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SUMMARY

The geometric, legal, physical, economic, and emwvirental characteristics of property units
are utilized in valuation activities. Property vation registries and databases are supposed to
record these characteristics in relation to propenits that are subject to immovable property
valuation. Moreover, the links between valuatiogisgies and the other land administration
registries such as cadastre, land registry, bgldind dwelling should be specified. Apart
from procedural valuation standards, there is rerirationally accepted data standard that
defines the links and semantics of property vatuatiatabases. The 1SO 19152:2012 Land
Administration Domain Model (LADM), as an internatial land administration standard
focuses on legal requirements, but considers outsadpe specifications of external
information systems including valuation and taxatidatabases. A recently started joint
activity under International Federation of Survesy@IG) Commission 9 (Valuation and the
Management of Real Estate) and FIG Commission d4&e and Land Management) has
developed an information model for the specificatod valuation information maintained by
public authorities especially for property taxation

This paper investigates the use of INTERLIS toals the technical implementation of the
Valuation Information Model, which has been develdms a valuation extension of ISO
19152:2012 Land Administration Domain Model (LADM).

INTERLIS is a Swiss standard that enables mode#imgj integration of geographic data sets.
It provides a conceptual schema language that earséd to specify a data model in a neutral
system environment, similarly, class diagrams ef tmified Modeling Language (UML). It
is compatible with international standards like UMKML and GML. INTERLIS also
provide some tools for the implementation of cotaapmodels into technical models. The
core LADM, a number of the 1ISO191xx base models sorde LADM country profiles were
already expressed in INTERLIS standard.

This paper presents definition of classes, code ésad constraints of the LADM Valuation
Information Model and its Turkish Country Profile INTERLIS. It also discusses possible
advantageous of INTERLIS tools (UML editor, compilehecker, validator and loader) such
as system neutral data exchange format, compgtiliith relevant international standards,
reusable and extensible conceptual schema langaangk automatic translation from the
conceptual model to physical model.
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1. INTRODUCTION

Immovable property valuation is performed by pub$iector actors for several land
management activities, such as property taxatigpropriation or compulsory purchase of
land, land readjustment and land consolidation rdfloee, appropriate systems are needed for
fair and timely valuation of tenure rights for landd immovable property. The geometric,
legal, physical, economic, and environmental charéstics of property units are utilized in
valuation activities. Property valuation registri@sdatabases are supposed to record these
characteristics in relation to property units the¢ subject to immovable property valuation.
Moreover, the links between valuation registried #&me other land administration registries
such as cadastre, land registry, building and dgeBhould be specified for constructing the
spatial data infrastructure. Apart from existingluadion standards that focus more on
concepts and terminology of value, valuer, and at&bm practices, there is no internationally
accepted data standard that defines semanticsopeqy valuation registries and the links
between valuation registries and the other landiidtration registries. The 1SO 19152:2012
Land Administration Domain Model (LADM), as an imational land administration
standard focuses on legal requirements, but corssmlé of scope specifications of external
information systems including valuation and taxatidatabases. A recently started joint
activity under International Federation of Survey(fIG) Commission 9 (Valuation and the
Management of Real Estate) and FIG Commission d4€ee and Land Management) has
developed a conceptual model for the specificatibraluation information maintained by
public authorities especially for property taxation

A conceptual model identifies the objects of the@sdgn domain, their characteristics, the
associations among them, constraints and the apesabn each. The conceptual model
makes data modeling independent from implementasipecific issues, like changes in
physical storage and performance tuning (KelleQ91%. 50). From the given conceptual
schema and with the help of binding rules, theasgonding physical schema can be directly
derivable based on a Conceptual Schema Languade (€3 Data Description Language
(DDL). The strengths and limitations of a proposeticeptual model can be exploited with
the transformation of a conceptual model into aspgtal database (e.g. PostgreSQL and
Oracle Spatial 11g) or a data exchange format eML/XSD, GML) or a graphical user
interface. There are a number of tools availabletgomating this transformation and several
of these are applied by the INTERLIS.

