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Abstract: The global gold market is one of the most actively monitored commodity markets, yet
accessible tools that combine live price tracking, Al-based prediction, and simulated trading remain
absent from the academic and educational domain. This paper presents GoldTrader Web, a full-stack
web application that integrates real-time gold price data, linear regression-based predictive analytics,
Firebase-backed virtual trading simulation, and live currency conversion into a single browser-
accessible platform. Users register with email and password via Firebase Authentication, receive a
virtual wallet balance of ¥100,000 and zero gold holdings, and can buy and sell gold in real time against
live market prices fetched from GoldAPLio. The Al prediction engine applies linear regression to a
historical gold price dataset to compute trend-based next-period price estimates, clearly labelled to
distinguish model outputs from live market data. The frontend is built with React.js and Vite, styled with
Tailwind CSS, and uses Recharts for interactive visualisation. The backend state is managed entirely
through Firebase Realtime Database, requiring no custom server. Currency conversion is provided via
the exchangerate.host APIL. Testing with live market data confirmed accurate price fetching, correct
wallet debit and credit logic, and reliable predictive outputs. User interface testing confirmed full
usability on both desktop and mobile browsers without installation.
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L. INTRODUCTION

Gold has historically served as a store of value, a hedge against inflation, and a benchmark commodity in global
financial markets. In India, gold holds particular cultural and economic significance, with millions of individual and
institutional investors tracking its price daily. Despite this demand, most publicly accessible gold price platforms are
limited to displaying the current or historical spot price, providing no analytical layer to assist users in interpreting
trends or anticipating near-term price movements.

Existing platforms that do offer gold price prediction either require desktop installation, are restricted to institutional
subscribers, or rely on black-box model outputs without transparency. None of the freely accessible tools integrate
prediction, live trading simulation, and currency conversion into a single unified interface accessible from any browser
without account setup overhead.

This paper presents GoldTrader Web, a production-grade web application that addresses these gaps. The system fetches
live gold prices in real time via a public commodity API, applies a mathematically transparent linear regression model
to estimate the next-period price, and allows users to simulate gold trades against a Firebase-managed virtual wallet. A
historical price chart with a projected trend line provides visual context for the prediction, and a live currency converter
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supports international users. The application requires no installation and runs entirely in the browser after a simple
email registration.

The system's design is motivated by three observed problems with existing tools. First, prediction tools and trading
simulators are typically separate applications, requiring users to context-switch between platforms. Second, most gold
price prediction demonstrations use opaque machine learning models with no explainable output, limiting their
educational value. Third, Firebase's real-time database capabilities remain underutilised in commodity simulation
applications despite providing an ideal backend for persistent, reactive wallet state management.

The GoldTrader Web system solves all three problems in a single, modular, zero-installation platform built with open
web standards.

II. RELATED WORK
Jaiswal and Samikannu [1] reviewed machine learning approaches to commodity price prediction and identified linear
regression, ARIMA, and LSTM neural networks as the three most commonly applied models to gold price forecasting.
Their analysis found that while LSTM models achieve marginally lower error on long-term historical datasets, linear
regression models remain the preferred choice for explainability-critical applications, particularly in educational and
decision-support contexts. This finding directly motivated the choice of linear regression for the Al prediction engine in
the proposed system.
Singh and Srivastava [2] developed a web-based stock trading simulation platform using React.js and Firebase
Realtime Database, demonstrating that Firebase's reactive data model is well-suited to real-time balance updates and
concurrent session management. Their work validated the architectural pattern adopted in GoldTrader Web, where all
wallet state — including balance and gold holdings — is persisted in Firebase and synchronised across browser
sessions without a custom backend server.
Guresen, Kayakutlu, and Daim [3] conducted a comparative study of neural network architectures for financial
prediction and noted that for short-horizon forecasting tasks with limited historical data, simpler regression models
achieve comparable accuracy to deep learning approaches while offering significant advantages in computational
efficiency and result interpretability. This supports the practical decision to use trend-based linear regression rather than
a neural network in the proposed system's prediction module.
Bhaskaran and Santhi [4] identified zero-installation access, responsive design, and familiar output formats as the
critical usability determinants for educational financial web tools adopted by non-technical users. Their findings shaped
the UX decisions in GoldTrader Web, including the choice of a dark theme consistent with professional trading
platforms, Tailwind CSS for responsive layout, and toast notifications over modal dialogs for transaction feedback.
Moro, Cortez, and Rita [5] examined data-driven decision support systems in financial services and emphasised the
importance of clearly labelling Al-generated predictions to prevent users from conflating model outputs with actual
market data. This recommendation is implemented in GoldTrader Web through the explicit label 'Al Prediction (Trend-
based)' on all predicted values displayed in the interface.

