plant,’', in accordance with the
present invention. 2U FIG 6 illustrates a |local network around 'plant,"',
in accordance with the present invention. FIG 7 illustrates inherited
attributes and relations of 'plants , in accordance with the present

i nvention.

August 3, 2000



SZ 9,98-005 - 3 MaR zaa~ FIG 8 illustrates a |ocal network around 'plant?2
, In accordance with the present invention. FIG 9 illustrates inherited
attributes and relations of 'meadow , in accordance with 5 the present
invention, FIG 10 illustrates a |ocal network around 'neadow ) in
accordance with the present invention. FIG 11 illustrates a resulting
semantic network of sentence | ) in accordance with the present_ Bnmemléﬂb
10 S~ 9-98-005 3 MAR 2003 DESCRI PTI ON OF PREFERRED ENMBODI MENTSVI 3
foll owi ng) the basic concept of the preseqt invention is described. Before
addressing different enbodi ments) the relevant terns and expressions are

defi ned i "interpretation” and "apprehension" are
her ei n u§§®M@§R§§Q§fﬁ385ﬂ$gﬁ@§@§§ which 5 starts with an input string) e.qg.
sone sentences and/or questions) and anal yzes the textual information (also
referred to as original information) conveyed by, or carried in this string
and creates an_appropriate output, such as a sunmary, an answer, a
question, a spdciresest inyendon concemadhe procesking qff textaat informertiono nEccaatingetocthe
this by converting the input string into segnments and/ or semantical units.
Then, t hepreseghismerdiony ars mpatstiing vhichi indludesaextehldh femationiskepmesied 6 BORRIND)
information in a know edge database yielding a resulting semantic network
that is ahegprsegmehnt b@n tiRf cBAbIRAUWItN sGhARICRP mifsY foflY & E]h@q’l% database
abl e tpu?.

resulting semantic network one can create a human-understan

The i nvengd r,0 I . [ iqn ,of _the .meanin
andi or R pERE e REoRk of Mlerafihically AdaBR! SpARHE NGRS saubiE e ppleE peros
appropri gk . reacti.on. 15 The expr.ession "textual informtion"
P Ger n i RBE T8 ouilind Seighf atvrk FOnE RN erats oy SHREs L ARaBHeal s
in speech,." Textual inforpatiqgn” is not limted to human-readabl e or

huran- undaiet %R 14X 2crpss BIepdeliess i on is al so neant to cover progr am
strings) e.g. ,ip nmachine readable form or encoded information, e.g. as
transmtted tHY¥OaWAEE REth® Presentinventinre grd eddressed nin’ connehtioreiwithu shed detailed
describe the area) field, matter, topic) or subject 20 to which the

ori gi nal deseriptiom ot e appardatefinaml theoddseriptimnat ed. A cruci al conponent of the
present invention is the so-called know edge dat abase which is addressed in
the follow ng sections_ This know edge dat abase has a novel and uni que
structure. know edge database: A know edge database is a kind of library
descri bing the know edge 25 of the world, or a particular area of interest
t hereof, by using a well-defined structure that consists of conmponents such
as possible relevant types of semantical units and their possible mutual
connections, as schematically illustrated in figure 1. The inventive Sz
9-98-005 -- ~ MAR 203 know edge dat abase consi sts of semantical units and
vari ous types of pointers between semantical units, where the pointers

t hensel ves may be regarded as semantical units. Each pointer may carry a
fixed or variable weight (herein also called senmactical distance), where
the inverse of the weight of a painter represents sane kind of senmantical

di stance between 5 the two semantical units it connects, i.e., it
represents the degree of (semantical) association between the two
sernantical units across this particular link Since the weights used in
connection with the present invention are attached to the links, it is

cl ear which two semantical units' senmantical distance they correspond to.
Wi ghts ace not conpared, but used to conpute the semantical distance of
any two |inked semantical units 10 (the two semantical units rnay be
connected through further semantical units, their semantical distance then
bei ng the product or sonme other suitable conbination of the individual

di stances). Thus, this concept of semantical distance establishes a netric
on the know edge database. Finally, it is advantageous to use a variable or
fi xed threshol d bel ow whi ch connections are ignored. So if tw senmantical
units are connected through (for



15 instance) three links (thus involving two nore semantical units)) and
the product or other suitable conbination of the three weights is bel ow the
t hreshol d) then one can assune that there is no association between the two
semanti cal 84i%28-08%i s nethod allows to make the network local) i.e., each
semantical unit has only a limted nunber of associations and the |ocal
network structure around each semantical -t is not too diffigﬂu Ez
exanpl e, there 20 are no | oops which could cause contradictions! A 003
network is herein also referred to as a subset Furthernore, the weights
used herein mght be variable. This neans that the weights cart be adjusted
dependi ng aDHESORIPTIGN/OF THRPRAWRMGS Certain rules for adjusting the

wei ghts according to the given/presurned thene m ght be stored with the
links to which the 25 respective weights are attached. Semantical units in
t he know ed@be ihventicrsie deseaibed in detaihbelow svith efegerme tathicdallowing\sohdmatiwy carry

a "potential". .If a semantical unit carries a potential it corresponds to
the semanti SV t' s | nportance in relation to the segnment or senanti cal
unit fromthe input string currently under investigation. SZ 9-98-p05 - ~

MAR ~oa~ Thgyenpt chi [Rral e &g}g& : @m@l@ I -8@1
semanti cal EEI(I;FPI n tﬂ‘g“}l?r%o lg%lée a@ggg%ghé ry gé)ﬁf%lﬂr%g'lgismg I %al

mat chi ng | i nk carri denocwlédgerdasabaid, ircaocortanesetith tiee prosene inventidn, Naite that a
probability, i.e. the probability that the segnment or semantical ,unit from
the input string hasPHAERCARE Liqmantical MK Wiittthcage thesemantical upit is drawmy he
know edge 5 dat abas kng to a know edge dat abase, either a

| i brary descri bi ng E%no%?gé%@%?ﬁ{ehe world, or a library with application
specific information is neant. The know edge dat abase is herein al so
referred toFHg. 20r | ds hisbhienidtic bfvrket@inof affirgtentidinsa) inddcsiame With the
know edge dat abase is a database which conprises information relevant for

t he processi ng of i rigeseRhBvemtOre| ai nrs. An exanpl e of such a know edge

dat abase will be given |ater. The know edge dat abase reflects the know edge
of the ri r.4 he .know edge .of a.certain area or. field., The content of
Chi s i BT 2 s 8 3hemigils Sheak israin B Btondomnehmbon ln pboiien v ule
wor | d, correspondi ngyb@npinvestidned | i fe experience of the conputer and the
human bei ng who programed the conputer. However) a know edge dat abase can
be expanded 15 either by automated | earning from anal yzed input, or by

addi ng sepaFHFr2§ obs aiscleanatioblovbrdiggarhef g thirdembaedifmentyirodccordance with the
application-specific nodules), It is conceivable to provide updates for the
know edge dat abase tBFSOLRVERAMINt ranet or intenet. Likew se, one might for
exanple link a particular know edge dat abase when processing a piece of

l'iterature, i . r JThe s C .

repr eaent at TiSh S SGBURAERAR ot i BiyElcol b HalBoreich 1S bl 6% i

achi evag by a mul ti seedrdasgepvidies first emdbdithenOof the prsselt ifventiohandel br ot and
. Wlson. Self simlar representations are used on different scales to
descri be the behavior of objects in a dynam cal hierarchical network) as
wi |l be desFkeikd i rillessrates atfrastal Werarchinaldsnamitdee databasei iuaceordince with the
Furthernore, self sirnilar algorithns are used when maki ng use of the 25
know edge cont ai ned H"I"Fef'ﬁi“ge"&g)f‘abase. However, the inventive approach goes
beyond the theory of B. Mandel brot and K. W1l son and predom nantly deal s

with the bepgyigr of; ; 1 a ' W
Appear ance. T o7 JUSBRR B gl ol Fa it oF el Mbconefngp i the
is a fundanental di fireseaniaeehidhvween knowl edge and understandi ng. One can
aceunul ate arbitrary anounts of know edge w t hout having any under st andi ng)
while the converse is not possible. Know edge is the isolated

repr es@ft atFm @f pilestfatesadocalmetwork nm@lndt'lgmui'.rig acgordance witrthet r ong
connections between jisolated facts, 5 and from abstracti on. The dat abase
described in RV. GIERIBEEPYas a | arge anount of know edge but only a
smal | amount of understandi ng, because the |inks apt this database appear
inits net f top {aks : L Byl . 1 :
connect od S ac ifiaics M dHiphaS shPUUIRDY Rl i Sedianbbi g
fractal hierarchi calprgsetviavéntioh. semantical 10 units and pointers. Fractall
hi erarchi cal network: A network consists of nodes (here called semantical
units) and links (here coiled pointers) between the nodes. A network is
called hierarchical if there are links of the type "... is kind of x"
{hyponyns)) "x is kind of " (hypernyns)) "... is part of x" (netonyns),
and "x is part of ,.." (holonyns) for a given node x, where the first and




15 second relation type groups several nodes by their simlarity to one new
node, and the third and fourth relation type groups several nodes by their
functional connection to one new node. )exanples are: a desk chain, an
arnchair, afd H59%880king chair are all grouped in the semantical unit

‘chair' by their simlarity (they are all chairs), while a backrest, a |eg,
and a seat are all grouped in the semanti-cat unit'chair' by theirg

functional connection (they are all 20 functional parts of a ch'aarMAR\ZDUQ
hi erarchical network is called fractal if the follow ng four conditions are
satisfied: Al nodes are simlar (derived fromone tenplate). Al links
are simlar (derived fromone tenplate). Links may al so be nodes. 25

Hi erarchi cal Links are possible, and at | east one node nust have a

hi erarchi cal |ink. uCr 7~79-WJ -1 - ;- 3 MAR 2003 The construction of a
fractal hi eFi6Gc8i cal illustrates & Jocakbmeowdrknayoirid ‘plaat, pinesceoatdance/eith then, i s
achieved as follows. 'The, netwrk is given by a list of semantical units
and painters, as il|PSERIBEMION.Fi gure 1. There might be different types of
semantical units (objects) relations, and attri butes, as defined later) and

ointers (Sighgsl grity poiniers).functi gnal i I Spe tt,ribute,pointers,
gnd rate [(Z)OI n é?s) é@g&%é% 'i"ﬁ%r&'#ﬁﬁlé?"}%s grgfgﬂé%(iqrg?%&(%hmﬂ@é%fl%ﬁt‘ﬂﬁ"
upwar ds)5 downwar ds, e peRentzavéndony (Note that these directions_are used to
better define the hierarchical structure of the network, e.g. downward
pointers point to a |lower hierarchical |evel). The various semantical units
are intercofi€cl@d i illustaatesoakcainesworkameumd ' meiiovwtinracesrdamoeawikh thear chi cal
representing the muitiscale approach. Know edge is 10 presented in the
know edge dat abase aR*Pt WEB Mt ve network. According to the present

i nvention, segnents and/or senmantical units derived fromare input network
are mat chedgyht iy ent i i . di d. ab t he
nowl odge. dERGbike | DG eRRPSANGREREHAR 0TS Gerdd L IEALOREHOA M Bre * 0
that the network hasprasdnt isesdiorhi er archi cal structure. Al gorithms can
operate on elenments at any hierarchical level in the sane way, 15 naking
them'fractal' algorithns. In addition, every semantical unit is linked to
its asddciati ve semantical unit. These associative |inks reflect how one
under st ands each semantical unit. It is inportant to note that these

poi nters can exist between any two semantical units. The pointers

t hensel ves nay be regarded as semantical units that can have pointers to

ot her semantical units, reflecting the fact that sonmething could act on the
20 associ ation between two semantical units rather than on the individual
semantical units. According to the present invention, the conplex structure
of the world is significantly sirnplified through the fractal organization
of the know edge database. This also greatly sinplifies the data entry into
t he knowl edge dat abase as one only needs to properly define the individual
semantical units, and the conplex network is created automatically by the
25 individual definitions together with the possible inheritance rul es
originating fromthe fractal hierarchical structure. Semantical units: A
semantical unit is a set that contains one or several pieces of

information. It may be represented by a word, an object, a relation, an
attribute, a conbination of words and/or objects and/or relations and/or
attributes, a (hierarchical) 30 network of words and/ or objects and/or
relations and/or attributes, a part of a sentence or a 3 MAR 2003 whal e
sentence) a part of a paragraph or a whol e paragraph) or a part of a story
or a whole story. Semantical units in the know edge database: In the

know edge dat abase semantical units 5 are used as in the above definition.
A semantical unit is given by a word or a phrase (representing the namne)
and by all the pointers attached to it For the present inplenentation we
define 3 types of semantical units: objects, relations, and attributes.
Note that it is also possible to define a | ager or smaller nunber of
semantical units, e.g. such that attributes are part of objects or
relations. 10 object: Semantical units of this type correspond to

i ndi vidual semantical units that exist independently of other senmantical
units. Every object mght have a set of pointers to other objects. Each

poi nter may have a wei ght corresponding to the semantical distance of the
two objects it connects. Every object m ght have a set of pointers to other
15 rel ations which correspond to the possible relations the object can pl ay
a role in. Each pointer mght have a weight corresponding to the senmantica
di stance of the object and the possible relation it can play a role in.
Every abject m ght have a set of pointers to other attributes which
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relation: Semantical units of this type correspond to semantical units that
represent relations of any kind between semantical units of all types.
Every relation m ght have a set of pointers to other relations. Each

poi nter may %%ng)%i ght corresponding to the semantical distance of the
two relations it connects. Every relation mght have a set of 30 pointers
to other objects which correspond to the pessible roles the obj_mgzabay
in the SGy-~Jti-UU5 3 MAR 2003 _ |~ _ relation. Each pointer “m

a wei ght corresponding to the semantical distance of the relation and the
possible role (i.e. the inportance of the role for the relation). Every

rel ation m GESERIFTIONSOF PREFERIEBEMBOMMIE(TSL t i butes which correspond
to the possible attributes the relation can take. Each painter m ght have a
wei ght corresponding to the 5 semantical distance of the relation and the
possi bl e at in thefolowingethe basic copmpt affthe pofsentlinvention isxdserited: Befoge idiréssingn) -