INTERLIS is a national standard (SN 312031) implated by the Swiss Federal Directorate
for Cadastral Surveying. The INTERLIS standard baremployed for data modeling, spatial
data exchange, and integration of data model gpbgranodels (KOGIS, 2006). It was

initially designed for land administration, butist not restricted to land administration data
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modeling. Due to its flexibility, it has become paof the Swiss Federal Act on
Geoinformation in 2007. The conceptual schema laggwf the INTERLIS provides precise
description of the international data standards @ndan be utilized for generating its
corresponding technical implementation and load esogeographical data afterwards
(Germann et al, 2015). In other words, it autonadiffc converts conceptual schema
definitions into computer-processable format.

There are a number of implementations of INTERLiShe land administration domain, as
LADM based country profiles of three countries, méyrSwitzerland, Greece and Colombia,
were developed for INTERLIS (Kalogianni et al, 2D1The present paper investigates the
use of INTERLIS tools for the technical implemeratof the Valuation Information Model,
which has been developed as a valuation extengit® 19152:2012 Land Administration
Domain Model (LADM). Moreover, these tools are atsaployed for implementation of the
Turkish Country Profile of the LADM Valuation Inforation Model (Kara et al, 2018b). The
INTERLIS tools (UML editor, compiler, checker, vdditor and loader) are investigated to
assess benefits and drawbacks in the translatiom tine conceptual model to physical model.
Moreover, the potential of INTERLIS regarding thafication of legal and physical objects
related to property valuation is assessed.

The remaining part of the paper is organized dsvic: The INTERLIS standard and tools
are presented in Section 2. This section also ex@snthe previous implementation of
INTERLIS in the geographic domain. Section 3 gia@soverview of the LADM Valuation
Information Model and the Turkish Country ProfilEhe INTERLIS implementation of the
LADM Valuation Information Model and the Turkish Qatry Profile is presented in Section
4. The strengths and limitations encountered durmgementation are also discussed in this
section. The last section suggests further researdltoncludes the present paper.

2. A STANDARD FOR LAND ADMINISTRATION INTERLIS

INTERLIS is an object-oriented conceptual schenmguage (CSL), which is being used to
define data models in textual form with a rigid qarter readable syntax (COGIS, 2006).
Geographic data can be documented in a comprelersygtem-neutral manner with the
model-based approach of the INTERLIS. It providdsamework to storing features, updates
and graphic presentations of standards definit{tadler, 1999). An implementation of any
INTERLIS data model is done in several steps, ngradta modeling, model validation,
translation of conceptual model to technical, detiddation, and data acquisition (Jenni et al,
2017). INTERLIS provides wide range of free toals the implementation of conceptual data
models, namely, INTERLIS/UML-editor, INTERLIS-Conigi, INTERLIS SQL DB,
INTERLIS Validator, and other supplementary tools.

INTERLIS/UML-editor is used to visualize INTERLISath models as UML diagrams. It is
also used to generate INTERLIS data models fila)(from the UML diagram definitions.
Since the INTERLIS data models files is an ASCl fit can be read and modified in any
ASCII editor. It is compatible with the internatainstandards such as UML, XMI Rational
Rose, XML schema and GML schema.
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The syntactic and semantic compliance of a newdptedd INTERLIS data model is validated
with the INTERLIS-Compiler (ili2c). The correctnes$ INTERLIS data model files (*.ili)
can be checked with this tool. The INTERLIS chedkel can also be used to create XML
schema, GML schema and XML-based exchange formdir (Xles) of the validated
INTERLIS data model.

INTERLIS provides a number of tools for translatmfithe INTERLIS data model files to the
relational databases. The translation of the INTESRdata model to a database is a so-called
object-relational mapping (O/R mapping). Therearaimber of tools (INTERLIS SQL DB —
ili2db) of INTERLIS that can be used for the O/Rppang, automatically. For example, the
ili2ora tool can be used for converting INTERLIStalanodels to the ORACLE database.
Similarly, the ili2pg and ili2gpgk tools can be dder the translation to PostgreSQL/PostGIS
and OGC Geopackage, respectively. Moreover, ilidge@oader for ESRI GDB), iliamdb
(loader for Microsoft Access), and ili2mssqgl (load®r Microsoft SQL server) were
developed as a part of the ili2db project. It isedathat the these tools not only deals with the
translation of INTERLIS data model definitions tieetrelational databases, but also load
INTERLIS data into the databases and extract INTEERlata from the databases. Moreover,
these tools support not only 2D geometry typesalad 3D geometry and topology.

