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The successful emergence of the Information and Mamcation Technologies (ICT) has contributed te #fficiency improvement in a
number of economic sectors. However, some stragginomic sectors, such as construction, haveawt targeted enough yet. Construction-
related ICT solutions lack mechanisms to permitetffiective integration of the whole supply chaieng&ntic Web can tackle these issues. This
paper presents a methodology for acquiring knovéeftgm construction-related databases. A domaimlogy has been developed that

contains the relevant concepts regarding supplyagement in the construction domain. The methodolmgically consists of mapping the
database content onto the ontology and a furth&tie’s population by applying a set of mappirigsu

Venemnoe nosiBieHHe HHPOPMALHOHHO-KOMMYHHKAUHOHHBIX TexHooruid (MKT) BHecio CBOit BKiIaa B NOBbILCHHE d((HEKTHBHOCTH MHOTHX
CEKTOPOB 3KOHOMHKH. OJIHAaKO, HEKOTOPBIE CTPATErHYECKUE SKOHOMHYECKHE CEKTOPA, TAKHE, KaK CTPOUTENILCTBO, HE OBLIH BCE JKE JIOCTATOYHO
nccnenoBansl. CBsi3aHHBIC €O CTPOHTENbCTBOM pemeHnst VKT HCIBITBIBAIOT HEJOCTATOK B MEXaHU3Max, MO3BOJIIIOIINX pa3peliaTh MpooiIeMbl
3} (eKTUBHON MHTErpaluy NOJIHOH 1enodku noctaBkd. CemanTnyeckast CeTh MOXKET 3aHATHCS 3THMHU NpodieMaMu. DTa CTaThs NPEJICTABISIET
METOI0JIOTHIO, TTO3BOJISIONIYIO M3BJICKAaTh 3HaHUE M3 0a3 JaHHBIX, CBS3aHHBIX CO CTPOMTEIBCTBOM . Bbula pa3paboTaHa OHTONOTHS AOMEHa,
cozepiKalasi PEICBaHTHBIC HMOHSTHS, KaCAFOIIHECs YIIPABICHHUS [IOCTABKAMU B JOMEHE CTPOHMTEIHCTBA. METOMOIOTHSI B OCHOBHOM COCTOHT H3
0TOOpaXKeHHs COZIepkKaHMs Oa3bl JaHHBIX HA OHTOJIOTHIO ¥ JIAJIBHEHILEro ¢ 3all0HEHNUS , IPUMEH Habop MPaBHII 0TOOPaXKEHHS .

I ntroduction

The construction sector requires the effective rgament of large volume of data, information abauitding site
processes, provider data, and so on. Most of teeinahis sector focuses on supplies and manpomsrse efficient
management would produce both money and time saviBgsides, properties prices would decrease immigium
term. Each building is different and it should lveated as such. Customers should be able to geenies in
accordance to their specific preferences. Howethare are different elements in each building, @sting ideas
between customers and builders. In addition tq this information regarding a particular buildiritesan be so wide
that a classification mechanism becomes necessanygler to take advantage of it. Furthermore, lenfcand customers
must deal with supplies from different supplieredaeach supplier has its own information system wag of
structuring the information concerning its supplighis situation also happens with suppliers of shene type of
product. Hence, mechanisms for harmonizing thigregeneity should be pursued in order to facilitate labour of
both builders and customers.

Additionally, part of the knowledge and experier@guired from the development of a new buildingusrently
kept by the personnel who have worked in that mgicite. Only in case the very same personnel svarkanother
building site this knowledge and experience couddrbused, otherwise it would be lost. Thus, if kmwledge
acquired by the personnel is stored and matcheihsighe potential customers’ knowledge, a bettgapy schedule
could be performed either automatically or sembadtically (i.e. supervised). Furthermore, if thaformation is
shareable and reusable by different members oft#i€ in the same company, the management andatarftithe
supply material could be done more efficiently witthe company.

Traditionally, adaptors and exchange formats haaenkapplied to promote interoperability betweemrimation
systems, without significant success yet. To fageproblem, alternative approaches have been peapthat make use
of semantic technologies to facilitate integration interoperability [1]. An advantage of using s@iit approaches is
the fact that they do not require to replace cuririegration technologies, databases and appicaitiMoreover, they
add a new layer that takes advantage of the alresidting infrastructure [2]. Semantic Web techigids [3] are useful
for our purpose. Amongst the core Semantic Welthnglogies, ontologies are basic to promote semantic
interoperability between independent and heteragenesystems such as the World Wide Web. Modelthey
information by means of ontologies leads to an remwvhent where builders can be aware of all therin&dion
regarding a building site at any time. Ontologiesrnpit shareable, reusable, and machine-readablesimgdof
information, so most of the tasks regarding th&irimation management information can be automatadreby, the
organization increases its processes efficiencyhasdall the relevant elements needed to make émadpcontrol of
the supplies integrated.

