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Executive Summary

The Al assistant market is transitioning from stateless chatbots to persistent, context-aware systems
that function as genuine professional partners. This transition requires a fundamental architectural
shift: from disposable conversation threads to durable intelligence layers that accumulate
knowledge, recognize patterns, and proactively surface insights.

This paper examines the technical architecture, design principles, and practical impact of personal
intelligence systems -- Al frameworks that maintain evolving representations of a user's professional
context through knowledge graphs, tiered memory management, and semantic search. Drawing on
research from MIT, Stanford, and enterprise deployment data, we demonstrate that persistent-
context Al systems deliver 3-5x higher user satisfaction scores and 40-60% greater task completion
rates compared to stateless alternatives.

The core insight is that the value of an Al assistant is not solely a function of model capability. It is a
function of model capability multiplied by contextual depth. A less powerful model with rich context
consistently outperforms a more powerful model operating in an information vacuum. This principle
has profound implications for how Al assistants should be architected, deployed, and evaluated.

1. The Stateless Limitation

1.1 Every Conversation Starts from Zero

The dominant Al interaction paradigm of 2023-2025 is fundamentally stateless. Each conversation
with ChatGPT, Claude, or Gemini begins with no knowledge of the user, their projects, their
preferences, or their history. The user must manually re-establish context -- often consuming
20-40% of interaction time on preamble rather than productive work.

This is not merely an inconvenience. It is an architectural constraint that prevents Al from delivering
on its core promise: augmenting human intelligence. A human colleague who forgot everything

about you and your projects every time you spoke would be considered impaired. Yet this is
precisely the operating model of current-generation Al assistants.

1.2 The Context Tax

Research by the Stanford Human-Al Interaction Lab (2025) quantified what they term the "context
tax" -- the overhead cost of re-establishing context in stateless Al interactions:

e Simple tasks (grammar check, format conversion): Context tax of 5-10% of total interaction
time

* Moderate tasks (email drafting, document summarization): Context tax of 20-35%

e Complex tasks (strategic analysis, multi-document synthesis): Context tax of 40-60%

Kent Research | March 2026 2



For knowledge workers performing 20-30 Al interactions daily, the context tax represents
45-90 minutes of wasted time -- time spent telling the Al things it should already know.

1.3The Memory lllusion

Some Al platforms have introduced "memory" features that store user preferences and facts across
sessions. While directionally correct, these implementations are fundamentally limited:

e Flat key-value storage: No relationships between stored facts

* No temporal awareness: Cannot distinguish between current and outdated information

¢ No semantic search: Cannot retrieve contextually relevant memories without exact keyword
matches

¢ No decay management: Memories accumulate indefinitely without relevance scoring

¢ No source attribution: Cannot trace a memory back to the conversation that created it

These limitations are not implementation oversights. They reflect a fundamental architectural choice:
bolt-on memory versus ground-up intelligence design.

2.The Knowledge Graph Architecture

2.1 Beyond Flat Memory: Graphs as Intelligence Substrate
A knowledge graph represents information as a network of entities (nodes) connected by typed

relationships (edges). Unlike flat memory stores, knowledge graphs capture the structure of
information -- not just facts, but how facts relate to each other.

Kent's personal intelligence layer ("Kent Brain") implements a knowledge graph with the following
node types:

< Entities: People, organizations, projects, concepts, tools
¢ Events: Meetings, decisions, milestones, deadlines
« Documents: Files, emails, chat threads, notes
» Patterns: Recurring behaviors, preferences, workflows
Each node carries metadata: creation timestamp, last-seen timestamp, access frequency,

confidence score, memory tier assignment, and a 384-dimensional embedding vector for semantic
similarity search.

2.2 Entity Resolution: The Intelligence Foundation

The most technically challenging aspect of a personal knowledge graph is entity resolution --
determining when different references point to the same underlying entity. A user might reference
"the Q3 project,” "Project Lighthouse," "the thing we discussed with Sarah," and "the client
onboarding initiative" -- all referring to the same project.
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Kent Brain implements a seven-step entity resolution pipeline:

1. Exact match: Direct name/alias comparison

Normalized match: Case-insensitive, whitespace-normalized comparison

Alias lookup: Check against known aliases for existing entities

Embedding similarity: Cosine distance between entity embedding vectors (threshold: 0.85)
Context overlap: Shared connections to other entities

Temporal proximity: Entities mentioned in similar time windows

7. LLM arbitration: For ambiguous cases, query the Al model for disambiguation

L

This pipeline achieves 94% precision and 89% recall on entity resolution tasks in production
deployments -- sufficient for practical utility while maintaining low false-positive rates.

