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Abstract
Model Understanding and Generative Alignment are twin research direc-
tions central to transparent, interpretable, and human-aligned artificial intelligence.
Model understanding focuses on interpreting the mechanisms, features, and deci-
sions within predictive models, while generative alignment emphasizes ensuring
that generative models produce outputs consistent with human intentions, ethics,
and social values. Together, they define the theoretical and practical foundations
for interpretable and aligned generative intelligence, a guiding paradigm for MUGA
LAB’s research on responsible AI.

1 Introduction

Model understanding and generative alignment address the growing need for AI systems
that are both interpretable and value-aligned. While interpretability provides trans-
parency and accountability, alignment ensures that generated outputs respect human
preferences, safety, and context. These two aspects are deeply intertwined in modern
machine learning, particularly in large generative models such as foundation and multi-
modal architectures.

2 Model Understanding

2.1 Definition

Model understanding refers to the ability to interpret, diagnose, and rationalize the be-
havior, decisions, and predictions of machine learning systems.

2.2 Core Dimensions

1. How the model works: Understanding architectures, learning algorithms, and
optimization techniques.

2. What the model learns: Identifying latent patterns and representations ex-
tracted from data.

3. Why the model predicts: Exploring feature importance, decision boundaries,
and bias sources.

1



2.3 Key Techniques

� Model-agnostic interpretability (SHAP, LIME, permutation methods)

� Gradient-based attribution and saliency visualization

� Concept bottleneck and probing frameworks

� Counterfactual and causal explanation methods

2.4 Evaluation Aspects

� Faithfulness: Do explanations reflect internal model reasoning?

� Stability: Are interpretations consistent under small perturbations?

� Usability: Are explanations comprehensible and actionable for users?

3 Generative Alignment

3.1 Definition

Generative alignment is the process of ensuring that generative models (e.g., text, im-
age, or audio) produce outputs that are coherent, ethical, and consistent with human
expectations and values.

3.2 Core Principles

1. Distributional Fidelity: Capture the true underlying structure and variability
of data.

2. Coherence and Meaningfulness: Generate realistic, relevant, and contextually
appropriate outputs.

3. Human-Centric Alignment: Align generation processes with human ethics,
safety, and fairness.

3.3 Design Considerations

Aspect Description

Evaluation Metrics Assessing generation quality (FID, BLEU, CLIPScore)
and alignment (human preference, ethical scoring).

Training Objectives Loss functions promoting alignment (e.g., reinforcement
learning from human feedback, contrastive objectives).

Human Feedback Iterative feedback loops improving preference adherence
and trustworthiness.
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3.4 Applications

� Creative AI (art, music, narrative generation)

� Scientific simulation (molecular and material design)

� Data-centric pipelines (synthetic data, augmentation)

4 Intersection: From Understanding to Alignment

The integration of model understanding and generative alignment establishes a path-
way toward interpretable generative systems. Transparency in generative mechanisms
enhances trust and facilitates ethical alignment of outputs.

Theme Research Objective

Explainability of Gen-
erative Models

Develop interpretable representations of latent space
and sampling behavior.

Understanding Fail-
ures

Analyze causes of hallucination, bias, or unsafe outputs
in generative systems.

Value-Integrated
Training

Embed human value functions within interpretable la-
tent factors.

Trust Calibration Quantify and propagate uncertainty to enhance reliabil-
ity and accountability.

5 Research Directions

5.1 Model Understanding

1. Interpretability in deep neural networks and complex architectures.

2. Theoretical foundations of feature importance and attribution.

3. Development of explainability metrics linking accuracy and interpretability.

4. Quantitative uncertainty estimation for predictive models.

5. Model-agnostic explanation frameworks.

5.2 Generative Alignment

1. Evaluation metrics for semantic and ethical quality of generative outputs.

2. Human-in-the-loop alignment and feedback incorporation.

3. Ensuring diversity and mode coverage in generative models.

4. Robustness under distributional shifts and adversarial settings.

5. Transfer learning for generative systems across domains.
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5.3 Joint Exploration

1. Explainable generative architectures.

2. Diagnostic frameworks for misalignment and failure.

3. Transparent generative systems combining interpretability and alignment constraints.

6 Conclusion

Model Understanding and Generative Alignment are complementary foundations for the
next generation of responsible AI systems. Understanding ensures transparency and
interpretability, while alignment guarantees ethical coherence and societal compatibility.
Together, they enable the design of interpretable, value-driven generative models capable
of both analytical insight and creative synthesis.
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