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Article Info ABSTRACT

Keywords: Book classification is an important activity in library management
because it determines the grouping of collections based on subject
areas and facilitates information retrieval. Manual classification
requires considerable time and accuracy from librarians, particularly
as the number of collections increases and book subjects become
more diverse. This study aims to implement the Support Vector
Machine (SVM) algorithm with Term Frequency—Inverse Document
Frequency (TF-IDF) weighting to assist book classification based on
the Dewey Decimal Classification (DDC) and to develop a web-
based book classification system as a decision-support tool for
librarians. The research data consist of book titles, synopses, and
DDC labels obtained from the National Library of the Republic of
Indonesia (Perpusnas) catalog and other library OPAC catalogs
available on the internet. The research stages include text
preprocessing, vocabulary construction, TF-IDF weighting, Cosine
Similarity measurement as a data-scope filtering process, and
classification using SVM. The Cosine Similarity testing on 20 out-
of-category data and 85 in-scope data showed that a threshold of
22% achieved an accuracy of 96.19%. Furthermore, SVM model
testing on 235 testing data across 46 DDC classes achieved an
accuracy of 96.17%, precision of 97.09%, recall of 95.90%, and F1-
Score of 96.49%. These results indicate that the combination of TF-
IDF and SVM provides good classification performance in
determining the DDC class of books. The developed system also
provides librarian validation, as well as model management and
evaluation, allowing the classification results to be used as
recommendations before being established as the final classification.
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1. INTRODUCTION

Libraries are one of the sources of information that play an important role in supporting education,
research, and knowledge development. In collection management, books need to be grouped according to
their subjects or fields of knowledge so that collections can be systematically organized and information
retrieval can be facilitated [1]. One of the widely used classification systems is the Dewey Decimal
Classification (DDC), which organizes library materials hierarchically according to fields of knowledge [2].
The implementation of a classification system is also an important part of organizing and arranging library
materials, particularly in supporting more structured collection management [3]. With a classification system,
collections with similar subjects or characteristics can be placed into appropriate groups, allowing collection
management and information retrieval to be carried out more systematically.

In practice, the book classification process still requires librarians to carefully understand the content of
books and determine the appropriate classification class. As the number of collections increases and book
topics become more diverse, manual classification may require more time. Systematic classification and
arrangement of library materials are therefore necessary to support more effective collection management [4].
This condition indicates that the classification process requires not only an understanding of the content of
library materials but also accuracy in determining the appropriate classification class. Along with
technological development, this condition creates opportunities to utilize machine learning and text mining
technologies to assist in document processing and classification [5]. The use of text-based approaches allows
information contained in documents, such as titles and synopses, to be processed into data that can be used
for automated classification.

Book data in the form of titles and synopses are textual data that need to be processed before being used
in the classification process. The preprocessing stage is performed to produce more structured text that can be
used in the feature extraction process. One method that can be used to represent textual data in numerical
form is Term Frequency—Inverse Document Frequency (TF-IDF). The TF-IDF method assigns weights based
on the frequency of occurrence of a term within a document and its occurrence across the entire document
collection, allowing important characteristics of a document to be represented numerically [6]. The
application of TF-IDF has also been used in web-based public complaint document classification [7]. This
weighting approach allows originally unstructured textual information to be transformed into feature
representations that can be utilized by machine learning algorithms for classification.

Text representation using TF-IDF can be combined with Cosine Similarity to measure the degree of
similarity between documents. The application of Cosine Similarity can be used to determine similarity based
on document feature representations [8]. The combination of TF-IDF and Cosine Similarity has also been
applied in retrieving relevant articles based on the degree of similarity between documents and queries [9].
Based on this approach, Cosine Similarity can be used to determine the degree of similarity between data
based on their feature representations. In this study, Cosine Similarity is not used as the primary classification
algorithm but as a filtering stage to determine whether new book data remain within the scope of the data
learned before proceeding to the SVM classification process. This filtering stage is used to help distinguish
data that remain within the classification scope of the study from data that fall outside the defined scope.

