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Summary 

 



1. Introduction 

1.1 Motivation 



1.2 Problem definition 

1.3 Research scope 

Construction Project: HS 3

Design Process : HS 3
BIM & SE

Verification Process : HS 4

Prototype
Requirements 
Checker : HS 5



1.4 Research Questions 

 

 

 

 

 

 

 

1.5 Research Design 



1.6 Expected results 



Research Model: How can verification of client specific requirements be automated and improve the design process?
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DataProcess

Literature study

Interviews about 
current practice

Literature review

Literature review
  Design process:
    - Systems Engineering
    - Requirements
    - Verification process
  Rule checking

Semi-structured 
interview setup

Conducting interviews

Transcribing & 
proccessing interviews

Design Process in 
construction

Systems engineering 
Literature

Verifcation of client 
specific requirements

Automated Rule 
Checking

Conclusions 
interviews

- Allignment of Information
- Prerequisites verification process
- Conditions automated verification

Research Proposal

Requirement 
Checker 

Development

Design system 
architecture for checker

Develop requirements 
Checker

Validation 
Requirements Checker

Research Report

Reporting

End

- Thesis Report
- Requirements Checker

Requirements 
checker

- Requirement evaluation
- Class & property Definition
- Inferencing
- Queries
- Requirement Templates
- Checker application

Interview Data

Review of the current practice
- Design process
- Systems Engineering
- Verification process
- Automation of verification

Interview analysis

Draw conclusions from 
interviews

Define preconditions 
automation verification

Set scope for 
Requirements checker

 



2. Glossary 

List of figures 
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List of Listings  
 

 

 

 

 

bam:FunctionalSpace  

bam:InternalWall  
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3. Literature review 

3.1 Motivation 

3.2  Design Process 

Uitvoering
Werk-

voorbereiding
Uitvoeringsgereed 
ontwerp          (UO)

Technisch ontwerp 
(TO)

Definitief ontwerp 
(DO)

Voorontwerp 
(VO)

Initiatief en project 
definitie 

Structuur ontwerp 
(SO)

 

Schematic 
design

Preliminary 
design

Detailed 
design

Technical 
design 

Execution 
ready design

Pre- 
Execution

Execution 

Design Process

Engineering Process

Pre Construction 
Process

Operation & 
Management

Project 
definition 

Beheer

Construction 
Process

Project Life cycle

Operation & 
Management

Initiative and 
Feasibility 

Initiatief en project 
definitie 

 



Design Process Engineering Process
Pre Construction 

Process

Schematic 
design

Preliminary 
design

Detailed 
design

Technical 
design 

Execution 
ready design

Execution 
design

Iterative Character Iterative Character Iterative Character
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3.2.1 Information exchange in the Design process 

Verification

Time

Level of
 development

Verification

Requirement
Design 

Solution

Derived 
Requirement

Iterated 
Design 

Solution



3.2.2 Systems engineering 

3.2.2.1 Characteristics of Systems Engineering 

System Thinking 



Functional Thinking 

Interdisciplinary 

Clients’ needs central in the process 

Transparency 

Decomposition 

Interfaces 

Requirements 



Verification & validation 

Life Cycle approach 

3.2.2.2 Systems engineering process 



Stakeholder 
analysis

Requirements 
analysis

Design

Client
Validation

System 
Specification 

Requirements

System 
Design

Client
Validation

Sub System 
Specification 

Requirements

Sub System 
Design

Client
Validation

Component 
Specification 

Requirements

Component 
Design

Client
Validation

element 
Specification 

Requirements

Element 
Design

Realized 
Component

Realized 
Element

Realized Sub 
System

Realized 
System

Realisation
Retirement & 
Replacement

Operation & 
Maintenance

Testing design

Testing design

Testing design

Testing design

Decomposition
Integration

Verification & validation
Requirements

Verification & validation
Requirements

Verification & validation
Requirements

Verification & validation
Requirements

Verification & validation
Requirements

Stakeholder analysis 

Requirements analysis 

Design phases 



Fullfilled  by

Requirement

Function
Building 
Element

Performance
Satisfied by



Realization 

Operation and maintenance 

3.2.3 Requirements 

High Product 
value

Emotional 
value

Comfort

Goal
Value

Dimension
Client
Need

Audiologic 
comfort

Product
Performance



3.2.4 Verification 



ProvidesDemands

Requirement
Design

solution

Evaluates

Performance

Verification



3.3  Rule Checking 

3.3.1 Types of rule checkers 

Intention of 
model check

Result of 
model check

Rule Set
Type of 
Product

Give support for Is define by scope of Is identified in

Is realized through Is embedded in Is realized through

Validating

Guiding

Adaptive

Content Based

Pass/fail

Option and advice

A modified model

A filtered norm

Is related to the used 
regulation, code or 

requirement 

Relates to the chosen 
criteria in the rule set



- 

- 

- 

-  ”

Class 1 rules 

Class 2 Rules 



Class 3 Rules 

Class 4 Rules 

3.3.2 Rule checking process 



 

 

 

3.3.2.1 Rule interpretation 

3.3.2.2 Building Model preparation 

 



3.3.2.3 Rule Execution 

3.3.2.4 Reporting checking results 

3.3.3 Rule checking platforms 

3.3.4 Difficulties in automated rule checking 

3.3.4.1 Difficulties in rule interpretation 



3.3.4.2 Difficulties in model preparation 

3.3.4.3 Difficulties in execution and reporting 



 



4. Qualitative research 

4.1 Motivation 

4.2 Interview setup 
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Setup per subject 

Design process 



Systems Engineering 

Verification 

Automation of verification 

4.3 Interview outcome 

BIM Advisor;  
3 

SE Advisor; 
4 

Technical 
Developer; 

1 

Process Manager; 2 

Project Leader BIM;  
1 

Project Developer; 
1 

Role Interviewees 

BIM Advisor

SE Advisor

Technical Developer

Process Manager

Project Leader BIM

Project Developer



4.3.1 Design Process 

4.3.1.1  Information alignment 



Allocation

 

 

LOD
Requirement

 

 

Level of detail

Responsibility

Discipline

Risk

Design Phase

Verification

 

Object

Allocation of objects and requirements 

Acting discipline  

Level of risk  



Level of Detail 

Responsibility 

Applicable Design Phase 

 

Verification 

4.3.1.2 Interpretation of requirements 

Client Requirements specification
Design solution space

What the 
client wants

What the 
Designer 

interpreters

What the 
Designer 

interpreters

Client Requirements specification
Design solution space

What the Designer 
interpreters

What the client wants

Improved requirements 
analysis & client validation



Improving 
requirements 

analysis

Improved 
understanding of 

the Project

Less miss- 
interpretation

Less errors

Less changes

Improved 
understanding in 

requirements

Improved trust in 
project

Improved 
overview in 

complete
ness

Improved 
overview in 

missing 
requirements

Less questions 
and disturbance

Improved 
overview & 

insight in risks

Improved 
allocation of 

requirements

Less discusions 
with the client

4.3.2 Verification 
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4.3.2.1  Verification Process 

 

 

 

4.3.2.2  Requirements classification 

 

 

 



4.3.3 Automation of Verification 

4.3.3.1  Possibilities for using rule checking 

4.3.3.2  Pre conditions for automation of verification 

- 

- 

- 

- 

- 

- 

- 

- 

 

 

 

 

 



4.4 Conclusions on research questions 

 

 



 

 



5. Model 

5.1 Introduction 

5.1.1 Research Problem 

- 

- 

- 

- 

5.1.2 Importance 



5.1.3 Previous Work 

Amsterdam
Subject

The Netherlands
ObjectIs Capital Of

Predicate

URI: http://standaarden.overheid.nl/
owms/terms#Amsterdam

URI: http://www.example.com/
exampleontology#IsCapitalOf

URI: http://www.countries.org/
countries#Netherlands



# prefix declarations 

PREFIX foo: 

<http://example.com/resources/> 

    ... 

# dataset definition 

FROM 

    ... 

# result clause 

SELECT 

    ... 

# query pattern 

WHERE { 

    ... 

# query modifiers 

ORDER BY ... 

1# SELECT ?City ?country 
2# WHERE { 
3# ?city example:isCapitalOf ?Country . 
4# ?city a geoinfo:capital . 
5# ?Country a geoinfo:Country . 
6#   LIMIT { 10 . 

7#   } . 

8# } 



?city ?country 

?city geoinfo:capital ?country geoinfo:country

spin:constraint spin:rule

spin:constructor

5.1.4 Primary hypothesis & objective 

5.2 Method 



‘’Internal wall’’ IfcWall or IfcWallStandardCase

                          Pset_WallCommon IsExternal = FALSE 



5.2.1 Tasks for developing the requirements checker 



Templates
Existence
Property

Value

Walls
(Class)

Have acoustic 
rating X

(Property)
Must
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ry P
ro

p
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B
A

M
 Lib

rary

Requirement Template

BAM OTL
Class

Objects
Spaces

...

Property
HasAcousticRating

ContainsObject
...

5.3 Results 



5.3.1 Rule interpretation 

5.3.1.1 Requirements types 

Defined by

Contains

 Space 1  Wall Object 1
Value = Z

Defining
performance

Space Requirement
Value > X

Object Requirement
Performance > Y

Allocation Verification

A
llign

in
g

In
fo

rm
atio

n A
lli

gn
in

g
In

fo
rm

at
io

nRequirements Information

Model information



Goal
Value 

dimensions
Need Requirement

High product value Use value

Emotional value

Comfort

aesthetics

hermal Comfort (heating)
Thermal Comfort (cooling)

Internal Comfort  (air)
Audiological Comfort
Visual comfort (light)

Visual comfort (reflectivity)
Internal Comfort  (moisture)

Aesthethic Quality
Finishing requirements
Material requirements
Colour requirements

Transparency
Spatiality
Visibility

Performance

Cost efficient 
Process

Process value Modelling Quality

Well formedness  model
Clash free model

Naming & identification
Location requirements

Availability of properties

Correctness of Objecttype
Intersections

ObjectID
Geo Location

Objectproperty

Quality levels
Finishing Level

Material
Colour (RGB)

Transparancy Rating
Area

Line of sight

SoundLevels
Soundpressurelevels

Light emmission
Reflection Factor

Illuminance

SoundLevels
Soundpressurelevels

Light emmission
Reflection Factor

Illuminance

Temperature 
Airflow

Heatgain
Capacity
Humidity

VentilationRate

Temperature 
Airflow

Heatgain
Capacity
Humidity

VentilationRate



 
Code Relation Requirement Characteristic Equation Waarde Unit 

 

EIS-
00914 

Internal 
Walls 

4.10.1 Acoustic 
Comfort Value 

> 40 dB 







5.3.1.2 Requirements Ontology 

bam:door

5.3.1.2.1 Space Classes 



1.3 Internal Spaces

1.3.1 Movement 
Space

1.3.2 Technical 
Space

1.3.3 Sanitary Space
1.3.4 Function 

Space
1.3.5 User Space

1.2.1 
Department

1.2.2 Buidling 
Level

1.2.3 Building 
Compartment

1.2 Building 
Segment

1.1 Building Area

1.1.1 Function 
Area

1. Building Type

1.1.2 User Area

1.2.4 Building 
Wing

1.3.6 Undefined 
Space

Possible mapping

1.3.1.1 Vertical 
Movement 

Space

1.3.2.1 Basic 
Technical Space

1.3.3.1 Toilet 
Space

1.3.4.1 
Industrial Space

1.3.5.1 Living 
Space

1.3.1.X 

1.3.6.1 Elevator 
Shaft Space

1.3.2.X 1.3.3.X 1.3.4.X 1.3.5.X 1.3.6.X

Possible mapping

5.3.1.2.2 Object Classes 

 

5.3.1.2.3 Properties 

pSet_WallCommon



5.3.1.3 Constraint templates 



 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:ObjectClass . 
    ?s pset:isBoundaryOf ?o 
    ?o a bam:SpaceClass . 
    FILTER NOT EXISTS { 
        ?s ?hasproperty ?w . 
        FILTER operator(?w, ?a) . 
        } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:Wall . 
    ?s pset:IsBoundaryOf ?o . 
    ?o a bam:OfficeSpace . 
    FILTER NOT EXISTS { 
        bam:Wall pset:acousticRating ?o .   
        FILTER >(?o, 65) . 
        } . 
} 



5.3.2 Building model preparation 

5.3.2.1 IfcOWL ontology 

5.3.2.2 IFC to RDF Conversion 

5.3.2.3 Inference rules 

IfcWall_PsetCommon ‘’isExternal’

CONSTRUCT { 
    ?s a bam:InternalWall . } 
WHERE {

?s a/rdfs:subClassOf* ifcowl:IfcWall . 
?s pset:isExternal true . 

