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Introduction to Machine Learning and this uses in the field of Architecture
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Overview
Introduction to AI, Advocating for O

pen Source, Advocating for 

Architectural Practices to leverage their data



Introduction to
Artificial Intelligence

M
achine Learning and Architecture

Metropolise (1927), Maschinenmensch
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What is Machine Learning?



G
eom

etric D
eep Learning: G

rids, G
roups, G

raphs, G
eodesics, and G

auges
M

ichael M
. Bronstein, Joan Bruna, Taco C

ohen, PetarVeličković

• CNN - Convolution Neural 
Network

• GNN - Graph Neural Network
• RNN - Recuring Neural Network
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Zoo of Acronyms
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Neural Networks

A m
ostly com

plete chart of N
eural N

etw
orks

Fjodor van Veen & Stefan Leijnen asim
ovinstitute.org
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Looking under the hood



C
om

parison of biological neuron to a node in a m
achine leering 

m
odel
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Neural Networks, Dendrite vs. Node



It is “training” a function to output 
some specific values

𝑓𝑓 𝑥𝑥 = 𝑦𝑦

𝑓𝑓 𝑥𝑥 = 𝐴𝐴𝑥𝑥2 + 𝐵𝐵𝐵𝐵 + 𝐶𝐶

Specifically:
ℎ𝜃𝜃 𝑥𝑥 = 𝜃𝜃0𝑥𝑥0 + 𝜃𝜃1𝑥𝑥1 + 𝜃𝜃2𝑥𝑥2 ... 𝜃𝜃𝑛𝑛𝑥𝑥𝑛𝑛

Or simply just:
ℎ𝜃𝜃 𝑥𝑥 = 𝜃𝜃𝜃𝜃𝜃𝜃
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But then what is Machine learning



C
happie

(2015), C
happie
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But then what is Machine learning



Practical Example
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− First, we need some training data. That is data for which we 
have both the input as well as the result.

x y

1 2

2 4

3 5

4 4

5 5
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− Simple Network of one Node

Practical Example

Input ResultNode
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− Simple Network of one Node

Practical Example

𝑥𝑥 𝑦𝑦𝑥𝑥 ∗ ℎ
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− We then input a value into our function

− And get a random result
𝑥𝑥 = 1

𝑓𝑓 1 = 10

− That result we now compart to our correct value.
𝑦𝑦 = 2

10 − 2 2 = 64

Mean Squared Error (MSE)

Practical Example
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− That gives us a value for how well our model performs.

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 64
Not that great

Practical Example



Next, we adjust some values in our 
model and repeat the process (loss)
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Practical Example



Loss over value for

So, for the function
𝑓𝑓 𝑥𝑥 = 𝑥𝑥 ∗ 𝑝𝑝 = 𝑦𝑦

What is p ?
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Simplified

x y
2 16

3 24



G
radient decent
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Natural Language Processing 
(NLP)

M
achine Learning and Architecture

Transformers: Age of Extinction (2014), Bumblebee



R
N

N
 M

odel D
iagram

Predecessor to
Transform

ers

Sim
ple exam

ple of positional 
encoding
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Transformers
Attention is all you need (arXiv:1706.03762)

Transformers innovation over RNN’s and LSTM’s is 
that the training can be parallelized rather than 
processing a single word at the time.
It does this through adding Position Encoding and 
they added the concept of Attention.

