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Preface

Optimization algorithms are a set of algorithms that allow finding the best possible
solution to a stated problem. Typically, these algorithms aim to identify the solution
that maximizes or minimizes a given objective function. Such algorithms are used
comprehensively for solving many problems related to pure science and engineering
applications.

This book is devoted to the development of the optimization algorithm theory and
the application of the different types of optimization algorithms to solving problems
in theoretical physics, signal processing, electromagnetism, the food industry, ecol-
ogy, and more. The book consists of two sections. Section 1 contains six chapters
that discuss the development of the algorithm theory and present examples of using
optimization algorithms for solving practical engineering problems.

[n Chapter 1, T. P. N. Mahasarakham et al. deal with abstract objects in specific
spaces that can be applied to the construction of a generalized algorithm theory. They
introduce the tensor products of ternary semimodules (abstract data) over ternary
semifields (specific spaces) and the n-fold tensor products for a general case. The
chapter establishes the universal mapping property of n-fold tensor products and
outlines conditions for maintaining the flatness of ternary semimodules through ten-
sor products. These introduced concepts enable the exploration of various properties
of ternary semimodules over ternary semifields and serve as foundational tools for
the development of generalized algorithms tailored to specific datasets.

A series of algorithms in physics is based on partial differential equations, particularly
the Korteweg-deVries (KdV) equation. In Chapter 2, A. El Boukili et al. present a basic
survey of the two-dimensional KdV maodel. They examine the various symmetries

of systems and explore the concept of integrability through two different methods:
Hamiltonian formalism and the identification of conserved quantities. By introducing
the concept of q-deformation, the authors establish the corresponding g-deformation
integrable model and investigate the resulting system integrability. The chapter pres-
ents the algebraic structure of the system and studies integrability using the notion

of a Lax pair.

[n Chapter 3, 1. W. Sanou et al. apply canonical polyadic decomposition (CPD) or
parallel factor analysis in signal processing for the decomposition of multi-way
arrays. This approach is applied when it is necessary to add constraints to provide a
quick converge of the optimal solution. In contrast to classic CPD, the authors focus
on online CPD. In this context, the number of relevant factors is usually unknown
and can vary with time. The authors propose two algorithms to compute online

CPD based on sparse dictionary learning. The chapter concludes with an application
example in environmental sciences and an evaluation of the performances of the

proposed approaches on real data.
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In Chapter 4, M. Andriychuk focuses on optimization problems with restrictions of
the objective function. Such problems arise in antenna synthesis applications, necessi-
tating the resolution of nonlinear integral equations that correspond to the respective
functionals of the synthesis problem. The nature of the reduced equations depends

on the operator used for calculating the antenna’s directivity pattern. The chapter
considers two types of restrictions: where the amplitude of the objective function is
prescribed (the problem of phase synthesis), and where restrictions are imposed on
the phase of the objective function (the problem of amplitude synthesis). The method
of successive approximations is effective for solving these reduced equations. Notably,
these equations exhibit non-uniqueness in their solutions. The chapter corroborates
the accuracy of the analytical approach using numerical data. The advantage of the
proposed approach isa fast convergence of iterative procedures employed to solve the
obtained equations.

In Chapter 5, K. Choudhary applies Ant Colony Optimization (ACO) for agricultural
price forecasting. The chapter explores the innovative use of ACO-based models,
backed by insightful case studies that demonstrate their practical applicability. The
chapter examines the synergy between ACO and agriculture price forecasting with

a focus on the unique challenges and opportunities presented by this domain. It also
discusses future prospects of ACO in this field. Furthermore, the chapter defines
emerging trends, potential areas for improvement, and avenues for further research.
Overall, the chapter advocates for collaborative efforts among researchers, practitio-
ners, and policymakers to fully leverage the capabilities of ACO-based models.