The data validation tool of INTERLIS (iliValidatorls one of the big advantage of the
INTERLIS. It gives an opportunity for validating me compliancy of data against its
conceptual data model (Germann et al, 2014). Th@sin validation are logged in a simple
ASCII log file or in an INTERLIS transfer file. Thitool can also be used as programming
library for integrating the data validation in etitig) software, web services and/or existing
processes (Jenni et al, 2017). The validator atfsrsothe possibility of validating complex
spatial and non-spatial constraints.

An INTERLIS plugin for the QGIS software, the projeenerator plugin, was developed in
last year. This tool can be employed for genergpimgsical models from INTERLIS models
and capturing, importing, editing and exportingadab INTERLIS transfer files (XTF)
(Kalogianni et al, 2017). Another tool of INTERLIS the Reader/Writer to FME (ili2fme).
This tool is used in order to read and write INTERImodels to the Feature Manipulation
Engine (FME) and write data in different data exajea format via appropriate mapping
parameter.

There are a number of features that make INTERLIGue. For example, the INTERLIS
data model can be directly processed in open argbdlsource software tools by means of
the wide range of free INTERLIS tools. The relatiband object-oriented data models can be
described in a system neutral way. It is possiblequiality check spatial data including
geometric attributes against INTERLIS data modeth wonstraints. 3D geometry types are
supported by INTERLIS data model including ISO 1B1GM_Solid. Topological
relationships and constraints can also be incluoedNTERLIS conceptual language.
INTERLIS automatically converts the code list ckesdo the databases. Moreover, both
logical and spatial constraints expressed in thEEHRLIS conceptual schema language can
also be automatically converted to the databases.
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The LADM ISO 19152 and a number of ISO 19100 sestaadard including ISO 19107, ISO
19115, and ISO 19156 were described with INTERLIStie Swiss Land Management
(SLM). The second version of the INTERLIS data mioafeLADM was described in the
context of the Project ‘Modernization of Land Adiisimation in Colombia’. The second
version LADM described in INTERLIS and the secorsion of ISO 19107 in INTERLIS
supports both 2D and 3D geometries (Jenni et dl7RMMoreover, the second version of
INTERLIS data model of LADM includes more code disand structures (e.g., Image,
ExtArchive), and more constraints in some classes.,( LA_SpatialUnitGroup and
LA _BAUnIt) (Kalogianni et al, 2017). There are also number of country specific
developments of INTERLIS in land administration dom LADM based country profiles of
three countries, namely Switzerland, Greece andr@loia were developments in INTERLIS.
In Switzerland, INTERLIS is currently being useddescribe more than 160 data models of
the Swiss National Data Infrastructure, includiragec cadastral data model, utility services
and urban planning (Germann et al, 2015). The INOIBRools were assessed for creating a
relational database for the representation of sewiahge of different types of spatial units
including 2D and 3D and aiming to establish an appate basis for the National Spatial
Data Infrastructure (NSDI) of Greece (Kalogianniagt2015; Kalogianni, 2016; Kalogianni
et al, 2017). LADM Colombia Country Profile was debed using the conceptual schema
language of INTERLIS, as well as the developmeradifitional open source software tools
(e.g. PostgreSQL, Geoserver, Leaflet, and Drupdlat tsupport the countrywide
implementation of the standard in the Modernizata@dnLand Administration project of
Colombia (Jenni et al, 2017).
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Figure 1. Workflow for implementation of a conceptual moal with INTERLIS tools (edited Jenni et al,
2017)
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Figure 1 above presents the workflow for implemamta new conceptual model based on
INTERLIS tools from data modeling to data exchargehis study, LADM based Valuation
Information Model and Turkish Country Profile aresdribed in INTERLIS data model. After
that, a prototype is developed in ORACLE databagh wsing INTERLIS tools. In other
words, INTERLIS UML Editor, INTERLIS Compiler, andli2ora’ tool for converting
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INTERLIS data models to the ORACLE database is usélde context of this research. Next
section gives a brief information on LADM Valuatidnformation Model and its Turkish
Country Profile.