} 

bam:FunctionalSpace bam:InternalWall 

CONSTRUCT { 
    ?s a bam:FunctionalSpace . } 
WHERE { 
    ?s a ifcowl:IfcSpace . 
    ?s ifcowl: longName_ 
      IfcSpatialStructureElement ?y. 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString  

“SportsSpace” .  
} 





 

5.3.2.4 Data Quality 

5.3.3 Rule execution 
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- 
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5.3.3.1 Built up of the interface 



 

 

 

 

 

 

 

 

InputInput Input

Backend Interface using SPIN API
Backend_SPIN.java

Section 5.3.3

Objects and Properties
(RDF, RDFS, OWL)

BAM Ontology
BAM_OTL.ttl

Section 5.3.1.2

IFC schema ontology
(RDF, RDFS, OWL)

IfcOWL Ontology
IfcOWL.ttl

Section 5.3.2.1

Properties
Queryrewriting.ttl
Section 5.3.1.2.3 & 

5.3.2.3

Properties
IFC_Psets.ttl

Section 5.3.1.2.3 & 
5.3.2.3

Requirement Templates
(SPIN)

SPIN Constraint 
templates

(BAM_OTL.ttl)
Section 5.3.1.3

Inference Rules
SPIN

Section 5.3.2.3

Input

Front end interface
Requirements_Checker_Interface.java

Section 5.3.3

Input
IFC

(.ttl file)
Section
5.3.2.2

Output
Violation
Report
Section

5.3.4

Connection between front end and back endToBeCheckedFile.ttl Constraining Elements



 CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:internalWall . 
    ?s qrw:isBoundaryOf ?o . 
    ?s qrw:isBoundaryOf ?o2 . 
    ?o a bam:OfficeSpace . 
    ?o2 a bam:HorizontalMovementSpace . 
         FILTER NOT EXISTS { 
         ?s pset:acousticRating ?o3 . 
              FILTER (?o3 < 65) . 
               } . 
} 

 CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:OfficeSpace . 
         FILTER NOT EXISTS { 
         ?s qrw:hasContainedProduct ?o . 
         ?o a Bam:PowerSocket . 
         } . 
} 

 List<Resource> constraints=new ArrayList<Resource>(); 
   Resource constraint1=backend.spin.getResource( 
  "http://www.bam.com/bamNL_otl#constraint_acoustic_3"); 
  Resource constraint2=backend.spin.getResource( 
  "http://www.bam.com/bamNL_otl#constraint_powersocket_1"); 
  constraints.add(constraint1); 
  constraints.add(constraint2); 
  hashmap.put("Comfort",constraints); 
  hashmap.put("availability",constraints); 
   SPINModuleRegistry.get().init(); 
   SPINModuleRegistry.get().registerAll(backend.spin , null);  
 



5.3.4 Rule Reporting 

[ a                    spin:ConstraintViolation ; 

  spin:violationLevel  spin:Warning ; 

  spin:violationRoot   

<http://linkedbuildingdata.net/ifc/resources20161017_142426/IfcWallStandardCase_54898> 

] . 

 

[ a                    spin:ConstraintViolation ; 

  spin:violationLevel  spin:Warning ; 

  spin:violationRoot   

<http://linkedbuildingdata.net/ifc/resources20161017_142426/IfcWallStandardCase_54946> 

] . 

 

[ a                    spin:ConstraintViolation ; 

  spin:violationLevel  spin:Warning ; 

  spin:violationRoot   

<http://linkedbuildingdata.net/ifc/resources20161017_142426/IfcWallStandardCase_23032> 

] .  



 

 



5.4 Use case validation 

[ a                    spin:ConstraintViolation ; 

  spin:violationLevel  spin:Warning ; 

  spin:violationRoot   

    <http://linkedbuildingdata.net/ifc/resources20161017_142426/IfcWallStandardCase_54898> 

    <http://linkedbuildingdata.net/ifc/resources20161017_142426/IfcWallStandardCase_54946> 

    <http://linkedbuildingdata.net/ifc/resources20161017_142426/IfcWallStandardCase_23032> 

    <http://linkedbuildingdata.net/ifc/resources20161017_142426/IfcWallStandardCase_51465> 

] .



5.5 Discussion 

- 

- 

- 





 



6. Conclusion 

- 

- 

- 

- 







7. Recommendations 

7.1 Company Recommendations 



7.2 Future development & research 

- 

- 

- 

- 

- 

- 
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Annex A – Interview Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Annex B – Verification Process 

Verificatie tijdens ontwerpfases

Voorbereiding

Integrale 
Eisenanalyse

Projectteam 
bepalen

Risicoanalyse

Definiëren Objecten

Verantwoordelijken 
& eigenaren 

alloceren adhv 
disciplines

Smart maken 
eisen

Dialoog klant 
conflicterende 

eisen en 
interpretatie

Start verificatie 
proces

Bepalen 
onderhevige 

discplines aan 
objecten en eisen

Risico allocatie aan 
eisen

Alloceren objecten 
aan eisen

Alloceren 
Kennisdragers aan 

risico’s

Definiëren risico’s

Risico allocatie aan 
objecten

Bepalen Level of 
Detail

Bepalen 
Verantwoordelijken 

voor eisen

Opstellen verificatie procedure

Verificatie 
methodes opstellen 

en alloceren

Doel van 
verificatie 
duidelijk 
hebben

Eigenaar & 
invloed 

discplines 
verduidelijken

Input & output 
& detailniveau 
verduidelijken

Prestatie 
definiëren

Verificatie
Verantwoordelijken 

aanwijzen en 
eigenaar maken

Voorbereiding 
voldoet

Ja

Nee, loop stappen
Na voor compleetheid

Verificaties 
uitvoeren

Verificaties 
voldoen

Rapportage & 
documentatie

Verificaties Live

Verificatie 
voorbereiding 

voldoet

Nee, controleer waar
missende delen zijn

Ja
Ontwerpprocess

Begin 
ontwerpproces

Ja start ontwerpproces

Uitvoering ontwerp 
proces 

Oplevering 
geverifieerd 

ontwerp



Annex C – Requirements Hierarchy 
Goal Value dimensions Need Requirement

High product value Use value

Emotional value

Future value

Economic valueLow cost ownership

Comfort

aesthetics

Functionallity

Exploitation & 
Maintainability

Security

Durability

hermal Comfort (heating)
Thermal Comfort (cooling)

Internal Comfort  (air)
Audiological Comfort
Visual comfort (light)

Visual comfort (reflectivity)
Internal Comfort  (moisture)

Aesthethic Quality
Finishing requirements
Material requirements
Colour requirements

Transparency
Spatiality
Visibility

Accessibility
Disability access

Openings

 Spatial Functionality
Headroom

Mountability
Destructability

ICT functionality
Occupation

Function Definition

Quality

Performance

Cost efficient 
Process

Structurability

Process value Modelling Quality

Low Cost

Well formedness  model
Clash free model

Naming & identification
Location requirements

Availability of properties

Life cycle cost

Loadbearing Requirements
Strength Requirements

Equivalent quality requirement
Quality of product

Specifications of product

Durable materials

Access requirements
Vandalism Requirements

Cleaning requirements
Maintenance requirements

Testing Tolerence requirements

Unit cost requirement
Transportation cost 

Installation cost requirement
Development cost requirement

Availability

Occurency reuqirements
Quantity requirements

Property availability
Cardinality

Safety

Fire safety requirements
Smoke safety requirements
Escape route requirements 
Extinguishing requirement

Compartiments Requirements

Life cycle cost requirements

Correctness of Objecttype
Intersections

ObjectID
Geo Location

Objectproperty

Quality levels
Finishing Level

Material
Colour (RGB)

Transparancy Rating
Area

Line of sight

HasOpening
HasDisabilityAccess

Height
Length
Width
Area

Distance
Wifi coverage

Occupation

ObjectOccurence
ObjectQuantity

PropertyOccurance

Combustibility
Fire rating

Smoke permeability
Fire compartimentation

Cleaning frequency
Maintenance frequency

Cleaning Cost
Maintenance cost

Resistence class
Accessibility rating
Graffiti resitence

EPC level
Carbon footprint
Emission rating

Reusability Rating
Energy efficiency rating

Quality level
Waranty level

Material Strength
Flexibility

Test performance

Unit cost / unit
Transport Cost / unit

Labour cost / unit
Development cost / unit

Life cycle Cost

SoundLevels
Soundpressurelevels

Light emmission
Reflection Factor

Illuminance

SoundLevels
Soundpressurelevels

Light emmission
Reflection Factor

Illuminance

Temperature 
Airflow

Heatgain
Capacity
Humidity

VentilationRate

Temperature 
Airflow

Heatgain
Capacity
Humidity

VentilationRate

Ease of use Usability requirements Functions

 