In Chapter 6, A. Ramadan applies ACO to water resource management. The proposed
approach allows for maximizing the use of available resources while minimizing
negative impacts on the environment. To attain the stated goal, two approaches are
used: global and local optimization. The data obtained suggests that ACO is a flexible
and powerful tool that can handle various types of hydrological models. The chapter
employs different performance measures and case studies to comprehensively compare
these techniques in water resource management. The obtained results are useful for
practitioners in choosing the appropriate optimization technique for water resource
management.

Section 2 is devoted to the application of optimization algorithms in information
technology, including computer implementation. Chapters in this section discuss
problems of computer parameter optimization, multimedia data, and database
processing, optimization of recommender systems, transportation improvement,
and application of ant colony algerithms for dynamic optimization.

In Chapter 7, O. Yoshifumi and 5. Kamran apply Cartesian cell registration to the
problem of reducing both computation time for registration and computer memory.
The authors implement this procedure within an existing FORTRAN code previously
utilized for dilute fluid flows and multiphase flow calculations. They review the
Cartesian grid system method, highlighting its disadvantages, which necessitate the
application of more effective methods such as the Cartesian cell registration method.
The authors explain the peculiarity of the Cartesian cell registration method via

its implementation within a FORTRAN-based algorithm. In addition, they present
improvements to the conventional algorithm aimed at accelerating processing speed.

X
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The chapter showcases the application of the direct simulation Monte Carlo (DSMC)
method utilizing the proposed algorithm to address the challenge of two-dimensional
Argon flows around a circular cylinder.

In Chapter 8, M. C. Wijaya investigates the reduction of kernel mechanism process-
ing time in the multimedia authoring tool. The approach is applicable to both visual
media (images, video, animation, text, etc.) and non-visual media (sound, music,
etc.). In this approach, the multimedia documents are presented in a multimedia
programming language. The core process in multimedia authoring tools (the kernel
mechanism) consists of two essential stages: modeling and verification. Verification
involves both time-computation and spatial-temporal verification. The time required
for verification in a multimedia authoring tool depends on the object or media being
processed. The chapter highlights the exponential relationship between processing
time and media volume, which poses a significant challenge for multimedia authoring
tools. The proposed incremental algorithm can be applied to the verification process
to reduce processing time. Experimental results demonstrate that this approach

can yield up to a 75% reduction in processing time, showcasing its effectiveness in
enhancing the efficiency of multimedia document verification.

Chapter 9 by X. Yang presents a comprehensive review of algorithms used in data-
base access and optimization strategies. It compares two principal access methods
based on SQL and NoSQL database techniques, highlighting their respective advan-
tages and disadvantages. The comparison is explained through the lens of Oracle
Corporation’s database techniques, known for their depth-oriented principle, and
Amazon's Dynamo database, characterized by its document-oriented structure. The
chapter also introduces a general optimization technique that leverages indexing,
cashing, and metrics to enhance database access efficiency. It analyzes and compares
various tools impacting the overall optimization process. Furthermore, the chapter
proposes a concept for arranging access optimization for specific applications. The
main focus is on formulating database performance metrics effectively, utilizing
the resource description framework model and its internal tools, and implementing
specific measures and evaluating their efficacy.

[n Chapter 10, N. Jokar et al. study recommender systems and aim to personalize
user recommendations by using the textual information from published papers.
Usually, studies of this type are based on textual elements from the literature, includ-
ing title, abstract, keywords, publisher, author, and other similar items. Since the
quantity of papers is increasing day by day, recommender systems must be able to
process huge volumes of data according to the user’s needs. To achieve this goal, the
authors apply big data tools, which facilitate parallel processing to deliver relevant
recommendations.

[n Chapter 11, O. S. Sowole reviews the application of minimizing algorithms for solv-
ing vehicle routing problems (VRPs). Such problems appear in logistics, transporta-
tion, and supply chain management. The VRP involves searching for the optimal set of
routes for a fleet of vehicles that serves a given set of customers while minimizing the
total travel distance and maximizing total customer needs. The examples in the chapter
illustrate how different search algorithms have been applied to solve VRPs in trans-
portation applications like vehicle routing for package delivery, waste collection, and

X1
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emergency response. The chapter analyzes input data, which defines the performance
of search algorithms while solving the VRP relative to problem size, complexity, and
algorithm parameters. The capacitated VRP is formulated, and the method of solving is
explained using a case example of four customers. The chapter explains how a series of
genetic algorithms can be applied successfully to solve the VRF. It also provides recom-
mendations for choosing the optimal algorithms for specific cases and highlights future
use cases for the discussed algorithms.

