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ABSTRACT

The proposed system processes user queries using semantics analysis and generates contextual
embeddings to better understand the meaning behind the search terms. It then applies similarity
scoring and intelligent ranking algorithms to retrieve and order the most relevant results.

The system architecture consists of modules for query preprocessing, semantics representation,
document indexing ,similarity computation and dynamics ranking.

The ranking components design to adapt over time by incorporating user interaction data,
enabling continuous learning and personalized search experiences.

Experimental evolution shows that the proposed Al-based approach outperform traditional
keyword based system in terms of precision ,recall, and Mean Reciprocal Rank(MRR).The system
demonstrates improved contextual understanding ,faster response times, and higher user
satisfaction .The proposed solution is suitable for applications such as e-commerce platform,
academics search engines, enterprise knowledge management systems ,and digital libraries. The
results indicate that integrating artificial intelligence into search and ranking mechanisms
significantly enhances the effectiveness and efficiency of modern information retrieval system.

Keywords: Artificial Intelligence , Information Retrieval, Search Engine ,Natural Language
Processing, Machine Learning, Ranking Algorithms.
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1. Introduction

The rapid growth of digital content on the internet and within enterprise system has created an
increasing demand for intelligent search mechanisms. Traditional keyword-based search system rely
on exact word matching and simple ranking algorithms, which often fail to understanding the
context, intent ,or semantics meaning of user queries. As a result, user may receive irrelevant or
poorly ranked results, leading to inefficient information retrieval.

Artificial Intelligence(Al)has transformed search technologies by introducing advanced techniques
such as natural language Processing(NLP),Machine Learning(ML) and Deep Learning. These
technologies enable search system to understand user intent, analyze large datasets, learn from user
behaviour, and deliver more accurate and personalized results. Ai-based search and ranking system
are widely used in modern application such as e-commerce platforms, digital libraries, search
engine, and recommendation systems.

An Ai-based and ranking system aims to improve the relevance and accuracy of search results by
analyzing semantics relationships, user preferences, and contextual information .Instead of relying
solely on keyword matching, the system learns patterns from data and dynamically ranks results
according to their relevance to the user’s query.
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1.1 Motivation

The motivation behind developing an Al-based search and ranking system arises from the
limitations of traditional search techniques. Conventional systems often:

> Rely on exact keyword matches rather than understanding user intent.

» Provide irrelevant or poorly ranked search results.

> Fail to adapt to user behaviour or preferences.

» Struggle with synonyms, spelling variations, or natural languages queries.
In digital information ,user expect faster:

» Understand natural Language queries.

» Learn from user interactions and feedback.

» Improve ranking accuracy over time.

» Deliver context-aware and personalized results.

Therefore, the development of an Al-drive search and ranking system is essential to enhances user
experience, reduce search time ,and increase the efficiency of information retrieval systems.

Modern applications such as e-commerce platforms, digital libraries, social media and enterprise
knowledge bases depend heavily on intelligent search mechanisms. In these environments, user
expect not only accurate results but also fast, personalized, and context aware responses.Al-driven
ranking systems address these expectations by combing techniques like semantic search ,vector
embeddings, recommendation models, and learning-to-rank algorithms.

The core idea behind an Al-based search and ranking system is to move beyond simple keyword
matching toward understanding the meaning of queries and documents .For example ,if a user
searches for “budget smartphones with good battery”, an Al system can interpret the intent and rank
results based on battery performance ,price range and user reviews instead of just matching the
words “budget” or “battery”.

Furthermore ,Al-based ranking systems continuously evolve user interaction data, such as clicks,
dwell time, and preference This enables the system to learn which results are more useful and
refines its ranking strategies over time.

In this research ,the proposed Al-based search and ranking system aims to design and implement a
model that:

» Understands natural languages queries.

» Extracts meaningful features from data.

» Ranks results based on relevance and user intent.

» Improves performances through learning algorithms.
1.2 Contribution

This research present the design and implementation of an Al-based search and ranking system that
improves accuracy and relevance using machine learning and natural language processing
techniques. The amin contributions of this work include:

1. Semantics Search Implementation

The system incorporates NLP techniques to understand the meaning and context of user queries
rather than replying inly on keyword matching.
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2. Intelligence Ranking Mechanism

A machines learning -based ranking models is deployed to order search results based on relevance,
user behaviour, and contextual features.

3. Eficient Retrieval Architecture
A scalable architecture is designed to handle large datasets and deliver fast search responses.
4. Performance Evaluation

The proposed system is evaluated using standard metrics such as precision ,recall and ranking
accuracy to demonstrates its effectiveness compared to traditional search methods.

2. Related work

Search and ranking systems are a core component of modern information retrieval (IR) and artificial
intelligence applications. Traditional keyword-based search engines relied on rule-based ranking
methods, but the growth of data and user expectations led to the development of machine learning
and deep learning-based ranking models. This section reviews important research contributions and
approaches related to Al-based search and ranking systems.