Note that here also,each of these pointers is in fact a special type of

rel ation ana‘@éﬂ“f’m‘i’?&%@%mﬁ@ngu S@Faé?‘P@%&aF‘?:%ﬁﬂfﬁiaﬂg explaned.
attribute: Semantical units of this type correspond to semantical units
that repres 'y Lof-Qr i Pl -of objects.and
rel ation. e%&ﬁ?fr‘#@ﬂ%‘%ﬂiﬁ%@%ﬁg@@g&ég " gﬁ& lk)eo%iht% é‘?@’% l?’?‘ee’rp s di S.
Each poisnt estarm withoancinputwerigg) &.gC sohe santidengnd/sr questiche @il dnaBizeins takted Of
the two attributes it connects. Every 15 attribute m ght have a set of

poi nters t offRRAtNLalse refemedyio asiaiginial iformmation)caaneyedi by, oF carrighin thiswstring

wei ght corr i i i ttribute and,the
possi bl e va?ﬁ‘ggﬁ%ig ggéﬁ%@gﬁgﬁﬁ gﬁ:ﬂdtsgéﬂ. %%ﬁﬁa&@' gﬁea’g;ra%é'ﬁagi“(fs ?P'é‘sgﬁeé’-h’ ora
nul ti di mens activalresativneThopressnt abentiodsaehieven thisdly convartihg g input'sBREERRNT -

Tirne and space may be attributes. |f pointed at by an object) they refer
to the ti neg“aﬁﬁ'&"ésp%#zﬁ\ﬁﬁ@ﬁn unifs. Them dhesepsnisor seanicsl @its;ate relatediwith f

poi nt edypat | s a
ol at i o ¢ aloneegididite) Bfgffibn i Rhqhaby akbile v RASGING Bndic JARHE.
time and spthatiswrepresamtatidnasf ¢heinpticinforinatiors Bynmdertihg the: rebidind)Sneuntit S0 each
of these pointers is in fact a special t of relation and can thus 25 be
poi nted at  BVEHRepe canfarle & bhmahrandersiadahle owpot, The inventiverapprossh sllews fasan
be vi ewed agn gith G 8t d GRAMAES bi %Mﬁﬁﬁ- ' jts.
Some of them estgﬁﬁsﬁﬁ%ﬁgﬂﬁﬂ?ﬁﬁ%hl cal Egsﬂt“?gl(s:tthgr e. é@%&ﬂgggéa@g{pgﬁase
accor di ng t gringangpessibly farmaappiopniatei aphwercadforireastiohe f ol | owi ng cl asses of
poi nters: a4 y-y~-UUJ 3 MAR 2003 Hierarcktical painters: There are two
ki nds qf. higrarchi cal ,pointers (see Figure 1); hierarchical classes
(siml a5, t y ' PoPHIession gﬁ’f&lﬁi?lﬁ?ﬁﬁgwcaﬁ defined i s any kigd plvpEeminfomationas) |
bot h, ki ndSinktihafleh BéneSinbd B speBtP1EHil oA Shdliinfeh 10 R B LLAARDP T O
to hierarchical associative connections. rizontal polnters: ere are
two ki nds olumhan-imdsnttaridaplei This espriesden i5ialpormesh) (o qiver prgidny staings, felpgnat i onal
pai nters) corres$ongibggfto non- hi.e arfchi cal associ atiyve connections.
Attri but | onArCHET FAGTule forpy, peencodeg, infrmafiope- g s fansmitied traugh A apiypTk-o
possi bl e attributionali associative connections (e.g. semantical units
pai nting at [Wo¥:} LNl ' [ ' .
Bt i but og) PRGELesFRAT Hetel s el Bad1olencrbertPaid Al mafies k. B subjec
speci akOki rier wificln theicrigintahinfonmatios iodeeitiedad bpodlatedr .  hol e pointers: This is
one kind of pointer, corresponding to possible role of associations (e.qg.
semantical units poi ntiqr;g at other semantical units which can occupy their
1%

p?srs] i bl e r of&Byclal gpmponess of alﬁm%mdaymi@n it sg@algl@glmmﬂaﬁgmbsm 'dh ;Ski nd
t . 4 ,
cemnti o irdfecin e toloRi i eEflons Phidhbuicli, aRBhAIL Ra BB B bipfie (0 °°

attached t gtivbaizd.el ves. This corresponds to the conplexity of

Knowledge database: A knowledge database is a kind of library describing the knowledge
25 of the world, or a particular area of interest thereof, by using a well-defined structure that
consists of components such as possible relevant types of semantical units and their

possible mutual connections, as schematically illustrated in Figure 1. The inventive



associations in the real world. The structure of the inventive know edge
dat abase extends the object-oriented concept in 2U the foll owm ng sense. one
m ght have an object (or class) "car" in the inventive know edge dat abase,
and in a giszp4agpog string an~e may find an instance of this class, a
specific car, say, "M. Dent's Ford". Then {as an instance) "M. Dent's
Ford" carries all the data and nenber fuogtions of the cli ass-'3:zM R2003
However, not all data nay be specified, for instance, the color may not
specified and it nust not be set to any default value (e.g. red) by the 25
constructor. Even worse, "M . Dent's Ford" may carry data that is not
defined in SEhpal tiehfu 89605 BEMWReh O the
knovvl edge JQ{%}%@%@&& consg ec'ltdélﬁw; Deljﬁttg%é,hFordst?p&g;rfp?ﬁ'k\/\%{é 'S lEl:al | ed
an "appr oxi ggaia@tical nﬁhamrmefpbmm limamelvenmay be regaGled-as-semantialinit ABach~ ~

BAR zoa~ Anot her general problemis inherjtan subcl asses can

i nherit defPQiMerMECF%W'?‘H@P‘FV%B&W‘& '@i‘qqgﬂ% W@ Wﬁgl“ﬂ'ﬁ’q he
concept of jn RV dis@rek RAk
e el e mﬁe‘aélgﬁ%éﬁaé%%@%*?Sﬁﬁﬁ%ﬁ?ﬁﬁﬁﬁd T QY g REGr°S
them sulcl o ewosémaitival wnitsiossmeds, itehliicregosentadie @Igtem:wff(mmanﬁcal) association
"horizontal /associ ati ve" Connections because tvvo | asses cannot be

connect ed bhetween de twgsespantcal ynits acrogs tus paticylar k. o+ enhodi nengy: Accor di ng
to the present invention, an input string 12 (e.g. a text or a speech) is

t ransf or medgd nt | Wop=17 | ed
P gur o 23ioh e v R Bicgin A5inelitn Jindhe BRI ERor B ufgordd g e kAL O
wi th a knowseigewhithdababmasichl lhnltsTMaﬁﬁmldismwatmemﬂespdhd w rWeightsranes nothe

resulting semantic network 13 into an appro riate outgv text or
a speech oxCCanpﬂé%btbe%%Cd tSé@B’ﬂHt‘:é%Wﬁ%l SFH'E""§ agh ﬁ@g"{‘ BSone
or sevgpal ?u%‘?c ée%&\(x?e% d?i%%ﬁh Eerhmfcal ik Qnéipe first

enbodi nment 05|ng e |n era t|on cycl e so®"that an exten ‘communi cat i on

can take pi ggfntied distdnigs ttieatbethgithe Emuceor:samcmcﬂsumlemunmmftm;cor di ng
to the present |nvent|on¥ an i nput StI’IE 12,(%5.9%. ate r as gec S

t r ansf or nedindividpakdisianens). Thus.tbisiconeept f ?eé‘i“ﬁ‘“ WF@? crﬂﬁlﬁl

net wor k) of lgﬁngﬂ?(lf%e Efdbakt] ﬁxﬁil%qas ahl/éiﬁﬁéeﬂl? th 442 dVAHAOR of Eixed hir&hﬁldg:lélo@e

done by a s preprocess hetre are various conventional
t echni ques Wwhichicbarectioa et mgmmed Sn if am seinanti¢ed vnittiare sonectes thypughfosemant i ¢

Th 17 t f t
"1t 6 ars: npeeRey R ks (i AE B FIErS s EURe- R PRRuRbb e U o
in connecti %}ﬁmwﬁc;tc@nﬁ;r&ﬂ%sf‘th%ﬁ&@g Wclé&?@m%ﬁwmbfﬂ&@smmrﬁonerﬂaﬂ Absug@NBALSt

of four par Vol ce recognition software to transform speech into an
i nput st ri nthereTibne afseatation betsveopthieameal sexmntieab unitsy Fhisametho va§ todnake the

presented in W%]%{Oﬁgi {%;%chgg [ 1. Pf'él'% act | 4@&8@5&8@;&%&@&&5& faGad e a

const i t uent MW
local network structure around each Scmanucal unit is not too difficult. For example, there

20  are no loops which could cause contradictions. A local network is herein also referred to as

a subsel.

Furthermore, the weights used herein might be variable. This means that the weights can be
adjusted depending on the given/presumed theme. Certain rules for adjusting the weights
according to the given/presumed themne might be stored with the links to which the

25  respective weights are attached.

Sernantical units in the knowledge database and/or in the resulting sematical network may
carry a “potential”. If a semantical unit carries a potential it corresponds to the semantical
unit's importance in relation to the segment or semantical unit from the input string

currently under investigation.



S~ 9-9%-005 -15 -~ 3 MAR ZaO~ Ill. G ammuatical parser to create a
functional structure of the input string's constituent structure. The
granmati cal theories of Jexical Functional G ammar or General Phrase
Structure GSZBB-006ovi de possible frameworks far this step. IV.
Transforner (scope analyzer) to resolve | anguage issues such as pronouns,
direct and 5 indirect speech, relative clagises etc. It creates {he input
(formal) network fromthe functional structure. The | ogical Dl'séomzmm
Represent ati on Theory provi des one possible framework for this step. The
behavi or of a semantic preprocessor is explained belowin connection with
an exanpl e mku T - - . : young
boy. Every %&nﬁﬁ%ﬂ@q{/\a If}e:dgg?(%ggz%ﬁ'ggi%fl%%g?ﬁ g‘?%?%ra elﬁ?m}gls&a young
boy. Every iknowledge tatalvast ket caory sicfiomiss”. Banmatching fink shiries & diteess Rabfresponds
creates tree structure, Si fhere are .separate sentences, ,the parser
creates two' ﬁ'&égﬂfﬂ £€a4qn pre ﬁ’é‘l‘@d"‘?‘ #‘Wf@ﬁ?\ﬁm’g hat e SegMSALOr sSmantial pait from
Par ser i denfyefji ' ; | Lys ' ed in
Fi gure 313, TtlJlIggcol?1 ﬁgls ne V\dbs;bEén gérglér@? gﬁa&%@régg?%éﬁgggr%&ﬁéﬂwem%%&%xarrpl e
of a forSml databaserk is illustrated in Figure 3C. As shown in Figure 3A,
there is one tree for each sentence (S). Each of the trees is subdivided
into a noun _phrase (NP) and verb phrase (VP). 'The tree representing the
first 20 sewi&-‘r%’é}c{@?ﬁ ridknoxtledae slatrbaseq either adibgagy desgripingdaomiedgsiof dhevi ded

into a noun el Q-"l’ . . .2 : hr gse P
whi ch has a“&gi? b&’n@ rl1er (‘%ﬂ'%lﬂ ggt;@)n F"gi(ré h‘?%@ﬁ'}&gghﬂa thgﬁ%l}?ﬁykgg%%ﬂ%\ﬁ@%%nd
sent ence, ais hesgin alsom¢ferted ro dshwonld libaryh Amcexainple offan applivation dge

branch with a grepositional phrase (PP) and _a noun ,. and one branch with

a ver b (V) gMabashdt %@ta‘pﬂ%wﬁnquﬂfmﬁ?m&“%@( (s RIPERSSINE ohinsurance )
PP, ifi . SZ 9-98-005 - 1
phr ases) PPy, Rﬂ%ﬂpﬁ;&@a{ 3 kf?&vl@?gef ﬂzﬂ&ba@e gﬁl’fk él.wdré later>C 4 as

: In a next ste unction o e wards 1s”i
schematically illustrated in Figure 3B. The follow ng abbreviations are

used in thi ThékanwledgRitabaseFefldeBabelno dfIbiveE bi tHeHkhowakdgRCoda coleivl
(nunber)) SING (si gg,lql ar); PL, {plural); PERS (person); 3 {third person);
DAP (defi ni tgasskicld Theeqntentaf shis kngwlgdes databasy alwapsforms gsubset efithe gontent MOD

5 (nodifier) I GRS hbd E L '

pr eprocess ozr)f t{lggg%gh@g ?lgt es ah&lli n %to ‘f\%?&%dr ké(éf}g%%ce hgﬁ’\% ?E@“ﬁéé ,(én%l}ecthun}ag
shown in Fi being whG pragrammed thocdmpuien Hoseser, h keewlrdpe databde cRRbe dxpanged s an
upward siml.ari ointer 36, ,arid a corresponding downward simlarjty

poi nt er1%37 Bﬁ/&iﬁg‘f’ﬂ’é‘t ilFaé'{“nglf]"E’&fm”iﬁﬁ“(iM )0‘5’&?‘18%‘8 separeisly obtgined 31
(boy) whi chgjpogi S ' apoliSatidh-shacifik Athdafes). conceNab .abj ect
3 x (boy) hsz’idswg%ﬂg?% E)lhu?% f?)lzlllii1 Etpﬂeplji l%glﬁhﬁbgﬁhgoi nt se S)t 2&%{ ﬁgn att r??g(t}g& Cg‘p
(young) . Thepdatdsdonthadnpwiedgadatabasetthrongh ap ditranetror dfkeinet. Udleewikd) @né mighit

obj ect 34 {Pc/xl(xj' :é?%g?l{:] gﬂﬁ Q?Rﬁ{t@h%} ng?éﬁgé &\a%lxé(asé When laapo%egsit{gog &e&oéfnl}tgrramdfg, oltn

the reverse
when analyzing a computer program.

