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Abstract. The paper discusses research and development in the field
of software visualization based on virtual reality environments. Spatial
metaphors, in particular, a city metaphor and different versions of cosmic
space metaphors, play an important role in such systems. The paper
reviews such aspects of the theory of computer visualization and the
theory of visualization metaphor as metaphor features.

A brief overview of the projects of software visualization systems based
on virtual reality is provided. Among the systems developed over the past
decades, one can find systems both for program visualization and for vi-
sual programming. Descriptions of prototypes of software visualization
systems, software objects visualization and supercomputer performance
data visualization, realized by the authors of the paper, are presented.
These prototypes, designed for virtual reality environments, were devel-
oped with the use of several versions of a cosmic space metaphor and
an extended city metaphor. The paper also discusses such psychological
aspects of the human factor in developing software visualization systems
with the use of virtual reality as presence, performance and several issues
connected with control and navigation.

The goal of the research and development, discussed in the paper, is the
search for approaches that will enable efficient use of virtual reality in
solving complex problems, which software professionals come across.

Keywords: Software Visualization - Visual Programming - Virtual Re-
ality - Visualization Metaphors, Human Factor - Presence

1 Introduction

Software visualization can be defined as an assembly of CGI and human-
computer interaction techniques employed for better explanation of notions and
efficient software maintenance, as well as for specification and software objects
presentation in the process of program design and development. First visual pro-
gramming and program visualization systems that can be categorized as software
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visualization appeared in late 70s early 80s. The emergence of this field is con-
nected with the practice and ideas of graphic representation of programs, based
on extensive use of flowcharts (control flow graphs) and data flow graphs by
programers. At that time, mass computerization looked imminent and graphic
representation of programs seemed to ease software development and support
significantly. Software visualization systems typically include the systems of vi-
sual programming and programming visualization systems. A visualization idea
was put forward stating that program design, checkout and support should be
carried out within a unified system with the same graphic representation of
entities.

Research and development in the field of software visualization systems with
the use of virtual reality have been conducted since early 1990s. Recent years
have seen a new surge of interest in the development of such systems.

The paper discusses the implementation of spatial metaphors in software
visualization systems using virtual reality. The success of visualization, to a
certain extent, depends on the choice of metaphors, although the factors of
implementation quality, the human factor and usability also play a significant
role.

Provided below is the analysis of spatial metaphors used in software visualiza-
tion systems based on virtual reality, the overview or existing solutions for these
systems, and several issues connected with the human factor in this context.

2 Software visualization metaphors analysis

Let us define a visualization metaphor as a mapping from concepts and objects
of the simulated application domain to a system of similarities and analogies,
and generating a set of views and a set of techniques for interaction with visual
objects. Computer metaphor is considered the basic idea of assimilation between
interactive visual objects and model objects of the application domain. Its role is
to promote the best understanding of the semantics of interaction and visualiza-
tion, and also to determine the visual representation of dialog objects and a set
of user manipulations with them. Visualization metaphors form the basis for the
views of specialized visualization systems. Designing such views is a crucial part
of a thorough design of the human factor related aspects of these systems [2].

Objects of the new metaphorical domain, the relationship between them and
the possible actions in this domain have a number of properties, which we call
metaphor properties. The success or failure of visualization systems depends on
many factors. One approach to the evaluation of visualization involves examining
the properties of visualization metaphors. We analyze the properties to consider
the possibility of using metaphors for specific applications of software visual-
ization. It is important to understand what objects may be represented with
one or another metaphor. We need to analyze the opportunities of visualization
metaphors (more precisely, the views based on the visualization metaphors) to
represent large and huge volumes of data and details required to understand the
program’s operations [1].
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Spatial metaphors can be used in visualization systems based on virtual
reality. Further, we will consider the properties of several spatial metaphors,
such as a city metaphor, a molecule metaphor, and cosmic metaphors. Note that
a city metaphor and cosmic metaphors are used in a number of systems, listed
both in the review of existing solutions and in the description of prototypes
designed by us.

