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Abstract

The real estate market still has a big problem with fragmented communication, ineffi-
cient property matching, and transparency between buyers and sellers. Buyers cannot
see properties that do not fit their needs because of generic listings. On the other hand,
sellers have a hard time finding serious buyers. The existing platforms are scattered in
more than one website which makes property information very difficult to find and verify.
Fragmentation causes delay in negotiation, escalation of costs, and mistrust between the
parties. Further, most existing platforms do not incorporate smart recommendations pow-
ered by artificial intelligence thus forcing users to manually go through irrelevant listings
which is not only time-consuming but also inefficient. The existing systems do not have
real-time communication tools such as direct chats therefore limiting support to the users.
The lack of a unified system for processing property offers and user feedback adds more
inefficiencies to the market, extends the negotiation time, and leads to lost opportunities.
This platform solution has at its core Al and machine learning that will be continually
trained to provide personalized property recommendations, improve matchmaking, and
upgrade communications between parties involved. The centralization of this process with
real-time assistance shall strive to cut delays by automating property matching as well as
bringing more transparency into the deal hence creating a better real estate experience.
This is Estate Nexus - a full-stack intelligent real estate platform meant for modernizing
and streamlining property transactions through empowering not only the buyers but also
the sellers by providing a centralized transparent data-driven marketplace. It uses a current
tech stack that has the MERN (MongoDB, Express.js, React, Node.js) architecture for a
responsive web application and smart features enabled by machine learning. Advanced
search and filtering options, real-time chat to allow direct communication between buyers
and sellers, as well as a strong review and rating system are part of features offered by
Estate Nexus. The intelligence at its core comes from a content-based property recom-
mendation engine suggesting relevant listings plus a machine learning model for property
price prediction to help in valuation. In addition, sentiment analysis on user reviews
is used to automatically determine satisfaction with a property. With the help of these
technologies, Estate Nexus improves the efficiency and transparency of the process, as
well as enriching the user experience with insightful and personalized information, making
it a next generation solution for the property market.
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Chapter 1

Introduction

1.1 Project Overview

Real estate is a pillar of the global economy, but what seemed a solid pillar turned out not
to be so solid. Buyers and sellers alike are struggling. Buyers and sellers are alike in that
they often struggle with issues such as information asymmetry, guessing the value of real
estate, and poor communication mechanisms, which can result in drawn-out and fraught
transaction processes [1]. Traditional real estate markets mainly act as listing services,
providing very few tools to enable the users to access insight based on data and therefore
leaving important decisions, such as price and trust evaluation, to rely on rigorous and
often subjective manual inspection. New developments in artificial intelligence (Al) and
machine learning (ML) are expected to transform this industry. It has been found that
machine learning approaches especially Random Forest Regressors can predict real estate
prices with high accuracy using different factors such as location, property information,
and the market trends [2]. In a similar sentiment, user comments on properties (e.g.
reviews) are analyzed for sentiment, which is emerging as the more effective measure of
public perception and quality of the property compared to simple star-ratings, distilling
a more nuanced sentiment from user experiences [3]. Furthermore, online real estate
marketplaces that focus solely on the property purchase side have reported success and
competitive advantage by designing features that reduce information asymmetry and bring
users together [4]. The social media-fueled, greater communication efficiency-driven
positive followed by negative economic effects on market activities and user utility in real
estate trading activities are also confirmed [5]. Based on the traditional market concept,
this papers proposes Estate Nexus, a full service Al-driven real estate marketplace designed
for the 21st Century. Estate Nexus was developed using a powerful tech stack: MERN
(MongoDB, Express.js, React.js, Node.js) framework along with cutting edge Al models,
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real time messaging and much more. It features a Random Forest regression model,
which is based on a massive number of property advertisements and predicts prices in an
automated and data-driven manner [6]. This removes any uncertainty users have when
making decisions about their money. In contrast to Traditional Platforms that Passively
Showcase Reviews, Estate Nexus Dissects them with Logistic Regression. This is what
turns the review sentiment into a proprietary “worthiness” score for each property, allowing
it to provide buyers with a concise, trust-boosting metric [7]. Such policy helps to reduce
information overload and biased reviewing. In order to improve user experience, the
real-time chat system is embedded in the platform, which is built on Socket.io to support
buyers and sellers to directly contact each other within the platform [8]. Combined with
an interactive map powered by Leaflet.js, this means users will have a rich, focused
experience.

With these three fundamental Al engines prediction pricing, sentiment-based recom-
mendations, and smart property matchmaking integrated within a single, unified and secure
web application, Estate Nexus is not just a listing service. It forms a multi-dimensional
property trading ecosystem that improves transparency, efficiency and trust for all members
of the market and is, indeed, a production-ready solution for the contemporary real estate
oriented environment.

Table 1.1: Comparison of Existing Real Estate Applications and Implemented Solutions

Application Name

Identified Weakness

Implemented Solution

Zameen.com

1. Lacks a dedicated, direct chat
system for quick communication
between buyers and sellers.

2. Does not utilize sentiment
analysis to interpret user feed-
back for refining recommenda-
tions.

1. Real-time messaging us-
ing WebSockets (Socket.IO) en-
abling instant communication be-
tween buyers and sellers.

2. NLP-based sentiment analysis
module integrated to analyze re-
views and improve trust signals.

analysis to refine listings based
On USer reviews.
2. Limited real-time communi-
cation features, slowing inquiries
and negotiation.

OLX 1. A general classifieds platform, | 1. Dedicated platform focused on
not dedicated to real estate — | property listing and discovery.
fragmented UX. 2. Al-powered recommendation
2. Lacks Al-driven personalized | for suggestions.
property recommendations. 3. Trustworthy with a compre-
3. No structured rating and re- | hensive rating and review system
view system.

Graana 1. Does not leverage sentiment | 1. Sentiment-enhanced insights

from user comments to highlight
reliable sellers.

2. Integrated real-time chat to en-
sure immediate engagement and
reduce transaction delays.
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1.2 Problem Description

The emergence of online property portals has revolutionised the real estate industry provid-
ing sellers and buyers a digital platform to list and hunt for houses. But those platforms
are essentially staid digital classifieds, not employing technologies that might help to
reduce some of the market’s biggest inefficiencies. This effort revealed the following key
gaps in the current solutions of property trading platforms that hinder transparency in
decision-making and transaction efficiency.

* Information Asymmetry and Pricing Inaccuracy: A pivotal issue in real estate is the
asymmetry of information between seller and buyer. Sellers often have a hard time
figuring out how to price their homes competitively because they lack objective data
to inform their calculations, and buyers don’t have transparent tools to help them
decide whether the asking price is aligned with market values. Pricing in classical
platforms is manual and heuristics based, which ultimately could be a subjective and
unstable point. In the absence of automated, data - driven valuation models, there are
inefficiencies in the market, longer time on market, and mistrust between the parties.

* Trust, superficial review systems: While reviews are often integrated in property
platforms, their usefulness is rather limited. The majority of systems aggregate
simple star ratings without analyzing contrasting opinions within user feedback. This
makes it more difficult for buyers to separate the truly credible properties from those
with ratings inflated by a small number of reviews. Because they lack cognitive
sentiment analysis, they cannot detect sentiments about, for example, the state of the
property, the responsiveness of the landlord, or the safety of the neighborhood and
therefore they provide shallow and untrustworthy trust metrics.

* Dispersed and Bottlenecked Communication Systems: Many markets employ a
synchronous communication medium such as email or primitive contact forms that
impede the pace of exchanges between buyers and sellers. This fragmentation often
drives users to conduct off-platform communications with personal messaging apps,
interrupting the workflow of a transaction and making oversight of property-related
conversations more difficult. The absence of integrated real-time communication
tools directly slows transaction progress and reduces user satisfaction.

* Sufficiency of Data for Personalisation and Data-Driven Insights: Buyers frequently
face an overwhelming quantity of homes that are clearly neither remotely near their
tastes, nor financial abilities. Basic search criteria (e.g., price range, number of bed-
rooms) are insufficient to enable effective personalization. The process of discovering
houses is cumbersome and reactive since there are no Al-driven recommendation
systems that take into account the user’s interactions and the home’s features.
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 Usability and the “Tech-Savvy” Barrier: Sophisticated analytics tools, if they exist
at all, are usually meant for professional traders or brokers. That’s a thorn for the
casual buyer or seller, who may lack the expertise to understand market trends, or
the patience to navigate facet-heavy interfaces. For this, we want to the platform to
promote wide participation through strong design and clear interaction flows that can
accommodate very different users."

These challenges clearly highlight the need for a smart, connected and user-friendly
solution for the property industry. Estate Nexus actively addresses these limitations by
integrating Al-driven valuations, sentiment- based trust scoring, and real-time communica-
tion in a single platform, resulting in a more transparent, efficient and reliable environment
for property trading.

1.3 Project Objectives

Through this project, we want to establish a property trading platform ESTATE NEXUS
which can simplify the property trading with Al technology. the app is designed to

 Utilize a Random Forest regressor to estimate the property value, reducing pricing
uncertainty for buyers and sellers.

* Incorporate Sentiment Analysis model in order to analyze the text contents of property
reviews and generate helpful worthiness scores to the quality of recommendations.

* Implement Socket.io for real-time direct communication between buyers and sellers,
so no more delays and more fluid communication throughout the whole transaction.

* Build a full-fledged web-based solution leveraging MERN stack with an interactive
map view and user authentication to provide an end-to-end property marketplace
solution.