20  The structured representation of aspects of the world with the knowledge database is
achieved by a multiscale approach related to the work of B. Mandelbrot and K. Wilson.
Self-similar representations are used on different scales to describe the behavior of objects
in a dynamical hierarchical network, as will be described in connection with an example
(see Figure 4). Furthermore, self-similar algorithms are used when making use of the

25  knowledge contained in this database. However, the inventive approach goes beyond the
theory of B. Mandelbrot and K. Wilson and predominantly deals with the behavior of

elements and structures rather than with their appearance.



at the sanme tine a relation (agent). An attribute pointer 43 points to the
tinme attribtute 35 (every manning). A functional painter 41 points fromthe
third abject 32 {school) to the 15 relation 33 (walk to), and a role

poi nter 42 iSZ9R8-Q05verse direction, which is at the sane tine a relation
(location). It is to be hated that the above details are nerely given to
descri be how an input network cans be obtagned and what its s-té Aﬂcﬂmaght
be. Once the input network 18 is created, the semantical processing
commences. This can be done follow ng any one of three procedures that |ead
to an equivalent result, the "resulting 2Q semantic network” 13. 1 ) The
semantic pr t 18R ubset in

t he know edggﬁﬁi?gé'é%g %ﬁﬁgﬁf;ﬁgg&ﬁg %gé%%%&pgeedst fll%ﬁ“'f gdrnaall

semant i cal uwnderstanding Gre cmxmmtumehmrkxtm@ aroims eﬂjtnmtlcdgc witherut bavihganyt he

resul ting se ntic, net 2) The senm sspr akes the input
network 1% Affersiendingowi '\RFFH“‘@EC&F @at W@@nﬁﬁ F»e iihe ésc'h“’c?rﬁe!’??éematmn

know edge dgfphasBets, %hjﬂ“ﬁe%l‘ﬁﬁﬂ%% sﬂ%ﬁg‘g&lﬁcb@oﬁs hRivéa! 1&&5&& B,

resul ting semantic network | 98- 00 M-~ zao~ , ~
semant i & pr @néﬁ@m abisgractiona The databasevdescaibediin RiVe 1Guhalaipapér hnsta\lm‘gk anfount of

semanti cal ni oi.nters fromt i,nput ,.networ k e know edge
dat abase. 11 VRHEAEE PREREH SHAL ARSI o ogRBianaRE eCesa iy aky 12 S Seinvere

al gorithm Ibﬁea@ m:yna%aé @ﬂo&ﬁ:@ﬁﬁlﬁk all 18 HdEViliga entiRl WRIdot enrdlRa aﬁﬁin ed
the resulting semantic networ . 5 The resuiting semanti c network

(created byesgghyother.t he above processes) reflects both the general rreanl ng
and the individual aspects of the input string 12 and is - |ike the

know edge d abase 1 epr esent ed, by ctal hiergrchical network of
semant i cal Ft“é"caﬂ ?‘&“‘sds “%‘#P ’él"‘é&ﬂpiﬁ’f tyl hisrargipalnehroik abesemaptical
net wor kigl3 Riyiieina dintehe above processes is performed by a matching

algorithmw th data in the know edge database 11 and by 10 information
extraction fromthis know edge database 11. This is only possible if the

structure offrhadtal hﬁﬁatlchicabnétmhi Amenedik@blisidts ofinstes igerk baltddedgantied ahigs) e
11 are S|mla re are different ways to inplenent, the semantic

processor E’i"lﬁ’ﬂ cq PRinter Betyreen therqsiend nefwork is called hiepaschigd ifithere one
b b 1st :
wants a su nl; o?'fhciq ﬂ.%m&%ﬂ ] p%xkvmﬁ 6498 gg&g. g(ﬁ?génrgy.&m), 51, is part

i npl ementatio ut networ be“expan
i npl enent at pHx') (mrorumhmdéﬂmdﬂdﬁ X Ghobmygahfar atgien(risxde xi whbethe fiest and) .

Serrantl roces Note that the inple ation aof the semant,ic pr SSor
dependst aﬁ t"“f‘ﬁ?“é ﬁ‘?)P'r“BhWBﬁS“‘]“HS Hveead r'T\Bg‘“g@ ‘}1 ‘5"]&8%@&9"“‘? : g%‘
processor Ofnd Rfurihirefkio Bbe lefGups GERR8! fRABORY iR FuddHolS. coﬂﬁeé't‘i'&ﬂ t3% e new

respectively) differs fromthe semantlc processor of the third enbodi nent

(Fig. 20). nodnEzamplengre: e deskectfais; an ammuhais candircrocking dhaieate allirgupedAn ded

213), thesrra ess 14 cr aflrt [tin

semant i c ne? s %S‘P ‘iﬁ‘é"%@m"ﬁé E &Hf pg:s 'r‘ﬁl?‘g% %@%ﬁ‘f? eg’&ﬂgﬁt "
‘obj ect”, " sau a&ednﬂg&ﬁpmhlthanmum fuhid "BRRY \:)y thélpﬁﬂxi:tl@:m cotieBrion @AY are all
attributes to segnents or individual semantical units of the input "string

12. Thé® t h&unstiamaipaas pfveldor 14 reads out the possible subsets fromthe
know edge dat abase 11 t hat 25 are associated with the various segrrents or

tical h f t chi
Semant i ool Aviiepeshioal pewpaC calfed testu i e oo Tag ByESoriudiagre Fiisfea:

* All nodes are similar (derived from one template).

* All links are similar (derived from one template).
* Links may also be nodes.

25  * Hierarchical links are possible, and at least one node must have a hierarchical link.



information from the know edge database 11 through inheritance,

i npl ement ati on and overwriting rul es. SZ 9-9%-005 -1% - - ~ Ma R zaa~
According to the third enbodi ment (Fig 2C), the senmantic processor 19
Creates a PrerstoyMeéss of the resulting semantic network 13 by assigning
semantical units, roles (such as "agent", "object", "source/destination",
"instrument”, "location", etc.) and attri@®utes to the indi_v-iaiLMARaﬂgati cal
units discovered by the semantic preprocessor 17. Then the semantic 5
processor 19 reads out floe possible subsets fromthe know edge dat abase
that are associated with the various objects of the input string 12_ It

perfornms aTreiceRitARiON of £ Fraal hig@tchital h@work, accdrding 10 tienpiesent iwentior, se
above guess with information fromthe know eg‘%e dat abase 11 .thr ocu h
) 'gésnext

i nher i t anceshieyesl asfeliaws: The nelm@rlsisas van by :listof seraantisaldnity gaden
senmnt rc pripTael EbE (erdfih OBTRRn: gt seifar e lunflS (Sbiots intiods]

"t henes" WRh& htdiﬂitbyaﬁlda’inddhacg&ﬁa?binm (sitniidrity pointay, fapctinal panterspi ts i n
t he know edge database 11 and verifies how vel | _@lse ment or semantical
uni t of5 t haftrihpgtpointers, apdiralemoinsesy alsp dafined daten.c %ﬂg"%ﬁf@r%ﬁ"?ﬂﬁt‘ﬁi t he

abstract know, edg S8, ' 4 j S HBfakd C
processor wagfﬂlgo‘g‘ghﬁ?gvogg O%}lg&eﬁarl@;@eost% g{é‘ ‘ fﬂr%fk %9%051%&5 ?ﬁ gd IEJ(;E%I d net wor k
15 around thehisksdecd eauaarTiicortworki &, downwarldepdintersi peitgdo ddowernse 1 |
For this purpose, the semantic processor 14 or 19 uses,the foll ow %‘3

a

i nf or mat i ontcrarchisaldevel)e The yariqus semantical ynits,are ntergonasried i vaqus yvays
ak . ' _ . _ . p
Caori nee wiLV et AREugRt il Srdtehuidg Vho Wl Giohe hppideh JAGHIBAROS |

t he knpo egﬂﬁeﬁi@ﬂ&bﬁﬁ&nﬂaﬁr)edgé'ﬂmabﬁshas al hssockative hetwark. detcarding fortherprasent
know edge dat abase 11 20 and the gti_ﬁxen. C n_crg&e segnent eg{v emant i@_@l uni t
from the i Apyentior.seements and/orssmagtical ynis degived from arpinput nelygekarg matchied
conies t0 hey AL ih i BRAA |, A3 ldiscussBl SbsRA B howIddge Matabase iy b dS
a likeli hogﬁh?%r t 1(ka\r&zéemamt F@%ﬁ&aﬁhﬁf.{é élgtgéss?iufi cation (V\/nioch igg of coulfse
't hene' - depserdrehichl nafiraahd wli elelmentsaire alikeeso that ik navvoxk hRsa finctalljarmhicdl t o

d the best conbinatjon if multipl ibilities (i e  mlti hi

Comant | cal SUMPAE. ALEAEs e, vsiate i e sk e et Bayol M spe Bt RV o 2

task igs dOf}ﬁm&ﬁS@&?ﬁ‘ff@dm&i' {i@6ritBins. 1KAANOR SIVRR] dchihticdl uhft ivhikedhefBs until a
era

goad (pref e best) "match is found, e.g. the resulting senmantic
net wor k 13 assnciativg ssmantical witaThese associative ks reflent hay one understeadneacho t he

third enbodi nent of .the present inventiaon, the ] [ iped in the
mput met wapRaiesf it 35 FmBRR < AHF e Bbsn beliee” SR8 AR T 105

dat abase 1Xemantfchl GgisITRAfointetsthemselves hdybel@Radddassemantieal anitg tHaheantavk e
content of the know edge dat abase 11, the expansion process m ght be self

cont r ol | ed pojnterstth other pareanidalawiss refiacting thestact thet sopeghing gould petitlensi ng
mant L cal its. | i i 125 Jndi th
Semant b2l sttt Bion bR 1o BRAIRET RS TRAL! B3 ot Ml iRdivuat YerfaRHOA L. L he

nunber Semantical units I n e 1 nput network
18 or semarAdcerdifi Wik picidat ifivehtion,phetordplessimctoiegifithdworld i significantly

updated and can even be dramatically corrected if a ,contradictjon or a
change of tsimapiified shrgnglk hedrastal ofganization pighe ?W%S%Wgﬁgagﬂﬂfiﬁ? BRM¥r s t he

wei ghts in the. W J L i
semant i cal sﬂﬂ?ell‘dég ﬂ?‘?i ‘%gfgﬁ)tgghﬁﬁg rﬁné\élﬁ%%??%tg\?ﬁa h% ?ne}: gﬂl?' lrxllgt?&esgg ?S?p et?“led r? ﬂ;[wh e
second sengRé inddliduaidmanticdivglthans tie @mpldendtworid is dgmtadbandmatically byihe al so

be added to the resulting semantic netwgrk 13 since 10 they may be rel evant
Wi t hi 128 he igduidnalgeByitiousploasiben with thiepopsledsheritanen RUFL QRBREIE ORI v, |
an input stgi 12 is rather |ong) then the prejudgenment m ght even have a
hi er ar chi cafrracgﬁpiféirfﬁgﬂ(shgweébst racts of abstracts). Resulting Semantic
network: The resulting semantic network 13 consists of self simlar

semanti cal @éﬁi&ﬂdnﬁﬂ'ﬂkﬁﬂﬁnﬁﬂ\wﬁtqs b betahdt icohaingione of sevekdl pidcas of

hi erarchi cal network 15 Preferabl é the resulting semantic network 13 has a
structure sihfurdna&iort.cbtmh)eb@mpraséntui: v & ol cngdieshiamtationgan atthwée, 4| | owi ng a

conparison between the two. Al possih}e interpr i { ons of
the i nvent i“\‘i’é“tg%’lo&?? f”(?r‘}l(\%ﬂd(fﬁl"bj)eﬁfs&“ﬁé’f f%%oﬁ%goﬁéwgegﬁ%%éﬁ%&g@ri ng 12
are pagh of NSk as BEIERIHES d/GiQelafiohs AGIattiibUtes \epare 6L bdmghce or a
semantic netvvor5< 13 to the knOwW edge database 11 is equivalent to

under standing the 20 neaning of the textual information contained in the

i nput strung 12. Once the original information carried by the input string
12 is anal yzed, as described above, one m ght:



provi de a summary ox abstract which sunmarizes the original information

according to predefined rules; 25 fill in fields of a questionnaire about
the input string 12 (such as a form for exanple) with appropriate
i nformation; answer individual questions; SZ ~-9~- (KI5 -20 pose

guestions, e.g.) to better understand tg situation; 3 MAR 20z .
a discourse with a user, for exanple, eir'esol ve unresol vabl e 3 ﬁ%ﬁ%a@n

di sanbi guities; exchange information with another system or retrieve

i nformati on from anot her system extract neaning; take steps or neasures
depending on the interpretation of the original information, i.e,) the
under st andihede semtange apasteiapaagmpleof apiloleparagrapls »r e partrof austary ona arhole
adequat e Eﬁﬁftion of a systen) which could be a predetern ned action
triggered”iT7a particular textual information is determ ned to be conprised
in the input string 12. 10 This nmay be done by an a semantic postprocessor
21 that creates an appropriate output 15. It is to be noted that the result
of the inventive approach depends on the quality of the know edge dat abase
11. 1t i s Semmaticalwiits inithe knowldilge datahaseelm the knovwledge darelsst semadticalnmits ance

clainms_requires an propri at e know edge dat ahase. |f one tried to

i nt er pt et %fan'ésearqsg? ﬂ’glagpﬁ?e‘%fﬁ??‘bﬁ E"’éﬁ‘ﬁg’f‘ﬁa‘ﬁ“ﬂ‘%ﬁ“’m Y@ YQrAioRg PREAE ved from
a letter ' ' ] |- Shd mce agency in
fhe'l 1 ght P et (Epimhendhy i 0PRSS BRI e BN, el y be
near |y usdinplementation ive defihd deypey of semanticatpinits:yobjdogsn rélationscamdlmaibuesi on of a

semantic ocessor i.s given. The al gorithm bel ow i ght be used for
processi n "&eg’éh’t" isalso [90251 Pqtp_c{égngggqrgqﬁqqgn@ﬁeraq quhFﬁ’Ea‘ﬁ'églé’r“Ft&tq'%n

-= --- - : mpﬂ, ) L 1. t string (omt "be " and "have
") 1 supag‘gg&? edrngaare ésigjr:'rgn ctif’f%##dtagyﬁor all filling know edge

dat abEke 25 entries (string match) || suppose there are n; |1 (l <=i<=N)

Cr eat j cal i L 1 . lnherit all i bl ttribut
nowl edge -dablest Semaptoal Uptagdtie e fosiesond; b Thiudn g Ermaitical pfahac s
knowl edge dfliahaently Sttt sBiattichPERBIEVQRY Dbject mipht WaPSa Qe péihters to ~ MAR

2803 other objects. Each pointer may have a weight corresponding to the semantical distance
of the two objects it connects. Every object might have a set of pointers to other
15 relations which correspond to the possible relations the object can play a role in. Each
pointer might have a weight corresponding to the semantical distance of the object and
the possible relation it can play a role in. Every object might have a set of pointers to
other attributes which correspond to the possible attributes the object can take. Each
pointer might have a weight corresponding to the semantical distance of the object and

20 the possible attribute (i.e. the importance of the attribute for the object).