Annex D – Space Classification 

1.3 Internal Spaces

1.3.1 Movement 
Space

1.3.2 Technical 
Space

1.3.3 Sanitary Space
1.3.4 Function 

Space
1.3.5 User Space

1.3.1.2Horizont
alMovementSp

ace

1.3.1.1 Vertical 
Movement 

Space

1.3.2.1 Basic 
Technical Space

1.3.2.2Mechan
ical installation 

spaces

1.3.2.3 
Electricity 

Spaces

1.3.2.4 ICT 
Spaces

1.3.3.1 Bathing 
Space

1.3.3.2 Toilet 
Space

1.3.3.3 Washing 
space

1.3.4.1 
Industrial Space

1.3.4.2 other 
usage space

1.3.4.3 Non-
building spaces

1.3.4.4 
Communal 

Spaces

1.3.5.5 
OfficeSpace

1.3.5.8 Sport

1.3.5.1 
LivingSpace

1.3.5.6 Horeca

1.3.5.7 
Onderwijs

1.3.5.9 
Commercieel

1.3.5.3 
Emprisonment 

Space

1.3.5.4 
HealthcareSpac

e

1.3.5.2 
GatheringSpace

1.2.1 
Department

1.2.2 Buidling 
Level

1.2.3 Building 
Compartment

1.2 Building 
Segment

1.1 Building Area

1.1.1 Function 
Area

1. Building Type

1.1.2 User Area

1.2.4 Building 
Wing

1.3.6 Undefined 
Space

1.3.5.5.1
WorkSpace

1.3.5.5.2
Meeting Space

1.3.5.5.3
Communication 

Space

1.3.5.2.1
ReceptionSpace

1.3.5.2.2
WaitingSpace

1.3.5.2.3
CanteenSpace

1.3.4.6
Smoking Space

1.3.4.5
Storage space

1.3.5.5.4 Printer 
Space

1.3.2.5 Security 
Spaces

1.3.4.7 
expedition 

Space

1.3.3.4 other 
sanitary space

1.3.5.5.5 Pantry

1.3.2.6 Control 
Spaces

referencing

Referencing

1.3.4.8 Garbage 
disposal Space

1.3.6.1 Elavator 
Shaft

1.3.6.2 Crawl 
Space

1.3.6.3 Chimney 
Space

1.3.2.7 Other 
Technical 

Spaces

1.3.2.8 Engine 
Room

1.3.5.1.1
SleepingSpace

1.3.5.1.2
StudySpace

1.3.5.1.3
LivingSpace

1.3.5.1.4 
DiningSpace

1.3.5.1.5 
KitchenSpace

1.3.5.1.6 
NursingSleeping

Space

1.3.5.1.7 
PanicSpace

1.3.5.1.8 
ScullerySpace

1.3.5.10 
Wetgevend & 

rechterlijk

1.3.5.10.1 
Courtroom 

Space

1.3.5.10.2 
Legislative 

Space

1.3.5.10.3 
Evidence Room

1.3.5.10.4 
Judicial Space

1.3.5.10.5
Hearing Space

1.3.5.8.1
Fitness Space

1.3.5.6.1 Hotel 
room Space

1.3.5.7.1
Basic Classroom

1.3.5.7.2
Music 

Classroom

1.3.5.7.3 
Biology 

Classrrom

1.3.5.7.4 
Physics 

Classrrom
1.3.5.7.5 1.3.5.7.6 ICT lab

1.3.5.7.7 
LectureSpace

1.3.5.7.8 
BreakroomSpac

e

1.3.5.7.9 
StudySpace

1.3.5.7.10 
Technical lab

1.3.5.7.11 Silent 
study Space

1.3.5.11
Arts & Culture 

Space

1.3.5.8.2 Indoor 
Sporting Space

1.3.5.8.3 
Swimming 

Space

1.3.5.8.4 
Changing Space

1.3.5.8.5
Wintersports 

Space

1.3.5.4.1 
Examination 

Space

1.3.5.4.2 
Labaratory 

Space

1.3.5.4.3 
Emergency 

Room Space

1.3.5.4.4 
Fysiotherapy 

Space

1.3.5.4.5 
Radiation Space

1.3.5.4.6 
Treatment 

Space

1.3.5.4.7 
SurgicalSpace

1.3.5.4.8 
Diagnostic 

Imaging Space

1.3.5.4.9 
PharmacySpace

1.3.5.4.10 
Nursery Space

1.3.5.3.1
PrisonSpace

1.3.5.3.2 
IsolationSpace

1.3.5.3.3 
HoldingCell 

Space

1.3.5.9.1
Sales Space

1.3.5.9.2
Showroom 

Space

1.3.5.12
Ontspanning

1.3.5.6.2 
Restaurant 

Space

1.3.5.6.3
Kitchen Space

1.3.5.2.4 
CongressHall

Space

1.3.5.11.2 
Concert Space

1.3.5.11.1 
Exposition 

Space

1.3.5.12.1
Bioscoopzaal

1.3.5.12.2 
Bowlingzaal

1.3.5.12.3 
Wellness  

ruimte

1.3.5.11.3 
Theater Space

1.3.5.11.4 
Creative Studio

1.3.5.6.4
Bar Space

1.3.5.6.5 
Nightclub Space

1.3.5.13
Religie

1.3.5.13.1
Worship Space

1.3.5.13.2
Ceremonial 

Space

1.3.3.5 Disabled 
toilet space

1.3.5.4.11 
Rehabilitation 

Space

1.3.5.4.12 
Quarantaine 

Space

1.3.5.9.3
Payment Space

1.3.4.8 
Wardrobe 

Space

1.3.4.9 
ParkingSpace

1.3.6.4 Balcony 
Space

1.3.5.12.4 
Overige Ont-

spanningruimte

1.3.5.14 Milieu 
gecontroleerde 

ruimte

1.3.5.14.1
Cleanroom

1.3.5.14.2
Labaratory

1.3.5.14.3 
Radioactive 

Space

1.3.5.4.13 
Dentalcare 

Space

1.3.5.13.2
Death Space

 



Annex E – Selected Requirements 



 



Annex F – SPIN Constraint Templates 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?ObjectClass . 
    FILTER NOT EXISTS { 
        ?s ?p ?o .   
        ?o a ?D . 
    } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:window . 
    FILTER NOT EXISTS { 
        ?s qrw:containedIn ?o . 
        ?o a bam:ExternalWall .   
    } . 
} 
 

ObjectClass = a certain object from the BAM OTL 

p (predicate) = a condition where the existence is 

applying to 

D = an element where the objectclass has a condition 

to  

 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?ObjectClass . 
    FILTER NOT EXISTS { 
        ?s ?p ?o .   
    } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:wall . 
    FILTER NOT EXISTS { 
        ?s qrw:HasClassification ?o . 
    } . 
} 
 

ObjectClass = a certain object from the BAM OTL 

p (predicate) = a property which must be present as a 

relation of the object 

 PROPERTY 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?ObjectClass . 
    FILTER { 
(op:count(?s, ?p, ?D) > ?n) || 
(op:count(?s, ?p, ?D) < ?m)) .    } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:Door . 
    FILTER { 
(op:count(bam:Door, pset:compartmentation, 
bam:Space) > 1) || (op:count bam:Door, 
pset:compartmentation, bam:Space) < 1)) .    
} . 
} 

ObjectClass = a certain object from the BAM OTL 

p (predicate) = a property which must be present as a 

relation of the object 

D = an element where the objectclass has a condition 

to  

n = amount of objects minimum 

m = amount of objects maximum 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?ObjectClass . 
    FILTER NOT EXISTS { 
        ?s ?p ?o .   
        FILTER operator(?o, ?a) . 
        } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:Wall . 
    FILTER NOT EXISTS { 
        bam:Wall pset:acousticRating ?o.   
        FILTER >(?o, 65) . 
        } . 
} 

ObjectClass = a certain object from the BAM OTL 

p (predicate) = a property which must be present as a 

relation of the object 

operator = the condition for the value (=, <, > etc.) 

a = Value of the property 

 VALUE 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?SpaceClass . 
    FILTER { 
 (op:count(?s, ?p, ?D) > ?n) || 
(op:count(?s, ?p, ?D) < ?m)) . 
    } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:OfficeSpace . 
    FILTER { 
    (op:count( Bam:Officspace 
qrw:ContainedIn                                     
?bam:Project) > x || (Bam:Officspace 
qrw:ContainedIn                                     
?bam:Project) < x).   
   } . 
} 

SpaceClass = a certain space from the BAM OTL 

p = a predicate which must be present as a relation of 

the object to the total project 

D = an element where the space has a condition to  

n = required value for the amount of spaces 

m = required value for the amount of spaces 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?SpaceClass . 
    FILTER NOT EXISTS { 
    ?s ?p ?o . 
        FILTER operator (?o, 20) . 
    } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:OfficeSpace . 
    FILTER NOT EXISTS { 
    Bam:OfficeSpace pset:GrossPlannedArea ?o 
. 
        FILTER >(?o, 20) . 
        } . 
} 

SpaceClass = a certain space from the BAM OTL 

p = a predicate which must be present as a relation 

between the space and the property 

operator = the condition for the value (=, <, > etc.) 

a = Value of the property 

 VALUE 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?SpaceClass . 
    FILTER NOT EXISTS { 
    ?s ?p ?o . 
    ?o a ?D . 
    } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:OfficeSpace . 
    FILTER NOT EXISTS { 
    Bam:OfficeSpace qrw:nextspace ?o 
        ?o a bam:VerticalMovementSpace . 
        } . 
} 

ObjectClass = a certain object from the BAM OTL 

p (predicate) = a property which must be present as a 

relation of the object 

operator = the condition for the value (=, <, > etc.) 

a = Value of the property 

 SPACE RELATION 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ? SpaceClass . 
    FILTER NOT EXISTS { 
    ?s ?p ?o . 
    ?o a ?objectClass . 
    } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:OfficeSpace . 
    FILTER NOT EXISTS { 
    bam:officeSpace hasContainedProduct ?o 
    ?o a Bam:PowerSocket 
      } . 
} 

SpaceClass = a certain space from the BAM OTL  

p = a predicate which must be present as a relation 

between a space and an object 

ObjectClass = a certain object from the BAM OTL 

 OBJECT 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ? SpaceClass . 
    FILTER (op:count(?o, ?p, ?D) > ?n) || 
(op:count(?o, ?p, ?D) < ?m)) 
    } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:OfficeSpace . 
    FILTER { 
    op:count(bam:officeSpace 
hasContainedProduct Bam:PowerSocket) > ?n) 
|| (op:count(bam:officeSpace 
hasContainedProduct Bam:PowerSocket) < ?m)) 
      } . 
} 

SpaceClass = a certain space from the BAM OTL  

p (predicate) = a property which must be present as a 

relation of the object 

D = an object which is contained in the Spaceclass 

n = amount of objects minimum 

m = amount of objects maximum 

 OBJECT 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?objectClass . 
    ?s qrw:isBoundaryOf ?o . 
    ?o a ?spaceClass . 
    FILTER NOT EXISTS { 
    ?s ?p2 ?o2 . 
        } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:InternalWall . 
    ?s qrw:isBoundaryOf ?o . 
    ?o a bam:OfficeSpace . 
    FILTER NOT EXISTS { 
      Bam:InternalWall pset:Combustable true 
. 
        } . 
} 

SpaceClass = a certain space from the BAM OTL  

ObjectClass = a certain object from the BAM OTL  

p = a predicate which must be present as a property of 

the contained object 

 

 PROPERTY 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s qrw:isBoundaryOf ?o . 
    ?s a ?objectClass . 
    ?o a ?spaceClass .  
    FILTER NOT EXISTS { 
    ?s ?p2 ?o2 . 
            FILTER operator(?o2, ?a) . 
        } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s qrw:isBoundaryOf ?o . 
    ?s a bam:wall 
    ?o a bam:OfficeSpace . 
    FILTER NOT EXISTS { 
    ?s pset:acousticRating ?o2 . 
            FILTER (?o2 > 45) . 
        } . 
} 

SpaceClass = a certain space from the BAM OTL  

ObjectClass = a certain object from the BAM OTL  

p = predicate as a property of the contained object 

operator = the condition for the value (=, <, > etc.) 

a = a value  

 VALUE 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?objectClass . 
    ?s qrw:isBoundaryOf ?o . 
    ?o a ?spaceClass(X) .  
    ?s qrw:isBoundaryOf ?o2 . 
    ?o2 a ?spaceClass(Y) .  
    FILTER NOT EXISTS { 
    ?s ?p ?o3 . 
            FILTER operator(?o3, ?a) . 
        } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:internalWall . 
    ?s qrw:isBoundaryOf ?o . 
    ?o a bam:OfficeSpace . 
    ?s qrw:isBoundaryOf ?o2 . 
    ?o2 a bam:HorizontalMovementSpace . 
    FILTER NOT EXISTS { 
    ?s pset:acousticRating ?o3 . 
            FILTER (?o3 > 55) . 
        } . 
} 

SpaceClass = a certain space from the BAM OTL (X&Y) 

ObjectClass = a certain object from the BAM OTL  

p = predicate as a property of the contained object 

operator = the condition for the value (=, <, > etc.) 

a = a value  

 VALUE 



CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a ?objectClass(X) . 
    ?s qrw:isPlacedIn ?o . 
    ?o a ?objectClass(Y) .  
    ?s qrw:isBoundaryOf ?o2 . 
    ?o2 a ?spaceClass .  
    FILTER NOT EXISTS { 
    ?s ?p ?o3 . 
            FILTER operator(?o3, ?a) . 
        } . 
} 

CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:Window .. 
    ?s qrw:isPlacedIn ?o . 
    ?o a bam:Wall. 
    ?s qrw:isBoundaryOf ?o2 . 
    ?o2 a bam:OfficeSpace . 
    FILTER NOT EXISTS { 
    ?s pset:Size ?o3 . 
            FILTER (?o3 > 1000) . 
        } . 
} 

ObjectClass = a certain object from the BAM OTL 

(X&Y) 

SpaceClass = a certain space from the BAM OTL  

p = predicate as a property of the contained object 

operator = the condition for the value (=, <, > etc.) 

a = a value  

 

 VALUE 



Annex G – BAM OTL 

  



# baseURI: http://www.bam.com/bamNL_otl 

# imports: http://bimsparql.org/pset# 

# imports: http://bimsparql.org/query-rewriting 

# imports: http://www.buildingsmart-tech.org/ifcOWL/IFC2X3_TC1 

# prefix: bam 

 

@prefix bam: <http://www.bam.com/bamNL_otl#> . 

