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A This study investigates the relationship between artificial intelligence
(Al) and the structural changes it will bring to human life. By
employing systematic thinking through the system dynamics model,
the study simulates Al's broad dimensions and impacts over mid and
long time periods.

A This study is ongoing study and contributions from experts,
particularly in machine learning, are welcomed.



A Throughout history, major technological breakthroughs
such as the industrial revolution and the invention of
the internet have caused profound structural changes
In human life. Similarly, Al is anticipated to bring about
substantial changes, both positive and negative.

A This study aims to explore these changes using a
systematic approach to foster productive collaboration
and enhance future result presentations.



A The primary objective is to simulate the potential
structural changes caused by Al on human life using
the SD approach.

A By leveraging Al's capabilities in data analysis and
machine learning, we aim to enhance the accuracy
and predictive power of SD models.
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A This study combines System Dynamics (SD) and Artificial
Intelligence (Al) to investigate the structural changes
caused by Al on human life.

A SD models simulate real-world problems through
feedback loops, time delays, and nonlinearities,

A while Al enhances the accuracy and predictive power of
these models.



A The dynamic hypothesis posits that the development and adaptation of
Al will lead to significant structural changes in human life through a
series of interconnected feedback loops.

A The primary drivers of these changes include the rapid technological
advancements in Al, its integration into various sectors, and the
resulting socioeconomic impacts.



Dynamic Hypothesis 1

Positive Feedback Loops

u  Economic Growth and Al Investment Loop

- Al Technology Development & Adaptation Y Increased Productivity Y Higher Economic Growth Y Further
Investmentin Al Y Enhanced Al Technology Development

—
Al Technology + INncreased
Development & Productivity
Adaptation
+ Positive Economic
Growth and Al
Investment Loop
+
Further Higher Economic
Investment in Al Growth

\//




Dynamic Hypothesis 2

Positive Feedback Loops

u  Enhanced Services and Quality of Life Loop

Al Technology Development & Adaptation Y Enhanced Healthcare and Education Services Y Improved
Quality of Life Y Increased Public Support for AlY Further Al Development

T

Al Technology

Development & Enhanced Healthcare
Adaptation and Education Services
+ Positive Enhanced

Services and
Quality of Life Loop

+

Increased Public g Improved Quality
Support for Al of Life




Dynamic Hypothesis 3

Positive Feedback Loops

u Innovation and Competitive Advantage

-Al Technology Development & Adaptation Y Technological Innovation Y Competitive Advantage for
BusinessesY Increased Profit Margins Y Reinvestment in Al Research and Development Y Al
Technology Development & Adaptation

Al Technology

Development &
/ Adaptation

Reinvestment in Al +
Research and Technological
Development Innovation

+ Positive Innovation and
Competitive Advantage
Loop
+
) Competitive
Increased Profit _g Advantage for

Margins Businesses




Dynamic Hypothesis 4

Positive Feedback Loops

u Al-Driven Economic Policies

Al Technology Development & Adaptation Y Al-Enhanced Economic Analysis and Forecasting Y More Effective
Economic Policies Y Accelerated Economic Growth Y Increased Al Adoption in Policy Making Y Al Technology
Development & Adaptation

Al Technology

. Development &
Adaptation

+ .
Increased Al Adoption Al-Enhanced Economic
in Policy Making Analysis and Forecasting
+ Positive Al-Driven

Economic Policies Loop

+

Accelerated F More Effective
Economic Growth Economic Policies




Dynamic Hypothesis 5

Negative Feedback Loops

u  Employment and Social Inequality Loop

Al Technology Development & Adaptation Y Automation of Jobs Y Job Displacement Y Increased Unemployment
Y Higher Social Inequality Y Public Backlash and Regulatory Constraints Y Slowed Al Development

Al Technology
Development &

/ Adaptation \
+4q

Public Backlash and
Regulatory Constraints Automation of
Job

+

Negative Employment and
Social Inequality Loop

+
Higher Social Job

Inequality 1\ / Displacement

+
Increased
Unemployment




Dynamic Hypothesis 6

Negative Feedback Loops

u Privacy and Social Acceptance Loop

Al Technology Development & Adaptation Y Increased Surveillance and Privacy Concerns Y Reduced Social
Acceptance of AlY Stricter Privacy Regulations Y Restricted Al Deployment

Al Technology
_ Development &

Adaptation
+
Stricter Privacy Negative Privacy and Increased Surveillance
Regulations Social Acceptance Loop and Privacy Concern
+

Reduced Social
Acceptance of Al




Dynamic Hypothesis 7

Negative Feedback Loops

u  Ethical Concerns and Public Trust

Al Technology Development & Adaptation Y Ethical Concerns (Bias, Misuse) Y Decreased Public Trustin Al'Y
Increased Demand for Ethical Oversight Y Slower Al Development Due to Regulatory ~Scrutiny