Note that each of these pointers is in fact a special type of relation and can thus be
pointed at by other semantical units. This reflects the fact that some semantical unit may
take influence on a possible relation or possible attribute of an object.

25

* relation: Semantical units of this type correspond to semantical units that represent

relations of any kind between semantical units of all types. Every relation might have a
set of pointers to other relations. Each pointer may have a weight comresponding to the
semantical distance of the two relations it connects. Every relation might have a set of

30 pointers to other objects which correspond to the possible roles the object can play in the



I'f (relation) Inherit all possible role objects from know edge dat abase

Conmpute isolated fitness: f ; =1/ sqrt(n;) 5 Adjust for inplenented
attributes: good fit: +25%rel., bad fit: 10%rel. Adjust far inplenented
rel ati onsssgogg-ubst : +10%rel ., bad fit: -50%rel. Adjust for inplenented

roles: good fit: +10%rel., bad fit: -50%rel. J Find |ocal g Rr?@@g
10 Set potential of semantical unit to-9@rt(k/m //k = # appearances 0
semantical unit in story up to present sentence |l m= total nunber of
semantical units in story up 15 to present sentence Propagate potenti al
across weights in know edge database Attach everything above mn. threshold
t",;.=0.3 J 48idn EhH &il ight- ' hperge sbmbntidal disan®d ¢fat i on
of | ocal nef‘é%f)délr'Egod@lﬁ?r?ﬁg}tgagérlaeh%@ks@sggm gonbi nations | Conpute

| ocal fit nesi® rekijios tndthe possibleubler(i.auboinporapehofthe rols fargha relation) niyeyy
double, triple, etc, overlaps_of. objects (lz(t . | n" (1 t hat
the |, depefdatinn mighthays aset of Mntcgg Mﬁw;alttgfgp?gs (”hi‘fhad°¥‘°ﬁﬁ"§1“)&9r‘é‘r‘éér§%%¥° - 10
+ 2 sqrt (2~ %n tl\tc% the edihtich LdeNale. [EHER PRt MhiBhi AvE i ghit CORsspoading 16 BRur ce”
dependent, 3 ? . €. overfaps %etvveen subj ect and predicate count nore

t han of her s sepiajticalt diftancead shofelatinnlang theepessiblel attgibbte (.o tho impperiance af thet h

cal cul ated | ocal f.itpes ac‘lhust ment Conpute total fitness of conbination:
35 F, _ (30%‘58@8."%&?@%%0 - 3490 subj. fitness + 20% obj. fithess + 20%
other) Il all of the above relative to 100% in case any of the categories
is // mssing or multiply present. | | Pick conbination wth highest total,
fitness as dute that heyealserach ofdhessipointen icintfact ahpeeinktype ahielptionadd gamthus o
predi cat e- arbguneerat %trl.{llgzture Ofaj n‘ﬁét network. - end of algorithmc

descri pt i onP&pointed atby other semantical U8. 1o oheratjon of a system accor di ng
to thegthree enbodi ments of the present invention is described in
connection with the follow ng text conprising three sentences. The

i nf or mat i on attoibudé:n Semanticahersts of ithis &ypecaitesrond to seraariisalduats 1Rt SPreIdM edge

froma bG y- yt ~: LNVJ 10, - 3 MAR 2 n oh is

shown in Fi &\é?éeql‘“%%ﬁﬂ aB%utggghchqr(g%Q%#gB% tg%ﬁ%ﬁ%%&@g#éﬁgﬁ%at abase
conpri ses t hg REHIEbisSEdf poilite:s 16 bthePMtributdsSEadl pihtepinagl have £weighe 1. | nput
string conpriSing three sentences |I. There is an old plant an_a nmeadow. I1.

Weeds are akowespendingid thy sementicabdistance of the e giighutes i cpnRgets. Byeryq| v
| it i t. P ' t ssk3Cl uded
POt g B8 O, G068 SO ek 0

might have a weight corresponding to the semantical distance of the atiribute and the

possible value. Values are attributes, They may be arranged on a one- or
multidimensional scale to represent their mutual semantical arrangement. Time and space
may be attributes. If pointed at by an object, they refer to the time and space when and
20 where an object exists or is valid; if pointed at by a relation they refer to the time and
space when and where a relation takes place; and if pointed at by an attribute they refer

to the time and space when and where a state is assumed.

Note that here also each of these pointers is in fact a special type of relation and can thus

25 be pointed at by other semantical units.

Classes of pointers: The pointers can be viewed as directed associative connections
between semantical units. Some of them establish the hierarchical structure, The knowledge
database according to the present invention might comprise the following classes of

pointers:



subject: plant attribute: old |ocation: nmeadow first semantical unit]

(second semantical uriit] preposition: on 15 20 N= 2, n, = 2, n2 = [There
are two objects) i.e. N=2. There are two 'plants' in the know edge dat abase
'l (referved-qoV@s plantl and plant2). i.e. nl=2. The word 'nmeadow appears
only once, i.e. n2=1. Figures 5) 7, and 9 show the inherited possible
attributes and relations of both semantixal units, ] Carnpute[?%a? 2903
fitness and potential (plant): f, _ ! | sqrt(2) + 25%rel

0.0732 = 0.7803 Pr = sqrt(1/2) = 0.707I [isol ated fitness of plantl and
plant2. Plant inplements possible attribute "age'] [isolated potential of

| ant, ¢ 1w { In%elf) d
Botent [ Zln (maag %ca]PglnT&fsrgqrt 1 UF%%;ozoFehq&m—&Hk %ﬁ @EE rt ?1/ 2)S ag 7071

5 for pr opdgaamhnalﬁlaqscx(smlwit)spmamd}agdlh&w&lcﬂ stracture]itoﬁﬂ’ihuorml poipteds) ocal
nei ghbor ho%%&l&)set 52) conbi at 1,0nS Ln t| on I nt! and
neadow) : $530, T‘FE‘ e’éf’b@‘? Héggwﬂ?v ©at i ons]

(isol ated q@éﬁﬁmc@‘asg&lm%mwﬁgnpverl aps above 1 rﬂn = 0.3 (there is no
rel ati on between pl ant and meadow, the threshold 1 nin is 0 3lairt the

present exanple)' Ifar 0 (no change in fitnessJ Ft = 60% subj. fit. +
40%bj5. f¢ tHorizdhtal poxﬂte?ﬁﬂﬂxete fire. tWohrMs@f@oﬂﬁﬂﬂal[ﬂoinwmimcﬁigmrtb;i nation |
conbi nation, 2, (plant an,d ado

3(0. 3<=t <=0.
| 2=2( 0. 353/ sispilanty 259 fynctipn POlWV% 0962%,?024{“%406‘3&2%5’3“‘“@ a&-“‘Clﬁ“’(’(‘i"4414 <t <=
1.0) [For Quehidsas.see Figures 8 and 10] |faz = (...) = 0.720l

« Attributional pointers: This is one kind of pointer, corresponding to possible
attributional associative connections (e.g. semantical units pointing at other semantical
10 units which ¢an be their possible attributes). Note that an attributional pointer may be

regarded as a special kind of horizontal or hierarchical pointer.

* Role pointers: This is one kind of pointer, corresponding to possible role of associations
(e.g. semantical units pointing at other semantical units which can occupy their possible

roles). Note that a role pointer may be regarded as a special kind of horizontal or

15 hierarchical pointer.

All pointers may be regarded as semantical units and, therefore, might have the same
classes of pointers attached to themselves. This corresponds to the complexity of

associations in the real world.

The structure of the inventive knowledge database extends the object-oriented concept in
20  the following sense. One might have an object (or class) “car" in the inventive knowledge
database, and in a given input string one may find an instance of this class, a specific car,
say, "Mr. Dent's Ford". Then (as an instance) "Mr. Dent's Ford" carries all the data and
member functions of the class "car". However, not all data may be specified, for instance,
the color may not be specified and it must not be set to any default value (e.g. red) by the
25  constructor. Even worse, "Mr. Dent's Ford" may carry data that is not defined in the class
"car", because this knowledge is not yet known to the knowledge database. So the object

“Mr. Dent's Ford" is only what is called an “approximate" instance of the class “car".



fl1 =0.7803 + 72.01%rel. = 0. 7803 + p.1582 = 0_9385 [inproved, fitness of
plant, ] 20 f2= 1.0 + 72.01%el.=1.0 + 0 = 1.0 (inproved fitness of neadow)
F2 = 60% subj. fit. + 40%obj. fit.=0.6* 0. 9385 + 0.4 * 1.0 = 0.9631
[fitness %4 9erIonati on 2J SZ 9-98-005 - 3 May zoa3 -24 Pl ease note that
t he above three sentences (input stag 12) are selected to sla whrmm
present invention deals with informati-of which i s anbi guous.™ 8e

m ght either refer to a living thing (plant2 in Figure 4), or a building
(plant, in Figure 4). The above algorithrns are defined and optim zed such
that the inventive systemcan determne to which semantical 5 units in the
know edgep gahéaiaaeral problaen i SEHERIRInSe. Onl§ SR Mskésan UiticHB défihilidhd fidhPtHeirst I i Ng
12 are assocl at ed e system 10 processes the first sentence |;. Based on
t he abov esupemwsesn‘éq 1ftolne vamptstto employibe congepeof mhmtanctc mwwm@wtrmmd( F2 ?

F1) that X f St . t | t f i | t
T s Conderupalosy e P nteotieE kagyiel e s st b IHQI?”M“%S&&‘? ants).
assoct al | G hlf LA FAaserl IndGhuen dlbe Pl ect ' meadow and

t he object 10 ° The 1 nventive system 10 identifies a subset (Il ocal
net wof k) marlzmadvassm:gﬁwla’f camest@orarbecaiae two classes cainot bmmmegtpdbmg ligk2. | n

t he pressp eg rrplethere are two subsets for the abject 'plant’'. The first
subset ‘6. Since the threshold t,mn is 0.3-in the
present exanple) all semanti cal units outside the respecti ve subset are

suppr esssﬁqtgﬁ%ﬁﬁﬁm ofd %ﬁlﬁn dhé Eﬂqnﬁérmﬁss& i%utldcﬁ e gzg a7t@J?t]0r~°a| nce

two pl ant’s and found in the k abase

whi | e thespemﬂwsﬂtrm&)rﬂmdlmolaaeeﬂntﬁa hetwesk b?oﬂs[eamnq:@ummasdhumtgdﬁry one’
nmeadow was found in the know edge dat abase |

relati onsFlag@é’d’f Fhismight he dore yhy smantig paqussoa}g | ?Cfrﬁ &é?é’gﬂﬁa%@ﬁ#ggs and

The £ERR SRR ScrifntidiRtweke iniop! ant
and é en asaﬂ%t R%ﬁlt IE%%‘;@ gurei‘%gmaﬁe%fee Zghgh%t t here axe nlgt

rel ati onsanmpk@m‘iﬂw eutpinl % (eep. fai textior aspeashaw agbadties).pr esent exanpl e.
According to the present invention) a classification probability (adjusted
isolated fitness) is calcul ated V\/m ch_gives,an i ndi catéf on as t@PWnet her the

pl ant i n $Seécondemhodiment The second embodimisns agds one qr seyey TRt 2 in

the know ed & LRy f:le%ﬁttlhdt@n
pr obabi | |§eygﬁ%‘gg‘?{:er€ﬁs®&%colndu§ @Qgrs%@g@&ihaﬁg%glggh@ ﬂllsﬂgeofgéed because t he 25
attribut eextéfied coinhiunitatioe cal ke plaes ap dsirikd inFigniesdB.e for both ' pl ant,

and 'plantz'. Next) the isolated potential of the object'plant' is
cal culated to 112 = 0.7071, because there is one iﬁgearanc f the object

'pl anf'  aRbirdembodiment; A@Pﬁlﬂﬁﬁo the,preseH4Apyentgn. ap{ppwt sfring g gjgt ora
"meadow ) _inQ.t e ta?s?ﬁ% d eRdeivdkk)of
"plant,’ yRE® gﬁ?‘&?%@‘%? {131'@% ﬁ@ gﬁg@s tgtrfeo-rggg'?o abi |tl ty )and
the i sol aéiesémﬁﬁﬁnhm@d agmus@atemm thﬂ'ﬂaacpdﬁmtnght b&immfby plegantic s
(9) ggogég gr%;r%cgss?)? %%3 Ttygx?cl: 2(1:1‘2 Jagogsb&\ﬁge&u%%ﬂt techmques (iiOrOthQransfomgngx\f agwhl SZ

be addressed below.

20  Semantic preprocessor: The semantic preprocessor 17 transforms an input string 12 into
an input network 18 (formal network). A semantic preprocessor, as used in connection

with a speech recognition system for example, might consist of four parts:

I. Voice recognition software to transform speech into an input string. This feature is

optional as the input data may already be presented in written form.