A city metaphor has such properties as unlimited context, organization
of inner structure, naturalness, and resistance to scaling. Unlimited con-
text means that when visualizing a large volume of data one can see the whole
image and easily identify key locations. The use of a city metaphor presupposes
structuring the input data by means of an internal city structure, with separate
blocks, streets and buildings. The naturalness of metaphors leads to simplicity
of spatial orientation and easiness of navigation. The changes in the scale of
data representation within the city metaphor can be effected, in particular, by
changing the altitude on which the observation point is located. In software visu-
alization systems, within a city metaphor, transport highways are often used to
represent control flows and data, as well as various connections between objects
and parts of the program. In order to identify a programs features, in particular,
its bugs, one can highlight them with color, use a separate shape or size.

When these metaphors are used in the systems based on virtual reality
one can implement a flight over the city and enter separate rooms, where the
necessary visual information is represented. An expansion of a city metaphor
is suggested through adding active agents by inputting parameters into certain
functions and methods. The agents can move about the city, determining the
locations where they are used, changed, and the way the process of algorithm
work plays out. This way, an extended metaphor creates such additional prop-
erties as the opportunity to observe software objects inside buildings or rooms,
reflecting particular entities in the course of active agents moving through the
city.

Now, let us consider the properties of a molecule metaphor that may also
be used to visualize call graphs of parallel programs (see Fig. 1). This metaphor
can be used in software visualization, for example, to visualize dynamic object
relationships in Java programs.

Now we shall examine the properties of a molecule metaphor. This metaphor
may support visualization of large volumes of structured data (unlimited con-
text). Interpretation of a physical molecule metaphor and its modifications usu-
ally is simple and natural, although it requires the user to have (basic) knowledge
of physics. The relationship between objects of a visualized model is also rep-
resented naturally by links between atoms (naturalness). The views based on a
molecule metaphor are resistant to scaling (resistance to scaling). A metaphor
supports selection of key elements, for example, through coloring or changing
the size of the molecule elements and thickness of communications between
them (key elements). Moving and navigating in graphical displays related to
a molecule metaphor may be performed by flying around the molecule. There
is the experience of visually entering a separate atom and seeing internal visual
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Fig. 1. Call graph visualization based on a molecule metaphor [4].

information inside a single sphere (see [3]). It is possible to implement similar
entering spheres in the framework of virtual reality environments (organization
of inner structure).

In a number of software visualization systems a cosmic metaphor with a
heliocentric world view is used. Furthermore, entities may be represented as
cosmic objects (stars and planets), as well as their satellites and other outer
space elements.

Properties of this option of a cosmic metaphor may include:

— a context limited only by the possibilities of users spatial perception;

— freedom of choice in terms of entities location, with the opportunity of two-
dimensional and three-dimensional representation in different situations;

— naturalness of the metaphor, which reduces the efforts required to interpret
the resulting image;

— organization of inner structure: the structure of software (packages, classes
and their fields and methods, relations between them, arguments etc.) can
be projected onto the universe structure (a galaxy, a stellar system, a planet,
satellites and rings);

— scalability.

This metaphor can also be used in designing software visualization systems
based on virtual reality. Virtual reality will provide the advantages in naviga-
tion, movement through the structure of classes (outer space) and interaction.
The stereoscopy of virtual reality means enables us to assess the relative size of
objects and the distance between them, which will help eliminate the ambiguity
of representation of complex entities [12].
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Visualization based on this option of a cosmic metaphor can meet the quality
criteria of visualization based on the analysis of visual data, including a sequence
of repeated procedures of reviewing, scaling, filtering and detailing [27], supple-
mented by the procedures of educing relationships, acquiring search history and
deriving subsets from the examined data [13].

In order to represent hierarchically distributed data one can use another
cosmic metaphor option, relying on the ancient geocentric universe model. This
model postulated the Earth being a static center of the universe. Around the
Earth, transparent hard spheres revolve with celestial bodies attached to them:
first, the Moon, then the Sun, then planets of the Solar system (each planet in
its own sphere), and then stars. The whole model comprised a set of embedded
spheres.

