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Reference group

OskarPermwall — Specialist in systemic requirement management

Marittdeme — Business developer in information management.

Erik Haggstrom — Sponsor, Area responsible (Background in BIM/GIS, information
management in BIM

Rocthar Rauf bl : _Digital :
Susanne Van Raalte — BIM strategist

Karin Anderson — BIM specialist



Agenda

* Progress report

o Objective 1: ACC Capability Maturity Model
o Objective 2: TRVInfra requirements verifiability
o Objective 3: Demonstration of verification methods

* Project closing
* Future?



Project overview

Duration: October 1, 2023 — September 30, 2025
Three objectives, each with three work packages.

Objective 1: Development of an Automated Compliance
Checking Capability Maturity Model (ACC-CMM)

Objective 2: Understand to what degree the compliance
checking of requirements (TRVInfra, project-specific) is
automatable

Objective 3: Develop procedures for automated, reusable,
verification of requirements



Objective 1: ACC Capability
Model



ACC CMM Model Evaluation

Case study

E22 Fjalkinge—Gualév Model 1.0

Hand-over ?

Interviews Model
Model v.0.7 iy - g ‘

Example Digital
Object

Model
(VAORS

Jan 2025 Feb-Mar 2025 March - April 2025 May 2025- Sept 2025 Sept 2025
15 interviews Review of the
performed assessment by Amra

o
»

Halilovic (this week)



1.1.1 Identify regulations

1.1.2 Analyze format

1.1.3 Create storage space

1.1.4 Share with experts

1.2.1 Identify processes

1.2.2 Triangulate with experts

1.2.3 Create process storage

1.2.4 Identify responsibilities

1.3.1 Separate regulations

1.3.2 Check if verifiable

2.1.1 Identify product reqs

2.1.2 Check if verifiable

2.2.1 Asset lifecycle

2.2.2 Data enable
automation

2.2.3 Change process

2.3.1 Compliance rules dev

2.3.2 Share with domain exp

2.4.1 Lexical sim regulations

2.4.2 Lexical sim
requirements

3.1.1 BIM tool support

3.1.2 Implement BIM tool

3.2.1 Al model for BIM

3.2.2 Al for requirements

3.2.3 Al-compliance PoC

3.2.4 PoC Al BIM Models

3.3.1 Ontologies for regulations

3.3.2 Ontologies for requirements

4.1 Other projects

4.2 Generative design

4.3 Consistent APIs

4.4 Business model



Level 1 -identify and store regulations

Trafikverket is the leader for 7 activities, activities 1.2.1 and
1.2.4 are jointly executed by Trafikverket and suppliers,

Activity 1.2.1 is led by suppliers (successiv granskning Forbifart
Stockholm)

Achieving this level means relevant regulations are identified,
roles and responsibilities for compliance checking are identified
and assessment whether regulations are verifiable is
performed.

Our assessment is 8/10,

o 1.2.3 s partially fulfilled since some documentation of the process is
done individually for project but not clearly shared with other parts
of the TRV (Projekthantering portal)

o 1.2.1 s partially fulfilled since the upphandling process has no clear
requirements about documenting processes

1.1.1 ldentify regulations

1.1.2 Analyze format

1.1.3 Create storage space

1.1.4 Share with experts

1.2.1 ldentify processes

1.2.2 Triangulate with experts

1.2.3 Create process storage

1.2.4 Identify responsibilities

1.3.1 Separate regulations

1.3.2 Check if verifiable




Level 2 - Compliance checking
rules development

Activities 2.1.1 and 2.1.2 are led by the suppliers
Activities 2.2.3 and 2.3.1 are led by Trafikverket
The remaining activities are performed jointly
Activities 2.4.2 is partially performed (manually?)

2.2.1 is not performed — insert data in lifecycle (target, nature,
interpretability, reference to filter requirements) suggested in
Objective 3

2.2.2 not performed — no clear analysis point in the lifecycle,
suggestion from Michael in Objective 2,

2.3.2 - automation rules not shared with domain experts

Our assessment concludes 6/9 activities are performed (2.1.1,
2.2.2,2.3.2)