3. AN OVERVIEW OF LADM VALUATION INFORMATION MODEL AND
TURKISH COUNTRY PROFILE

This section provides a brief overview of LADM Valion Information Model and Turkish
Country Profile. More detailed description of thADM Valuation Model is presented in
Kara et al (2017, 2018a) and of the LADM Valuatiodel Turkish Country Profile in Kara
et al (2018b). Figure 2 presents the LADM-basedustidn Information Model that also
modeled time series data, labelled with the préfid and developed through the
specification of the ExtValuation class of LADM.

VersionedObject VersionedObject VersionedObject
«featureType» featureTypen —— «featureType»
.. 1 . ; VM_MassAppraisal
Party::LA_Party VM_Valuation U PP
0.* 1. 1.0 0.* 0.*
| 0.t | 0t 0. 0.t 1.0
VersionedObject VersionedObject VersionedObject
«feature Type» «fealureType» 1. ’ wfeatureTypes
Administrative::LA_BAUnit |— VM_TransactionPrices VM_SalesStatistics
0 0or 0.*
0.1 |1 1 <; 0.1 |ou - <;u1 0. 1t
or fps o (g | VersionedObject VersionedObject
VersionedObject «featureType» - - «featureType»
«eatureTypen VM _ValuationUnit VM_ValuationUnitGroup
Spatial Unit::LA_SpatialUnit 0.t | o4 0.4 0.
& -
or
Versioned Object foalureTypos
«featureType» Spatial Unit::LA_SpatialUnitGroup
VM_SpatialUnit

1.*

0. 0.1 0.1

VersionedObject VersionedObject
«featureType» «featureType»
VM_AbstractBuilding VM_CondominiumUnit
f|\ ? 2.1
L ]

VersionedObject VersionedObject

«featureType» «featureTypen

VM_Building VM_CondominiumBuilding

Figure 2. The core classes of LADM Valuation Infornation Model

The main purpose of LADM Valuation Information Mddes to specify semantics of
inventories used in immovable property valuationdmdor public purposes and relations
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between them. It has been designed to facilitaterdeng information in relation to all stages
of property valuation applied for recurrently ledisnmovable property taxation, namely the
identification of properties, assessment of praoesrithrough single or mass appraisal
procedures, generation and representation of sgdistics. It enables the recording of data
concerning the parties that are involved in vahratpractices, property objects that are
subject of valuation, as well as their geometegal, physical, economic, and environmental
characteristics.

VersionedObject Versioned Object
«fealureType» «fealureTypes «featureType»
} K -
Party::LA_Party 1 o VM_Valuation TR_Valuation
o - T
o (; 0.4 [
0 0. o VersionedObject Versioned Object «feature Types

VersionedObject «fealureType» < TR_ValuationUnitGroup

«featureType»
'M_ValuationUnitGroup|

eauclvpes VM_TransactionPrices

Administrative::LA_BAUnit

0.0

0
(;n1 0 1 0.1

VersionedObject| °-

0.1

featureType» «fealureTypex
Jnit TR_ExtTaxation

VM) i
Y 0.+ 5 0.1

VersionedObject . 0.1

«fealureType»
Spatial Unit::LA_SpatialUnit

7 7 . .

VersionedObject VersionedObject
«featureType» «featureType»
VM_SpatialUnit IVM_CondominiumUnit
A 1 e i

«featureType»
TR_Parcel

0 0.1

VersionedObject
«featureType» «featureT
> 5 ype»
TR_AbstractBuilding VM_AbstractBuilding
VersionedObject IT
<<fEE\UVETyP83> VersionedObject —
VM_Building «featureTyper «featureTypen»

TR_CondonimiumUnit!

VM_C

Figure 3. LADM Valuation Information Model Turkish Coun try Profile

Figure 3 shows classes of LADM Valuation Informati®lodel Turkish Country Profile. In
the country profile, ‘TR_’ prefix is used for thdasses of country profile. The turquoise,
vanilla and white colored classes present the cpymbfile, valuation information model,
and LADM, respectively. For the country profileethADM Valuation Model is extended for
the country profile with TR_Valuation, TR_ValuatignitGroup, TR_Parcel,
TR_AbstractBuilding, TR_CondominiumUnit and TR_EaKhtion classes. Moreover, the
model is extended with construction type, qualigpe, elevator, heating/air conditioning,
parcel type, parcel unit price per square metassessment rate and date, valuation group
type, and valuation party type attributes for costglly representing the valuation activities
conducted for recurrently levied immovable propéstyes in Turkey.