1. Traditional Information Retrieval and Ranking Models

Early search engines used statistical and heuristic-based ranking methods. Models such as TF-IDF
and probabilistic approaches were designed to rank documents based on term frequency and
documents importance.

Ranking is considered a fundamental task in information retrieval because the primary goal of a
search engine is to present the most relevant documents at the top of the results.

Traditional ranking methods were effective for smaller datasets but struggled and semantic
understanding, personalization ,and large -scale web data.

One of the most influential developments was the introduction of link-analysis algorithms such as
Page Rank, Which evaluated the importance of web pages based on their link structure.

» Keyword matching scores
Page popularity
Click-through rates
Document length

YV V. V V

Query-documents similarity

These features were combined machine learning models to compute ranking scopes. However, such
approaches required extensive feature engineering and domain expertise .Neural ranking models
were later introduced to automatically learn features from raw text, reducing dependence on manual
feature design.

2. Neural Network-Based Ranking Models

With advances in deep learning, neural networks began to play a major role in search ranking
systems. These models can automatically learn semantic relationships between queries and
documents.

Neural ranking models:

» Use word embedding doe contextual representations.

» Learn complex semantics similarities.

» Improves ranking quality compared to traditional methods.
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3. Transformer -Based and Bert Ranking Models

Recent advancements in natural languages processing have introduced transformed based models
such as BERT for search ranking.

Transformers have significantly improved text ranking performance by:
» Using contextual word representations.

» Leveraging large-scale pretraining.

» Understanding long-range semantic relationships.

Research indicates that transformers represent a paradigm shift in information retrieval and ranking
tasks. Modern search systems often use multi-stage ranking architectures, where:

1. A fast retrieval model selects candidate documents.

2. A transformer-based model ranks them for higher accuracy.

4. Reinforcement Learning for Ranking

Another research direction is the use of reinforcement learning(RL) in ranking systems.
RL-based ranking approaches:

» Require less fine-grained lable data.

» Can learn from user interactions.

Although promising ,RL methods still face challenges in outperforming traditional supervised LTR
approaches.

5. Deep Learning -Based Ranking System

With the attachment of deep learning, neural network models have been introduced to improve
ranking accuracy. These models learn semantic representations of queries and documents and
compute scores automatically.

> Deep Rank proposed a neural architecture that simulates the human relevance judgment process
by detecting relevant contexts, measuring local relevance, and aggregating them into a global
ranking score.

» Attention-based deep neural networks have also been developed to learn ranking function using
query and document embeddings.

These approaches capture both exact keyword matches and semantic relationships, leading to
improved ranking performance over traditional methods.

6. Modern Al-Powered Semantic Retrieval systems

Recent research focuses on hybrid systems that combine traditional retrieval techniques with neural
models. For example, large scale semantic retrieval system integrate inverted indexes with
embedding-based neural retrieval to better understanding complex or rare user queries.
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Search Engine Market Share

Others: 1.0 %
DuckDuckGo: 2.0 %
Yahoo: 2.0 %
Bing: 3.0 %

Google: 92.0 %

® Google ® Bing ® Yahoo ® DuckDuckGo ® Others
3. Research Methodology
Problem statement

In today’s digital world, users expect fast, accurate and relevant search results from layer volumes
of data such as documents, products or web content.

As data grows in size and complexity , it becomes difficult for conventional systems to deliver
personalized and context-aware results. Users may receive thousands of results, but only a few are
actually useful . this leads to poor user experience, increased search time and reduced system
efficiency.

» Understand the semantic meaning of user queries.

» Rank results based on relevance , context and user behaviour.
» Provide faster and more accurates search outcomes.

» Continuously improve using machine learning techniques.

The proposed system will use Artificial Intelligence and Machine Learning algorithms to analyze
user queries ,process data intelligently, and generate highly relevant ranked results.

Al-Based Search and Ranking System

S ——

Query Processing
(NLP, Cleaning)

1

Feature Extraction
(Keywords, Vectors)

Al Ranking Model J — e
(ML Algorithm) bamm d Search Database

Relevance Scoring &
Result Ranking
Ranked Results to the User

(Documents / Products)

Fig 1. Block diagram of the proposed model
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4. Reserch Methodology

The Al-Based search and ranking system is designed to improved traditional keyword-based search
engines by using Artificial Intelligence techniques such as Natural Language Processing(NLP) ,
Machine Learning(ML) and Learning-to-Rank algorithms.