25  II. Syntactic (Chomskyan) parser to create a constituent structure of the input string.



25 - 3 ~a~ zoa~ (semantic distance) assigned to the pointers between
"plant,' and building' is 0.8, in the present exanple. The potential of
"building' is calculated to 0.5518x0, $=0. 4414 which is al so above the

t hr eshol d &% 998R05The wei ght (senantic distance) assigned to the pointers
between building' and 'conplex' is 1.0, in the present exanpl e, . nmAgeZUOS
potential of 5 'conplex' is Calcul ated-tl®:- 0. 4414x1. 0=0. 4414, whicl*

above the threshold of 0.3. The weight (semantic distance) assigned to the
poi nters between 'conplex' and 'entity' is 0.7, in the present exanple, and
the potential of '"entity' is calculated to: 0.4414x0.7.3090, which is above
the threshyl eirthnfatical pafier RAre4ié h #hncBibnalstruftuRest the pat sEag's bdstituens bel ow

the threshold and t hese semantical units are thus deened to be of no

rel evance. BytrwasenesThe grammatisabibooriesod Leuical Fusatonal Grrmmanerfenessl Rbmse
otential prqpagates thr h the netwark unti.l S et (loco! network) is
Pdentified %ﬁ?g‘“f%‘g{fm’%'ﬂ%u@aﬂ&?%ﬁ?‘%@&%&#if?ms@%n be wodi 1 od The)

subset (local network) of plantz is illustrated in Figure 8. This subset is
| dent i T eqrfidfdrhie 2op Al 9 e%%lv@‘?ﬁ%'uh fsided sEHRGEbhGIRAs ikedt &idur e
6. 15 If one now corr{agr t sgbséts il st@it ed in Figures 6 and $, it is
di ffichlt toiddidett spheah reatéveailatsbeetcyvib crpates itle ihputi(Ggmal natwerkfeom the
representatiqgn of the textyal inforpation _conveyed ip the input string 12.
Final ly, a t fimetons]stustire; The losical Dioue Repeestitarion Hhrory proviles 082 ond

obj ect" Weadﬁ%siﬂlélfm@w-bfu)f&ﬂﬁg Eepd 12. This subset is illustrated in
Figure 10. The 1solated potential of nmeadow is 20 0.7071. The
classification probability of the object 'meadow in the input network as

t he obj ectThemhdviak of sseniantis peaprexgeor doexplend tiebw jreganhdctiob. withsamexampler e
is only one semantical upnjt 'neadow in this database. This yields a

pot enti al ‘ﬁ?sﬁ‘@d&&g\g“r?ﬁ?éhécknow edge database 11 is also 0.7071. The
semanti c di stance between 'neadow and 'grassland' is 0.8 inn the present

exanpkg, and the ' le .S, ' ' . 0. $. 5657.
25 Th 6semamti c di%{egﬁﬁﬁée‘wgg \?\/easég%g%ﬂ%cg gkéﬁngé\@m%?dﬂk %sgoszg&lﬁn t he
present exanple, and the potential of 'weed' is calculated to be

0. 5657X0. 8~. 4526. [RpAr SRARMikE whsH youas bbg Bvesymontieg he aiatkedib dtiobl.i s 0, 8

in the present exanple, and the potential of '"plantz is calculated to
0. 4526x0. 8=0. 3620, which is above the threshold. The semantic distance

bet ween SZ 9- 98- " T ) L Qr I cpdN@: - Lo J IkSn0, 7
in the present exa%ﬁgsueéﬁ(f@‘ﬁ'eu;%o eﬁ%‘?gfea(t# iirF‘?)ca |§)“rl{8' ?’%nc%aﬁ‘g‘ltﬁ' g’?ee(ﬁ'?o

0. 5657x0. 7=0. 3960, sepdrarsentenedspthe patser ¢rbatestwd) tees Aaitlustrasgl indFigive 3@ esent
exanpl e we now have three subsets (local networks) for the two senmanti cal
units in the input string 12. In a next step these subsets are now conbi ned
to 5 optain X resubllchnielAllse: PP ifenthls Mirlfbnd Bf SHHE Cad Berdaially
resulting semanti c ~network properly reflects at textual 'information”was
conveygd in the inpustrasddi infFigiize 3Bhe nost |ikely conbination of subsets has
to be selected. There are different ways to do this. The approach descri bed

here starts with deriving all possible conbinations of the |ocal netlvvorks.
In the present exdiimel nefwost: Broastorreer SIS RIPBIRD 51 o exaRRle @ forrpal
(conbination 1) %ﬁn&r&'i?ﬂﬁ@u{ We 9c€onbi nation 2), since all
semantical units nust appear exact g once in each conbination. Then the
overlaps in the local networks are determ ned for each canbination. In

conbi nat i gy sihduhﬁhﬁ%ﬁc BA, ehees |saie LB ifbreeat setiet (8). Bach 8f hbereseigant i cal
units "weed", "grassland", and "plantz" have an, overlap (i.e, they appear

in the | ocwbdivisieddntios nefniphrase (NP handverb phrgse (MRIGEhE free epessentingdhe fife 15

jpcal i ' ' . . ocal  fi '
cal ourhs oo P iondns BHaRg bidE s Fispf STty RS viddfind A pOREROSHRL 4 )
2 E [err] Jerb (V) brafch, 26 SRotRS dohﬁg;hﬁﬁé (NP)3wiich Has & deteimife QRS a wxdifity €
12(t) ~ 3, for 0.3531 <t < 0.3620 we have 1 z(t) = 2, for 0.3620 <.t 5

0. 4414 we (MOB).mndiz)nonn (N)kherfsspongl sentences as reprepentedon ihg geht hand side of
Figure 3A, has one branch with a prepositional phrase (PP) and a noun (N), and one branch

with a verb (V) and another prepositional phrase (PP). Both prepositional phrases (PP)

G

25  have a preposition (P) and a noun (N).



2 (t) _. 0, while 1; (t) =0 for all i 52, this fornmula yields Ifa2 =
p. 7201, that is, the previous 20 isolated fitnesses of neadow and pl ant z
are increased by 72.01 %relative to 1.0, thus yielding the respective
val ues for SZ8-98:005s pl ant2" of 0.9385 and "nmeadow as neadow' of 1.0.
Finally, the total fitness for each conbination is calculated _fromthe
formula F, or F1 = (30% predicate fitnessgt 30% subject fitredsMARPH0N3
object fitness + 20% other). Since the percentages are relative to | 00% and
there is only one grammati cal subject (plant) and one 25 object (neadow),
this yields tire nodified fornulas and values F1 = (60% pl ant as pl ant
fitness + o i idéntdide T 0 : =
0, 8682, anﬁ%éﬁggg%eaﬁ?gg@%léﬁta ?ﬁglﬁ%nnelss’ gésglb%fﬂn%a oév&a{%&ﬁégég%“m
fitness) =3B0Phefollo@digbabbred@ithons are(used b tARFigurt OPRED(piediviate)rSUBT (abljcds):

e 1 vi ngOPR(ARIeCHNEM riten;, SING shogmig . (luras BERS @aron 3Reid S
Note that ROreDLPEs CrE B PR R LRATRE R SPRE Gk Rl MO "o

now al $o pamatifiePCABE (plepositiomal essej.ences |1 and 111, the systemgets
additional information which either |leads to a reconsideration of a prior
conmbinatiop, or to a 5 refinement of a conbipation. Note that {he second
sent ence mﬁﬁx-l&c SHOHC REspERSesyos A 7 graeraies an inphhnatwork (faanal netreork) bhosi t i on

of sentenc : A RERY ' r.fhan a
bui I di ng. ﬁPjt"é‘tr@ a\)‘lm nlgrﬁﬁg%rgfggZ%E?‘ﬁgbtﬁ.ﬁ?:éﬁaésee%tdgjr%égﬁf t% Iab?’ﬂll gﬁ%'%ggf ﬂée has
to be reviomeardsimibinepdihies 36 and @ eoRespondiag dswhward stiniladi@ poiriterd 7 Bdwedn

dawn' . This expression is never used in _connection with [iving things in

t he obj ectthediret obisit 3QMMike) and the saerndiobjest a1 (boy) whigh indicatgs thah IMikg'ds lahus

seens /o ipnd) t f eferred
o a o1 JRRSSF ey Tk shcdid oplest 2 EORT RE R RIRCERY MhindRlEs kEeF o
sent ence |attritaitd 34 (yapnpk Theyerioa dofigshial Tosctionslipoirter 39 batvesiihs €rst dbfect 30
dynam cal | @angeg unt i, | @II textual informati on conveyed hy an input.
string is %‘fl L ¢ ISRRen 35 (ALK 19)y anda folepQipisF 4Q inthe revessedditestion. avitieh is
obtain ar anOni ii r Ly i .

r epr esent a?i?!%gng of tl lﬁg g?ﬁ%‘(‘)?’rrg'? ?%Q Aé‘é?‘lr&?ﬁe“é‘g P%ﬁl&ﬁ gb ?ﬁgﬁf&s@? ?ﬁig %%éésaes cond
sent ence dewerymearningd A fungtipnd] pointeriddrpoits friomithe frrd abjdne 82 ¢schonljeo siteand t he
nmeani of the first sentence, becausg weeds can gnaw next to n buil ding ax
next ?g a rlcfa\'i‘loﬂéb;SWQ%‘?ﬂ@ﬂ@éOWBngra 0 IR fexersp ‘?ﬁ“é’“a?"é‘cgém%@m?"el at ed)
at this paimé ardlatk@e(ide o1l i f 0 a
l'iving pl g&\t . aThﬁ:t thir gﬁgié)ﬁ‘tlté%ﬁia?’?é‘tgﬁh;i g%nﬁbg?%ga;ﬁﬁ%?%@gﬁg té\,hi ch

hel ps t he degerikerhavoan inpybnetwarkocanttecobtaiagd and wiiat ith etridtustmightibs econd
sent ences. is clear fromthe third sentence that in the other two

I t
sentences ~plat' .refers to. . a building. The present  invention n be used to
ot ovi de. oy Qb the il Setiiopt K isgyessods A sraneREH Brg B RS, s g0 be
foll ow ng g il Any BRGIBS ihfee! i AFes WAt Fead A ,aﬁ‘&g&idﬁ@ﬂt reSAIC file '?&Guﬁxgt put
is automatically generated conplying with certain Classifications, e,q(.

what R9nd semagti¢ set®®Ikiel3e i nvol ved, what type of accident took place, ax
whose fault it was. Such a system m ght be used by insurance conpanies for

t he autorr?éﬁq’ﬁprocessi ng of iﬁ]égrance clainms. An exanple of an_ insurance
case is u SRR PLOSESS0R & the dapwt petwork 13 andblocatesp subget indhent i ve
system i@aéwledy ddliBasc Alhatis gteried'td HeQie ookt fit foPladt SRk Pblinefih I it
insurance claimfarmis to be analyzed using the inventive systemn was
at t enpt i ngietworkd8eTbis sgbgeaisktharcdalled ¢he msltinndenaitia npawesie 131 was vi siting.
Unfortunately there was al ready another car parked 6y the pause. | tried to
park 5 close_to vehicle and unfortunately put the vehicle into the wong

gear, reveddesemantis pragssion L takescthe inpubaetwoe 18 mexpangds i wikh relaredi ngs.
The s Nty | NP . j t ard
passi 2 1 epafSBPAREIR In Moo EllehuBie (D thir SRS i SR RARETT
pr edi cat e-caliglihe nésultingseinangc ndtwatk 1%, the predicate has various roles
attached to it. The 10 first sentence already exhibits a hierarchical
structure, where the relative clause "I was visiting" is a nodifier of the
| ocation 'house', but 'house' is also the (non-existing, but referred)
abject in the relative clause, as is always the case with relative cl ause
constructions. A few straightforward transformations are doze, such as
splitting the third sentence after the conjunction 'and' into two sentences
and attaching the attribute 15 "automatic' to the proper noun 'vehicle'.
Finally, certain parts of the input network m ght be conbi ned Since the

cl ause "reverse and not park" only explains what "wong gear" neans. The

o o, o S o, o T D T




SZ 9-98-005 In additi on) one may have an entry that 'have an accident' is
a 'relation' between two 'cars' (objects). Any two semantical units that
exi st as real things may have a rel ation of sonme kind, and that relation
may have a%Z2t%%0®ute 'rel ative speed', which contains a formula such as
‘equal s absol ute val ue of speed of semantical unit 1 ninus s.p?i{jaﬁ ggpg
semantical unit 2') S where the individuAd- speeds refer to th

"speed' of the respective semantical units attached to the relation. The
relation 'have an accident'. thus inherits the attribute "relative speed',
and in the fornula the speeds of the two semantical units is replaced with
the speed gft ﬂ&%nhm g&fcéssoif?g e&mganataefracwhﬁurmcﬂneadorwor sbdifntiRBRHRR!
case, one Knows t ne car 1s parked, and the value of the attribute

' speed' ofand poimtersSrane thet ioputareovark lﬂhadctmkncsvlpdamb(asmlb\&l@m thestared in

theforrrulato corrputethe d of a eed.of th t eat
is zero. Eﬁ?@’dﬁ‘fg qghtgflr{liﬁgl}lééﬁ% Q% negly F'th‘:g&?@ is
bet ween Z%decarm&%ué-e o Shile@ B reduEipOkRIaftic htwork eh.at i ve speed’ is
between 0 and 10 kn1h Fatally) the knowledge dat abase may cont ai n further

i nformati on about 'automatic vehicles', such as if 'gear' is not 'P or
"N, afd tTige jemadlng semantic neyworkdd (cn:tted by papdf the above mscssﬁs)téﬂ(cmﬁdthdtci ng

that automatic_vehicles tend to craw) |s scenari 3@(3&1 ht

t he cont enfencEy Fianipg and thedadi éiﬂ“%!d’émfé‘rﬂf t %wemr%m #2@5@% ﬁgq L

peen 20, gaifhasd | Lsréb‘?feht%% Wt BRAHEHiYE ek P Serfiichl iR Bnd Bl d
‘? e bra hus barrpl ng rnto

not apply e parked car at craw 1 ng speed.
Once the tExd uaﬁtxornifdharﬁsuhng camantiy mdtwcrktlBebyl anyumf thet abomg presessepinded

(transforned) in a 20 res | ti, se ntlc n t.he. i nsyrance agent)

For - exanp! ROFRORGH By & SRatehies AEor G KL e o Eykapaiden Rtsbass Lir@dy

Li kewhge) %ﬁﬁnﬁﬁé&% high ﬁ{mtﬁm@mgwmusselm $hiS (PG pBieRACltRd M whi ch
gi ves an objective a rmative cription of as happened. The

syst em mi gdttucaure nf meapnﬁtmmmanm;nctmrkﬂ 3nd the knewledge databashdidiare similar.

rei nbursenent of expenses whi ch sonebody involved in the accident clained.