2.3 Edges: The Intelligence Multiplier
The edges between nodes carry as much intelligence as the nodes themselves. Edge types include:
e works_on: Person -> Project
e mentioned_in: Entity -> Document
e decided_at: Decision -> Event
e depends_on: Task -> Task
¢ informed_by: Output -> Source (attribution tracking)
e similar_to: Entity -> Entity (semantic similarity)
When a user asks "What did we decide about the pricing strategy?", the knowledge graph traverses:

User -> works_on -> Project -> decided_at -> Event -> mentioned_in -> Document, returning not
just the decision but when it was made, who was involved, and what documents informed it.

3.Tiered Memory Management

3.1 The Memory Lifecycle

Not all memories are equally valuable over time. A meeting scheduled for next Tuesday is critical
now and irrelevant next month. A client's communication preferences remain relevant for years. A
personal knowledge graph must manage this lifecycle automatically.

Kent Brain implements a four-tier memory architecture inspired by CPU cache hierarchies:
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Tier Retention Window Access Pattern Storage

Hot Last 30 days Frequently accessed,... Full fidelity, uncompressed
Warm 30-180 days Occasionally accessed, sti... Full fidelity, compressed...
Cold 180-365 days Rarely accessed, potential... Summarized, compressed
Archive Beyond 365 days Historical reference only Highly compressed,...

3.2 Automatic Tier Rebalancing

The tiering engine runs on a configurable schedule (default: daily) and evaluates each node against
multiple signals:

» Last seen: When was the node last accessed or referenced?
¢ Access frequency: How often is the node retrieved?
¢ Connection density: How many active edges connect to this node?
e Explicit pinning: Has the user marked this node as permanently important?
Nodes that meet promotion criteria move to hotter tiers; nodes that meet demotion criteria move to

colder tiers. The process is fully reversible -- a cold node referenced in a new conversation is
automatically promoted back to hot.

3.3 Confidence Decay

Beyond tier management, Kent Brain implements confidence decay -- a gradual reduction in the
certainty assigned to stored information. Facts confirmed by multiple sources and recent interactions
maintain high confidence. Facts from single, aging sources see their confidence scores decay
according to a configurable half-life function.

This decay serves two purposes:

1. Accuracy maintenance: Prevents the system from asserting outdated information with high
confidence

2. Storage optimization: Low-confidence nodes become candidates for archival or deletion

The goal is not to remember everything forever. It is to remember the right things at the
right fidelity for the right duration.

4. Semantic Search and Context Building

4.1 Embedding-Based Retrieval

When a user interacts with the Al, the system must retrieve relevant context from the knowledge
graph. Traditional keyword search fails because users rarely use the exact terms stored in memory.
Semantic search using embedding vectors solves this problem.
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Kent Brain uses the all-MiniLM-L6-v2 model to generate 384-dimensional embeddings for all text
content. At query time, the user's input is embedded and compared against stored embeddings
using cosine similarity. This enables retrieval based on meaning rather than keywords:

¢ Query: "How's the marketing campaign going?" retrieves nodes about "Q1 brand awareness
initiative" and "social media ad spend review"

e Query: "What does the client prefer?" retrieves nodes about "stakeholder communication
preferences" and "Sarah mentioned email over Slack"

4.2 Context Building Pipeline
The context builder assembles relevant information for each Al interaction through a multi-stage
pipeline:

1. Query embedding: Generate embedding for the current user input
Hot tier search: Search hot-tier nodes by embedding similarity (fast, ~5ms)
Warm tier search: If hot-tier results are insufficient, extend to warm tier (~15ms)
Cold tier fallback: For broad queries, include summarized cold-tier content (~30ms)
Edge traversal: Follow edges from matched nodes to discover related context
Relevance ranking: Score and rank all retrieved context by composite relevance
7. Token budgeting: Fit retrieved context within the model's context window budget

o0k LN

The result is a dynamically assembled context block that provides the Al model with relevant
background information, making every interaction contextually informed.

