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Search engine optimization (SEO) is an important internet marketing strategy
and process that facilitates maximizing an intended website’s visibility with
search engine results. It is widely employed nowadays to improve traffic
volume or quality from search engines to a particular website. Even though a
significant number of publications imply the essential aspects of SEO, only a
few provide generalized ideas to deal with the complex structure of the web.
Also, the critical issues of content quality, site popularity, keyword density,
and publicity factors were not much considered in the traditional ranking
algorithms during SEO processes. This has negatively influenced the retrieval
rate in the existing SEO techniques, and consequently, inadequate search
results were obtained through search engines. Hence, the study considers web
page ranking as a theoretical basis for the research and addresses these
limitations in the existing system. It further improves SEO performance by
introducing a unique web-page ranking strategic design to gain higher page

rank results. The results of the investigational study show that the proposed
system effectively contributes towards SEO with an improved page ranking
strategy and also provides higher accuracy in calculating the importance score
of web pages which is comparable with popular ranking algorithms such as
hyperlink-induced topic search (HITS) and PageRank.
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1. INTRODUCTION

The concept of a search engine is not new; ‘Archie’ was the first to be released in the early 1990s,
specifically to search file transfer protocol (FTP) data. Conversely, ‘Veronica’ was believed to be the first text-
based search engine ever created [1]. The fundamental motive of businesses in the current digital marketing
era is to communicate appropriate information about their products and services to the right customers through
websites with minimal effort, which has led to an increase in the number of websites on the ‘world wide web’
[2], [3]. Search engine theory develops from the perspective of giving appropriate website pages to the targeted
consumers, and in this way, it is consistent with the fundamental ideas of internet marketing. Search engines
navigate through the billions of pages available on the internet and sort the web pages based on their relevance
to the user-generated query (e.g., keywords and phrases) [4]-[6]. Currently, the popular internet search engines
are Google, Yahoo, and Bing. As a result, whenever a user enters a specific phrase or keyword in a search
instead of the whole website URL for a company, the search engine uses that term to find the appropriate web
pages [7]-[10]. Further, a list with the most pertinent page at the top is displayed. This approach helps
organizations reach their potential consumers by appearing at the top of the search results. Many of the
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traditional search engine optimization (SEO) design strategies are intended to attain higher page rank results
where the popularity of page ranking algorithms arises [11], [12]. Various research studies are being carried
out on designing effective SEO strategies to gain higher page rank results from the perspective of performance
improvement. However, scattered challenges arise when it comes to the practical implementation of research-
based studies in SEO. The research-based studies on SEO have reported various pitfalls associated with the
existing ranking algorithms [13]. Most existing page rank algorithms only employ a few relevant keywords to
retrieve top-k web pages. Also, the resulting web pages may not meet the intended search query. Also, in the
existing page rank algorithms, the need for cost-effective analytical processing with reliable and higher
efficient page ranking is highly envisioned to ensure the adequate performance of SEO [14]-[16].

The research on web structure mining evolves with the purpose of discovering information from the
web. It also searches for information pertaining to relevant scores for web pages and hyperlinks to determine
the quality of the search results. It basically focuses on organizing the hyperlink structure of the web. The study
by Dubey and Roy [17] talks about the significant factors of page ranking for measuring the importance and
behaviour of web pages. Jayaraman et al. [18] also highlights that the performance of SEO could be increased
if the process of website ranking is designed in an optimized flow of execution for particular search terms in
search engines. It also shares the conventional ideas related to SEO on-page ranking while managing the
incoming links and website characteristic features. There is no denial of the fact that the performance of
traditional page rank algorithms could be improved by using web mining techniques, viz., web structure, web
content, and web usage as highlighted in [19].

Alghamdi and Alhaidari [19] also talk about the core web page ranking algorithms and explores their
idea for enhancing the performance of SEO. The idea of page ranking evolved from the most popular baseline
of the PageRank algorithm, which Google employed. The design and operational factors of the traditional
PageRank algorithm utilize the web structure mining concept to compute the page rank values. However, the
core design model of this algorithm computes the rank score of the page at indexing time and evaluates the
page score considering the in-links, which could mislead the search results in the post-ranking phase, as claimed
by Suri et al. [3]. The computational approach of representing the working flow of hypertext-induced topic
selection (HITS) considers a directed graph structure where vertices represent the web pages and a set of edges
depicts the links [20]. Zhang et al. [20] claimed that the performance of this algorithm could be improved to
enhance the scope of SEO operations for various user queries. Chowdhary and Kumar [21], in their study, talk
about the sub-variant of the main PageRank algorithm, which is referred to as the weighted page rank algorithm
(WPR). The authors claim that this baseline approach has a broader scope for improvement owing to its
advantages of computing both in-links and out-links towards measuring the importance of a web page’s score.

