Wearable As Graph:
Query-Conditioned Context Retrieval
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A dynamic, graph-based framework enabling contextualized
LLM reasoning over long-term, multimodal wearable data.
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Query Graph Dynamic Augmented
Parsing Construction Retrieval Generation
Extracts target Merges universal Adjusts edge Feeds the highly
metrics, time medical knowledge weights based tailored, query-
window, and an with personalized on long-term conditioned
exploratory health data memory (Global) subgraph into the
openness score. streams. and short-term LLM for grounded
reactivity (Local). reasoning.




Graph Construction Synthesis

General Medical Knowledge

WAG maps established medical truths from
Web, DBs, and scientific literature (e.g., HRV
impacts Deep Sleep).
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Universal medical truths are
continuousln conditioned by the user's
actual physiological baselmes
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Personal Data Streams

Individual user datasets from
wearables and lifelogging.

, g,. Steps/Day

Heart Rate
Beats

Sleep
Duratlon

Calorles

Levels



I8
:

' Useuery Inp |
| —— |

The Trigger

Every query is mathematically
parsed for three variables:

- Target Metrics
- Time Window
- Query Openness

The Reaction

WAG dynamically redraws the
map of what matters right now.
It mathematically strengthens
connections to relevant
secondary metrics and fades
irrelevant noise.
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Prior Knowledge
General medical science

_ Population Trends
.\ aset-wide interactio

-:-A: =

Global Weight

The Hierarchical Bayesian Model merges these lenses



The Openness Dial
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| Phrasing matters.

0: Closed / " 1:Open [ Exploratory queries (e.g.,
Binary Exploratory "Why am | stressed?”)
f crank up the openness
dial.

This amplifies the graph’s
sensitivity to recent
anomalies (Z-scores),
pulling in a broader set of
related symptoms for the
LLM to analyze.




Short-Term Reactivity
Local Modeling

Long-Term Wisdom
Global Modeling

Final Weight = (1 - ) * Global + 8 * Local

The Synthesis

By combining deep historical medical baselines with hyper-sensitive recent anomaly detection, WAG
constructs the perfect, custom-tailored context window—eliminating noise and hallucination risks.




1. Input 2. Extraction

Why are my circadian rhythm

Openness = 0.8

Circadian
?
patterns off over the past 30 days* Rhythm o
3. Graph Shift 4. Insight

'“ Because the query was highly
exploratory, the graph expanded its
search, identifying that late-night
screen time and travel were the root

Distance . : .
E s s causes of the physiological anomaly.
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Data-Grounded Queries
Evaluated

Dual-Evaluation Methodology

Advanced LLM
Evaluation

Human Domain
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Multi-Dimensional Grading: Insightfulness, Relevance, Groundedness, Personalization, Clarity, Safety.




Baseline

Standard RAG

WAG

6%

Absolute Win Rate

, Average Overall Rank 1
(Lower is Better)

Baseline: 2.61

Standard RAG: 1.98 ¢

WAG: 141 v |
70%

The Verdict

WAG represents a massive 56% improvement over standard RAG methodologies,
proving that flat text retrieval is insufficient for multimodal health data.




WAG Dominates on Complex Analytical Queries

Data Retrieval

Y

Anomaly Detection: 92% Win Rate
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WAG completely dominates when
asked to find and explain unusual
data spikes.
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Trend

. Analysis /[

/[ Comparative Insight: 80% Win Rate

Exploratory Analysis: 83% Win Rate
Thrives on high-openness queries
where standard RAG fails to pull
broad context.

Anomaly |
Detection

| Comparative
Insight

Seamlessly connects disparate data
points across time.




Ablation Performance Analysis

Component Contribution to Performance Rank Global vs. Global + Local

A | Full Global Model
(Prior + Pop + Ind)

Performance Rank

Full Global Model
(Prior + Pop + Ind)

12% Performance Boost

Prior Only Population Only Individual Only Global Only  Global + Local
(Final Weight)

Every Piece Matters

Combining Prior, Population, and Individual patterns mathematically outperforms any single-source weighting strategy.
Adding short-term reactivity (Local) provides a consistent 12% performance boost over relying on

long-term relationships alone.




The Future of Explainable Health Al

Co-Management

WAG serves as a flexible, dynamic interface
where clinical expertise and lived human
experience co—exist in the exact same
mathematical space.

The Result

Deeply personalized, highly grounded LLM
analysis without hallucination—unlocking the
true predictive power of wearable ecosystems.



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15

