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Abstract

Theglobal flow of information is beingdeveloped
at unprecedentedspeed.However, users can not suf-
ficiently utilize huge amountof informationby using
conventional systemsbecausetheir major functions
are numericalcalculation,symbolmatching in infor-
mationretrieval anddeduction.Therefore, furtherad-
vancedutilization of contentsof information are re-
quired.

In order to realizesuch sophisticatedutilization, it
is necessaryto understandmeaningand characteris-
tics of information. Therefore, thestructuralizationis
requiredto representvarioussemanticrelationshipsin
information.

A new representationof such structure is presented
and systemsfor self organizedknowledge resources
basedonsemanticrelationshipshavebeendeveloped.
Themethodof informationretrieval usingstructural-
izedknowledge resourcesis alsodescribed.
Keywords: SemanticRelationship,ConceptualStruc-
ture, SemanticIntelligence

1 Intr oduction

Computershave achieved higherperformanceand
lower prices,andtheglobalflow of informationis be-
ing developedatunprecedentedspeedby Internet.The
transmissionand utilization of information become
morediversifiedandborderlessveryrapidly. However,
usersmaynotmakegooduseof hugeamountof infor-
mation by using conventionalcomputerswhosema-
jor functionsarenumericalcalculation,symbolmatch-
ing in informationretrieval anddeduction.Therefore,
advancedutilization of contentsof information is re-
quiredgradually.

In order to satisfy above requirements,semantic
processingandunderstandingarerequired. It is nec-
essaryto know andto integrateconceptsandsemantic
relationshipsin a hugeamountof storedinformation

for them. The above requirementsaresolved by se-
manticanalysisof informationand the structuraliza-
tion of organizedknowledgeresourcesbasedon their
attributes,characteristics,meaning,andsoon. A new
representationof suchstructureandsystemsfor self
organizedknowledgeresourcesbasedon semanticre-
lationshipsarepresented,andanintelligentmethodof
information retrieval basedorganizedknowledgere-
sourcesis alsodescribed.

2 Inf ormation 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. Websearchenginesaretypical
examples.In many cases,usercanfind no web page
whena restrictionof query is strict anda greatdeal
of web pageswhenit is loose. Re-investigationsare
demandedin thelattercases.

“Searchingcontentswhich are referredto certain
termsor concepts”is a queryof generalinformation
retrieval. However, such a query practically repre-
sentsto investigatespecial features,characteristics,
andeventsof them. An actualmeaningof a queryis
“searchingcontentswhich arereferredto someterms
or conceptswith certainrelationshipsmutually”. Ac-
cordingly suchrelationshipsmay not be denotedby
conventional statistical information(i.e. appearance
frequency).

In addition, users look for their interests from
searchresults. In many cases,there are too many
searchresults,andit is necessaryto suggestsomein-
formationfor adirectionof narrowing.

To solve theseproblems,a new intelligent method
of informationretrieval usingorganizedknowledgere-
sourcesbasedon semanticsrelationshipsis proposed.



3 Constructions of Organized Knowl-
edgeResources

Generally, thesaurus,taxonomy, or accessfile has
beenusedin order to make information adaptedfor
knowledgeresources.Relationshipsaredivided into
threetypesin thesemethods,thatis, physical,concep-
tualandlogicalonecalledphysical,conceptual,causal
structuresrespectively. Physicalstructuresrepresent
physicalorigin andstorageaddress.Conceptualstruc-
turesrepresentconceptualrelationships,i.e. hierarchi-
cal and other associative relationships. And, causal
structuresrepresentvarious logical relationshipsin-
cludingcause/effect relationships.

Especially, thesaurusis a conventionalmethodto
representconceptualstructures,and there are many
studiesasfollows:

� thesauriwhich areconstructedmanually[4]

� thesauriwhich areconstructedautomatically

– compiling individual relationshipsfor the-
sauriusingcollecteddocuments[8]

– merging two or morethesauri[1]

– expertsystembase(dynamicmethodsusing
userinformation)[10]

However, thesethesauriarenotsufficientasfarascon-
sideringcontentsof information. This is becausethat
thesauricanonly representpartial semanticrelation-
ships(i.e.simplehierarchical,equivalent,andassocia-
tive relationships).

