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Not dismissing IFC, but the structured mentality

Foundationalism

Object-oriented 

Lock knowledge for the sake of standardization & interoperability 

Digital twin is a socio-economic (based on technology) artifact

Business intelligence 

Descriptive, predictive and prescriptive ”futures”

A no-model ”process” of learning

Synthesis not analysis

Prototyping vs standardization 

Difference not conformance 

Tell people what they know vs telling them what to know

People’s ontological agency & co-creation  

Evolution and emergence 

Un-dogmatic deconstruction-falsification cycle
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• It is all about semantics, meaning and learning

• Learned from extraordinary colleagues 
Alain Zarli

This presentation is “in” French themes



A priest, a lawyer, and an engineer go to  the 
guillotine

What we learned from the French Revolution 

Nice Read: M. Tribus, ”…The engineer enters the public arena handicapped by personality and training," 
in IEEE Spectrum, vol. 15, no. 4, pp. 48-51, April 1978, 

The lesson: engineers do not just love modeling, they 
quickly default to modeling 



Not anti-modeling or pro the no-model; just want to try it

Phenomenology:

We are living and functioning well without models in many aspects of our lives

“all models are wrong [never match reality] the scientist cannot obtain a "correct" 

one by excessive elaboration. On the contrary, following William of Occam, [we] 

should seek an economical description of natural phenomena (Box 1976)” 



The power of conformance 

Truth is produced by power

Power is not a tool that we use; we are tools of power 

• BIM is about telling people what is “the knowledge”

• What is floor area?

• How to model a parking space? 

Michel 
Foucault



The pragmatics 

"Unless each information exchange within construction project 

workflows has its specific contents and level of detail defined, the 

breadth and flexibility of the IFC schema leave room for errors 

(Eastman et al. 2010)”.

Everyone wanted an IFC extension--Amore, Eindhoven 2015

Robert Amor



Let them have “ontology” 

Constant manipulation to conform 

• Context

• Physical environment

• Project delivery system

• The design

• Our learning

• Knowledge dynamics (varying relationships)

• Knowledge evolution 

Cannot be enough: CYC

Mary 
Antoinette

Too many: 70+5; Conversion: 700 rules 



My “project”; not your (BSI) model

To be effective, a model has to attempt three conflicting objectives —

capturing the (essence of knowledge and ) and conceptualization of a 

domain; completeness of representation; and the flexibility of use 

under project-specific needs. This was essentially impossible 

(see Hartmann et. al, 2017) 

BuildingSmart: not a promotor/gatekeeper; rather, a facilitator 

See

Kondyli, V., Bhatt, M., & Hartmann, T. (2018). Precedent based design foundations for parametric design. Adv. Comput. Des, 3, 30.

Matos Castaño, J., Hartmann, T., Dewulf, G. P., & van Huffelen-de Kort, I. A. (2015). ‘What is going on and what should we do? ’Divergent frames in multifunctional projects. Engineering project
organization journal, 5(1), 36-48.

Timo Hartmann



It is the epistemology 

• Normative thinking

• Structuralism

• Foundationalism 

• Object-orientation 



From foundationalism to consistency … to Coherentism!

"Therefore, several correct but different models may and should exist. Future 

software architectures in AEC should not be built on a unified, centralized 

model but, on a combination of models, which may not be standardized but 

whose schemas are encoded in a standard manner (Turk 2020)”. 

Ziga Turk



Constructivism: Who has the ontological agency? 

• Synthesis vs analysis

• Learning and co-creation 

• Evolution (things change)

• Emergence (new things are created) 

Jean Piaget



Standardization is for interoperability 

Turk, Ž. (2020). Interoperability in construction–Mission impossible?.

Developments in the Built Environment, 4, 100018.

Pieter Pauwels



Non-default alternative(s)
Learning modeNo-learning mode

(one) Model thinking; 
model correspond to 
reality, stakeholders 
have limited 
ontological agency

No (universal) model 
thinking; stakeholders 
have ontological 
agency

Classification: 
Modeling as coding 
and fitting to a 
standard; 
Conformance 
mentality 

Clustering: fit the 
model to reality 

(contextualization)
; model linkage 

mentality 

Ad hoc knowledge 
constructs; beliefs 
and intuition are 
welcome

Co-creation: 
intentionally 

form new 
worlds
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Standardization-Contextualization Cycle

Expert systems, 
simulation, ontology, data 
models, taxonomies, NN 

reinforced learning, lattice 
algebra recommender 

systems. 
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Prototyping-falsification cycle

