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The object of research is preprint processes for the
manufacture of books with audio accompanying. The
analytical and experimental studies reported here are
based on the application of the methodology for devising
a simulation model for calculating the complexity of pre-
print processes in the production of printed books with
sound applications. The basic assumption of the study is
that the use of simulation will contribute to the improve-
ment of calculations of the complexity of preprint proces-
ses for making books with audio accompanying. This can-
not be achieved without analyzing the factors influencing
the convenience of perception of textual and sound infor-
mation and establishing the objective function of mu-
tual influence of the text of the publication and audio.
A methodology has been proposed for calculating the
complexity of the preprint process of making books with
audio accompanying based on the developed algorithm
of the technological process, mathematical representa-
tion of the structural model, as well as its components.
It is shown that the process of creating audio accompa-
niment is affected by the content of printed pages, font
design parameters, the selected format of page assembly,
and the presence of illustrations. Based on the obtained
expert assessments, a hierarchical representation of fac-
tors influencing the convenience of information percep-
tion is built; the interaction of parameters at different
technological stages is described. The dependence of the
complexity of the process of making books with audio
accompanying on the volume of the book edition in the
accounting and publishing sheets, the size and capacity
of the font, as well as the speed of sound recording of the
printed text, has been established. It is determined that
with an increase in font capacity within 200...1000 thou-
sand characters, the calculated labor intensity increases
by 5 % to 20 %. The largest limits of changes in the com-
plexity of creating an audio accompaniment are 9 %, at
the stage of processing graphic information — 50 %
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1. Introduction

Most innovations introduced in the preparation and
production of book publications are focused on the form of
presentation of content and media, ensuring its high-quality
and easy-to-use reproduction. The audio, video, graphic, and
photo components of the integral publishing and printing
block include additional tools that expand the functionality
in using traditional book products. Interactive elements of
augmented reality, developed and introduced into the pub-
lishing of books, given their significant impact on various hu-
man senses, contribute to the formation of additional benefits
in the perception of information.

In addition, the property of a single book to be more
attractive to readers compared to other publications that are
similar in type and purpose is acquired only through the use
of interactive elements of augmented reality. Interactive com-
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plementary elements are manifested through tactile means of
actuating audio, gif technologies, animation fragments, and
video materials of various complexities. Interactive elements
involved in individual species, or a structured sample, help
expand the imagery close to virtual reality created by the
human imagination in the process of reading the text.

Properly selected and actually applied sound design of
the book effectively affects the imagination and perception
of the reader, expands and enhances the memorization of the-
matic information, creates an additional sensual emotional
background.

An book with audio accompanying makes it possible
to divide familiarity with textual information into several
components in a stochastic way separated in time. Under fa-
vorable conditions and convenient circumstances, familiarity
with the text occurs in the usual way by reading the lines,
activating sound or video effects that enhance the perception




of events, the description of which unfolds in the text. If it is
necessary to interrupt reading when commuting to work, due
to business, for sports, cooking, or other important actions
that make the reading process situationally impossible, the
audio accompaniment function is activated. The process of
familiarizing yourself with the events or information provi-
ded in the book continues.

At the same time, the innovative embodiment of audio
accompaniment into the structure of book publications in
various creative manifestations requires additional acquisition
of the traditional organizational structure of book publishing
houses. First of all, sound designers, sound engineers, pro-
grammers with special skills, and software sound applications
for creating an audio product. Audio accompaniment will
maximally enhance the textual content with realistic surround
sound design during the opening of each new page of the pub-
lication. In addition, special attention should be paid to the
originality of sound effects, their apt use, and synergy with
text images. Book publications with audio accompaniment are
carriers of various types of content that require the use of new
approaches to the technological processes of preprint.

An important criterion for the release of high-quality
books with interactive applications is the process of assem-
bling and editing the layout components of books with audio
accompanying. The process of layout and editing, in terms of
textual information, has certain features caused not only by
the artistic selection of typefaces but by the size and scope of
their application on each page. This is primarily due to the pro-
cess of acting reading the test during audio recording. In addi-
tion, when changing the technological mode of the recording
speed, the overall complexity of the process of creating books
with audio accompanying can vary relatively widely.

The main stages of the technological process of manufactur-
ing printed books with audio accompanying are characterized
by different time expenditures and require publishers to care-
fully analyze the complexity of preprint processes. The purpose
of this analysis is the systematization and structural combina-
tion of text and sound files and the optimization of publishing
technologies. However, industry standards for the production
of printed book products with interactive applications do not
contain indicators of the complexity of preprint processes, with
the help of which it is possible to optimize technological costs.

Therefore, it is a relevant task to study the features of
editing layouts of publications with audio accompaniment,
the main parameters of the technological process, the con-
nections between them, and to devise a simulation model for
calculating the complexity of the preprint process of making
books with audio accompanying.

2. Literature review and problem statement

To maintain leading positions in technological and eco-
nomic development, book publishing houses intensively
introduce new communication and information technologies
into book publications, which remain among the most desir-
able ways to obtain the necessary knowledge [1]. Therefore,
the increase in the pace of innovation influence and the im-
provement of information resources contributes to the deve-
lopment of not only individual paper or electronic media but
stimulates the intrastructural and complementary growth
of each direction. First of all, in terms of preprint processes,
which concerns the creation of layouts of future book publi-
cations with interactive applications.