@prefix ifcowl: <http://www.buildingsmart-tech.org/ifcOWL/IFC2X3_TC1#> . 

@prefix owl: <http://www.w3.org/2002/07/owl#> . 

@prefix query-rewriting: <http://bimsparql.org/query-rewriting#> . 

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> . 

@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> . 

@prefix sp: <http://spinrdf.org/sp#> . 

@prefix spin: <http://spinrdf.org/spin#> . 

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> . 

 

<http://www.bam.com/bamNL_otl> 

  rdf:type owl:Ontology ; 

  owl:imports <http://bimsparql.org/pset#> ; 

  owl:imports <http://bimsparql.org/query-rewriting> ; 

  owl:imports <http://www.buildingsmart-tech.org/ifcOWL/IFC2X3_TC1> ; 

  owl:versionInfo "Created with TopBraid Composer"^^xsd:string ; 

. 

bam:BalkonySpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UndefinedSpace ; 

. 

bam:BasicTechnicalSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:TechnicalSpace ; 

. 

bam:CafeSpace 

  rdf:type owl:Class ; 

  rdfs:label "Cafe space"^^xsd:string ; 

  rdfs:subClassOf bam:HorecaSpace ; 

. 

bam:CanteenSpace 

  rdf:type owl:Class ; 

  rdfs:label "Canteen space"^^xsd:string ; 

  rdfs:subClassOf bam:GatheringSpace ; 

. 

bam:Ceiling 

  rdf:type owl:Class ; 

  rdfs:subClassOf owl:Thing ; 

. 

bam:ChimneySpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UndefinedSpace ; 

. 

bam:Column 

  rdf:type owl:Class ; 

  rdfs:subClassOf owl:Thing ; 

. 

bam:CommercialSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 



bam:CommonSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:FunctionalSpace ; 

. 

bam:CommunicationSpace 

  rdf:type owl:Class ; 

  rdfs:label "Communication space"^^xsd:string ; 

  rdfs:subClassOf bam:OfficeSpace ; 

. 

bam:ConferenceSpace 

  rdf:type owl:Class ; 

  rdfs:label "Conference space"^^xsd:string ; 

  rdfs:subClassOf bam:OfficeSpace ; 

. 

bam:ControlSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:TechnicalSpace ; 

bam:CrawlSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UndefinedSpace ; 

. 

bam:DetentionSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:DiningRoom 

  rdf:type owl:Class ; 

  rdfs:label "Dining room"^^xsd:string ; 

  rdfs:subClassOf bam:LivingSpace ; 

. 

bam:DisabledToiletSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:SanitarySpace ; 

. 

bam:HorecaKitchen 

  rdf:type owl:Class ;  

  rdfs:label "Horeca kitchen"^^xsd:string ; 

  rdfs:subClassOf bam:HorecaSpace ; 

. 

bam:HorecaSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:HorizontalMovementSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:MovementSpace ; 

. 

bam:HotelRoom 

  rdf:type owl:Class ; 

  rdfs:label "Hotel room"^^xsd:string ; 

  rdfs:subClassOf bam:HorecaSpace ; 

. 

bam:ICTTechnicalSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:TechnicalSpace ; 

. 

  

bam:Door 

  rdf:type owl:Class ; 

  rdfs:subClassOf owl:Thing ; 

. 

bam:EducationSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:ElectricalUtilitySpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:TechnicalSpace ; 

. 

bam:EngineRoomSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:TechnicalSpace ; 

. 

bam:EntranceSpace 

  rdf:type owl:Class ; 

  rdfs:label "Entrance 

space"^^xsd:string ; 

  rdfs:subClassOf bam:GatheringSpace ; 

. 

bam:EnvironmentallyControlledSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:ExpeditionSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:FunctionalSpace ; 

. 

bam:ExternalWall 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:Wall ; 

. 

bam:Floor 

  rdf:type owl:Class ; 

. 

bam:FunctionalSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:Space ; 

. 

bam:GatheringSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:HealthCareSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

 



bam:IndustrialSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:FunctionalSpace ; 

. 

bam:InternalWall 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:Wall ; 

. 

bam:JudicialSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:Kitchen 

  rdf:type owl:Class ; 

  rdfs:label "Kitchen"^^xsd:string ; 

  rdfs:subClassOf bam:LivingSpace ; 

. 

bam:LeasureSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:LivingRoom 

  rdf:type owl:Class ; 

  rdfs:label "Living room"^^xsd:string ; 

  rdfs:subClassOf bam:LivingSpace ; 

bam:PrinterSpace 

  rdf:type owl:Class ; 

  rdfs:label "Printer space"^^xsd:string ; 

  rdfs:subClassOf bam:OfficeSpace ; 

. 

bam:ReceptionSpace 

  rdf:type owl:Class ; 

  rdfs:label "Reception space"^^xsd:string ; 

  rdfs:subClassOf bam:GatheringSpace ; 

. 

bam:ReligionSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:RestaurantSpace 

  rdf:type owl:Class ; 

  rdfs:label "Restaurant space"^^xsd:string ; 

  rdfs:subClassOf bam:HorecaSpace ; 

. 

bam:SanitarySpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:Space ; 

. 

bam:Scullery 

  rdf:type owl:Class ; 

  rdfs:label "Scullery"^^xsd:string ; 

  rdfs:subClassOf bam:LivingSpace ; 

. 

bam:SecuritySpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:TechnicalSpace ; 

. 

bam:SmokingSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:FunctionalSpace ; 

. 

bam:Space 

  rdf:type owl:Class ; 

  rdfs:subClassOf owl:Thing ; 

. 

bam:SportsSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:Stairs 

  rdf:type owl:Class ; 

  rdfs:subClassOf owl:Thing ; 

. 

bam:StorageSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:FunctionalSpace ; 

. 

bam:StudySpace 

  rdf:type owl:Class ; 

  rdfs:label "Study space"^^xsd:string ; 

  rdfs:subClassOf bam:LivingSpace ; 

. 

bam:TechnicalSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:Space ; 

. 

bam:ToiletSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:SanitarySpace ; 

. 

bam:UndefinedSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:Space ; 

. 

bam:UserSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:Space ; 

. 

bam:VerticalMovementSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:MovementSpace ; 

. 

 



bam:ShaftSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UndefinedSpace ; 

. 

bam:ShowerSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:SanitarySpace ; 

. 

bam:SleepingSpace 

  rdf:type owl:Class ; 

  rdfs:label "Sleeping space"^^xsd:string ; 

  rdfs:subClassOf bam:LivingSpace ; 

. 

bam:WaitingSpace 

  rdf:type owl:Class ; 

  rdfs:label "Waiting space"^^xsd:string ; 

  rdfs:subClassOf bam:GatheringSpace ; 

. 

bam:Wall 

  rdf:type owl:Class ; 

  rdfs:subClassOf owl:Thing ; 

. 

bam:WashingSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:SanitarySpace ; 

. 

bam:WasteDisposalSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:FunctionalSpace ; 

. 

bam:Window 

  rdf:type owl:Class ; 

  rdfs:subClassOf owl:Thing ; 

. 

bam:WorkSpace 

  rdf:type owl:Class ; 

  rdfs:label "Working space"^^xsd:string ; 

  rdfs:subClassOf bam:OfficeSpace ; 

. 

bam:LivingSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:MechanicalInstallationsSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:TechnicalSpace ; 

. 

  

bam:MeetingSpace 

  rdf:type owl:Class ; 

  rdfs:label "Meeting space"^^xsd:string 

; 

  rdfs:subClassOf bam:OfficeSpace ; 

. 

bam:MovementSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:Space ; 

. 

bam:NightClubSpace 

  rdf:type owl:Class ; 

  rdfs:label "Night club 

space"^^xsd:string ; 

  rdfs:subClassOf bam:HorecaSpace ; 

. 

bam:OfficeSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:UserSpace ; 

. 

bam:OtherSanitaryFunctionSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:SanitarySpace ; 

. 

bam:PantrySpace 

  rdf:type owl:Class ; 

  rdfs:label "Pantry space"^^xsd:string 

; 

  rdfs:subClassOf bam:OfficeSpace ; 

. 

bam:ParkingSpace 

  rdf:type owl:Class ; 

  rdfs:subClassOf bam:FunctionalSpace ; 

bam:PersonalOfficeSpace 

  rdf:type owl:Class ; 

  rdfs:label "Personal office 

space"^^xsd:string ; 

  rdfs:subClassOf bam:OfficeSpace ; 

. 

bam:PresentationSpace 

  rdf:type owl:Class ; 

  rdfs:label "Presentation 

space"^^xsd:string ; 

  rdfs:subClassOf bam:GatheringSpace ; 

 



Annex H – SPIN Inference Rules 

// Definition for a Functional Space// 

CONSTRUCT { 
    ?s a bam:FunctionalSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “FunctionalSpace” . 
} 

// Definition for a User Space// 
CONSTRUCT { 
    ?s a bam:UserSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “UserSpace” . 
} 

// Definition for a Movement Space// 
CONSTRUCT { 
    ?s a bam:MovementSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “MovementSpace” . 
} 

// Definition for a Technical Space// 
CONSTRUCT { 
    ?s a bam:TechnicalSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “TechnicalSpace” . 
} 

// Definition for a Sanitary Space// 
CONSTRUCT { 
    ?s a bam:SanitarySpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “SanitarySpace” . 
} 

  



// Definition for an Undefined Space// 
CONSTRUCT { 
    ?s a bam:undefinedSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “UndefinedSpace” . 
} 

// Definition for an ToiletSpace// 
CONSTRUCT { 
    ?s a bam:ToiletSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “ToiletSpace” . 
} 

// Definition for an DisabledToiletSpace// 
CONSTRUCT { 
    ?s a bam:DisabledToiletSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “DisabledToiletSpace” . 
} 

