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ARTICLE INFO ABSTRACT

This research provides a new way to discover online educational services with focus
on retrieving and analysing web service descriptions from WSDL documents
through UDDI entries in addition to APT documentation of various websites and
sources. Key steps involved in the proposed algorithm are semantic enrichment,
text processing, ranking, similarity computation and data retrieval. First of all,
different APIs and WSDLs from UDDI entries were collected and studied. Textual
refinement of web service descriptions is done using text preparation techniques
such as tokenization, stop word elimination, lemmatization etc. Synonym
expansion is an example of how lexical databases like WordNet can be used for
semantic enrichment enhancing the contextual understanding of the service
descriptions. Thereafter enhanced similarity measures are applied for determining
semantic similarity between user queries and web service descriptions so that
matching query intents with feature sets becomes simpler. Finally search results are
ranked based on both authority (derived from PageRank algorithm) as well as
semantic relevance metrics so as to suggest most trustworthy and appropriate
contextually relevant services to users since. In online service discovery, the
suggested technique has been found to be effective and useful through
experimentation. This suggests that it can enhance the user friendliness and
availability of web service ecosystems.

Keywords: Web service, Web service discovery, computing, educational service
search

Introduction:

Web services form an integral part of today’s businesses, and our daily lives and discovery of web services has
always been heavy task and inefficient. Thus, the need for an efficient yet accurate discovery method arrives.
The services need to be specific to an individual’s specific requirements. This research proposes an advanced
technique for discovering web services though using text processing techniques, ranking algorithms such as
PageRank and semantic search algorithms such as latent semantic analysis.

The suggested methodology is a mixture of advanced approaches that improves the relevancy and accuracy of
search engine results. The semantic search techniques are based on complex natural language processing
(NLP) algorithms which help to infer the meaning of textual data. TF-IDF algorithm is used to extract semantic
elements from web service descriptions and user queries to help contextual searches.

Porter’s algorithm is used for the efficiency of the searching process by enabling the search queries to be precise
and improving the linguistic presentation of web service descriptions and user queries. This eliminates
redundant information, boosting the semantic analysis.
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A popular lexical database for the English language, WordNet is used to expand user queries into synonyms
thus improving the semantic context of the query. This improves search query accuracy and relevancy by
introducing a wider vocabulary.

The paper also uses Google’s PageRank algorithm — a link analysis tool used to rank retrieved web service
descriptions based on their relevance and authority. PageRank positions services in the search results with
more connection degree and authority based on the link structure of the web services.

Literature Review

This paper focuses on the increasing need for sophisticated stemming systems that are becoming popular due
to the rapid growth in unstructured digital data. It provides a review of stemmers as included in the research,
between 1968 and 2023, focusing on text stemming (TS) as an important pre-processing stage in information
retrieval (IR and natural language processing (NLP). The study reveals that linguistic knowledge-based
techniques are widespread for highly inflected languages and more accurate. Methodology; data sources;
performance and evaluation techniques all form part of the multidimensional review. Besides identifying
challenges or difficulties, advanced TS technique investigation also points out gaps in our knowledge about
text processing and NLP and hence suggests future directions for researchers interested in them. [1]

There is a recent emergence and growth of web search tailored neural networks aimed at determining the
semantic relationship across web pages and search queries. Despite their potential, the treatment of all users’
diverse information needs as one has remained a serious drawback to their effectiveness. To deal with this
issue of estimating relevance between each user’s search queries and Web pages with accuracy, our research
paper suggests an innovative approach. The proposed technique describes the incorporation of user
embedding for user component into the neural network through three various strategies for deciding its
location. Such approaches enable extreme personalized relevance computation by gradually incorporating this
user part to non-personalized neural networks. Importantly, personalized neural networks give accurate
results to specific users while others remain unaffected. This method was evaluated using elaborate
experiments on a huge dataset obtained from a leading commercial search engine. The experimental results
support personalization in neural networks and validate the effectiveness of the recommended techniques. [2]

