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Abstract

The global flow of informationis being developed
at unprecedentesgpeed.However, uses can not suf-
ficiently utilize huge amountof information by using
corventional systemsbecausetheir major functions
are numericalcalculation, symbolmatding in infor-
mationretrieval anddeduction.Theefore, furtherad-
vancedutilization of contentsof information are re-
quired.

In order to realizesud sophisticatedutilization, it
is necessaryo undestandmeaningand characteris-
tics of information. Therefore, the structuralizationis
requiredto representarioussemantiaelationshipsn
information.

A new representatiorof sud structure is presented
and systemdor self organizedknowled@ resouces
basedon semantiaelationshipshavebeendeveloped.
Themethodof informationretrieval usingstructural-
izedknowledg resoucesis alsodescribed.
Keywords: SemantidRelationshipConceptuabtruc-
ture, Semantidntelligence

1 Intr oduction

Computershave achieved higher performanceand
lower prices,andthe globalflow of informationis be-
ing developedatunprecedentespeedy Internet. The
transmissionand utilization of information become
morediversifiedandborderlesseryrapidly. However,
useranaynotmake gooduseof hugeamountof infor-
mation by using corventionalcomputerswhosema-
jor functionsarenumericalcalculation symbolmatch-
ing in informationretrieval anddeduction.Therefore,
adwancedutilization of contentsof informationis re-
quiredgradually

In order to satisfy above requirementssemantic
processingand understandingrerequired. It is nec-
essanto know andto integrateconceptandsemantic
relationshipsn a hugeamountof storedinformation

for them. The above requirementsare solved by se-
mantic analysisof information andthe structuraliza-
tion of organizedknowledgeresourcedasedon their

attributes,characteristicaneaning,andsoon. A nev

representatiorf suchstructureand systemsfor self

organizedknowledgeresourcedasedon semantiae-

lationshipsarepresentedandanintelligentmethodof

information retrieval basedorganizedknowledgere-

sourcess alsodescribed.

2 Information Retrieval

At the presenttime which widely spreadof infor-
mation, importanceof information retrieval is very
high. However, it is very difficult to searchrelevant
informationwhich is satisfiedits purposefrom a vast
informationefficiently. Websearctenginesaretypical
examples.In mary casesusercanfind no web page
when a restrictionof queryis strict and a greatdeal
of web pageswhenit is loose. Re-irvestigationsare
demandedh thelatter cases.

“Searchingcontentswhich are referredto certain
termsor concepts’is a query of generalinformation
retrieval. However, sucha query practically repre-
sentsto investigatespecial features,characteristics,
andeventsof them. An actualmeaningof a queryis
“searchingcontentswhich arereferredto someterms
or conceptswith certainrelationshipanutually”. Ac-
cordingly suchrelationshipsmay not be denotedby
corventional statisticalinformation(i.e. appearance
frequeng).

In addition, userslook for their interestsfrom
searchresults. In mary cases,there are too mary
searchresults,andit is necessaryo suggessomein-
formationfor adirectionof narroving.

To solve theseproblems,a new intelligentmethod
of informationretrieval usingorganizecknowledgere-
sourcesasecbn semanticselationshipss proposed.



3 Constructions of Organized Knowl-
edgeResources

Generally thesaurustaxonomy or accesdile has
beenusedin orderto make information adaptedfor
knowledgeresources.Relationshipsare divided into
threetypesin thesemethodsthatis, physical,concep-
tualandlogical onecalledphysical,conceptualcausal
structuresrespectiely. Physicalstructuresrepresent
physicalorigin andstorageaddressConceptuastruc-
turesrepresentonceptuatelationshipsi.e. hierarchi-
cal and other associatie relationships. And, causal
structuresrepresentvarious logical relationshipsin-
cludingcause/dectrelationships.

Especially thesauruds a corventionalmethodto
representconceptualstructures,and there are mary
studiesasfollows:

e thesauriwhich areconstructednanually[4
o thesauriwhich areconstructecautomatically
— compiling individual relationshipsfor the-
sauriusingcollecteddocuments[B
— memging two or morethesauri[]
— expertsystembasgdynamicmethodausing
userinformation)[1Q

However, thesehesaurarenotsuficientasfarascon-

sideringcontentsof information. This is becausehat

thesaurican only represenpartial semanticrelation-

ships(i.e.simplehierarchical equivalent,andassocia-
tive relationships).

