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to determine the accessibility of
the indoor spaces based on the
ownership or the functional right

of use for each type of group of
users
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Motivation:

Is to assess the conversion of LADM-IndoorGML conceptual model to
technical model
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The integrated model of LADM (blue) and IndoorGML (red) (Alattas et al. 2017)
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There are five steps from conceptual model to technical model:

Conceptual Model Technical Model

Creating a combine the Generating the

Extnding the Converting the

lete UML SQL DDL from
Party package of complete IIIse UML diagram to .
LADM model for (LADM- table diagram the table
IndoorGML IndoorGML) & diagram
Step 1 Step 2 Step 3 Step 4 Step 5
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Step 1: LADM UML Model

]
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class Party Package [Classes, with Attributes, Constralnts, Operations, and Code Hsts) /

VersionedObject
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LADM_IND=LA_Party -
2]
+ extPID:0id [0..1)
+ neame: CharacterString [0.1]
+ pl0:0id VersionegObject
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Party class diagram contain the LADM-IndoorGML new
classes (in blue the new classes)
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Step 2: IndoorGML UML Model

class feature )
Parent

e The current version of the K

udataTypen
ExternalReferenceType

AbstractFeature

standard does not have a

CO m p I ete U M L m Od el CeiiSpace + externalObject: externalObjectReferenceType
L]

+ cellSpaceGeometry: CellSpaceGeometryType [0..1]

[ ] Th e refo re' t h e X M L/G M L SC h e m a : 2::;:_:’; F;eaft:rzr:fee:rEtZtT:rF:a[lihe.ie:renceType [0..1] «dataType»

constraints CellSpaceGeometryType

and the underdevelopment Java | - |suscsessenenesenmiauurar ot et g
classes of IndoorGML has been A

used to derive the attributes into

UML model (class diagram) and Stateoperaype

partialBoundedBy + Ref:State [0..%] {ordered)
to make the conceptual model

adataTyper
CO m p I ete . Parent CellSpaceBoundaryGeometry

i i 1 + Geometry3D: gml:SurfacePropertyType [0..1]
* The code engineering tool in * [Gomeran plaater e R
AbstractFeature constragints

Enterprise Architect has been cetpacesoundar sl i

+ cellSpaceBoundaryGeometry: CellSpaceBoundaryGeometry [0..1]

used to generate the UML classes | |- i rersiortopermes o1

+ externalReference: Externz|ReferenceType [0..1] tdataType»
f h J | ( . = TransitionPropertyType
l N t constraints
ro e ava C asses VI a reve rse [At least cellSpaceBoundaryGeometry or externealReference has to be filled} + Ref:Transition [0.."] {ordered)

engineering)

Creating attributes for CellSpace class and
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Step 3: LADM-IndoorGML conceptual UML Model

TUDelft

Class LADM_IND_CoreClasses
baunitSource
VersionegOtyect
wfesturaTyper
LA_Party “party baunitAzParty
+surveyor |+ extPiD-Od [0 1] o
<+ nama:CharactarString [0..1) -oarty
L%+ piD:OW
+ role: LA _PartyRoleType 10..%1 2.1
+ ype LA FaryType
rerParty
+conveyancer | 1.° I 0.1
reiation3aunit
+reprasented by +wre | 0z
uni v'e “n .
VersionedObject unit {0 unit2 0.. o
faaturaTypas VersionedOofect -
rrrSourca  VARRR clenturaTypat
=T T unitRn UMt LA_BAUN o
+ description: CharacterString [0 1]
corveyanceriource & riD:0ud 1.° 1+ mame:Charzcterstring[0..2]
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(] reom

0.*

Complete

LADM-IndoorGML UML diagram
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Step 4: Generating Tables Diagram from the UML Diagram
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Step 4.1: Inheritance

There are three options to inherit the
attributes:

By using a flat model which mean all the
attributes of the parents are copied to the
children classes. This option makes the
model to contain the same attributes over
and over agian in all the children classes

The second option is to create a super
class that is used as a reference class and
the children classes refer to the super class
by using PK and FK. This option has been
used in this case to avoid the duplication
of the attributes all over the model.

]
TU

The third opion is to define the children
class as a subclass of the parent class by
defining the parent class as object which
will allow the children classes to store the
attributes of the parent class.

Delft

class DDL )

Versionedobject %

a&column®
Beginlifespanversion: timestamp
Endlifespanversion: timestamp
Quality: varchar(50)
Source: varchar(50)
*PK VersionedobjectiD: integer

+PK_Versionedobject

[Pid =VersionedobjectID)

«PK»
+ PK_Versionedobject(VersionedobjectID: integer)

s
S
1

aFK»

+FK_La_party_Versionedobject |0..*

La_party @

«column»
Extpid: varchar(50)
Name: varchar(50)

*pfK Pid: integer

Role: varchar(50)
Type: varchar(50)

+

+

+

CFK»

FK_La_party_Versionedobject({Pid: integer)
windex»

IXFK_La_party_Versionedcbject(Pid: integer)

“PK»
PK_La_party(Pid: integer)