The research methodology includes:

1. Data Collection and Preprocessing

2. Feature Engineering

3. Model Training and Classification

4. Ranking Optimization

5. Evaluation and Performance Analysis
4.1.1 Dataset overview

The dataset used in this project consists of:
» User search queries

» Documents/Web pages

» Click through data

» Query documents similarity features

While they still use basic search structures, they strive to answer questions directly rather than
simply displaying a list of pages. The information collected is processed through an Al model,
summarizing it into brief paragraphs, usually citing its sources. The Al’s ability to understand
natural language allows it to interpret questions accurately, even if specific keywords are not used
(though many traditional search engines now incorporate such Al capabilities as well)

Perplexity Search Engine

Founded in 2022 by Andy Konwinski, Aravind Srinivas, Denis Yarats, and Johnny Ho, Perplexity
Al emerged from the founders’ work at Google Al, where they contributed to developing large
language models. Frustrated by the lack of efficient ways to access and leverage existing knowledge
within these models, they established their own company to address the issue. The name
—Perplexityl reflects the company’s aim to provide accurate and insightful answers to complex
questions.

Perplexity Al developed a powerful search engine capable of understanding question context and
providing relevant responses from various sources. The company also works on additional features
like generating code, creating spreadsheets, and solving mathematical problems.

4.1.2.KEY FEATURES OF TYPESET.IO

» Text Rewriting: The platform allows you to rephrase previously written texts or any content
you wish to rewrite in a scientifically rigorous style.

» Data Extraction: The tool enables you to extract data from files you've uploaded and presents
the information in a format you need.

» Convert PDF to Video: You can upload any document with information, and the platform can
convert it into a video. This website also allows for ‘filtering results," meaning the researcher can
specify the type of results they want. These results can be directly related to their study topic,
similar topics, file type (PDF), open access to studies or restricted access, the year of
publication, the type of study, articles published in journals, books, conference abstracts, etc.
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Additionally, the site provides the researcher with a set of scientific and intellectual questions
related to their topic, should they wish to obtain answers to all of those questions.

Feature Bing Search Engine Google Search Engine
Owner Microsoft (Microsoft) Google (Google)
Launch Year 2009 1998
Search Results sz:g(\e/tI;erZSa\S\?il:rr]altC?V\r/Z?JrgalEil:]tg; Prov!des more comprehensn_/e and
detailed results due to algorithms
compared to Google
. Relies on Microsoft’s own Relies on PageRank and advanced Al
Algorithms . .
algorithms algorithms
Al and Machine Uses Al to improve search Uses expansive Al to enhance quality
Learning results and page ranking and user experience
Local Results Good results, but sometimes less | Extremely fast results, part of Google
Ranking accurate Maps data
Compatibility with Works weII_with I\/_Iicrosoft Integrates seamles_sly with Google
Other Products products I_|ke Office and products like Gmail, \_(ouTube, and
Windows Google Drive

Good search results but can be

Continuous Search
less accurate compared to

Extremely accurate search results

Results Google thanks to advanced Al algorithms
User Interface Simple interface, may seem less Clean, easy-to-use interface with
organized compared to Google exclusive features

Reasonable predictive results but

Predictive Results | less accurate at anticipating user Advanced p_redlctlve results that are
highly accurate

needs
Marketing and Ads Ads visible through Bing Ads Ads dl_splayed through Google Ads
Network with professional features
. Good Bing Translator but may \ery accurate Google Translate
Translation . X
struggle in some languages covering more languages
. Offers image search but Highly advanced image search using
Visual Search sometimes less effective Google Lens
Privac wansparency compared to | O1ers good pivacy optors,but
y P Ggogle P Google collects expanded user data

Includes academic services like

. . . Provides Google Scholar, a well-
Academic Search Mlcro_soft Academic (but not as known tool for academic research
prominent as Google Scholar)

Partnerships Partnerships with various Partnerships with a wide array of
platforms (like LinkedIn) major platforms across the internet
Maps Bing Maps is good but less Google Maps is the preferred choice
refined than Google Maps for navigation and directions
Search Technology Relies on Microsoft technologies Uses Al, Deep Learning, and
like Azure Al specialized data requirements

4.1.3The tool offers a wide range of features, including:

» Displaying details of the papers you have searched for.

» Linking old and new papers available through global search engines.
» Providing summaries of research papers easily and conveniently.
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» Creating a graph for all research papers, making it easier to find and view them.

The feature of this tool is that you can search using keywords or key terms related to your research
topic, specific terms, the Digital Object Identifier (DOI) of a book or article, or by entering the
author’s name. For example, when I searched for sources on the topic of "History of Iraqi-British
Relations," | was provided with a large set of the most important and relevant sources related to the
topic.

You can click on any topic to either download or read it directly. The tool also allows you to access
the original website where the topic was published.

4.1.4.Some of the key features of this search engine include:
» Largest scientific data repositories ever.
» Adds value by providing an intuitive user experience that meets the expectations of researchers.

» Access to the full text of millions of open-access articles. You can add your own private or
shared content list to access the full text of all resources.

