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TU Delft Al Initiative

Ambition: retain & strengthen our position as a world-renowned University of
Technology by developing an integrated state-of-the-art programme for research,
research-driven education and innovation in and with Al, Data & Digitalisation

Education
w Continuing and accelerated introduction of Al, Data &

Digitalisation elements into the educational offerings from the
university

Research

Combination of advancing the fundamental developments IN-Al
science with advancing areas in science, engineering and design by
means of domain-specific applications WITH-AI

Fundamental and contextual collaboration with industry and
substantial future funding opportunities
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Research & Innovation
programme - objectives

= Have a high-quality research and innovation
programme based on a set of programme lines
that provide impact in science and society

= Have strong and coherent research
communities around the different programme
lines for attracting talent, optimal facilities, and
scientific and societal impact

= Have an effective and impactful valorisation
portfolio

= Be strongly positioned in external and internal
networks, in region and country

= Collaborate with industry to ensure adoption of
the results
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Our Al research 1s at the core of many solutions
through labs, initiatives, start-ups and spin-offs

24 Delft Al Labs
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TU Delft Al Labs & Talent
Programme - objectives

» |ncrease capacity and quality of teaching in Al, Data
& Digitalisation across TU Delft

* Increase the scientific and innovation impact of Al
through ground-breaking research IN Al and WITH Al

= Foster cross fertilisation of TU Delft scientific talent
and expertise
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https://nmc360.tudelft.nl/tu_delft_ai_labs/
https://nmc360.tudelft.nl/tu_delft_ai_labs/
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Activating Intelligence in Building Lastin
and Liveable Environments

2]
TUDelft

Al Initiative

AIBLE Lab

The built environment faces major societal
challenges. Our lab investigates how to develop
and use Al in transition challenges.

Our aim is to help reach effective, transparent
and lasting decisions and agreements. This
means incorporating human feedback into the
loop, iteratively improving decision-making and
driving behaviour changes.


https://www.tudelft.nl/ai/aible-lab
https://www.tudelft.nl/ai/aible-lab

The team

Amir Homayouni Rad Antonio Mone
Interactive Intelligence, Interactive Intelligence,
EEMCS EEMCS
Tong Wang Co-director Luciano Siebert Co-director
AIBLE, ABLE
Design and Construction  Interactive Intelligence,
Management, ABE EEMCS

Tian Xia Koray Bingol
Design and Construction Urban Development
; Management, ABE Management, ABE
Pau! Chan . Ellen van Bueren Catholijn Jonker Frans Oliehoek Aksel Ersoy
Design and Construction Urban Development Intelligent Systems Interactive Urban Development
Management, ABE Management, ABE EEMCS ’ Intelligence, EEMCS Management, ABE






Subjectivity
matters
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AIBLE lab/Interactive Intelligence group, Faculty of Electrical Engineering, Mathematics and Computer
Science
A.Homayounirad@tudelft.nl
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o What would you choose as a label for these pictures?
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° What would you choose as a label for the coming examples?

Sentiment Analysis Text: posimve @) <>NEGATIVE - HUmOr wHICH IS FUNNIER, X MEANS ATIE:
2)

TextA:
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https://youtu.be/j7xXRLqeE1U

Case description- Energy transition policy

= The municipality of Sudwest-Fryslan has different visions about the role of energy in the future.

= Government leading or market leading? [%
0O
N

Public deliberation

= Large scale or household?

Convey
Participation
Empowerment

Individual deliberation

Land scape or economic gains?

TUDelft | Al Initiative 9



Problem statement

]
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The municipality of Sudwest-Fryslan has different visions about the role of energy in the future.

=

OO
ol

Participation:

How to convey appropriate information to different people?

How to empower voices from different people into policy making?
Public deliberation

: : /) Convey
Deliberation: Particination
’ Empowerment

How to help people understand different voices from others?

How to find common ground in policy making when people have conflicting Individual deliberation

voices? Q



Rationale

= |n decision making, if you jump directly into a solution,
you might overlook the needs, values of various
stakeholders.

= Therefore, it's crucial to understand the different
stakeholder needs and desires first before jumping into
a solution.

]
TUDelft Al Initiative



Rationale

= To lower the barriers to participation, we promote
methods for people to share perspectives. However,
processing and making sense of the vast amount of data
can be challenging. Here Al can help.

= However, Al methods are known for potential biases.
Therefore, we focus on hybrid intelligence - keeping
humans in control.

= At the AIBLE lab, we are developing Al methods to
support multi-actor deliberations. These deliberations
should: Be in-depth; Promote exchange of information;
Promote reflection.