In Chapter 12, A. Rezvanian et al. propose an overview of ant colony optimization
algorithms, which are applied to dynamic optimization problems. The analysis of the
different kinds of optimization problems demonstrates that ant colony optimization
can be an effective tool to solve most of them. As shown in the recent computational
practice, solving the synthetic dynamic optimization problems by the ant colony
algorithms allows getting a variety of real-world solutions closely. Since the exact algo-
rithms are impractical in dynamic environments, stochastic optimization techniques
have become popular. Related to these techniques, the ant colony optimization becomes
favorable for solving dynamic optimization problems owing to its capacity to adapt to
quickly changing situations. The presented biometric analysis confirms the importance
of ant colony optimization in solving different life, social, communication, technical,
and pure science problems.

It is our great pleasure to thank all authors for their excellent chapters. In addition,
I express my sincere appreciation to Ms. Karmen Daleta for her professional support
and patience during the publishing process.

Mykhaylo Andriychuk

Pidstryhach Institute for Applied Problems of Mechanics and Mathematics,
National Academy of Sciences of Ukraine,

Ukraine

Lviv Polytechnic National University,
Lviv, Ukraine

Ali Sadollah

Department of Mechanical Engineering,
University of Science and Culture,
Tehran, Iran
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Chapter 8

Reduction of Kernel Mechanism
Processing Time in Multimedia
Authoring Tool

Marvin Chandra Wijaya

Abstract

Multimedia authoring tools is a tool for designing multimedia documents based on
multimedia presentation scenarios designed by the user. Visual media (images, video,
animation, text, etc.) and non-visual media (sound, music, etc.) are combined into a
multimedia document. A multimedia programming language represents multimedia
documents. The core process in multimedia authoring tools is called the kernel mech-
anism, which consists of two mandatory processes: modeling and verification. Verifi-
cation carried out consists of time-computation and spatiotemporal verification. The
time needed for the verification process on a multimedia authoring tool is highly
dependent on the object or media. The relationship between processing time and the
amount of media is exponential, so if a lot of media is processed, it will take a very
long time. This is the main obstacle of a multimedia authoring tool at this time. The
incrementality algorithm can be applied to the verification process in order to reduce
processing time to verify multimedia documents. Based on the experimental results,
the processing time can be reduced by up to 75%.

Keywords: multimedia authoring tools, multimedia authoring attributes, multimedia
authoring modeling, incrementality, verification

1. Introduction

Multimedia authoring tools are tools that function to combine various kinds of
media into a multimedia document. The multimedia document is formed from a
combination of several media according to the temporal and spatial layout [1-3].
Multimedia authoring tools must have good performance to help users produce proper
multimedia documents [4]. The resulting document is represented using a multimedia
language, which currently uses several multimedia languages. A multimedia authoring
tool performs a kernel function in merging various independent media into a multi-
media document. In general, there are three main parts in a multimedia authoring
tool: the process of entering temporal data and spatial layouts, kernel mechanisms,
and multimedia documents. The three parts are executed sequentially, as shown in
Figure 1.

1 IntechOpen
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Spatial and
Temporal
Layout

Kernel
Mechanism

*Modeling
sVerification

Multimedia
Document

Figure 1.
Three steps in multimedia authoving tools [5].

Time Requiered For Verification Process

3.000
2500

2.000

e ey

1500
m

T-iii]I]IIII‘

Number of Media Objects

=]

Figure 2.
Relation between kernel processing time with the number of media objects [6].