• Attention 
• Self Attention
• Causal self attention



Attention m
atrix

Sentences w
ith  w

ords colored 
based on their im

portance in a 
specific context
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Transformer



Archive (2020), G
eorge Alm

ore
& J3
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Tokens



O
penAIToken Visualizer
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Tokens



O
penAIToken Visualizer
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Tokens



G
host in the Shell (2017), M

onks
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Embedding
Multidimensional meaning space



TSN
E Visualization of Book Em

beddings
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Embedding
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Embedding



Crow
n + Person => King
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Embedding



The full architecture of a generative pre-trained 
transform

er (G
PT) m

odel. M
arxav

(W
ikim

edia)
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GPT Model



Image Processing

M
achine Learning and Architecture

Westworld (2016-2022), Intro
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Latent Diffusion - Auto Encoder



33

Latent Diffusion - Kernel  Convolution



34

Operation Kernel ω Image result 
g(x,y)

Ridge or edge detection
0 −1 0
−1 4 −1
0 −1 0

Sharpen
0 −1 0
−1 5 −1
0 −1 0

Box blur
(normalized)

1
9

1 1 1
1 1 1
1 1 1

Gaussian blur 3 × 3
(approximation)

1
16

1 2 1
2 4 2
1 2 1

Latent Diffusion – Common Kernel  Examples

https://en.wikipedia.org/wiki/Ridge_detection
https://en.wikipedia.org/wiki/Edge_detection
https://en.wikipedia.org/wiki/Box_blur
https://en.wikipedia.org/wiki/Normalization_(image_processing)
https://en.wikipedia.org/wiki/Gaussian_blur


35

Latent Diffusion - Kernel  Convolution on MNIST Dataset



A m
odel is trained to progressively sharpen an im

age
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Latent Diffusion – Concept
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Latent Diffusion - Stable Diffusion Model
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Latent Diffusion - Stable Diffusion Model



The Term
inator (1984), Term

inator
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ControlNet



Introduction of ControllNet to help steer the image 
generation
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Ismail Seleit – ControlNet + Stable Diffusion



C
ontrolN

et is a neural netw
ork structure to control diffusion m

odels 
by adding extra conditions.
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ControlNet



Applications in Practice

M
achine Learning and Architecture

Finch (2021), Finch Weinberg & Dewey
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Dreamstudio by stability.ai



The Pope D
rip u/trippy_art_special, r/m

idjourney
https://w

w
w

.reddit.com
/r/m

idjourney/com
m

ents/120vhdc/the_pope_drip/
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Mindjourney



H
assan R

agab, im
ages created w

ith m
idjourney

https://w
w

w.instagram
.com

/hsnrgb/
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Mindjourney & Architecture



Edw
ard C

rum
p, im

ages created w
ith m

idjourney
https://w

w
w.instagram

.com
/edthearch/
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Mindjourney & Architecture



https://w
w

w
.linkedin.com

/posts/lucianoam
brosini_am

brosinustoolkit-
autom

atic1111-controlnet-activity-7059777530538467329-
vw

b1/?utm
_source=share&utm

_m
edium

=m
em

ber_ios
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Ambrosinus-Toolkit



50

ArkoAI
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Blockade Labs – 3D sketching



52

Adobe Photoshop – New AI tool
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Finch 3D



Sw
app

can generate to full sets of construction docum
ents
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SWAPP



One potential use case of LLM might be as human to 
machine interfaces.

• In correcting out error prone inputs.

�
𝑣𝑣𝑣𝑣𝑣
𝑣𝑣𝑣𝑣𝑣𝑣𝑣

𝑐𝑐𝑐𝑐𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 300𝑚𝑚𝑚𝑚
⇒ wall

• By translating intent into code

Partial com
plex G

rasshopper Script
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LLM’ as Humane to Machine Interface
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Yao Chen – ChatGPT in Revit



Promoting the reuse of vacant 
buildings using machine learning

M
achine Learning and Architecture

War Games (1983), David
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60



C
ircular econom

y
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H
ypothesis
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63



64



Point cloud to object-based m
odel
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Visualization of data obtained from
 an iPad, w

ith segm
entation 

applied using Segm
ent Anything (SAM

)