4.3 Source Attribution

Every piece of context injected into an Al interaction is tracked through source attribution edges.
When the Al generates a response informed by a stored memory, the system records an
"informed_by" edge from the response to the source nodes. This creates a complete audit trail:

e The user can ask "Where did you learn that?" and receive specific source references
e The system can identify which memories are actually influencing outputs (vs. stored but unused)

» Confidence propagation ensures that responses inherit the confidence levels of their source
material

5. Privacy-First Design

5.1 Local-First Architecture

The personal intelligence layer operates entirely on-device. The knowledge graph, embeddings,
memory tiers, and all associated data are stored in a local SQLite database (via libSQL). No
personal data is transmitted to cloud services unless the user explicitly chooses cloud Al providers
for inference.
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This architectural decision reflects a fundamental principle: the most sensitive data in a personal
intelligence system is not any individual fact -- it is the aggregate pattern of a user's
professional life. A knowledge graph that maps a professional's projects, relationships, decisions,
and work patterns is extraordinarily sensitive. It must be protected by architecture, not just policy.

5.2 Encryption and Access Control

e Atrest: The local database supports AES-256-GCM encryption
¢ In transit: Cloud sync (optional) uses per-record encryption with user-held keys

e Access control: The knowledge graph is accessible only through the application's IPC bridge
with strict context isolation

5.3The Cloud Sync Option

For users who want cross-device access or backup, Kent Brain supports optional cloud
synchronization through Supabase. Critical design constraints:

* Per-record encryption: Each node and edge is encrypted individually before transmission

e User-held keys: Encryption keys are derived from the user's credentials and never stored on
the server

¢ Delta sync: Only changed records are transmitted, minimizing data exposure

e Zero-knowledge server: The cloud service stores encrypted blobs; it cannot read or analyze
the content

6. Practical Impact

6.1 Task Completion Improvement

Deployment data from Kent's beta program (n=847 users, 90-day period) shows significant
improvements when persistent context is available:

Task Type Without Context With Context Improvement
Email drafting 72% satisfaction 91% satisfaction +26%
Document summarization 68% accuracy 88% accuracy +29%
Meeting preparation 45% completeness 82% completeness +82%
Cross-project synthesis 31% success 74% success +139%

The most dramatic improvements occur in tasks requiring cross-session context -- precisely the
tasks where stateless Al systems fail most completely.
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6.2 The Compounding Effect

Unlike static tools, a personal intelligence system improves with use. Each interaction enriches the
knowledge graph, which improves future context retrieval, which improves Al response quality, which
encourages more interaction. This creates a virtuous cycle that produces increasing returns over
time.

Beta users who maintained consistent usage for 60+ days reported a "threshold effect" -- a point at
which the Al assistant's contextual awareness became noticeably superior to a fresh session,
fundamentally changing their interaction pattern from "querying a tool" to "consulting a partner."

"The Al went from useful to indispensable somewhere around week six. It just... knew
things. It remembered that | prefer bullet points, that the Henderson project is sensitive,
that Sarah and | disagree about the timeline. | stopped thinking of it as a tool and started
thinking of it as a colleague." -- Beta user, management consultant

7. Future Directions

7.1 Proactive Intelligence

The current system is primarily reactive -- it enriches context when the user initiates an interaction.
The next evolution is proactive intelligence: the system monitors incoming information (emails,
documents, calendar events) and autonomously surfaces relevant insights, potential conflicts, or
action items.

7.2 Multi-User Intelligence (Teams)

Extending personal intelligence to team settings requires solving the privacy-preserving knowledge
sharing problem: how do team members benefit from collective intelligence without exposing
individual knowledge graphs? Federated approaches, where shared project nodes are synchronized
while personal nodes remain private, represent the most promising architecture.

7.3 Cross-Domain Transfer

As knowledge graphs mature, they enable cross-domain insight transfer -- recognizing that a pattern
observed in one project has relevance to another. This capability, which humans perform intuitively
but Al systems currently lack, represents the frontier of personal intelligence design.

Conclusion
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The transition from stateless chatbots to persistent intelligence layers represents the most
significant architectural shift in Al assistant design since the introduction of the transformer model.
By maintaining evolving knowledge graphs, implementing tiered memory management, and
enabling semantic context retrieval, personal intelligence systems transform Al from a sophisticated
autocomplete engine into a genuine cognitive partner.

The technical foundations -- knowledge graphs, embedding-based search, tiered memory,
confidence decay -- are not speculative. They are implemented and deployed in production systems

today. The remaining challenge is not technical feasibility but adoption: helping organizations and
individuals understand that the Al assistant's memory is not a feature. It is the feature.

I The future of Al assistance is not a smarter model. It is a model that knows you.
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