Al Technology
Development &

Adaptation
+
Increased Demand for Nagative Ethical Concerns Ethical
Ethical Oversight and Public Trust Loop Concerns
+

Decreased Public *
Trustin Al




Definition of System Dynamics

u  System Dynamics (SD) is an interdisciplinary approach developed by Jay Forrester to
understand and manage complex systems.

u It involves creating simulation models incorporating feedback loops, time delays, and
nonlinearities to explore system behavior under different scenarios.

phase phase 1

Conceptualization Combining the The quantitative
of the !nodel conceptualization part of the
(qualitative part part with the model

of the model) Quantitative part




A Al involves creating algorithms and systems
that can perform tasks requiring human-like
Intelligence.

A Al techniques include machine learning,
natural language processing, and robotics,
with applications across various industries.
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‘ nologies will drive economic growth by increasing productivity and efficiency.
However, this growth may exacerbate inequalities among different regions and social
groups ‘

2- Employment and Inequality:

Al will automate tasks, impacting employment rates. Increased automation leads to
higher unemployment in affected industries, potentially increasing social and economic
iInequalities, though new Aklated job opportunities may mitigate these effects

3- Quality of Life and Social Dynamics:

Al can enhance healthcare, education, and essential services but also poses risks such
loss of privacy, increased surveillance, and potential misuse in military applications

4- Policy and Governance:

Effective policies are crucial to managing Al's impacts. They can help mitigate negative
effects like job displacement and inequality while promoting Al integration benefits



pining SD and Al provides a powerful tool for understanding and managing technological
advancements. Al enhances SD model accuracy, parameter estimation, and predictive capabiliti
offering more realistic scenarios

1- Enhanced Model Accuracy and Parameter Estimation: SD models often require accurate
estimation of initial inputs and parameters, which can be challenging. Al, particularly machine
learning, can analyze complex data to provide more precise formulas and parameter estimates,
improving the fidelity of SD modelgdlfaghariaret al.,2015 Borkenhagerand Olsen2023.

2- Improved Simulation and Prediction Capabilities: While SD models can simulate future behavi
of systems, their predictions are often deterministic and may not account for uncertainties. Al ca
enhance the probabilistic predictions of SD models, thereby reducing uncertainty and providing
more realistic scenarios (Analytical opinion of the researcher).

3- Identification of NoAlinear Relationships: Rewlorld relationships are often nehnear. Al
techniques, such as neural networks, can identify theselma@ar relationships within data.
Integrating these findings into SD models can enhance their realism and accuracy (Analytical
opinion of the research@r



eling Process: The creation of SD models is typically manual and subjective,

#0 heavily on the modeler's expertise. Al has the potential to automate parts of this process
gking it scalable and more-efficient. This can be particularly useful for generating causal loop
diagrams (CLDs) and stemkd-flow diagrams (Analytical opinion of the researcher).

A 5- Optimization of Scenarios for Structural Change: One significant challenge in SD research is
recommending policies to improve systems. Al techniques, such as reinforcement learning and
genetic algorithms, can facilitate scenario selection and pohiaiing to achieve optimal
outcomes Sterman 2000.

A 6- Enhanced Explain Ability and Validation: Combining "white box" SD models with "black box" £
methods can leverage the strengths of both. SD models can clarify and validptaekhted
recommendations, increasing confidence in the proposed solutions (Analytical opinion of the
researcher).

A 7- Estimation of Unknown Factors: Al can use historical-8erées data to determine parameters
and relationships within SD models, improving their accuracy. For example, machine learning ce
estimate delay times, response rates, and feedback loop gains, providing-drdega basis for
SD modeling (Analytical opinion of the researgher



A Defining model boundaries is crucial. This study includes time,
geographical, and conceptual boundaries, focusing on identifying
conceptual boundaries to determine which variables to include or
exclude

A The initial stock and flow diagram shows the effects of technological
change driven by Al on production processes, world economic growth,
and the average quality of human life

A The model emphasizes accurate parameter estimation and feedback
loops to capture dynamic behavior. Key variables include Al technology
development, world economic growth, and quality of life indicators.



Esumptions are based @auseand-effect relationshipghat must be validated through ongoing
research

1- The relationship,between two variables should be considered an axiom, similar to physical c
mathematical laws that are highly rigoraus

2- Or there is an accepted theory to prove the relationship, such as demand and supply
functions, production or cost functions, or other theoretical relationships in social science.