One of the problems in the process of producing multimedia documents using
multimedia authoring tools is the time required for the kernel process. The kernel
processing time depends on the number of media inside the multimedia document, as
shown in Figure 2 [6].

The processing time occurs because many processes occur in the kernel mecha-
nism. Therefore, making the kernel mechanism process more efficient in terms of the
runtime process is challenging.

2. Multimedia authoring attributes

A multimedia authoring tool has several attributes that inform that the multimedia
authoring tool is functioning properly [7]. The attributes are service attribute, edit
attribute, performance attribute, and formal model, as shown in Figure 3.
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Figure 3.
Multimedia authoring attributes [8].

Attribute editing is a feature provided for the user in designing multimedia docu-
ments. There are two factors that become parameters in editing attributes: ease of use
and expression. The editing process is the first part of the kernel mechanism in a
multimedia authoring tool. Multimedia authoring tools have editing attributes tools
including the editing process, user interface, syntax errors, error messages box, infor-
mation box, and others. The more facilities in the multimedia authoring tool, the
better the editing attribute value will be. Ease of use is a factor that underlies the
author’ ease in designing multimedia documents [9]. One of the ease-of-use factors in
the multimedia authoring tool is the user interface for the authoring proses, which
makes it easy to use [10]. Figure 4 is an example of a multimedia authoring tool that
uses WYSIWYG as a user interface.

The services provided by a multimedia authoring tool can be measured indirectly
by investigating the following:

* Formulate and find questions or goals.

* Search for data

* Conduct a preliminary study

* Data processing

* Data output.

Figure 5 shows the hierarchy of document multimedia.

Performance attribute is a direct or indirect assessment of the performance results
of the multimedia authoring tool. There are two parameters in the performance

attribute: incrementality and optimized verification. Incrementality is the ability to
process data by considering changes in input data that occur [11]. Software with the

3
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Figure 4.
Example of WYSIWYG interface on a multimedia authoring tool [5].
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Figure 5.
Hierarchy of document multimedia [8].

incrementality concept is considering the process of recalculating based on the
changed input data.

Verification is important in the multimedia authoring tool to maintain the integrity
of multimedia documents. Several strategies to verify multimedia documents include
analysis of editing process, time verification, spatial verification, and other validation.

Formal verification is a process to check a system that has the correct functioning
of the system. Formal verification is useful to check a system in software in producing
multimedia documents [12, 13].
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3. Multimedia programming languages

There are several multimedia programming languages, such as synchronized mul-
timedia integration language (SMIL), nested context language (NCL), hypertext
markup language 5 (HTML 5), and others. Two programming languages that are quite
widely used are SMIL and NCL.

Multimedia documents can be represented using a markup language, called SMIL
(Synchronized Multimedia Integration Language) [14]. SMIL is a recommendation from
the World Wide Web Consortium (www.w3c.org) for multimedia programming lan-
guages and part of XML [15, 16]. SMIL is a markup language similar to HTML and a
XML variant. SMIL can control multimedia presentations, for example regarding on-
screen layout and timing. The SMIL structure is defined by the module structure,
consisting of <smil>, <head>, and < body> elements. The SMIL structure is as follows:

<smil>
<head>
...meta information, layout, title, transistion effect.
</head>
<body>
... media, group, linking, animation.
</body>
</smil>

Nested context language (also called as NCL) is an XML-based declarative language
that represents multimedia documents. NCL has a modular structure that combines
modules into a language profile [17, 18]. NCL has the ability to create multimedia
presentations by creating application content on various existing devices. NCL as well as
SMIL can also determine the temporal and spatial space for the media to be played. NCL
has very strict separation rules between content and structure. This causes NCL not to
define the media content itself, so NCL must define the glue that holds the media
together and arranges them in a spatial and temporal form to become a complete
multimedia document [19]. Structure of nested context language (NCL) is as follows:

<?7xml?>
<ncl>
<head>
<region Base>

</region Base>
<descriptor Base>

</descriptor Base>
<connector Base>

</connector Base>
</head>

<body>

</body>

</ncl>
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4, Kernel mechanism

There are two essential processes in the kernel mechanism: the verification and
modeling processes [20]. The verification process is time-consuming in a multimedia
authoring tool process. Therefore, modifying the verification process and using an
incrementality algorithm is necessary to improve its performance [5]. Modifications in
the kernel mechanism are shown in Figure 6.