1.4 Project Scope

The outline of this project is the design of Estate Nexus, a full-stack web application
with Al to transform how users search for and purchase homes. It will be a full-stack
marketplace platform, connecting buyers and sellers, with smart feature to help buyers
makes informed purchasing decision. The project will adopt a phased approach to build a
platform where users can advertise properties, as well as search for and evaluate properties,
and Al-based tools will offer automatic price appraisals and sentiment-driven investment
advisories. A live chat will also be implemented for users to talk directly to each other
for a better and more fluid experience. The basis of the project is to build and integrate a
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machine learning price prediction model with Random Forest regression, based on a local
property listings dataset. Moreover, the project will be developing a sentiment analysis
engine based on Logistic Regression model that processes user reviews and computes
property attractiveness score. The development specifically covers Meteor for the core
app (MongoDB, Express, React, Node) with Leaflet.js for maps, Socket.io for real-time
messaging, Cloudinary for image management. Please keep in mind that the project will
not include the enabling of payment or legal contract execution on the platform, as these
are regulated financial and legal services and this application is not an application for those
services. Moreover, market estimates are provided by Al Price Prediction based on the
information available and do not replace a formal, certified property appraisal. The system
is also not intended to confirm the absolute legal availability or ownership of the properties
listed, which the parties involved must do. With an emphasis on Al-driven insights, robust
listing management and improved communication, this product aims to be a compelling
middle layer between traditional property search and the raw power of data-tech.

1.5 Summary

In this paper, we propose an Al-based property trading platform, which can achieve
the same efficiency as the classical market mechanism with automated price estimation,
sentiment-aware recommendation, and human-like interaction. The system is based on a
trained Random Forest regressor on the full property data, yielding precise price estimation.
Furthermore, it applies a sentiment analysis model to the users’ comments to determine
property suitability scores for every comment of a user. By embedding these AI components
into a full-stack MERN platform, this system is able to:

» Accurate estimation of the price based on active property features such as property
distance to central business district (CBD), house specification and macro market
data.

* Improved decisions through sentiment-based analysis of product reviews.

» Real-time chat, interactive map-based interface, and mobile- and web-compatible
design for saving you property searching and communicating time. Merging machine
learning, natural language processing and modern web best-practices, this project
will provide a property dealing platform that is both scalable, power efficient, and
user centered. Estate Nexus The Estate Nexus marketplace is pushing the boundaries
of proptech by offering a practical demonstration of how Al can be harnessed in the
real estate industry; enabling those who use it to have far greater market transparency,
the ability to make better-informed decisions, and an overall smoother transactional
process.
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Literature Review

Estate Nexus is to integrate Al price prediction, sentiment, Al recommendation and real
time communication in one body to build a smart property market. By employing a
Random Forest regression model to predict the value and Sentiment Analysis to evaluate
the reviews, the service provides a level of data-driven intelligence that surpasses a mere
listing. This review describes how our solution fits in the stateof the art in Al for real estate,
exposes limitations of the current property platform and extends search and valuation, as
well as transaction experience via our system.

2.1 Introduction to Al in Real Estate and Property Marketplaces

Applications of artificial intelligence (AI) have transformed conventional real estate indus-
try, integrating data-centric methodologies into the process where physical inspection and
subjective intuition were paramount in the past. Conventional real estate markets typically
function like digital classifieds: information is static, and it does not address the underlying
problems of asymmetric information or market pricing [9]. On the other hand, Al-enabled
products are used to value homes, analyze market sentiment and make customized recom-
mendations, enabling a more open and efficient market. It is well documented that ML
is very good at price prediction in real estate. Studies demonstrate potential of ensemble
techniques such as Random Forest Regressor to achieve high accuracy by capturing non-
linear relationship among significant attributes such as location, size and amenities [2][6].
In addition, the mining of unstructured data, i.e. user reviews, has become an important
approach to evaluate the attractiveness of properties. Nursal et al. (2024) and Xu et al.
(2025) applied sentiment analysis to real estate, showing that quantifying emotional tone
in reviews provides deeper insights into property quality and neighborhood perception
beyond numeric ratings [10][11].
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Platforms in markets such as China have started to incorporate these technologies, em-
ploying Al to process online news sentiment and its spatial impacts on housing prices[12] .
Yet, a lot of the available implementations are still fragmented, dealing with either valua-
tion or sentiment analysis and very rarely combining the two into an integrated, end user
marketplace. Moreover, issues related to the transparency of models, quality of data, and
the “black box™ nature of certain Al techniques are still open challenges to be investigated
. Such limitations underscore the importance for powerful, explainable, and seamlessly
integrated Al mechanisms that can directly enable the end user. Estate Nexus seeks to
fulfill this demand by bringing together a number of Al features in a single interface.

2.2 Existing Property Platforms and Their Limitations

The present state of digital real estate services fall into numerous categories, each with its
own benefits and drawbacks.

2.2.1 Traditional and Basic Online Marketplaces

Platforms like Zameen.com and Zillow have a wide and deep selection of listings, but they
operate more like informational databases than smart platforms.

* No Al-Powered Insights: These platforms have little in the way of automated val-
uation or data-backed suggestions, and price and appraise still depend heavily on
manual work.

* Terminal Review Systems: Users typically are restricted to a binary star rating at best,
without any more granular sentiment analysis, which may hide nuanced opinions
about property condition or landlord reliability.

* Passive Search Experience: In the lack of intelligent, customized recommender
systems, users are often overwhelmed by generic listings.

2.2.2 Al-Enhanced Analytics and Valuation Tools

A few standalone platforms and tools have incorporated Al for specific analytical functions,
such as automated property valuations.

» Narrow Focus: Most of these products cater to investors or very technical users, and
the analytics can be mind-boggling, plus they don’t offer a full transaction platform,
so they’re not really usable for average buyers or sellers.

* Limited Line of Communication: Most of the analytical tools have no features of
direct engagement between the buyers and sellers, which is a crucial part of the
transaction.
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2.2.3 New Integrated platforms

A other batch of marketplaces attempts to smartly integrate listings but are still limited in
Al

* Generic recommendations: Some recommendations approach may be based simple
collaborative filtering approach without deeper semantic/sentiment analysis and

provide less relevant recommendations.

 Scalability and Real-Time Performance Issues: Features such as live chat must be
implemented at scale, and they come with certain technical challenges. Although
there are libraries (ex: Socket.io) which makes easier the implementation of real-time
communication, very few platforms can efficiently management a big volume of
persistent connections and keep history of messages.
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Requirement Specifications

3.1 Existing System

The real estate market transactions are now monopolized in Pakistan by portals such as
Zameen.com, OLX, Graana.com etc. These sites have transformed the real estate ads in
traditional classified format into a digital format with a few basic search and filter options.
Yet, they’re really digital bulletin boards with significant limitations that dampen market
fluidity and transparency. Sites like Zameen.com and Graana.com do aggregate a huge
amount of listings, but none of them had an objective, data-driven means to value property.
Consequently, there is significant information asymmetry and buyers and sellers make
manual price comparisons as well as heuristic-driven tactics that often result in subjective,
and in certain cases, inconsistent pricing which does not align with market’s true value.
Actually, the interaction is still disconnected as these sites usually don’t promote in-site,
real-time chatting. Users have to converse via the phone and Whatsapp, leading to delayed
responses, disrupted negotiations, and a fragmented user experience [13]. Tribler is very
bad in this respect and generally systems tend to be. Platforms such as OLX do not
have any formal reviewing or rating system while the rest have simple star ratings that
do not take into account the content of the text reviews. This stop users from having a
more fine-grained understanding of property credibility or seller reliability as emotional
sentiment and specific issues in reviews are not quantified [14].

Searching for properties is more of a passive activity that relies on manual user work.
Existing websites do not have intelligent mechanism to actively recommend properties con-
sidering user behaviors, preferences, and property characteristics Users need to repeatedly
use the same search filters, without any personalized, Al-based recommendations.[15].

These constraints subjective pricing, fragmented communication, shallow trust proto-
cols and passive discovery combine to make for a market that is inefficient, tiresome, and
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irritating to customers, and which fails to take advantage of contemporary Al and real-time
web-technologies.

3.2 Proposed System

Our system, Estate Nexus, is a web-based full-stack application powered by Al which rede-
fines the current real estate market by combining machine learning with web development
to overcome the inefficiencies of present day real estate platforms.

Like an intelligent broker, Estate Nexus provides users with data-rich insights and
effortless engagement. To fight against information asymmetry, a trained Random Forest
regression model is employed by the system to produce an automated property price
prediction. This unbiased valuation considers significant features such as location, property
information and market data to enable you to make well-informed financial decisions
whether you are a buyer or a seller [16]. Logistic Regression Regent Analysis in Arete
Estate Nexus is built to your trust and authenticity. This NLP technique processes the input
textual user reviews and returns a numeric "worthiness" score for each property. It goes
beyond the star ratings by offering an aggregate, sentiment-weighted measure, that allows
for more insight into the property and the sellers’ reputation [10].

The platform answers the fractured conversation by providing a single, real-time chat
system right in the app. Using Socket. A Redis adapter for socket.io is used to send
messages between buyers and sellers in real time and persistently so that negotiations and
questions stay in one trackable environment [8].

In order to provide an effective and dynamic interaction with users, an interactive map
view with Leaflet.js is implemented to allow geographic browsing of the properties. The
robust, scalable and responsive MERN stack (MongoDB, Express.js, React.js, Node.js) is
used for the application.