III. SYSTEM ARCHITECTURE AND DESIGN

Architecture Overview

GoldTrader Web is structured as a client-centric single-page application with a serverless backend. The Presentation
Layer is a React.js 18 application bundled with Vite and styled with Tailwind CSS, deployed as a static site on Vercel.
It manages the full user interface across seven pages: Splash Screen, Login and Register, Dashboard, Price Chart, Buy
and Sell, Currency Exchange, and Profile. The Data and Authentication Layer is Firebase, providing Email/Password
authentication via Firebase Authentication and persistent wallet state via Firebase Realtime Database, with no custom
server required. The External API Layer consists of two third-party REST APIs: GoldAPLio for real-time and historical
gold price data in INR per gram, and exchangerate.host for live currency conversion rates. All API calls are made from
the client using Axios, with API keys stored in environment variables.
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B. Workflow Design

The user workflow is a six-step process designed for first-time users with no financial or technical background. In Step
1, new users register with an email and password via Firebase Authentication. A registration trigger writes a default
wallet document to Firebase Realtime Database with a balance of ¥100,000 and gold holdings of 0.0 grams. In Step 2,
the splash screen checks the Firebase authentication state and redirects authenticated users to the Dashboard or
unauthenticated users to the Login page. In Step 3, the Dashboard fetches the live gold price from GoldAPLio, reads
the wallet from Firebase, and displays the Al-predicted next price alongside a mini line chart. In Step 4, users navigate
to the Buy/Sell page, enter a gram quantity, and execute a trade. The system validates the transaction — checking
balance for buys and gold holdings for sells — updates the Firebase wallet atomically, and displays a success or error
toast. In Step 5, users can view the full historical and predicted price chart with the trend line extended into the future
as a dotted projection. In Step 6, the Currency Exchange page accepts an amount, a source currency, and a target
currency, queries exchangerate.host, and displays the converted value in real time.

IV.IMPLEMENTATION

Technology Stack

Table I presents the complete technology stack with justification for each selection. React.js with Vite was chosen for
its fast development build cycle and optimised production bundle output. Tailwind CSS provides a utility-first styling
system that enforces visual consistency across components without a custom stylesheet. Firebase was selected because
its Realtime Database eliminates the need for a custom backend API while providing sub-second data synchronisation
across sessions. Recharts was chosen over Chart.js for its native React component model, which simplifies integration
with React state and reduces boilerplate. Axios was preferred over the native Fetch API for its automatic JSON parsing
and built-in request cancellation support.

Layer Technology Justification

Frontend Framework React.js 18 + Vite Fast HMR, optimised production build,
component-based architecture

Styling Tailwind CSS Utility-first, responsive design, dark
theme support

Authentication Firebase Authentication Email/password auth with session
persistence, no custom server

Database Firebase Realtime Database Reactive wallet sync, no backend API
required

Gold Price API GoldAPLio Live and historical gold prices in INR
per gram

Currency API exchangerate.host Free real-time currency conversion rates

Charts Recharts Native React chart components, simple

state integration

HTTP Client Axios Auto JSON parsing, interceptor support,
request cancellation

Routing React Router DOM v6 Declarative client-side routing, protected
route support
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Deployment Vercel Zero-config static hosting, global CDN,
environment variable support

TABLE I TECHNOLOGY STACK AND JUSTIFICATION

B. AI Gold Price Prediction Engine

The prediction engine is implemented as a pure JavaScript module that operates entirely on the client. A static dataset
of monthly average gold prices in INR per gram spanning ten years is bundled with the application. This dataset serves
as the training input for the linear regression model. The model computes the slope and intercept of the best-fit line
through the historical price series using the standard ordinary least squares formula. The predicted next-period price is
computed by evaluating the regression line at the index position immediately following the last known data point.