Thus, in [2], the structural and functional model of infor-
mation technologies for the formation of the quality of artis-
tic and technical design of the book at the stage of preprint
preparation is presented. The proposed technology makes it
possible to build relationships between physically separated
variables using tools and selected factors in the form of ma-
trices for textual linguistic variables. However, it should be
noted that in the cited paper there are no dimensional indica-
tors of interaction factors. Based on the statistical data given
in [3], the results of a survey of Danish experts in the publish-
ing industry, a digital model, and a scheme for technological
production of a book with audio are described. The dynamics
between the economy and aesthetic quality of the process
of choosing the saturation of sound are given. However, the
benefits of the described digital model have not been con-
firmed by experimental studies. In the development of the re-
sults given in [3], the technology of TTS (Text-to-Speech) —
mixing synthetic and recorded signals of natural speech — is
investigated in [4]. The above technology contributes to the
search and control of a compromise between the overall
quality of the book with audio accompanying and the cost of
its production. However, the characteristics of the recording
quality of mixed signals and settings that affect the quality of
the final sound recording are not sufficiently substantiated.

According to the authors of [5], some design elements
that facilitate the perception of material in paper edi-
tions (for example, wide margins, large images) can compli-
cate the use of interactive elements that complement textual
explanations. However, the example of a textbook layout
and layout creation does not show that the layout of a pub-
lication with text, images, and interactive elements should
imply and take into account the added actions. In [6], the
main stages of development of methods and tools for creat-
ing soundtrack for interactive applications with indicators
of frequency sampling at the level of 44.1 kHz are consi-
dered. However, the specified value of the main characteris-
tic of the sound is not justified and not comparable to other
characteristics in terms of impact on the overall quality of
the sound recording. In contrast to [6], the main motivation
of work [7] is to implement a content research strategy, iden-
tify a possible amount of introduction and use of interactive
elements that turn the reader into an active participant in
the reading process. The limitations on the process of creat-
ing layouts for interactive workbooks are highlighted. How-
ever, the sequence of application of preprint tools, depending
on the direction of the publication and the influence of the
professional level of the programmers involved, is not taken
into account.

The research reported in [8] considers technological
development and features of distribution of printed, elec-
tronic, and audio books. It is noted that the world’s leading
publishing houses complement or duplicate traditional book
publications by means of audio accompaniment. This factor
plays an important role in finding complementary options for
creating layouts of printed books involving interactive appli-
cations. However, there are no factors of mutual influence on
the scope of application and layout of the audio accompani-
ment with the text part of the book.

In [9], a comparison of various technologies for creating
books with audio accompanying is carried out, namely, the
influence of sound effects and background music on the
quality of information perception is determined. But the pa-
per does not focus on the quality of perception of the phono-
gram when applying different sound recording technologies



for different types of printed books. However, the results
of the above studies [9] are consistent with research [10]
and significantly complement it. Important principles for
designing the structure and book layout have been identified
as they help encapsulate and disseminate research results,
as well as create a cumulative body of knowledge. They are
also of interest to design practitioners as they can provide
synergistic recommendations for text, graphics, and sound
content. However, there is no description of the recommen-
ded regulatory measures combining the volume of the text
and sound components of the publication.

Development of recommendations for the use of audio ac-
companiment for a typical printed book to determine the time of
creation of sound content is given in [11]. However, there are no
recommendations for the ratio of sound content associated with
the lines of text for which they were made. There are also no re-
commendations on the mechanism for adjusting the sound tem-
po, depending on the likely changes in the pace of reading the
text. Therefore, the final calculation of the complexity of pre-
paring the layout of the book, due to the involvement of a limi-
ted number of indicators, affects the importance of the results.

Study [12] shows that individual means of preprint
preparation of layouts of books with audio accompanying
are considered promising, subject to the technological appli-
cation of digital printing. Digital printing provides limited
lead time and situational change of image used for each in-
dividual print. It is shown that the factors of manifestation
of the effectiveness of digital printing of book products are
the possibility of combining a separate sound model of audio
content with various options for thematic design of book
layouts. In addition, book layouts can be personalized, for in-
dividual readers, through the addition of sound dedications,
or other options for custom-made sound iterations. However,
the expediency of using the listed technological capabilities
is not confirmed by calculations of the complexity of preprint
processes, which significantly affect the cost component of
the publication with audio accompaniment.

Work [13] provides an analysis of the features of design
and layout of interactive publications based on the study of the
functional features of programs and content management sys-
tems used in publishing practices. It is noted that for publishers,
the creation of interactive publications with a fixed layout is
almost identical to the preparation of printed publications. In
support of the results given in [13], the author of study [14]
applied didactic modeling of the creation of book layouts,
which takes into account favorable conditions for the use of
multimedia applications. A comparative analysis of the capa-
bilities of software applications, step-by-step technology, and
design concept for creating layouts of books with interactive
applications is carried out. However, as in [12], the rationality
of structural proposals for the construction of books is not con-
firmed by calculations of the complexity of preprint processes.

Promising in terms of technological application are the
means of modeling the processes of designing books using text
descriptions, which are the interpretation of the elements of
audio accompaniment [15]. Determining semantically the
most significant factors of the information content of books
and identifying an effective way to present these factors with-
in the framework of the design of books shows the information
specifics of the corresponding book. This greatly contributes
to the accentuated thematic direction of creating audio con-
tent for the book. However, no algorithm for modeling the
volume and sequence of application of factors of information
content of books for audio accompaniment layout is revealed.

Our literary review shows that despite the practical
significance of the research, the indicators of the complexity
of preprint preparation of layouts of publications with audio
accompaniment have not been sufficiently considered, calcu-
lated by input parameters and technological modes.