]
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Correct information for in-depth discussion

= To have in-depth discussion and make good decisions, information needs to be correct, for each individual.

]
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Large Language Models for Policy
Document Retrieval Information in
Energy Renovations

Kees de Hoogh, Maté Cser, Stefan Bojilov

Under supervision Amir and Koray




Motivation and Problem Statement

* Energy efficient renovations are
hard for non-experts

* Thenecessary information is:
o Multi-domain
o Multi-lingual

o Dispersed and updated
regularly

* Those complications lead to low
renovation rates

Credit: ProRetro
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Solution: LLM-powered information portal

* Pitfalls:

o Hallucinations
o Limited knowledge scope ‘
o Contextual gaps Training
o Black box Document

Database

‘
User

s
TU Delft



Retrieval Augmented Generation

* Reduced hallucinations

* Specific, up-to-date knowledge
scope

* Findsrelevant context

* Explainable

Ducumen
Database

. o dﬂcumems‘
User

s
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Our Goals

* Make a working RAG pipeline
* Useasmall LM
* Outperform ChatGPT on domain-specific tasks

* Through model selection and tuning hyperparameters

]
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What could cause the 'Transformer

User

Our Pipeline

Temp unreadable' fault?

Most Similar

v = [v1,02,...,v7es] € R

e
Document
Database

Vector Similarity Check

Document(s)

Table 5-3 Fault Detection
Messages

Given a context, provide ONLY the
answers to the questions without
repeating the question.
Keep the answers very short, only
limiting yourself to directly answering the
question.
DO NOT:
- Generate multiple questions and
answers.
- Answer in multiple sentences.
- Include irrelevant information.

Context:
Table 5-3 Fault Detection Messages

Question: What could cause the
‘Transformer Temp unreadable’ fault?
Answer:

Flowchart shapes
@ Input/Output

[ Pipeline Component

Temperature sensor is
damaged

)
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Our Evaluation Pipeline

Ground Truth Retrieved Predicted Ground Truth
Document Document Answer Answer

| J |
:

Flowchart Legend

DEC\ZSIUI\;EJ? SAS Evaluator Ground Truth Information
[J Pipeline Component
l l‘ Generated / Retrieved
DOSCC:OI\;IERR SAS Score Information

Calculated Score

: -
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Which LLM?

Semantic Answer Similarity
Evaluator evaluates predicted
answers from LLMs to ground
truth labels using a fined-tuned
language model (paraphrase-
multilingual-mpnet-base-v2).

Higher Similarity = Better
Performance

O Indicates more accurate and
semantically aligned
predictions

‘Instruct’ LLMs are fine-tuned to
follow prompted instructions and
therefore suitable our pipeline

2
TU Delft

Models Used

Benchmark Results

Embedding: multi-ga-mpnet-base-dot-v1, LLM: Mistral-7B-Instruct-v0.3-Q4 1
Embedding: multi-ga-mpnet-base-cos-v1, LLM: Mistral-7B-Instruct-v0.3-Q4
Embedding: multi-ga-MiniLM-L6-cos-v1, LLM: Mistral-7B-Instruct-v0.3-Q4 -
Embedding: multi-ga-MiniLM-L6-cos-v1, LLM: Llama-3.2-3B-Instruct-Q3 1

Embedding: multi-ga-mpnet-base-cos-v1l, LLM: Llama-3.2-3B-Instruct-Q3 1

——- Baseline: 0.466

0.551

0.544

0.537

0.479

0.468

Baseline: ChatGPT4o-mini with no RAG — 0.466

Embedding: multi-ga-mpnet-base-dot-v1, LLM: Llama-3.2-3B-Instruct-Q3
Embedding: multi-ga-mpnet-base-dot-v1, LLM: mistral-7b-v0.3-q5_k_m.gguf 2 1.5 1
Embedding: multi-ga-MiniLM-L6-cos-v1, LLM: mistral-7b-v0.3-g5_k m.gguf 2 1.5 -
Embedding: multi-qa-mpnet-base-cos-v1, LLM: mistral-7b-v0.3-g5 k m.gguf 2 1.5 -
Embedding: multi-ga-MiniLM-L6-cos-v1, LLM: Llama-3.2-3B-Instruct-Q6 -
Embedding: multi-ga-mpnet-base-dot-v1, LLM: Llama-3.2-3B-Instruct-Q6 -

Embedding: multi-ga-mpnet-base-cos-v1, LLM: Llama-3.2-3B-Instruct-Q6 -

10.462
i
01438

0.0

T T
0.1 0.2 0.3 0.4 0.5 0.6
SAS Evaluator

0.7



Hallucinations...