A am %

2.1.1 ldentify productreqgs

2.1.2 Check if verifiable

2.2.1 Asset lifecycle

2.2.2 Data enable
automation

2.2.3 Change process

2.3.1 Compliance rules dev

2.3.2 Share with domain exp

2.4.1 Lexical sim regulations

2.4.2 Lexical sim
requirements



Level 3 - ACC on BIM models

Trafikverket leads 5 activities
e 3.1.1-2022 decision IFC format

* 3.1.2 - Tools recommended (?) 3.1.2 Implement BIM tool

3.1.1 BIM tool support

* 3.2.1-not performed 3.2.1 Al model for BIM
e 3.2.2, (partially) Results of this project Objective 2

3.2.2 Al for requirements
e 3.2.3 PoC Al compliance regulations — requirements
3.2.3 Al-compliance PoC

e 3.2.4 - Not performed (PoC BIM Al compliance checking)

 3.3.1and 3.3.2 - Project SmartFlow, CoClass, GUS ontologi, 3.2.4 PoC Al BIM Models
NVDB/STVDB Ontologi

* Our assessment concludes 6/8 activities are performed

3.3.1 Ontologies for regulations

3.3.2 Ontologies for requirements




Level 4 - Scaling up ACC in organization

e 4.1 -not performed

4.2 performed by both TRV and suppliers —
"typical bridge" object

4.3 BIM APIs stable ?
e 4.4 Clear business model not developed

4.1 Other projects

4.2 Generative design

2/4 activities performed e e AT

4.4 Business model

https://www.trafikverket.se/e-tjanster/trafikverkets-oppna-api-for-trafikinformation/



Next steps and recommendations

* Process guidelines for suppliers — including the data that
needs to be inserted to enable ACC

* Applying PoC to other projects

 Extending current BIM compliance checking rules to
enable Al-assisted compliance checking

* Letting suppliers know about this model
 Handover meeting with Susanne in GTB/online



Objective 2: TRVIinfra requirements
verifiability



TRVInfra requirements verifiability

Purpose: We perform the classification to judge how
verifiable the TRVInfra requirements are.

Approach: Classify requirements along 4 dimensions
(target, nature, interpretability, reference)

Goal: Create a ground truth to train a classifier (deep
learning) to predict verifiability of 18.000 TRVInfra
requirements



Requirements classification

For ACC, requirements need to be
verifiable:

Non-ambiguous (specific, explicit)

Related to the product (not process or
documentation)

Preferably self-contained (no references
to other information)

Preferably quantified (to make checks
objectively computable)

Target

o) Product

o Process

o) Documentation
Nature

o) Qualitative

o) Quantitative

o Mixed

Interpretability
o) Non-ambiguous

o) Naturally ambiguous
o) Artificially ambiguous
Reference

o) Local

o) Internal

o) External

o) No reference



Example (verifiable)

K56589: Genomforingar och anslutningar ska vara
utformade sa att tva stycken 95 mm? 3-fas kablar kan
anslutas.

Target: Product

Nature: Quantitative
Interpretablity: Non-ambiguous
Reference: None



Example (non-verifiable)

K46926: Dorrar av stal ska vara malade i kulor ljusgra enligt
tillverkarens standard.

Target: Product
Nature: Qualitative
Interpretablity: Ambiguous (artificial)

This requirement could be made unambiguous by specifying the
color using a standard way (e.g. Pantone).

Reference: External



TRVInfra results

target ' [Count - target interpretability | - |Count - interpretability
[Documentation ) 873 |Ambiguous (artificid 3173
Process 3112 Ambiguous (natural 101
Product 13387 Non-ambiguous 14098
Total Result 17372 Total Result 17372
nature - [Count - nature reference ' |Count - reference
Mixed 620 External 849
Qualitative 13997 Internal 1197
Quantitative 2755 Local 1698
Total Result 17372 No reference 13628
Total Result 17372

Answering our initial questions:
- Requirements viable for ACC (product, quantitative, non-ambiguous, no reference): 1996, i.e. 11.5%.

- Requirements that need improvement (artificially ambiguous): 3173, i.e. 18.3%



Requirements improvement

* Using a Generative Pre-trained Transformer (GPT)

* Prompt with instructions to identify and remove
ambiguity

e Used chatGPT builder for the PoC, but could be
implemented with any other service or even locally

* Demo
O


https://chatgpt.com/g/g-6807874da7ac819196c4b0e5373865a8-kravklar-expert
https://chatgpt.com/g/g-6807874da7ac819196c4b0e5373865a8-kravklar-expert
https://chatgpt.com/g/g-6807874da7ac819196c4b0e5373865a8-kravklar-expert
https://chatgpt.com/g/g-6807874da7ac819196c4b0e5373865a8-kravklar-expert
https://chatgpt.com/g/g-6807874da7ac819196c4b0e5373865a8-kravklar-expert
https://chatgpt.com/g/g-6807874da7ac819196c4b0e5373865a8-kravklar-expert
https://chatgpt.com/g/g-6807874da7ac819196c4b0e5373865a8-kravklar-expert
https://chatgpt.com/g/g-6807874da7ac819196c4b0e5373865a8-kravklar-expert

How can Trafikverket benefit?