This metaphor enables us to present large volumes of multilevel data. In the
case of virtual reality application, this metaphor provides good navigation and
movement within the virtual world. A two-dimensional and a three-dimensional
representation of the geocentric model existed, and for the purposes of software
objects visualization we can use both options.

3 Software visualization based on virtual reality
environments. Review of existing solutions

In early 90s an interesting software visualization system, Avatar, was developed
[21], which makes extensive use of the means of virtual reality and a 3D ver-
sion of a room building metaphor, and functions on the basis of a CAVE-type
virtual reality environment. The Avatar system was designed to represent large
volumes of data regarding the performance of parallel systems, acquired directly
in the course of their work, which was used for performance checkout of par-
allel programs. In the process of work a user sort of finds themselves inside a
3D room, where a video image is projected on the walls. (In this context, the
term scattertube is used in the system, which is derived from a traditional scat-
terplot image view.) The inner planes show axes, and the cube faces the floor
and the walls of a room show the graphs describing performance metrics of
parallel programs. Performance data on parallel programs were displayed as tra-
ditional two-dimensional graphs. A transparent mode for the ceiling and walls
was implemented. The unification of separate elements (scattertube matrix) was
realized, which resembles a glass skyscraper, with each of the rooms containing
a 3D output, describing various aspects of behavior of a parallel program. A his-
tory timeline visual display is introduced as an alternative to a phase plane. A
trip (virtual flight) about the skyscraper based on this timeline made it possible
to research the data regarding the performance of an applied parallel program.
Note that, despite a very interesting implementation of the Avatar system, the
data regarding its use or development continuation were not to be found. This
is, probably, either due to insufficient information capacity of the data used
in visualization regarding two-dimensional graphs processors performance, or
due to possible unpleasant and even painful sensational manifestations, which
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a user could experience during a virtual flight along the scattertube that goes
in accordance with the history timeline of a multiprocessor system work. These
manifestations of cybersickness (a health disorder similar to seasickness) are
often connected with the lack of possibility to actively control the virtual reality
events.

A new wave of attention towards the use of virtual reality in software visu-
alization systems rose in early 2000s. About a decade ago papers describing the
opportunities of virtual reality in the field of software objects representation on
the basis of city and landscape metaphors started to emerge [9], [10]. As far as
this decade, papers in this field have received a big boost.

The paper [8] describes the prototype of a software visualization system based
on a city metaphor. The system employed a VR-headset. The interface was
designed based on sign language.

For initial assessment of the system the authors carried out structured inter-
views, the participants of which had to solve three problems on understanding a
program and assess the convenience of using the gestures, as well as indicating
their general impression from using the means of virtual reality in understand-
ing the programs essence. At the same time, the same research team published
a paper on using physical modelling on the basis of 3D-printing for the purposes
of software visualization [7]. Software packages visualization is carried out on the
basis of a city metaphor. As a result, users get physical models of a programs ob-
jects, which increases their capabilities to perceive and understand the result of
their work. The presence of physical models also promotes better rapport among
the development process participants. The opportunity of using these models in
educational process is presupposed.

A city metaphor is rather popular among software visualization systems using
the means of virtual reality. In this respect, two systems with similar names are
worth mentioning VR City [28] and CityVR [16].

The VR City system employs a modified city metaphor to represent program
systems and related analytical data. Static (metrics) and dynamic (traces) as-
pects of programs are visualized. Users can observe and interact with objects
of the city in an immersive virtual reality environment. A program browsing
function is available.