291
Abdullah Kara, Volkan Ggdas, Umit Isikdag, Peter van Oosterom, Christiaan Lemmen and Erik Sterbk|
The LADM Valuation Module based on INTERLIS

7" International FIG Workshop on the Land Administration Danidbdel
11-13 April 2018, Zagreb, Croatia



The INTERLIS implementation of LADM Valuation Inforation Model and Turkish Country
Profile are presented in the next section.

4. LADM VALUATION INFORMATION MODEL BASED ON INTERLIS

INTERLIS has some prerequisites for implementingA®M based model as an INTERLIS
data model. Since the LADM is based on the ISO 096€ries standards, including 1SO
19107, 1ISO 19111 and ISO 19115, the INTERLIS da@ing of these standards are needed
for a new data model implementation. As already tinead, 1ISO 19152 LADM and some
ISO 19100 series of standards were described a&ERNIS data model by Swiss Land
Management. Moreover, INTERLIS description of 1IS@1Q7 and ISO 19152 LADM were
improved in the project ‘Modernization of Land Adnstration in Colombia’. In the present
study, seven different INTERLIS data models (ISOs&8dSO 19107 _V1, ISO 19111, I1SO
19115, I1ISO 19156, LADM_Base, and LADM V1) were iagd for creating LADM
Valuation Information Model. Figure 4 presents #tack of INTERLIS models that were
used to describe the LADM Valuation Information Mband after that the Turkish Country
Profile.

LADM Valuation
Information Model
TR Country Profile

LADM Valuation Information Model

ISO 19152 Land Administration Domain Model (LADM)

ISO_Base, ISO 19107_V1, ISO 19111, ISO 19115, ISO 19156

Figure 4. The INTERLIS models used to describe LADMValuation Model and TR Country Profile

The INTERLIS/UML-editor is used to specify a contegd model according to an INTERLIS
data model. It is used for data visualization amdgenerating INTERLIS data models. This
editor provides a functionality to import an exigtiUML class diagram in XMI Rational
Rose format. Since the LADM Valuation Informatiorotiel was designed in the Enterprise
Architect software, which does not support XMl Ratl Rose format, the import
functionality cannot be used. Therefore, all thesses, relations, code lists and constraint of
LADM Valuation Information Model were manually detged in INTERLIS UML-editor,
after importing base INTERLIS data models includi8® 19107 and ISO 19152 LADM.

The conceptual schema languages of INTERLIS and MAdhare the same Model Driven
Approach (MDA) principles. Therefore, MDA princiglevere followed when the LADM
Valuation Information Model was described in theTEBRLIS data model. Figure 5 below
presents the VM_Valuation and VM_ValuationUnit UMtlasses and their INTERLIS
description.
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UML Diagram INTERLIS Description

CLASS VN_Valuation EXTENDS
LADM_V1.VersionedObject =
assessedVal ue: Currency;

VersionedObject dat eOf Val uat i on: XMLDate;
«featureType» st at usOf Appeal : LIST {0..1} OF
VM_Valuation VM_AppealStatus;
J— oy = — val uati onl D. MANDATORY Oid;
oAl s et val ueType: LIST {0.*} OF
+ statusOfAppeal: VM_AppealStatus [0..1] VM_VaIueType;
+ valuationID: Oid END VM _Valuation;
+ valueType: VM_ValueType [0..*]
+unit | 1.*
CLASS VM_ValuationUnit EXTENDS
, LADM_V1.VersionedObject =
valaution nei ghbor hoodType: LIST {0..1} OF
VM_NeighborhoodType;
+value | 1 val uati onUni t| D. MANDATORY Oid;

val uati onUni t Type: LIST {1..*} OF
VM_ValuationUnitType;
G ENDVM_ ValuationUnit;

VM_ValuationUnit

VersionedObject

+ neighborhoodType: VM_NeighborhoodType [0..1]