The project has two main methodology tracks: the Al and Data Pipeline Track and
the Application Development Track. Both tracks operate simultaneously and converge at
defined integration points, ensuring efficient development and seamless system integration
for the final deployment of Estate Nexus.

There are two primary areas of methodology in the project: Al and Data Pipeline Track
and the Application Development Track. The two tracks run in parallel and interface at
specific points, allowing for a smooth development process and eventual system integration
for deployment of Estate Nexus.

The Al and Data Pipeline Track develops the intelligence of the system. It starts
with data acquisition — by using web scraping on real estate sites to obtain property
data. Then, the collected data are preprocessed and cleaned to treat missing values, noise,
and inconsistent data. When the data is organized, feature engineering and vectorization
are applied by using TF-IDF, which transforms text into numeric vectors with useful

10
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information. These are features which are used to train and test machine learning models,
such as Random Forest and Logistic Regression, on various tasks, including sentiment
analysis and recommendation aid. Upon successful evaluation, the trained models are
stored and exposed through APIs. The Al services are implemented in FastAPI with
Python, and the predicting can be requested in the application layer at real time. This track
terminates in an integration point that attaches the Al-services to the main system.

The Application development Track the main application built on the MERN stack,
deals with the the most critical aspects of the solution the key functionality and user the
platform. This path begins with designing the database schema based on user, property,
and interaction data with MongoDB. Next, there is the backend development, which is
where the CRUD operations are implemented along with the authentication methods to
make sure that access is secured. Real-time communication is activated using Socket.io
in order to implement a direct user chat and more. Frontend: The frontend application is
built with React, with an emphasis on intuitive UI/UX and engaging features including
property maps. After the build is done, the application is proceeded by integration and
system testing to check on system behaviors. This track terminates at its final integration
point after a successful system validation.

Start
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Figure 3.1: Methodology Diagram of Proposed System
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3.2.1 Functional Requirements

* Al-Powered Price Prediction: The system should predict the price of the prop-
erty with high precision by considering important features like location, bedrooms,
bathrooms and area employing trained Random Forest regression model.

* Sentiment-Based Recommendation: A custom-Sentiment Analyzer is used to
analyze the user review text and calculate and present a property “worthiness” score.

* Real-Time Communication: The system shall enable buyers and sellers to com-
municate in real time in a persistent manner directly within the platform, using a
WebSocket-based connection.

* Interactive Property Discovery: The system will be capable of delivering an
interactive map interface to enable visualization of a property location and to support
searching and filtering of listings by various parameters.

» User Authentication Authorization: Users shall be able to register, login and keep
their sessions safe with role-based differentiation for buyer and seller.
3.2.2 Non-Functional Requirements

* Performance: The price prediction model should produce an estimate in under 2
seconds, and live chat messages should be delivered with latency below 500ms.

* Accuracy: The Al price prediction model should have a good R? score on the test
data, and sentiment analysis scores should truly represent the sentiment expressed in
the text of the reviews.

o Usability: The user interface shall be easy to use and responsive, with a unified
desktop, tablet and mobile experience for both technical and non-technical users.

Scalability: The system architecture shall support up to 10,000 concurrent users and
efficiently manage a growing database of over 100,000 property listings.

* Security: User passwords shall be encrypted using beryptjs
* Compatibility: The web application shall be fully accessible and functional on all
major modern web browsers (Chrome, Firefox, Safari, Edge).
3.2.3 Access Home Page

This use case describes When you first arrive at the Estate Nexus website, you’ll find
yourself on the homepage. Here, you can immediately see a variety of property listings
that are open for anyone to browse. If you want to look around, you can start exploring

12
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these properties straight away. Or, if you’d like to use more personal features, you’ll find
options to Log In or Sign Up for an account. Clicking on either of these will smoothly take
you to the right page to continue.

Estate Nexus: The Al Driven Property Marketplace

Use Case ID: EN-UC-001
Name: Acces home page

Erowse Property
Listings
User o

\

Figure 3.2: Use Case Diagram — Access Home Page

Table 3.1: Use Case Specification: Access Home Page

Use Case ID EN-UC-001

Use Case Name Access Home Page

Actors User

Description User opens the Estate Nexus homepage and uses navigation or authenti-
cation options.

Basic Flow (a) User enters the platform URL.
(b) Homepage loads.

(c) User views public listings.
(d) User selects Login or Sign Up.
(e) System redirects accordingly.

Alternative Flow System shows a maintenance page if the service is unavailable.
Preconditions * Internet access.

* Functional web browser.
Postconditions User is directed to authentication (login/signup) or continues browsing

public content.

3.2.4 New User Registration

This is the process for someone new, whether they want to buy or sell, to create an account.
The person starts by entering their basic information and selecting their main role on the
site. The system then checks this information. If the email address is already in use, or if
something doesn’t look right, it will ask the person to either log in (if they already have

13
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an account) or fix the details they provided. If everything is correct, the system creates a
secure account.

Estate Nexus: The Al Driven Property Marketplace

e .

Mo
User R

oy s
~ "
T g
Password
Password

Figure 3.3: Use Case Diagram - New User Registration

Use Case ID: EN-UC-002
Name: Mew User Registeration

Table 3.2: Use Case Specification: New User Registration

Use Case ID

EN-UC-002

Use Case Name

New User Registration

Actors

Prospective User

Description Allows a new user to register an account on the Estate Nexus platform.
Preconditions User is on the homepage with access to the Sign Up option.
Basic Flow (a) User clicks “Sign Up”.

(b) System displays registration form.

(c) User enters username, email, password, and role.
(d) System validates input.

(e) System creates the account.

(f) System sends verification email.

(g) User verifies email.

(h) System redirects to dashboard.

Alternative Flow

If the email already exists, system prompts user to log in.

Postconditions

A new user account is created and user is logged in.

3.2.5 User Login Authentication

This section covers the process for someone who already has an account to log back into
the site. The user begins by entering their registered email address and password. The
system then verifies this login information to confirm the person’s identity. If the email
and password match the records, access is granted. The user is immediately taken to their

14
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personal dashboard. If the details don’t match for example, if the password is wrong or the
email isn’t recognized the system displays an error message.

Estate Nexus: The Al Driven Property Marketplace

Use Case ID: EN-UC-003
Name:User login & authentication
<<|nclude>>
" z<include=> e
Password

User

oeh

Figure 3.4: Use Case Diagram - User Login Authentication

Table 3.3: Use Case Specification: User Login Authentication

Use Case ID EN-UC-003

Use Case Name User Login Authentication

Actors Registered User

Description Allows an existing user to authenticate and access their account.
Preconditions User already has a registered account.

Basic Flow (a) User clicks “Login”.

(b) System displays login form.

(c) User enters email and password.

(d) System validates credentials.

(e) System creates an authenticated session.

(f) System redirects to dashboard.

Alternative Flow If credentials are invalid, system shows an error message.
Postconditions User is authenticated and can access personalized features.

3.2.6 Property Search and Discover

This shows how buyers can look for properties on the platform. In this process, a buyer
can set search filters such as a preferred location, price range, or number of bedrooms to
narrow down options. The system applies these criteria and displays a matching list of
properties. The buyer can then click through the results and choose any listing to see its
full details. This diagram describes the main flow of a discovery property. Additionally, it
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covers what the system does if no properties satisfy the applied filters (to keep the buyer
informed on that matter too).

Estate Nexus: The Al Driven Property Marketplace

Use Case ID: EN-UC-004
Name: Property
Apply search filters
Property
System Search Buyer

Search
=<|n‘|:|ud‘e >

Select Property type

Figure 3.5: Use Case Diagram - Property Search and Discovery

Table 3.4: Use Case Specification: Property Search and Discovery

Use Case ID EN-UC-004

Use Case Name Property Search and Discovery

Actors Buyer

Description Allows users to search and explore properties using different criteria.
Preconditions User is logged in and on the search page.

Basic Flow (a) User selects filters: location, price range, bedrooms, type.

(b) System queries the database using selected criteria.

(c) System shows matching properties in list or grid view.

(d) User selects a property to view details.

(e) System displays detailed page with recommendations.
Alternative Flow If no results match, system suggests widening search filters.
Postconditions User views relevant listings and may proceed to inspect a property.

3.2.7 Real-Time Buyer-Seller Communication

This use case describes the instant messaging functionality that connects buyer and seller
on the application. Buyers can also start a conversation from a property listing page. Once a
message is delivered, stored and retrieved immediatelly, enabling a real-time conversation,
perfect for discussing terms. Messages are sent and received in real time. If a message
arrives while the recipient is offline, the message is kept securely. When that recipient logs
back in, the message is delivered automatically, so you never lose a conversation.
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Estate Nexus: The Al Driven Property Marketplace

Create Property

Use Case ID: EN-UC-005
Name: Real time buyer seller Communication

View
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Figure 3.6: Use Case Diagram - Real-Time Buyer-Seller Communication

Buyer Seller

Table 3.5: Use Case Specification: Real-Time Buyer-Seller Communication

Use Case ID EN-UC-005

Use Case Name Real-Time Buyer-Seller Communication

Actors Buyer, Seller

Description Enables instant messaging between buyers and sellers for negotiations.
Preconditions Both users are logged in; buyer is viewing the seller’s property.

Basic Flow (a) Buyer clicks “Message Seller”.