Note that the publication [16] discusses not only the use of a city metaphor in
software visualization based on virtual reality, but also the approach of gamifi-
cation of software engineering tasks. This approach presupposes creating tools
that provide software engineers with an interface similar to that of computer
games. The analysis of software engineers interactions with the CityVR visu-
alization system is carried out. The engineers were excited, felt motivation to
work, a certain challenge, experienced immersion into the virtual world, with
retaining the system controllability. They spent a significant amount of time on
navigation in the virtual world during interaction and while choosing the nec-
essary elements of the program. Users understood that time ran faster than in
reality and that is why they were ready to spend more time using software tools
to solve the problem of understanding the task.
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Gamification in software visualization systems development based on vir-
tual reality is also mentioned in the paper [18]. An environment based on virtual
reality is described, which should provide work with the structures of a program
code using city metaphors and cosmic metaphors for visualization, navigation
and program code data transfer in an interactive mode. Games have been re-
leased that have demonstrated the potential of gamification for the purposes of
enhancing the understanding of structural dependencies and code modulariza-
tion. Also worth mentioning are the publications of this research team, devoted to
software visualization systems development based on virtual reality [18], [20] (in-
cluding the paper on visual programming with the use of virtual reality [17]). The
paper [19] discusses the prospects of using immersion for software engineers into
the program’s structures, and paper [20] a virtual flight over software objects
within various metaphors (including city metaphors and cosmic metaphors).

Another paper [23] deals with software system visualization based on vir-
tual reality. This tool enables software engineers, project managers or clients to
explore the architecture and get a first impression of the dimensions and inter-
dependencies of components. The virtual scenes use simple graphics cubes of
various sizes and colors representing software objects, with the demonstration of
dependencies in the form of trace lines.

The paper [22] discusses using mixed reality for code checkout. An interac-
tive 3D visualization of the message flow is presupposed, combining traditional
visualization techniques with augmented reality based on a VR-headset.

The paper [14] is devoted to the issues of usability assessment of software
visualization systems. However, to a certain extent, it could be presented as a
development of the City VR project. The CityAR system was created on the basis
of an immersive extended reality environment. Within a city metaphor, buildings
are used to represent classes, and their sizes and colors code the software metrics.

The abovementioned paper [17] presents a system for software engineers
based on virtual reality. The system should provide visualization of the pro-
gram code structure based on several metaphors. A reading view is implemented
with a real keyboard and mouse, as well as interaction within mixed reality.
This provides support for main software tasks without the necessity to exit the
virtual reality environment. A system prototype has been realized. Research has
been carried out demonstrating the feasibility of these ideas. Empirical estimate
results have been collected, demonstrating the systems potential.

The paper [6] describes the tool for visual programming with the use of
immersive virtual reality. It is supposed to use the system to create built-in
digital packages. The system makes it possible to describe complex objects and
their connections, set up complex logical structures, and visualize data flows
between the real objects of the developed packages in real time. An imagery
typical for applications is used. Initial analysis of experimental results has shown
that participants of various levels of qualification can successfully create and
maintain programs within the given scenarios.

Worth mentioning is also the paper devoted to 3D software visualization sys-
tems performance evaluation [15]. For the purposes of the experiment, 3D visu-
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alization based on a city metaphor was realized on a standard computer screen,
in a virtual reality environment and with a physical 3D printed model. The
participants (who were divided into three groups one group per environment)
carried out visualization of software systems of various sizes, solved a number
of tasks regarding understanding the results and filled in a questionnaire. The
efficiency of visualization was evaluated from the viewpoint of performance, a
set of impressions and user experience. Although software engineers who used
physical visualization spent the least amount of time on identifying mavericks,
the least significant difficulties were observed with system visualization based on
standard screens. That said, software engineers who used virtual reality means
gained the greatest impressions.

A novel real-world metaphor was presented in [24]. This metaphor based on
an island system for visualizing module-based software architectures. The entire
software system is represented as an ocean with many islands on it. Also the
approach for the exploration of software projects in VR was described.

The paper [25] describes the continuation of previous research and devel-
opment in the paper [24]. The authors present the visualization of component-
based software architectures in Virtual Reality (VR) and Augmented Reality
(AR). This visualization also is based on an Island Metaphor.

Even a brief overview shows that the agenda of using virtual reality means in
software visualization arouses interest. At the same time, the process is currently
on prototype development stage and the evaluation of virtual reality efficiency
potential for software visualization. It appears that research and pilot projects
should be extended with the use of various visualization metaphors. Performance
evaluation should be carried out with the use of psychological techniques, in
particular, those relying on the activity theory.