The verification process in the kernel mechanism is added with an incrementality
algorithm to streamline its performance. The incrementality process will reduce
processing time in the kernel mechanism of a multimedia authoring tool [18].

Incrementality of time calculation verification is combined with spatiotemporal
verification process. This can make the verification process more efficient. The time
needed in the verification process will be better. The verification process is running as
usual in its original state, and there has been no change whatsoever. The incremental
algorithm will be applied when there is a change or modification process. The verifi-
cation process occurs for each object grouped by region in a multimedia presentation.
If an error is found, the system will inform the user. Eq. (1) is used to find conflicts
that occur in a region.

VMedia,,VMediay,a <m,b <m, 3End(media,) < Begin(mediay, ) (1)

Where:
Media, = Media Object a

User Interface

Editing

Verification

Spatio-Temporal
Verification

Time Computation =1 Incrementality

Incrementality

+

Modeling

\

Translation
Algorithm

Multimedia

document

Figure 6.
Modified kernel mechanism.
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Media;, = Media Object b

m = Number of media objects

Begin = Begin time

End = End time.

The incrementality algorithm of the time computation verification process is as
follows:

1.Prepare each object for each area

2.Convert the timeline form from two dimensions to three dimensions.
3.The process of setting the media based on time

4.For each area {

5.If there is a change in a media {

6.For each medium {

7.1IF Media_end(i) < Media_begin (i) then give message

8.End for

9.end if

Spatialtemporal verification is used to verify objects in different overlapping
regions at the same time interval. Multimedia documents will be checked first to
determine whether each region is overlapping: spatial and whole overlapping. Any
possible overlap in each pair of regions will be included in a list. When the list is
complete, all media on the list are checked for broadcast times. The verification
process is applied to two overlapping media in different regions. In the incrementality
of the spatiotemporal verification algorithm, verification will be applied to objects
that the user has changed.

Boolean Eq. (2) is used to find two overlapping regions.

((Lb > La)&&(Lb <La + Wa)||(Lb + Wb > La)&&(Lb + Wh < La + Wa)&&
((Th>Ta)&&(Th <Ta + Ha))||(Ta + Ha>Ta)&&(Th + Hb <Ta + Ha))  (2)

Where:

La = left position of media a.
Lb = left position of media b.
Ta = top position of media a.
Tb = top position of media b.
Wa = width of object a.

Wb = width of object b.

Ha = height of object a.

Hb = height of object b.
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The incrementality algorithm of the spatiotemporal verification process is as follows:

1.Prepare the substrate
2.Convert the timeline from two dimensions to three dimensions
3.0rganize media by time
4.For regions
5.Process the overlapping areas
6.Ends For
7.For overlapping areas
8.If there is a change in the media
9.For main region{
10.For the next region{

11.If the start of the main region < the start of the second region then
submit a message

12.End For
13.End For
14.End If

15.End For

The algorithm was tested using the SMIL language to determine its success. A
multimedia presentation scenario consisted of four regional layouts and eight video
media. The eight video media are displayed in a predetermined region, because the
number of media is more than the number of regions, and a combined parallel and
sequential scenario is designed. The scenario is designed so that all media can be
displayed correctly and can be tested using the designed incrementality algorithm.
The following is a multimedia document in the form of the SMIL language which is
used for testing the incrementality algorithm [5].

