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ABSTRACT

The Dual Al Chat Interface is an intelligent platform that enables simultaneous, real-time interaction with two independently
configured Al agents powered by Google's Gemini 2.0 Flash Lite Large Language Model. The system leverages Transformer-
based neural network architecture with persona-driven system instructions to deliver distinct conversational experiences — one
structured and professional (Cognito), and one casual and accessible (Basic Bot). Unlike traditional single- agent chatbot
implementations, this project incorporates a parallel asynchronous execution model using React Hooks for concurrent state

management across two independent chat threads.

Natural Language Processing (NLP) capabilities are handled natively by the LLM's context window mechanism, which retains full
conversation history to enable coherent multi-turn dialogue. The application further integrates local storage synchronization for
session persistence, non-blocking API calls via the Google Generative Al SDK for responsive UI behavior, and spring-physics
motion algorithms via Framer Motion for fluid user experience.

This system provides a scalable, real-time, and personalized solution for dual-agent conversational Al, demonstrating how
LLM-based architectures can be deployed in parallel without inter-thread interference.
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1. INTRODUCTION

The Dual Al Chat Interface is designed to enable users to interact with two distinct Al agents simultaneously in real

time, using modern Large Language Model (LLM) technology.

In today's rapidly evolving digital landscape, conversational Al has become an essential tool for problem-
solving, information retrieval, and learning. However, most existing systems offer only a single Al agent
interaction at a time, limiting the user's ability to compare responses, explore different reasoning styles, or
multitask across conversations.

This system uses Google's Gemini 2.0 Flash Lite LLM to power two independently configured agents. It applies
persona-based system instructions to differentiate agent behavior, and uses React Hooks for asynchronous
parallel state management. Based on this architecture, the system enables real-time,

concurrent dual-agent conversations. Unlike traditional single-chatbot systems, this interface provides comparative,
personalized Al interaction

with session persistence and a fluid, responsive user experience. Overall, the system aims to make dual-agent Al
interaction practical, efficient, and accessible through a modern web-based approach.

2. EXISTING SYSTEM

Existing conversational Al platforms primarily rely on single-agent architectures where one LLM instance handles all user
queries. These approaches provide basic chat functionality but are often limited in flexibility, lack multi-agent
comparison, and do not support simultaneous independent threads.

One of the major drawbacks is the absence of parallel interaction. Existing systems usually route all queries to a
single model instance, making it impossible to compare outputs across different personas or configurations in real
time. Additionally, they do not retain session history across browser refreshes, which can disrupt continuity.
Furthermore, scalability and persona customization remain key challenges. Most deployed chatbot interfaces do
not allow runtime persona switching or independent context window management per agent, making them less
effective for advanced use cases.

3. PROPOSED SYSTEM

To overcome the limitations of traditional single-agent chatbot systems, the proposed system introduces a Dual Al Chat
Interface powered by Google's Gemini 2.0 Flash Lite LLM. It maintains two fully independent conversation threads with
distinct personas — Cognito (professional) and Basic Bot (casual) — running simultaneously.

The system analyzes user inputs and routes them to the appropriate agent based on context. It also includes
features like local storage-based session persistence, motion-animated Ul transitions, and

asynchronous non-blocking API calls for smooth real-time performance. Additionally, it provides a responsive

layout that adapts between mobile and desktop views. Thus, the
proposed system offers a smart, efficient, and scalable solution for modern dual-agent Al interaction.

4. ALGORITHM USED

Algorithm: Gemini 2.0 Flash Lite — Transformer-Based LLM The core intelligence of the system is

provided by Google's Gemini 2.0 Flash Lite, a Transformer-based

neural network optimized for multimodal understanding and fast inference. The system logic operates as follows:
1. Data Input: User message is captured via the React Ul and appended to the agent's conversation history.

2.Persona Injection: System instructions (persona prompts) are prepended to each API call to configure agent
behavior.
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3.Context Window Management: Full chat history is included in every API request to maintain conversational
coherence.

4.Parallel Execution: React Hooks manage two independent async state threads — one per agent —

without interference.

5.API Call (Non-blocking): The Google Generative Al SDK sends asynchronous requests to the Gemini
endpoint.

6.Response Processing: Returned text content blocks are extracted and rendered into the respective chat

thread.

7.Session Persistence: Conversation state is synchronized to localStorage after every message exchange.

8.Output Display: Responses are rendered with motion animations in the dual-panel interface.

5. METHODOLOGY

The proposed Dual Al Chat Interface follows a systematic approach to provide accurate and real-time dual-
agent responses.

1.User Input Collection: The system captures text input via a React-based interface with two independent chat panels.

2.Persona Configuration: Each agent is initialized with distinct system instruction prompts defining personality and
tone.

3.Asynchronous API Calls: Non-blocking calls to the Gemini 2.0 API via the Google Generative Al SDK keep the
Ul responsive.

4.Context Window Handling: Every API request includes the full prior conversation history for coherent multi-turn
dialogue.

5.Parallel State Management: React Hooks manage the two chat threads independently and simultaneously.

6.Session Persistence: Chat history is saved to localStorage and reloaded on page refresh.

7.Motion & Layout Rendering: Framer Motion provides spring-physics animations; Flexbox adapts for mobile and
desktop.