(b) System opens the chat interface.

(c) Buyer sends a message.

(d) System delivers it in real time via WebSocket.

(e) Seller receives notification and replies.

(f) Conversation continues in chat window.

Alternative Flow If user is offline, messages are stored and delivered when they log in.
Postconditions A direct communication channel is established for negotiation.

3.2.8 Review Submission and Analysis

This feature allows buyers to talk about a property they have visited. After looking at a
listing or asking about it, the buyer has the option of leaving a written review with a star
rating. The written feedback is firstly automatically processed by the system to determine
its overall sentiment (e.g., positive or negative). This derived insight, along with the new
rating, is then stored and added to the profile of the property. This gave prospective buyers
a better idea of the listing.
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Estate Nexus: The Al Driven Property Marketplace

Submit Review

Review and Sentiment
Aanlysis Buyer
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Analyze Sentiment

Use Case ID: EN-UC-006
Name: Review and Sentiment Analysis

Figure 3.7: Use Case Diagram - Review Submission and Analysis

Table 3.6: Use Case Specification: Review Submission and Analysis
Use Case ID EN-UC-006
Use Case Name Review Submission and Analysis
Actors Buyer
Description Allows buyers to submit reviews and ratings for properties, which are
analyzed for sentiment.
Preconditions Buyer has viewed or completed a transaction for the property.
Basic Flow (a) Buyer navigates to the property page and clicks “Add Review”.

(b) Buyer selects a star rating and writes review text.

(c) Buyer submits the review.

(d) System processes the review using Sentiment Analyzer.

(e) System extracts sentiment insights.

(f) System updates the property rating and displays the analyzed review.

Alternative Flow

If the review contains inappropriate content, the system flags it for
moderation.

Postconditions

Property rating is updated; sentiment insights are stored and visible to
future viewers.

3.2.9 Property Listing Management

This use case tells how sellers can handle all their property listings from their account

dashboard. This space lets them create brand new listings by adding descriptions, details,

and photos. They can also go back to edit, update, or remove any of their existing listings

at any time. Whenever changes are made, the system checks the information and saves it.
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Estate Nexus: The Al Driven Property Marketplace
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Name: Property
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Figure 3.8: Use Case Diagram - Property Listing Management

Table 3.7: Use Case Specification: Property Listing Management

Use Case ID EN-UC-007

Use Case Name Property Listing Management

Actors Seller

Description Enables sellers to create, edit, and manage property listings on the
platform.

Preconditions Seller is logged in to their account.

Basic Flow

(a) Seller accesses the “My Listings” dashboard.

(b) System displays all existing property listings.

(c) Seller creates a new listing with detailed property information.
(d) Seller edits existing listing details and images.

(e) Seller updates pricing and availability information.

(f) Seller delete listings when sold.

(g) System validates and updates all changes.

Alternative Flow

Seller can save listings as drafts to complete at a later time.

Postconditions

All property listings are updated and managed successfully on the plat-
form.

3.2.10 Property Recommendations (AI/ML-based)

This use case describes the Al-powered system that provides property suggestions to a

Buyer based on what propert they are browsing. It learns from their browsing activity and

preferences to recommend listings with similar details or locations. For someone new, it

instead highlights popular properties to help them get started. These recommendations are

shown on listing pages.
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Estate Nexus: The Al Driven Property Marketplace
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Use Case ID: EN-UC-008
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Figure 3.9: Use Case Diagram - Property Recommendations (AI/ML-based)

Table 3.8: Use Case Specification: Property Recommendations

Use Case ID

EN-UC-008

Use Case Name

Property Recommendations

Actors

System, Buyer

Description Provides personalized property suggestions to buyers using Al-driven
recommendation algorithms.

Preconditions Buyer has interacted with properties on the platform.

Basic Flow (a) System analyzes the buyer’s property interactions and preferences.

(b) System calculates similarity scores based on property features.

(c) System applies recommendation algorithms.

(d) System generates property suggestions.

(e) Recommendations are displayed on the property pages.

(f) System continuously updates recommendations based on new inter-
actions.

Alternative Flow

For new users without interaction history, the system displays popular
and trending properties.

Postconditions

Buyer receives relevant property suggestions according to their prefer-
ences.

3.2.11 Property Price Prediction

This feature provides an estimated market value for a property, offering guidance to both

buyers and sellers. A user enters the key details of a property like location, size, number of

bedrooms. The algorithm of the system then processes the information with market data to

calculate a price prediction. When there is not enough local sales history to confidently

make an estimate, the system will communicate this limitation to the user so the results are

delivered with a full sense of transparency.
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Estate Nexus: The Al Driven Property Marketplace
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Figure 3.10: Use Case Diagram - Property Price Prediction

Table 3.9: Use Case Specification: Property Price Prediction

Use Case ID

EN-UC-009

Use Case Name

Property Price Prediction

Actors

Buyer, Seller

Description Provides an Al-powered market valuation for a property to help users
make informed pricing decisions.
Preconditions User is logged into their account. Sufficient market data is available in

the system.

Basic Flow

(a) User (Seller or Buyer) navigates to the price prediction feature.

(b) User enters or selects key property attributes (e.g., location, size,
bedrooms, amenities).

(c) System processes the input using the trained machine learning model.
(d) System generates and displays a predicted price range with key
influencing factors.

(e) User views the valuation report.

Alternative Flow

If the system lacks sufficient data for a reliable prediction, it displays a
message indicating the limitation.

Postconditions

The user receives a data-driven price estimate, which is logged for model
improvement.
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Chapter 4

Design

In this chapter, we detail the design of the Estate Nexus platform at the system, software,
data flow and component levels. The objective is to have a well defined roadmap of
implementation by showing the modules exchanges to realize the platform functionalities.

4.1 System Architecture

EstateNexus is a web-based real estate application that aims to bring the property search and
management process into the 21st century. It includes smart recommendations, property
listing capabilities, real-time user interaction, and price estimation powered by artificial
intelligence in one system. The design is based on client-server architecture to achieve the
modularity, scalability and maintainability.

Above all, the front end is based on React, where we have created a dynamic and
intuitive user interface where you can browse properties, create listings, talk to other users,
and get recommendations. The front-end makes RESTful HTTP requests to the FastAPI
backend to send and receive data in JSON format.

Backend can be considered as brain of the platform. It provides authentication, han-
dles property information, manages chat the conversations, contains business logic, and
integrates with external AI/ML services. A PostgreSQL database is used to store users,
properties, chats, and recommendation information persistently. Furthermore, external
APIs are utilized for Al-driven components including sentiment analyses and price predic-
tion.

A real-time communication layer enables buyers and sellers to have seamless interaction
within the platform through instant messaging, and equally facilitates transactions.
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Property Features — ML Model — Price Estimates

Property/Review Data — Al Analysis — Recommendations

Web Frontend API Backend Price Prediction
Estate Nexus Estate Nexus Estate Nexus Estate Nexus Estate Nexus
HTTF :
Requestd Real time Real-time Al Sentiment
Buy/Sell 3| Eropery » Messaging Analysis Input: Property
Listings fesponse: deta”gmnats ; Between & feature
Mangements o data Buyers & Recomm
User Interactjors T Sellers endations

{Browse, Seafch, List, Message) ]

saL

[CRUD
Queries & )
Usat Results Pperation

Database

Qutput

Estimate Property
price

Required Property

Figure 4.1: System Architecture

Figure 4.1 depicts the architecture of the system and the communication interface
between React frontend, the FastAPI backend layer, the database layer, and the integrated
AI/ML service.

4.2 Software Architecture

The Estate Nexus platform architecture is developed to deliver a modular, scalable and
efficient system development environment. Based on a client—server architecture, the
front-end and back-end layers have well-defined responsibilities and can be developed,
tested and deployed in isolation. This division of responsibilities makes debugging easier,
improves maintainability and renders the system more flexible for future enhancements.
The system has been designed with React as front-end which facilitates an interactive
and responsive interface for the users to browse properties, communicate and manage
users. The backend is written in Node.js and Express which controls the business logic,
authentication and secure api communication. MongoDB: The primary database incorpo-
rated into the architecture is MongoDB, which accommodates user data, property listings,
reviews, and transaction records in a manner that is both flexible and scalable. An Al
services layer is added separately to support intelligent services with Python and FastAPI
for sentiment analysis, recommendations, and predictive insights. Real-time functionalities,
i.e., direct messaging, are enabled via Socket.io to provide low-latency services for users.
The design allows each component to scale independently depending on the workload.
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Such an architectural style also enhances system dependability yet ensuring maintainability

and future extensibility.
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Figure 4.2: Software Architecture Diagram

Figure 4.2 also shows that the architecture of the Estate Nexus platform is a React
FastAPI client server Application Stack. Handling the user interface with the use of React,
the front-end application manages the user side interaction like viewing properties, creating
listings, real-time chatting and viewing customizable suggestions.

The front end and the FastAPI backend communicate via RESTful HTTP requests and
respond with JSON. As the central access for all business logic, the FastAPI server routes
requests to backend modules (e.g., Property App, User App, Chat App, Recommendation
App) based on the type of request received and all business logic resides here. These mod-
ules cover essential services such as JWT Based Authentication, Real Estate Management
Services, Chat and Al Based Recommendation Services.

All data is backed by a PostgreSQL database, providing durable storage for user profiles,
properties, chat messages, recommendations, and system logs. Additional external services
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(AI/ML models for price prediction Cloudinary for image storage) are also consumed by
the backend.