© F. Garcia-Sanchez, J.T. Fernandez-Breis, R. MazrtBejar, 2008
ISSN 1727-4907. Ilpo6aemu nporpamyBanns. 2008. Ne 2-3. Cneuianvnuii sunyck 431



Mooeni i 3acobou cucmem 6a3 0anux i 3HAHD

In practical settings, ontologies are more and mm&d in information management due to the advastédoey
have. On the one hand, ontologies are reusableistha same ontology can be reused in differeptiegtions, either
individually or in combination with other ontologie On the other hand, ontologies are shareablé¢, ishaheir
knowledge allows for being shared by a particu@nmunity.

The main goal of the approach presented here aldw for the creation, integration and managentdrgupply
information in the construction domain. Such apploés based on Knowledge Management and Semantic We
technologies. Basically, the information that igaiteed from databases and heterogeneous souraesdslled by
means of knowledge management systems. Afterdfégrent tools can be ideated in order to allowoatimal access
and management to the relevant supply informatiahé construction domain.

The rest of the paper is organized as follows. i&e@ offers an overview on the technologies agplie this
approach. In Section 3, the methodology for knogtedcquisition from databases in construction &deed and an
example is depicted in Section 4 in order to show the methodology works. Finally, in Section 5 sooonclusions
and further work plans are presented.

1. Methodological Foundations

The approach presented here aims at putting togdifierent technologies related to the SemantidWaich as
ontologies (due to their adequacy in solving inatign and interoperability problems) and Schemadridtion. This
section presents a brief overview of these tectyietoand how the proposed solution benefits froair thse.

1.1 Ontologies. One of the most widespread definitions is ontolagyrom Gruber's [4]: "An ontology is an
explicit specification of a conceptualization”. Amtology represents a common, shareable and reusaw of a
particular application domain. Moreover, ontologi@® used to give meaning to information structulest are
exchanged by information systems. An ontology &eatally a formal and structure information cortc@pmodel. An
ontology is here seen as a semantic model contagoncepts, their properties, interconceptual imat and axioms
related to the previous elements. In this work, oh¢he objectives is to organize and model infdfaraabout the
construction domain into ontologies. For it, akaaomies (e.g. there are different classes of britiles, slabs, etc),
partonomies (e.g. a brick is part of a wall, theetkeén is part of a house), and chronologies (eg.have to paint after
every wall and the roof have been pargeted) catefiaed. In this work, the ontological content igreessed by using
the Ontology Web Language (OWL), which is the W@Cammendation for exchange of ontologies on the \Wékb
Ontology Working Group, 2004).

1.2 Ontologies for Integration and Interoperability. Nowadays, databases contain a huge amount of data.
However, the integration of different databasesrifer to provide a uniform access to them has eenlfully provided
yet. Data integration requires real-time transfdioms of the information that flows between systermi$ie
transformations must take into account the sematitierences between the applications. The mosoitapt factors
that make it difficult to integrate and obtain imperability between systems are the semantic andtsral
heterogeneity, as well as the different meaninggasd to information by different systems. In thantext, ontologies
facilitate the human understanding of the inforomtbesides the information-based access and tloemafion
integration from very different information systen@ntologies allow for differentiating among resces, and this is
especially useful when there are resources withr@ant data. Thus, they help to fully understared tteaning and
context of information. This is important for oubjective of achieving semantic interoperability amgodifferent
resources. Ontologies have been already useddantigration of databases in order to provideragerability among
different information systems in different domaswch as biology and medicine. Examples can be fauf], where
ontologies were used to promote integration andramerability between information systems for threedical
communities by combining data with HL7 and termagiés such as UMLS, MEDCIN and SMOMED, or [6] where
they are used to promote interoperability amongtedaic healthcare records information models.

1.3 Schema Integration. Another approach related to this work is that dfi@na Integration. It is defined as “the
process of generating one or more integrated schémm existing schemas” [7]. The goal of the schéntegration
methods is to allow applications to transparentfywand query data from multiple data sources dkedy were one
uniform data source. The idea in schema integrasion use mapping rules to handle the structufdrénces between
the different data sources.