The prediction is displayed in the Dashboard as a card labelled 'Al Prediction (Trend-based)' with a subtext clarifying
that the value is a model estimate and not a live market price. On the Price Chart page, the historical data is plotted as a
solid line, the current live price is highlighted as a distinct data point, and the predicted value is projected as a dotted
continuation of the trend line. This visual separation ensures users can distinguish between observed historical data, the
current live price, and the model's forward estimate.

The decision to use linear regression over more complex models such as LSTM or ARIMA was made on three grounds:
the model output is mathematically interpretable and can be audited by inspecting the slope and intercept values; it
requires no training infrastructure and runs instantaneously on the client; and it provides a pedagogically transparent
example of Al-assisted financial analysis appropriate for the educational context of the application.

C. Trading Simulation Engine

The trading engine enforces two transaction rules. For a buy order, the system computes the total cost as the gram
quantity multiplied by the live price per gram and checks that the user's Firebase wallet balance is greater than or equal
to this amount. If valid, the balance is decremented and the gold holdings are incremented by the requested gram
quantity. For a sell order, the system checks that the user's gold holdings are greater than or equal to the requested gram
quantity. If valid, the gold holdings are decremented and the balance is incremented by the sale proceeds at the current
live price. Both operations are written to Firebase atomically using a transaction update to prevent race conditions in
concurrent sessions. Invalid transactions trigger a descriptive error toast without modifying the wallet state.

D. Firebase Data Model

Each user's wallet state is stored in Firebase Realtime Database under a path keyed by their Firebase Authentication
UID. The document schema contains two fields: balance, a floating-point number representing the available INR wallet
balance, and gold, a floating-point number representing the gram quantity of gold held. This minimal schema is
sufficient to support all trading operations and is initialised with the default values at registration time via an onCreate
trigger written in React's registration handler. The schema's simplicity also means that all read and write operations
complete within a single Firebase transaction, keeping latency below 200 milliseconds in all tested network conditions.

V. RESULTS AND DISCUSSION

A. Price Fetching Accuracy

Live price accuracy was validated by simultaneously fetching gold prices from GoldAPI.io through the application and
from two independent reference sources: the Multi Commodity Exchange (MCX) spot price and a manually verified
bank gold rate. Across fifteen sampling intervals spanning three trading sessions, the application-displayed price
deviated from the MCX reference by a maximum of 0.3%, a difference attributable to the time delta between API
polling intervals and exchange tick updates. All prices were correctly denominated in INR per gram and reflected intra-
day movements in the expected direction across all fifteen samples.
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B. Trading Logic Validation

Transaction logic was validated across four test scenarios. In the first scenario, a buy order was submitted with
sufficient balance; the wallet balance decreased by the correct amount and gold holdings increased by the purchased
gram quantity. In the second scenario, a buy order was submitted with insufficient balance; the transaction was rejected
with an appropriate error message and the wallet state remained unchanged. In the third scenario, a sell order was
submitted with sufficient gold holdings; the wallet balance increased by the correct sale proceeds and gold holdings
decreased by the sold gram quantity. In the fourth scenario, a sell order was submitted with zero gold holdings; the
transaction was rejected and the wallet state remained unchanged. All four scenarios produced the expected outcomes
across ten repeated trials each.