Generalization asscoiation
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Step 4.2: Primary key and a Foreign key and Association Class

class Party Package [Classes, with Attributes, Constraints, Operations, and Code lists) /

. - —’
VersionedObji ct

sfeatureTyper
Party:LA_PartyMembe

+ share: Fraction [0..1]

VersioneagObject

ufeatureTyper
Partyu:LA_Party

extPID: 0id [0..1]

plD: Oid

role: LA_PartyRoleType [0..%]
name: CharacterString

¢ + * %

sy rtyType

e

sparties

{sequi'nce}
membiirs

0.1

{sequ ince}
«f jatureTypes

Darne:LA_GroupParty

+ grouplD: Cid
¢+ type: LA GroupPartyType

constraints
[sum|LA_PartyMember.share)=1 per group)

LADM Party Package shows that the party

class has an ID attributes

classDDL /

Versionedobject E

Lcolumne
Beginlifsspanversion: timastamp
Endlifaspanvarsion: timestamp
Quality: varchar|S0)

Source: varchar{50)
*PK VersionedobiectiD: integer

+F¥_Varsionadobjact
-

{La_partylD = VersionedobjectiD)

1

PK»
+  FX_Varsionsdobjsct[VersionsdobisctiD: integer)

P _Versionedobject \ 1

La_partymemberD = VersionadobjectiD]
1
«FK®

<FK_LA_PartyMamber_VersionadObject|0 .1

+PK_L3_party

-
4

aFK>

La_partylD =La_parsylD)}

~5¢_LA_PartyMam yer_LA_Party 0.1

La_partymember

Lcolumno
Share. varchar(s0)
*pfX La_partymambariD: intagar
F& La_grouppartylD: intager
F& La_partylD: integer

E|

xPK*
PE_La_partymember(Ls_partymembeddD; integers)

“FK»o

+  FK_LA PartyMember_ LA Party(La_partyiD: integer)
FE_LA_Pag o

+  FE_LA FartyMambar LA GroupParty(la_grouppartylD: integer)

+FX_LA PartyMamber_LA GroupFarty | ©.1

1FK»

+PK_Le_zroupparty

CEKH

+FK_LA_Party_VarsionedObject [0..1

PN
- K_La_party(La_panrylD: integer)
el
K_LA_Party 4ffSionedObie partylD: integer)

La_party B

€ed umnd
atpid: varchar|S0)
lama: varchar{50
id: varchar{S0)
jole: varchar(S0)
ype: yarchar|S0)

“ofk s _partyld

_La_party /]\ 1

(La_grouppartyiD = La_partylD)
'
FKD

ncaumna
$roupid: varchar{S0)
Wype: varchar{S0)

*off Bs_zrouppartylD: integer

(La_grouppartylD = La_grouppartyl D}

A rkl
= BK_La_gsrouppartylla_srouppartylD integer)

FK_LA_GroupParty_LA Farty|La_grouppartylD: integer)

Additional Primary key has been created for each table and did not
use the ID attribute that has been already defined in the class 10
diagram
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Step 4.3: Attributes Multiplicity and Constraints

class Party Package (Classes, with Attributes, Constraints, Operations, and Code lists) /

VersionedObject

ifeatureTypes
PartyulA_Party

+ extPID:-0id [0..1]

+ role: L& PartyRoleType [0..%]
+ name:CharacterString
+ type: LA _PanyType

VersionedObject
ufeatureTyper +parties | 2..*
Party::LA_PartyMember [sequence)}

members

+ share: Fraction [0..1]
0.1

<FK_LA_PartyMamber_VersionadObject|0 .1

Versionedobyject E

ccolumne
Beginlifsspanversion: timastamp
Endlifaspanversion: timestamp
Qualty: varchar|S0)
Source: varchar{50)
*PK VersionedobiectiD: integer

+F¥_Varsionadobjact
-

{La_partylD = VersionedobjectiD]

PK»
+  PX_Versionsdobjsct[VersionsdobisctiD: integer)

P _Versionedobject 1

La_partymemberD = VersionadobjectiD]
1
“FK»

1

CEKH

+FK_LA_Party_VarsionedOoject |01

La_party E

+PK_La_part

—
4

oFK»

(La_partylD =La_parsylD}

~F%_LA_PartyMambar_LA_Party 0.1

[sequence}
afeztureTyper

Party:LA_GroupParty

La_partymember

=

o i
ype: LA _GroupPartyType

constrgints
(sum(LA_PartyMember.share)s1 per group)

Lcolumno
Share. varchar(so)
*pfX La_partymambariD: intagar
F& La_grouppartylD: intager
F& La_partylD: integer

P
v PS_La_partymember(ls_partymemberdD; integer)

“FKo

+  FE_LA PartyMambar LA GroupParty(la_grouppartyiD: integer)

+  FK_LA PartyMember_ LA Party(La_partyiD: integer)

. FE_LA_PartylMember_VersionedObject|La_partymemberiD: integer)

The multiplicity for the association
between the tables, left figure shows
class diagram, right figure shows the
tables diagram
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+FK_LA_PartyMamber_LA GroupParty | ©.1

aFKx

e

l Extpid: varchar{S0) I

Pig: varchar{50)