4 The development of prototypes of software visualization
systems based on virtual reality environments

Analysis of the examples of software visualization systems based on virtual re-
ality environments shows that despite the 25 years of history a lot of questions
remain as to the practical applicability of these environments. All this requires
additional research and development of systems with account of specific soft-
ware tasks. This section discusses projects and implementations of prototypes
for software visualization systems based on several metaphors and with potential
for using virtual reality environments.

4.1 Software visualization based on a city metaphor

A software visualization project is being developed for the needs of software
engineers, programers and testers, with possible use of virtual reality. The use
of two forms of representation is presupposed: graphs and the one based on a
city metaphor.
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Let us consider a prototype of a software visualization system which is based
on an extended city metaphor, through the addition of active agents. With the
help of agents, one can conduct checkouts, testing and comparative analysis
of the code with various types of data, logic and other features, responsible
for the quality of the code. And due to the links, the user can monitor the
interaction of various pieces of code, determine the type of connection, and have
the opportunity to rationalize the logic of this code for smart use of quick or
closest to quick connections that increase the speed of algorithm operation.

The system provides interaction with the user by forming the visualization
of a chosen project with output of information on all the component units of
the code. Visualization based on a city metaphor is supposed to be more con-
venient for testers, as the user, after identifying the problem, can employ the
corresponding visualization of the code based on graph representations. That is
why graph representation is used for code research and acquiring information
about its structure at the moment, while using a city metaphor makes it pos-
sible to get the information for code correction. The possibility of teaching the
system by comparing code pieces and searching for approximately equal places
is considered. This will make it possible to forecast the influence of code changes
on its work.

When developing software controlling the work of real items and mechanisms
it is practical to visualize their work using natural graphic. Virtual reality makes
it possible to construct presentations within objects, to place various transmit-
ters in a 3d model and to see how the device functions under the program
control.

A software visualization system prototype has been developed. Its interface
is a menu with an option to choose a software engineer activity type (engineer,
tester etc.), with level s of access for different kinds of work and for solving
different tasks. After choosing a type of activity the user can choose either a
project that they wish to work on, a project that they want to explore, or they
can choose to start writing a new project.

It is supposed that other metaphors can also be used in creating a new
project; for instance, one of the cosmic metaphors (the heliocentric metaphor
described below) can enable visual correction of the structure and logic of the
algorithms in the code, for quick realization of the initial version of the software.

If an already existing project has been chosen, then there is opportunity
to work in the framework of virtual reality with 3D visualization of the code
structure based on a city metaphor, which provides brief and quality description
of the work of the algorithms in this project. When choosing a task that is a part
of the algorithm logic description, a corresponding visual presentation pops up
with a window of the algorithm itself, its description, its versions revision and
reset history, as well as various statistical data etc. At the same time, each type
of activity presupposes its own data presentation.

In the course of visual world realization in a virtual reality environment a
corresponding scene is created, which reflects a city representing the project that
the software engineer is planning to work on (see Fig. 2).
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Fig. 2. Presentation of a software project as a city in virtual reality and the inner part
of the structure of the code with the figure of the active agent.

The structure of a virtual city corresponds with the structure of a directory
tree and file tree of the respective project: a block and a sub-block are a folder
and a subfolder respectively, and a building represents a file. In this case, roads
represent the borders of the first level of the projects subfolders. The next level
of a software project will be represented by building interior. Other objects of a
software package can be represented as trees, piping, power stations etc.

In the future, it is planned to conduct research into the possibilities of visual
representation of a code structure in virtual reality with enhanced quality of
an image and addition of the ability to visualize codes of various programming
languages on different platforms, media, to define the best interactive option.

4.2 Visual programming system based on a cosmic metaphor

A project for a programming system based on a visual language built on the
principles of object-oriented programming is under consideration. The purpose of
this project is to create a medium for visual programming with the possibility to
disregard the rules and standards of a specific language, which makes it possible
to focus on the problem at hand when the coding. This way, a software engineer
will get a better understanding of the structure of a program and minimize the
number of related mistakes, such as type discrepancies, syntax interruption etc.,
by manipulating graphic objects on different levels of abstraction.