In order to representvarious semanticrelation-
ships,semanticanalysisof informationandthe struc-
turalizationof organizedknowledgeresourcesased
on their attributes, characteristicsmeaning,and so
on. A model by which multiple hierarchical,over-
lapping,n-ary, dynamicandrelative relationshipscan
be describeds devisedin orderto represensuchse-
mantic structures. It is apparentthat neither graph
model nor hypergraphmodel hassufiicient capabil-
ity to represensuchconceptualstructures. We pro-
poseda new representatiorof such structurecalled
Homogenizedipartite Model andmadea systemfor
selforganizecknowledgeresourcedasen semantic
relationships.[B9]

Figurel shows a systentor the structuralizatiorof
organizedknowledgeresourcesln this systemequiv-
alent,hierarchical andvarioussemantiaelationships
areextractedandintegratedto constructhesaurauto-
matically.

C-TRAN (Constrainedlransitive Closure):
extraction basedon bilingual relationsin glos-
saries equivalent(synorym) andhierarchicalre-
lationships (terms representeda superordinate
anda subordinateoncepts)[P

SS-KWEIC (Semantically Structured Key Word
Elementd ndex in TerminologicalContext) :
extraction of hierarchicaland associatie rela-
tionshipsusingmaodifiedrelationsin terminolog-
ical contets.[5

—™ C-TRAN

s
S 4

Information

Journals —>
Texts v
Handbooks
Dictionaries
Glossaries
Thesauri
etc.

N~

|
INTEGRAL

Self Organized
Knowledge
Resources
with Semantic

Sema}lftlcally Understanding
Specified Capabilities
Relationships \p_/

Figure 1. Self organiz ed knowledg e resour ces based on semantic relationships



SS-SANS (Semantically
Analysisof Sentences)
extraction of various semantic relationships
basedon syntactictemplatesand definitions of
terminologies[}[9]

Specified  Syntactic

SANS (SemanticAnalysisof Sentences)
semanti@nalysisof contents

INTEGRAL : building thegenerabtructureof acon-
ceptual

4 HomogenizedBipartite Model

TheHomogenizedipartite Model (HBM) wasde-
velopedin orderto describesemantiaelationshipde-
tweenconceptuaktructuresHBM is anextendedHy-
pemgraph,and recursve and nestedstructurescan be
describedn this model. Relationswhich canbe rep-
resentecby HBM and corventionalgraphmodelsin
Tablel.

Table 1. Comparison

HBM is formulatedasfollows:

E c 2V (1)
V = VUE (2)
E = FEUV 3)
L — EUV (4)
% a set of vertices

E a set of edges

L a set of labels

Theformula(1) representthatmary-to-mary rela-
tionscanbe describedandit is the samewith Hyper
graph.Recursve andnestedstructuresareallowed by
the formulas(2) and(3) respectiely. By theintegra-
tion betweenthe formulas(2) and(3), nodes(V)and
links(E) arehomogenizedTable2 shavs the poteny
of representatiorin HBM and corventionalmodels,
andTable3 shaws structuresandcharacteristicsf re-
lationshipswhich canberepresenteth them. (As a

between graph models

Relations
Models Binary Marny-to-mary Overlap Nest Relatve
Graph o X X X X
HyperGraph o o o X X
HBM o o o o o
Table 2. Potency of information
Type Model Poteny Bipartite
Set S=V N S=(\V, 0, 0)
Tree S=(V, E) 2N S=(V,E,L) ECVxV
Graph S=(V, E) N2 S=(V,E,L) EC?2V
HyperGraph S=(V,E’) 2N S=(V,E, L) EC?2*V
HBM S=(E" E" L) 2*'N  S=(V,E" L) LC(V)x(E,E E")

Table 3. Correspondence between information structures and described semantic relation-

characteristics(semantielationship)

ships
Typeof structure relation
Set -
Tree binary
Graph binary
HyperGraph n-ary
HBM n-ary

classificationt hierarchy

multiple inheritancegtc.
partialsharing,duality, etc.
nestedstructure modality, relativity, etc.
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Figure 2. Example of Organiz ed Knowledg e Resour ces Based on HBM

matterof course,lower structuresin Table 3 include
upperstructures.)t is clearlythatHBM is morecapa-
ble thanothermodels.

Figure2 shavs anexampleof organizedknowledge
resourcedasedon HBM. In this figure,the solid line
directionalarrov representsierarchicalrelationship.
Two folds of solid linesrepresentgquialentrelation-
ships,andthewavy line directionalarrov shavsinclu-
sive relationshipsOnesolid line andcircle expresses
associatiorrelationships A differenceof above asso-
ciative relationshipgs that the circle is basedon the
key word “ifi#7” and solid line is extractedfrom a
contt by SS-SANS Theassociatie relationshipbe-
tween“IFIFHEL" and* 7 O v Y EREE R Y b
7 — %" shaws not only thatthesetermsareincluded
in thecontentdut alsothatthereis/arecontentsvhich
concernedvith themmutually.