Role: varchar(S0)

Type: varcher|S0)
oMK La_partylD: integer

[La_grouppartylD = La_grouppartyl D}

“PKo
FE_La_party(La_parylD: inzager)

eFKY
FK_LA_Party_VersionedObjectiLa_partylD: integer)

px_ta_parey /\ 1

(L:_jrcu;o:::?'i-l.:_pa DZ'CO n St ra
implem

int are not
ented

+FK_LA_GroupParty LA Party|0..1

La_zroupparty 3

ncolumna
Groupld: varchar{S0)
Type: varchar{S0)

«PKo
= PE_La_srouppartylla_srouppartylD. integer)
«FK»
= FK_LA GroupParty_LA Farty(La_grouppartylD: integer)
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Step 4.4: Data Type

The Oid is a user defined data type from ISO 19152 that used as an identifier for the
objects. It consists of local identifier and nameSpace that used as an identifier for the data
source. The transformation model does not consider the Oid and Fraction as data type and
it replaces them with “varchar” in the table diagram based on the cabibility of the target
plat form such as postgrass or oracle

%
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Step 4.5: Spatial Data Type

The spatial classes of the conceptual model such as LA _SpatialUnit, LA_Point,
LA _BoundaryFace, and LA_BoundaryFaceString have a spatial data type for some of their
attributes such as GM_Point, GM_MultiSurface, and GM_MultiCurve, however, the
software does not realize their type and select a “varchar” as a data type in table diagram
based on the cabibility of the target plat form such as postgrass or oracle

After the transformation, the software offers a list of spatial data types that could be used
such as geometry, geometry collection, linestring, multilinestring, point, multipoint,
polygon, and multipolygon. If the spatial data type does not include in the list, the only way
is to define the type manually in the SQL code.

'i"UD Ift
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Step 4.6: Code List Classes

«codelList»
Party::
LA_PartyRoleType

+ + + + + + + + + + o+

bank
certifiedSurveyor
citizen
conveyancer
employee

farmer
moneyProvider
notary
stateAdministrator
SUrveyor

writer

ﬁ ‘

=,

%
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class LADM_IND /

«CodelList®
LA_PartyRoleType

+ 4+ + + + +

clD:int

parent_CID: int
begin_Date_Time: DateTime
end_Date_Time: DateTime
Short_Description: char
Long_Description: char

Student

1 Employee

Visitor

-)

La_partyroletype

acolumn»

Cid: integer
Parent_cid: integer
Begin_date_time: timestamp
End_date_time: timestamp
Short_description: char(1)
Long_description: char(1)

*PK La_partyroletypelD: integer

“PK»

+ PK_La_partyroletype(La_partyroletypell: integer)

The code list class in conceptual model, left shows the normal class structure,
right shows the implementation structure/ hierarchy and versioning for the

code list
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Step 4.7: Indexing

The transformation
create an B-tree Index
In automated way and
there 1s no additional
options to generate R-
tree index or index that
refer to special object

classDDL /

La_baunit %

«column»
Name: varchar|50)
Type: varchar{50)
Uid: varchar(50)
*PK La_baunitlD: integer

aPK»
+  PK_La_baunit(integer)
J

La_party %

«column®
Extpid: varchar(50)
Name: varchar(50)
Pid: varchar{50)
Role: varchar{50)
Type: varchar(50)
*PK La_partylD: integer

The two classes have a direct
association in the class
diagram

«PK»
+  PK_La_party[integer)

[unit=La_baunitlD)
1
a«FK»

S ECE AN

[party=La_partylD)
I
“FK»

A new class that has

+FK_baunitAsP

rty_unit|0..*

+FK_baunitAsParty_party |0..*

baunitAsParty

«column»
FK party:integer
FK unit:integer

11/

wFK»

+  FK_baunitAsParty_party[integer)
+ FK_baunitAsParty_unit{integer)

been created because
of the relationship is

many to many between

the two classes

The index that the transformation provides in automated way
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Step 5: Generating SQL from UML Table Diagram

CREATE TABLE La_party
(

Extpid varchar(50) NULL, -- the identifier of the party in an external registration
Name varchar(50) NULL, -- the name of the party
Pid integer NOT NULL, -- the identifier of the party

Type varchar(50) NULL -- the type of the party
)

(]
’

Role varchar(50) NULL, -- the role of a party in the data update and maintenance process

The SQL code for LA _Party table containes the notes that
have been added to the conceptual model

%
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Conclusions

e Goal: Assessing the conceptual model, however, the focus of this research has been
shifted to cover the transformation issues.
e |SO TC211 used to prepare LADM-IndoorGML UML model.

Enterprise Architect software: still has many issues that need attention and manual
adjustment:

%
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All classes from different packages have to included in the new package to ensure
correct transformation to table diagram,

A new unique attribute as PK is created even though existing unique ID has been
modeled in UML,

PK affects the associations between the tables,

Multiplicity of the classes diagram has been changed.

The multiplicity that relates to the attributes is not considered,

a B-tree index is automatically created,

Spatial index has to be defined manually in the SQL code.
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Thank you
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