Therefore, there is reason to believe that the lack of
appropriate determining ratios of the effectiveness of the
technological system of preprint preparation of publications
with audio accompaniment, which had been considered in
a limited volume, necessitates research into this area.

3. The aim and objectives of the study

The aim of this work is to construct a simulation model
for calculating the complexity of the preprint process of
making books with audio accompanying. This will make it
possible to improve the calculations of the complexity of
the preprint process of making books of various formats, vo-
lumes, artistic and sound accompaniment.

To accomplish the aim, the following tasks have been set:

— to investigate the factors influencing the convenience
of perception of textual and audio information;

—to construct a simulation model for calculating the
complexity of the preprint process of creating books with
audio accompanying;

—to conduct analytical studies of the complexity of the
preprint process of creating books with audio accompanying
by input parameters, technological modes, and complexity of
production.

4. The study materials and methods

The object of our research is preprint processes for the
manufacture of books with audio accompanying. The main
hypothesis of the study assumes that the use of simulation
will contribute to the improvement of calculations of the
complexity of preprint processes when making books with
audio accompanying. The conducted analytical and experi-
mental studies are based on the application of the methodolo-
gy for developing a simulation model for calculating the com-
plexity of preprint processes while making books with audio
accompanying. Problems of calculation results probability
arise due to the lack of formalized indicators and factors of
interaction of input parameters, technological modes, and
complexity of production. Features of forecasting and mini-
mization of indicators of production of books with audio ac-
companying, different in artistic and sound accompaniment,
can be investigated and improved by simulation modeling of
the calculation of the complexity of preprint processes.

An analytical review of technologies for creating book
products with interactive applications and basic requirements
for their characteristics was carried out. To carry out a systema-
tic analysis of indicators and factors of interaction of input pa-
rameters, technological modes, and complexity of production,
the market of book publications in Ukraine was investigated.
In addition, the range of book products with audio accompa-
niment from well-known book publishing houses and Internet
resources is analyzed [16—20]. The main characteristics and
indicators of book publications with audio accompaniment,
which are taken into account in the process of developing an al-
gorithm for the general technological process of making books
with audio accompanying, are investigated (Fig. 1).
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Fig. 1. Algorithm of the technological process of creating
books with audio accompanying

According to the provisions of
systems analysis, the technological
process of making books with au-
dio accompanying is schematically
represented in the form of a sys-
tem (Fig. 2), to the input of which
information signals are given. Opti-
mizing the test input helps find test
cases that detect problems in the
system. When choosing modes and
methods of information processing,
within the technological process,
the links between its indicators
and characteristics as functions of
the optimization object are investi-
gated [21].

3

v

y=r(xa)

8
Fig. 2. Diagram of the model of the

technological process of creating
books with audio accompanying

Xm— > —»¥n

The technological process of
making books with audio accompa-

nying accompaniment, for the general case,
is represented by a mathematical structural
model:

E=®(y,x,a8),

Yy =f(x7a!§)7

(1
(2)

where E is the result of the technological pro-
cess, x=(x1, X,...%,,) — vector of input variab-
les (input information), y=(y1, y2,...y») — vec-
tor of the initial variables (controlled pa-
rameter), a=(ay, as,...a;) — vector of inter-
nal parameters of the system (technological
modes), E=(&y, &y,...&;) — vector of indefinite
parameters (random factors).

To construct a simulation model for cal-
culating the complexity of the preprint pro-
cess, the Simulink module of the MATLAB
R2016b software package (USA) was used
to describe the interaction of parameters,
modes, and factors operating at different
technological stages.

The simulation model is based on data of
rational time of sequential execution of opera-
tions of the technological process (Table 1).
The construction of a simulation model
involves the analysis and description of
the functioning of subsystems of individual
technological stages of production, and also
determines the nature of the influence of
various components on the complexity
of the process.

Table 1

The list of variables in the technological process of creating
books with audio accompanying

No. | Variable Essence of variable Set of values
1 X number of signs in the edition, signs 90,000—1,000,000
2 Xy |text complexity group 1-4
3 x3  |the number of sections 1-20
4 X4 sheet format, sq 24-204
5 x5 |font point size, pt 8—14
6 Xg illustrativeness, % 5-60
7 x7  |illustration complexity group 1-4
8 xg  |layout complexity group 1-4
9 x9  |sound effect difficulty group 1-3

10 |  xy9  |the complexity of the audio accompaniment input process 1-2
11 y1  [time for assembly processes, hours 11-115
12 Yo time for the development of a production and technical task, hours 1-71
13 y3  |graphic information processing time, hours 2-114
14 y4s  |sound effects preparation time, hours 1-7
15 Ys time to create audio accompaniment, hours 42-415
16 ye |edition layout time, hours 10-252
17 y7 |layout preparation time, hours 1-2
18 ys  [time for quality control, hours 1-4
19 a; |font capacity (average character width), mm 1.25-2.99
20 as duration of the sound effect, s 5-20
21 az  |sound recording speed, words/min 85-126
22 a;  [number of audio tracks 1-2
23 as |quality of audio information, Kbit/s 192-320
24 ag  |the number of controlled quality indicators 1-4
25 &, |average number of text edits, pages 4-30
26 &)  |average number of sound recording takes 1-3
27 &3 |average volume of over-recorded audio accompaniment, h 0.2-4
28 &; |the average amount of edition corrections 1-4




On the basis of the proposed algorithm of the technological
process of creating books with audio accompanying (Fig. 1)
and using a mathematical notation of the structural model (1),
(2), the complexity of the individual stages is described:

vi=1(%,a.8,), ®3)
Y =X, Xy 258, (4)
Yy =X, X, Xg XA~ Ay, (®))
Yy =X X, (6)
Yy =X Xy, )
Y5 =0, Xy, (®)
Ys=as-a,-a5-8,-8;, )
Y, =Xy g, (10)

=&, (11)
E, =Yy, (12)

i=

where E,, is the general complexity of the technological
process of creating books with audio accompanying, hour;
y; — complexity of the i-th stage (f;) of the technological
process, h; x; — parameters of input information (Table 1);
a; — technological modes (Table 1); &, — random factors of
the technological process (Table 1).