4.3 Design Constraints

The Estate Nexus platform was the subject of the series of technical and usability challenges,
which led to the the most important design decisions. Among the main limitations are:

* Limited computational resources: It’s a juggling act to have your backend server,
database, and frontend all running efficiently and smoothly, particularly when being
accessed by many users at once.

* Real-Time Performance Constraints: Property search, real-time chat and other
services need to be very responsive to ensure a fluid user experience.

* Scalability constraints : The system must be designed to be scalable to support
increasing number of property listings, user accounts, and active sessions without
adversely affecting performance.

 Integration Constraints: The platform relies on third party services such as map
and geolocation APIs, that may impose rate limits or other restrictions, and that the
system should be able to handle gracefully.

* User Acceptance / Usability Constraints: The Ul must be simple to use even for
first-time inexperienced users, but at the same time must expose all the advanced
features required by the agents and sellers, which poses a very difficult usability
challenge.

4.4 Design Methodology

The development approach of Estate Nexus was based on the agile methodology and
focused on iterative design and build the base modules for each iteration, property transac-
tions, real-time communication, Al-based capabilities, etc. This iterative process ensured
compatibility between all parts of the system. The process began under Develop Concepts—
accumulating requirements by defining use cases for property searching/selling, chat chan-
nels, and ML models for price predictions and recommendations. Develop User Interface.,
at this stage, we created interactive prototypes for property search filters, listing manage-
ment dashboards, and real-time chat facilities. Finally, Testing and Evaluating confirmed
system integration via accuracy tests of sentiment analysis, performance validations of the
recommendation engine, and execution tests of real-time chat. After each iteration, user
feedback and system performance data were incorporated into further refinement of the
concept, leading to improvements in all modules right to project completion.
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4.5 High Level Design

This section presents descriptions of the Estate Nexus system at different levels of architec-
tural detail:

1. Conceptual/Logical View: Exposes a functional grouping of User Management,
Property Management, Search and Discovery, Communication, and AI/ML Services.

2. Process View: Models execution: sessions, property searches, real-time chat, work-
flows for Al processing.

3. Physical View: Illustrates deployment in cloud infrastructure showing the web
server, application server, database server, and AI/ML service tiers.

4. Module View: Differentiates between client React components, server FastAPI
routers, and AI/ML-specific modules.

5. Security View: Deals with authentication, authorization, data encryption, and API
security layers.
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Figure 4.3: System High Level Diagram

Figure 4.3 is a simplified view of the Estate Nexus platform that shows the flow of user
interaction, from the discovery of properties to the completion of transactions.
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It starts when users open the website on web browser. Browse properties or login/signup
for full access. Verified users can search properties, get full details, contact sellers by chat
and get Al based recommendations. Sellers post and manage listings and communicate
with buyers and the reverse happens for buyers. Real-time communication is enabled and
the property discovery and valuation are intelligent-driven.

4.6 Low-Level Design

In this section, we present the low-level design of the Estate Nexus platform, which outlines
the module internals and their interactions. The components are fully decomposed into
basic units to facilitate the development and to make the responsibility and the interfaces
clear. The backend is Node.js with Express and the frontend is Angular with Material
Design.

4.6.1 Property Management & Recommendation Module

The Property Management and Recommendation Module manages property listings and
makes customized suggestions to consumers. Property information is taken in via user
contributions and then normalized and processed to extract information features. The
Recommendation Engine performs Collaborative filtering between users and properties
such as user behavior, property similarities. Recommendations are scored by relevance
and delivered via the front end.
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Figure 4.4: Property Management & Recommendation Module
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4.6.2 Real-time Chat Module

Real-time Chat Module allows instant communication between buyers and sellers. Chat
sessions are created when a buyer contacts a seller. The Message Handling Processor
validates incoming messages and stores them. The Real-time Delivery subsystem uses
WebSocket connections to deliver messages in real time, and the Chat History component
takes care of message persistence and retrieval.

ser view Property
Details

i

Click chat with seller

A 4

User types and
send message

Creat chat to specific

Property
Validate and
process

Message

Store message in db

with Property id

Display Chat
Interface

h

Check Recipient
Online Status

ecipient
Online

Ho
¥

Real time delivery
via web Socket

Store Messages for
later >
Deleivery

v

Add to my chats With
Property Context

h 2

Multiple property
Chats Maintained
Separately

Update Chats
in Real time

-~

Figure 4.5: Real-time Chat Module

4.6.3 Price Prediction Module

The Price Prediction Module leverages machine learning to predict property prices. It
gathers the past data, does the feature engineering, and trains the regression models. For a
prediction, the module takes property features, runs the trained model and gives an estimate
of the price with confidence intervals when prediction request is received.
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Historic Property
data collection

Feature Engineering

¥

b

Data Preprocessing
and Cleanup
v
Feature Selection and
Training
v
Training Data
Preparation
h 4
Model training and
validation
No. Model o
Accuracy=Threshold 2
Retrain Model

Mew property
Data Input

¥

7 2 Price Estimate
Price Priction / Output /

Figure 4.6: Price Prediction Module

4.6.4 User Authentication Module

The User Authentication Module handles register, login, and session management. It offers
password hashing, JWT token generation, session validation, and role-based access control
to secure platform resources and user data. All modules (referred also as components
in this section) are implemented as individual packages with strictly defined interfaces,
based on the object oriented principles and design patterns suitable for the Estate Nexus
technology stack.

The flow starts after a user clicks login or register option and input the credential.
The input format is checked first, to make sure the inputed data confirms to " format
requirements". The system also checks if the request is login or register according to the
user’s option.

For registration, the system creates a strong password and checks the credentials
given for validation before continuing. Once the credentials are confirmed valid, the user
information is saved and process advances. At login, it verifies that the user exists in the
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database. If no email is found, an error message saying “user not found” is sent. If the user
is found, the entered password is checked to the stored credentials.

After a successful validation of the credentials, the system issues a JSON Web Token
(JWT) that will be used to authenticate the user session. The session is then stored securely
and a success response is sent back to user. At any point, when the credentials are invalid,
an appropriate error message is shown. The result of this authentication flow is that it
allows the system to have secure access control, avoid unauthorized access, and have a
dependable way to manage sessions.

User Login
!
Register

Y

Validate
Input format

Generate Password Check User Exist in

Database

No

Return Error:
user Mot found
redential

valid? |

Verify Password

h A

valid Generate JWi token

h 4

Mot valid

h
Return Error. )
Invalid Credentials Store session &
Return Success

Figure 4.7: User Authentication Module

4.7 Database Design

The Estate Nexus platform organizesthe data efficiently by storing it as .csv files in a
PostgreSQL relational database. The main tables and their roles are as follows:

e Users Table: Contains user information and credentials for authentication such as
username, email, hashed password and profile data.
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* Properties Table: Contains details of the property listing including title, description,
price, location, number of bedrooms and bathrooms, size and type of property.

* Chats Table: Tracks chats between buyers and sellers with log of chat and references
to related properties.

* Messages Table: Includes live messages between users from the senders identity
with timestamps and the readers identity.

* Reviews Table: Contains user reviews and ratings for properties such as review text
and timestamp..

Proper primary keys, foreign keys, data types, validation contraints and other similar
mechanisms have been taken care of in each of the tables included in the Estate Nexus
platform to guarantee data, relational and platform integrity and reliability.

4.8 GUI Design

The Estate Nexus platform is equipped with a responsive and intuitive graphical user
interface implemented in React. The system lets users search for properties and filter the
results, list a property, chat in real time, see suggestions, and get information from Al in
one fell swoop. The principles of design focus on learnability, consistency, accessibility,
and effective navigation to provide a better user experience.

4.8.1 User Signup

ESTATE NEXUS

Create Account

Sign up to get started with Estate Nexus

Full Name

Email Address

Join Estate Nexus

Password
Start your journey to finding the perfect
property with Al-powered tools and direct REREE g &
seller connections.

lama

Property Seeker v

Create Account

Figure 4.8: User Signup Interface
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4.8.2 User Login

ESTATE NEXUS

SignIn

Welcome back! Please enter your details.

Welcome Back!

Access your account to manage properties,
connect with buyers, and leverage Al-powered
insights.

Password Forgot password?