This paper is based on key challenges in Web Service Composition. It analyses the attributes of web services
that are functional and non-functional, meanwhile collecting and classifying the services across various
platforms. This paper Proposes an innovative method by introducing a variable weight vector in order to fine
tune attribute weight dynamically, this enhances accuracy in QoS attribute evaluation of web service. The paper
then introduces a particle swarm optimization algorithm which has a inertia weight factor that is linearly
decreasing to circumvent drawbacks in traditional web service composition algorithms. [3]

There has been a change in the way companies deliver web service offerings, migrating from SOAP to RESTful
APIs. With its simplicity and conformity to standard HTTP methods, REST took over from SOAP which was
once dominant. REST rests on a resource-oriented architecture that focuses on system’s entities or resources.
Unlike SOAP, REST doesn’t store information between client and server interactions. Examples of common
HTTP methods used for actions in RESTful services include GET, POST, PUT, and DELETE. This moving to
REST has made web services more approachable, user-friendly and easy to use since it uses basic principles of
the HTTP protocol. [4]

Comparing the flexibility and maintenance of two web service types: SOAP with WSDL and RESTful. For
secure transmission of data over a network, there is a need to understand well how Service Oriented
Architecture (SOA) functions because it allows applications to communicate with each other. RESTful services
are known for their simplicity as they use the standard HTTP methods and have flexibility. On the other hand,
SOAP with WSDL is more structured but uses an XML-based protocol (WSDL) which makes it somewhat
complex. The study intends to determine if one approach is more adaptable or maintainable than another
thereby influencing operational efficiency directly or cost effectiveness. This research therefore looks at
improving service quality and reducing costs through examination of practical managerial aspects as well as
rectifying issues in relation to web services. [5]

SOA is important in that it interconnects software systems to businesses and helps sort out web services for
efficient administration of companies. Automated testing is essential to check that SOA-based applications are
running well. However, the existing challenges include insufficient coverage of XML elements as given in
WSDL documents. That is why a proposed test model has been developed which provides the inspection of
XML parts under focus. It strives at conducting an extensive evaluation on functionality and performance using
empirical results, calculations and specific experiments. The idea behind this is to establish a strong testing
framework that assesses the performance of the test suite as well as its coverage for XML diagram components
outlined in WSDL file. [6]
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General purpose search engines do not show great effectiveness in various specific domains due to their lack
of semantic relations processing in these domains. To create a search engine that is effective, one must first
master various text processing techniques but also understand the intricacies of relationships between domain
entities. This includes knowledge of relation types, generalization hierarchies, property value types,
cardinalities, etc. Encoding these domain-specific nuances into text processing algorithms is necessary to
achieve accurate results. However, developing such a search engine requires significant effort and time. To give
a solution to this, They propose an approach that is model-driven that uses a metamodel to specify the various
components of the domain such as extractions models and relation. This metamodel is interpreted by
extraction component to access the model of a particular domain and extract relevant entities, relations, and
properties. This approach has been successfully applied to urban mining domains and materials science,
resulting in great savings in efforts for the development. [7]

The paper discuses two areas: (i) composition of the semantic web services, which identifies methodologies
and their applications to real-world problems, and (ii) semantic web service description, which is a crucial
component of semantic service composition. Integration issues have been the focus of years' worth of work in
Web Service technologies such as UDDI, WSDL, and SOAP. Even yet, manual service composition is still labor-
intensive, particularly in dynamic situations. Researchers created semantic web service composition
techniques to address this. Although interest in these strategies has increased, no systematic survey has
addressed them all in detail. In order to bridge that gap, this review concentrates on the description of semantic
web service, which serves as an essential component of composition, as well as the approaches and
implementations that semantic web service composition uses to solve practical issues. This survey aims to
discover and gather together current work in the field of semantic web service compositions by examining
these two aspects. [8]

In today's digital age, the Internet serves as primary repository of information, encompassing structured, semi
structured, and unstructured data. Text data, constituting unstructured data, requires effective processing for
comprehensive information extraction. Key to this process is preprocessing, especially the removal of common
words or stop words. Traditional stop-word removal algorithms, reliant on dictionary-based methods and
pattern matching, are often time-consuming and inefficient. This paper proposes a solution utilizing finite state
automata to identify stop words in the English language. The algorithm demonstrates remarkable efficiency,
achieving 99% accuracy when tested on 220 documents, providing a timely and effective alternative to existing
stop-word removal approaches. [9]