RGB-D images can be used to 
generate a segmented point cloud, 
if images segmentation were to be 
applied prior to the projecting, it into 
3D space.
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RGB-D Image Semantic Segmentation and 
Point Cloud Reconstruction
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Ex M
achina (2015), Ava
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Motivation or why should we as architects care
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om

plex Script
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LINK Kompass®

M
achine Learning and Architecture

74
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LINK Kompass®



Platform
 D

em
o
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LINK Kompass®
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LINK Kompass®
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LINK Kompass®



Vision generated m
anually, ca. 3 hours
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LINK Kompass®



Vision generated by C
hatG

PT

80

LINK Kompass®



Open Source and an outlook to 
the future

M
achine Learning and Architecture

81



Invoke
AIan

open-source front end for Stable D
iffusion

https://github.com
/invoke-ai

82

Invoke AI
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Gimp – Stable Diffusion Integration
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Language Model Release Date Checkpoints Paper/Blog Params (B) Context Length Licence

T5 2019/10 T5 & Flan-T5, Flan-T5-xxl (HF)
Exploring the Limits of Transfer 
Learning with a Unified Text-to-
Text Transformer

0.06 - 11 512 Apache 2.0

UL2 2022/10 UL2 & Flan-UL2, Flan-UL2 (HF) UL2 20B: An Open Source Unified 
Language Learner 20 512, 2048 Apache 2.0

Cerebras-GPT 2023/03 Cerebras-GPT
Cerebras-GPT: A Family of Open, 
Compute-efficient, Large 
Language Models (Paper)

0.111 - 13 2048 Apache 2.0

Open Assistant (Pythia family) 2023/03 OA-Pythia-12B-SFT-8, OA-Pythia-
12B-SFT-4, OA-Pythia-12B-SFT-1

Democratizing Large Language 
Model Alignment 12 2048 Apache 2.0

Pythia 2023/04 pythia 70M - 12B
Pythia: A Suite for Analyzing Large 
Language Models Across Training 
and Scaling

0.07 - 12 2048 Apache 2.0

Dolly 2023/04 dolly-v2-12b
Free Dolly: Introducing the World's 
First Truly Open Instruction-Tuned 
LLM

3, 7, 12 2048 MIT

DLite 2023/05 dlite-v2-1_5b
Announcing DLite V2: Lightweight, 
Open LLMs That Can 
Run Anywhere

0.124 - 1.5 1024 Apache 2.0

RWKV 2021/08 RWKV, ChatRWKV The RWKV Language Model (and 
my LM tricks) 0.1 - 14 infinity (RNN) Apache 2.0

GPT-J-6B 2023/06 GPT-J-6B, GPT4All-J GPT-J-6B: 6B JAX-Based 
Transformer 6 2048 Apache 2.0

GPT-NeoX-20B 2022/04 GPT-NEOX-20B GPT-NeoX-20B: An Open-Source 
Autoregressive Language Model 20 2048 Apache 2.0

Bloom 2022/11 Bloom
BLOOM: A 176B-Parameter Open-
Access Multilingual Language 
Model

176 2048 OpenRAIL-M v1

StableLM-Alpha 2023/04 StableLM-Alpha
Stability AI Launches the First of its 
StableLM Suite of Language 
Models

3 - 65 4096 CC BY-SA-4.0

FastChat-T5 2023/04 fastchat-t5-3b-v1.0
We are excited to release 
FastChat-T5: our compact and 
commercial-friendly chatbot!

3 512 Apache 2.0

h2oGPT 2023/05 h2oGPT
Building the World’s Best Open-
Source Large Language Model: 
H2O.ai’s Journey

12 - 20 256 - 2048 Apache 2.0

MPT-7B 2023/05 MPT-7B, MPT-7B-Instruct
Introducing MPT-7B: A New 
Standard for Open-Source, 
Commercially Usable LLMs

7 84k (ALiBi) Apache 2.0, CC BY-SA-3.0

RedPajama-INCITE 2023/05 RedPajama-INCITE

Releasing 3B and 7B RedPajama-
INCITE family of models including 
base, instruction-tuned & chat 
models