In [8] the authors present a four-phase integragioocess. The first phase is called ‘Preintegrtiomoment in
which database administrators and designers sabemas, decide the order of integration and sittegration policy
or preference. During the second phase the schamaanalyzed and compared to detect possible schadhalata
conflicts. In the third phase, the requirements emflicts for the merging are identified, requgia close interaction
between designers and users. Finally, the actisdnsa combination is performed. The blackboard techire has
been also use for schema integration [9]. Usinghilhekboard architecture, multiple knowledge agemtse able to
cooperate in spite of accessing different dispetateviedge sources.
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2. A Methodology for the Semantic Management of Construction Supplies

The methodology presented in this work consistéoaf steps. The final aim of the methodology isatmuire
knowledge (in the form of an instantiated ontolofgm relational databases in the constructionasedt focuses on
the construction domain but could be generalizechtg other domain that shares some of the propediethe
construction sector such as its stability (i.e. redaments that modify the domain model do not ugwsdpear over
time).

— Step 1: Build a general domain ontology schemeirguthis step, the ontology scheme is developed tis task,
in-depth knowledge of the domain is required. Thastruction of this ontology is critical as it has influence on
the rest of the process. Thus, an expert is resilerfor manually doing this step. Once the schésngomplete it
can be extended according to changes in the domain.

Repeat for each database...

— Step 2: Get the map between the ontology and &aetd database. In order to be able to instantiagedifferent
concepts of the ontology resulting from carryind 8tep 1 with the contents of the databases, a imgy@tween
them is needed. The mapping process is manuallg.déach element in the database scheme (i.e.ealdtabase
columns) is to be matched, on a one-by-one bagénst an element of the ontology (i.e., a concaproperty or an
interconceptual relation). This step may also gise to refinements in the ontology.

— Step 3: Populate the ontology. The third step efritethodology concerns the process of populatiagptitology.
Now, using the mapping rules previously obtainéd information contained in the database is mapped its
correspondent element of the ontology. During fiiscess, which is automatically performed, newansés of
ontological elements are created along with the@ason between the attributes (i.e. concept prigs and their
values.

End Repeat.

— Step 4: Ontology evolution. The general ontologlgesna should evolve according to the changes praduncthe
world (requirements, source databases, etc). Toreref continuous checking process needs to berpefl to
assure the consistency.

At this moment in time, most of the steps that cosgpthe methodology have to be performed manuidibyever,
in the near future it is expected that researctifferent application fields will lead to a fullyjusomated process.

3. Example

In this section an application of the methodologyder question is illustrated by means of an examples
example use represents a typical problem in trienigtegrate the access to two different databasethat user queries
are uniform. In particular, two different relatidritabases referring to the same real world elésrimut with different
data schemes are integrated by means of a commenagj@ntology model.

The first step, as indicated in the methodologypiget a general domain ontology scheme. It hamtdone once for
each different application domain. As we are degliith the construction industry, the ontology stieeto develop
should show the concepts and specific featurehisfdomain. Several different ontology models cduddconstructed
depending on the modeller’s point of view or theaete properties of the problem to be solved.ign E, an extract of
the domain ontology is depicted. The OWL file of ethwhole ontology can be found at
http://klt.inf.um.es/ontologies/ConstructionSuppdanagement.owl.

' Organization
Order Customer

Supplier

Construction_supply )

‘Economic_activity

Fig. 1. Domain ontology
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Four main concepts can be highlighted: ¢ékenomic activityvhich a company is engaged in, tirganizationthat
needs or can provide a supply, treder a company makes to another related to a particalastruction material, and
the actuakonstruction supplprdered. Apart from both customers and suppligrs,taxonomies have been designed,
the economic activities taxonomy, and the buildamgl construction taxonomy. In this figure, diffdrarterconceptual
relations are depicted. For example, each orgaaizgerforms its activity in a particular sectorexronomic activity,
or the consumer organization (i.e. customer) malkesrder of a supply to a provider organizatioe. (gupplier). The
economic activities taxonomy is based on the “imiéional Standard Industrial Classification of &tonomic
Activities, Revision 3.1" that is maintained by thited Nation Statistics Division, Statistical €ification Section
(http://unstats.un.org/unsd/cr/family2.asp?Cl=17).

The construction supplies taxonomy is based on »ontamy previously developed by WAND Inc.
(www.wandinc.com) and found through the Taxonomyr&tause (www.taxonomywarehouse.com).

For the next step, according to the methodologyritesd, the databases need to be identified. makample, we
are dealing with simple data schemes as showreirficlfowing figures (Fig. 2 and Fig. 3). The schemepresent two
different models related to construction supplynsactions. Scheme A can be the one used by a sugpimpany
while scheme B can be the one used by the build@peany that needs supplies. Although they are réifiie they aim
at modelling the same domain elements.