�����	��

�����

�������������

�������

������������ �!�"

�$#�% ��&��('���)� ��

*�+ !����� ��,-�() + �. ��('�'�"��/ �� ���0	����12���'�� + ��3�)�4�!�� / 4

����5��$6 2 ��7

� ��'�0 * ��8(��)��.9:��1� )�3(;�'.��1�8��2���4�3 % �� ���4;�� + ! � ��,<�() + �. =�)�1�����4 + ��)�1���)�8� � / �(>���'�� + ����4

���	5 2 ���

?�3 % ��)��('.45 ��@ + 4���()�1�>�3�3(A�4B��� + ��3�)���������46 '�3(4C4���������45 !���4�� % ���� +  �D

� 3�, / ����!���)�4���&��� )�0�3���,<� + �.3()

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

In order to representvarious semanticrelation-
ships,semanticanalysisof informationandthestruc-
turalizationof organizedknowledgeresourcesbased
on their attributes, characteristics,meaning,and so
on. A model by which multiple hierarchical,over-
lapping,n-ary, dynamicandrelative relationshipscan
be describedis devisedin orderto representsuchse-
mantic structures. It is apparentthat neither graph
modelnor hypergraphmodelhassufficient capabil-
ity to representsuchconceptualstructures.We pro-
poseda new representationof such structurecalled
HomogenizedBipartiteModel andmadea systemfor
selforganizedknowledgeresourcesbasedonsemantic
relationships.[3][9]

Figure1 showsasystemfor thestructuralizationof
organizedknowledgeresources.In thissystem,equiv-
alent,hierarchical,andvarioussemanticrelationships
areextractedandintegratedto constructthesauriauto-
matically.

C-TRAN (ConstrainedTransitiveClosure):
extraction basedon bilingual relationsin glos-
saries,equivalent(synonym) andhierarchicalre-
lationships(terms representeda super-ordinate
anda subordinateconcepts)[2]

SS-KWEIC (Semantically Structured Key Word
ElementsIndex in TerminologicalContext) :
extraction of hierarchicaland associative rela-
tionshipsusingmodifiedrelationsin terminolog-
ical contexts.[5]



SS-SANS (Semantically Specified Syntactic
Analysisof Sentences):
extraction of various semantic relationships
basedon syntactictemplatesand definitionsof
terminologies[7][9]

SANS (SemanticAnalysisof Sentences):
semanticanalysisof contents

INTEGRAL : building thegeneralstructureof acon-
ceptual

4 HomogenizedBipartite Model

TheHomogenizedBipartiteModel (HBM) wasde-
velopedin orderto describesemanticrelationshipsbe-
tweenconceptualstructures.HBM is anextendedHy-
pergraph,and recursive andnestedstructurescanbe
describedin this model. Relationswhich canbe rep-
resentedby HBM andconventionalgraphmodelsin
Table1.

Table 1. Comparison between graph models

Models
Relations

Binary Many-to-many Overlap Nest Relative
Graph E F F F F
HyperGraph E E E F F
HBM E E E E E

Table 2. Potenc y of inf ormation

Type Model Potency Bipartite
Set S = V N S = (V, G , G )
Tree S = (V, E) 2N S = (V, E, L) HJILKMFNK
Graph S = (V, E) NO S = (V, E, L) HJIQP�R
HyperGraph S = (V, E’) 2S S = (V, E’, L) HJIQP�OUTVTVT R
HBM S = (E”, E”, L) 2OWT TVT S S = (V, E”, L) XYI[Z\K^]�F_Z\Ha`�H�bc`:H�b bd]

Table 3. Correspondence between inf ormation structures and described semantic relation-
ships

Typeof structure relation characteristics(semanticrelationship)
Set e
Tree binary classification: hierarchy
Graph binary multiple inheritance,etc.
HyperGraph n-ary partialsharing,duality, etc.
HBM n-ary nestedstructure,modality, relativity, etc.

HBM is formulatedasfollows:

H I P R (1)

K f KhgiH (2)

H f HjgiK (3)

X k HjgiK (4)

K l monUprqtsWuwvxpryWqdz|{}p~n
H l monUprqtsWu<p~�:��pUn
X l monUprqtsWu<��m��}p~��n

Theformula(1) representsthatmany-to-many rela-
tionscanbedescribed,andit is thesamewith Hyper-
graph.Recursive andnestedstructuresareallowedby
the formulas(2) and(3) respectively. By the integra-
tion betweenthe formulas(2) and(3), nodes(V)and
links(E) arehomogenized.Table2 shows thepotency
of representationin HBM and conventionalmodels,
andTable3 shows structuresandcharacteristicsof re-
lationshipswhich canberepresentedin them. (As a
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Figure 2. Example of Organiz ed Kno wledg e Resour ces Based on HBM

matterof course,lower structuresin Table3 include
upperstructures.)It is clearlythatHBM is morecapa-
ble thanothermodels.

