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Abstract— Research into energy models often has to rely
on the functionality provided by legacy software that
cannot correctly satisfy the needs of the researcher due
to the request to perform tasks that were not provided by
the developer during the creation of these products. To
solve these problems, reengineering of legacy software
is used. In particular, it was decided to reengineer
software to solve the problem of flow distribution in the
gas transmission system (GTS) and find bottlenecks in
it with the aid of geographic information technology.
The main disadvantages of the legacy software were the
inability to add a new calculation scheme or modernize
it, and the inability to use geocode. The reengineering
methods applied involve: 1) analysing legacy software
for module connectivity; 2) choosing a framework
with the capability to develop geographic information
systems; 3) reworking the architecture of the software
module to implement the function of adding objects
of the calculation model; 4) integrating software
with an embedded database management system for
compactness and the ability to save changes made.
These solutions made it possible to update the software
and give the researcher a convenient tool for creating
and correcting calculation schemes using geographic
information technologies for help. Geocoding support
enables the expansion of the existing energy models
by adding objects based on the data provided by
geographic information services for the requested tag
and the research to determine new optimal solutions for
transporting energy resources.

Index Terms: geographic information system, energy
system, resilience, vulnerability.
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1. INTRODUCTION

The resilience of an energy system (ES) is its property
to withstand large disturbances by preventing their cascade
development with a massive disruption of energy supply
to consumers and to restore the initial state of the system
or bring the system close to its initial state [1-3].

The modern scheme for studying the ES resilience
[4], (Fig. 1) is based on the investigation and analysis of
systemic capabilities for adaptation to large disturbances
and recovery after their impact [5, 6], quantitative
assessment of the ES resilience [7], and the development
of strategies for its increase [8—14].

As seen in Figure 1, analysis of vulnerability [15] and
risks [16] plays a central role in the study of ES resilience.
Resilience (Figure 1) characterizes the size and scale of
negative consequences for the entire system because of the
impact of a particular disturbance [17].

The initial data for the analysis of vulnerability are:
information on the functioning and expansion of ES, classes
of disturbances, and measures to improve resilience.

Information on the ES functioning and expansion,
which includes natural-climatic and socio-economic
data from monitoring energy facilities, is the result of
traditional general energy research [18].

Disturbances are divided into the following classes:
Natural disasters such as floods, earthquakes,
hurricanes, etc. [19];

Technogenic disasters caused by failures of components
or subsystems [20];

Deliberate (intentional) violations such as terrorist
acts, cyber-attacks, etc. [21];

The main purpose of the ES vulnerability analysis is to
identify deficiencies in the design and control mechanisms
of the system, which can contribute to the spread of a large
disturbance over the systems under study [17].

Vulnerability analysis of ES [24] begins with building
a set of possible states of energy systems, which reflect
the most representative or characteristic combinations of
external conditions of their expansion and functioning
in the time interval at issue. Also, disturbance scenarios
describing their impact on the ES are formed according
to the specified classes. Further, vulnerability analysis
is divided into types, such as an analysis of global
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Fig. 1. General scheme of the ES resilience research.

vulnerability and a search for critical components [15, 20].

Global vulnerability analysis aims to obtain general
information about the impact of disturbances on the ES
performance and is carried out by modeling a series of
disturbances with a gradually increasing degree of impact
and, accordingly, an increasing number of consequences
for the system. Such computational experiments will make
it possible to determine the threshold values of the impact
for certain classes of disturbances, the excess of which will
cause the considered ES to split into unrelated parts [15,
20].

The search for critical components focuses on
identifying the components, whose single or group failure
causes the greatest decrease in the efficiency of the entire
ES. The key point here is to detect all, even unexpected,
sets of critical components [20].

To analyze the survivability of a unified gas system
in emergency situations, the L. A. Melentiev Energy
Systems Institute of the Siberian Branch of the Russian
Academy of Sciences has developed the “Oil and Gas of
Russia” software, which includes models that simulate the
behavior of the unified gas system (UGS) and oil products
systems (OPS).
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II. SOFTWARE “OIL AND GAS OF RUSSIA”

The software is based on a flow distribution model
designed to assess the production capabilities of the UGS
under various types of disturbances. These studies aim to
minimize possible gas shortages for consumers, identify
sections of the network with insufficient capacity, which
occurs under given conditions.

To solve these problems, the distribution flow in the
model follows the Basaker-Gowan algorithm as a minimum
cost maximum flow problem, where energy system can be
represented as a graph with constraints on the throughput
in arcs, and on the production, storage, and consumption
volumes at the network nodes. The architecture of this
software package is shown in Fig. 2.

The software, consisting of a user interface, a
database, and business logic, builds a graphical image of
the network, including the arcs, which represent network
sections; the nodes, which stand for production, storage,
and consumption facilities; and branch points where
compressor stations are located in an initial ES. In addition,
it makes it possible to visually display information about
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each facility on the screen (volumes of production, storage,
consumption at the respective nodes, and throughput in any
network section belonging to the corresponding pipeline).
Before processing the database, the user needs to
run the calculation program. The calculation program
generates a file of results. Next, a settings file is created
for the database. At the same time, the data is checked for
completeness and compliance of the database files with
each other and with the results file, and diagnosed errors
are displayed in parallel on the screen. Only after such an
analysis, the user can (or cannot) create graphic images
on the screen. Diagnosed errors do not always negate the
possibility of displaying graphic images. Thanks to this, it
is possible to deal with each error and bring such a complex
system as the UGS or OPS to the desired state (or develop
another aggregation option). Several windows can be
opened on one screen, i.e., for example, “Oil” and “Gas,”
a diagram before and after the flow distribution calculation
can be shown simultaneously. The graph corresponding to
the performed flow distribution differs from the original
one in that the arcs and nodes involved in the calculation
are shown in a different color on it. For example, the red
color of the arc means that the limiting capabilities of the
site have been used, the blue color means that there is no
flow along the arc at all, the red color of the node indicates
an undersupply of the energy resource to this node [23].