After the weighting and filtering stages, the classification process is performed using the Support Vector
Machine (SVM) algorithm. SVM s suitable for text classification because it can handle data with a high
number of features. The application of SVM with TF-IDF in text classification has demonstrated that the
combination of feature representation and classification algorithms can be used to determine document
classes [10]. In DDC-based book classification, the use of TF-IDF and SVM achieved the highest accuracy of
80.55% using the Gaussian RBF kernel [11]. This result indicates that SVM can be used to classify books
based on textual characteristics contained in documents. Other studies have also demonstrated the application
of SVM to book data. The combination of TF-IDF and Word2Vec with SVM has been used for school
library book classification [12]. Meanwhile, book titles and synopses have been utilized as features for book
genre classification using SVM [13]. In DDC-based library collection classification, the TF-RF and K-
Nearest Neighbor approaches have also been used to classify collections based on textual characteristics [14]

These previous studies demonstrate that textual information from books, particularly titles and
synopses, can be utilized as a source of features in the classification process. However, the combination of
TF-IDF as a weighting method, Cosine Similarity as a scope-filtering stage, and SVM as the DDC
classification algorithm can still be further developed to assist the book classification process. Based on this
condition, this study implements the Support Vector Machine (SVM) algorithm with Term Frequency—
Inverse Document Frequency (TF-IDF) weighting for book classification based on DDC. The study uses
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book titles and synopses as textual data and Cosine Similarity as a filtering stage before the SVM
classification process. The classification scope focuses on engineering disciplines, namely Informatics
Engineering/Computer Science, Civil Engineering, Mechanical Engineering, Architectural Engineering, and
Electrical Engineering.

This study aims to develop a web-based book classification system capable of automatically providing
DDC class recommendations based on book titles and synopses. The system is intended to assist librarians in
the classification process by helping accelerate class determination and providing consistent classification
recommendations. Although the prediction process is performed automatically using the SVM model, the
classification results still need to be reviewed and validated by librarians before further use. Thus, the
developed system does not replace the role of librarians but serves as a supporting tool for the classification
decision-making process.

2. RESEARCH METHOD

This study was conducted through the stages of data collection, method analysis, system development,
and testing. These stages were carried out to develop a book classification model based on the Dewey
Decimal Classification (DDC) and implement it into a web-based system.

3.1 Data Collection

Data collection was conducted through literature study, interviews, and book data collection. The
literature study was carried out by reviewing various sources related to book classification, text mining, Term
Frequency-Inverse Document Frequency (TF-IDF) weighting, Cosine Similarity, and the Support Vector
Machine (SVM) algorithm. Interviews were conducted with librarians to obtain information regarding the
book classification process, the problems encountered, and the system requirements.

The book data used consisted of titles, synopses, and DDC labels. The data were obtained primarily
from the catalog of the National Library of the Republic of Indonesia (Perpusnas) and partially from OPAC
catalogs of other libraries available on the internet. The data were then selected based on the scope of the
study, which included Informatics Engineering/Computer Science, Civil Engineering, Mechanical
Engineering, Architectural Engineering, and Electrical Engineering. Data that met the specified criteria were
subsequently used as training and testing data.

3.2 Analysis of the Method

The book title and synopsis data first undergo a preprocessing stage consisting of case folding, cleaning,
stopword removal, and stemming. The results of the preprocessing stage are used to construct the vocabulary
and transform the textual data into numerical representations using TF-IDF weighting. The resulting TF-IDF
representations are then used to calculate Cosine Similarity between the book data and the class centroids.
This stage serves as a filtering process to determine whether the book data remain within the scope of the
learned classes. Data that meet the specified threshold value are subsequently processed through the SVM
classification stage. SVM is used to determine the DDC class based on the features generated from TF-IDF
weighting. The One-vs-Rest strategy is employed to handle multiclass classification. The classification
results consist of DDC class recommendations based on the title and synopsis information of the books.