* |nitiate targeted requirements improvements in TRVInfra
* Demand ACC from suppliers for certain requirements

 Check requirements quality when writing requirements:
O

* Integrate the models we developed into tooling (e.g.
DOORS NG). Source code available:

O


https://mun.diptsrv003.bth.se/?__theme=light
https://mun.diptsrv003.bth.se/?__theme=light
https://github.com/bth-dipt-research/SVAR
https://github.com/bth-dipt-research/SVAR
https://github.com/bth-dipt-research/SVAR
https://github.com/bth-dipt-research/SVAR
https://github.com/bth-dipt-research/SVAR
https://github.com/bth-dipt-research/SVAR

Dissemination of resulis/approach

* Possibility to deploy the classifier within Trafikverket

o August 8

o Thord Sandstrom, Macro Andersson, Arvid Gudmundsson,
Erik Haggstrom

o Waiting for follow-up

 Demonstration of classifier in ERTMS context
o September 4
o Tobias Hall, Robin Rydberg, Per-Erik Ingels, Anna Gulin

o Potential to reapply our approach to classify requirements
into formalizable / not formalizable



Action plan for Trafikverket
(recommendations)

DOORS NG: add attributes target, nature,
interpretability, reference to filter requirements

Invest in improving the classifier by implementing active
learning

Invest in improving ambiguous requirements in TRVInfra

Demand suppliers to perform ACC on quantitative
product requirements that contain no references and are
non-ambiguous
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Develop procedures for automated, reusable, verification of requirements

Work Package 06 — Assessment of TRVInfra requirements w.r.t. machine readability



Overview

Approach / Activities

Work Packages 4/5

List of verifiable
Requirements

Work Package 6

Methods to make
Requirements machine
readable

requirement.ttl

Objective 2

HOCHTIE

Work Package 7/8

Proof of Concept &
Demonstration

Objective 3
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Objective 2 - Work Package 6 * e

Transferring Requirements to Machine Readability

TRV Requirements -

Classification

Verify

™"

of
Reguirements

classification

Verified
classified
Requirements

WP4 - Classifying Requirements

Processing
Triplestare I

Find product

- Find requirament

anl cadent, consequent
ind referencad documents

P.:Il:llh ese on o the triples

o— . om 'm —
: riples
Datg [ "t - (tt-files) LWl
e Enriched Trlples Triplestore
(tti-iles)

WP6 - Machine Readability and Processability




Objective 2 — Work Package 6 = HOCHTIEF

Transferring Requirements to Machine Readability

Current: Natural Text Interim: SBVR Notation Final: requirements.ttl
KI' he drawing or description of the concrete\ /1 Concrete structure has a drawing \ - A
structure shall contain at least: description
2. Drawing or description contain concrete data
3. Concrete data contains strength class
1. Data on the concrete concerning 4. Concrete data contains exposure class data_1234 -contains  IFC-PSD:StrengthClass
. strength class 5. Concrete data contains execution class _ -
*  exposure class » 6. ((::eonrlce:ﬁtilg:;a contains cement type » :data_1234 :contains  IFC-
« execution class PSD:ExposureClass .

Concrete data contains consistency
Concrete data contains water-cement ratio
* consistency Concrete data contains air content

« water-cement ratio 0. Concrete data contains ballast property

 aircontent importance
11. Concrete data contains type of additive

* ballast property of importance.
\ «__Type of additive / \ j \_

* cement type and cement class

= © 0N

Reconstruct the requirement using SBVR to generate the RDF

* SBVR Semantics of Business Vocabulary and Business Rules

* RDF Resource Description Framework
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Develop procedures for automated, reusable, verification of requirements

Work Package 07 — Demonstration of verification methods of models



Overview

Approach / Activities

Work Packages 4/5

List of verifiable
Requirements

Work Package 6

Methods to make
Requirements machine
readable

Requirement requirement.ttl

Objective 2
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Proof of Concept &
Demonstration