A cosmic metaphor in its modern sense, with a heliocentric worldview, is
chosen as an idea for a visual programming medium. At the same time, part of
the entities of the program is represented as planets, their satellites, rings (like
the rings of Saturn), and other elements of outer space (see Fig. 3).
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Fig. 3. View of the visual programming environment

It is supposed to exercise interaction with the system by means of devices
used in the environments of virtual reality, and a traditional keyboard is used for
supplementary tasks, for example, for identifier coding. A task is set to realize
the scalability (taking into account various levels of abstraction), to provide nav-
igation along the code and easy transition between the levels of abstraction. The
increase of software complexity should not amplify the complexity of graphical
representation.

All user classes within this visual programming system are represented as
planets. Each planet (class) has two types of views: a free one (traditional view
of a planet with its satellites and rings) and an active one (when a class is
chosen, it looks like a planets elevation drawing). The active view is a circle
with a sector of rings on the left and ordered satellites on the right. The ring
sector represents class methods. Each ring is a separate method. Outer rings
are public methods; inner rings are private and protected ones. The satellites
represent class fields. From top to bottom first go the satellites which are more
remote from the planet (public fields), then less remote ones (static methods and
fields), which belong to the class itself, and in the center there is a core, which
keeps all class constructors within itself. The algorithm (a set of instructions)
can be implemented as a context, that is as an area of space with a sequence of
expressions that have their own visual representation. Each visual representation
can be put in any place of this area. The order of implementation is supposed
to be set manually.

In the future, extension of visual software development medium is possible,
for instance, by means of introducing graphic analogs of syntactic constructs
from Java, so that one could create programs of any complexity. Support for
connecting external libraries and classes created outside the system can also be
introduced.
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4.3 Software visualization based on a geocentric metaphor

A two-dimensional and a three-dimensional option of this metaphor realiza-
tion are discussed, as well as other possible modifications. Note that the two-
dimensional option was suggested as far back as early 90s of the previous century,
for transputer networks display [5].

Two prototypes of visualization systems are suggested in the geocentric
metaphor: in 2D and 3D versions.

A 8D option of the geocentric metaphor

The metaphor of a geocentric system in 3D space is used for representing
the data on supercomputer performance at a certain moment in time. A parallel
supercomputer consist of a number of processors. An IT administrator studies
the data of the supercomputers work with the aim of increasing its efficiency.
Visual representation within this metaphor consists of several layers:

0. In the center of a geocentric system, there is a supercomputers file subsystem.

1. The first sphere, surrounding the center, shows the supercomputers users,
whose tasks are being accomplished at a given moment in time.

2. The second sphere contains the tasks being accomplished. The size of the
tasks object means the number of supercomputers computation nodes dedi-
cated for the task.

Connections between the layers mean the number of reading and recording
operations performed by users tasks on the file subsystem. The thicker the con-
nection, the more such operations is being performed. Thus, a researcher can
observe the list of users and their tasks that form the file subsystem load.

Fig. 4. Left: Visualization of the load on the file system of a supercomputer using
geocentric metaphor. Right: A fragment of the state of the supercomputer at some
point in time, made from within a three-dimensional geocentric model. A view from
within.

An example of the above-described view work process is demonstrated in
Fig. 4. In this case, one can see that the main load on the file system (the green
sphere in the center) is carried only by several users. Also visible is the texture
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of supercomputer use: some users are working on one task, others are working
on two or three tasks. However, there are exceptions: a user in the right part of
the figure has launched about 30 small tasks.

Users tasks are in turn carried out in supercomputer computational nodes.
Thus, a third sphere could be built, where computational nodes of the super-
computer are shown. In this case, the tasks will be shown as planets of a unified
size, with the nodes used by them shown on the third sphere, around them. By
means of different colors and sizes of celestial bodies one can depict additional
data regarding computational processes.

