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[1] Synthetic Data Generation? 
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Synthetic Datageneration

Domain-Specific Adaptation: Addressing the gap in LLM 

performance for specialized fields (e.g., Medical, Finance)

The Data Scarcity Bottleneck: Challenges in obtaining high-quality 

domain data due to privacy or cost

Synthetic Data Generation: A promising solution to bootstrap 

instruction-following capabilities
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Existing Methods (1)

Retrieval-Based Approaches (e.g., DataTune): retrieving and 

transforming related datasets.

Limitation: Often results in 

skewed or repetitive 

distributions
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Existing Methods (2)

Retrieval-Based Approaches (e.g., DataTune): retrieving and 

transforming related datasets. Limitation: Requires domain-

relevant sources, failing when such 

data is unavailable.
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Failure Case: DataTune

Two space explorers are flying around through 
an unknown galaxy when they discover two 
new planets. Given that these planets have no 
names, the explorers decide to name them after 
themselves. The planet of Sarahn is currently 
going through a large geographic shift. Many 
of the continents on the planet are currently 
breaking apart and moving. Timon, however, 
has been a stable planet with no continental 
moving for quite awhile now. Given the 
paragraph above, please answer correctly the 
following question:  
Is the volcanic crust on Sarahn or Timon hotter?

A 1-year-old girl is brought to the physician 
for a well-child examination. She has no 
history of serious illness. She receives a 
vaccine in which a polysaccharide is 
conjugated to a carrier protein. Which of the 
following pathogens is the most likely target 
of this vaccine?
Choose one of the following:
A. Hepatitis A virus
B. Varicella zoster virus
C. Streptococcus pneumoniae
D. Bordetella pertussis

Med QA

Unrelated Existing Data

Transformed Sample
A patient named Sarahn presents with unstable symptoms 
characterized by frequent 'shifting' of clinical manifestations, 
resembling episodes of transient ischemic attacks. Another 
patient, Timon, presents with stable and unchanging 
symptoms similar to chronic stable angina. Based on these 
clinical presentations, which patient likely has more severe 
underlying inflammation?
A. Sarahn has more severe inflammation.
B. Timon has more severe inflammation.
C. Both have equal inflammation.
D. Neither has significant inflammation.
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[2] Diversity
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Latent Diversity (Reference: Prismatic Synthesis):

The Diversity Spectrum: Latent vs Semantic

Gradient-Based Diversification:  Using model gradients to 

identify diverse samples.

Filtering & Sampling: Essentially acting as a filtering 

mechanism to select the 

          best samples from the model's latent space

Constraint: Optimizing within the existing distribution capabilities.
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Diversity: Latent Space

G-Vendi Score 

(Effective Number of Samples)

Quantifying Diversity via Spectral Entropy

Learning Signal 

Representation
Kernel Matrix

(Cosine Similarity in Gradient 

Space)

Optimization Strategy

Filtering for Sparse Regions in Latent 

Space 
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Diversity: Latent Space

Constraint: Optimizing within the existing distribution 

capabilities.
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1. The Limitation: Latent Diversity (internal)

- Mechanism: Maximizing Gradient Orthogonality (e.g., Prismatic Synthesis)

- Role: Efficient Filtering & Selection strategy.

- Constraint: Bound by the Existing Distribution.

- Effective only when the candidate pool is large

 

2. The Critical Gap: Extreme Data Scarcity

Specialized Domains with 𝓓 ≤  𝟏𝟎𝟎.

Problem: The latent space is inherently sparse and disconnected.

Insight: "You cannot select diverse samples if they do not exist."

 Filtering algorithms fail when there is nothing to filter.

The Solution: Semantic Diversity (External)

From Latent Selection to Semantic Injection
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[3] PANGEA: Proposed Method
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Leveraging Non-Relevant General Data: Utilizing out-of-domain 

data (e.g., ORCA, FLAN)

                                          to inject semantic diversity.

Projection-Based Augmentation: Transforming general scenarios 

into domain-specific

        format.

1. Synth-Profiling: Extracting domain blueprints from scarce seed.

2. Prompt-Writer: Distilling general data into structured guide blocks.

3. Projection: Mapping diverse semantics onto domain structures.

Result: Achieving superior Semantic Diversity (verified via Cosine 

Similarity & t-SNE) 

       even in extreme data-scarce settings.

PANGEA: Proposed Method
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Overview: PANGEA
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Why 3 stage generation Pipeline?
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[4] Experiments Results
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Main Results
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Diversity Analysis
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Quality Analysis
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Ablation: Seed size & Model Scale
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Generalization & Comparative results
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Thanks for listen!
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