Objective 3
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WPT - Demonstrating Verification Methods / WP8 - Evaluation of Verification Methods

vardaon o
equremant
Acaton
LIEpAnCy
Construct Cuery API Authoring W-BOND.““ Construct Query
= SPARQL Triplestore Apphication Jany SPARQL Triplestore
A
N [T ¥
» 1
Ll List of Triples
v Prodwr | MachDismatch
data

TRV ——
Requiremse: “pgareTTE
. o et
.{ .. e <> X O
& - requirements Mode
g - cquirements
=l : :
& : :
[ » .
2 . (LY - Ty
. = [ [ S [ S 1
il w |
Scope Product/Model
for Task Semanbeal Informalon

Identification of relevant requirements Automated Verification of Requirements
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Demonstration of verification methods of models
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Develop procedures for automated, reusable, verification of requirements

Work Package 08 — Evaluation of verification methods
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WPT - Demonstrating Verification Methods / WP8 - Evaluation of Verification Methods

TRV or rebovart
Requiremse StgareTath
| e
dontify nguage
= > _
3 k
& — equireme
=
o
a \
2 (LY
- >
1l
Scope
for Task

Identification of relevant requirements Automated Verification of Requirements




Application Scenario

Since we encountered that verification of
all kind of requirements is too excessive,
decision was made in Reference Group
meeting on 315t January 2025 to focus on
IFC validation via IDS to provide a visual
result for communication.

“As a designer | would like to validate my models in terms of
compliance with TRV Infra regulations.”

\/__ Requirement satisfied
Birc| m— 0 —)
DS x Requirement failed

Input Given Definitions
IFC File TRV Property Sets
TRV Requirements bsDD Property Sets

Objective 3 - Work Package 7

Demonstration of verification

methods of models

WPT - Demonstrating Verification Methods / WP8 - Evaluation of Verification Methods

s Derve
APY Authoring . Construct Query
I — Tiphes/JSON| SPARG H rplastore
{W]’ + Jany i
y 3 L)
¥l
M 1
List of Triples
Prod Match/Dismatch
data
—
d d
,{ I
Progduct/Model

emantical Informalion

Automated Verification of Requirements




Objective 3 - Work Package 8

Evaluation of verification methods

File Edit Selection View Go Run Terminal Help P req_analyser [Administrator]

EXPLORER flow.dag.yaml X
~ OPEN EDITORS req_anal

x I flow.dagyaml req_anal ~+ UM + Prompt + Python + More & python env: [VirtualEnvironment] venv [> A & [3 &
 REQ_ANALYSER

> wen /| Enable chat mode 3

> wscode

~ Inputs #

~ req_analyser

> _pycache_ = Showde_smptlon
> promptflow Name Default value Chatinput Chat history
> generated_ids_files chat_history L)
> xmls
question2 What are the requirements for a foundation?
gitignore

add_trv_psetsjinja2 questiond. What are the requirements for a Geotextile?
append_specifications_from xml.py

azure_openaiyaml question3 What are the requirements for electrical systems
chatjinja2

question Generate a specification for Concrete Element
class_check_from_llm.py

Inputs

class_check jinja2 questionS Generate a specification for structural columns
create_ids.py

create_specification ttl.py question6 Generate a specification for doors and windows
final_output.py
find_product_class.jinja2
flow.dag.yaml + Addinput S
format_response.jinja2 S

question7 What types of container software are there?

generate_ids_file.py
get_bsdd_psets.py
get_trv_psets.py PROBLEMS QU DEBUG CONSOLE  TERMINAL

Outputs

~ Outputs

openal.yaml Users\BELUser1\Documents\SVAR\req_analyser> & c:/Users/BGLUser81/Documents/SVAR/req analyser/.venv/Scripts/Activate.psl
README.md (.venv) PS C:\Users\BGLUserd1\Documents\SVAR\req analyser> [|
£ requirements.txt

retrieve_requirements.py
svar-requirements-3.ttl

> OUTLINE
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Objective 3 - Work Package 8 = HocHTIEF

Evaluation of verification methods

_ ZIP-File
Documentation with Demonstration Data
Technical Manual ?