Order
Company PK |ID Good
PK |ID PK |ID
— | FK2 |Company_ID I
Name FK1 | Good_ID Type
Address Quantity Subtype
Telephone Price Description
Date

Fig. 2. Database Scheme A

SupplyOrder
PK |ID Organization
PK |ID
Amount
Price . CorporateName
Day Lal Street
Month Number
Year City
SupplyType Country
SupplyDescription PhoneMumber
FK1 | Organization|D e —

Fig. 3. Database Scheme B

The entity-relation diagram in Fig. 2 presents ¢huifferent entities (Company, Order, and Good) &and
relations. The database itself would consist aé¢hiables, each including a primary key (ID forrguable) and table
Order holding two foreign keys (Company_ID and Good_IDhe entity-relation diagram in Fig. 3 presentsnailar
scheme to that in Fig. 2 but with a number of dédfeces. On the one hand, supplies are modellecsing wlifferent
relational entities. Model A consists of three &g, one for companies, one for goods and onerders, whereas
Model B represents supplies orders with one siagtéy, SupplyOrder

Besides, several attributes have changed in diffevays. For exampl&uantityin scheme A is termedimountin
scheme B. On the other hand, attribute Addresstiarae A has been split up into four different htités in scheme B,
namelyStreet Number City, andCountry These differences would make it harder for corgsato communicate with
business partners. Once the databases have bewifiede the manual mapping process starts. Asas wxplained
above, this step is to be done manually becausatsfactory automatic solution to this problem basn obtained yet.
For each database scheme, a separate mapping sleodédined. Moreover, for each element in thelztegda scheme a
unique relation with an element of the ontology t@mbe identified. The mappings found between thi®logy model
and both database models are graphically represantég. 4. It is worthy to explain some of theci#ons taken when
elaborating the mapping rules. For example, congbasigibutes in the databases, sucAddressandDate in database
A, are mapped onto ontology concepts. Thereformethod for splitting up both attribute values antfilfing the
concepts properties has been applied. On the btret, database foreign keys are mapped not to pbattebutes but
to interconceptual relationships. Thus, for exampt&ibuteCompany_IDin database A corresponds with the relation
between conceg@rder and concepDrganizationin the ontology.
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Domain Ontology

______—0Organization ’.;_ B L
e 7___/ | Name h"'"‘x‘_
.—'/-/-- o --"'__(____ Address i S g,
"y A W —Telephone ha T = A
/ / B . Ty Compan |
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fi .3 e ~_ |PK |ID
PK |ID £ | Gtreet i . i |
/ = / 2 N, i, e |
| T ! = Name
f CorporateName! | /—__ | Mumber N Sl II.‘
[ Street — —| City 11— Telephone |
| Number — |
| L i | Fostal Code A |
County— 7| =~ N |
Pho neiumb@r / Caonity «’/_‘ |
| * / Order PK |ID
| Quantity f
[ e ~e | FK2 | Company_ID
‘ SupplyOrder | SR —— |Pk1 |Good D7
| PK |ID \ S ————— || Quantity \
|I == - K) e Date T Price |
| Amount-——" /| Date
\ Price = Supplier — I \
| Day — 1 Custarer S — o ||
\ [T — o Good \
\ Year— p— B h Date Bupply - e 2 PK |ID I\
SupplyType’” ™ S N z S — B 1wl |
= SupplyDescription N N ay T
: izati B TPl cod ype |
FKi™| OrganizationlD ¢ [ Month S e Subtype
\\ \.\ 3 o / _— A Description |
\ Ny ear el == = )
Database scheme B %R — Supply d——3 - T/_,: = o
\ =" [beserpton}-—|—Database scheme A
B et Subtype

Fig. 4. Mapping rules

The final step in the methodology refers to thecpss of automatically populating the ontology. tdes to do this,
it is needed to take into account the mappingssrpieviously defined. From each attribute of eash in the database
tables new instances in the ontology emerge anéuHileed. In the following tables, a few of thews in the tables are

shown.
In Table 1, a few rows of tabféompanyin database A are depicted. This table containsdifferent rows for two

different companies and their data.

Table 1. Table ‘Company’; Database A

ID Name Address Telephone
1 Company Al Address A | +34111 111111
2 Company B| Address B | +34 222 222222

In Table 2, two types of supplies are presentedaabdef description of each is given. They beltmgableGood
in database A.

Table 2. Table ‘Good’; Database A

ID Type Subtype Description
1 Construction Brick Clay bricks. The dimensions
material are 230 x 110 x 76 mm
2 Lighting Bulb E14 / E27 screw fittings, used
in continental Europe. 100 W,
1700 lumens

In Table 3 the last table pertaining to database gxesented, the tab@@rder. Two rows of this table are shown.