// Definition for  WashingSpace// 
CONSTRUCT { 
    ?s a bam:WashingSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “WashingSpace” . 
} 

// Definition for a ShowerSpace// 
CONSTRUCT { 
    ?s a bam:ShowerSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “ShowerSpace” . 
} 

// Definition for an OtherSanitarySpace// 
CONSTRUCT { 
    ?s a bam:OtherSanitarySpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “OtherSanitarySpace” . 
} 



// Definition for an CommercialSpace// 
CONSTRUCT { 
    ?s a bam:CommercialSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “CommercialSpace” . 
} 

// Definition for an DetentionSpace// 
CONSTRUCT { 
    ?s a bam:DetentionSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “DetentionSpace” . 
} 

// Definition for an EducationSpace// 
CONSTRUCT { 
    ?s a bam:EducationSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “EducationSpace” . 
} 

// Definition for an EnvironmetalyControlledSpace// 
CONSTRUCT { 
    ?s a bam:EnvironmentallyControlledSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “EnvironmentallyControlledSpace” . 
} 

// Definition for a HealtcareSpace// 
CONSTRUCT { 
    ?s a bam:HealthcareSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “HealthcareSpace” . 
} 

// Definition for a HorecaSpace// 
CONSTRUCT { 
    ?s a bam:HorecaSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “HorecaSpace” . 
} 



// Definition for an JudicialSpace// 
CONSTRUCT { 
    ?s a bam:JudicialSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “JudicialSpace” . 
} 

// Definition for an LeasureSpace// 
CONSTRUCT { 
    ?s a bam:LeasureSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “LeasureSpace” . 
} 

// Definition for a LivingSpace// 
CONSTRUCT { 
    ?s a bam:LivingSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “LivingSpace” . 
} 

// Definition for a MeetingSpace// 

CONSTRUCT { 
    ?s a bam:MeetingSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “MeetingSpace” . 
} 

// Definition for a OfficeSpace// 
CONSTRUCT { 
    ?s a bam:OfficeSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “OfficeSpace” . 
} 

// Definition for a ReligionSpace// 
CONSTRUCT { 
    ?s a bam:ReligionSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “ReligionSpace” . 
} 



// Definition for a SportsSpace// 
CONSTRUCT { 
    ?s a bam:SportsSpace . 
} 
WHERE { 
    ?s ifcowl:longName_IfcSpatialStructureElement ?y . 
    ?s a ifcowl:IfcSpace . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString “SportsSpace” . 
} 

// Definition for a Wall// 
CONSTRUCT { 
    ?s a bam:Wall . 
} 
WHERE { 
    ?s a/rdfs:subClassOf*  ifcowl:IfcWall . 
} 

// Definition for an Internal Wall // 
CONSTRUCT { 
    ?s a bam:InternalWall . 
} 
WHERE { 
    ?s a/rdfs:subClassOf* ifcowl:IfcWall . 
 ?s pset:isExternal false . 
} 

// Definition for an External Wall // 
CONSTRUCT { 
    ?s a bam:ExternalWall . 
} 
WHERE { 
    ?s a/rdfs:subClassOf* ifcowl:IfcWall . 
 ?s pset:isExternal true . 
} 

// Definition for a FireCompartmentWall // 
CONSTRUCT { 
    ?s a bam:Wall . 
} 
WHERE { 
    ?s a/rdfs:subClassOf* ifcowl:IfcWall . 
 ?s pset:Compartment true . 
} 

// Definition for a Window// 
CONSTRUCT { 
    ?s a bam:Window . 
} 
WHERE { 
    ?s a ifcowl:IfcWindow . 
} 
 
// Definition for a PowerSocket// 
CONSTRUCT { 
    ?s a bam:PowerSocket . 
} 
WHERE { 
    ?s ifcowl:name_IfcRoot ?y . 
    ?s a ifcowl:IfcFlowTerminal . 
    ?y a ifcowl:IfcLabel . 
    ?y express:hasString ?n . 
    FILTER CONTAINS(?n, "63_CGA_wcd") . 
}  



Annex I – SPIN Constraint template queries 

  
CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:internalWall . 
    ?s qrw:isBoundaryOf ?o . 
    ?s qrw:isBoundaryOf ?o2 . 
    ?o a bam:OfficeSpace . 
    ?o2 a bam:HorizontalMovementSpace . 
         FILTER NOT EXISTS { 
         ?s pset:acousticRating ?o3 . 
              FILTER (?o3 < 65) . 
               } . 
} 
 

 

  
CONSTRUCT { 
   _:b0 a spin:ConstraintViolation . 
   _:b0 spin:violationRoot ?s . 
   _:b0 spin:violationLevel spin:Warning . 
} 
WHERE { 
    ?s a bam:OfficeSpace . 
         FILTER NOT EXISTS { 
         ?s qrw:hasContainedProduct ?o . 
         ?o a Bam:PowerSocket . 
         } . 
} 
 

 

 rdf:type sp:Construct ; 

      sp:templates ( 

          [ 

            sp:object spin:ConstraintViolation ; 

            sp:predicate rdf:type ; 

            sp:subject _:b90104 ; 

          ] 

          [ 

            sp:object [ 

                sp:varName "s"^^xsd:string ; 

              ] ; 

            sp:predicate spin:violationRoot ; 

            sp:subject _:b90104 ; 



          ] 

          [ 

            sp:object spin:Warning ; 

            sp:predicate spin:violationLevel ; 

            sp:subject _:b90104 ; 

          ] 

        ) ; 

      sp:where ( 

          [ 

            sp:object [ 

                sp:varName "o"^^xsd:string ; 

              ] ; 

            sp:predicate query-rewriting:isBoundaryOf ; 

            sp:subject [ 

                sp:varName "s"^^xsd:string ; 

              ] ; 

          ] 

          [ 

            sp:object [ 

                sp:varName "o2"^^xsd:string ; 

              ] ; 

            sp:predicate query-rewriting:isBoundaryOf ; 

            sp:subject [ 

                sp:varName "s"^^xsd:string ; 

              ] ; 

          ] 

          [ 

            sp:object bam:InternalWall ; 

            sp:predicate rdf:type ; 

            sp:subject [ 

                sp:varName "s"^^xsd:string ; 

              ] ; 

          ] 

          [ 

            sp:object bam:OfficeSpace ; 

            sp:predicate rdf:type ; 

            sp:subject [ 

                sp:varName "o"^^xsd:string ; 

              ] ; 

          ] 

          [ 

            sp:object bam:HorizontalMovementSpace ; 

            sp:predicate rdf:type ; 

            sp:subject [ 

                sp:varName "o2"^^xsd:string ; 

              ] ; 

          ] 

          [ 

            rdf:type sp:Filter ; 

            sp:expression [ 

                rdf:type sp:notExists ; 

                sp:elements ( 

                    [ 

                      sp:object [ 

                          sp:varName "o3"^^xsd:string ; 

                        ] ; 

                      sp:predicate <http://bimsparql.org/pset#acousticRating> ; 



                      sp:subject [ 

                          sp:varName "s"^^xsd:string ; 

                        ] ; 

                    ] 

                    [ 

                      rdf:type sp:Filter ; 

                      sp:expression [ 

                          rdf:type sp:gt ; 

                          sp:arg1 [ 

                              sp:varName "o3"^^xsd:string ; 

                            ] ; 

                          sp:arg2 69 ; 

                        ] ; 

                    ] 

                  ) ; 

              ] ; 

          ] 

        ) . 

 

bam:constraint_powersocket_1 

      rdf:type sp:Construct ; 

      sp:templates ( 

          [ 

            sp:object spin:ConstraintViolation ; 

            sp:predicate rdf:type ; 

            sp:subject _:b26654 ; 

          ] 

          [ 

            sp:object [ 

                sp:varName "s"^^xsd:string ; 

              ] ; 

            sp:predicate spin:violationRoot ; 

            sp:subject _:b26654 ; 

          ] 

          [ 

            sp:object spin:Warning ; 

            sp:predicate spin:violationLevel ; 

            sp:subject _:b26654 ; 

          ] 

        ) ; 

      sp:where ( 

          [ 

            rdf:type sp:TriplePath ; 

            sp:object bam:Space ; 

            sp:path [ 

                rdf:type sp:SeqPath ; 

                sp:path1 rdf:type ; 

                sp:path2 [ 

                    rdf:type sp:ModPath ; 

                    sp:modMax -2 ; 

                    sp:modMin 0 ; 

                    sp:subPath rdfs:subClassOf ; 

                  ] ; 

              ] ; 

            sp:subject [ 



                sp:varName "s"^^xsd:string ; 

              ] ; 

          ] 

          [ 

            rdf:type sp:Filter ; 

            sp:expression [ 

                rdf:type sp:notExists ; 

                sp:elements ( 

                    [ 

                      sp:object [ 

                          sp:varName "o"^^xsd:string ; 

                        ] ; 

                      sp:predicate query-rewriting:hasContainedProduct ; 

                      sp:subject [ 

                          sp:varName "s"^^xsd:string ; 

                        ] ; 

                    ] 

                    [ 

                      sp:object bam:PowerSocket ; 

                      sp:predicate rdf:type ; 

                      sp:subject [ 

                          sp:varName "o"^^xsd:string ; 

                        ] ; 

                    ] 

                  ) ; 

              ] ; 

          ] 

        ) .
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Annex K – Script Tool 

Backend script 
package backend_constraints; 
 
import java.io.File; 
import java.io.FileInputStream; 
import java.io.FileNotFoundException; 
import java.io.FileOutputStream; 
import java.io.InputStream; 
import java.util.ArrayList; 
import java.util.HashMap; 
import java.util.List; 
import java.util.Map; 
import org.topbraid.spin.inference.DefaultSPINRuleComparator; 
import org.topbraid.spin.inference.SPINInferencesWithoutConstructor; 
import org.topbraid.spin.inference.SPINRuleComparator; 
import org.topbraid.spin.system.SPINModuleRegistry; 
import org.topbraid.spin.util.CommandWrapper; 
import org.topbraid.spin.util.SPINQueryFinder; 
import org.topbraid.spin.vocabulary.SPIN; 
 
import com.hp.hpl.jena.ontology.OntModel; 
import com.hp.hpl.jena.ontology.OntModelSpec; 
import com.hp.hpl.jena.query.Query; 
import com.hp.hpl.jena.query.QueryExecution; 
import com.hp.hpl.jena.query.QueryExecutionFactory; 
import com.hp.hpl.jena.query.QueryFactory; 
import com.hp.hpl.jena.rdf.model.Model; 
import com.hp.hpl.jena.rdf.model.ModelFactory; 
import com.hp.hpl.jena.rdf.model.Resource; 
import com.hp.hpl.jena.vocabulary.OWL; 
 
 
public class Backend { 
 
 Model model; 
 Model ifcowl; 
 OntModel spin; 
 OntModel bam; 
 
 static HashMap<String, List<Resource>> hashmap = new HashMap<String, 
List<Resource>>(); 
 
 public static Backend init() { 
 
  // input Spin files, bam OTL and IFCOWL 
 
  Backend backend = new Backend(); 
  InputStream ifcowl = 
Backend.class.getResourceAsStream("resources/IFC2X3_TC1.ttl"); 
  backend.ifcowl = ModelFactory.createDefaultModel(); 
  backend.ifcowl.read(ifcowl, null, "TTL"); 
 
  InputStream bamotl = 
Backend.class.getResourceAsStream("resources/bam_OTL.ttl"); 
  backend.bam = ModelFactory.createOntologyModel(OntModelSpec.OWL_MEM); 
  backend.bam.read(bamotl, null, "TTL"); 
 