E-

. question
Application Documentation: Promptflow-based Specification Assistant R
. chat_history |
Introduction _,1, v)
Application Overview class_check (LLM) I
This application is a semantic assistant built using Azure Promptflow. It helps users either: *
1. Generate Information Delivery Specifications (IDS) based on recognized property sets dass_check_from_llm req_analyser_2025—09—04.Z|p
(Psets), or 4
2. Retrieve technical requirements for construction products using an RDF knowledge base.
¢—F— Is generate_|ds? . e
Promptflow orchestrates a series of tasks—combining LLM reasoning, custom Python tools, ontology - o } trstalston nsuctons istatation insiruchons Funning Prmgiton Runsing Prompifow
data, and structured outputs—to deliver intelligent, standards-compliant answers. ast_hedd nepts | ' find_product_class (LLM) Demonsteator =
« Support for custom Psets from Trafikverket (TRV) via local XML ecumentation -
Use Cases » RDF/OWL-based graph construction using xdflib ¢

» [DS generalion using irctester

+ ABIM coordinator uploads requirements or ask » LLM-controlled branching logic and data transformation
"What are the TRV requirements for walls?"). 4

A design team member generates an IDS file fo g
Pset_ConcreteElementGeneral).

| retrieve_requirements

Gpen he 153 ANALTIEL T e Csms
5 i e Diaor: “inti Run the flow with
Flow Architecture Diagram (Description) answer B cn
. ' . - - Visual Studic Code
Here’s a text description you can turn into a visual diagram in tools like Draw.io, PowerPoint, or
Key Features Lucidchart.

Inputs:

« Integration with buildingSMART's IFC4.3.x] '
(user prompt)

ry (conversation memory)

un E1G ANALYSEE Eacuwamants for foundonn 108 for Concrate Hement

Check Model

Branch 1: generate_ids

4. (Optional) Install Promptflow CLI

2. clas:

If you want to test the flow locally using the CLI: =
3. If intent

pip install promptflow a.get_bsdd_psets (Python): Loads official Psets from BSDD GitHub

b. chat (LLM): Matches user input to the most relevant BSDD Pset
o verify: ¢.get_trv_psets (Python): Loads local Trafikverket Psets ki ok PsulConcrsiaBSementGenarat
T . trv_p Python): Loads local Trafikverket P: Cheskmuel heck model oot

d. add_trv psets (LLM): Appends any relevant TRV Psets _xml

pf --version

5. Run the Flow

" answer |
[ /

%) Visual Manual

to explain procedures step-by-step

If you are using Promptflow locally, you can run it with:

pf run ——flow . ——inputs question="What are the requirements for a foundation?"
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Develop procedures for automated, reusable, verification of requirements

Work Package 09 - Roadmap and Recommendations for implementation



Objective 3 - Work Package ¢ I3 HocHTIEF

Roadmap and Recommendations for mplementation

:_l:; Requirement Analyzer SVAR Checker

a HOCHTIEF

Created by Steinjan, Jessica HOCHTIEF

= Units and Coordinates = Naming Conventions

=) Search for a Word Can heck the units and Are the naming conventions in

iese
Enter the word or topic you requirements wi coordinates in my IFC file? my IFC file correct?
want to search for in your...

Usability Approach 1 Usability Approach 2

Directly interact with Requirements and ... Directly chat with an IFC File and ...



Objective 3 HOCHTIEF

Work Packages 7 Work Package 8 Work Package 9

(Demonstration) (Evaluation) (Recommendation)

Choose five requirements Use this verification methods Summary of all achievements
Different classified requirements for IFC, Excel, PDF, etc. Processes
Referring to different file types PoC for Ontologies Examples
Demonstrators
Example Create several Checks Possibilities and Opportunities
Create suitable Ontology based on Ontologies Proof of Concepts
Identify information in document Identified Benefits

Identify information in model

Verify Requirement Reporting of Evaluation Requirements for implementation
Via Ontology approach Findings What is missing?
Limitations What needs optimization?

Challenges Where to (possibly) integrate Al?



Project closing

 Handover to champions: status

* Final report ready by end of w38

* Scientific paper(s) ongoing, will be submitted in 2025
* Fol dagen in Malmo6 / November



What's next?

* |'m on parental leave Oct 2025 — March 2026, but there
are opportunities:
o Deploy demonstrator(s) in Trafikverket's labs

o ERTMS formalization of requirements: reuse our
classification process

o Development project to improve prototypes for a pilot
project

o Vinnova funding for advanced digitalisation

O ...



Last, but not least...

Many thanks for the support
* |nformation

* (Contacts
e Distribution of results

You are all champions :)
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