» The Al Chat application acts as a research assistant to support the search engine.

» Multidimensional search to narrow down your results and find articles quickly. Journal
recommendations help you decide where to publish your article or discover similar research and
researchers. The engine offers a range of truly amazing options, the most notable of which are:
filtering outputs based on (year, publishing institution, field of study, country, article type,
author, publisher, and goal).

4.1.5. SEMANTIC SCHOLAR REPOSITORY

Semantic Scholar is one of the most prominent digital repositories powered by artificial intelligence.
It is a project developed at the Allen Institute for Artificial Intelligence and was released to the
public in November 2015. It is designed to be an Al-powered search engine for academic
publications, using a combination of machine learning, natural language processing, and computer
vision to add a layer of semantic analysis to traditional citation analysis methods. Compared to
Google Scholar and other repositories, Semantic Scholar is designed to highlight the most important
and impactful papers and identify connections between them.

You can create an official account on the platform using the researcher’s email. Once registered,
you can search through millions of papers included on the site by simply typing the title of the
research paper you're looking for or search any topic across various scientific fields and disciplines.
You will be presented with hundreds of thousands of research papers related to your specific topic.
For example, | searched for the topic "Modern Research Methodologies™ and received a summary of
research related to my search. You can download the research paper as a (pdf) file or save it to your
library associated with your account on the repository, which you can access anytime. The site also
allows citation of all research papers, and you can view the publisher or journal that released the
paper and visit the publisher's site. These features are provided by this academic tool. One of the
good services this repository offers is the ability to sort or filter search results. As for the
researchers' accounts on the repository, they are one of the truly wonderful and unique services
provided by the site. After creating a personal account, researchers can edit their profile, add their
full name, title, workplace, and personal photo. You can also search for your research and papers
and add them to your personal profile. For example, in the image, my personal account contains a
list of my research, which | have added to my profile and can be made public. On the main page of
the tool, all of the researcher’s papers are displayed, with the option to edit them and update the
personal profile by clicking on the "Edit other page" option. You can add personal information,
including a scientific biography of the author, and add other academic accounts such as "ORCID,"
"Google Scholar," or the researcher’s personal website. The site also allows you to track the number
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of "citations" for your papers, showing how many citations they have and the highest citation rates
for all your research. Additionally, you can add co-authors for your research paper and follow a
large number of researchers whose research paths align with your focus or field of expertise. This
allows you to benefit from the research they publish periodically and stay updated with their work.

4.1.6. Ranking Evaluation Metrics
1. Precision@K

2. Recall@K
3. Before Al Ranking:

4. Mobile Phone

5. Gaming Laptop

6. After Al Ranking

7. Office Laptop

8. Mobile Phone

These metrics are standard in search engine evaluation and are used in conferences like TREC
4.1.7 Result Analysis

> Neural Network performed best due to deep feature learning

» Traditional models performed well but lacked contextual understanding.

» Ranking metrics improved significantly after feature engineering.

» Al-based ranking outperformed traditional keyword-based search.

The proposed Al-Based Search and Ranking System demonstrates that:

» Machine learning significantly improves search relevance.

> Deep learning models achieve higher classification accuracy.

» Ranking metrics confirm better result ordering.

> Al-based systems outperform traditional keyword search engines.

The methodology ensures:

v Structured data preprocessing
v Efficient model training
v Scientific evaluation

V Statistical validation of results

Type of Search
Engine

Approximate

Global Usage (%6) Field of Use in Science

Key Tasks

Technical Sciences
80-85% (Artificial Intelligence,
Computing)
Medical Sciences
(Literature reviews,
Biological research)

Al-powered | Text analysis and context
Search Engines understanding

Personalizing results
based on user behaviour
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Social Sciences (Data

Supporting voice search analysis and predictions)

Offering intelligent
recommendations
Continuous learning to
improve results

Traditional Traditional text-based 15-20% Humanities (Historical
Search Engines search and Literary research)
Displaying results based Econor_nlc SC|ence§
on keywords (Searching for public
data)
Ranking results based on Basic Academic
links and relevance Research

5. Conclusion and future work

Irrelevant or poorly ranked outputs. To address this limitation, the proposed system integrates
artificial intelligence and data-driven ranking models.

Search performance compared to traditional methods.. The proposed system can be applied in
various domains such as e-commerce, digital libraries, enterprise search, and recommendation
systems. Although the current system performs effectively, there are several areas where
improvements and extensions can be made to enhance performance and real-world applicability.

1. Deep Learning-Based Ranking Models
Future versions of the system can use advanced deep learning models such as:
» Transformer-based models

» Contextual embeddings

> Neural ranking models

2. Real-Time User Feedback Integration

» Click-through data

» User behaviour tracking

» Relevance feedback mechanisms

3. Hybrid Search Approach A combination of:
» Keyword-based search

» Semantic Al-based
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