It seems that in the case of virtual reality application the most archaic 3D
version of a geocentric model may be more convenient, with the Earth repre-
sented as being flat, and celestial bodies located on hemispheres covering the
flat Earth. Left and right picture on Fig. 5 illustrate performance data represen-
tation, visualized as an archaic 3D geocentric metaphor.

Fig. 5. Left: Visualization of the load on the file system of a supercomputer using an
archaic geocentric metaphor. Right: A fragment of the state of the supercomputer at
some point in time, made from within a three-dimensional geocentric model. A view
from within.

In future, the demonstrativeness of the flat Earth is supposed to increase by
means of grid layering. The option with four levels will also be tested. In the case
of presenting the supercomputer performance data, the information about users
will be placed on the first and the third spheres by the level of their load on the
cluster (big and small ones), and the corresponding tasks should be placed on
the second and fourth spheres.

Visualization program within the 3D geocentric system metaphor is built on
the basis of the Viewlang.ru web library of 3D graphic. This library relies on We-
bGL standard. It also provides support for WebVR virtual reality technologies.
If there is a compatible device (for example, Oculus Rift), the visualization pro-
grams user has at their disposal the switch to VR mode button. When pressed, it
initiates the graphic transmission onto the VR device. It also reacts to head tilts
and users movements. At the same time, the user also has traditional navigation
through mouse at their disposal. An example of an image that can be observed
by a user in VR mode is shown at the left side of Fig. 4.
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4.4 A two-dimensional option of the geocentric metaphor

A two-dimensional option of the geocentric metaphor can be used to represent
programs within the paradigm of object-oriented programming. This method-
ology is based on visualizing a program as a set of objects, each of which is a
sample of a certain class, and classes form an inheritance hierarchy.

Based on the assumption that software design using the languages of object-
oriented programming is conducted in class-files, the observers viewpoint (the
Earth) can be the current work class. The interface system can be represented as
a set of satellites of the current planet. In accordance with the perception of stars
being far away and immutable objects, third-party dependencies and libraries
used in projects can be represented by the metaphor of stars or constellations.
Closest celestial bodies-planets represent other classes of the project, their size
and appearance depending on various features of the class, its size, used language
and file extension.

A system of cascaded placement of the code according to frequency of use
or level of connectedness with the current class can serve to interpret numerous
transparent celestial spheres. See Fig. 6.

re

struct

functools

datetime

argparse

os

operator
database_builder
[} I sys
biling
itertools
collections
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@

mmap

typing

Fig. 6. A two-dimensional geocentric representation of the program within the object-
oriented paradigm.

A Python module is chosen on entry and used as a starting point, the Earth.
Planets and stars are built based on the imported modules. Planets represent
dependencies from the same project, and stars represent external libraries, in-
cluding standard ones. By choosing a planet one can review the contents of the
represented module. Currently a version has been released accepting files with
the number of dependencies of up to 20 (out of accuracy and legibility concerns).
Expansion of the systems possibilities is planned, in particular, it is intended to
add planet assortment based on coupling (how many imported language units
are used in the source file) and, possibly, visual representation of the sizes of
planet-modules.
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Visual representation of object-oriented programs in 3D view is possible for
visual programming systems. In this case, the use of virtual reality means is
presupposed.

4.5 Visualization based on a starry sky metaphor

Apart from the above mentioned cosmic metaphors, a visualization idea emerged
based on a starry sky metaphor. This metaphor was inspired by the images in
old engravings.

The example shown in Fig. 7 uses stylized images of stars and constellations.
Visualization of up to three levels of data is possible, with the use of sky color
and the position of constellations and stars for visualization. At the same time,
the stars correspond directly with the objects themselves, constellations with
groups or clusters of objects, and the color of the sky can correspond with both
super-groups and various features of objects in this part of the sky. For the
purpose of visualizing different object features size, shape and color of stars can
be used. For increased expressivity (like constellation images in old sky atlases
of the ages of Renaissance and Enlightenment) an image corresponding to the
given cluster is depicted atop constellations. In our case, the objects of city public
transport system are depicted.