In other words, it is assumed that the complexity and
overall complexity E,,, of the technological process of creat-
ing books with audio accompanying depends on a set of vari-
able parameters, factors, and modes.

5. Results of research into the complexity of the preprint
process of making books with audio accompanying

a sample rate of 48 kHz, a bit rate of 1536 kb/sec, a volume
level of 21 dB. The speed of reproduction of textual informa-
tion averages 105 words per minute. The peculiarities of the
use of interactive applications for children’s literature, which
differ from the use in other publications, fiction, educational,
reference, audio accompaniment with a relatively slow mode
of text reproduction, have been identified.

A book edition with audio accompaniment consists of
a printed book and individual sound files with narration
of text, music and background accompaniment. For easy
reading and listening to the recorded interactive content,
a page-by-page sound breakdown is carried out into separate
files that are activated in proportion to the average speed of
reading textual information.

Since the audio accompaniment is obtained by the addi-
tion of the printed book edition, the planning of its reproduc-
tion depends on the volume of the text, layout parameters,
and the design of the original layout. That is, the capacity of
the pages of the printed edition affects the process of creating
audio, its sound saturation and intensity. In addition, the
capacity of the printed page is affected by the font design pa-
rameters, the selected format of the folding page, the number
and location of illustrations.

When creating an audio accompaniment of a book, it is ne-
cessary to take into account not only the technical characteris-
tics of the paper book but also the index of perception of textual
information. Such an index exists to determine the readability
of the text. It can be calculated based on various parameters,
for example, the length of words and sentences, the number of
words often used, the number of complex words, etc.

To determine the factors influencing the convenient
perception of information from the pages of book publica-
tions with audio accompaniment that meets the desires and
expectations of consumers, a causal diagram of Ishikawa has
been constructed (Fig. 3) [22]. Identification and analysis
of causal relationships is the result of work within the tole-
rances established by the objective function of the mutual
influence of the text part of the publication on the types and
volumes of interactive audio applications.
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To determine the expert assessment of the importance of
the isolated elements, the method for paired comparisons was
applied [23]. During the construction of matrices of paired
comparisons, a scale of relations was used (Table 2) and the
importance of criteria was assessed (Table 3).

Table 2
Scale of relations
Estimate | Significance of factors Definition
1 Equal importance The same effect
3 Weak (one factor One factor is more important
prevails over another) than the other
5 Substantial One factor has a certain
significance or strong advantage over the other
7 Very strong (obvious) A significant advantage
significance of one factor over another
9 Absolute significance Absolute advantage
. Determining Importance
2,4,6,8 Intermediate Has trade-off value
Table 3
Evaluation of the importance of criteria
Criterion RT CR SR 1P
RT 1 5 5 1/3
CR 1/5 1 3 1/3
SR 1/5 1/3 1 1/3
1P 3 3 3 1

After adding the rows of the matrix, the priority vector
of the criteria matrix is obtained (11, 33,4, 53, 1, 87; 10).
After dividing each criterion by the sum of all elements of
the vector (27.73), a normalized priority vector (0.40; 0.16;
0.06; 0.36) is obtained. In addition, the actual value of the
matrix Ap.=4.67, the consistency index CI=0.22, and the
consistency ratio VU=0.25. Hence, it turns out that the
most significant criteria for users are the readability of the
text, the integrity of the publication, the clarity of reading,
and the speed of reading. After that, expert assessments
of the importance of readability of the text were deter-
mined. Expert evaluation was carried out by specialists of
book production at the State Publishing House «Press of
Ukraine» and specialists of the recording department at the
National Public Television and Radio Company «Ukraine».
Using the method for paired comparisons, the following
parameters were evaluated: folding page, font, size, layout,
printing quality. During the formation of matrices of paired
comparisons, a scale of relations was used (Table 2) and the
importance of the criteria was assessed (Table 4).

Table 4
Assessing the importance of criteria

Criterion FP FT CFS L PQ
FP 1 1/5 1/5 1/7 1/3
FT 5 1 1/5 3 1/3

CFS 5 5 1 3 3

L 7 1/3 1/3 1 3

PQ 3 3 1/3 1/3 1

After adding the rows of the matrix, the priority vector
of the criteria matrix is obtained (1.54; 9.20; 14; 8.67; 6.67).
After dividing each criterion by the sum of all elements of the
vector (40.08), a normalized priority vector (0.03; 0.22; 0.34;
0.21; 0.16) is obtained. In addition, the actual value of the
matrix Ap.=6.39, the consistency index CI=0.34, and the
consistency ratio VU=0.31.