Kelotra et al. [22] designed an improved method of page ranking considering the baseline properties
of the traditional PageRank algorithm. Here the method operates on page rank based on the duration a user
spends on the web page and its link structure. The authors claim this approach could effectively offer a better
retrieval rate for web search engines. Hao et al. [23] also enhanced the traditional PageRank algorithm for web
content search. The study by Usha and Nagadeepa [24] also introduces a hybrid page rank algorithm where the
algorithm utilizes web structure, web content, and web usage mining techniques to compute the in-links of the
web pages. Tuteja et al. [25] perform modifications on the design features of traditional WPR considering the
frequency of visits of in-links and out-links, which is further combined with the original mathematical
formulation of the WPR algorithm strategy. Singh and Sharma [26] also introduced another form of page rank
algorithm, which considers both web structure and web usage mining techniques. The algorithm design
computes both in-links and out-links weights and the frequency of visits of in-links on web pages. The study
offers better results with its strategy for improving search engine results. Another approach to page ranking
considering content weight is presented by Joshi and Gupta [27]; here, the study considers content weight
parameters corresponding to web pages for respective query terms to calculate the page ranks. In the study by
Jaganathan and Desikan [28], the page rank algorithm also computes the in-link and out-link weights associated
with the web pages. However, it also constructs its weight matrix, which facilitates retaining the page ranks.

An agent weighted page ranking algorithm (AWPR) is designed as an enhancement of the traditional
WPR algorithm, which is subjected to perform web structure mining while computing the weight of in-links
and out-links presented by Nagappan and Elango [29]. Another similar study by Gupta and Singh [30] also
represents a user preference-based page ranking algorithm where it addresses the topic drift problem of the
AWPR algorithm considering the advantageous factors of web-usage mining in calculating visits of in-link.
Mahajan et al. [31] introduced a extended weighted page rank based on visits of links (EWPR VOL) algorithm
to improve the performance of WPR. Alghamdi and Alhaidari [19] further improvised the performance of
EWPR VOL algorithm to enhance search engine performance for appropriate retrieval of search results
considering web structure, web content and web usage mining approaches. Alhaidari et al. [32] have also
introduced a decision-making trial and evaluation laboratory (DEMATEL) model to improve the performance
of websites towards fulfilling the user’s requirements. A linear programming-based statistical modelling was
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introduced to enhance the ranked list of web search engines by Amin and Emrouznejad [33]. The experimental
outcome shows that optimizing the search engine results takes much longer than usual. Another ranking
technique is designed in the study of Bozkir and Sezer [34], where the approach considers computing visual
similarities among webpages. However, the retrieval scores of a search engine are affected by higher false
positive scores [34]. A similar ranking scheme is also introduced Ahmad et al., [35], where an enumerative
feature, subset-based ranking, modelling was developed to improve the search engine results. However, the
retrieval rate of the scheme was found to be very poor. There are SEO techniques as depicted in the studies in
[36], [37], where the prime emphasis was laid on increasing a website’s visibility. However, the time to mine
the top-ranked website pages was not minimized. Also, the computational complexity is much higher in the
approach of [37]. Ozdemiray and Altingovde [38] introduced a ranking aggregation technique. The primary
motive of this study was to minimize the computational complexity of web page optimizations. However, the
experimental results show that the approach takes comparatively longer to retrieve the top-ranked results by
the search engines. Banaei and Honarvar [14] have encouraged using machine learning-based approaches in

SEO for determining the website’s rank. However, the approach was found satisfactory with the test data but

the retrieval time for extracting top-k web page results was higher due to its iterative operations.

However, the challenge arises to balance the trade-off between computing effort and efficient page
ranking for retrieval of targeted pages on the first page of search results. The analysis of existing approaches
to SEO exhibits that there have been extensive research efforts towards improving the analytical operations in
page ranking strategies. However, it is essential to outline both the strength factors and limitations in the
existing designs of page rank strategies so that readers will have a clearer idea about the scope of improvement
for the future line of research. The analysis of the conventional strategies for SEO-based page ranking
algorithms generates two general research questions (RQs), which are as follows:

— RQ1: What contributes to search engine rankings?