This system is suitable for visualization of recurrent or long-term processes
by means of moving the objects across the sky with their dynamic development
(change of color, position, and size, emergence of new objects and concealing of
the old ones).

Fig. 7. Example of visualization based on a starry sky metaphor.
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For the purposes of filtering objects, images of clouds covering parts of the
sky are very suitable. For a more extended and efficient use of this idea one can
use virtual reality systems.

5 The human factor in the tasks of software visualization
with the use of virtual reality

Software visualization, as any other field of knowledge connected with IT, bumps
into the human factor. Software visualization based on virtual reality in partic-
ular requires taking the human factor into account and studying it.

Virtual reality as an environment for human activity brings specific states
inherent only to it. The first discomfort disturbing normal workflow is cybersick-
ness a distress connected with the conflict of information supplied by various
sensory canals: primarily by the optic and the vestibular canals.

One of the cybersickness development factors is the amount of time spent in
a virtual environment, that is why work interaction with a VE should take this
into account.

Another, more psychological state is the state of presence. The notion of pres-
ence is discussed by a number of researchers extensively. The sense of presence
is characterized as a basic state of consciousness a conscious feeling of being
located in an external world, at the present time. This applies to the physi-
cal world, in which our bodies are located, to virtual worlds created through
technological mediation, and to a blended mixture of the two: the physical and
the virtual. [29]. However, within the framework of this paper, we shall focus
on the notion of presence in virtual reality as a special state that is different
from presence in the real world, 'presence as the extent to which participants
in a VE respond to virtual objects and events as if these were real [11]. Cru-
cial is the fact that a person experiencing the sense of presence perceives the
surrounding world in a distorted manner: they forget where they are; they may
forget about the people around them if they are not presented in the virtual
environment; they may knock out familiar objects from the real world. That
is why presence in virtual reality should be considered as a special state that
can influence performance. In the case when a virtual environment is used for
education, for instance, as a simulator for skill training, one can expect positive
influence. In our situation, we are talking about using virtual reality for software
visualization. This paper describes system prototypes that employ metaphors,
which present abstract data as familiar objects. The engineer faces the challenge
of simultaneously operating familiar images and abstract notions. Will presence
occur in this situation? How is it going to influence performance? For instance,
when using a city metaphor, the actor is supposed to roam the streets, enter
buildings and, at the same time, sort out the structure of a software code and
data. Can we talk about presence in such an environment, and what exactly is
going to happen with this environment? Are we sure it will not be perceived as
a city instead of software data presentation?
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Speaking about the human factor in software visualization, one cannot but
mention the issue of control and navigation. It is most convenient to look to
3D controllers or to use motion capture technology; however, the latter raises
questions connected with precision and alignment. This partially depends on the
used technologies and programs, but there is still the question of human factor,
of distorted perception of distances in a virtual environment. The issue is solved
to a degree, as is shown in the paper [26]: familiar size is taken into account
when reaching to a virtual object. Thus, a deviating depth perception might be
less a problem for 3D touch interaction when reaching to objects with known
sizes as compared to abstract objects. That is why an engineer should familiar
objects with known size when possible. However, when organizing interaction
it is not always possible to use metaphoric objects with a known size. In this
case, interaction should not require precision in reaching to the objects of the
environment.

6 Conclusion

The development of prototypes of systems based on virtual reality is just the
first stage of research. These systems can help bring light upon the issues that
could not be resolved in the available publications. It is necessary to search for
the criteria of visualization metaphors and approaches to developing views. It
is not clear as to how effective the virtual reality environments are in solving
various software visualization tasks. Numerous questions remain concerning the
adaptation of such systems with regard to user peculiarities, including individual
perception limitations and restrains on the time spent in virtual reality environ-
ments. The gamification idea is surely extremely interesting, but it cannot always
be employed in major development. New research and pilot projects are required
in the field of virtual reality application for software visualization systems. Soft-
ware design for real-life tasks requires specialization, and even personalization
of visual systems. Naturally, it is necessary to extend the psychological knowl-
edge regarding interaction with virtual reality and the processes occurring in
the course of a professionals activity while working on software visualization
systems.
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