This work leverages concepts from graph theory and cognitive science to present a novel semantic-based text
document grouping method. To overcome the shortcomings of previous models such as Latent Semantic
Analysis (LSA), document-level semantic graphs are created using the Incremental Construction of an
Associative Network (ICAN), a computational cognitive semantic association model. For semantic reduction,
cognitive and graph-based techniques are used, and for final document clustering, an algorithm is used baed
on community-detection graph. Results from experiments on three datasets show that the widely-used LSA-
based method is not as effective as this one when it comes to purity and efficiency criteria. By taking into
account the original word order and adding a cognitive foundation for semantic reduction, the suggested
strategy improves topic modelling. [10]

Service-oriented computing has changed as a result of the transition from SOAP services to RESTful Web APIs,
with an emphasis now being placed on service construction and identification rather than hard-coding. While
Quality of Service (QoS) plays a crucial role in service selection for composition, the large number of
alternatives makes QoS an NP-Complete difficulty. A study suggests a Genetic Algorithm-driven approach for
Web API selection as a solution to this problem. It utilizes AHP to ascertain € values per dimension, presents
e-Pareto dominance relations to identify composite QoS, and applies genetic algorithms to identify the best
combinations of Web APIs. Finding combinations of Web APIs that are in line with user-preferred QoS
indicators while maintaining other aspects of service quality is successful, according to the results. By
managing the difficulty of choosing the ideal Web APIs for composite services, this method simplifies QoS-
driven service composition. [11]

Publicizing UDDI APIs, more specifically the Inquiry API, may not be sufficient to meet the specific web service
requirements of clients. Services sought by customers should match their functionality and Quality of Service
(QoS) requirements but the technical restrictions serve as a bottleneck in such standards like UDDI, WSDL
and SOAP. This is addressed in the paper through an introduction of Web Service Relevancy Function (WsRF).
WsRF assesses user preferences and other QoS metrics to compute how relevant a service is to a client.
Experimental validation is presented to support this approach whose objective is to make web services
discovery better for clients by enhancing control over relevance judgments. [12]

This article discusses the use of WSDL, XML SOAP and HTTP in distributed computing with emphasis on roles
and relations. The paper highlights XML as a data interchange format that applies HTTP for communication
purposes and SOAP, together with WSDL sets message formatting as well as service description standards.



4996 Gajanan V. Bhole et al. / Kuey, 30(6), 9002

Also, it goes into details of these technologies across different fields pointing out their joint value in making
interoperable and scalable distributed systems. Furthermore, it provides an overview on the fundamental
principles behind the functioning of those system to be able to facilitate effective connectivity and collaboration
in distributed computing environments. This has been also applied to give guidelines on how this can be
implemented and their consequences. [13]

Proposed Methodology: SemanticRank Discoverer

The SearchRank framework has several key stages to ensure the enhancement of web service discovery and
relevance of the results.

1. Data Gathering and Preparation: Various Repositories are searched and web service descriptions are
sourced, this includes API documentation, WSDL documentation from UDDI repositories. Then porter’s
algorithm is employed for textual preprocessing, that includes stemming and normalization. In Addition
WordNet is used to expand the query with synonyms, enriching the text and helping in semantic analysis.

2. User Query Processing: User queries undergo similar processing to web service descriptions, WordNet
is also used to extract synonyms and enrich the text for semantic context, this helps in analyzing user’s intent
comprehensively.

3. Semantic Search and Vectorization: Textual data is then tokenized, stopwords are removed in order
to obtain a precise representation. TF-IDF vectorization is applied to represent documents as vectors, to
facilitate semantic search accuracy. Then Cosine Similarity is used to determine the similarity between
documents and user queries.

4. PageRank-Based Ranking: The PageRank algorithm of Google is then used to rank search results based
on the authority and connectedness of the documents. The link structure is considered and the services are
ranked inorder of importance. Using Cosine similarity helps in further ranking services based on their
relevance to the user.