Don't have an account? Sign up for free

Figure 4.9: User Login Page

4.8.3 Property Listing Page

ESTATE NEXUS Buy Sell Chats Allnsights v
e < 4 Filters
PLATFORM
@ Home

Q Ssaved Properties

& My Listings
Al TOOLS

d Price Predictor o

(O Sentiment Analysis )

TILITIES

{& Settings
4.50 Crore 0 13.50 Crore Q0 4.50 Crore Q
Affordable Family Home in Rawalpindi 1Kanal Modern Designer House, DHA Phas... House available in E11/2
Rawalpindi, Punjab Lahore, Punjab Islamabad, Islamabad Capital Territory
¢ Bahria To ® DHA Pha °
10.0Marla - House - Yesterday 20.0Marla - House - Yesterday 5.0Marla - House - 4 days ago

Furnished Furnished Furnished
G Logout

Listed by: Ali Hassan Listed by: Maheen Anwar Listed by: Farooq Hassan

Figure 4.10: Property Listing Page UI
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4.8.4 Seller Dashboard

ESTATE NEXUS Buy Sell Chats Allnsights v ®

My Properties

7 properties listed

12.00 Crore 3.20 Crore 5.50 Crore 2.20 Crore

Architect-Designed 1-Kanal... Modern 3-Bed Apartment nea... Newly Built 7-Marla House in ... Budget-Friendly 10 Marla Plot,...
Islamabad, Islamabad Capital.. Islamabad, Islamabad Capital... Islamabad, Punjab Lahore, Punjab

28.9 Marla House 1 months ago 8.2 Marla Apartment 1 months age 10.9 Marla House 1 months ago 12.1Marla Land 1months ago
Unfurnished Unfurnished Unfurnished Unfurnished

Figure 4.11: Seller Dashboard Showing All Listed Properties

4.8.5 Real-Time Communication (Chat System)

¢ =4 1kanal house in ET/3

L

Price

Dec 2, 2025

Dec 7, 2025

3.5 Million

Figure 4.12: Real-Time Buyer—Seller Chat Interface
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4.8.6 Displayed Property View

Affordable Family Home in Rawalpindi Contsot Sellerl

PKR 4.50 Crore - 10.00 Maria

Eafwia Town Phase 4, Rawalpindg, Punjab
[ '

at Furnishad &
5 Badrooms = & Bathnooms 2,750 sgm Hiouize Euilt 201

Amendie

< Sl Hoser ¢ Lounge < Sacurdy Stall

Deseription

Baautifully desigred 10 Maria house near the stanse of liberty. 2 indepandent porfins
{Cround and First floor] with separaie maetars. Close to school and commercial market

S0l CoRGITUCTON

Location

| *

Figure 4.13: Detailed Property Display Page
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4.8.7 Add New Property

Add New Property

List your property an Estaic Mawus

& Basic Details
Propery Tige *

£-g., Lumary TKarad House in DHA Fhase 5§

Dseription *

Prowide a cetalled descnplicn of wour prapesty [mmnmum 50 characiers]

00 charmciers
Propery Type * Fursishid Staws +

Hause ot Select Status L3

@ Price & Features
Pricse: (PHA] *

Enmter price in Pakistani Rupees

Property Size *

Viar Buill Parking Spaces

2025 o

& Location
Location
Ciy | Pravinge: *
Select City W
Stane | Prowimce Ceuntiy
Pakistan
Soda! i NS T I VOO, T e iAW i malic ey UOcAGTa i S0 i et 5 ke Lind v

Street Addiess | Hints e Muiiiss

o9, House 123, Sroet 5

Pis Loszation oo Mg

Conichinabas: 33654400, 73047000

Figure 4.14: Add Property Page Ul
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4.8.8 Price Predictor

Property Price Estimator

Get instant market value estimates powered by machine learning trained on
thousands of real estate transactions

Property Details ® Estimated Value
City * Location/Sector *
Loading cities... v Select city first v
Property Type *
Fill the form and click
Select Type ~ “Calculate Price" to see the
estimated value
Area Size *
eg., 5 Marla v

Calculate Price

Figure 4.15: Price Prediction Form
4.8.9 Reviews Section

Reviews 0.0 ]

Write a Review

Your Rating

Your Review

Share your experience with this property (minimum 10 characters)

0/1000 characters

° Sufyan Hassan + December 8, 2025

price is good

Figure 4.16: User Reviews and Ratings Section
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4.8.10 Recommended Properties

You May Also Like

8.50 Crore 15.50 Crore 1.50 Crore 2.20 Crore
Executive 5-Bed House in ... Luxury 1-Kanal Villa, DHA... Commercial Office Spacei... Budget-Friendly 10 Marla...

Islamabad, Islamabad Capital... Karachi, Sindh Islamabad, Islamabad Capital... Lahore, Punjab

20.0 Marla House 1months ago 8.0 Marla Villa 1 months ago 3.6 Marla Office 1months ago 121 Marla Land 1months ago

Unfurnished Unfurnished Unfurnished Unfurnished

Figure 4.17: Al-Based Recommended Properties

4.9 External Interfaces

The Estate Nexus platform integrates with external systems using standardized electronic
interfaces to extend functionality and enhance user experience:

* AI/ML Services: Connected via REST APIs for property price prediction and
sentiment analysis of reviews.

* Real-time Chat: Implemented using WebSocket protocols to enable instant messag-
ing between buyers and sellers.

* Map and Location Services: Provided by the Leaflet mapping library with Open-
StreetMap data for property geolocation and area visualization.

* Image Management: Cloudinary API handles all property image storage, optimiza-
tion, and delivery.

All external interfaces use proper authentication and secure communication protocols
to ensure data protection, reliability, and system integrity.

Systems design is the process of defining the architecture, components, modules,
interfaces, and data for a system to satisfy specified requirements. This chapter should
have the following sections:

4.10 System Architecture

This section describes the system in narrative form using non-technical terms. It should
provide a high-level system architecture diagram showing a subsystem breakout of the
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system, if applicable. The high-level system architecture or subsystem diagrams should, if
applicable, show interfaces to external systems. Supply a high-level context diagram for
the system and subsystems, if applicable.

4.11 Design Constraints

This section describes any constraints in the system design (reference any trade-off analyses
conducted such, as resource use versus productivity, or conflicts with other systems) and
includes any assumptions made during the developing the system design.

4.12 Design Methodology

Summarize the approach that will be used to create and evolve the designs for this system.
Cover any processes, conventions, policies, techniques or other issues which will guide
design work. This is for deciding whether you will use structured, object-oriented or other
specific methodologies. Most people will use some object-oriented technique with UML.

4.13 High Level Design

This section describes in further detail elements discussed in the Architecture. High-level
designs are most effective if they attempt to model groups of system elements from a
number of different views. Typical viewpoints are:

1. Conceptual or Logical: This view shows the logical functional elements of the system.
Each component represents a similar grouping of functionality. For UML, this would
be a component diagram or a package diagram.

2. Process: this view is the runtime view of the system. The components are threads or
processes or distributed applications. In UML, this would be a process interaction
diagram.

3. Physical: this view is for distributed systems. The components are physical pro-
cessors that have parts of the system running on them. For UML, this would be a
deployment diagram.

4. Module: this view is for project management and code organization. The components
are typically files or directories. This picture shows how the directory structure of
the build and development environment will be designed.

5. Security: this view typically focuses on the components that cooperate to provide
security features of the system. It is often a subset of the Conceptual view.
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4.14 Low Level Design

This section provides low-level design descriptions that directly support construction of
modules. Normally this section would be split into separate documents for different areas
of the design. For each component we now need to break it down into its fundamental units
or modules. For an OO implementation in Java, our components would become packages.
Then the low level design will take each package and break it down into its classes. For
smaller systems, you may have a single UML class diagram that each module description
refers to.

4.15 Database Design

The section should reveal the final design of all database management system (DBMS)
files and the non-DBMS files associated with the system under development. Provide a
comprehensive data dictionary showing data element name, type, length, source, validation
rules, maintenance (create, read, update, delete capability), data stores, outputs, aliases,
and description.

4.16 GUI Design

This section provides the detailed design of the system and subsystem inputs and outputs
relative to the user. Depending on the particular nature of the project, it may be appropriate
to repeat these sections at both the subsystem and design module levels.

4.17 External Interfaces

External systems are any systems that are not within the scope of the system under
development. In this section, describe the electronic interface(s) between this system and
each of the other systems and/or subsystem(s), emphasizing the point of view of the system
being developed.
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System Implementation

The design and development of the Estate Nexus real estate platform incorporated cutting
edge tools and methodologies to provide a seamless, responsive and intelligent user
experience. The goal of the implementation phase was to transform the system design
and architecture into an executable, web-based application. Focus was on modularity,
maintainability, scalability and user friendliness.

A full-stack methodology was followed, leveraging React in the frontend and Node.js/Express
in the backend, as well as various other technologies in relation to managing the database,
real-time communication, and AI/ML attributes. Table 5.1 presents the main tools and
techniques in the implementation.

Table 5.1: Implementation tools and methods for the web application

Component Tools and methods

Frontend development React.js; component-based Ul implemented with reusable React
components.

Backend development Node.js with Express.js; MongoDB (access via Mongoose);

RESTful API design for server—client communication.
Real-time communication | Socket.IO for bidirectional live chat and presence features.

Al & ML features Custom recommendation algorithms and sentiment-analysis inte-
gration for review processing.

5.1 Back-end Development with Node.js and Express.js

The Estate Nexus backend is written in Node.js with the Express.js framework. Express is
an asynchronous middleware-based environment that is ideal for building scalable RESTful
APIs or for managing real-time services.
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Responsibilities on the server side are user authentication, management of the property
listings, the search and filter functionalities, active chats and interfacing with persistence
storage. The endpoints are RESTful and respond with JSON payload to make the client in-
teractions lightweight and predictable. Middleware is used for parsing requests, validating,
authenticating (JWT), and handling files. Berypt hashing is used to secure passwords and
signed JWTs are required for protected endpoints, enabling stateless session management
that makes horizontal scaling easier.

5.2 Database Management with MongoDB

MongoDB was used as the primary datastore and accessed from the backend using Mon-
goose ODM. Its document-oriented structure can effectively represent the heterogeneous
and extensible property listings. Significant collections include the following:

* users: user accounts information along with hashed credentials and user roles (buyer,
seller);

* properties: listings metadata like coordinates, price, amenities, picture references
and status flags;

* conversations and messages: message metadata, chat history of buying and selling
communication;

* reviews: ratings and text reviews related to either properties or users.

