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Project Objective 

This project explores the design and development of a modular AI assistant 

system that addresses three persistent limitations in current AI tools: lack of long-term 

memory, limited usability beyond text-based interaction, and dependence on cloud-

based infrastructure. The system will be developed as a local-first control panel that 

integrates multiple components, including a language model interface, task execution 

modules, and memory services, within a unified environment. Rather than attempting to 

fully resolve these challenges, the project focuses on establishing a structured and 

extensible framework that supports iterative development and experimentation. This 

approach aims to demonstrate how AI assistants can be designed to support continuous 

interaction and complex workflows over time. 

 

Background and Significance 

Recent advances in artificial intelligence have made AI assistants widely 

accessible, but most existing systems remain limited in three key areas: memory, 

integration, and privacy. These tools often operate in isolated environments, with 

separate interfaces for interaction, storage, and execution. At the same time, many 

systems rely heavily on cloud-based processing, requiring users to transmit potentially 

sensitive data outside their control. Most importantly, current AI assistants lack 
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persistent long-term memory, forcing users to repeatedly reintroduce context and 

making it difficult to sustain meaningful interaction over time. As a result, these systems 

function more as short-term tools than as reliable, continuous collaborators. 

These limitations become more pronounced in workflows that involve large and 

evolving bodies of information, such as research. In these contexts, users must 

continuously manage, revisit, and reinterpret substantial amounts of material over 

extended periods of time. Current AI systems struggle in this environment because they 

do not retain context beyond short interactions and rely on repeated prompting to 

reconstruct prior knowledge. Existing approaches to memory, such as basic retrieval 

systems or static storage, do not adequately support the scale or structure required for 

sustained engagement. This gap limits the usefulness of AI as a long-term partner in 

complex tasks, where continuity and accumulated understanding are essential. 

A central factor contributing to these limitations is how current AI systems store 

and retrieve information. Many implementations rely on relatively simple storage 

formats or standard retrieval mechanisms that are not optimized for fast, structured 

access to large and evolving datasets. As the volume of stored information grows, these 

approaches can become inefficient, making it difficult to retrieve relevant context 

quickly and reliably. From a computer science perspective, this highlights a gap between 

modern data management techniques and the systems currently used to support AI 
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memory. Addressing this gap requires reconsidering how information is organized, 

indexed, and accessed within AI-assisted environments. 

This project responds to these challenges by developing a modular AI assistant 

system designed to support privacy, persistent memory, and integration within a unified 

environment. The system prioritizes local-first execution, allowing users to maintain 

control over their data while selectively incorporating external resources when needed. 

It also establishes a foundation for persistent memory by structuring how information is 

stored and accessed across sessions. Through a modular design, the system separates 

components such as task execution, memory services, and user interaction, enabling 

flexibility and future extension. This approach aims to create a more reliable and 

continuous interaction model, better aligned with the demands of complex, long-

duration workflows. 

 

Research Methods 

This project will follow an iterative, development-focused approach grounded in 

the existing system architecture. The initial phase will focus on establishing the control 

panel as a standalone application with a modular interface. The panel will be designed 

as a container for independent components, allowing individual modules to operate, 

restart, or fail without affecting the stability of the overall system. This design supports 
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incremental development by enabling different parts of the system to be built and 

tested independently, reducing the impact of incomplete or non-functional features 

during early stages of implementation. 

The second phase will focus on integrating a local large language model (LLM) 

into the control panel as a dedicated module. This component will provide functionality 

for detecting available models, selecting an active model, and displaying system status. 

By embedding the LLM directly within the modular framework, the system will establish 

a central point of interaction that can support further development. This integration also 

enables the assistant to contribute to the ongoing construction of the system itself, 

allowing iterative refinement of additional features through direct interaction with the 

model. 

The third phase will explore approaches to implementing persistent memory 

within the system. Rather than relying on a single predefined solution, this stage will 

investigate multiple methods for storing and retrieving information across sessions. 

These may include variations in how data is structured, indexed, and accessed, with 

attention to performance and scalability as the volume of stored information increases. 

The goal of this phase is not to fully resolve the limitations of current memory systems, 

but to establish a flexible framework that allows different strategies to be tested and 

adapted based on system requirements and user needs. 
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The final phase will extend the system’s capabilities by refining task execution 

and interaction with local resources such as files and applications. These improvements 

will build on the modular structure established in earlier phases, allowing new features 

to be added without disrupting existing components. Development will follow a 

structured timeline from May through August, with each phase building on the previous 

one to ensure continuous progress and system stability. This staged approach supports 

incremental validation of functionality while maintaining a working system throughout 

the development process. 

 

Expected Outcomes 

This project is expected to produce a functional prototype of a modular AI 

assistant system centered around a standalone control panel application. The system 

will demonstrate how a modular design can support independent development of 

components while maintaining overall stability, allowing features to be added, modified, 

or replaced without disrupting the entire system. This structure not only supports 

continued development but also creates a foundation that can be extended or adapted 

by other users, making it easier to build upon and refine over time. 