| Distributed computing
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III. ANALYSIS OF THE SOFTWARE PACKAGE FOR
REENGINEERING

The work with the software involves entering
information into the database by using existing database
management systems (DBMS), and importing data from
excel tables or exporting model data from the database.
Then, by running a separate script, the software can
create a transitional configuration csv file; send the file
to the calculation and computing module, using the data
analysis interface; and obtain the information necessary
for the study. If there is a need to change, add, or delete
information, the researcher will have to re-enter the DBMS
and repeat the whole cycle again. Legacy libraries are used
to compile the program interface, to work with strings and
display a visual interface, these methods are not supported
by new versions of programming languages and do not
allow switching to new development standards. Thus,
reengineering encounters the following problems:

* The user wastes time due to the inability to change the
system during the analysis from the interface;

* Direct interaction with the DBMS increases the risk of
adding non-standardized information;

* Due to unnecessary information in the DBMS, software
cannot create a transitional configuration file which the
calculation and computing module depends on and
without which will not be able to work correctly;

e The lack of support for methods implemented by
legacy libraries makes it difficult to use software on
new operating systems.
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Fig. 3. New architecture of the “Oil and Gas of Russia” software.
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Fig. 5. A scheme of classes corresponding to the topological model of the metasystem.

IV. SOFTWARE PACKAGE REENGINEERING

One of the architectural patterns for reengineering
was the Model-View-Controller pattern, which divides
data, user interface, and control logic into three separate
components: model, view, and controller.

This architecture makes it possible to separate the
business logic component associated with the creation of
an energy system from user interface and visually represent
the model (graph) on map by encapsulating it in as a graph
model that sends information needed for representing ES
on map, thereby removing the problem of business logic
dependence on inherited components. The graph contains
only information about the ES facilities necessary for
construction, including the type of the facility, geographic
data, its name and main characteristics. The controller is
used to communicate with the business logic (model).
It allows customizing the data flow and standardizing
information for display in a topological model. Each model
uses its controller, which sets up its data flow. This makes it
possible to use different types of models without changing
the graph representation for each model. An option of the
new architecture is shown in Fig. 3.

To switch to this architecture and reengineer
the application, the Qt framework was chosen. This
environment supports the C++ programming language,
which is necessary to simplify the refactoring of an
application for a new architecture, and also has several
distinctive features that simplify the development of this
architecture:

51

Meta-object system. This feature of the framework
allows using signals and slots for software development.
In this case, when developing a view, one can use the
mechanism of slots and signals to develop behaviour,
receive and send information from the application, and
then use the controller to determine and interpret this
information for business logic, which facilitates the
development of MVC and MVVM applications [25].
Libraries for working with geoinformation data and
displaying it by using geocoding. This library allows
using the meta-object system to display objects on the
map and to perform actions with them, for example,
find out the distance between two nodes.

Libraries for working with the SQLite database.

The Model-View-Controller —architecture allows
components to be modified independently of one another.
This will subsequently simplify refactoring one of the
components under the new software development standards
(Fig. 5).

To work with business logic, the EventChannel
controller class is used, which receives requests from the
environment to receive information from the model or
enter it into the model, thereby not binding the interface
to a specific model, which allows using this class diagram
(Fig. 6) to develop software applicable to other ES models
in the future.

The classes deleteNodeCommand,
DeleteLeaseCommand, InsertNodeCommand,
InsertLeaseCommand, UpdateNodeCommand,
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Fig. 6. Database structure.

UpdateLeaseCommand are used to create requests to
add, change, or delete information from the model. These
classes are developed using the “Command” programming
pattern and inherit the VCommand interface, which
specifies the basic functions for canceling and returning
information.

The VisualSystem, VisualLease, VisualNode classes
are designed to display geographic information about
objects (Fig. 5), abstracting from the calculation module
and storing only important information for display,
position, object type.

Also, in addition to the chosen architecture, it was
decided to switch from the Paradox DBMS to the embedded
SQL Lite DBMS to simplify the interaction of the software
with the database where the model is stored.

The proposed structure of the relational database
shown in Fig. 7 reflects the explicit separation of the ES
simulation into topological and functional components.

The list of database directories required to create a
topological model includes:

e the directory of all nodes containing their unique codes,
names, geographic coordinates;
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the directory of pipeline sections with information
about the start and end nodes, a unique code, and date
of commissioning.

Construction of a functional model requires the
following directories:

A directory of pipelines;

Directories of consumers, producers and underground
gas storages with their functional characteristics;

A directory of capacity of pipeline sections.

V. CONCLUSION

The reengineering of the “Oil and Gas of Russia”
software aims to update the legacy software of the ES
resilience analysis.

The reengineering of the “Oil and Gas of Russia”
softwareinvolves mainly thetransitiontoanewarchitectural
type Model-View-Controller. This architecture divides
the program into three rare components and allows their
modification independently of each other.

In addition to the transition to a new architecture, one
of the modern compact relational database management
systems is also employed.
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Thus, the main problems of the inherited software are:
lack of support for new versions of operating systems;
use of legacy libraries by the program;

lack of application portability due to client-server
architecture.

These problems have been solved and the new version
provides the following features the legacy version did
not have:

capability to deploy a portable version of the
application due to the embedded DBMS;

capability to add and change the model from the
program due to the transition to a new architecture;
support by new operating systems due to refactoring of
methods relying on legacy libraries.
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