— RQ2: What can web content creators and admins do to make their content and sites easier to find by
audiences using search engines?

The proposed study also reviewed some essential page ranking strategies in SEO operations.
However, despite having, popularity, the existing page ranking designs in SEO suffers from various
shortcomings, which could be noted as follows:

— Most existing page ranking strategies do not cover multiple parameters during SEO operations. This leads
to critical issues regarding content quality, site popularity, keyword density, and publicity factors [17]-[21].

— Even though page ranking analytical design modelings are highly encouraged for effective search engine
results towards retrieving top-k targeted pages, the retrieval rate in most of the existing SEO approaches
could be better.

— The existing page rank algorithms for SEO need to meet the requirements for intended search as it evaluates
the page score by considering only links. Also, most of the existing SEO designs are affected by the problem
of topic drift [22], [24].

— In many cases, challenges arise when dealing with links connected with two or more similar sites. In contrast,
some links could be created unrealistically to encourage the appearance of spam pages by the search engine
(SE) to be in the top-ranked search results. This also misleads the results to the users [29], [30].

— It is also observed that the traditional SEO approaches execution workflow models are computationally
complex and affects the retrieval time performance, even though, in many cases, inadequate SE results are
also obtained [35].

— Theexisting SEO approaches need to ensure a proper balance between the retrieval rate of the top-ranked search
results with the computational complexity aspects which influences the time of retrieval [14], [36]-[38].

All the research mentioned above problems are identified to have concrete solutions; hence, the proposed

scheme deploys a novel page rank strategy to address these open-end research problems in SEO.

The study addresses the practical implementation constraints associated with SEO from the cost point
of view and aims to improve the performance of SEO with an optimized page rank strategy. The proposed
study, in this regard, introduces a framework that analytically develops an optimized page rank algorithm to
obtain the significant ranking of web pages so that intended search results could be published with lesser
computational effort. The proposed strategy of page ranking is modeled to facilitate gaining higher page rank
results with an optimized flow of execution and also enhances the retrieval performance while covering
multiple parameters. The uniqueness of the proposed SEO approach lies in the fact that it incorporates novel
analytical strategic execution to contribute towards best search results through improving the performance of
the page rank algorithm and also ensuring adequate convergence value for retrieval of top-ranked targeted
pages within considerable iterations.

The entire manuscript is structured as follows. In section 2, the extensive idea corresponding to the
research methodology is discussed, along with elaborated discussion on the system design, and the algorithm
description. Section 3 highlights the acquired results and justifies the proposed study's effectiveness. Finally,
section 4 also provides conclusive remarks about the overall work and highlights its novel contributions.
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2. METHOD

The proposed study introduces a simplified and unique design approach to formulate a page rank
strategy for effective search engine operations. It explores the ideas behind the baseline PageRank models and
further attempts to optimize its flow of execution to normalize ranking a set of websites which also contributes
towards effective search engine results. Here the prime motive of this algorithm is to make the targeted search
results appear on the top of the front page with the pages having the highest relevancy scores. The conventional
SEO designs are based on the PageRank algorithm variants, which aim to retain high page rank scores at the
top of the front page considering a specific user’s provided search (query).

The study applies a power method that updates the weighted reference counts generated by the
hyperlinks between pages. Further, the system applies a connectivity vector and evaluates the hyperlinks
between the pages to measure the in-degree and out-degree for the respective pages. The computation further
also explores the probabilistic factors of user behaviour and constructs a transitional probabilistic matrix.
Further, the strategy applies Perron—Frobenius theorem and assesses the scaling factor to obtain the page rank
score for respective pages. The study also applies a normalization technique to make the ranking of the web
pages more reliable within considerable amount of iteration for execution schema. The page scores are further
normalized considering the total count of out-going links of the source nodes. The strategy also shares the idea
of normalizing page rank of each page considering a mean value operation and further assesses the iterations
to retain highest page rank scores for more significant pages during SEO operations.

The proposed approach’s prime motive is to design and develop a novel analytical operation for page
ranking in SEO. An explicit system design and modeling approach is constructed to realize the system
operations for effective search engine results from both retrieval performance and cost of computation point of
view. The system design modeling considers graph theory to explore the link structure of world wide web
(www). Here the system design and modeling are also inspired from the conventional PageRank algorithm
towards ranking the search engine results. The study also explores the idea through which PageRank algorithm
ranks a collection of websites.