This design lends itself well to fast iteration, denormalized read patterns for UI rendering,
and straightforward sharding/replication for scale.

5.3 The Front-end with React

The front end is built with React and is fully responsive and component based. Modules-
Based UI Construction The Ul consists of reusable modules (property cards, search/filter
controls, detailed views, dashboards) that help ensure consistent styling and predictable
behavior. The application offers:

* a searchable property grid with multiple filter controls (location, price, number of
bedrooms, type);

* homes include home pages with photos, features, captured sentiment measures and
ways to get in touch;

* seller dashboards — users can home sellers to manage listings and inquiries.
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We also use React hooks and the Context API for state management (global state),
we use Axios/fetch for the async backend interaction which includes quite robust error
handling and optimistic UI updates when it makes sense.

5.4 Challenges Associated with Property Data and Integration

Challenges were as follows:

* Inconsistent data: a variety of formats (measurement units for space, address
standards, lists of services) necessitated creation of harmonization streams and
validation at ingestion.

* Real-time chat latency: we developed connection pooling mechanisms and efficient
message persistence to sustain low-latency socket.io connections for high traffic, and
rate-limited from server side.

* Access control: Role-based authorization and scope-restricted APIs allow for buyers,
sellers, and others to see just the right amount of data.

5.5 Review System and Sentiment Analysis

Estate Nexus features a review and rating system with Al-enhanced sentiment analysis to
derive actionable insights from community feedback.

5.5.1 Review System Implementation

Users post reviews with a numerical rating (from 1 to 5) and they may optionally add
textual comments. Each review has references to the author and the property which is the
review’s target. Server side validation ensures users cannot review the same property twice
and it does perform certain content moderation on the reviews.

5.5.2 Sentiment Analysis Integration

We utilize an ABSA (Aspect-Based Sentiment Analysis) methodology. ABSA identifies
aspects (e.g., location”, price”, “amenities”’) within a review and classifies the sentiment
associated with each aspect, providing more detailed information than a single overall
polarity.A pre-trained model (deployed as backend service) processes every review that is

sent:

* Polarity: Positive / Negative;
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5.5.3 Evaluation

The sentiment component was validated against a representative sample of real-world
property reviews. Evaluation criteria included:

* Correctness: agreement of automated labels with human judgments;
* Clarity: whether aggregate sentiment metrics are interpretable to end users;

* Completeness: robustness to process all incoming review submissions without loss.

5.6 Sequence Diagrams

This section shows Sequence Flow Diagrams of features included in Estate Nexus.

5.6.1 Sign Up/Login

»_j i Frontend {React Ul) Backend AP (Express) ts::‘zb:gg .

User

[SIGN UP] Input Credentials & Role

Data to Server

alt ) [FAILURE PATH]

Check DE for Existing Email

< Return Error: Email Exists

alt ) [SUCCESS PATH|

Hash Password & Save User Record »

Return Success Status
R oy PR

Success Message

[LOGIN] Input Email & Password

Send Credentials

alt ) [FAILURE PATH]

aft ) [SUCCESS PATH] Fetch user record

Return Error: Invalid credentials

Generate JWT & Retun Token + Role

Redirect to Dashboard
-— 0 |

Figure 5.1: Sequence Diagram — Login and Sign Up
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This sequence diagram shows the flow of how user can Sign up and login into the website
and how it handles credentials and verifies their accuracy. It further determines the
appropriate success or error response to send back to the client.

When the credentials are input by the user when signing up data is sent to the server
then the email is matched in Database if there is same email already existing, if yes then
sign up is failed and user is asked to enter new email. When the email is not matched then
the user is successfully signed up.

For Login, the credentials entered by user is checked with the already signed up user. If
it is found in database then the user is logged in, if not then an error message is displayed
that user email or password is incorrect.

5.6.2 Seller’s Property Management

:" ':, Frontend (React UI) Backend API (Express) (giaghjgg)

Seller (Agent)

Access My Properties’ Dashboard

Authentication check

Fetches Seller's properties

Return Li

st of Seller's Properties

Edit & Save Lisfing

Sends Updated Data and ID

Lt Update Record

Delete Record

Sends Listing ID to delete

Delete record

Figure 5.2: Sequence Diagram — Seller’s Property CURD flow (Edit, Delete)
This diagram illustrates how the seller can Manage their properties. How their id will be

verified and the properties that belong to them will be fetched .On their request they can
than edit or delete their property.
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After successfully adding the property by seller they can request to View, Edit or Delete
their property. When the request is entered by seller its credentials are checked and after
sellers authentication that yes the property matches the seller ID their request is accepted
and they can accordingly edit or Delete their property.

5.6.3 Real-time Communication

Database

Buyer Frontend Seller Frontend Chat Server (Socket.io) Backend API (Express) ]

Request conversation history

Retrieves all messages

Return Cofvprsation 1D & Past
f -

Connect WebSocket (Buyer)

WUWT Invalid] Disconnect WebSocket

Connect WebSocket (Seller)
JE—

Emit: "new_message' (Text, ConviD)

SAVE MESSAGE RECORD

Return Confirmation

Broadcast: ‘receive_message"
(To Seller)

D Display Message

Figure 5.3: Sequence Diagram — Real-time Communicaion between Buyer and Seller

This Sequence Diagram shows the connection made with Socket.io server after requested
by the user to start conversation with seller to send message. The user can select chat with
seller button and request to chat with seller. After this request, from the backend history
messages are fetched and request to message is sent to Database. Then the conversation
ID is sent to Backend and also if there are any past messages between the buyer and
seller already. The connection with Web Socket is built to enable buyer to real-time chat
with seller and Web socket connection of seller is also made to make the communication
between the two parties possible.

After the connection is built, the buyer can easily sent a message and then received by
the seller. The message is then displayed on the chat interface.

The sellers online status is also checked. Buyer can see if their chat is read by the buyer
and if the buyer is available at the moment or not.
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5.6.4 Review and Sentiment Analysis

;{ }; Frontend (React Ul) Backend APl (Express) Al SeN’\'ofF(J\;’ADER tg::‘a::sg)

Buyer

Input Review Text & Rating

Review sent o backend

Save Review Record

Retumn Success to Froniend

Fetch Review Text for Analysis
—_—

Return Sentiment Score

UPDATE Record with Sentiment Score

Recalculate Property Worthiness Metric

Show Worthiness
«  —

Figure 5.4: Sequence Diagram — Review Submission and Sentiment Scoring

This Sequence Diagram shows the flow of how a review is submitted, sent to backend
and than sent it to the Sentiment Analyzer to process and tell if the review is negative or
positive and that the property is worth buying or not.

The flow starts as a Buyer enters a review text with a rating on the Frontend (React UI).
This data is then immediately sent to Backend API (Express) which persists the raw data
by creating a review document in the MongoDB Database. When the record is saved, the
database reports success back to the frontend, probably enabling the UI to refreshing or
clearing the form of input.

At the same time or immediately after, the Backend interacts with an Al Service. It
submits the review text to the service for linguistic processing, and the Al computes a
Sentiment Score. Subsequently, the Backend updates the existing database record with this
new score. The last step takes place at the database layer where a trigger or an internal
process recalculates the Property Worthiness Metric using the updated data. Finally, this
new worthiness information is sent back through the frontend and shown to the Buyer.
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5.7 Class Diagram

User Property
- name: String - sellerld: ObjectlD (FK: User)
- email: String {unigue} - title: String
- password: String {hashed} - price: Number
- role: Enum (seller, buyer) - location: GeoJSON
- isActive: Boolean 1 N |- beds: Integer

*|_ haths: Integer
+ register() owns - status: String
+login() 1
+ comparePassword() + createListing(sellerld)
+ generateToken() + search(filters)

+ deleteListing(userld)

N + edit Listing(userld)

sent by

Participates in

N
Review Message
- authorld: ObjectiD (FK: User) - conversationid: ObjectiD (FK:
- propertyld: ObjectlD (FK: Property) Conversation)
- rating: Integer (1-5) - senderld: ObjectlD (FK: User)
- text: String - text: String
- timestamp: DateTime
N + submitReview() - isRead: Boolean
+ analyze Sentiment()
Conversation + sendMessage()
E— + persist{ChatServer)
- propertyld: ObjectlD (FK: Property)
- participants: Array (Buyerld, Sellerld) N
- lastMessageAt: DateTime
+ getHistory() .
+ stariChal(Buyerld, Sellerld) 1 includes

Figure 5.5: Class Diagram of Estate Nexus

Figure 5.5 shows a Class Diagram showing relationship between each class, their attributes,
methods and required foreign key.
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System Testing and Evaluation

Testing was a critical stage in the Estate Nexus build to be certain all elements (including
user authentication and advanced Al prediction models) ran smoothly and within the con-
fines of requirements. The tests were oriented towards verifying the functional correctness,
system integration, the end-user usability, and the ML outputs’ reliability.

6.1 Graphical User Interface Testing

The focus of GUI testing is making sure that the UT of the application is simple to use, clean
and has a consistent look and feel across all of the popular desktop browser environments.

6.1.1 Cross-Browser Testing

The interface is tested under Chrome, Firefox, Safari, and Edge for consistency in layout,
responsiveness, and visual elegance (colors, typography) to provide the best UX.

6.2 Usability Testing

We tested the usability of our application by inviting users from our academic network
(classmates) as well as from the non-technical world (family). This led to improvements

of our workflow and design by nont echnical users.