The sequence of the weightiest criteria for users consists of
font size, font types, layout, folding pages, and printing. Based
on the stated sequence, a hierarchical construction of elements
of the influence of weighty criteria is presented (Fig. 4).
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I
[ l
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[ | 1 \ ]
Font Font ‘ ‘ Layout ‘ Folding || Polygraphy

point size page quality

Fig. 4. Hierarchical construction of the presentation
of factors influencing the convenience of perception
of information

Based on the analysis and evaluation of factors of influen-
ce by the method for paired comparisons, a generalized formu-
la has been derived to determine the readability of the text:

1, =035K,, +0.22K, +0.21K, +0.16K , +

+0.361,+0.16K,, +0.06K,,, (13)
where I; is the complex indicator of readability, Kj,, — font
point size, Kr— font capacity, Ky — complexity of layout,
K, — printing accuracy of reproduction (delta), I,; — read-
ability index, K, — clarity of recorded reading, K, — speed
of recorded reading.

The indicator «printing accuracy of reproduction» corre-
sponds to the features of the applied type of printing, repro-
duction quality, quality, and types of paper. The readability
index, in turn, is determined using the Flash formula [24]:

1. =206,835-1.015_ ot words
" total sentences
total syllables

- 84.6 .
total words

(14)

5. 2. Construction of a simulation model for calculating
the complexity of the preprint process of making books
with audio accompanying

Based on the proposed structural model (1) to (12) and
its components (Table 1), as well as the algorithm of the tech-
nological process of creating books with audio accompanying,
asimulation model was constructed in the MATLAB Simulink
software (Fig. 4). The proposed simulation model describes
the influence of various factors of the technological process on
the complexity of creating books with audio accompanying.

The principle of operation of the constructed simulation
model (Fig. 5) is that the technological process of creating
books with audio accompanying consists of eight subsys-
tems (4) to (11), which include the main stages: the processes
of preparing textual information (f1), drawing up production



and technical specifications (f3), processing graphic informa-
tion (f3), layout of the original layout of the publication (f%),
preparation of sound effects (f5), creation of audio accom-
paniment (fg), preparation of a book with audio accompa-
niment (f7), and verification of the quality of the publica-
tion (fg). Accordingly, the components of the model are fed

to the input of each subsystem (f;) of the simulation model:
input parameters (%), internal parameters (a;), and indefinite
parameters (&,). The outputs of subsystems are a certain
amount (complexity) of time spent (y;) to perform each of
the stages of the technological process of creating books with
audio accompanying.
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Fig. 5. Scheme of a simulation model for calculating the complexity of the technological process
of creating books with audio accompanying



In the MATLAB Simulink software environment, the «Sub-
systems blocks are used to mark subsystems (f;), input (x;) pa-
rameters — «Constant» and «Ramp», internal (a;) parameters —
«Constant» and «Variant Sources to create a simulation model,
of undefined parameters (&,,) — «Uniform Random Numbers, ini-
tial parameters (y;), respectively, «Display» blocks, etc. [25, 26].

The simulation model built is variable since it makes it
possible to change the input data in a wide range (Table 1). For
example, the input speed of sound recording (a3) can be adjust-
ed in three modes: slow, medium, and accelerated. These modes
will ultimately affect the complexity of the technological pro-
cess of creating a book with audio accompaniment. Therefore,
with the help of this simulation model, it is possible to predict
the intensity for publications of different characteristics and
complexity of the production process.

5. 3. Analysis of the complexity of the preprint process
by input parameters, technological modes, and complexity
of production

According to the simulation model built, the technolog-
ical process of makingbooks with audio accompanying with
different amounts of textual information x;=200...1000 thou-
sand characters was modeled. Moreover, for all other pa-
rameters of the model, standard values

model consists of eight consecutive technological operations of
the preprint process of making books with audio accompanying.
It is proved that the most time-consuming technological opera-
tions are the layout of the original layout of the publication (/%)
and the creation of audio accompaniment (/). In addition, we
calculated labor intensity for a book of 200 thousand characters
when changing the font point size (x5), which is shown in Fig. 7.

According to the dependence plot of the complexity of
the preprint process on the font point size (Fig. 6), an increase
in the amount of labor intensity is observed with an increase
in the font point size. Thus, with the same parameters of the
technological process, changing the point size of the font from
x5=8 points to x5=12 points leads to an increase in labor inten-
sity by 15 %. This is due to the increase in the volume of the
book edition in pages since additional time is spent on the layout
of additional pages and the creation of audio accompaniment.

Within the variability of the constructed simulation
model, the influence of key technological modes on the com-
plexity of the preprint process of creating books with audio
accompanying is investigated. In particular, the influence of
the selected size of the font capacity (Fig. 8) and the speed
of sound recording of narration text (Fig. 9) on the amount
of calculated labor intensity was determined.
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According to the results of the simulation,
a dependence plot was constructed, which
determines the nature of change in the
indicator of labor intensity. Below are the
indicators of changes in the preprint pro-
cess of making books with audio accom-
panying (E3,), depending on the volume
of the book edition in the accounting and
publishing sheets and the duration of
audio accompaniment (Fig. 5).