DATA GATHERING & ’ USER QUERY ’ SEMANTIC SEARCH ) SEARCH RANK ’ PAGE RANK BASED
PREPERATION PROCESSING & VECTORIZATION ALGORITHM RANKING

ST TOKENIZE AND ELIMINATE T —
PORTER'S APPROACH QUERY VECRORIZING THE TEXTUAL STOPWORDS
DATA DETERMINING COSINE
USING WORDNET TO FIND s
EXPANDING SYNONYMS SYNONYMS VECTORS
WITH WORDNET EXTENDING SEARCH USING COSINE SIMILARITY
WORDS USING WORDNET Us\‘,':gTTSQEIFN?R USING PAGE RANK
ALGORITHM

The efficacy and usability of web service discovery are increased by this methodology, which guarantees that
the Search Rank algorithm provides users with accurate, pertinent, and contextually rich search results.

Mathematical Model:
1. Text Preprocessing:
. Tokenization:
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Q=q1,4q2,..qn

. Stopword Removal:
(S) is a set of stopwords.
(st = Q - S)

. Lemmatization:

(Qiem = Lemmatize(Qsw))

2. Synonym Expansion:

For each term (gi) in (Qiem) , find its synonyms using WordNet:
Qsyn = Uqi € Qlem Synonyms(qi)

3. Semantic Search:

. Preprocessing;:

(D =d,, d., ...,dx)

(Dpreprocessed = Preprocess(di) | di € D)

. Vectorization:

(V = TFIDF(Dpreprocessed))

. Cosine Similarity:

(Sim = CosineSimilarity(Qsyn ,0:) lvi€ V')

4. Ranking;:

e Ranking:

(RankedList) = Rank(D,Sim) Mathematical Notation:

(Q) Query consisting of tokens (gi) where (i =1,2,...,n) .

e (S) Set of stopwords.

(Qsw) Query after stopwords removal.

(Qiem) Query after lemmatization.

(D) Database containing descriptions and names.
(Dpreprocessed) Preprocessed descriptions and names from (D) .
(Qsyn) Synonyms of terms in (Qiem) -

(V) Vector representation of (Dpreprocessed) using TF-IDF.
(Sim) Cosine similarity scores between (Qsy») and (V).
(RankedList) Final ranked list of documents from (D) based on relevance to (Q).

Comparison:
We'll examine popular online service discovery methods and assess them according to user satisfaction,
scalability, precision, recall, and computational economy.

A Comparison of Algorithms:

1. Semantic Rank Discoverer: This suggested algorithm combines Porter's algorithm for text
preprocessing, WordNet for synonym expansion, PageRank for result ranking, and semantic search.

2. Keyword-Based Search: This conventional method bases search queries and service descriptions only
on keyword matching.

3. Vector Space Model (VSM): This is a model traditionally used for information retrieval that ranks
documents and queries using cosine similarity in conjunction with vector representations of the documents
and queries.

4. Latent Semantic Analysis (LSA): A method for discovering latent semantic correlations between terms
and documents using semantic analysis and dimensionality reduction.

5. Random Walk Algorithm: A different ranking algorithm that, like PageRank, iteratively determines the
probabilities of reaching each node in a graph without taking link authority into account.

Advantages:

When compared to other popular algorithms, the "SemanticRank Discoverer" algorithm may have the

following possible benefits:

1. Higher Precision and Better Recall: as Semantic Rank Discoverer is a combination of semantic
search techniques, PageRank algorithm, Porter’s algorithm text preprocessing, and Wordnet Synonym
expansion, it results in better precision and recall.

2. Enhanced Relevance: Through the use of semantic analysis and also using synonym expansion, the
Semantic Rank Discoverer understands the contextual meanings behind queries.

3. Handling Ambiguity: Our hybrid algorithm reduces ambiguity and gets better results especially when
ambiguous words are used in the query.

4. Better ranking using PageRank: Along with the benefits of semantic techniques, we use the help of
PageRank to present more relevant results at the top based on the authority and connections of the web
service.

5. Robustness to synonyms and variances: With a broadened and upgraded vocabulary because of the
Wordnet Synonym expansion, the algorithm builds resistance to variances in terminologies.
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6. Subjective User Satisfaction: An algorithm that provides more contextually suitable and relevant
results will increase user satisfaction and the model's success.