6.3 Functional and Integration Testing

Integration testing, on the other hand, proved that all these communicating modules
(frontend forms, backend APIs, and third-party services) work as a single cohesive system.
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Table 6.1: Usability Testing Outcomes

Feature Tested

Objective

Outcome and Improvement

Listing Creation Flow

Verify ease of input for property
details and image uploads

Improved: simplified required
fields, optimized layout for read-
ability, refined default color
scheme for accessibility.

Property Search/Filter

Assess intuitiveness and speed of
filtering and sorting

Improved: streamlined filter op-
tions, immediate search results

display, verified accuracy of
location-based searching.

6.3.1 Core CRUD Functionality (Sell/Manage Listings)

* Create Listing: Confirmed sellers can post listings with full property details. Listings
are live immediately in the buyer search feed.

 View/Edit/Delete: Sellers can view, edit or delete listings, and any modifications are
reflected in real time for buyers.

* Separation of Accounts: The security policies require that a user must only be able
to edit or delete their own listings.
6.3.2 Integration of AI Components

* Sentiment Analysis Trigger: Analyze Sentiment is a button which reads the reviews
and activates the sentiment analysis in order to refresh the Al Dashboard.

* Recommendation Engine: The selection of a property triggers the Al Recommen-
dation Engine and returns similar listings.

* Input Validation: Validation and dropdowns are used to clean and format user input
for AI models.

6.3.3 Geo-Location Accuracy

* Map Integration: Checked that the location of the chosen property on the interactive
map is precisely where buyers are shown.

6.4 Software Performance Testing

Performance evaluation Performance evaluation was focused on the velocity and solidity
of the software element.
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6.4.1 Model Performance and Stability Testing

* Price Prediction Benchmarking: We vetted the model output against the observable
market data to be confident that the valuations were in the ballpark.

* Prediction Sensitivity Test: Made sure that perturbations of inputs (like size of
house/number of bedrooms) resulted in reasonable change in predicted price SOLD.

* Load Testing: They performed latency tests on AI model APIs to ensure they were
responsive in a multi-user scenario.

6.5 Compatibility Testing

6.5.1 Cross-Browser Compatibility

During representative Ul tests, the application was also tested on other browsers (Chrome,
Firefox, Safari, Edge) for consistent look and feel behavior.

6.6 Exception Handling

Fail gracefully through comprehensive application-wide exception handling.

6.6.1 Data Validation and User-Facing Error Reporting

* Input Validation and Feedback: Check client and server side validation for required
fields. Error messages are also specific, friendly, and are displayed close to the field.

* Error Handling (AI Failure): Simulate Al model failures: friendly messages

without crashing app.

* Authentication Exceptions: Verify that non-authorized users cannot access pro-
tected routes (ie, Edit Listing page).

6.7 Load Testing

6.7.1 System Performance Under Load

* API Response Times: Tracked and optimized API latency (notably Al model
endpoints) under synthetic concurrent user load.

» Database Query Performance: Validate that search queries and list retrievals have
acceptable response times even with growing amounts of data..
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6.8 Security Testing

6.8.1 Authentication and Authorization

* Role-Based Access Control: Check that users are only able to view and change data
that is pertinent to their role (Buyer/Seller).

* Protected Routes: Verified that all unauthorized access attempts to protected pages
(such as seller dashboard, edit listings) are redirected.

* Session Management: Test secure session management and logout.

6.9 Installation Testing

6.9.1 Deployment and Setup Verification

* Environment Configuration: Verified that all environment variables and configura-
tion files are properly set up in deployment.

* Setup Environment: Confirm all environment variables and configuration files are
correctly configured in the deployment.

* Install Dependencies: Make sure that all the dependencies are installed properly in
the production environment.

 Starting services: Verify that all services (web server, database, Al model servers)
start up properly and communicate as desired.

6.10 Test Cases

Here is the test cases executed for the sysyem. This guarantees that the system should
perform as what are expected under various circumstances.
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6.10.1 User Login

Table 6.2: Login Test Cases

Test Case ID | Description Initial Condition Status

T1.1 Test successful login for | Valid network connec- | Pass
all user roles (Buyer, | tion, user has valid cre-
Seller) dentials

T1.2 Verify successful login | Successful login creden- | Pass
redirects user to dash- | tials provided
board

T1.3 Test unsuccessful login | Application online Pass
attempts (incorrect pass-
word or username)

T1.4 Test input validation for | User enters malformed | Pass
Email/Username field email

T1.5 Verify password input is | N/A Pass
masked during entry

6.10.2 User Sign-up
Table 6.3: Sign-up Test Cases

Test Case ID | Description Initial Condition Status

T2.1 Test successful registra- | User provides unique | Pass
tion for both roles email, name, phone,

password

T2.2 Verify password min- | User enters password < | Pass
imum length enforce- | 6 characters
ment

T2.3 Test registration with ex- | Email already registered | Pass
isting email

T2.4 Verify role selection | N/A Pass
mandatory

6.10.3 Create Property Listing (Seller)
Table 6.4: Property Listing Test Cases

Test Case ID | Description Initial Condition Status

T3.1 Test creation of new | Authenticated seller, list- | Pass
property listing with all | ing form available
fields

T3.2 Verify property price ac- | User enters letters or | Pass
cepts only positive num- | negative number
bers

T3.3 Verify map sets address | Geolocation service ac- | Pass
fields correctly tive

T3.4 Verify uploaded images | Image upload service | Pass

are associated

functional
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6.10.4 Real-Time Messaging Functionality

Table 6.5: Messaging Test Cases

Test Case ID | Description Initial Condition Status

T4.1 Verify message delivery | Buyer sends message, | Pass
between two users appears instantly on

seller screen

T4.2 Verify message history | User logs out and back | Pass
persistence in

T4.3 Verify unread message | New message received | Pass
badge updates on different page

6.10.5 Buyer Interaction and Search Experience
Table 6.6: Buyer Interaction Test Cases

Test Case ID | Description Initial Condition Status

T5.1 Test empty search re- | Impossible filter combi- | Pass
sults display gracefully | nation

T5.2 Verify property detail | Buyer clicks listing Pass
page loads all data cor-
rectly

T5.3 Verify ’Contact Seller’ | Seller viewing own list- | Pass
button disabled for | ing
owner

6.10.6 AI Feature Functional Verification
Table 6.7: Al Feature Test Cases

Test Case ID | Description Initial Condition Status

T6.1 Verify Sentiment Analy- | Strongly positive review | Pass
sis correctly scores posi- | added
tive review

T6.2 Verify Sentiment Analy- | Strongly negative review | Pass
sis correctly scores neg- | added
ative review

T6.3 Verify prediction output | User modifies key fea- | Pass
changes logically with | tures (e.g., bedrooms)
input changes

T6.4 Verify Recommendation | Buyer views Property A, | Pass

Engine returns similar
properties

engine returns 80%+ fea-
ture match
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Chapter 7

Conclusions

The above goals have been met in this project by designing and implementing a user
friendly, scalable and feature rich property listing system catering to the needs of the
sellers as well as the buyers. The platform creates an open market which sellers to list their
property and manage their listings, while buyers have a simplified browsing and evaluation
experience.

The main features that differentiate our platform from the others are a combination
of three different Al modules: The Al Recommendation System helps increase user
engagement by actively recommending similar properties, thereby speeding up buyer’s
decision making.

Sentiment Analysis Dashboard: Performs sentiment analysis on the reviews for a
property so the sellers and buyers can know in an instant how desirable the property is, and
Price Prediction Model provides a trustworthy prediction of the property value based on
the real market data, which may serve as a neutral point to facilitate the fair negotiation.

In the process, we learned a lot about how one might leverage more modern full-stack
techniques to expose Python-focused ML pipelines (Random Forest, VADER, Logistic
Regression) in the context of a dynamic web application. The project is intended to
demonstrate how data science can be integrated into a marketplace to provide intelligent
tools that make the user experience better and help make the market more efficient.

7.1 Future Improvements

While the platform as it now is is an Minimum Viable Product (MVP), there are a few
key areas of improvement for the next professional version that will enable us to enhance
security, scalability, user experience, and income potential.
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7.1.1 Advanced Al Integration and Validation
To refine the intelligent features:

* Prediction model tuning scaling: Replace static geographic lookup tables with
a dynamic geocoding service; span all Pakistan in the dataset. Build models for
continuous latitude/longitude anywhere in the world.

* Prediction Model enhancement: Upgrade from a simple Random Forest model to
sophisticated models (e.g., GBM or NN) to obtain better price prediction.

* Sentiment Calibration: Adapt the VADER lexicon or employ a domain-specific
LLM that is pre-trained on real estate language to get more accurate sentiment
analysis on property reviews.

7.1.2 Security, Infrastructure, and Scalability

* APIs for Authentication Verification: Offer services with Google Maps, phone
number verification (OTP), and identity verification (paid) for your buyer and seller
accounts to maintain safety and legitimacy on your end and help keep fraud at bay.

» Data Backup and Management: Employ robust backup mechanisms and scale out
storage specifically for the database to withstand a possible growth to millions of
listings and user interactions.

7.1.3 Monetization and Payment Integration

* Payment Gateway: Connect with trustworthy third-party payment service providers
(such as local financial services or mobile wallets like Easypaisa and JazzCash)
for support of verified listings, premium accounts and the possibility to charge a
commission from transactions.

* Premium Ads: Add paid tier level for sellers to boost property visibility, similar to
that on major property portals.
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