When applied to the constructed
simulation model (Fig.5) of the stan-
dard parameters of the preprint process of
making books with audio accompanying,
there is a predicted linear relationship
between the growth of the volume of the
book edition and the complexity of its
creation (Fig. 6). According to the simu-
lation model, the estimated time for pre-
print processes is at least 210 hours, sub-
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Fig. 6. Plot of the complexity of the process of creating books with audio
accompanying (£;) on the volume of the book edition in accounting-publishing
sheets (1) and the duration of audio accompaniment (2)
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ject to the preparation of a book edition of 0 100
an average volume of 10 accounting and
publishing sheets and an audio accom-
paniment duration of 10 hours. It should
be noted that the constructed simulation
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Fig. 7. Plot of the complexity of the process of creating books with audio
accompanying (£;) on font point size (1) and volume (2)
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Thus, with an increase in font capac-
ity, due to an increase in the volume of
a book publication, from 200 thousand
characters (1) up to 1000 thousand charac-
ters (2) (Fig. 8), the calculated complexity
of the preprint process (Ej) increases. With
a publication volume of up to 200 thousand
characters, we observe an insignificant in-
crease in labor intensity by 5 %. However,
with an increase in the volume of publi-
cation to 1000 thousand characters, labor
intensity increases significantly by 20 %.
Therefore, there is reason to believe that for
book publications with significant amounts
of text, it is recommended to choose type-
faces of fonts with moderate capacity.

The technological mode of changing the
speed of sound recording (ay) for the pro-
cess of creating audio accompaniment for
books (f) significantly affects the change
in the total complexity of the preprint pro-
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cess (Fig. 7). Thus, when changing the
speed of sound recording (ay) in the stan-
dard range from 85 to 126 words/min,
the complexity varies within 20 %. At the
same time, the change in the calculated
amount of labor intensity due to a change
in the speed of sound recording directly
does not depend on the volume of the
book edition in thousand characters. It
should be noted that the increase in the
recording speed (ay) to 126 words/min
reduces the complexity of the preprint
process of creating books with audio ac-
companying to the specified 20 %.

On the basis of the constructed
simulation model, the complexity for
each individual stage of the preprint
process of creating a book with audio
accompaniment (Fig. 10) is determined:
preparation of textual information (f1),
preparation of production and technical
specifications (f3), processing of graphic
information (f3), layout of the original
layout of the publication (f;), prepa-
ration of sound effects (fs), creation
of audio accompaniment (fg), prepa-
ration of a book with audio accompa-
niment (f7), and quality control of the
publication (fg). It was established that
the most time-consuming stage of pre-
print preparation is the creation of audio
accompaniment (fs), preparation of tex-
tual information (f1), and layout of the
original layout of the publication (f;).

To determine the influence of the cho-
sen complexity of the preprinting process
of creating a book with audio accompa-
niment by parameters (xs, 27, g, X9, X10)
and modes (ay, as, ag) to change the com-
plexity we carried out calculation using
a simulation model with the minimum
and maximum values of the specified pa-
rameters fimin and fimax (Fig. 11).
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Fig. 10. The labor intensity of a typical preprint process of creating
books with audio accompanying (£) in separate stages (7;miq)
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Fig. 11. The labor intensity of the preprint process of creating
books with audio accompanying (£,) in separate stages (7min, fimax)

Changing the complexity of the preprint process leads
to significant dimensional changes in the labor intensity of
individual stages (Fig. 9). The difference between f; i, and
Jimax concerns mainly the stage of preparation of textual
information (f1), processing of graphic information (f3),
the processes of layout of the original layout of the publi-
cation (f), and the creation of audio accompaniment (fg).
The magnifying limits of changes in the labor intensity of
the stage of creating an audio accompaniment (/) are 9 %,
and the stage of processing graphic information (f3) — 50 %.
The significant influence of the modes of complexity of
the preprint process of each of these stages (Table 1) de-
termines the total indicators of labor intensity and the
possibility of its regulation and minimization.

6. Discussion of results of the construction
of a simulation model for calculating the labor
intensity of the preprint process of making
books with audio accompanying

The results of our study of preprint processes for making
books with audio accompanying have shown that the audio
accompaniment is an interactive addition to the publication
and depends on the layout and design of the original layout of
the printed book. At the same time, the process of creating an
audio accompaniment is influenced by the capacity of printed
pages, font design parameters, the selected format of folding
pages, and the presence of illustrations.

In addition, it was found that most books with audio
accompanying are distributed in MP3 format, with a sample
rate of 44.1 kHz, a bit rate of 128 kb/s or 320 kb/s, a volume
level of —17...—19 dB. Accordingly, the optimal recording of
audio for printed books is carried out in WAV format, with
a sample rate of 48 kHz, a bit rate of 1536 kb/sec, a volume
level of —21 dB. The identified dimensional indicators of
the quality of sound recording and reproduction for further
work with audio accompaniment are consistent with the
research of the authors, carried out earlier [6, 7], and signifi-
cantly complement them.

In addition, during the analysis, it became possible to
determine the variable speed of the audio track of the prin-
ted book depending on the thematic purpose. For example,

the audio accompaniment of children’s
literature corresponds to the relatively
slow reading of the text during the
recording, compared to fiction and ed-
ucational books. At the same time, for
reference book publications and pub-
lications on business theory, the text is
read at a more accelerated pace.

Based on the analysis of preprint
technological processes for preparing
layouts of book publications, an algo-
rithm for the general technological pro-
cess of making books with audio accom-
panying has been developed (Fig. 1).
The purpose of the algorithm is to iden-
tify significant factors influencing the
holistic perception of textual and audio
accompanying information. As a result,
a causal diagram of factors affecting the
convenience of perception of informa-
tion has been constructed (Fig. 3).

By indirectly assessing the influence of the factors given
in the diagram, the main factors of convenience of perception
of information are identified. These include readability of
the text (font, point size, folding page); clarity and speed of
reading; integrity of the publication (synergy of text, illustra-
tions and audio accompaniment). Expert assessments of the
importance of the identified factors by the method for paired
comparisons were determined (Tables 2, 3). According to the
results of the experiment, the most significant criteria are
arranged in the following sequence: ease of reading the text,
the integrity of the publication, clarity of reading, and speed
of recording the text. According to the same method, expert
assessments of the importance of the criterion of readability
of the text were determined (Table 4).