Figure2 showsanexampleof organizedknowledge
resourcesbasedon HBM. In this figure,thesolid line
directionalarrow representshierarchicalrelationship.
Two foldsof solid linesrepresentsequivalentrelation-
ships,andthewavy line directionalarrow showsinclu-
sive relationships,Onesolid line andcircle expresses
associationrelationships.A differenceof above asso-
ciative relationshipsis that the circle is basedon the
key word “ ÈÊÉ ” and solid line is extractedfrom a
context by SS-SANS.Theassociative relationshipbe-
tween“ Ë_È_ÉYÌÎÍ_Ï ” and“ ÐLÑ<Ò
ÓaÔQÕ×ÖÙØÛÚÜÓÞÝßáàjâ

” shows not only that thesetermsareincluded
in thecontentsbut alsothatthereis/arecontentswhich
concernedwith themmutually.

Moreover, conceptualstructuresbasedon HBM
canbe usedfor major thinking functionssuchas in-
duction,analogicalreasoning,(analogical)abduction.
Themechanismsof suchfunctionsareasfollows:

Let ãäfåZ\Kæ`�Hç] be the universeof concepts,andã$èéfJZ\K�èê`:Hëè�]\`:ãíìçfJZ\K�ìU`:Htìê]\`:ãíîofJZ\K�î~`�HëîU] , where
r, s, andc designatereference,sample,andcommon
substructuresrespectively. The mechanismof induc-
tion:

ã$î I ã$ìrïñð»ã$ìròëðió(óêó�ðiãíìrôçðiã$è
ãíì�õöf Z\K�ìrõ\`:Htìrõ\] (5)

z|÷�p~÷jK�è f Køî�giùWKøè
Htè f Hëîëg»ùUHtè
K�ì õ f Køìtg»ùWKøè
H ìrõ f H ì giùWH è

Themechanismsof analogicalreasoningand(analog-
ical) abduction:

ã$î I ãíìtðiã$è
ãíì õ Z\K�ì õ `:Hëì õ ]úf ãíì(ZdKøìU`:Hëì(]

giùUã$è�Z\ùUKøèW`�ùUHtè(] (6)

z}÷ûpU÷
Køèüf K�îëgiùUKøè
Hëèüf Hëî�g»ùWHëè
Køìrõöf K�ìtgiùWK�è
H ìrõ f H ì g»ùWH è

5 Systemsof Inf ormation Retrieval

5.1 Concept

Informationretrieval systemsconsistof two parts.
One is structuralizationof knowledgeresources,and
anotheris searchprocess. Knowledgeresourcesare
organizedwith thefollowing proceduresusingthesys-
temshown in Figure1.

1. extractingtermsandtheir semanticrelationships
from contexts

2. partitioningtermsinto basicwordsbasedon ter-
minologicalcontextsusing“JUMAN”[6 ]

3. structuralizingtermsaccordingto their semantic
relationships

Each term and each semanticrelationship have
their own sourceinformation. Searchprocessesnav-
igatevarioussemanticrelationships,andshow search



results and information which are associatedwith
queries.

Prototypesystemis implementedandconsistsof hi-
erarchicalandequivalentrelationshipsatpresent.

5.2 Example

Figure 3 shows a part of searchresults whose
query is “ ÈÛÉMýQþÊÿ�� à�� ”. We use a test col-
lection called NTCIR-2 provided by National Insti-
tuteof Informaticsand“Information ProcessingDic-
tionary(ISBN:427407742X)” publishedby Ohmusha
asinput data.

In this figure, indents representlevel of hierar-
chy. Directional arrows representa direction of hi-
erarchyfrom upperconceptto lower concept,andan
equal sign representsequivalent relationships. The
term surrounded“ ��� ” shows a query. In addition,
a“gakkai-j-XXXXXXXXXX” showssourceinforma-
tion of terms.(omitit by using“...” whenmorethan
threesourcesof informationcorrespond)

6 Parallelization

Oursystemsareimplementedby programminglan-
guageC. For efficiency of processesandto treatenu-
merateknowledgeresources,we implementto paral-
lelizeour systemsusingMPI.