7. Scalability: Being a hybrid module using key points from multiple algorithms and searching techniques
results in our module being highly scalable even with large volumes of data although the computational
complexity may vary.

KPIs, or key performance indicators, are:

Our Module is based on 5 Key Performance Indexes, namely

e Precision

Recall

Computational Efficiency

Scalability

User Satisfaction

Using various methods such as experimental evaluations, user research and performance benchmarks, we can
evaluate the algorithms. A graph can be created for each algorithm based on its evaluation in terms of KPIs
such as precision, recall, computational efficiency, scalability, and user satisfaction.

Comparison of Algorithms Based on Key Performance Indicators
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Algorithms
KPI/Algorithm Precision Recall Computational | Scalability User
Efficiency Satisfaction
Semantic Rank | 0.8 0.7 0.8 0.6 0.8
Discoverer
Keyword-Based 0.5 0.4 0.2 0.8 0.6
Search
Vector Space | 0.7 0.8 0.8 0.6 0.8
Model (VSM)
Latent Semantic | 0.8 0.7 0.6 0.5 0.7
Analysis (LSA)
Random  Walk | 0.8 0.7 0.6 0.5 0.8
Algorithm
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Results:

def get synonyms(word, threshold=0.2):
synonyms = [ ]
original_synsets = wordnet.synsets(word)
for syn in wordnet.synsets(word):
for lemma in syn.lemmas():
synonym = lemma.name()
# Check if the synonym is not the same as the original word
it synonym.lower() != word.lower():
# Calculate the path similarity between the original word and its synonym
similarity = syn.path similarity(original synsets[@])
if similarity is not None and similarity »= threshold:
# Convert the similarity score to a string with 2 decimal places
similarity str = "{:.2f}".format(similarity)
# Create a string with the synonym and its relevancy score
synonym_str = f"(Relevancy:{similarity_str}) {synonym}"
# Add the synonym and its relevancy score to the list of synonyms
synonyms . append (synonym_str)

return synonyms

and remove stop words

hef expand_query(query):
lemmatizer = WordNetlLemmatizer()
tokens = word tokenize(query.lower())
lemmatized_tokens = [lemmatizer.lemmatize(token) for token in tokens]
synonyms = [get synonyms(token) for token in lemmatized tokens]
expanded terms = []
for idx, token in enumerate(tokens):
expanded terms.append( (token, lemmatized tokens[idx], synonyms[idx]))
if token.endswith('s")
singular form = token[:-1] # Remove 's' to get the singular form
singular_lemma = lemmatizer.lemmatize(singular_form)
singular synonyms = get synonyms(singular form)
expanded terms.append((token, singular lemma, singular synonyms))
return expanded_terms

semantic search

def semantic search(query, descriptions):
vectorizer = TfidfVectorizer()
tfidf matrix = vectorizer.fit transform(descriptions)

query tfidf = vectorizer.transform([query])

similarities = cosine similarity(query tfidf, tfidf matrix)

return similarities.flatten()
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User Search for: pune weather

Search

Results:

Search Results

Original Search Term:pune ~ Original Search Term:eather
Processed Term: pune Processed Term: weather

Synonyms: Synonyms: (Relevancy:1 00)
Weather_condiion,
(Relevancy:1.00) condtons,
(Relevancy:1.00)
amospheric_condton

Conclusion:

Web services are discovered using “Semantic Rank Discoverer” technique which combines WordNet for
synonym expansion, Porter’s algorithm for textual preprocessing, PageRank for ranking the results and
semantic search strategies. Comparatively it outperforms all other methods in terms of precision, recall,
relevance, robustness to ambiguity and efficient result ranking. Comprehending semantic context and
reducing ambiguity in natural language queries enhances user satisfaction and accelerates service discovery.
It has been shown that the proposed approach is better than others according to evaluation based on precision,
recall, computational efficiency, scalability and user satisfaction. The “Semantic Rank Discoverer” algorithm
overall provides a well-balanced mix of accuracy, recall, computational effectiveness scalability and user
happiness thereby representing a major step forward in web service discovery for enhanced usability and
accessibility.
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