  InputStream pset = 
Backend.class.getResourceAsStream("resources/experiment.ttl"); 
  backend.spin = ModelFactory.createOntologyModel(OntModelSpec.OWL_MEM); 
  backend.spin.read(pset, null, "TTL"); 
 
  InputStream qrw = 
Backend.class.getResourceAsStream("resources/query_rewriting.ttl"); 
  backend.spin.read(qrw, null, "TTL"); 
 
  List<Resource> constraints = new ArrayList<Resource>(); 
  Resource constraint1 = 
backend.spin.getResource("http://www.bam.com/bamNL_otl#constraint_acoustic_3"); 
  constraints.add(constraint1); 
  hashmap.put("Comfort", constraints); 
  SPINModuleRegistry.get().init(); 
  SPINModuleRegistry.get().registerAll(backend.spin, null); 
 
  return backend; 
 } 
 
 public void readModel(String s) { 
 
  // read file into memory 
 
  model = ModelFactory.createDefaultModel(); 
  InputStream input; 
  try { 
   input = new FileInputStream(s); 
   model.read(input, null, "TTL"); 
  } catch (FileNotFoundException e1) { 
   e1.printStackTrace(); 
  } 
 
 } 
 
 private void addConstraint(Model spin, Resource constraint) { 
 
  // add constraints out of the ttl file 
 
  spin.add(OWL.Thing, SPIN.constraint, constraint); 
 } 
 
 public void selectConstraints(List<String> strings) { 
 
  // selection of the constraints which can be connected to the buttons. 
   
  for (String s : strings) { 
   List<Resource> constraints = hashmap.get(s); 
   for (Resource constraint : constraints) { 
    addConstraint(bam, constraint); 
   } 
  } 
 
 } 
 
 public void execute() { 
  // Run all constraints queries, when button start checker is executed 
 
  long startInference = System.currentTimeMillis(); 
  Model newTriples = ModelFactory.createDefaultModel(); 
  OntModel ontModel = 
ModelFactory.createOntologyModel(OntModelSpec.RDFS_MEM_RDFS_INF); 
  ontModel.addSubModel(newTriples); 
  ontModel.add(ifcowl); 
  ontModel.add(model); 
  ontModel.add(bam); 



  spin.add(bam); 
  Map<Resource, List<CommandWrapper>> cls2Query = 
SPINQueryFinder.getClass2QueryMap(spin, ontModel, SPIN.rule, 
    false, false); 
  SPINRuleComparator comparator = new DefaultSPINRuleComparator(ontModel); 
  SPINInferencesWithoutConstructor.runWithoutConstructors(ontModel, 
newTriples, cls2Query, null, null, false, 
    SPIN.rule, comparator, null); 
  long endInference = System.currentTimeMillis(); 
  float inferenceTime = (float) (endInference - startInference); 
  System.out.println("Inference Time: " + inferenceTime / 1000); 
  System.out.println("New Triples size: " + newTriples.size()); 
  String q = "prefix bam: <http://www.bam.com/bamNL_otl#> \n"+"prefix spin: 
<"+SPIN.BASE_URI+"> \n" 
    + "prefix query-rewriting: <http://bimsparql.org/query-
rewriting#>\n" 
    + "prefix pset:<http://bimsparql.org/pset#>\n" + "CONSTRUCT 
{\n" + "_:b0 a spin:ConstraintViolation .\n" 
    + "_:b0 spin:violationRoot ?s .\n" + "_:b0 spin:violationLevel 
spin:Warning .\n" + "}\n" + "WHERE {\n" 
    + "?s query-rewriting:isBoundaryOf ?o .\n" + "?s query-
rewriting:isBoundaryOf ?o2 .\n" 
    + "?s a bam:InternalWall .\n" + "?o a bam:MeetingSpace .\n" + 
"?o2 a bam:HorizontalMovementSpace .\n" 
    + "FILTER NOT EXISTS {\n" + "?s pset:acousticRating ?o3 .\n" + 
"FILTER (?o3 > 50) .\n" + "} .\n" + "}"; 
  Query query = QueryFactory.create(q); 
  QueryExecution qexec = QueryExecutionFactory.create(query, ontModel); 
  Model output = qexec.execConstruct(); 
  FileOutputStream out; 
  try { 
   out = new FileOutputStream (new File (new File 
(System.getProperty("user.home"), "/Desktop"), "output.ttl")); 
   output.write(out, "TTL"); 
  } catch (FileNotFoundException e) { 
   e.printStackTrace(); 
  } 
 
 } 
 
} 

Front end script 

Window 1 
package FrontEnd; 
import java.awt.EventQueue; 
import javax.swing.JFrame; 
import javax.swing.JPanel; 
import javax.swing.border.EmptyBorder; 
 
import javax.swing.JLabel; 
import javax.swing.ImageIcon; 
import javax.swing.JButton; 
import javax.swing.JTextPane; 
import java.awt.event.ActionListener; 
import java.awt.event.ActionEvent; 
import java.awt.Color; 
 
 
public class Image extends JFrame { 
 
 private JPanel contentPane; 
 
 /** 



  * Launch the application. 
  */ 
 public static void main(String[] args) { 
   
  EventQueue.invokeLater(new Runnable() { 
   public void run() { 
    try { 
     Image frame = new Image(); 
     frame.setVisible(true); 
    } catch (Exception e) { 
     e.printStackTrace(); 
     
    } 
   } 
  }); 
 } 
 
 /** 
  * Create the frame. 
  */ 
 public Image() { 
  setTitle("Requirements Checker"); 
  setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
  setBounds(700, 380, 450, 300); 
  contentPane = new JPanel(); 
  contentPane.setBackground(Color.WHITE); 
  contentPane.setBorder(new EmptyBorder(5, 5, 5, 5)); 
  setContentPane(contentPane); 
  contentPane.setLayout(null); 
   
  JLabel lblNewLabel = new JLabel("Requirements Checker"); 
  lblNewLabel.setIcon(new 
ImageIcon("C:\\Users\\l.moonen\\workspace\\AutomatedVerificationTool\\Images\\bam.jpg")); 
  lblNewLabel.setBounds(23, 21, 175, 82); 
  contentPane.add(lblNewLabel); 
   
  JLabel lblNewLabel_1 = new JLabel(""); 
  lblNewLabel_1.setIcon(new 
ImageIcon("C:\\Users\\l.moonen\\workspace\\AutomatedVerificationTool\\Images\\logo-tue-
150x150.png")); 
  lblNewLabel_1.setBounds(245, 27, 158, 66); 
  contentPane.add(lblNewLabel_1); 
   
  JButton btnStartRequirementsChecker = new JButton("Start Requirements 
Checker"); 
  btnStartRequirementsChecker.addActionListener(new ActionListener() { 
   public void actionPerformed(ActionEvent arg0) { 
    dispose(); 
    SelectionOfRequirements nw = new SelectionOfRequirements(); 
    SelectionOfRequirements.NewScreen();  
   } 
  }); 
  btnStartRequirementsChecker.setBounds(120, 190, 193, 46); 
  contentPane.add(btnStartRequirementsChecker); 
   
  JTextPane txtpnAutomatedVerificationOf = new JTextPane(); 
  txtpnAutomatedVerificationOf.setEditable(false); 
  txtpnAutomatedVerificationOf.setText("Automated Verification of Client 
specific Requirements\r\nA Prototype By Luuk Thomas Moonen\r\n2016"); 
  txtpnAutomatedVerificationOf.setBounds(120, 114, 193, 65); 
  contentPane.add(txtpnAutomatedVerificationOf); 
   
 
 } 
} 



Window 2 
package FrontEnd; 
 
import java.awt.EventQueue; 
import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
import java.awt.Color; 
 
import java.io.File; 
 
import javax.swing.JFrame; 
import javax.swing.JOptionPane; 
import javax.swing.JButton; 
import javax.swing.JTextField; 
import javax.swing.JTextPane; 
import javax.swing.filechooser.FileNameExtensionFilter; 
import javax.swing.JFileChooser; 
 
public class SelectionOfRequirements { 
 
 private JFrame frmRequirementsChecker; 
 private static JTextField textField; 
 private File selectedFile; 
 
 /** 
  * Launch the application. 
  */ 
 public static void NewScreen() { 
  EventQueue.invokeLater(new Runnable() { 
   public void run() { 
    try { 
     SelectionOfRequirements window = new 
SelectionOfRequirements(); 
     window.frmRequirementsChecker.setVisible(true); 
    } catch (Exception e) { 
     e.printStackTrace(); 
    } 
   } 
  }); 
 } 
 
 /** 
  * Create the application. 
  */ 
 public SelectionOfRequirements() { 
  initialize(); 
 } 
 
 /** 
  * Initialize the contents of the frame. 
  */ 
 
 private void initialize() { 
  frmRequirementsChecker = new JFrame(); 
  frmRequirementsChecker.getContentPane().setBackground(Color.WHITE); 
  frmRequirementsChecker.setTitle("Requirements Checker"); 
  frmRequirementsChecker.setBounds(700, 380, 450, 300); 
  frmRequirementsChecker.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
  frmRequirementsChecker.getContentPane().setLayout(null); 
 
  JButton btnLoadFile = new JButton("Browse"); 
  btnLoadFile.setBounds(285, 98, 89, 23); 
  frmRequirementsChecker.getContentPane().add(btnLoadFile); 



  btnLoadFile.addActionListener(new ActionListener() { 
 
   public void actionPerformed(ActionEvent e) { 
 
    JFileChooser fileChooser = new JFileChooser(); 
    FileNameExtensionFilter filter = new 
FileNameExtensionFilter("IFC or TTL Files", "TTL", "IFC"); 
    fileChooser.setFileFilter(filter); 
    fileChooser.setCurrentDirectory(new 
File(System.getProperty("user.home"))); 
    int result = fileChooser.showOpenDialog(null); 
    if (result == JFileChooser.APPROVE_OPTION) { 
     selectedFile = fileChooser.getSelectedFile(); 
     textField.setText(selectedFile.getAbsolutePath()); 
    } 
   } 
 
  }); 
 
  textField = new JTextField(); 
  textField.setBounds(67, 99, 208, 20); 
  frmRequirementsChecker.getContentPane().add(textField); 
  textField.setColumns(10); 
 
  JTextPane txtpnAnIfcFile = new JTextPane(); 
  txtpnAnIfcFile.setEditable(false); 
  txtpnAnIfcFile.setText("Select an IFC or a TTL  file to continue"); 
  txtpnAnIfcFile.setBounds(67, 143, 251, 48); 
  frmRequirementsChecker.getContentPane().add(txtpnAnIfcFile); 
 
  JButton btnNext = new JButton("Next"); 
  btnNext.addActionListener(new ActionListener() { 
   public void actionPerformed(ActionEvent e) { 
    if (selectedFile != null) { 
     RequirementsSelection nw = new 
RequirementsSelection(); 
     nw.NewScreen(textField.getText()); 
     frmRequirementsChecker.dispose(); 
 
    } else { 
     JOptionPane.showMessageDialog(frmRequirementsChecker, 
"No IFC file has been loaded."); 
    } 
   } 
  }); 
  btnNext.setBounds(335, 228, 89, 23); 
  frmRequirementsChecker.getContentPane().add(btnNext); 
 
  JButton button = new JButton("Previous"); 
  button.setBounds(236, 228, 89, 23); 
  frmRequirementsChecker.getContentPane().add(button); 
 } 
 