+  valuationUnitiD: Oid ASSOCI ATI ON valuation =

+ valuationUnitType: VM_ValuationUnitType [1..*] unit -- {1 *} TR ValuationUnit:

value -- {0..1} VM_Valuation;
END valuation;

Figure 5. LADM Valuation Information Model UML class di agram and its INTERLIS description

After the core classes of the model were definethen INTERLIS/UML-editor, code list
classes were described. Code lists are used foegsipg a list of potential values. It provides
more flexible values than enumerations. Kalogiatral (2017) proposed a database code list
management approach for hierarchical, semanticalye meaningful, and extensible code
lists. In this approach, code lists are designedstasctures with attributes, including an
identifier, begin life span version and end lifagersion. When a code list is extended, the
identifier of the parent code list is also includsdthe child code list.

Constraints in the INTERLIS language can be definadan object level or a class level
(Kalogianni et al, 2015). Moreover, constraintswesn classes and their instances also can
be described in INTERLIS. Constraints expressedhm INTERLIS conceptual schema
language can also be automatically converted todtdtebases. Primary key, foreign key,
check constraint and spatial constraint can benddfin a database. Furthermore, some ‘soft’
exceptions can be defined as constraints in databasich as exception list, percentage of
allowed violations, and conditions when the constraoes not apply (Kalogianni et al,
2017). When the LADM Valuation Information Model svalescribed in INTERLIS, some
constraints were defined in the model. For examplie valuation unit type defined in the
VM_ValuationUnit class is condominium, then the V@bndominiumUnit class should have
been created and populated with data, otherwise, ™hdominiumUnit is unnecessary. A
sample INTERLIS conceptual schema language fragfeemhodelling this ‘soft’ constraint

is displayed:
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CLASS VM_CondominiumUnit EXTENDS LADM_V1.VersionedObject =
cul D MANDATORY Oid,;

accessoryPart: BOOLEAN;

accessoryPart Type: MANDATORY (garage, laundry, shop, other);
condomi ni umAr ea: VM_BuildingAreaType;

fl oor Nurmber : Integer;

nunber Of Room Integer;

sharel nJoi nt Facility: Fraction;

MANDATORY CONSTRAI NT

VM_ValuationUnit.valuationUnitType = “condominium” ;
END VM_CondominiumUnit;

The same methodology was applied when Turkish GguRtofile of LADM Valuation
Information Model was described in INTERLIS. Figuepresents some of the classes and
attributes of LADM Valuation Information Model afidurkish Country Profile that defined in
the INTERLIS/Editor. Because of limited space, abhtthe data types, classes and code list
are displayed in this figure.

Wh_Waluation

0. TR_Waluation
assessedValue T
dateOffaluation dateDfR.e\raIaurlor
TR_WaluationUnit| o = 0.1 |appealStatus -Cl‘__—fe}fa“;a;’;nﬂate
neighborhoodType//_——————VID price
UtilityServices 1= valuationReportily
WwUID " WalueType
0. ValuationUnitTypeN 1.7
0.7 o.x - Wh_ValuationUnit&roul
TR_BAUni Wh_Spatiallnit 0.4 401 Waluation@roupName
name cumrentLandlUse vusID
type plannedLandUse
0.7 TR_YaluatienUnitGrou
groupType
a.- TR-_Parcal 0.1
TR_SpatialUni parcelNumber] TR_AbstractBuilding
. . parcelType constructionbdateria 1 o.r
dimesion 0.1 - -
label constructionQuality — " TR_TransactionPrice
dateOMConstruction WM _CondeminiumbUni TPID
o energyPerformance accessoryFart transactionFrice
- facadeMaterial accessonyPartType typeOfTranzaction
heatingSource condominiumsrea contractOrecleration|l
heatingSystem cuin dateOfContractOrDecleratio
= numberdfbwelling floarMumber
numberDfFloor numberdfRoom
TR_BoundaryFacd numberDfRoom sharelnJointF acility
uzeType TR_CondeminiumBuilding
E TR_CondominiumUni a.z| airCanditioning
elewatar
quality
— — status
Mhd_CondominiumBuilding.- type