Question: What is the estimated cost of the intersection reconstruction project at Main St in
Spaulding, Sangamon County?

o Ground Truth Answer: 3,300,000 USD
o LLM Answer: 3,300,000 USD.

]
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Solution!

We tackled this by ‘cutting
off' the LLM when i1t starts to
generate new questions.

2
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Models Used

Embedding: multi-ga-mpnet-base-dot-v1, LLM: Mistral-7B-Instruct-v0.3-Q4 -
Embedding: multi-ga-mpnet-base-cos-v1, LLM: Mistral-7B-Instruct-v0.3-Q4 -
Embedding: multi-ga-MiniLM-L6-cos-v1, LLM: Mistral-7B-Instruct-v0.3-Q4 1
Embedding: multi-ga-mpnet-base-cos-v1, LLM: Llama-3.2-3B-Instruct-Q3 1
Embedding: multi-ga-MiniLM-L6-cos-v1, LLM: Llama-3.2-3B-Instruct-Q6
Embedding: multi-ga-MiniLM-L6-cos-v1, LLM: Llama-3.2-3B-Instruct-Q3
Embedding: multi-qa-mpnet-base-dot-v1l, LLM: Llama-3.2-3B-Instruct-Q3 1
Embedding: multi-ga-mpnet-base-cos-v1, LLM: Llama-3.2-3B-Instruct-Q6 -

Embedding: multi-ga-mpnet-base-dot-v1, LLM: Llama-3.2-3B-Instruct-Q6 -

Benchmark Results (SAS Evaluator - Stacked)

1
1
I
0.551 ! 0.049
I
i
0.544 ! 0.048
I
|
0.537 ! 0.052
|
|
0.468 0.034
1
1
0.424 0.074
1
|
I
0.479 0.017
)
I
0.462 0Jo27
I
1
I
0.407 0.081
|
|
0.410 0.07p
|

Baseline: ChatGPT4o0-mini with no RAG —00

Embedding: multi-ga-mpnet-base-dot-v1l, LLM: mistral-7b-v0.3-g5
Embedding: multi-qa-MiniLM-L6-cos-v1, LLM: mistral-7b-v0.3-g5 -

Embedding: multi-ga-mpnet-base-cos-v1, LLM: mistral-7b-v0.3-q5 1

0.0

0.438 0.014
1
1
1
0.436 0.011,
1
S Fe B;sellne: D._466_
With Hallucinations
Hallucinations Removed
1
T T T T T T
0.1 0.2 0.3 0.4 0.5 0.6

SAS Evaluator

0.7



LLM

Hyperparameter
Tuning

LLM: Mistral-7B-Instruct-v0.3

Embedding Model: multi-ga-
MiniLM-L6-cos-v1

2
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Temperature

SAS Evaluator Heatmap: Temperature vs Repeat Penalty

2.0
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1.099 4

0.883 A

0.673
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0.512 4

0.39 ~

0.331 +

0.297

0.226

0.182

0.172

0.131 +

0.1

L0

T
1.5
Repeat Penalty

2.0

0.66

- 0.64

- 0.62

- 0.60

- 0.58

- 0.56

- 0.54

0.52
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Result

*  Embedding model: multi-ga-mpnet-base-dot-vl
o CLSpooling
o 420MB

* LLM: Mistral-7B-Instruct-V0.3-Q4
O 7B parameters
O 4 bit quantization
O Repeat penalty: 1.0
o Temperature: 1.523

* Mean SAS score on test set: 0.637 (Baseline 1s 0.466)

]
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Result — an example response

Question Answer Ground truth

To develop industrially relevant,

What 1s the mission . . . transformative, and revolutionary

. Develop industrially relevant bioenergy
of the Bioenergy . . . to enable
. . technologies for sustainable biofuels, ;
Technologies Office bioproducts. and bi \n\n domestically produced
(BETO)? PTOGucts, OPOWEL. ra
SAS Score: 0 417 prosperous nation

2
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Future work

* Make a chat interface
*  Make 1t multilingual
* Apply the model to a more extensive document dataset

*  Make the program chunk input documents (our dataset was already chunked)

Question-answer

|Ouery ‘

]
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Built Environment Transitions Need Group Deliberation

To make lasting decisions, deliberation is needed which is based on correct information and
promote

= MUTUAL UNDERSTANDING
= REFLECTIONS

]
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VEVOX

Join at:

vevox.app The session has not started

176-Olgé-709 START SESSION

TUDelft | Al Initiative




Let's say deliberation with People and/or Al

Potential of existing predictive Al

(e.g., value prediction, topic modeling, sentiment analysis) using data mining dashboard

Potential of proposed deliberative Al

(e.g., identify inconsistency among choices, arguments and values intra and inter actors (both Al and human) and
stimulate deliberation, reflection, and social learning.