Moreover, conceptualstructuresbasedon HBM
canbe usedfor major thinking functionssuchasin-
duction,analogicalreasoning(analogical)abduction.
Themechanismsef suchfunctionsareasfollows:

Let C = (V, E) bethe universeof conceptsand
Cr = (Vs E),Cs = (Vy, Ey), Ce = (Ve, E.), where
r, s, andc designateeference sample,and common
substructuresespectiely. The mechanisnof induc-
tion:

C. € CunCsn---NCsNCy

Co = (Vu.Ey) 5)
e. V., = V.UV,

E. = E.UE,

Ver = VsUV,

E, = E,UE,

The mechanismsef analogicakreasoningand(analog-
ical) abduction:

C. c CsnCh
Co(Var, By) = Cs(Vs, E)
UC(6Vr, 0E,)  (6)
e V. = V.UV,
E. = E.UJE,
Voo = ViUV,
Ey = E;UJE,

5 Systemsof Information Retrieval
5.1 Concept

Informationretrieval systemsconsistof two parts.
Oneis structuralizationof knowledgeresourcesand
anotheris searchprocess. Knowledgeresourcesare
organizedvith thefollowing proceduresisingthesys-
temshavn in Figurel.

1. extractingtermsandtheir semantiarelationships
from contets

2. partitioningtermsinto basicwordsbasedon ter
minologicalcontets using“JUMAN"[6 ]

3. structuralizingtermsaccordingto their semantic
relationships

Each term and each semanticrelationship have
their own sourceinformation. Searchprocessesav-
igatevarioussemantiaelationshipsandshow search



results and information which are associatedwith

queries.
Prototypesystenisimplementedindconsistf hi-

erarchicalindequivalentrelationshipsat present.

5.2 Example

Figure 3 shavs a part of searchresults whose
queryis “IfiF|a> a2 —X&". We usea test col-
lection called NTCIR-2 provided by National Insti-
tute of Informaticsand“Information Processindic-
tionary(ISBN:42740774%)" publishedby Ohmusha
asinputdata.

In this figure, indents representlevel of hierar
chy. Directional arrons representa direction of hi-
erarchyfrom upperconceptto lower concept,andan
equal sign representsequivalent relationships. The
term surrounded' T'J " shavs a query In addition,
a“gakkai-j-XXXXXXXXXX" shawvssourcenforma-
tion of terms.(omitit by using*“...” whenmorethan
threesourcesf informationcorrespond)

6 Parallelization

Oursystemareimplementedy programmindan-
guageC. For efficiengy of processeandto treatenu-
merateknowledgeresourcesye implementto paral-
lelize our systemsusingMPI.

Theitemslistedbellow areprocessesf parallelized
structuralization. Theseprocessesare executedon
masterslave system.

1. Slavesconstructtonceptuastructuresisingtheir
own input data,and sendtheir own information
of themto master

2. Mastertotalsthemandbroadcastsen informa-
tion for distribution of knowledgeresources.

3. Slaressendandreceve conceptuaktructuresus-
ing recevedinformation,andre-constructhem.

Conceptuastructuresaredistributedon averagebased
onhierarchicarelationshipsy above processesThe-
sesprocessesire executedwheneer nev knowledge
resourcesireinserted.Figure4 shows the exampleof
above structuralization.

In our systemconceptuastructuresaredistributed
slave processesTherefore jnformationretrieval con-
sistsof searchingqueries,totalization of conceptual
structuresandre-constructiorof them. Thefollowing
itemsarethe processesf informationretrieval.

1. Masterbroadcasts queryto slaves.
2. Eachslavesreceiesit anddoessearctprocesses.

3. Slavessendconceptuastructuresvhichareasso-
ciatedwith thequerywhenit is matched.

4. Masterreceve andre-constructhem.
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Figure 3. Example of Search Results
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Figure 4. Parallel Structuralization of Organized Knowledg e Resour ces

Whenusersneedmore information, above processes

areexecutedagainusinga new query Figure5 shavs
theexampleof informationretrieval whosequeriesare
“FTEHE and"avEa—A"

Prototypeof above parallelsystemwhich supports
only hierarchicakelationshipss completed.

7 Conclusionsand Futur e Works

Structuralizatiorof organizecknowledgeresources
shaws usefulnesso realizeadvancedfunctionsfor se-
mantic contentsof information as new functions of
computerwhich are demandedfor the global flow
of informationwhich is beingprogressedt unprece-
dentedspeedIn this paperwereportthe utilization of
structuralizecknowledgeresourcedasedn semantic
relationshipdor informationretrieval.

Therearetwo future works. Oneis to implement
morecomplex andflexible conceptuaktructures An-
otheris to expandthe parallelizationof our system.
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Figure 5. Parallelization of Information Retrieval