3.3 System Development

The system was developed using the Rational Unified Process (RUP), which consists of four stages:
inception, elaboration, construction, and transition.
1. Inception

The inception stage was conducted to identify the problems, requirements, objectives, and scope of the
book classification system to be developed. This stage produced an initial overview of the system
requirements and the features needed.

2. Elaboration

The elaboration stage was conducted to design the system in greater detail. Activities at this stage
included designing the system architecture, database, and user interface, as well as modeling the system using
UML. In addition, the process flow for TF-IDF and SVM to be implemented in the system was designed.

3. Construction

The construction stage involved implementing the system based on the design that had been prepared.
At this stage, program code development, implementation of the TF-IDF and SVM processes, data
management features, and development of the web-based system interface were carried out. Initial testing
was also conducted to ensure that each system function operated according to the design.

4. Transition

The transition stage involved implementing the system in the user environment. The system was
directly tested to ensure that the book classification process operated according to the requirements.
Improvements and refinements were made when deficiencies were identified during the testing process
before the system was put into use.
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3.4 Testing

Testing was conducted to evaluate the ability of the proposed method and system to classify books.
Cosine Similarity testing was performed using several threshold values to determine the boundary of the data
scope. Subsequently, SVM performance was evaluated using a confusion matrix with accuracy, precision,
recall, and F1-Score metrics. User acceptance testing was conducted using the User Acceptance Test (UAT)
to determine the level of user acceptance of the developed system.

3. RESULTS AND DISCUSSION
3.1. System Design

The system design was conducted using Unified Modeling Language (UML). UML was used to
describe the structure and behavior of the system so that system requirements and relationships between
system components could be represented in a more structured manner. The use of UML in information
system development can also support the analysis and documentation of the system[15]
3.1.1Use Case Diagrma

The Use Case Diagram is used to illustrate the interactions between actors and the main functions
available in the system, as well as to represent the functional requirements from the users' perspective [16].
Based on the diagram, the system has two main actors, namely Admin and Librarian. The Admin is
responsible for managing users, training data, model training, and model evaluation, while the Librarian
manages book data and performs the classification process. During the classification process, the system
internally performs preprocessing, TF-IDF weighting, and classification using SVM. The classification
results are then displayed and stored in the system.
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Figure 1. Use Case Diagram

3.1.2 Activity Diagram

The Activity Diagram for the Book Classification and Validation process was selected because it most
directly represents the main process of the study. The Activity Diagram is used to illustrate the sequence of
activities, decision-making processes, and workflow from beginning to end [17]. The diagram shows the
interaction between the Librarian and the system, starting from entering book data, followed by
preprocessing, TF-IDF weighting, SVM classification, and validation and storage of the classification results.
This diagram was selected because it clearly illustrates the direct relationship between the research methods
and their implementation in the system, allowing the application of TF-IDF and SVM within the system to be
clearly demonstrated.
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Figure 2. Activity Diagram

3.1.3Class Diagram

The Class Diagram is used to illustrate the static structure of the system through classes, attributes,
methods, and relationships between classes [18]. In the book classification system, the Class Diagram
represents data structures such as users, books, training data, DDC, classification processes, and classification
results, which are interconnected. This structure serves as the basis for database implementation and system
functionality, ensuring that data management and the classification process can be integrated effectively.
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Figure 3. Class Diagram

The book classification system is implemented as a web-based application designed to support the book
classification and validation processes by users.
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The classification page is used to enter the title and synopsis of the book to be classified. The entered
data are then processed by the system to generate a recommended DDC class..
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Figure 6. Book Classification Results — Part 2
The classification results page displays the DDC number recommendation generated by the system. The
result can then be reviewed and validated by the librarian before being established as the final classification
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Figure 7. Training Data Page
The training data page is used to manage the data used in the formation and training of the classification
model.
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3.2. Results of Cosine Similarity Testing

The Cosine Similarity test was conducted to determine the threshold value used as the filtering
boundary between data that remain within the scope (in-scope) and data outside the scope (out of category).
The test used 20 out of category data and 85 in-scope data with eight threshold values, namely 15%, 18%,
20%, 22%, 25%, 30%, 35%, and 40%.