25 Proposed are schenmes and systens based on a spechgl Hodel of textual
i nf or mat i ohhesm arerfitfereny WFﬁﬁ@@&B’émBMBFWCtPWWI dLhs asfudlyr a1 | anguage

as well as; ¥E§*EE!I‘. SEIBA rs
whi ch are oupegA at gﬁé@ﬁdgﬁ?e ﬁﬁe)é\%g{)s %ﬁ erarc %g %ﬁ(fég{roteb%amg?)wgﬂg?m | ar
type. In atdid meledgméata@e\mi(mumplbmcmpmés ghe iupulsmmnrk bhito Wl expanded of two

quost A8ne. QPR IEREmENE50Y, O B8 oA & 1S AR B REPR LR RN HED | S heroi n

called a fract aI hi erarchi cal network. The | ocal network of a speech or a

question | i SHENY e\t’.\?‘n : ok ns,
possi bl e a ﬁcp‘%ﬁi&qggttgst&gl e lr ﬁes I r%lo'(tﬁﬁ;ef tﬁéo egggﬁg'ﬁoggégng%bﬁ)
copyi ng t hthe emrmhtnenain whiclg Ilﬂagnmg)mdm wsed Thesembkmtbyprecessoniatithd fise andvther eby

Quest | on ribeo SRBpaR i B areiend A R Erafif PEESSRA G

e. g, gener gﬁg&h r ax reaction. The present invention can
al so be us@gﬁ} at aﬁgﬁflﬁrﬁaagﬁposes The inventive approach allows to

extract neaning fromthe textual information conveyed in input strings and
can procesAcdurding aotherfirst amd secindrembiodimment (Fige2A add RB),the semaitiztprocessordd and
trends that were 10 previously invisible or unclear. The inventive, approach

al | ows to wettesmifirse apesy oémﬁrreﬁm Wﬂtﬂﬁnﬁgetaﬂork hhhy assigninggempntical Pnits ngt h
wih a Prepiisleh i Ehiddt3! dotee/destiridticht 2 Histrubnefiv TeloBRIbA®! otb) €SS N
textual in or 1oh C on|S|ng t eps of . ‘segment1ng an 1 nput String

whi ch I ncl andmmautse@henmbpmﬂmdmcnmﬁb&egmﬂm 1npndstnngrﬂ>2 rﬂ"heg théie
segnents with semantical units froma kn%wl eijrg &g ese tli Faq S
networ k of SeiiaBHG prasessar 14 reads Quighe pessiblesybsets Iom aE?S 4

acros h| SeRGHRL ppnt i cal
fret V\gr k o%ﬁ%‘geérag@c I cgﬁh%%l?gén%ggéég%ntl ca@l}ﬁ?ﬁ gf H%thgglél m | ar
across hi eperforin @ snatcliing bf seneinticadl umids, aftdbutes, hnd roumfethclabnvergmnssl witihe of the
segnents is_one of related to a senmantical unit and simlar to semant i cal
uni t, and Mfemation freeythe kpewledeg %%ttas?\l’s@ﬁ%ﬁhllﬂ%ﬂ“t%fﬁt@ﬂl?mﬂ‘ﬂ@%m edge

dat abase V\Nepw{] lpéhﬂ& not less than 2. 3 The nothod of claim2, wherein a
semantical unit | Set containing one or nore




pi eces of information 4 The nethod of clain 3, wherein the semantical unit

I ncl udes a nane and one or nore pointers to other semantical units. 5 The
nmet hod of claim 2, wherein the conbining step conprises the foll ow ng
steps: i deBZi9F94-0@6 a nmat chi ng semantical unit in the know edge dat abase,
the matching semantical unit being related to the jth segnent % &Eﬁ]ﬁﬂét
string; detrmning a fitness of the matcig ng semantical unit Dyt 2 to
consi dersation the possible associations of the semantical unit; and
repeating the identifying and detem ning steps until a matching semanti cal
unit is found for j =1,..., msegnments of the input sag. . ~ ~aR ~aoa 32
6 The et NAd iinlea il ird BRBEAInTLnE CFIR ) Mo Mémdrite ;GRS otédidt o fiar

mat chi ng sematicdl units is done such theat the resulting semantic network
i ncl udes sgwmsnbf thalresuitingsetraatic networle | hby dssigning semaptical units, weles sueh am

din the jnput, stri 7 The.net hod of. £l aim 1, [ Nt

Cooul 11 ng. aeRay JAMIRELh RCH desabony caneiramets, rEitlh sl BEHIEIS gp the,

text ual ' o1 lal QS RN SKREaisBoleliR Y berfdcticeprbockt It Tiedl ! schtamlis.
now edge data

wher eby the ase and the resulting semantic network include
one or 5nor procyssos | Dfeade nanrthe passibiasubsets fom the koppiedge databaseithadse  and

attributes 9 The nethod of claim1, grein.th ow e ba and the
resul ting %%ﬁ@&‘h’éﬁ%ﬂﬂﬁ?&’%&@%ﬁ%@” %%?%%ggﬂg‘?&p%ﬁ%g .%?10 The
method of Glibinilal untth 3ieABiel ARBIrbieY b he ABGvcigless With iMBrrakisframehear 1| ed
out mtinmes It there are mmatching semantical units in the_know edge

dat abase wknawledgedatatase bHihroughtishgritinceeimplementationand QyRrwildng wiasr string
and wherein one of the mnmatching semantical units is used to generate the
resulting semantic network 11 ' The nethod.of claim?5, erein the .mat chi ng
Conant | o Prandaementc A6AeK:ep i Dpres g (ormepigsmetcmiabEpt (R ot
semantic n [ K dnfits ' if i e dostivle "Bilifeat €S
That e ¢ B sl B e B R o e e
semant i cal whivhtisfliencésthe seokanticlelikyancdaobdramatical Bnithin the khowledge databage 51
wherein the possible associations of the,semaptical upit are at .. |eadt one
of possi bl Exkvarities how Svel osegmsnton emaptich v Atg daey siipe B Ead wipn 125 UAE

203 33 (suspected) counterpart in the abstract knowledge database. Note that for this evaluation

the semantic processor 14 or 19 retrieves the requested information (the local network

15  around the suspected semantical unit) from the knowledge database 11. For this purpose,
the sernantic processor 14 or 19 uses the following information: a semantical unit (an entry
in the knowledge database 11), a possible theme (defines how to adjust the weights), and a
threshold (defines where to cut off the network around the given semantical unit in the
knowledge database 11). Then the retrieved local network from the knowledge database 11

20  and the given concrete segment or semantical unit from the input string are compared to
find out just how close the second comes to being an instance of the first. This measure
(‘fitness’) yields a likelihood for the semantical unit classification (which is of course
'‘theme'-dependent), Finally, the retrieved local networks are compared to find the best
combination if multiple possibilities (i.e. multiple matching semantical units in the

25  knowledge database) were encountered. The whole task is done iteratively for all known
semantical units and themes until a good (preferably the best) match is found, e.g. the

resulting semantic network 13 converges to a stable state (the “meaning”).

According to the third embodiment of the present invention, the information contained in

the input network 18 is expanded by adding knowledge from the knowledge database 11.



13 The nethod of claim5, wherein at |east one of attributes, relations and
roles of a semantical unit in the input string are used to determ ne

whet her a matching sematical unit in the know edge database is better than
ot her mat 8% o@8smsanti cal units in the knol edge database. 14 The net hod of
claim 13, wherein the determ nation of whether a matching sarraﬁmca’%emiat
in the know edge database is better thamgither matching semafit lA in
t he knowl edge dat abase incl udes determ ning whether a nmatching senmanti cal
unit in the know edge dat abase has a higher fitness than other matching
semantical units in the know edge database. 15 The nethod of claim5 ,
wherein ! | b LS. i ‘ Labl e
attri but esto P EERank e EOER3TE of ff K ARpe e e EEREY BlpekiBE RREAY
unit. 16 Thiights sedicahtrollediby themdapreftidgenie héchadsm (deridebs. gdyadndénsing

| east one of non-generally acceptable attributes, relations and roles are
used in coiSmaBtiGabEnig intp morecabsiact samantigal unitsyorbycanating e wgrbsrs#f1,  wher ei n
each semant| . unj . 0. | ; ' e
ot ont 1 al (S0TagoHR Al ingiViduafsehBR R dA: SAhERAREGECAL 1FSr AL Rl 137
met hodsof Thcpraiulgdmattt edightbe contimudiisBrupdatedand cineveabsrindmatially odrrastadif t he
know edge dat abase has a wei ght correspondi to.a senmpnti cal di stance

bet ween t hecanfddictipn At 2 ehangg ﬁ‘ff@,fn"c'ﬁél%‘(%ﬂ{]%bé‘?q“\ﬁo’bH&?"é‘?m’é“qsiag @f REFE Nt

and a vari . W f j : i . ot i

semant?/c In@?vk‘%%é?@ ?Qe%?%ﬁe%ﬁ%@#%%?%ﬁ%ﬁfr?:lﬁrﬁ‘%gﬁﬁﬁ'g&f e g(lacra'ggl:fig g@%. 20

' The net hod anbthet sinmandical winitrieinerdabed, tenuthd second samantical unittsveighbos feom r act ed

from'the know edge dat abase t, orm g .new se arf;\,te net wor k. Hs‘f% MAC 2003

34 21 The theknpuicage atabase 31 willilsode addedo the, Frshltiog spRapticnery orkIBIES i nt o

an i ngypt ' ' ' ' 3 claim 21,
' NRY ”rﬁ&f@gg lbt: @%@ch ﬁégfmﬂﬁtﬁﬁ?og%!?&&m@(%eﬁ%dﬁhmﬂﬁh) '

wherein the t wor alned fromtransformng the

i nput net vicinily, ¥an Tipmt seingd@ ietathérdong, Shenthe prejudgementahighbevendiave ke

poi nters describe nutual rel ationships between semantical units. 24 The

met hod of RipRFGhicpkstrygtare 4. “SFF”? &)t he wei ght represents a

semanti cal di stance between two senmantical units which the pointer

connect s. L ' ' tqiaf Wi 15 I Ni ng
ctops. ar e Rebyliif GBhaRA Betxfink Thoscotlk Rhlad b el O3 Kinbils OF el B Ehl”
resul ting ssemandal aniceindqiointsrs@iving ittactruc@id bfa fradtaldderafchidabaetwark. wher ei n an

I nput text_is transformed into one or re input strings. .27 Th t hod of
clai m3, wWhretegbly. sheresplfing FI?;{W‘FH’@H%“&%IW@ ai$ fﬂ’r%%‘?ﬁ%gtoitéeﬁ‘éetértﬁgned

knowledge database 11, thus allowing a comparison between the two. All possible

interpretations and (re)actions of the inventive system to textual information contained in
an input string 12 are part of the knowledge database, so that comparing the resulting
semantic network 13 to the knowledge database 11 is equivalent to understanding the

20  meaning of the textual information contained in the input string 12.

Once the original information carried by the input string 12 is analyzed, as described above,

one might:

» provide a summary or abstract which summarizes the original information according to

predefined rules;

25 + fill in fields of a questionnaire about the input string 12 (such as a form, for example)

with appropriate information;

» answer individual questions;



allowing a quick identification of a prelimnary subset of information
within the know edge dat abase. 28 The nethod of claim27, wherein the
prelimnary subset is revised. 29 The nethod of claim 28, wherein the
prelim nar ézs"u%“;@?f’i s one of continuously and occasionally. 30533 &B 3
of claim 28, wherein the prelimnary subset is revised when off Aﬁ ﬁ
contradiction and change of thene is det@®@nined. - 3 MAR ~DO~ 35 31 The
met hod of claim1, further conprising the step of perform ng an action
dependi ng on the general neaning extracted fromthe input string. 32 The
met hod of claim11, wherein ate, action is perfornmed by providing are answer
i f the input iséigogstions,dad. ctorbemeriutderstand thelgitaatiguest i on, 33 The net hod of
claim1l1, wherein the know edge dat abase includes a self-simlar
representation of semantical units and pointers across different scales. 34
The net hod* ofenghgs imasliseomesearith ®nser ofor pxamaple,dp resoive unsgsolyabls disambigaitiose
used when carrying out the identifying and determ ning steps. 35 The net hod
of claiml1, vvheﬂei n.the know ed e‘gat abase reFllEEiectsf t he. structure of an
envi ronment . S¥§MANEPHRIOFBR WB’FQE? SN SYSIEM, QHIEIEVE Iffprmation fropp gioier s o hset
of the real kb, 37 The method of claim9, wherein at |east one of the
pointers is a“directed associ ati ve connecti on between semantical units. 38
The nethod of claim9, wherein at | east one of the pointers is-one of a

hi er ar ghi cal expactrheminga hori zontal pointer, a simlarity pointer, a
functional pointer, an attributional pointer and a role pointer. 39 The

met hod of claim1, wherein text is transformed jntq input,nétéijgngs_vmmh are
t hen processdakesstepsf-measutes depending on the jterpretatiogofthe original infgrmpptions ke od

Chen pr ocoss e SpqirtaRiGE B bR g i {20 el bR 217

recogni ti on irgackiGalofuagsten, whithsbokdrbetdwedetermined action triggered if a particular

textual information is determined to be comprised in the input string 12.
10  This may be done by an a semantic postprocessor 21 that creates an appropriate output 15.

It is to be noted that the result of the inventive approach depends on the quality of the

knowledge database 11. It is immedijately obvious that a system for the processing of

insurance claims requires an appropriate knowledge database. If one tried to interpret the

original information carried in an input string derived from a letter which was sent by an
15  insured person to his insurance agency in the light of a music knowledge database, the

result would most likely be neatly useless.

In the following, an exemplary algorithmic description of a semantic processor is given.

The algorithm below might be used for processing a sentence.