} 

Window 3 
package FrontEnd; 
import java.awt.EventQueue; 
 
import javax.swing.JFrame; 
import javax.swing.JOptionPane; 
import javax.swing.JCheckBox; 
import javax.swing.JTextPane; 
import javax.swing.JButton; 



import java.awt.event.ActionListener; 
import java.awt.event.ActionEvent; 
import javax.swing.JPanel; 
import javax.swing.JTextField; 
import java.awt.Color; 
 
public class RequirementsSelection { 
 
 private JFrame frmRequirementsChecker; 
 private JTextField txtComfortRequirements; 
 static String textField; 
 
 /** 
  * Launch the application. 
  */ 
 public static void NewScreen(String textfield) { 
  textField = textfield; 
  EventQueue.invokeLater(new Runnable() { 
   public void run() { 
    try { 
     RequirementsSelection window = new 
RequirementsSelection(); 
     window.frmRequirementsChecker.setVisible(true); 
    } catch (Exception e) { 
     e.printStackTrace(); 
    } 
   } 
  }); 
 } 
 
 /** 
  * Create the application. 
  */ 
 public RequirementsSelection() { 
  initialize(); 
 } 
 
 /** 
  * Initialize the contents of the frame. 
  */ 
 private void initialize() { 
  frmRequirementsChecker = new JFrame(); 
  frmRequirementsChecker.getContentPane().setBackground(Color.WHITE); 
  frmRequirementsChecker.setTitle("Requirements Checker"); 
  frmRequirementsChecker.setBounds(600, 300, 653, 536); 
  frmRequirementsChecker.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
  frmRequirementsChecker.getContentPane().setLayout(null); 
   
  final JCheckBox chckbxNewCheckBox = new JCheckBox("Comfort"); 
  chckbxNewCheckBox.setSelected(true); 
  chckbxNewCheckBox.setBounds(113, 111, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxNewCheckBox); 
   
  JCheckBox chckbxNewCheckBox_1 = new JCheckBox("Accessibility"); 
  chckbxNewCheckBox_1.setBounds(113, 137, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxNewCheckBox_1); 
   
  JCheckBox chckbxFunctionality = new JCheckBox("Functionality"); 
  chckbxFunctionality.setBounds(113, 163, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxFunctionality); 
   
  final JCheckBox chckbxAvailability = new JCheckBox("Availability"); 
  chckbxAvailability.setBounds(113, 189, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxAvailability); 
   
  JCheckBox chckbxSafety = new JCheckBox("Safety"); 



  chckbxSafety.setBounds(113, 215, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxSafety); 
   
  JCheckBox chckbxSecurity = new JCheckBox("Security"); 
  chckbxSecurity.setBounds(113, 241, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxSecurity); 
   
  JCheckBox chckbxQuality = new JCheckBox("Quality"); 
  chckbxQuality.setBounds(113, 267, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxQuality); 
   
  JCheckBox chckbxSpatiality = new JCheckBox("Spatiality"); 
  chckbxSpatiality.setBounds(113, 293, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxSpatiality); 
   
  JCheckBox chckbxStrength = new JCheckBox("Strength"); 
  chckbxStrength.setBounds(113, 319, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxStrength); 
   
  JCheckBox chckbxCosts = new JCheckBox("Costs"); 
  chckbxCosts.setBounds(113, 345, 97, 23); 
  frmRequirementsChecker.getContentPane().add(chckbxCosts); 
   
  JTextPane txtpnInThisMenu = new JTextPane(); 
  txtpnInThisMenu.setEditable(false); 
  txtpnInThisMenu.setText("In this menu the requirement types must be chosen 
to define which\r\nrequirements will be checked automatically"); 
  txtpnInThisMenu.setBounds(79, 45, 417, 46); 
  frmRequirementsChecker.getContentPane().add(txtpnInThisMenu); 
   
  JButton button = new JButton("Next"); 
  button.addActionListener(new ActionListener() { 
   public void actionPerformed(ActionEvent e) { 
    if(chckbxNewCheckBox.isSelected() || 
chckbxAvailability.isSelected()){ 
     ObjectSelection nw = new ObjectSelection(); 
     ObjectSelection.NewScreen(textField); 
     frmRequirementsChecker.dispose(); 
    } else { 
     JOptionPane.showMessageDialog(frmRequirementsChecker, 
"TODO");   
    } 
   } 
  }); 
  button.setBounds(538, 464, 89, 23); 
  frmRequirementsChecker.getContentPane().add(button); 
    
  JButton button_1 = new JButton("Previous"); 
  button_1.addActionListener(new ActionListener() { 
   public void actionPerformed(ActionEvent arg0) { 
   } 
  }); 
  button_1.setBounds(439, 464, 89, 23); 
  frmRequirementsChecker.getContentPane().add(button_1); 
   
  JButton btnRequirements = new JButton("Requirements"); 
  btnRequirements.setBounds(216, 111, 126, 23); 
  frmRequirementsChecker.getContentPane().add(btnRequirements); 
   
  JButton button_2 = new JButton("Requirements"); 
  button_2.setBounds(216, 137, 126, 23); 
  frmRequirementsChecker.getContentPane().add(button_2); 
   
  JButton button_3 = new JButton("Requirements"); 
  button_3.setBounds(216, 163, 126, 23); 
  frmRequirementsChecker.getContentPane().add(button_3); 



   
  JButton button_4 = new JButton("Requirements"); 
  button_4.setBounds(216, 189, 126, 23); 
  frmRequirementsChecker.getContentPane().add(button_4); 
   
  JButton button_5 = new JButton("Requirements"); 
  button_5.setBounds(216, 215, 126, 23); 
  frmRequirementsChecker.getContentPane().add(button_5); 
   
  JButton button_6 = new JButton("Requirements"); 
  button_6.setBounds(216, 241, 126, 23); 
  frmRequirementsChecker.getContentPane().add(button_6); 
   
  JButton button_7 = new JButton("Requirements"); 
  button_7.setBounds(216, 267, 126, 23); 
  frmRequirementsChecker.getContentPane().add(button_7); 
   
  JButton button_8 = new JButton("Requirements"); 
  button_8.setBounds(216, 293, 126, 23); 
  frmRequirementsChecker.getContentPane().add(button_8); 
   
  JButton button_9 = new JButton("Requirements"); 
  button_9.setBounds(216, 319, 126, 23); 
  frmRequirementsChecker.getContentPane().add(button_9); 
   
  JButton button_10 = new JButton("Requirements"); 
  button_10.setBounds(216, 345, 126, 23); 
  frmRequirementsChecker.getContentPane().add(button_10); 
   
  JPanel panel = new JPanel(); 
  panel.setBounds(393, 111, 221, 267); 
  frmRequirementsChecker.getContentPane().add(panel); 
  panel.setLayout(null); 
   
  JCheckBox chckbxHeating = new JCheckBox("Heating Requirements"); 
  chckbxHeating.setBounds(6, 36, 167, 23); 
  panel.add(chckbxHeating); 
   
  JCheckBox chckbxNewCheckBox_2 = new JCheckBox("Air Ventilation 
Requirements"); 
  chckbxNewCheckBox_2.setBounds(6, 88, 167, 23); 
  panel.add(chckbxNewCheckBox_2); 
   
  JCheckBox chckbxNewCheckBox_3 = new JCheckBox("Cooling Requirements"); 
  chckbxNewCheckBox_3.setBounds(6, 62, 167, 23); 
  panel.add(chckbxNewCheckBox_3); 
   
  JCheckBox chckbxAudiologicRequirements = new JCheckBox("Audiologic 
Requirements"); 
  chckbxAudiologicRequirements.setSelected(true); 
  chckbxAudiologicRequirements.setBounds(6, 114, 167, 23); 
  panel.add(chckbxAudiologicRequirements); 
   
  JCheckBox chckbxLightingRequirements = new JCheckBox("Lighting 
Requirements"); 
  chckbxLightingRequirements.setBounds(6, 140, 167, 23); 
  panel.add(chckbxLightingRequirements); 
   
  txtComfortRequirements = new JTextField(); 
  txtComfortRequirements.setEditable(false); 
  txtComfortRequirements.setText("Comfort requirements"); 
  txtComfortRequirements.setBounds(6, 9, 125, 20); 
  panel.add(txtComfortRequirements); 
  txtComfortRequirements.setColumns(10); 
   



  JCheckBox chckbxMoistureRequirements = new JCheckBox("Moisture 
Requirements"); 
  chckbxMoistureRequirements.setBounds(6, 166, 167, 23); 
  panel.add(chckbxMoistureRequirements); 
   
  JCheckBox chckbxReflectionRequirements = new JCheckBox("Reflection 
Requirements"); 
  chckbxReflectionRequirements.setBounds(6, 192, 167, 23); 
  panel.add(chckbxReflectionRequirements); 
 } 
} 

 

Window 4
package FrontEnd; 
import java.awt.EventQueue; 
import javax.swing.JFrame; 
import javax.swing.JCheckBox; 
import javax.swing.JTextPane; 
import javax.swing.JButton; 
import javax.swing.JPanel; 
import javax.swing.JRadioButton; 
import java.awt.event.ActionListener; 
import java.awt.event.ActionEvent; 
import java.awt.Color; 
 
public class ObjectSelection { 
 
 private JFrame frmRe; 
 static String textField; 
 
 /** 
  * Launch the application. 
  */ 
 
 public static void NewScreen(String textfield) { 
  textField = textfield; 
  EventQueue.invokeLater(new Runnable() { 
   public void run() { 
    try { 
     ObjectSelection window = new ObjectSelection(); 
     window.frmRe.setVisible(true); 
    } catch (Exception e) { 
     e.printStackTrace(); 
    } 
   } 
  }); 
 } 
 
 /** 
  * Create the application. 
  */ 
 public ObjectSelection() { 
  initialize(); 
 } 
 
 /** 
  * Initialize the contents of the frame. 
  */ 
 
 private void initialize() { 
  frmRe = new JFrame(); 
  frmRe.getContentPane().setBackground(Color.WHITE); 
  frmRe.setTitle("Requirements Checker"); 
  frmRe.setBounds(600, 300, 586, 501); 



  frmRe.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
  frmRe.getContentPane().setLayout(null); 
   
  JCheckBox chckbxWalls = new JCheckBox("Externall Walls"); 
  chckbxWalls.setBounds(162, 92, 142, 23); 
  frmRe.getContentPane().add(chckbxWalls); 
   
  JCheckBox chckbxInternalWalls = new JCheckBox("Internal Walls"); 
  chckbxInternalWalls.setSelected(true); 
  chckbxInternalWalls.setBounds(162, 118, 142, 23); 
  frmRe.getContentPane().add(chckbxInternalWalls); 
   
  JCheckBox chckbxFloors = new JCheckBox("Floors"); 
  chckbxFloors.setBounds(162, 144, 142, 23); 
  frmRe.getContentPane().add(chckbxFloors); 
   
  JCheckBox chckbxStairs = new JCheckBox("Stairs"); 
  chckbxStairs.setBounds(162, 170, 142, 23); 
  frmRe.getContentPane().add(chckbxStairs); 
   
  JCheckBox chckbxRoofs = new JCheckBox("Roofs"); 
  chckbxRoofs.setBounds(162, 196, 142, 23); 
  frmRe.getContentPane().add(chckbxRoofs); 
   
