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The Problem

The promise: Big data + machine learning = breakthroughs in modeling complex systems

The reality: Progress has plateaued; current statistical methods cannot create system models that
remain valid across conditions

The consequence: Systems such as global economies and population dynamics remain beyond our
ability to predict accurately
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Challenges with current methods

» Relationships between constructs and observable data lack stability and predictability
* Optimal sampling strategies remain elusive for complex, non-ergodic systems

» Lack of sufficient frameworks for theory integration

o Existing analytical techniques fall short in identifying true causal structures

« Data sets are problematic, and large numbers of variables drive complexity
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McPherson et al., Tackling Obesities: Future Choices — Project Report, 2™ Ed.,
Foresight for UK Gov't Office for Science

The Social Influence Model

https://theory-database.hbcptools.org/theory/69; Hale et al. (2020)
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MAGICS Impact

Research Objective: Demonstrate new methods and paradigms that overcome
current limitations and predict complex phenomena in open, time varying,
recursive, reactive and non-ergodic systems.

Impact: Transform our understanding of complex, evolving systems by
developing fundamentally new modeling approaches
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Areas of Interest (non-exhaustive)

Data inference boundaries and
limitations

Adaptation limitations and

Alignment validation limitations T v

Complex phenomena Psychosocial domain limitations
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Data inference boundaries

Data inference boundaries and
limitations

Challenge: Lack of systematic approaches for determining inferential boundaries from available
data

Need: Robust frameworks linking data characteristics (e.g. granularity, sparsity) to limits of
predictive precision

Capability: Ability to confidently define clear parameters for reliable statistical inference and
precision
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Alignment Validation

Alignment validation limitations

Challenge: Current methodologies fail to adequately quantify the relationship between observable
Indicators and underlying theoretical constructs

Need: Versatile construct validation approaches that remain effective across diverse contexts,
populations, and time periods

Capability: Resilient validation protocols to ensure accurate assessment of construct validity
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Adaption to evolving context

Adaptation limitations and
model obsolescence

Challenge: Models lack cross-contextual generalizability and adaptability to dynamic conditions,
particularly in nonergodic systems

Need: Sophisticated methods to track pattern evolution and relationship degradation over time
and contexts

Capability: Adaptive modeling frameworks with built-in flexibility for changing contexts and
conditions
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Psychosocial limitations

Challenge: Siloed research approaches obscure critical interrelationships among latent variables
and inadequately integrate established knowledge of human behavior

Need: Systematic integration of complementary behavioral science theories and findings to
situate models with current domain-relevant knowledge

Capability: Models that drawn on, and contribute to, theoretical understanding of human behavior

Psychosocial domain limitations
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Complexity

Challenge: Social systems are reflexive; they react when observed or self-monitored, creating
modeling complexities conventional approaches do not address

Need: Methods capable of representing highly complex, interactive, and self-modifying
systems

Capability: Ability to model reflexivity and the reciprocal relationship between observation and
system evolution

Complex phenomena
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Additional areas may be identified

Data inference boundaries and
limitations

Other areas as agreed
on by the PM and team

Adaptation limitations and

Alignment validation limitations MAGICS model obsolescence

Complex phenomena Psychosocial domain limitations
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Why does this matter to DARPA?

Long-term MAGICS mission: Transforming revolutionary concepts about human
system complexity into practical capabilities that prevent technological surprise

Examples:
* Regional economic adaptations: Modeling supply chain disruptions like Suez Canal blockage

« Population-level dynamics: Preventing surprise through advanced forecasting of human movements
and information spread

* Reactive and adaptive systems modeling: Frameworks for systems that adapt to observation (e.g.
Al systems that respond differently when being observed)

Varol et al. “The movement pattern changes of population following a disaster:
Example of the Aegean Sea earthquake of October 2020.” /nternational Journal
of Disaster Risk Reduction. 2024.

Qu, Shen et al. Modeling the dynamic impacts of Apollo Research, 2025, https://www.apolloresearch.ai/blog/claude-
maritime network blockage on global supply chains, 7he sonnet-37-often-knows-when-its-in-alignment-evaluations
Innovation, Volume 5, Issue 4, 100653
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What should your proposal include?

A clearly articulated problem

Quantitative benchmarking against existing methods
Novelty and enhancement

Evaluation plan

A detailed research plan
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What should your proposal NOT include?

“Toy problems”
Constrained or simulated systems

Technical approaches that focus only on one aspect of the question (i.e
psychometrics, behavioral science, data science, machine learning)

Models that lack a clear and meaningful connection to the underlying
phenomena

New Human Subjects Research (or animal research)
* Previously IRB-approved human subjects data may be allowable

Distribution Statement ‘A’ (Approved for Public Release, Distribution Unlimited)



Program Structure Considerations

12-month upper limit on period of performance
» Shorter periods of performance are acceptable

1 FTE (full time equivalent) upper limit on labor hours

1 FTE can be split across multiple researchers, but the level of effort must be equal to 1
FTE for 1 year

* For students, 1 FTE is equivalent to what your institution designates as “full time” — this is
often less than 100% level of effort

Subcontracting, consultants, and formal teaming are not permitted
« Coordinating with other proposers is not prohibited
Iteration on your abstract is possible — if you submit early enough
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Ethical, Legal, & Societal Implications (ELSI)

e What is ELSI?

Improve research by identifying
unknowns, anticipating conseguences, and
enabling PMs to act proactively to maximize
benefits and minimize risks

« ELSI goals

e Creative thinking about challenges, stakeholders, and
long-term impacts

« Identifying opportunity and challenges early to enable
transition

o Support DARPA's ability to excel in its mission through
responsible development of emerging technology

Early ELSI at DARPA?

How is it done today, and what are the
[ethical/legal/social/technological]
limits of current practice?

Who cares? If you are successful, what
difference will it make?

What are the risks?




Questions to Consider

« What are the benefits and opportunities?

 What does your proposed research facilitate or enable, alone or in combination with
other technologies? In the near term? In the long term?

 Who enjoys the benefits?
* What technological/design choices promote the benefits?

e What are the drawbacks and risks?

 What does it facilitate or enable, alone or in combination with other technologies? In the
near term? In the long term?

 How might it be foreseeably misused?
 Who is most likely to experiences the risks and harms?
* What technological/design choices minimize/eliminate the drawbacks?

« What unknowns are anticipated?
 How can program research structure mitigate the risks of unknowns?
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