2.1. Modelling of markov process

The study considers the theory of the Markov chain or Markov process [39] to design the analytical
operations of page ranking in SEO. The underlying idea of Markov chain refers to a stochastic process in which
states change for the transition probabilities. Here the transition probabilities are determined by the steps of the
previous time step. This theory is crucial to model large-scale systems with random behaviour where the area
of search engine operation also arises. In web surfing, a user navigates from one page to another by randomly
choosing the outgoing links. This can lead to the dead end of web pages with no outgoing links. Alternatively,
it can also happen that the user cycles around interconnected pages. So, it is evident that a user tends to choose
a random page from the web in a certain fraction of time. This scenario is often called a random walk and
theoretically can be described with Markov process.

2.2. Analytical operation of pagerank strategy

A probabilistic strategic evaluation is related to estimating page rank score. Here, the proposed system
considers a limited probabilistic score (P;), which denotes the likelihood that a random web surfer will visit
any website. It also goes by the name PageRank. Let W is a set of web pages which can be represented as
W = {W;}[-,. Here n represents the number of web pages. The formulated page ranking strategy basically
operates on the count of incoming (I;;,,) and outgoing links (0;;,,x) to a page. The strategy also evaluates the
quality of links to a page for effective SEO. This idea helps determining and generalizing the degree of
importance (DOI) of a particular website. For example, a graph-based representation can be modeled to depict
three web pages such as W = {W;};_, in the form of three vertices. The webpages can be reached through the
formulation of hyperlinks (h;) which begins at any of the root page. The proposed ranking strategy initially
constructs the connectivity vector and further enables an explicit functional module f; (x) to compute the row
and column summation from the V},,,,. The system also computes a perceived importance factor (I) for a
particular website or web-page through the proposed page rank strategy for effective SEO. The proposed page
rank strategy is implemented over SEO for effective search engine results considering graph-based modeling.
The connectivity vector V;; represents connection or hyperlink between page i to page j. Also, the strategy
further estimates a probability factor of B. , which implies the possibility of an Internet user to randomly select
and follows a link of a current page. Another probability measure of & implies the possibility of choosing a
specific random page which can be computed as (1):

5=1=P)/ )

Int J Artif Intell, Vol. 14, No. 1, February 2025: 73-82



Int J Artif Intell ISSN: 2252-8938 a 77

Here the V., represents a connectivity matrix which corresponds to a portion of web structure. The
proposed formulation of page rank strategy also estimates the quantities of row; and col; which indicates the
in-degree and out-degree measure of jth page. The strategic solution further also constructs a matrix T which
is also of the dimension (n X n). The elements of T;; can be represented with the (2).

%+ & :colj #0
Ty=9." )

- 2 colj =0

Here the computation of T;; takes place by scaling the connectivity matrix V;; with respect to its

column sums. Here the jth column in T;; indicates the possibility of an user jumping from one page to another
pages in the web. If it is found that the jth page is dead end then it has not out-going links to be associated.
The strategy applies a uniform probability factor of 1/n in all the elements of the column vector. It can be seen
that most of the elements in the matrix T;; belongs to & that indicates the possibility of jumping from one page
to another without following a link. Here the transition probability matrix T;; is computed considering the
theory of Markov chain. The characteristics of this T;; is that their element lies between {0,1} and its columns
sum is computed as 1. The study further also applies another explicit functional modeling f,(x) to compute
T;;. The proposed study further also employs a methodology of Perron—Frobenius theorem [40] to the matrix
which is retained. The study here applies another functional module f3(x) to compute the non-zero solution.
The study also explores the best way to optimize the computation of page rank strategy by exploring advantage
of particular structure of Markov matrix. Here the approach attempts to preserve the sparsity factor associated
with V;;. The formulation of the computation of transition matrix can be formed as (3):

T = Y,(P * V = Diag, €) 3)

Here Diag represents a diagonal matrix(d;;) considering the reciprocals of the out-degrees. Also &
implies a rank one matrix which is accounted for the random choices of web pages that do not follow the links.
Here the page rank strategy can be optimized with the (4).

(I—P=*VxDiag)x =k (4)

Here k is the n vector of all ones and correspond to €. The progressive computation of page ranking
can be further updated with respect to the following normalized expression:

=20 g (0 x (9) +2) 0

Here r denotes a vector consisting of page rank scores whereas P, implies a scalar dumping factor and
its value is considered to be 0.85. This probability factor indicates the possibility of a user to click on a link on
a current page rather continuing to another random page. Here M’ represents an adjacency matrix of the web
graph structure. Also, the vector d indicates the out-degree measure of a node in the graph structure. The value
of d is considered to be 1, if there exist nodes with no outgoing links. n represents the scalar number of nodes
in the graph. Here in expression (5), s represents sum of the page rank scores for the pages having no links.