<smil>.
<head>.
<layout>.
<root-layout height=“110" width=“110"/>.
<region width=“480" height=“480" top=“10" left=*10"
id=“areal” />.
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<region width=“480" height=“480" top=“10" left=“510"
id=“area2” />.
<region width=“480" height=“480" top=“510" left=“10"
id=“area3” />.
<region width=“480" height=“480" top=“510" left=“510"
id=“aread” />.
</layout>.
</head>.
<body>.
<seq>.
<video region=“areal” src=“movieb.vid” id=“id1” dur=“160"/>.
<par dur=“160 s”>.
<video region=“area2” src=“movie6.vid” id=“id2” dur=“160"/>.
<video region=“area3” src=“movie7.vid” id=*id3” dur=“160"/>.
</par>.
<par dur=“160 s”>.
<video region=“area2” src=“movie8.vid” id=“id4” dur=*160"/>.
<seq dur=“160 s”>.
<video region=“area3” src=“movid9.vid” id=“id5” dur=“807/>.
<video region=“area4” src=“movielQO.vid” id=“id6” dur=“80"/>.
</seq>.
</par>.
<par dur=“160 s”>.
<video region=“area2” src=“moviell.vid” id=“id7” dur=“160"/>.
<video region=“area3” src=“moviel2.vid” id=“id8” dur=“1607/>.
<video region=“area3” src=“moviel3.vid” id=*id9” dur=“160"/>.
</par>.

</seq>.

</body>.

</smil>.

When the duration of the “movie5.vid” is changed from 160 to 180, the following
process is

* Process: Durl(par) = 160
Dur2(par) = 180

* Process 2: D1 (par) = D2 (par)

* Process 3:"par” is invariant

Where:

D1 = initial duration

D2 = modification duration

The verification process will get a value of D = 160 which is regulated in the coding
program, but a different value is obtained after the verification process. This causes
the algorithm to declare an error. The author will also receive information on the error
message in the message box on the user interface.

9
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Number of Number of Number media Time Required (with Time Required (without
Media Region per region Incrementality) Incrementality)
36 12 3 6 ms 31 ms

36 3 12 9 ms 69 ms

72 12 6 20 ms 129 ms

72 6 12 19 ms 137 ms

96 12 8 33 ms 180 ms

96 8 12 30 ms 174 ms

120 12 10 47 ms 238 ms

120 10 12 45 ms 229 ms

144 12 12 55 ms 297 ms

Table 1.

Process time comparison.

Time required for spatio-temporal verification
300

250

200

100
5 I
0 I
10 4 10 6 10 8 10 10

#Objects/reg 2

#Regions 10 2 10 4 10 6 10 8 10
#Objects

(ms)

o

20 40 40 60 60 80 80 100

Without Incrementality W With Incrementality

Figure 7.
Process time comparison graph.

Testing the incrementality algorithm in the verification process is done by
comparing the time of the verification process. The comparison being tested is an
algorithm that uses incrementality and without incrementality. Table 1 and Figure 7
show a comparison of the time needed to calculate the time using and without the
incrementality algorithm in the verification process. Based on the experimental
results, it can be seen that the incrementality algorithm has succeeded in reducing the
processing time by almost 75%.

5. Conclusions

Multimedia authoring tools combine and process visual media (images, videos,
animations, text, and others) and non-visual media (sound, music, and others) into a

10



Reduction of Kernel Mechanism Processing Time in Multimedia Authoring Tool
DOI: http://dx.doi.org/10.5772/intechopen.110037

multimedia document. Currently, there are several languages for multimedia pro-
gramming, such as SMIL, NCL, HTML 5, and others. The core process in the multi-
media authoring tool is called the kernel mechanism, which consists of two mandatory
processes, namely modeling and verification. There have been many verifications and
modeling developments in multimedia authoring tools. Multimedia authoring tool has
several attributes such as editing, formatting, services, formal verification model, and
performance. All attributes must be met by a multimedia authoring tool to produce
efficient multimedia documents, errors, and others.

Based on the experimental results, it was found that adding media to a document
would result in a longer verification process, both time computation and spatiotem-
poral verification. The incrementality algorithm can reduce processing time to verify
multimedia documents. Based on the experimental results, the processing time can be
reduced by up to 75%.
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