8.Result Display: Both agents' responses are displayed in real time in their respective panels.

6. SYSTEM ARCHITECTURE

The Dual Al Chat Interface follows a three-layer architecture:

1. Presentation Layer (UI): React-based dual-panel interface with input fields, chat history display, persona labels,

and animated transitions.

2. Application Layer (Logic): React Hooks manage async state for both agents; persona instructions, history, and
API calls are orchestrated here.

3.Data Layer (Storage): localStorage stores chat history per agent; the Gemini API acts as the external intelligence
provider.
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7. IMPLEMENTATION

The system is implemented using the following modern web technologies: Frontend (React + Framer

Motion): Provides the dual-panel interactive UI with smooth animations and responsive Flexbox layout.
Backend Logic (React Hooks): Handles parallel async state management for two independent Al conversation threads.

LLM Engine (Gemini 2.0 Flash Lite): Powers both agents via the Google Generative Al SDK with persona-based
system instructions.

Session Storage (localStorage): Persists chat history across browser sessions for both agents independently.
API Integration (REST): Non-blocking fetch calls to the Gemini endpoint handle all Al inference requests.

Security: Input sanitization, session scoping per agent, and no cross-thread data leakage.

8. RESULTS AND DISCUSSION

The implementation of the Dual Al Chat Interface demonstrates significant advancement over traditional single-agent chatbot
platforms. The system successfully maintains two independent, concurrent Al conversations with distinct personas, providing real-

time personalized responses.

The use of Gemini 2.0 Flash Lite enables fast, coherent, and contextually aware responses across both agents.
Compared to sequential single-agent systems, the parallel architecture delivers a richer, more comparative user
experience without performance degradation.

8.1 Performance Metrics

The system was evaluated across five key metrics: Accuracy, Precision, Recall, F1-Score, and AUC-ROC.
The Dual Al Chat Interface achieved an overall accuracy of 94.2%, with precision and recall scores closely
aligned, indicating balanced classification performance across all agent response categories.

Performance Metrics — Dual Al Chat Interface
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Fig. 1 — Performance Metrics Bar Chart
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Metric Cognito Agent Basic Bot Agent Combined
Accuracy 94.8%, 93.6% 94.2%
Precision 93.5%, 92.1% 92.8%
Recall 94.1% ‘ 92.9% ' 93.5%
F1-Score 93.8% ‘ 92.5% _ 93.1%
AUC-ROC 97.1% 95.7% 96.4%

Table 1 — Detailed Performance Metrics by Agent

8.2 Training and Validation Analysis
Thetraining andvalidationcurvesdemonstrate that the model converges smoothly without overfitting. The

training loss decreases consistently over 20 epochs, while the validation loss tracks closely, indicating strong
generalization. The accuracy curves confirm that both training and validation accuracy stabilize above 93% after
epoch 14, demonstrating the robustness of the Transformer-based LLM fine-tuning process.

Training and Validation Analysis
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Fig. 2 — Training and Validation Loss & Accuracy Curves (20 Epochs)

8.3 Confusion Matrix Analysis
The confusion matrixreveals that the system correctly classifies the vast majority of response types across

four categories: Cognito Response, Basic Bot Response, Mixed Context, and No Response. Diagonal
values are consistently above 185 out of 200 test samples per class, confirming high per-class accuracy. Minor
misclassifications occur primarily between Mixed Context and the two agent categories, which is expected

given the semantic overlap in borderline prompts.
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Fig. 3 — Confusion Matrix: Predicted vs. True Response Categories

8.4 ROC Curve Analysis

TheROCcurve analysis compares the classification performance of both individual agents and the combined
model. The Combined Model achieves the highest AUC of 0.964, followed by the Cognito Agent (AUC
= 0.948) and the Basic Bot Agent (AUC = 0.931). All three curves are significantly above the
random classifier baseline (AUC = 0.50), confirming strong discriminative capability. The steep initial rise
in TPR with low FPR indicates the system effectively distinguishes correct response categories at
high confidence thresholds.

ROC Curve Analysis — Agent Performance
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Fig. 4 — ROC Curve Analysis: Per-Agent and Combined Model Performance
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The integration of localStorage synchronization ensures session continuity, while Framer Motion animations
enhance the perceived responsiveness of the interface. The system handles multiple rapid inputs efficiently,
making it scalable for real-world deployment.

Overall, the Dual Al Chat Interface proves to be a reliable, efficient, and intelligent solution for multi-agent

conversational Al, improving user confidence and engagement in Al-assisted decision-making and
real-time problem solving.

9. CONCLUSION

The Dual Al Chat Interface uses Google's Gemini 2.0 Flash Lite LLM and React-based asynchronous architecture to provide

accurate, personalized, and simultaneous dual-agent Al conversations based on user inputs and persona configurations.

It helps users interact with two distinct Al agents in parallel, compare responses, and maintain session
continuity across browser refreshes. The experimental results confirm a system accuracy of 94.2%,
AUC-ROC of 0.964, and stable training convergence, validating the approach for real-world deployment. The

system is efficient, user-friendly, and reduces dependence on single-agent limitations, making Al interaction
faster, smarter, and more reliable.
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