20  ===beginning of algorithmic description ===
For all semantical units in input
string (omit “be” and “have") // suppose there are N semantical units
{
For all fitting knowledge database
25 entries (string match) // suppose there are ni
M(1<=i<=N)
{

Create semantical unit instance
Inherit all possible attributes from knowledge database
30 If (object) Inherit all possible relations from knowledge database (including
attached roles)



speech into said input strings. 42 The nethod of claim 21, wherein the

I nput network is generated by at | east one of syntactic parsing and
granmmati cal pars 43 Anet hod of constructing a fractal hierarchical

know edge ﬂé? @%Qrepresenting a network of hierarchically arranged
semantical units which are simlar across hierarchies, conprising the steps
of : recording sematical units; |inking 42le- semantical units dﬁ ﬁare
pointers with other semantical units of the fractal hierarchical know edge
dat abase; and assigning a weight to the one or nore pointers. 44 The

met hod of claim43, wherein the one or nore pointers are one of hierachical
- pointers and hori zggtetitioRPinhériafl possibidivte stpdchebnobnovdadgamildidhasyher ei n at

| east one of the hi etamphi Gplarcdfohe@ri zontal pointers is one of a
simlarity pointer, a functional pointer, an attributional pointer and a
rol e pointer. 46 The methpd_qgf/sghm@ym 43, wherein the one or nore pointers

have oge or nore types asygftab te%;i@m&rl;buwmd 'S9P Fel 2B} FDUYAE
between semantical units. g iCmpRimared &fzazﬁhalgaw c %781, badfit: -5 velONe

of the one or nore point er ,Z \,,\,2@;;@;;1,;3 PaYdifee: R10% Fel Badﬁrga%?'r@l 48 t he
met hod of cl ai m 43, y\,herel I ght assi gned to the pointer is one of

fixed and vari abl e. 49 ,t claim 43, wherein one of a fixed and a
vari aqk?e pot enti al |$‘ gé’%s’mré@ggogé serrant [ caI un|t 50 The net hod of

cl ai m49, wherein the potenti S fract al hierarchi cal
know edge dat abase is usegpt ;?{ofﬁ%h% Zjngn"}?ét al
I nformati on conveyed in an i npét st rwl)‘f z net ho { 50, wherein
one of a fixed and a variable t resh [

hi er a lShl cal know edge dat abas 52 mf'ﬁ w frhgée"gq‘"?g“f’"%p%ftorraﬁf;er ein the
t

pot en and threshold are used i mgan The net hod
of claim 43, wherein an i RW%‘E"B‘?"”FW a%ﬁs 6”" ?gl A4P%E opresent s a
semantic di stance be}men#ﬁﬂ'%’é’ﬁﬁﬁﬁ ﬁ‘fc'i'f e pointer connects.

/
20 ) //yields ni+...4nn local neighborhoods

For all combination of local neighborhoods // there are ns*...*ny combinations
{
Compute local fitness adjustment (cellular automat method):
25 {
Count how many double, triple, eic. overlaps of objects (I(1). ..., IM1))
// Note that the |, depend on threshold t
Ifa; = MaXminestant [ Y2 + 1/mArcTan(20t-10 + 2 sqri(s" ili/N) }
// May improve this formula by making it “source" dependent,
30 // i.e. overlaps between subject and predicate count more than others.
}
Adjust fitness of each semantical unit in combination with calculated local
Jitness adjustment
Compute total fitness of combination.
35 {
F, = (30% pred. fitness + 30% subj. fitness + 20% obj. fimess + 20% other)
// all of the above relative to 100%, in case any of the categories is
// missing or multiply present.
/
40 )

Pick combination with highest total fitness as correct sentence network
Connect semantical units according to predicate-argument structure of input network.

=== end of algorithmic description === mmmmmme o

45  The operation of a system according to the three embodiments of the present invention is
described in connection with the following text comprising three sentences. The

information contained in these three sentences is expanded using knowledge from a



54 apparatus for processing textual information, conprising: asrgnenter

whi ch segnents an input string which includes textual information into
segnents; a senmantic processor coupled to the segnenter which conbi nes the
segnents WP EEHBRNti cal units froma know edge database representing a
network of hierarchically arranged semantical units which a{ﬁe Ma ) ?gpg
across hierarchies, the conbining operat?2dn generating a resuft 32 ntic
network of hierarchincally arranged semantical units which are simlar
across hierarchies; and nenory coupled to the semantic procssor ehich
stores the segnents and the resulting semanti c network. - 3 MAR 20E1 39
55 The appkmawlodgeodataase il Shichihshosmindtigire dsAs eaebedech fions a@OEigle, ihe one
of related to S ntical unit and identical to a semantical unit, and
wher ei n th'é'?oé"lﬁ‘?%e %aéca%‘{ml?f‘%émfﬁt’wc Wrifsand pointers ilysiated dn Eigsr hbase

wi thin being not |ess than 2. 56 The apparatus of claim556, wherein the

semantic . !?ﬁ %ﬂg oW ng operations: identifying a
mat chi ng %‘ﬁéﬁf“ﬁ@%ﬁaﬁﬁﬁ% n en{?ﬁ{:)évsvl edge dat abase, the matching semati cal

unit being related to the jth segnent of the input string such that a

mat chi ng senmaerteciglan ol plantsonf Omesiower | = 1,..., rn segnents of the input
string; and determning a fitness of the matching semantical unit by taking
into consideration the possible associatioins of the semanticalk unit. 57
The appar alluIVerids areailraady growing hext taitnpri si ng a speech processing unit

whi ch transforns speech into the input string. 58 The apparatus of claim
57, wherei he speech pr.ocessing unjt perforns speech recognition. 59 . The
appar at us aYistheplagtisugly paople willteardt dewn.s used for sut omat ed
apprehensi on of the textual information conveyed inthe input string. 60 .
The appar rdgesg j , j [ i s . tir kggered depending on the
apprehend? |nfI&%ﬁéﬁﬁ%}r‘]éq(%afmﬁngdg%%glpgﬁéb%%dé%[ﬁ?gh, further conprising
a post-proocessor which transforns the resulting semantic network to create
an out put odiecisngredicate:  be <SUBJ> <LOC>

subject: plant [first semantical unit]
10 ateribute: old
location: meadow [second semantical unit]

preposition: on

N=2,n=2,n=1 [There are two objects, i.e. N=2. There are two ‘plants’ in the
knowledge database 11 (referred io as plant) and plant;), i.e. n;=2.
15 The word ‘meadow’ appears only once, i.e. ma=1. Figures 5, 7, and 9
show the inherited possible attributes and relations of both

semantical units.]

Compute isolated fitness and potential (plant);

fi=1/3qri(2) + 25% rel. = 0.7071 + 0.0732 = 0.7803 [isolated fitness of plant, and
20 plant,. Plant implements

possible attribute ‘age’]

pi=sqrifl72) = 0.7071 [isolated potential of plant; and
plant,. ]



- ~ May zaa~ 62 The apparatus of claim'S4, wherein, the resulting semantic
network is represented as a fractal hierarchical netwrk of semanti cal
traits. 63 , The apparatus of claim. 54, further conprising a processor
for pr oces%ﬁ‘ﬁ é’pl nput string to gener ate an i nput network which includes
t he semanti caI un| ts. .AY.AS. A L# AQE Ayl". A@Qy. A@. AQi. Af . Aé—]
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Fy = 60% subj. fit. + 40% obj. fit. = 0.6 *0.9385 + 0.4 * 1.0 = 0.9631  [fitness of

combination 2)
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L10% & ()- ﬁ) ;Al)ﬁngg thing (plant; in Figure 4), or a building (plant, in Figure 4). The above algorithms
are defined and optimized such that the inventive system can determine to which semantical

5 units in the knowledge database 11 the segments or semantical units in the input string 12

are associated. The system 10 processes the first sentence I. Based on the above equations,
the system 10 determines that it is more likely (F; > F}) that in this first sentengc I plant
refers to a living thing (plant;). This conclusion is mainly influenced by the fact that there is
no association in the knowledge database 11 between the object ‘meadow’ and the object

10 ‘plant,.

The inventive system 10 identifies a subset (local network) for each segment or semantical
unit in the input string 12. In the present example there are two subsets for the object
'plant’. The first subset is shown in Figure 6. Since the threshold ty, is 0.3 in the present
example, all semantical units outside the respective subset are suppressed. The plant has an
15 isolated fitness of 1742 = 0.7071 since two plants (plant; and plant,) were found in the
knowledge database 11, while the meadow has an isolated fitness of 1//T = 1.0 since only
one meadow was found in the knowledge database 11. All possible attributes and relations
associated with the object ‘plant’ are illustrated in Figure 5, The words ‘age’ and 'old’ are
implemented attributes of the object 'plant’ and are shown as attributes in Figure 6. Note
20  that there are no relations implemented in the first sentence of the present example.
According to the present invention, a classification probability (adjusted isolated fitness) is
calculated which gives an indication as to whether the plant in the input string 12 is likely to
refer to the plant, or plant, in the knowledge database 11. In the present example, the
classification probability is 1/y/2 + bonus = 0.7803. The bonus is added because the
25  attribute ‘age’ with value ‘old' is a possible attribute for both 'plant,’ and ‘planty’. Next, the
isolated potential of the object 'plant’ is calculated to J172 = 0.7071, because there is one
appearance of the object ‘plant’ and there are a total of two semantical units (‘plant’ and
‘meadow’) in the string up to the present sentence I. The potential of ‘plant,’ is calculated by
multiplying the classification probability and the isolated potential of ‘plant’. The potential
30  of 'plant;'is 0.7803x0.7071=0.5518, which is above the threshold of 0.3. The weight
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between building’ and 'complex’ is 1.0, in the present example, and the potential of

5  ‘complex' is calculated to: 0.4414x1.0=0.44 14, which is above the threshold of 0.3. The
weight (semantic distance) assigned to the pointers between ‘complex’ and ‘entity’ is 0.7, in
the present example, and the potential of 'entity’ is calculated to: 0.44 l4x0.7=a.3090, which
is above the threshold of 0.3. The potential of all other semantical units is below the
threshold and these semantical units are thus deemed to be of no relevance. By means of

10  the above calculations it was shown how the potential propagates through the network
until a subset (local network) is identified. Note that the equations and algorithms can be
modified.

The subset (local nctwork) of plant, is illustrated in Figure 8. This subset is identified using

the same approach as described in connection with Figure 6,

15  If one now compares the subsets illustrated in Figures 6 and 8, it is difficult to tell which

one of the two possibilities is a better representation of the textual information conveyed in

the input string 12.

Finally, a third subset is identified which corresponds to the second object ‘meadow' in the
input string 12. This subset is illustrated in Figure 10. The isolated potential of meadow is
20  0.7071. The classification probability of the object ‘meadow' in the input network as the
object 'meadow’ in the knowledge database is 1/J/1 =1.0 since there is only one semantical
unit ‘meadow in this database. This yields a potential of ‘meadow’ in the knowledge
database 11 is also 0.7071. The semantic distance between ‘meadow’ and 'grassland' is 0.8
in the present example, and the ‘grassland's’ potential is calculated to 0.7071x0.8=0.5657.
25  The semantic distance between ‘grassland’ and ‘weed’ is 0.8 in the present example, and the
potential of 'weed' is calculated to be 0.5657x0.8=0.4526. The semantic distance between
'weed’ and 'plant,’ is 0.8 in the present example, and the potential of ‘plant’ is calculated to
0.4526x0.8=0.3620, which is above the threshold. The semantic distance between
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calculated to 0.5657x0.7=0.3960, which is above the threshold.

According to the present example we now have three subsets (local networks) for the two
sernantical units in the input string 12. In a next step these subsets are now combined to

5  obtain a resulting scmantic network. In order to ensure that the resulting semantic network
properly reflects what textual information was conveyed in the input string 1Z; the most
likely combination of subsets has to be selected. There are different ways to do this. The
approach described here starts with deriving all possible combinations of the local
networks. In the present example, these are the combinations “plant, + meadow"

10  (combination 1) and “plant, + meadow" (combination 2), since all semantical units must
appear exactly once in each combination. Then the overlaps in the local networks are
determined for each combination. In combination 1 there is no overlap, while in
combination 2 the semantical units "weed", "grassland”, and "plant;” have an overlap (i.e.
they appear in the local networks of both "plant;” and “meadow"). Therefore, the

15  semantical units in combination 2 earn a bonus (local fitness adjustment) calculated from
the formula lfa; = | "0, {1/2 + l/r ArcTan (20t - 10 +2 m )}. If one observes
that for 0.3 = t, < t < 0.3531 we have la(f) = 3, for 0.3531 < ¢ < 0.3620 we have |
2(t) = 2, for 0.3620 < t < 0.4414 we have Iz(f) = 1, and for 0.4414 <t< 1.0 we havel
2(1) = 0, while 1;(¢) = 0 for all i > 2, this formula yields Ifa, = 0.7201, that is, the previous

20 isolated fitnesses of meadow and plant; are increased by 72.01% relative to 1.0, thus
yielding the respective values for "plant as plant," of 0.9385 and “meadow as meadow™ of
1.0. Finally, the total fitness for each combination is calculated from the formula F, or Fy =
(30% predicate fitness + 30% subject fitness + 20% object fitness + 20% other). Since the
percentages are relative to 100% and there is only one grammatical subject (plant) and one

25  object (meadow), this yields the modified formulas and values Fy = (60% plant as plaot:
fitness + 40% meadow as meadow fitness) = 60% x 0.7803 + 40% x 1.0 =0.8682, and F;
= (60% plant as plant; fitness + 40% meadow as meadow fitness) = 60% x 0.9385 + 40% x
1.0 =0.9631 for combinations 1 and 2, respectively. Since F > F,, the object "plant” is

identified as “plant,", the living thing. This identification may be used to select a theme
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If one now also processes the other two sentences II and III, the systemn gets additional
information which either leads to a reconsideration of a prior combination, or to a
5  refinement of a combination. Note that the second sentence II talks about weeds. For the
system this furthers the supposition of sentence I that plant refers to plant, as aliving thing
rather than a building. After having processed the third sentence ITI, this picture has to be
revised, because this sentence contains the relation ‘tearing it down'. This expression is
never used in connection with living things in the object role (but only in the agent role).
10  The third sentence thus seems to indicate that the first and second sentence should have
referred to a building rather than a living thing. With this new theme selection sentence I
and II may be reprocessed. The combination of subsets is dynamically changed until all
textual information conveyed by an input string is processed. Due to this iterative approach
it is possible to obtain a resulting semantic network that gives the best possible

13 representation of the information carried in the input string.