Table 1. Results of Cosine Similarity Threshold Testing

Threshold | Correctly Rejected OOC | Correctly Classified | Total Correct Overall
In-Scope Accuracy
15% 18/20 81/85 99/105 94,29%
18% 19/20 81/85 100/105 95,24%
20% 19/20 81/85 100/105 95,24%
22% 20/20 81/85 101/105 96,19%
25% 20/20 81/85 101/105 96,19%
30% 20/20 79/85 99/105 94,29%
35% 20/20 77/85 97/105 92,38%
40% 20/20 75/85 95/105 90,48%

Based on Table 1, the threshold values of 22% and 25% produced the highest accuracy of 96.19%. A
threshold of 22% was selected for the system because it represents the lower threshold with the same
accuracy, allowing more data that remain within the scope to proceed to the classification process. At a 22%
threshold, all 20 OOC data were correctly rejected, while 81 of the 85 in-scope data were correctly classified.
These results indicate that Cosine Similarity can assist in filtering data before the SVM classification process.
When the threshold was increased to 30% or higher, the accuracy decreased because more in-scope data
failed to meet the similarity threshold.

3.3. Classification Results
After passing the Cosine Similarity filtering stage, data that met the threshold were subsequently
classified using the Support Vector Machine (SVM) algorithm. The evaluation was conducted using 235
testing data covering 46 DDC classes.
Table 2. Confusion Matrix Testing Results

Metrik Evaluasi Value
Accuracy 96,17%
Precision 97,09%

Recall 95,90%
F1-Score 96,49%

Source: Research testing results.

Based on Table 2, the SVM model achieved an accuracy of 96.17%, with a precision of 97.09%, recall
of 95.90%, and F1-Score of 96.49%. Of the 235 testing data, 226 were correctly classified, while 9 data were
misclassified. These results indicate that the model was able to provide DDC classification with a high level
of accuracy on the testing data. The F1-Score of 96.49% also indicates a good balance between the model's
ability to produce accurate predictions and correctly identify data belonging to the appropriate classes.

Implementation Of Support Vector Machine (SVM) ... (Hikma)



92 a ISSN: 3046-9627

Canfusion Matrix Hasil Klasifikasi SVM

relas Aktual

Figure 4. Confusion Matrix

The confusion matrix shows the comparison between the actual classes and the predicted classes. The
results indicate that most of the data were classified into their corresponding classes, while 9 data were
misclassified. These classification errors indicate that some books still have textual characteristics with
similarities between different DDC classes.
3.4 User Acceptance Test (UAT)

The User Acceptance Test (UAT) was conducted to determine the level of user acceptance of the
developed book classification system. The test involved the Admin and Librarian as system users.

Table 3. User Acceptance Test (UAT) Results

User Percentage Category
Admin 86,66 % Very Feasible
Librarian 86,66% Very Feasible
Average 86,66% Very Feasible

Source: System testing results.

Based on Table 3, the UAT results obtained a percentage of 86.66% for both the Admin and Librarian,
with an overall average of 86.66%. Based on the assessment category used, these results fall into the Very
Feasible category. This result indicates that the system is acceptable and can be used to assist the book
classification process.

4. CONCLUSION

Based on the research results, the implementation of the Support Vector Machine (SVM) algorithm with
Term Frequency—Inverse Document Frequency (TF-IDF) weighting can be used to assist the book
classification process based on Dewey Decimal Classification (DDC). The application of Cosine Similarity as
a filtering stage resulted in a threshold of 22% with an accuracy of 96.19%. Furthermore, evaluation of the
SVM model using 235 testing data across 46 DDC classes resulted in an accuracy of 96.17%, precision of
97.09%, recall of 95.90%, and F1-Score of 96.49%.

The developed web-based classification system also achieved a User Acceptance Test (UAT) score of
86.66%, which falls into the Very Feasible category. Therefore, the developed system can be used as a
supporting tool in the book classification process, while the prediction results can still be validated by
librarians before being established as the final classification.
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