2.3. Algorithm design for page ranking in search engine optimization

The following analytical algorithm exhibits the workflow model of the proposed algorithm design
strategy of page ranking for SEO. Here study formulates simplified work flow modeling of the design of page
ranking strategy for effective SEO. The study also incorporates a set of explicit functionalies to model the
design strategy of SEO where a set of baseline strategies are also reffered for optimized execution. The steps
associated with the proposed ranking strategy are illustrated in Algorithm 1.

Algorithm 1: For page ranking for effective SEO
Input: source(s), target (t)

Output: rank r

Start

1. Inits;t

2. {W;}iL for st

3. Fori=1:s
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LForj=1:

Vi » links Olinks dlgraph

Execute f; (x)

row;, coljP. ,1 - P, 8

f2(x) to compute T;; (Markov Chain)

9. Perron—Frobenius theorem [40]

10. Optimize transition matrix T

11. (I =P =V = Diag)x = k (5)

12. Compute Page Rank r for SEO using (5)

© No s

13. Normalization of each r

14. Retain Significant Page Rank Score
15. End

End

The above analytical operations involved in the proposed page ranking strategy are applied over SEO
for effective SE results for target and relevant top page retrieval. The study also applies formulation of directed
graph structure to visualize the web structure model to illustrate how each node representing web page confers
its specific rank score to other nodes or web pages. Unlike existing page rank strategies (HITS and PageRank),
the proposed idea of the simplified and light-weight analytical framework of SEO considering the optimized
page rank strategy not only enhance the retrieval performance, also the reduced iterations for optimal
processing of the work flow model ensures effective retrieval time.

The novelty of the proposed page rank algorithm of SEO is as follows:

— Unlike existing page rank strategies, the proposed page rank algorithm contributes towards enhancing the
retrieval efficiency of SE for target top-k pages.

— The design idea is simplified for light-weight analytical operations which also ensures cost effective
computation and shorter retrieval time for SEO

— Unlike existing system, the proposed algorithm handles the problem of topic drift and set high rank values
to more popular pages for effective search engine results on the top of the first page.

A closer look into the entire algorithm implementation shows that the proposed scheme offers a novel and

sophisticated SEO operations with balanced performance between retrieval efficiency and retrieval time. The

next section further illustrates the experimental outcome obtained from a strategic implementation of the

formulated optimized page rank algorithm of SEO.

3. RESULT ANALYSIS

This section illustrates the numerical outcome obtained after simulating the proposed algorithm over
six different websites W. The prime reason behind adopting analytical strategy for numerical simulation is — it
provides better representation of the outcome considering different metrics through which the effectiveness of
the proposed strategy could be validated to a greater extent. The result analysis also covers the simulation
assessment strategy along with experimental outcome and analysis to conclude the effectiveness of the study
model.

3.1. Simulation assesment strategy

The study considers MATLAB to construct the framework modeling for proposed optimized page
ranking of SEO. It considers a regular 64-bit Windows machine with i5 processing capability. The algorithm
is strategically modeled and scripted considering analytical schema to realise the objective of the proposed
research study. The numerical analysis is considered to compute the values and to visualize the outcome as
obtained from the proposed algorithm. For the purpose of performance assessment of the proposed strategic
schema of page ranking the study not only relies on evaluating the page rank score for web pages but it also
considers computational time as a parameter of complexity in the form of number of iterations of the algorithm
to judge the how it converges towards the targeted top-retrieval of pages in SE results in considerable amount
of retrieval time. The experimental outcome is further assessed for a comparative study under different
conditions.

3.2. Experimental assesment and analysis

The strategy for result analysis considers implementing this proposed page rank idea to enhance the
search engine performance for both retrieval efficiency with respect to ranking and reducing the computational
time to minimize the time of retrieval. The Figure 1 shows the page rank measure obtained through the
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proposed page rank algorithm of SEO towards retrieving the top-8 pages from the SE. The degree of
information of node computes the average InDegree and OutDegree measure are 20 and 14 respectively for the
retrieved pages. The proposed study also further normalizes the page rank score of the individual pages to
enhance the SE results considering the (6).