3 - 7 2048 Apache 2.0

OpenLLaMA 2023/05 OpenLLaMA-7b-preview-300bt OpenLLaMA: An Open 
Reproduction of LLaMA 7 2048 Apache 2.0

Open Source LLM’s
https://github.com

/eugeneyan/open-
llm

s

https://github.com/google-research/t5x/blob/main/docs/models.md#flan-t5-checkpoints
https://huggingface.co/google/flan-t5-xxl
https://github.com/google-research/text-to-text-transfer-transformer#released-model-checkpoints
https://github.com/google-research/text-to-text-transfer-transformer#released-model-checkpoints
https://github.com/google-research/text-to-text-transfer-transformer#released-model-checkpoints
https://discuss.huggingface.co/t/does-t5-truncate-input-longer-than-512-internally/3602
https://github.com/google-research/google-research/tree/master/ul2#checkpoints
https://huggingface.co/google/flan-ul2
https://ai.googleblog.com/2022/10/ul2-20b-open-source-unified-language.html
https://ai.googleblog.com/2022/10/ul2-20b-open-source-unified-language.html
https://huggingface.co/google/flan-ul2#tldr
https://huggingface.co/cerebras
https://www.cerebras.net/blog/cerebras-gpt-a-family-of-open-compute-efficient-large-language-models/
https://www.cerebras.net/blog/cerebras-gpt-a-family-of-open-compute-efficient-large-language-models/
https://www.cerebras.net/blog/cerebras-gpt-a-family-of-open-compute-efficient-large-language-models/
https://arxiv.org/abs/2304.03208
https://huggingface.co/cerebras/Cerebras-GPT-13B#model-details
https://huggingface.co/OpenAssistant/pythia-12b-sft-v8-7k-steps
https://huggingface.co/OpenAssistant/oasst-sft-4-pythia-12b-epoch-3.5
https://huggingface.co/OpenAssistant/oasst-sft-4-pythia-12b-epoch-3.5
https://huggingface.co/OpenAssistant/oasst-sft-1-pythia-12b
https://arxiv.org/abs/2304.07327
https://arxiv.org/abs/2304.07327
https://github.com/EleutherAI/pythia
https://arxiv.org/abs/2304.01373
https://arxiv.org/abs/2304.01373
https://arxiv.org/abs/2304.01373
https://arxiv.org/pdf/2304.01373.pdf
https://huggingface.co/databricks/dolly-v2-12b
https://www.databricks.com/blog/2023/04/12/dolly-first-open-commercially-viable-instruction-tuned-llm
https://www.databricks.com/blog/2023/04/12/dolly-first-open-commercially-viable-instruction-tuned-llm
https://www.databricks.com/blog/2023/04/12/dolly-first-open-commercially-viable-instruction-tuned-llm
https://github.com/databrickslabs/dolly#dolly
https://huggingface.co/aisquared/dlite-v2-1_5b
https://medium.com/ai-squared/announcing-dlite-v2-lightweight-open-llms-that-can-run-anywhere-a852e5978c6e
https://medium.com/ai-squared/announcing-dlite-v2-lightweight-open-llms-that-can-run-anywhere-a852e5978c6e
https://medium.com/ai-squared/announcing-dlite-v2-lightweight-open-llms-that-can-run-anywhere-a852e5978c6e
https://github.com/BlinkDL/RWKV-LM#rwkv-parallelizable-rnn-with-transformer-level-llm-performance-pronounced-as-rwakuv-from-4-major-params-r-w-k-v
https://github.com/BlinkDL/RWKV-LM
https://github.com/BlinkDL/RWKV-LM
https://github.com/BlinkDL/RWKV-LM#rwkv-parallelizable-rnn-with-transformer-level-llm-performance-pronounced-as-rwakuv-from-4-major-params-r-w-k-v
https://github.com/kingoflolz/mesh-transformer-jax/#gpt-j-6b
https://github.com/nomic-ai/gpt4all#raw-model