Table 3. Table ‘Order’; Database A

ID | Company_| | Good | | Quantity Price Date
D D
1 1 2 500 1000 02/05/2Q0
5
2 |2 1 1000 2000 10/12/200
5
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In Table 4, the entitPrganizationof database B is depicted. The data regardingdifferent rows are revealed.

Table 4. Table ‘Organization’; Database B

ID | CorporateNa | Street | Numbe | City |Country| Telephone
me r
1 | Company C StC 45 Madii Spain +34 111
d 111111
2 | Company D StD 21 Galwglreland | +34 222
y 222222

In Table 5, two supply orders are highlighted. Thelong to tabl&upplyOrdeiin database B.
From these data stored in the different databasgsint set of ontology instances emerges. In Bigsome of the
instances obtained from these heterogeneous dateescare depicted. They have been generated Ositayiz plug-in
for Protégé. Thus, the feasibility of offering anomon view from heterogeneous data sources is prdvshould be
noted that real names of the companies have bé&amtionally replaced.

Table 5. Table 'SupplyOrder’; Database B

ID | Amount | Price | Day | .. | .. | SupplyTyp | .. | Organizationl
e D
1 120 500 | 25 | .| .. Door o2
2 2000 4 10 | .| . Lighting S0 1
Order 2
Order_3
- order_quantity = ‘ 1000
order_quantity = ‘ 20
order price = ‘ 2000.0
order_price = 500.0
order_customer = ‘ Company_B
order_customer = ‘ Company_D " -
order_supplier = ‘ Company C_Supplier
order_supplier = ‘ Company A_Supplier .
order_supply = ClayBrick
order_date= ‘ Date 3
%msupplier or derdak{dercust omer ﬁeﬂ'wst om a/)rdm‘supplier\zdersuppb\gzdﬂ _date
4
Company_A_Supplier Date_3 ‘ Company_D ‘ Company B ‘ Company_C_Supplier ClayBrick Date_2 ‘
rganization_address yrganization_address E}A‘gﬂlﬁzntion_ﬂd&h‘ess P‘galﬁzation_ﬂd&h‘ess

Company_A_Address Company D_Address Company_B_Address Company_C_Address

Fig. 5. Ontology instances

4. Conclusionsand Future Work

The emergence of the Semantic Web has led to ttableshment of ontologies as the de facto standard
knowledge representation. Ontologies permit shaeeabusable, and machine-readable modeling ofrimdtion, so
most of the task regarding the management of tleenration can be automated. The use of ontologéssthen been
widespread across many economic sectors. Howewestreiction and building sector has not been tathetough yet
and there is no effective approach to allow foreetfre data exchange between business partnetssirdomain.
Besides, a more sophisticated solution would peamketter understanding of company’s own processeks an
improved supply management.

In this paper, a methodology for knowledge acqoisifrom databases in the construction domain ésgmted.
The methodology consists of a set of simple steasléads to the elaboration and instantiation@framon and shared
ontology. This ontology usefulness is twofold: dcilitates a proper control over data and a betteterstanding of
supply statuses, and it allows for effective datahange between builders and their suppliers. ethodology is
based on previous research studies on knowledgewdisy and knowledge discovery from databases, elsas on
ontology learning and data integration. We clairatthy applying ontology learning techniques andolmgfies as
knowledge representation, results in knowledgeodisy from databases can be improved.

This constitutes a solution to a major issue in panies’ relationships, intercommunication. In thelding and
construction industry, a common issue to solve app@hen both the supplier and the builder do hatesa common
data model. By sharing a common ontology in an ufme!| of abstraction, instead of exchanging mgssaontaining
elements of the database, both the supplier anduihder use terms of the ontology to intercommatec The ultimate
goal of the undergoing research presented herehsiitd a platform for supply information creatiantegration, and
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management in the building and construction dorbased on knowledge management technologies arfsetimantic
Web. This integrated platform would make it possifidr users to easily access to the knowledge esdjifrom

heterogeneous information sources and databaseshibdo be successfully accomplished, severatstoines should
be satisfied. The first step is the developmentaofVeb application for cooperative and automaticlding of

construction supply ontologies. Then, a user-friignterface need to be designed in order to enfibée users (i.e.
builders) to access in an intelligent manner to $ply information/knowledge stored. Finally, asowledge

acquisition is an incremental process, (semi)autemaechanisms for knowledge refinement should deated.
However, a number of challenges should be facedS@ne of these challenges are, for example, thetaation of
large, useful ontologies that are shared by mamy the (semi)automatic creation of mappings.
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