3- Based on statistical evidence, it is possible to uncover a relationship between two variables
using econometric method#Moosavihaghighl., 2009 2014, as well as other parametric and
non-parametric methods. Additionally, there is potential to utilize machine learning techniques
or other intelligent methods to explore this relationship further. Also, based on Al technologies,
relationships between variables could be extracted

4- If the aforementioned three items are not available, expert reviews may be relied upon. This
may involve techniques such as the Analytic Hlerarchy Process (AHP), the Delphi method,
snowball sampling, brainstorming, etc. This information is collected using documented and
scientific methods to identify relationships between model variables in the simulated system



Initial Model Definition Part 3
Stock-and-flow Diagram
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Objective:Simulating the realvorld impacts of Al on human life usi&dp
approach.

- ChallengesDefining the model boundariestime, geographical, and conceptual
boundaries

Model Boundaries
- Timeand GeographicddoundariesWell-defined.
- Conceptual Boundarie&ey challenge due to the broad scope of the study

Key Assumptions

- Al technology will significantly influence productivity, economic growth, and
human life quality.

- The model is based on specific assumptions that can be modified as research
progresses



K and Flow Diagram
“FocusEffects of "Technological Change" driven by Al on production and economic growth.
- Key Variables:

- Al Technology Development & Adaptation

- Increased Productivity

- Higher Economic ' Growth

- Further Investment in Al

Main Drivers
- Al technology as a primary driver of structural changes.
- Impact on variables such as World Economic Growth and Human Development Index (HDI).

HDI Components

1. Education Index

2. Life Expectancy Index

3. Income per Capita Index

To I To Do To Do o Do Do Do I Do Ik I
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-neutral Technological Change: Al impacts production processes differently,
requiring careful parameter estimation.

- Proxy VariabledJsed to represent qualitative factors in the model.

Model Simplifications
- War Technologyimpact on inequality and human life quality.
- DelaysNot depicted in the simplified model.

- Intermediate VariablesSome omitted for simplicity but included in detailed modeling
later.

DetailedView

- Al TechnologyDevelopmentimpacts multiple sectors through direct and indirect
relationships.

- OWorld EconomidGrowthe affectsaHumanLife Qualityg, leading to furtherdEconomic
Development.



ture Considerations and Adjustments

-Model EvolutionAssumptions and variables will be refined based on
ongoing research and data analysis.

A - Scenariosind SimulationsTesting various scenarios to optimize policy
Interventions and outcomes.

A - Interdisciplinary CollaboratiorfEssential for enhancing model accuracy
and addressing complex societal impacts of Al.

- Concluding Remarks

A - The initial model provides a framework for understanding the dynamic
Interactions between Al technology and human life.

A - Continuous refinement and collaboration are crucial for developing
effective strategies to maximize benefits and minimize risks associated
with Al integration.
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Culative Conclusion on Al-S¥-mtegration
Part 1

- Thetintegration of Artificial Intelligence (Al) and System Dynamics (SD) has the potential to revolutionize o
understanding and management of complex systeissapproach combines Al's dathiven precision with
SD's systemic modeling, enhancing the predictability and management of technological impacts on human

Key Insights
1- Enhanced Predictive Capabilities:

- Al improves the accuracy of SD models by processing large datasets and uncovetingaraelationships
Thisleads to more reliable simulations and betieformed decisioAmaking

2- Optimization of Policy Interventions:
- AI-SD integration helps explore various policy interventions and optimize scenario selection.

- Techniques like reinforcement learning can identify the most effective strategies to mitigate risks and enh
benefits

3- Identification and Management of Uncertainties:
- Al enhances probabilistic predictions in SD models, reducing uncertainties and providing realistic scenari
planning
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Conclusion on Al- SD Integration
Part 2

4- Automation and Efficiency:

- Al can automate parts of the SD modeling process, making it more scalable and efficie
Thisextends to the generation of causal loop diagrams (CLDs) andatodlow diagrams

5- Ethical and Sacial Implications:

- AI-SD integration helps identify and address ethical and social challenges, such as job
displacement and inequality.

- Promotes equitable and just outcomes by understanding and mitigating Al biases

6- Interdisciplinary Collaboration:

- Successful AD integration requires collaboration across various fields like computer
science, economics, sociology, and public politysenriches analysis and contributes to
holistic and effective solutions.
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he fusion of Al and SD methodologies provides a powerful toolkit for
navigating technological advancements.

- This research offers a foundational framework doderstandingAl's
multifaceted impacts on society.

- Ongoing interdisciplinary collaboration is essential to harness Al's
potential for positive change while mitigating its risks.

Closing Statement

- Al's integration into SD models is crucial for anticipating and shaping
the future trajectory of human society.

- Ensuring technological progress aligns with societal goals and values
IS paramount for sustainabléevelopment



Thank you for your
attention and patience