Figure 6. Proposed LADM Valuation Information Model and Turkish Country Profile

After the classes, attributes, code lists, and tcaimés of the LADM Valuation Information
Model were described in the INTERLIS/Editor, the dabwas exported as an INTERLIS
(*.ili) file. Then, the LADM Valuation InformationModel and all the other INTERLIS
models (ISO_Base, ISO 19107_V1, ISO 19111, ISO 39190 19156, LADM_Base, and
LADM_V1) on which it is based were imported in thRéTERLIS-Compiler tool (ili2c) in
order to check their correctness. The INTERLIS-Cibenghecks the structural correctness of
the newly created INTERLIS data models and theniges a data exchange format, such as
XML schema and GML schema. In the phase of qualigck, a number of structural errors
were found in the Valuation Model such as missimgnmas and TOPIC with no End
statements. After these errors were corrected nsef the error massages of INTERLIS-
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Compiler, the quality check of the newly createdBRLIS models succeeded as seen in
Figure 7. Then, the INTERLIS-Compiler were usedtbomatically create XML schema and
GML schema files for each one of the imported INTER models, LADM Valuation
Information Model and Turkish Country Profile.

| iliZe = O >
File Help

input | Output |

[¥] auto complete fileset

Files

CiUsersiabdullah\Desktopili files interlis\S0_Base.il Add Model {ili).. |
CiUsers\AbdullahiDesktopili files interlisUSO19107_V1_LVO03.il

CAUsers\Abdullah\Desktoplili files interlisiS0O19111.1li Bemn
C:Users\AbdullahiDesktopiili files interlisUSO19115.il Move up
ChUsersiAbdullan'Desktopili files interlis\S019156.1l Move down_l
CiUsers\AbdullahiDesktopiili files interlis\LADM_Base.ili P gl e e ER |

ChUsersiAbdullaniDesktoplili files interlis\LADM_V1.ili
AUsersiAbdullah\Desktopiili files interlis\LADM_Val_Info_Modelili
ChUsersiAbdullah'Desktopili files interlis\LADM_Val_TR.ili

Compiler messages

Info: ?I?ﬂle <C:‘.Users'l.-’-‘-.ndullah'\Desi-dop‘.?l? files ?nterl?s'\lSO_Elase._il.ib = Run compiler |
Info: ilifile =CAUsers\AbdullamDesktopiili files interlisuS019111.ili= |
Info: ilifile =CAUsers\AbdullamDesktopiili files interlisUS0O19107 - Kopya.ili= Clear message log |

Info: ilifile =CUs ers\AbdullamDesktopiili files interlisS0O19107_V1_LVO3.ili=
Info: ilifile =CAUsersVAbdullahiDesktopiili files interlis\S0129115.0li=

Info: ilifile =CAUsers\Abdullahi\Desktophili files interlisi\LADM_Y1 ili=

Info: ilifile =ClUsers\Abdullahi\Desktopiili files interlis\LADM_Base.ili=

Info: ilifile =ChUsers\abdullamDesktopili files interlis\S019156.ili=

Info: ilifile =ChiUsers\abdullamDesktopili files interlis\LADM_Val_Info_Model.ili=
Info: ilifile=CAUJsers\Abdullan\Deskiopyli files interlis\LADM_Val_TR.ili= =
— compiler run done 25.02.2018 08:05 Tz

Figure 7. INTERLIS compiler tool (ili2c) for checking correctness of new INTERLIS files

INTERLIS provides some tools for the automatic station from INTERLIS conceptual
schema files to relational databases. In this sttidy ORACLE database was chosen since it
provides the wide range of advantages such agggometry types and automatically created
indexes. Therefore, ili2ora tool was used for cotivg INTERLIS files of the LADM
Valuation Information Model and its Turkish CountBrofile to the ORACLE database.
Firstly, an empty database schema named LADB wasted in ORACLE 11g. Then
connection between the database and INTERLIS weetent with the ili2ora tool. Figure 8
shows the connection between ORACLE database amtERMNIS. After that, all the
INTERLIS files (e.g. ISO_Base, LADM_Base, LADM_VBndLADM_Val_Info_Model,
erc.) were imported to the ORACLE one by one. Adest by Kalogianni (2016), deriving a
physical model from the conceptual using INTERLAdSI$ is a repetitive and circular process,
since some errors occurred during the mapping fimenINTERLIS files to ORACLE SQL.
For example, IMPORT statements in the INTERLISsfileere not processed by ili2ora and it
creates confusions since the data types defineoshén INTERLIS files could not use by
another file. The rendering of relations betweeassés in database is another limitation of the
ilidora tool. The relations between classes defim@dNTERLIS files (e.g. association
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relation) were not mapped to the ORACLE databadtoAgh the most of the Primary Keys
(PK) were automatically converted into ORACLE datsd schema, Foreign Keys (FK) and
indexes were missing in the created database. fiineysome manual fine-tuning was needed
when creating an ORACLE database from INTERLISsfilegether with the INTERLIS tools.