]
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Human-AI deliberation Protocols — Delphi Method o

Elaborate

Select choices

®

A 4

arguments

®

Elaborate Values

A 4

|| Display arguments

on all choices

)

|Estimate values on

‘all choices

_, Display self & other @
values on all choices

Argue on values & choices —;

\ 4

Elaborate

Select choices

5
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A 4

arguments

®

\ 4

Elaborate Values

Display arguments
on all choices

©.

Estimate values on

all choices

Al predictor
Al deliberator
Ranking 1; Self-
Argument 1;
Self-Value1

[Other-value 1 }

Verbal argumentation
(Semiotic)

Ranking 2; Self-
Argument 2;
Self-Value 2

[Other-value 2 J







¥

Tian Xia Alexandru Bobe Berend Krouwels Alex Ledbetter Jeroen Hofland
MBE Computer Science Applied Mathematics Cognitive Robotics Computer Science
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Introduction

Goal

Traditional housing design

Motivation?
Labour intensive
Complex requirements
Human-centered

5%

CUSTOM

% i
14 1 1. Dunham-Jones. Seventy-five percent. Harvard Design
TU De Ift | AI I n Itlatlve Magazine, 12: Sprawl and Spectacle, 2000.
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ARCHITECTURAL GENERATE GENERATE

INPUT GRAPH FLOOR PLAN
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Interactivity Interoperatability Creativity
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Activities nove 16:34

! 3 ". —— uvll(ilvall'lli-Pl:: ~ :
Q
B

exeler torch.tensor{eds_f)
/home fevalexii/Documents/IAAIP fhousing-design/housingpipeline/housingpipeline/houseganpp/miscfutils.py:345: UserWarning: This figure includes Axes that are not compatible with tight_layout, so resu
1ts might be incorrect.
plt. tight_layout(}
/home fevalexil/Documents[IAAIP /housing-design/housingpipeline/housingpipeline/houseganpp/miscfutils.py:167: UserWarning: To copy coenstruct from a tensor, it is recommended to use sourceTensor.clone
().detach() or sourceTensor.clone().detach().requires_grad_(True), rather than torch.tensor(sourceTensor).
glven_eds = torch.tensor(glven_eds).long{)
Jhome fevalexii/Documents/IAAIP /housing-design/housingpipeline/housingpipeline/houseganpp/misc/utils.py:146: UserWarning: To copy construct from a temsor, it is recommended to use sourceTensor.clone
().detach() or sourceTensor.clone{).detach{).requires grad (True), rather than torch.tensor(sourceTensor).
given_masks = torch.tensor(prev_mks)
Is this floorplan ok? Pick from (contlnue/regenerate/stop): stop
No problem, try again next time. Byeee

o
% (dgng) : 1 s
@

OBS 29.1.3 - Profile: Untitled - Scenes: Untitled

File Edit View Docks Profile Scene Collection Tools Help

L]
9
i §
-
]
L]
2
"
s

O Screen Capture (XSHM) £ Properties Filters. Screen  Screen e0P (2560x1600 @ 0,0)

Scenes S Sources B Audio Mixer T SceneTransi 5 controls

Pies O screnCapreGHMl @ @ AUSIoOutU Caprurs (Pulssudiol Fade 2 e ERTIE
el R R T T £5 E
@) Audie Output Capturs (Puk @ o Duration  3001ms : smmel? -

+ T B A v + B & A v Desktop Audio
b ol T 3 - i Start Replay Buffer

Studio Mode

Vertical Scenes Vertical Sources

You don't have any sources, = Vertical Scene Transitions Settings
7 ¢

Click the + button belaw,

o right click her= to add one H Fade Exit

+ W E & A v i + ©
{9 LIVE: 00:00:00 % REC: D0:00:00 CPU: 1.6%, 60.00 fps



https://youtu.be/lMqIf2Nmrog
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https://youtu.be/tJXTdtP_4Ys

Summarize

= Amir develops Al methods that can capture individual perspectives, identifying both conflicts and common
viewpoints. — subjectivity matters

= Koray works on Al-supported information retrieval for energy renovations to bring vital information to
stakeholders so that they can reduce time needed for the information search. - correct information

= Tian investigates human-Al collaboration and deliberation in organization to enhance mutual understanding and
find rational acceptable "common ground". — Human-Al interaction/intra-action in organizations

= Antonio develops Al models to learn our behaviors and intentions. — Intention vs behavior

Together, we help transition discussions to be in-depth, promote exchange of information and reflection.

]
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