It has been established that more weighty criteria for
users are font size (point size), font types, layout, printing
reproduction, and folding pages. On the basis of certain
expert assessments, a hierarchical representation of factors
influencing the convenience of perception of information is
built (Fig. 4). In addition, a generalized formula for determin-
ing the readability of the text (13) was derived for calculating
complex readability indicators when designing a publication.

According to the provisions of the systems analysis, the
preprint process of creating books with audio accompanying
is schematically represented in the form of a system (Fig. 2)
to the input of which information signals are given. Signals
that comprehensively affect the result of the technological
process are conditionally divided in the following sequence:

— vector of input variables (input information — com-
plexity group, number of characters in the publication, etc.);

—vector of output variables (controlled parameter —
time, duration of technological operations);

— vector of internal parameters of the system (technolog-
ical modes — sampling of sound recording quality settings);

— vector of indefinite parameters (random factors). To
construct a simulation model for calculating the labor in-
tensity of the preprint process, the Simulink module of the
MATLAB R2016b software package was used to describe
the interaction of parameters, modes, and factors operating
at different technological stages. The simulation model is
based on data of rational time of sequential execution of
operations of the technological process (Table 1). The de-
velopment of a simulation model covers the analysis and
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description of the functioning of subsystems of individual
technological stages of production, and also determines the
nature of the influence of various components on the com-
plexity of the process.

This model is variable because it makes it possible to change
the input data widely. For example, the input parameter of the
recording speed (a3) can be adjusted in three modes: slow, me-
dium, accelerated. The variability of modes, as a result, affects
the labor intensity of the entire technological process, which is
consistent with the comparable results of technologies for creat-
ing books with audio accompanying of those given in work [9].

According to the constructed simulation model, we
modeled the preprint technological process of creating books
with audio accompanying with different amounts of textual
information. Moreover, all other parameters of the model ad-
here to standard values. According to the simulation results,
the dependence of the complexity of the process of creating
books with audio accompanying was established:

—on the volume of the book edition in the accounting
and publishing sheets and the duration of audio accompani-
ment (Fig. 5);

—on the font point size and its page-by-page arrange-
ment (Fig. 6);

— on the capacity of the font with an increase in the vo-
lume of the book edition (Fig. 8);

— on the speed of sound recording of printed text (Fig. 9).

According to the plot of dependence of the labor intensity
of the preprint process of creating layouts of books with audio
accompanying on the font point size, there is an increase in the
amount of labor intensity with an increase in the font point size.
Thus, with the same parameters of the technological process,
changing the size of the font from x5=8 pt to x5=12 pt leads
to an increase in labor intensity by 15 %. This is due to the
fact that increasing the font point size increases the volume
of the publication and folding pages. In addition, the layout of
additional pages of the assembly will require additional time.

It was investigated that with an increase in font capa-
city, the calculated labor intensity has a slight increase of
up to 5 % with a publication volume of up to 200 thousand
characters. However, with an increase in the volume of publi-
cation to 1000 thousand characters, labor intensity increases
significantly by 20 %. Given this, it turns out that when
working with large volumes of book publications with audio
accompaniment, it is advisable to choose typefaces with mo-
derate capacity.

In our research, the technological mode of changing
the speed of sound recording and its influence on changing
the overall complexity of the preprint process of creating
books with audio accompanying were considered. Thus,
when changing the speed of sound recording in the standard
range from 85 to 126 words/min, the labor intensity changes
within 20 %. Moreover, the change in the calculated value of
labor intensity, in this case, does not depend on the volume of
thousand characters for the selected book edition. It should
be noted that the increase in recording speed to 126 words/min
reduces the labor intensity of the preprint process of creating
books with audio accompanying to the specified 20 %.

In addition, changes in the complexity of the preprint
process lead to a change in the dimensional indicators of the
labor intensity of individual stages. The difference between
Jimin and fjmax concerns mainly the stage of preparation of
textual information, processing of graphic information, lay-
out of the original layout of the publication, and creation
of audio accompaniment. This does not diverge from the

practical data given in works [13, 14] whose authors note
the features of layout of interactive publications. However,
unlike the results reported in [13, 14], it was established
that at the stage of creating an audio accompaniment, it is
possible to increase the dimensional indicators of changes in
labor intensity by 9 %. In addition, at the stage of processing
graphic information, it is possible to increase the dimensional
indicators of changes in labor intensity by 50 %. The given
dimensional indicators of changes in labor intensity are due
to the significant influence of the complexity modes of these
stages of the preprint process.

It should be noted that the use of modeling tools for preprint
processes for the manufacture of printed books without sound
applications is aimed only at observing the main components
of the design of the publication. These components include the
construction of the composition of the book edition, the dimen-
sional proportionality of pages, covers, illustrations, as well as
the harmony of the choice of font design and its combination
with the theme of the book. In turn, the use of the methodology
for creating books with audio accompanying as separate inter-
active objects also implies compliance with only complex indi-
cators of textual sound recording without taking into account
the design features of printed books. In our work, the main
attention is paid to the construction of a synergistic method
for calculating the labor intensity of preprint processes for the
manufacture of printed books with audio accompanying. The
difference between the developed methodology lies in the uni-
fying systematization of complementary and mutually correc-
tive elements of building layouts of printed books, taking into
account the peculiarities of the accompanying sound recording.