ýNþÜÿ�� à�� : gakkai-j-0000341470 gakkai-j-0000342371 gakkai-j-0000343309...�	� à Ý�
�Ó â
� ýáþÙÿ�� à�� : gakkai-j-0000342168����� � ýáþÜÿ�� à�� : gakkai-j-0000348016��� � ýáþÜÿ�� à�� : gakkai-j-0000342489� �(ÈYÉ[ýáþÜÿ�� à�� � : gakkai-j-0000340080� ËÙÈYÉ[ýáþÜÿ�� à�� : gakkai-j-0000345205� ÌÙÍYÏ : gakkai-j-0000343562 gakkai-j-0000344216gakkai-j-0000345141����� Ñ��ÜÌ_ÍYÏ : gakkai-j-0000343604�
64 ��ÓjÝ�Ì_ÍYÏ : gakkai-j-0000342940��� â Ý��ÊÌ_ÍYÏ : gakkai-j-0000342091��� Ó� !��"�#_ÌáÍYÏ : gakkai-j-0000342093��$ à "&%'�ÊÌ_ÍYÏ : gakkai-j-0000342157��(�)+*+, Ì_ÍYÏ : gakkai-j-0000342728��-�. � Ì_ÍYÏ : gakkai-j-0000342159�
SMP

� Ì_ÍYÏ : gakkai-j-0000343419� ÈÞÉÊÌ_ÍYÏ : gakkai-j-0000340082 gakkai-j-0000340084 gakkai-j-0000340086 ...�+/!0 ÈYÉÊÌ_ÍYÏ : gakkai-j-0000345206� â21 # �
� ÈYÉÊÌ_ÍÜÏ : gakkai-j-0000342073�+(!)3�'$54 � ÈYÉÊÌáÍYÏ : gakkai-j-0000342206� ËÙÈYÉÊÌ_ÍYÏ : gakkai-j-0000340098 gakkai-j-0000342135 gakkai-j-0000342136...

Figure 3. Example of Search Results

Theitemslistedbellow areprocessesof parallelized
structuralization. Theseprocessesare executedon
master-slave system.

1. Slavesconstructconceptualstructuresusingtheir
own input data,andsendtheir own information
of themto master.

2. Mastertotalsthemandbroadcastsnew informa-
tion for distribution of knowledgeresources.

3. Slavessendandreceiveconceptualstructuresus-
ing receivedinformation,andre-constructthem.

Conceptualstructuresaredistributedonaveragebased
onhierarchicalrelationshipsby aboveprocesses.The-
sesprocessesareexecutedwhenever new knowledge
resourcesareinserted.Figure4 shows theexampleof
abovestructuralization.

In our system,conceptualstructuresaredistributed
slave processes.Therefore,informationretrieval con-
sistsof searchingqueries,totalizationof conceptual
structures,andre-constructionof them.Thefollowing
itemsaretheprocessesof informationretrieval.

1. Masterbroadcastsa queryto slaves.

2. Eachslavesreceivesit anddoessearchprocesses.

3. Slavessendconceptualstructureswhichareasso-
ciatedwith thequerywhenit is matched.

4. Masterreceiveandre-constructthem.
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Figure 4. Parallel Structuralization of Organiz ed Kno wledg e Resour ces

Whenusersneedmore information,above processes
areexecutedagainusinga new query. Figure5 shows
theexampleof informationretrieval whosequeriesare
“ ÌNÍYÏ ” and“ ýáþÜÿ�� à�� ”.

Prototypeof above parallelsystemwhich supports
only hierarchicalrelationshipsis completed.

7 Conclusionsand Futur e Works

Structuralizationof organizedknowledgeresources
showsusefulnessto realizeadvancedfunctionsfor se-
mantic contentsof information as new functions of
computerwhich are demandedfor the global flow
of informationwhich is beingprogressedat unprece-
dentedspeed.In thispaper, wereporttheutilizationof
structuralizedknowledgeresourcesbasedonsemantic
relationshipsfor informationretrieval.

Thereare two future works. One is to implement
morecomplex andflexible conceptualstructures.An-
otheris to expandtheparallelizationof oursystem.
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