Top-down modeling Bottom-up modeling

Memory-less systems
Memory-prototyping 

systems
Who has the ontological 

agency



Ron Saporta, Director, F&S

UofT Intelligent Buildings Digital Twin 

Can I see my work orders “process” within BIM

BIM?ML



A digital twin is

IoT data

Input

Management dataDesign data
BIM model

Budget 

Safety data Community data

Images

specifications

Schedule Weather data
Productivity data

Quality control data

Access & 

Visualization 

Business 

intelligence 

Analytics

Simulations

Unstructured data analyticsStructured data analytics

Descriptive models
Predictive models

Prescriptive models

Schedule and cost trends 

Possible changes to construction method

Interactively adaptive construction site

Emergencies assessment

Assessment of safety performance 

Resource utilization

Implication of change orders

Material 

Potential for claims 
User empowerment

Innovation

Trend analysis Machine learning Social network analysis Semantic network analysis 

Data-rich BIM

Material delivery rates

Geometry

Sensor data

Technical analytics Socio-economic issues

Ifc

Ontologies 

Social networks 

Semantic networks



A digital twin value proposition: virtualization not visualization

ProductsProcessesPeople

Access, visualization and 
virtualization for staff

Access, visualization and 
virtualization for occupants 

Communicatio
n

Information

BIM

Social & 
Semantic 
networks



Full visualization of raw data/reports 

Interactive 
3D Model 

Access rights

Usage patterns 

Cross-building analytics of items and data Cross-item analytics of data

Item data 
cube 

Item data 
cube 



[Learn, bottom-up, from] what is going on?

Stakeholders hold 

evolutionary, contextualized 

knowledge

Stakeholder’s 

communication mobilize 

their knowledge

Capture communication and 

present as social and 

semantic networks 

Use network measures to 

capture possible constructs 

Synthesize the use of 

construct and nominate 

prototypes

Update the mosaic

C

A

B

Strong link

New 

concept

Central concept

1

Influential Stakeholder

Strong link

Supervisory 

relation

Sentiment Spectrum 

Triangulation over project life cycle: detect knowledge constructs Project A

Project B

Project C

Project n

Social 

network

Semantic 

network



Socio-semantic networks 

• The action research process is an iterative cycle of observation, 

identification of problems, development of technical solutions, and 

implementation of the developed solutions (Eden and Ackermann 

2018). 

• How social systems inform the design of the technologies.

• How to understand the ways by which project team members interpret

experiences and how do they co-learn.

• How do AEC professionals create, exchange, and communicate

information during their work routine and what artifacts do they use to do

so?

• What is their thinking process and how to customize the project

information systems to that?

• Ethnographic research requires frequent reviews and discussions of 

findings with project members (Hartmann, T.)



Example 1: BIM for visualization+communication



Demo



Demo (backup)



The Centrality of participatory communication for learning 

• Select a base comment prototype

• IFC provides product reference

• Social and semantic network analysis 

• Update the prototype 

• User check and pick

• Word cloud 

IFC
Communication 

(Text)

Comment 
Prototype 

Actors (role & 
Profile)

TextSemantic 
networks

Semantic 
networks 

TextSemantic 
networks
Social 

networks 

Sentiment analysis

Learn & Update 
prototype 

NetworkX11 Library 

Comment 
Prototype 

Comment 
Prototype 

Other 
documents  

(Text)

Network 
analysis 

measures 
Blockmodeling 

Pattern 
detection 

Project-
savvy 
annotation 



Example: prototyping comments (a simple construct)  

Comment IFC Product Actor 

Issue 

Phase/Time

Question Answer Approval 

State
has has

Advice Preventive Problem/Flag 

Sub types Word map

Scheme update process

Prototype customization by administrator 



The Value: As it happens Dashboard  
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Example 2: prototyping single product/project