F= (6)

Hvr

Node8/WebPage8
Node7/WebPage?
Nodet/WebPaget
Node5/WebPage5
Noded/WebPaged
Node3/WebPage3

Node2/WebPage2

Webpages retreived through SEO

Nodel/WebPagel

0.042 0.0425
Page Rank for top-k pages in SE

e
o
F
w

0.0435 0.044 0.0445

Figure 1. PageRank measure for top-k pages retreived in SE

The normalization of page rank score significantly improves the performance of SE. The study further
analyses the graph structure of connectivity for degree of information among the nodes. The study also
extended the analysis of the proposed optimized page rank algorithm of SEO for implementing it on another
website having set of webpages linked. In this regard it refers to a data which is obtained through automatic
web crawler for a particular website. The experiment here constructs an adjacency matrix of V;; where the
connections between 100 nodes are explored and their information are extracted. The nodes in the clique are
highly connected with each other and it also depicts the fact that if a random web user uses SE, then that user
has got a probability factor of approximately 4.5% chance to arrive on the retrieved pages. The study also
evaluates the measure of computational time complexity for iterations which also reflects the algorithm’s
influence on minimizing the retrieval time.

The Figure 2 shows the comparative analysis among the conventional page rank algorithms and the
proposed PageRank algorithm for the measure of computational time complexity measure in average
processing time (sec). The Figure 2 shows that the proposed optimized PageRank strategy converges towards
the target retrieved pages with minimal number of iterations which is comparatively more in the case of
conventional PageRank algorithm and HITS. One of the primary reasons of optimizing the iteration process is
that the proposed PageRank strategy simplifies the execution process with explicit functions where the core
computational efforts are reduced to a greater extent. It also applies a normalization function for page ranking
and retrieve the most significant pages in SE. This is how the proposed strategy also reduces the retrieval time
for SE results. The study also performs a comparative analysis with significant related studies as highlighted
in the literature section of the study is shown in Table 1. Table 1 highlights the comparison with the state-of-
the-art methods presented in section 1. From the outcome shown in Table 1, the following inference of novelty
is drawn:

— The closer analysis of the performance of the proposed PageRank strategy in SEO shows that unlike
conventional approaches it accomplishes a well-balanced performance between Retrieval Accuracy and
Retrieval Time. The performance of Retrieval Time is influenced by optimizing the iterations of the
proposed PageRank algorithm design.

— The study also shows that the simplified design modeling of PageRank strategy is cost-effective and has
reduced dependencies of iterative computation towards reaching to the convergence factor of the high-
ranked target page on SE.

A page rank-based analytical design of effective search engine optimization... (Vinutha Mysore Srinivas)
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— Unlike conventional machine learning based designs for SEO, the proposed PageRank strategy also
optimizes the retrieval time with simplified and progressive analytical operations which makes it more
significant and lesser complex.

— The light-weight analytical operations not only ensure better retrieval score of PageRank but also reduces
the complexity execution modeling as comparison to the existing PageRank strategy.

120

100
80
60
B Avg. No of
40 Interation/WebPage
i I I
0
HITS

ProP{PageRank) PageRank
Page Rank Algorithms

Avg. Iteration in the Measure of
Computing Time

Figure 2. Comparative study of computing time measure for iterations

Table 1. Comparison with state-of-art

Method Computational complexity  Retrieval accuracy  Retrieval time
ProP (PageRank) Low High Low
Alghamdi and Alhaidari [19] High High High
Suri et al. [20] High Low High
Jayaraman et al. [18] Moderate Low Moderate
Banaei and Honarvar [14] High Moderate High
Alhaidari et al. [32] High Moderate High

4. CONCLUSION

The study in this research work introduces an optimized PageRank algorithm for effective search
engine operations. It designs the SEO based on a normalized PageRank analytical strategy where the flow of
execution is optimized to balance the performance of retrieval efficiency for top-k pages and the retrieval time.
This research approach offers an extensive study of the conventional related work on page ranking and further
derives the problem from its core findings. The proposed research methodology uses the advantageous factors
of Markov process modeling and the Perron—Frobenius theorem to offer better search results over SE. Unlike
the existing system, the study also offers a well-balanced performance between retrieval efficiency and retrieval
time by normalizing the page rank scores, significantly reducing the convergence time for retaining the top-k
pages through SEO. In the end, the study also compares the performance of the proposed PageRank strategy
with the state-of-the-art page rank designs. It justifies the proposed PageRank strategy's effectiveness in
enhancing SEO performance. Future research will explore the formulated PageRank algorithm with more
varying execution parameters and analyze its performance.
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