& iliZora =
dbname{LADB ” test connection |

&

dbhost |localhost it vM_MASSAPPRAISAL
i vM_MASSAPPRAISALANALYSISTYPE
-
[

£t

dbport 1521 :
YM_MASSAPPRAISALPERFORMANCE

- STEM - [E8 VM_MEASUREOFAPPRATSALLEVEL
dbpwd |ssessss G- [E WM _MEASUREOFAPPRUNIFORM
Info: oracle spatial version =11.2.0.1.0> G-fE VM_NEIGEORHOCDTYPE
- WM_PARCEL
G- VM _SALESCOMPARISONAPPROACH
G- VM_SALESSTATISTICS

G- B vM_TRANSACTIONPRICES
® Successfully connected G-fEE VM _TYPEOFTRANSACTION
G-fEEH WM_VALUATION
- VM_VALUATIONAPPROACH

G- VM _VALUATIONUNIT

G- YM_VALUATIONUNITGROUP
re-[E WM _VALUATIONUNITTYPE

| <Back || Next- | | cancel |

&

£t

test connection b4

Figure 8. Connection with using INTERLIS ili2ora tool to the empty database

The INTERLIS files (*.ili) of LADM Valuation Infornation Model and its Turkish Country
Profile can be reached at http://www.isoladm.org.

5. CONCLUSION

The use of existing standards and a shared teragyolare key challenges for
implementation. The INTERLIS tools provide maximususe of existing standards for
implementing system-neutral and computer-processddtiabase models while using the 1SO
19100 series standards together with the ISO 19MARPM. The use of INTERLIS
conceptual language and its corresponding toolsatese semantic and syntactic
interoperability, both in conceptual and physicabdels. Moreover, there are also some
features that make INTERLIS standard and tools umicsuch as 3D geometry including
GM_Solid, 3D topology, open source tools, data ityai@heck, and automatic conversion of
constraint from conceptual to technical model. Tisage of INTERLIS may speed up the
prototype implementation processes.

In this study, LADM based Valuation Information Meldand Turkish Country Profile was
described by means of the INTERLIS data model. ddreesponding physical schemas were
automatically derived based on the INTERLIS congalpschema definitions of the models.
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The strengths and limitations of the INTERLIS cartoal definitions and tools were
investigated. The INTERLIS definitions of ISO 191B62DM standard, as well as the other
ISO 19100 series standards should be improved fwither classes, attributes, relations and
constraints for more precise modeling, for exampke, SpatialUnitGroup class should be
added the further version of LADM INTERLIS data nebd Moreover, some of the
INTERLIS tools (e.g. ili2ora) should be improvedr fthe quality of conversion from
conceptual to physical model.

It is noted that Kara et al (2018c) presents an OBA database implementation for Turkish
LADM Valuation Information Model Country Profile.nie ORACLE database was manually
developed in that study. The manually developed ORAdatabase schema is better than the
database developed in this study in many wayseXample, (i) defined relations between all
classes, (ii) ready for SQL queries, (iii) versimmisupport (PK of a table consists ID and
beginLifeSpanVersion), and (iv) less table creafed the implementation and better
performance.

Improvement of LADM Valuation Information Model andurkish Country Profile
INTERLIS files, the physical implementation of 3[aluation objects and generation of
spatial constraints are determined as future wdvkseover, it should be considered that the
INTERLIS conceptual schema definition and tools mmide employed for prototype
implementation of other standards, for example Q@@dInfra together with the other OGC
standards.
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