Tell them what their knowledge is



Tell them what their knowledge is

Clique #
Activities Factors

1 Earthworks/Rigging/Onsite transportation Design parameters/Soil

2 Earthworks/Rigging/Onsite transportation Design parameters/Geographical location

3 Earthworks/Rigging/Onsite transportation Weather/Productivity

4 Welding/Earthworks/Onsite transportation Design parameters/Soil

5 Welding/Earthworks/Onsite transportation Design parameters/Adjacent structures

6 Welding/Earthworks/Onsite transportation Design parameters/Geographical location

7 Welding/Earthworks/Onsite transportation Weather/Productivity

8 Piping assembly/Earthworks/Onsite transportation Design parameters/Soil

9 Piping assembly/Earthworks/Onsite transportation Design parameters/Geographical location

10 Piping assembly/Earthworks/Onsite transportation Weather/Productivity

11 Welding/Pipeline assembly/Onsite transportation Design parameters/Soil

12 Welding/Pipeline assembly/Onsite transportation Design parameters/Adjacent structures

13 Welding/Pipeline assembly/Onsite transportation Design parameters/Geographical location

14 Welding/Pipeline assembly/Onsite transportation Weather/Productivity

Activities/factors Out-degree In-degree Betweenness In-Eigenvector

Construction activities

Onsite transportation 17 9 48.746 0.181

Welding 5 10 13.846 0.279

Rigging 7 8 10.796 0.279

Pipeline assembly 2 10 7.063 0.332

Concrete preparation 4 8 6.846 0.181

Excavation 5 8 6.496 0.181

Earthworks 8 8 5.796 0.181

Electrical/instrumentation
assembly

3 6 4.500 0.181

Masonry 3 6 2.625 0.181

Piping assembly 2 8 2.033 0.279

Design factors

Type of
material/equipment

10 0 0.000 0.000

Design parameters 10 3 2.667 0.000

Standard/Code 0 0 0.000 0.000

Site characteristics

Soil 11 0 0.000 0.000

Geographical location 11 0 0.000 0.000

Weather 10 0 0.000 0.000

Adjacent structures 6 0 0.000 0.000

Resources factors

Productivity 10 3 21.500 0.152

Consumption 1 1 0.000 0.000

Quantity 1 0 0.000 0.000



Capturing prototypes; comparing projects 

Baseline Case



Possible prototype: terms and (some provisional) relationships  



UofT BIM standards: Not just an IFC MVD;  a signature for each IFC products

Interactive 
3D Model 



The work order problem

Regular WO form

WO with word cloud 
from previous comments

Recommender system
WO with concepts from the 
category prototype and the 
prototype of the ifcProduct

Anomalies 

criticality

Trades’ schedule 



Example 3: from conformance to difference 



Creating possible worlds: Network algebra  

Project A Project B Project C Combined case 1 Combined case 2

Project A 1 0.516 0.309 0.720
0.695

Project B 0.516 1 0.333 0.690
0.728

Project C 0.309 0.333 1 0.502
0.433

Combined case 1 0.720 0.690 0.502 1
0.659

Combined case 2 0.695 0.728 0.433 0.659
1



Cost prediction: boundary conditions as a driver 

New work order Similar work orders 

What was the different?



The main point



Prototyping a project mosaic: create “falsifiable” futures 

Complete, atypical Complete, typical FormingPotential 

Incoherent Theorized Artificially created 

SophisticatedAdvanced

A world 



Learn-Prototype

Complete, atypical Complete, typical FormingPotential 

Incoherent Theorized Artificially created 

SophisticatedAdvanced

Mosaic Metamorphosis
(Knowledge as worlds of 
coherent constructs )

IFC
Support co-creation through communication and the use of 

Semantically-rich CAD,
Recommender systems,

Business Intelligence services 

An evolving 
current 
project (study 
emergence 
and dynamics) 

Knowledge is a 
social phenomenon

“Relative-to-model” thinking 
(exposing “difference”)

Co-creation & 
Emergence (humans, 
capturing context and 
innovation, update 
mosaic constructs)
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Network Metamorphosis (externalize/capture knowledge constructs)

Social, 
semantic 
and 
sentiment 
analysis 
(capture the 
constructs)

Network 
measures 
(study 
evolution, 
emergence
)



Design construction As-built

Questions: who will do all of this? How will the system look like? 

Thomas FroeseKnow communicate As-learned 

The project information officer 

Dashboards and PaaS: The salesforce of construction/asset management 

The answer, you guessed it, we are still learning 



Deconstruction of parametric/ontological modeling 

Jacques Derrida

Motivation
Tell people what 

they know
Create futures 

Tools
Network 

analysis/algebra
Recommender 

systems

learn

Create 
Networks

modularize

Pattern 
analysis Karl Popper 

Finally
,
If you liked it, good; thanks; let us co-create together

If not, sorry; please advance our knowledge by falsifying it; thank God: I work in a university



Come to Canada 
(the food is good):

Looking to 
hire two post-

doctoral 
fellows 



Backup slides



High Tolerance (based on a presentation by Curry, T., W78, 2021) 

• Manual, by humans

• Exact results  

• Search by an algorithm

• Approximate 

• Network science 

• Circumstantial 

• Mathematical Complexity

• Optimization
• Linguistic Reasoning

• Patterns 



Develop the semantic network 

Comment Comment

Develop a 
full graph

Develop a 
full graph

Add the two graphs, 
emphasizing repeated 

relationships 



Develop the semantic network: advanced 

Comment

Develop a 
full graph

Comment

Develop a 
full graph

Add the two graphs, 
emphasizing repeated 

relationships 

Consider common actors 

Consider influential actors 

Consider base prototype 

Consider prototypes with 
similar concepts  

Consider tags

Consider Uniformat (for is_a)

Use network 
similarity 
measures 

blockmodeling



Word cloud to semi-manual matrix



Clustered prototype (semantic 
network)

BIM+prototypes 

Interactive 
3D Model 

IFC

Ontologies

Masterformat

A prototype (semantic network)

Communication + 
Documents 



What is the difference between a semantic network and an ontology

• In a reductionist way: dumping the dreaded is_a relationship—more 

accurately, abandoned object-orientation for prototype-oriented thinking 

Aristotle 



Template 

• Template 



Template 

Template 