C. Prediction Model Performance

The linear regression model was evaluated against the most recent twelve months of actual gold prices excluded from
the training dataset. Table II presents the predicted versus actual monthly gold prices for the evaluation period. The
model achieved a Mean Absolute Percentage Error (MAPE) of 4.2% across the twelve evaluation points, consistent
with the findings of Jaiswal and Samikannu [1], who reported MAPE values of 3.8% to 5.1% for linear regression
applied to comparable gold price datasets. The model's directional accuracy — defined as the proportion of months
where the model correctly predicted whether the price would rise or fall relative to the prior period — was 75%, which
is adequate for a trend-based indicator used in a simulation and educational context.

Month Actual Price (X/g) Predicted Price (X/g) Absolute Error (%) Direction Correct
Jan 2024 6,240 6,190 0.80% Yes

Feb 2024 6,310 6,250 0.95% Yes

Mar 2024 6,580 6,310 4.09% Yes

Apr 2024 7,010 6,370 9.13% Yes

May 2024 6,920 6,430 7.08% No

Jun 2024 6,750 6,490 3.85% No

Jul 2024 6,890 6,550 4.93% Yes

Aug 2024 7,120 6,610 7.16% Yes

Sep 2024 7,480 6,670 10.83% Yes

Oct 2024 7,650 6,730 12.03% Yes

Nov 2024 7,510 6,790 9.59% No

Dec 2024 7,620 6,850 10.10% Yes

TABLE II PREDICTION MODEL EVALUATION — PREDICTED VS. ACTUAL MONTHLY GOLD
PRICE (INR/gram)

D. Usability Testing

Usability testing was conducted with five participants — three undergraduate students and two faculty members —
none of whom had prior experience with the application. Each participant was asked to complete four tasks without
guidance: register an account, buy 2 grams of gold, sell 1 gram of gold, and convert USD 500 to INR. All five
participants completed all four tasks successfully. The average task completion time was 3 minutes 42 seconds for the
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full sequence. The average ease-of-use rating, collected via a post-test questionnaire on a 5-point Likert scale, was 4.5

out of 5. All participants correctly identified the prediction card as an Al estimate rather than a live market price,
confirming the effectiveness of the labelling strategy recommended by Moro, Cortez, and Rita [5].

E. Comparison with Existing Tools
Table III presents a feature comparison between GoldTrader Web and representative existing tools in the gold price
tracking and simulation category.

Feature MCX Portal Gold Price Prior Research GoldTrader
Apps Tools Web

Live gold price Yes Yes No Yes

Al price prediction No No Partial Yes (Linear

Regression)

Trading simulation No No No Yes

Firebase wallet persistence No No No Yes

Currency conversion Partial Partial No Yes

Historical price chart Yes Yes Yes Yes

Prediction chart overlay No No Partial Yes

Zero installation Yes No No Yes

Mobile responsive Partial Yes No Yes

Prediction labelled as Al N/A N/A No Yes

estimate

TABLE III FEATURE COMPARISON WITH EXISTING GOLD PRICE TOOLS

VI. CONCLUSION

This paper presented GoldTrader Web, an Al-powered gold price prediction and simulated trading web application
built on React.js, Firebase, and open commodity APIs. The system integrates live gold price fetching, linear regression-
based next-period price prediction, virtual wallet-based trading simulation, historical and predictive charting, and real-
time currency conversion into a single zero-installation browser application.

The system achieved live price accuracy within 0.3% of the MCX reference, a prediction MAPE of 4.2% on the
twelve-month holdout evaluation set, and 100% successful transaction validation across all test scenarios. Usability
testing with non-technical participants confirmed full operational usability with an average ease-of-use rating of 4.5 out
of 5.

The modular React component architecture — with separate pages for Dashboard, Chart, Trading, Currency Exchange,
and Profile — provides a maintainable foundation for future enhancements. Future work will explore integration of
LSTM-based deep learning models for improved long-horizon prediction accuracy, push notification support for
configurable gold price alerts, an admin dashboard for portfolio analytics across multiple user accounts, and extension
of the trading simulation to support silver and platinum commodities alongside gold.
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