  JCheckBox chckbxConstruction = new JCheckBox("Construction"); 
  chckbxConstruction.setBounds(162, 222, 142, 23); 
  frmRe.getContentPane().add(chckbxConstruction); 
   
  JCheckBox chckbxExternalOpenings = new JCheckBox("Openings"); 
  chckbxExternalOpenings.setBounds(162, 248, 142, 23); 
  frmRe.getContentPane().add(chckbxExternalOpenings); 
   
  JTextPane txtpnInThisMenu = new JTextPane(); 
  txtpnInThisMenu.setEditable(false); 
  txtpnInThisMenu.setText("In this menu the object types must be chosen for 
the selected requirements. "); 
  txtpnInThisMenu.setBounds(10, 11, 417, 46); 
  frmRe.getContentPane().add(txtpnInThisMenu); 
   
  JButton button = new JButton("Previous"); 
  button.setBounds(370, 430, 89, 23); 
  frmRe.getContentPane().add(button); 
   
  JButton button_1 = new JButton("Next"); 
  button_1.addActionListener(new ActionListener() { 
   public void actionPerformed(ActionEvent e) { 
     
    frmRe.dispose(); 
    ValueInput nw = new ValueInput (); 
    ValueInput.NewScreen(textField); 
     
           
   } 
  }); 
  button_1.setBounds(469, 430, 89, 23); 
  frmRe.getContentPane().add(button_1); 
   
  JCheckBox chckbxInternalOpenings = new JCheckBox("Mechanical Facilities"); 
  chckbxInternalOpenings.setBounds(162, 274, 142, 23); 
  frmRe.getContentPane().add(chckbxInternalOpenings); 
   
  JCheckBox chckbxElectronicFacilities = new JCheckBox("Electronic 
Facilities"); 
  chckbxElectronicFacilities.setBounds(162, 300, 142, 23); 
  frmRe.getContentPane().add(chckbxElectronicFacilities); 
   



  JCheckBox chckbxFoundationFacilities = new JCheckBox("Foundation 
Facilities"); 
  chckbxFoundationFacilities.setBounds(162, 326, 142, 23); 
  frmRe.getContentPane().add(chckbxFoundationFacilities); 
   
  JButton btnInSpace = new JButton("In Space"); 
  btnInSpace.setBounds(370, 92, 162, 23); 
  frmRe.getContentPane().add(btnInSpace); 
   
  JPanel panel = new JPanel(); 
  panel.setBounds(352, 78, 208, 288); 
  frmRe.getContentPane().add(panel); 
  panel.setLayout(null); 
   
  JRadioButton rdbtnUserSpace = new JRadioButton("User Space"); 
  rdbtnUserSpace.setBounds(23, 50, 137, 23); 
  panel.add(rdbtnUserSpace); 
   
  JRadioButton rdbtnFunctionalSpace = new JRadioButton("Functional Space"); 
  rdbtnFunctionalSpace.setBounds(23, 76, 137, 23); 
  panel.add(rdbtnFunctionalSpace); 
   
  JRadioButton rdbtnSanitarySpace = new JRadioButton("Sanitary Space"); 
  rdbtnSanitarySpace.setBounds(23, 102, 137, 23); 
  panel.add(rdbtnSanitarySpace); 
   
  JRadioButton rdbtnTechnicalSpace = new JRadioButton("Movement Space"); 
  rdbtnTechnicalSpace.setBounds(23, 128, 137, 23); 
  panel.add(rdbtnTechnicalSpace); 
   
  JRadioButton rdbtnUndefinedSpace = new JRadioButton("Undefined Space"); 
  rdbtnUndefinedSpace.setBounds(23, 154, 137, 23); 
  panel.add(rdbtnUndefinedSpace); 
   
  JRadioButton rdbtnTechnicalSpace_1 = new JRadioButton("Technical Space"); 
  rdbtnTechnicalSpace_1.setBounds(23, 180, 137, 23); 
  panel.add(rdbtnTechnicalSpace_1); 
   
  JPanel panel_1 = new JPanel(); 
  panel_1.setLayout(null); 
  panel_1.setBounds(154, 78, 162, 288); 
  frmRe.getContentPane().add(panel_1); 
 } 
} 

 

Window 5 
package FrontEnd; 
import java.awt.EventQueue; 
import javax.swing.JFrame; 
import javax.swing.JTextPane; 
import javax.swing.JButton; 
import javax.swing.JEditorPane; 
import javax.swing.JTextField; 
import java.awt.event.ActionListener; 
import java.util.ArrayList; 
import java.util.List; 
import java.awt.event.ActionEvent; 
import java.awt.Color; 
import javax.swing.UIManager; 
 
import backend_constraints.Backend; 
 
public class ValueInput { 
 



 private JFrame frmRequirementsChecker; 
 private JTextField txtInputValue; 
 private JTextField txtRequirementStatement; 
 public static Backend backend; 
 static String textField; 
 
 /** 
  * Launch the application. 
  */ 
 public static void NewScreen(String textfield) { 
  textField = textfield; 
  EventQueue.invokeLater(new Runnable() { 
   public void run() { 
    try { 
     ValueInput window = new ValueInput(); 
     window.frmRequirementsChecker.setVisible(true); 
    } catch (Exception e) { 
     e.printStackTrace(); 
    } 
   } 
  }); 
 } 
 
 /** 
  * Create the application. 
  */ 
 public ValueInput() { 
  initialize(); 
 } 
 
 /** 
  * Initialize the contents of the frame. 
  */ 
 
 private void initialize() { 
  frmRequirementsChecker = new JFrame(); 
  frmRequirementsChecker.getContentPane().setBackground(Color.WHITE); 
  frmRequirementsChecker.setTitle("Requirements Checker"); 
  frmRequirementsChecker.setBounds(600, 300, 585, 503); 
  frmRequirementsChecker.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
  frmRequirementsChecker.getContentPane().setLayout(null); 
 
   
  JTextPane txtpnInThisMenu = new JTextPane(); 
  txtpnInThisMenu.setText("In this menu the values of the templates must be 
selected per requirement Check"); 
  txtpnInThisMenu.setBounds(10, 11, 500, 40); 
  txtpnInThisMenu.setEditable(false); 
  frmRequirementsChecker.getContentPane().add(txtpnInThisMenu); 
   
  JTextPane txtSelectedRequirement = new JTextPane(); 
  txtSelectedRequirement.setText("The following requirement is built up with 
the templates and with the selected elements ;"); 
  txtSelectedRequirement.setBounds(10, 45, 550, 40); 
  txtSelectedRequirement.setEditable(false); 
  frmRequirementsChecker.getContentPane().add(txtSelectedRequirement); 
   
  JButton button = new JButton("Previous"); 
  button.setBounds(339, 430, 89, 23); 
  frmRequirementsChecker.getContentPane().add(button); 
   
  JButton btnStartCheck = new JButton("Start Check"); 
  btnStartCheck.addActionListener(new ActionListener() { 
   public void actionPerformed(ActionEvent arg0) { 
    ReportOutcome nw = new ReportOutcome(); 
    frmRequirementsChecker.dispose(); 



     
     
    JFrame window2 = new JFrame(); 
       
    window2.setVisible(true); 
    window2.getContentPane().setBackground(Color.WHITE); 
    window2.setTitle("Requirements Checker"); 
    window2.setBounds(100, 100, 300, 200); 
    window2.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
    window2.getContentPane().setLayout(null); 
     
    JTextPane txtpnExecution = new JTextPane(); 
    txtpnExecution.setText("Please wait while checks are executed 
"); 
    txtpnExecution.setBounds(100, 100, 300, 200); 
    window2.getContentPane().add(txtpnExecution);  
 
    List<String> strings=new ArrayList<String>(); 
    strings.add("Comfort"); 
    backend = Backend.init(); 
    backend.readModel(textField); 
    backend.selectConstraints(strings); 
    backend.execute(); 
     
    window2.dispose(); 
     
    nw.NewScreen(); 
   } 
  }); 
  btnStartCheck.setBounds(440, 430, 118, 23); 
  frmRequirementsChecker.getContentPane().add(btnStartCheck); 
   
  JEditorPane editorPane = new JEditorPane(); 
  editorPane.setBackground(UIManager.getColor("Button.background")); 
  editorPane.setBounds(10, 153, 169, 46); 
  frmRequirementsChecker.getContentPane().add(editorPane); 
   
  txtInputValue = new JTextField(); 
  txtInputValue.setText("Input value for X"); 
  txtInputValue.setBounds(187, 153, 169, 46); 
  frmRequirementsChecker.getContentPane().add(txtInputValue); 
  txtInputValue.setColumns(10); 
   
  txtRequirementStatement = new JTextField(); 
  txtRequirementStatement.setText("An Internal Wall between a user and a 
movement space must have an acoustic rating of at least X"); 
  txtRequirementStatement.setBounds(10, 92, 400, 50); 
  frmRequirementsChecker.getContentPane().add(txtRequirementStatement); 
  txtRequirementStatement.setColumns(10); 
 } 
} 

Window 6 
package FrontEnd; 
import java.awt.EventQueue; 
 
import javax.swing.JFrame; 
import javax.swing.JTextPane; 
import java.awt.Font; 
 
public class ReportOutcome { 
 
 private JFrame frmRequirementsChecker; 
 



 /** 
  * Launch the application. 
  */ 
 public static void NewScreen() { 
  EventQueue.invokeLater(new Runnable() { 
   public void run() { 
    try { 
     ReportOutcome window = new ReportOutcome(); 
     window.frmRequirementsChecker.setVisible(true); 
    } catch (Exception e) { 
     e.printStackTrace(); 
    } 
   } 
  }); 
 } 
 
 /** 
  * Create the application. 
  */ 
 public ReportOutcome() { 
  initialize(); 
 } 
 
 /** 
  * Initialize the contents of the frame. 
  */ 
 private void initialize() { 
  frmRequirementsChecker = new JFrame(); 
  frmRequirementsChecker.setTitle("Requirements Checker"); 
  frmRequirementsChecker.setBounds(600, 300, 400, 250); 
  frmRequirementsChecker.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 
  frmRequirementsChecker.getContentPane().setLayout(null); 
   
  JTextPane txtpnQuerySuccesfull = new JTextPane(); 
  txtpnQuerySuccesfull.setEditable(false); 
  txtpnQuerySuccesfull.setFont(new Font("Tahoma", Font.BOLD, 16)); 
  txtpnQuerySuccesfull.setText("Check succesfull!"); 
  txtpnQuerySuccesfull.setBounds(103, 45, 151, 25); 
  frmRequirementsChecker.getContentPane().add(txtpnQuerySuccesfull); 
   
  JTextPane txtpnOutputGeneratedAt = new JTextPane(); 
  txtpnOutputGeneratedAt.setEditable(false); 
  txtpnOutputGeneratedAt.setText("Output generated and saved to desktop"); 
  txtpnOutputGeneratedAt.setBounds(16, 102, 351, 25); 
  frmRequirementsChecker.getContentPane().add(txtpnOutputGeneratedAt); 
   
  JTextPane txtpnInTotal = new JTextPane(); 
  txtpnInTotal.setEditable(false); 
  txtpnInTotal.setFont(new Font("Tahoma", Font.BOLD, 11)); 
  txtpnInTotal.setText("In total 4 bam:InternalWalls are non-complying with 
the requirement. See output for more information."); 
  txtpnInTotal.setBounds(16, 138, 351, 34); 
  frmRequirementsChecker.getContentPane().add(txtpnInTotal); 
 } 
} 



Annex L – Application windows 







Annex M – Flowchart Template selection 
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