https://arankomatsuzaki.wordpress.com/2021/06/04/gpt-j/
https://arankomatsuzaki.wordpress.com/2021/06/04/gpt-j/
https://github.com/kingoflolz/mesh-transformer-jax/#gpt-j-6b
https://huggingface.co/EleutherAI/gpt-neox-20b
https://arxiv.org/abs/2304.04165
https://arxiv.org/abs/2304.04165
https://huggingface.co/EleutherAI/gpt-neox-20b
https://huggingface.co/bigscience/bloom
https://arxiv.org/abs/2211.05100
https://arxiv.org/abs/2211.05100
https://arxiv.org/abs/2211.05100
https://huggingface.co/bigscience/bloom
https://huggingface.co/spaces/bigcode/bigcode-model-license-agreement
https://github.com/Stability-AI/StableLM#stablelm-alpha
https://stability.ai/blog/stability-ai-launches-the-first-of-its-stablelm-suite-of-language-models
https://stability.ai/blog/stability-ai-launches-the-first-of-its-stablelm-suite-of-language-models
https://stability.ai/blog/stability-ai-launches-the-first-of-its-stablelm-suite-of-language-models
https://github.com/Stability-AI/StableLM#stablelm-alpha
https://huggingface.co/lmsys/fastchat-t5-3b-v1.0
https://twitter.com/lmsysorg/status/1652037026705985537?s=20
https://twitter.com/lmsysorg/status/1652037026705985537?s=20
https://twitter.com/lmsysorg/status/1652037026705985537?s=20
https://github.com/h2oai/h2ogpt
https://h2o.ai/blog/building-the-worlds-best-open-source-large-language-model-h2o-ais-journey/
https://h2o.ai/blog/building-the-worlds-best-open-source-large-language-model-h2o-ais-journey/
https://h2o.ai/blog/building-the-worlds-best-open-source-large-language-model-h2o-ais-journey/
https://huggingface.co/h2oai
https://huggingface.co/mosaicml/mpt-7b
https://huggingface.co/mosaicml/mpt-7b-instruct
https://www.mosaicml.com/blog/mpt-7b
https://www.mosaicml.com/blog/mpt-7b
https://www.mosaicml.com/blog/mpt-7b
https://huggingface.co/mosaicml/mpt-7b#how-is-this-model-different
https://huggingface.co/togethercomputer
https://www.together.xyz/blog/redpajama-models-v1
https://www.together.xyz/blog/redpajama-models-v1
https://www.together.xyz/blog/redpajama-models-v1
https://www.together.xyz/blog/redpajama-models-v1
https://huggingface.co/togethercomputer/RedPajama-INCITE-Instruct-7B-v0.1/blob/157bf3174feebb67f37e131ea68f84dee007c687/config.json#L13
https://huggingface.co/openlm-research/open_llama_7b_preview_300bt
https://github.com/openlm-research/open_llama
https://github.com/openlm-research/open_llama
https://huggingface.co/h2oai


Leaderboard on lm
sys.org

85

Benchmarking of LLM’s

Open Source



Leaked Internal G
oogle D

ocum
ent C

laim
s O

pen Source
AI W

ill 
O

utcom
pete G

oogle and O
pen AI
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Google "We Have No Moat, And Neither Does Open AI“



Open ended questions:

• How can we start using the data 
we have as architects.

Maybe we need a library/tool that 
let us programmatically query our 
models and extract structured 
data from them. While forgoing 
heaving solutions such as Revit.

• Is data really ours, if we require a 
license to read it.

87

Architects and Data



Povl Filip Sonne-Frederiksen
PhD Fellow
+45 61 93 61 44
pfs@linkarkitektur.dk

LINK Arkitektur
linkarkitektur.com

Driftig by Intention Online, 24.05.2023
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