Based on our analytical and experimental research,
a simulation model for calculating the complexity of preprint
processes has been built, which makes it possible to apply
a reasonable approach to determining the factors of repro-
duction of books with audio accompanying. Features of the
results obtained, from a practical point of view, are the use of
structured parameters for calculating labor intensity. Tech-
nological changes in parameters and complementary rela-
tionships between them occur in accordance with the volume
of the publication, font point size and font capacity, as well
as the speed of the accompanying sound recording. This will
make it possible to establish rational conditions for planning
the labor intensity of preprint processes of various types of
books with audio accompanying, based on their purpose.

Applicability of simulation modeling of the technologi-
cal process of making books with audio accompanying with
different amounts of textual information x1=200...1000 thou-
sand characters is limited by the standard values of other
indicators. These values of text complexity indicators were
x9=2, the number of sections x3=10, the format of the folding
page x4=6-10 sq, the font point size x5=10 pt, the illustra-
tiveness x5=20 %, the complexity of illustrations x7=3, the
layout xg=2, sound effects x9=2, font capacity a;=1.76 mm,
recording speed a3=105 words/min.

The disadvantages of the applied procedure for calcu-
lating the labor intensity of the preprint process include the
absence of some important criteria for the mutual influence
of the dimensional indicators of the printed book and audio
accompaniment, namely:

— the influence of sound recording as a result of the creation
of an announcer phonogram and the ratio of the pace of narra-
tion of the text with the average reading rate of the printed text;

— the duration of the processes of recording and editing the
audio accompaniment of printed books based on their purpose;



— dependence of page-by-page sound recording of the
text on the complexity of the text and the qualifications of
the announcer;

— features of assembly of sound files, fragments of rewrit-
ing, the duration of the process of adding accompanying sound
effects to the narration and creating the final version of the
audio accompaniment.

The main purpose of the simulation model is to improve
the calculations of the labor intensity of the preprint process
of making books of various formats, volumes, artistic and
soundtrack. Therefore, further research will be aimed at iden-
tifying the influence of recording components on the overall
complexity of the detailed process of preprint preparation of
printed books with audio accompanying.

7. Conclusions

1. We have investigated factors influencing the conve-
nience of perception of textual and sound information in the
process of using printed books with audio accompanying. A dis-
tinctive feature of convenient reading and listening to recorded
interactive content is a page-by-page sound breakdown into
separate files that are activated in proportion to the average
speed of reading textual information. In accordance with this,
factors influencing the convenient perception of information
as a result of identification and analysis of causal relationships
are determined. The objective function of mutual influence of
the text part of the publication on the types and volumes of
interactive audio applications has been established. In addi-
tion, a hierarchical model of factors of influence is presented.

To determine the expert assessment of the importance of
factors of influence, the method for paired comparisons was ap-
plied, a matrix of paired comparisons was formed, a scale of rela-
tions was used, and the importance of the criteria was assessed.
After adding the rows of the matrix, the obtained priority vec-
tor of the criteria matrix is (11.33; 4.53; 1.87; 10). After dividing
each criterion by the sum of all elements of the vector (27.73),
anormalized priority vector (0.40; 0.16; 0.06; 0.36) is obtained.
In addition, the actual value of the matrix A=4.67, the consis-
tency index CI=0.22, and the consistency ratio VU=0.25 are
obtained. Based on our analysis and evaluation of factors of
influence by the method for paired comparisons, a generalized
formula was derived to determine the readability of the text.

2. A simulation model for calculating the complexity of the
preprint process of making books with audio accompanyings
on the basis of the proposed algorithm of the technological
process, the mathematical representation of the structural
model and its components has been constructed. A distinc-
tive feature of the model is that the technological process of
making books with audio accompanying is divided into eight
subsystems of the main stages. The ranking of subsystems
was carried out sequentially from the preparation of textual
information to the creation of sound effects and the final com-

positional file. Accordingly, the components of the model are
fed to the input of each subsystem (f;) of the simulation model:
input parameters (%;), internal parameters (a), and indefinite
parameters (&,,). In addition, the outputs of subsystems are the
outlined amount (labor intensity) of time spent (;) to perform
each of the stages of the technological process of making books
with audio accompanying. The constructed simulation model
is variable since it makes it possible to change the input data
within wide limits to calculate the labor intensity of preprint
processes of publications of different characteristics.

3. Simulation was carried out on the basis of formaliza-
tion of indicators of the labor intensity of the preprint pro-
cess of making books with audio accompanying, which vary
depending on the volume of text content of the printed book
edition. According to the results of the simulation, a plot of
changes in the indicators of labor intensity of the preprint
process was constructed depending on the volume of the
book edition in the accounting and publishing sheets and the
duration of audio accompaniment.

The calculation of changes in labor intensity for a book of
200 thousand characters was carried out when changing the
font point size. It is calculated that with the same parameters
of the technological process, changing the size of the font
point size from x5=8 pt to x5=12 pt leads to an increase in
labor intensity by 15 %.

The influence of font capacity and speed of recording
of narration text on the amount of calculated complexity is
determined. With an increase in font capacity, due to an in-
crease in the volume of the book edition from 200 thousand
characters up to 1000 thousand characters, the calculated
complexity of the preprint process increases by 5 % to 20 %.

Changes in the complexity of the preprint process, leading
to a change in the labor intensity of individual stages, were
investigated. The magnifying limits of changes in the labor
intensity of the stage of creating an audio track (fg) are 9 %,
and the stage of processing graphic information (f3) — 50 %.
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