The second sentence does not add any information which helps to better understand the
meaning of the first sentence, because weeds can grow next to a building or next to a living
plant. Since weeds and living plants are somewhat related, at this point it seems more likely
that the first sentence refers to a living plant. The third sentence finally contains information
20  which helps the system to 'understand' the meaning of the first and second sentences. It is

clear from the third sentence that in the other two sentences ‘plant' refers to a building.

The present invention can be used t6 provide systems that respond by creating meaningful

outputs. In the following example the input is taken from a car accident report and output

is automatically generated complying with certain classifications, e.g. what kind of cars
25  were involved, what type of accident took place, or whose fault it was. Such a system

might be used by insurance companies for the automated processing of insurance claims.

An exarmple of an insurance case is used to illustrate further details and aspects of the

inventive system.
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10%3&' () - 3Phe fD¥&Eng txt from an insurance claim form is to be analyzed using the inventive

system:

"I was attempting 1o reversing park vehicle in front of a house I was visiting.
Unfortunately there was already another car parked by the house. I tried to park
5 close to vehicle and unfortunately put the vehicle into the wrong gear, reverse and

-

not park (automatic vehicle). There were no warnings.”

The semantic preprocessor 17 creates an input network 18 using standard parsing
techniques. The sentences of the above input string are putinto a
predicate-argument-structure, that is, the predicate has various roles attached to it. The

10  first sentence already exhibits a hierarchical structure, where the relative clause "I was
visiting" is a modifier of the location 'house’, but ‘house’ is also the (non-existing, but
referred) object in the relative clause, as is always the case with relative clause
constructions. A few straightforward transformations are done, such as splitting the third
sentence after the conjunction ‘and' into two sentences and attaching the attribute

15 ‘automatic' to the proper noun ‘vehicle'. Finally, certain parts of the input network might be

combined since the clause "reverse and not park” only explains what "wrong gear" means.

The semantic processor 14 then acts upon this input network. It accesses the knowledge
database 11 for additional information, if necessary. In the present example an illustration is
given of the fact that the vehicle is ‘automatic’. Here one needs to understand what

20  ‘automatic' means in conjunction with 'vehicle', and what the possible conclusions are. To
expand the information in the input network one makes use of the knowledge around ‘car’
in the knowledge database 11. 'Car is kind of (has hyperaym) ‘vehicle', ‘transmission’ is
part of (has meronym) ‘car’, which in tum may be ‘automatic' or ‘manual’. If it is ‘antomatic’
it has ‘gears' which correspond to (interact with) a certain ‘speed’ of the object ‘car’. In

25  particular, ‘gears' are ‘park’ or ‘reverse'. The speed of the particular ‘gear P' is zero (a value
of the attribute 'speed'), while the speed of the particular ‘gear R’ is between zero and minus
10 km/h (a possible range of the value, where the minus-sign indicates the direction of

movement).
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In addition, one may have an entry that ‘have an accident’ is a ‘relation’ between two ‘cars'
(objects). Any two semantical units that exist as real things may have a relation of some
kind, and that relation may have an atiribute ‘relative speed’, which contains a formula such
as 'equals absolute value of speed of semantical unit 1 minus speed of semantical unit 2',

5  where the individual speeds refer to the attributes ‘speed’ of the respective semantical units
attached to the relation. The relation have an accident’ thus inherits the attribute ‘relative
speed', and in the formula the speeds of the two semantical units is replaced w.i-th the speed
of the two cars. To obtain the 'relative speed' in the present case, one knows that one car is
parked, and the value of the attribute 'speed’ of a car is set to zero if the car is parked (this

10  is stored in the formula to compute the speed of a car), so the speed of the first car is zero.
For car two, one knows that it is in reverse, so its speed is between zero and minus 10

km/h, and, therefore, the ‘relative speed' is between 0 and 10 km/h.

Finally, the knowledge database may contain further information about ‘automatic vehicles',
such as if 'gear' is not 'P' or ‘N', and the brake is not applied, then speed is at least 5 km/h

15  (reflecting that automatic vehicles tend to crawl). This scenario may be brought into the
context: since there was an accident, the relative speed cannot have been zero, 5o it is
possible that the driver put the car into R but did not apply the brakes, thus bumping into
the parked car at crawling speed.

Once the textual information conveyed in the input string is expanded (transformed) into a
20  resulting semantic network, the insurance agent, for example, might ask questions which
the system then can answer. Likewise, the system might create a printout in a standardized
form which gives an objective and informative description of what has happened. The
system might even propose actions. It might for example authorize the reimbursement of

expenses which somebody involved in the accident claimed.

25  Proposed are schemes and systems based on a special model of textual information and
natural language. According to our model, natural language as well as textual infgrmation
consists of semnantical units and pointers which are grouped at different levels of hierarchy
and are all of a similar type. In addition, we use weights to express the semantical distance

of two linked semantical units. Thus, the knowledge database, speech, and questions are all
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represented in what is herein called a fractal hierarchical network. The local network of a

speech or a question is created by locating its semantical units, possible relations, possible
attributes, and possible roles in the knowledge database and copying the semantical
neighborhoads from the knowledge database, whereby overlapping areas are increased.

5  Finally, the overlap of a speech and a question network yields a resulting semantic network

which can be used to ¢.g. generate a meaningful answer or reaction.

-—

The present invention can also be used for data mining purposes. The inventive approach

allows to extract meaning from the textual information conveyed in input strings and can

process huge amounts of information. It can determine relationships and trends that were
10  previously invisible or unclear. The inventive approach allows to automatically apprehend

meaning of input strings of any length with a previously unmatched quality.
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Claims:
1 A method of processing textual information, comprising the steps oft
segruenting an input string which includes textual information into segments; and
combining the segments with semantical units fom a knowledge database representing 4
network of hierarchically arranged semantical u:':.its which are similar across hierarchies, the
combining step generating a resuldng semantic network ofhierarchically arranged semantical units
which are similar across hisrarchies.

2 The method of ¢laim. 1 , wherein at least one of the segments s one of related to a
sementical unit and similar to a semantical unit, sud wherein there arv at least o semantical units in
the knowledge database with n being not less than 2.

' 3 The method of claim 2 , wherein a semantical unit is a set containing one or more

pieces of information.

4  Theinethod of claim 3 , wherein the semantical unit includes &8 name and one or more
pointers to othec sermantical units,

5  The method of claim 2, wherein fhe cambining step comprises the following steps:

identifying a matching semantical goit in the knowledge database, the matching semantical
wunit being related to the j™ segment of the input string; .

determining a fitness of the matching semantical unit by taking inro considcration the .
possible associations of the scmantical unit; and '

repeating the identifying and determining steps untila mawhing semantical unit is found for
j=1,..., m segments of the input string.
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semantical units {s dane such that the resulting semaatic network inoludes setnantical units that are

2

related to the textual information conveyed in the input string.

7  The method of claim' 1 , wherein the resulting semantic network is cmplayed for
automated apprehension of the wextua] information conveyed in the input string,

8  The metbod of claim 1, whereby the knowledge database and the resulting semantic
network include one or more types-of serantical units such as objects, relations, and attributes,

9  The method of claim . , wherein the knowledge database and the resulting scmantic
network fnclude one or more fypes of pointers. :

10 The method of clalm 5, whereby identifying and determining steps ate carried out m

_tirnes if there are m matching semautical units in the knowledge database which are related to the

7 semantical unit of the input string, and wherein one of the m matehing semantical wnits is used
to gencrate the resulting semantic network,

11 Themethod ofclaith 5, wherein the matching $emautical units are combined with each
other to form the resulting cemantic network if a corresponding classification probahility indicates
that the respoctive semantical units have béen correctly matched with the semantical uats i the
knowledge database.

12 The method of claim 5/, whercin the possible associations of the semantical unit areat.
least one of possible attributes, possible relations and possible roles.
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$10 O/%a{\l}: o1 ¥nit S g% uQut @Qngaa%\@ed 1o determnine whether a matching semantical ugit in the

know]edge database is better than other matching semantical units in the knowledge database,

14 The method of claim 13, wherein the determination of whether a matching semantical
unit In the knowledge database is better than other matching semantical undts In the knowledge
database includes determining whether 2 matching semantical unit in the knowledge database has
a higher fitness than other matching semantical units in the knowledge database.

. 16 The method of cleim 5, wherein the fitiess it inoreased if atleast ope of generally
accepted atributes, relations and roles are used in conneation with a semantical unit.

16 Themethodofclaim 5, wherein the fitness is decreased if'at least one of non-generally
accepteble attributes, relations and roles are used in connection with a semantical unit,

17 The method of claim 1, wherein each semantical unit in the knowledge database
receives a potential, the potential being one of a fixed potential and a varlabje potentia),

. 18  The method of claim 9, whersin. a pointer between two semantical units in the
knowledge database bas a weight corresponding to 2 semantical distance batween thetwosemanucal
units, the weight being one of a fixed weight and a varigble weight.

19 Themethod of'elaim, 1, \'vi:erem the resulting serpantic network is 2 network identified
within the knowledge database. :

:20 The method of cluim 1, wherein the resuiting semantic network is extracted from'the
knowledge database to form a new separate network.
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inclu the smnanttcal units.

22  The method of claim 21, wherein the resulting semantio network is obtained from
transforming the input network.

23 The method of claim 9, wherein one or mare of the pointers describe mutual
relationships between sementical units.

24  The method of clainy 18, wherein an inverse of the weight represents a semantica)
distance between two semantical units which the pointer connects.

26 The method ofclaimn 5, wherein the identifying and determining steps are repeated if
an additional input string is received until a resulting semantic network is generated.

) 26 -The method of claim {1, wherein an input toxt is transformned into one or more input
strings.

27  Themethod of clalm 1, Wherein a prelirninary theme of the input string is determined |
allowing a quick identification of a preliminary subset of iuformation within the knowledge database,

- 28 Themethod of olaita 27, Wherein the preliminary subsetis reviséd.

29 Themethod ofclmm 28,whuem the prcummary subset is revxsed one ofcontmuously.
and occasionally.

30  The method of claim 28 Wherein the preliminary subset is rovised when one of a
contradiction and change of thame is detemnned.
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32 Themethod of claim 1, wherein an action is performed by providing an answer if the
input string is determined to include a question.

33  The method of claim 1, wherein the knowledge database includes a self-similar
representation of semantical units and pointers across different scales,

34  Themethod of claim 5, wherein one or more self-similar algorithms are used when
carrying out the identifying and determining steps.

35 Themethod of oléim. 1, wherein the knowledge database reflects the structure of an
environment,

36" The method of claim 35, wherein the environment is 2 subset of the real world.

37 Themethod of claim 9, wherein at least ome of the pointers ie a dixected associative
connection between semantical units.

48  The method of claim 9:, wherein at least one of the pointers is one of a hierafchica!
pointer, a hoﬁzoan pointer, a similarity pointer, a functional pointer, an attributional pointer and
arolo pointer.

39 The method ofdniﬁ 1, wherein text is transformed into input strings which ate then
processed string-by-string. )
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41 The method of clairy 4Q, whereln speech recognition 1s employed to transform the

speech into said input strings.

42  The method of ¢claim 21, whercin the input network is gensrated by at least one of
syntactic pavsing and grammatical parsing,

43 A method of constructing a fractal hisrarchical knowledge database representing a
nctworlcofh:erarchicauyamngedsemanﬂcalumtswhzchare similar across hierarchies, comprising

the steps of

recorditig semantical units;

linking the semmantical units by one ormore pointers with other semantical umits of the fractal
“hierarchical knowicdge database; and

assigning a weight to the one or more pointers.

44 The method of claim 43 wberem the one or more poigters are one 6f hierarchical
pointers and honzonul pointers.

45 Themethodofclaim 44wherein'atleast one of the hierarchical sud horizontal pointers
is one of a similarity painte, a fnctional pofnter, an atiributional pointer snd a role pointer.

46  The method of claim 43, wherein the one ot more pointets have ofi¢ or more types
associated therewith which describe associations between semantical umits.

47  The method of claim 43, whersin at least one of the one or moré pointers is a
semantical unir. '
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49  The method of claim 43, wherein one of a fixed and 2 variable potential is assxgncd
toa semantical unlr,

50  The method of claim W9, wherein the potential iy assigned when the fractal
hierarchical knowledge database is usad for the automated apprehension of textusl information

conveyed in an input string,

51 Themethod of claim ‘50, whetein one of a fixed and a varisble threshold is assigned
to the fractal hierarchicel lmowledge database, '

'52  The method of claim -5, wherein the potential and threshold are used for subset
determoination.

53 . The method of chaim 43, wherein en inverse of the weight of the pomtar represents
a semantic distance between two sexmamtical units which thc. pointer conmeocts.

54 . Apparatus for processing textual information, comprising:

a segmenter which segmoents an input string wlu’ch includes textua] information' into .
segments;

a semantic processor coupled ta the segnentuwhich oombiries the segments wnhmnantwal

' units from alknowledge database representing a network ofhisrarchically aranged semantical units

which are similar across hierarchies, the cornbining operation generating a resulting semantic
network of hierarchicelly arranged semantical units which are similar across hierarchies; and

mermory col.iplcd to the semantic processor which stores the segments and the resulting
semantic nefwo:k. :
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6 . The apparatus of elaim . 55, wherein the semantic proceséot performs the following
operations: ' .
identifying a matching semantical unit in the knowledge database, the fxmtching semantical
unit being related to the j™ segment of the input string such that a matching semantical unit is found

for j = ,..., m segments of the input string; and
determining a finess of the matching semantical unit by taking mto considerstion the
possible associations of the semantical unit.

57 .. The appatatus of claim 56, further comprising a speech processing unde which
. transforms speech into the input siring.

58 . The appaianxs of claim 57, wherein the speech processing unit performs speech
_ recoguition. '

59 . Theapparatus ofclaim .:54, whetein the apparatus isused for automated apprehension
of the textual information conveyed in.the fnput string.

60 . The af:paiatus of claim (59, wherein 2 resotion is triggered depending on the
-apprehended information. ‘

1 . The apparatus of claim .54, further comprising a posﬁ-pmccssér which ttansforms the
resulting semantic network to create an output string. '
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62 . The apparatus of claim 54, wherein the resulting semantic network is represetited as
u fraetal hierarchical network of semantical units,

3 . The apparatus of claim . 54, further comprising a processor for processing the input
steing to generate an input network which includes the semantical units.