In addition, the project will improve the practical usability of local AI assistants by 

integrating them into a unified interface where they can interact with system 
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components and perform meaningful tasks. While many users are able to run local 

language models, these systems are typically limited to text-based interaction and lack 

the ability to act within the user’s environment. This project addresses that gap by 

exploring how an assistant can be given controlled access to local resources, including 

clearly defined capabilities and boundaries for interacting with files and applications. 

This includes considerations related to permission management and safe execution of 

tasks within the system. Within this context, long-term memory is treated as an 

enhancing component rather than a standalone solution, supporting continuity and 

context but not replacing the need for a well-defined execution framework. Together, 

these elements contribute to a more functional and realistic model of a personal AI 

assistant. 

The outcomes of this project extend beyond the implementation of a single 

system, contributing to a broader understanding of how AI assistants can be designed 

for sustained and meaningful use. By combining modular architecture, local-first design, 

and flexible approaches to memory, the project provides a foundation for future work in 

building more capable and trustworthy AI systems. It also highlights practical 

considerations in balancing usability, performance, and control, which are often treated 

separately in existing tools. Overall, the project aims to demonstrate a direction for 

developing AI assistants that function as ongoing collaborators rather than isolated 

tools. 
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Literature Review 

Recent research on large language models has shown both the promise and the 

limitations of current AI systems. Bommasani et al. (2021) describe foundation models 

as broadly adaptable systems whose scale creates new capabilities, but also new risks 

related to interpretability, security, and deployment. This makes adaptation and system 

design central concerns rather than secondary implementation details. 

A major area of current research concerns memory and retrieval. Lewis et al. 

(2020) argue that parametric language models store substantial knowledge, but remain 

limited in their ability to access, revise, and justify that knowledge, which contributes to 

hallucination and weak provenance. Their retrieval-augmented generation framework 

combines parametric and non-parametric memory to address these problems. 

Borgeaud et al. (2022) extend this line of work by showing that retrieval can scale to 

extremely large datasets and function as explicit memory at scale, suggesting that 

improvements in memory may depend not only on model size but also on retrieval 

architecture. 

Other research has focused on making language models more capable as agents 

rather than passive text generators. Yao et al. (2022) propose ReAct, which interleaves 

reasoning and action so that language models can maintain plans, respond to external 
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information, and support more interpretable decision making. Similarly, Park et al. 

(2023) show that long-term coherence depends on more than storing prior context: it 

requires mechanisms for memory retrieval, reflection, and planning over time. 

Privacy remains an additional concern in the development of AI systems. Kairouz 

and McMahan (2021) define federated learning around the principle that raw data 

remains local and is not exchanged, reflecting a broader design goal of data 

minimization that is relevant to local-first AI systems. Taken together, this literature 

shows that current work has begun to address memory, action, and privacy, but these 

issues are still treated largely as independent problems. This project builds on those 

conversations by exploring how these components can be integrated into a coherent, 

local-first assistant system. 

 

Preliminary Work and Experience 

This project builds on prior development of a modular AI assistant system 

composed of multiple interconnected components. Initial work has focused on 

designing a control panel interface intended to unify interaction, task execution, and 

system monitoring within a single environment. This system includes both frontend and 

backend elements, with an emphasis on separating concerns across components to 

support flexibility and future expansion. Rather than developing a single monolithic 
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application, the system has been structured to allow individual modules to operate 

independently while contributing to a shared interface. 

In addition to the control panel interface, prior work has explored the integration 

of a local AI assistant capable of interacting with system components. This includes early 

implementations of task-oriented behavior, where the assistant can interpret user input 

and translate it into structured actions. The design emphasizes coordination between 

the language model and the system environment, allowing the assistant to move 

beyond passive text generation and begin supporting execution of tasks. These efforts 

reflect an ongoing attempt to define the role of an AI assistant as an active participant 

within a software system rather than as an isolated conversational tool. 

Despite this progress, several limitations became apparent during development. 

The system lacked a cohesive approach to long-term memory, requiring repeated 

context reconstruction and limiting the assistant’s ability to maintain continuity across 

sessions. Additionally, existing implementations revealed challenges in making the 

assistant meaningfully useful beyond text-based interaction, particularly in defining 

appropriate capabilities and boundaries for system access. These issues, combined with 

fragmentation across components, made it difficult to sustain development momentum 

and highlighted the need for a more structured and integrated approach. The proposed 

project builds directly on these observations by addressing these limitations through 

modular design, local-first execution, and exploration of persistent memory strategies. 
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Conclusion 

This project explores the development of a modular, local-first AI assistant 

system designed to address persistent challenges in memory, usability, and integration. 

By focusing on practical system design and iterative development, it aims to 

demonstrate how these challenges can be approached within a unified framework. 

While the project does not attempt to fully resolve the limitations of current AI systems, 

it provides a structured foundation for continued exploration and refinement. Through 

this work, the project contributes to ongoing efforts to make AI assistants more capable, 

reliable, and aligned with the needs of long-term, complex workflows. 
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