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Abstract

This work describes the principles and technologies for creating a single access point
to cloud computing to solve various scientific problems within the geological
computing and analytical environment. The current approaches to the implementation
of computing environments are briefly described. Based on the tasks facing
researchers in the field of processing and analysis of geological information,
requirements are formulated for external computing nodes and processing platforms.
Based on the stated requirements, several methods and technologies are proposed.
They allow to organize a single method of interaction with heterogeneous processing
services. A structure for description of processing services for cataloging is proposed.
The principles of operation of a monitoring system for processing services located in
the environment services catalog are described.

1 Introduction

Conducting research in the field of geology involves working with heterogeneous geological information. Several
basic types of data in geology can be distinguished: quantitative data (field measurement databases, etc.), spatial
data (geological, topographic, geochemical, and other maps), satellite images, scientific publications, expert
information, media information, etc. To process and analyze each type of data, you must use the appropriate
software. In addition to financial investments, such software requires a certain amount of computing power and
software environment. It also requires the user to have the skills in working with this software environment -
installation and configuring of the components of the selected software and work with it.

With the development of information technology, many suppliers of software packages for data processing
and analysis began to create analogues of their processing programs in the form of cloud services. Services are
accessed using a web browser or special client-side software, and all calculations are performed on the side of the
service provider, using its computing power and software environment.

2 Distributed computing environments

The use of external geographically distributed computing nodes for parallel data processing in one system is a
kind of distributed computing environment. Such environments are developed by various business and scientific
organizations to solve a certain class of problems. In 2006, Fedotov A.M. and co-authors presented a distributed
information-analytical environment for research of ecological systems [Fed06]. The paper describes the main
components of the environment, defines the categories of data, describes the model of the virtual environment, its
architecture and the technologies used. In the work of Gordov E.P. et al. it is presented a project on creation of a
thematic virtual research environment for analysis, assessment and forecasting the impact of global climate change
[Gor16]. The main goal of the project being developed is to provide a free access to various sources of data and
its processing services through web-browser. The article by Candela, L. et al. provides a general overview of
existing virtual research environments. They identify general and distinctive features of various approaches for
constructing such environments and discusses the problems that need to be addressed in this area [Canl14].
Bychkov 1.V. with co-authors developed and successfully released an environment of WPS-services for geodata
processing [Bycl4, Fjol16]. This environment supports calling of processing services built using the OGC Web
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Processing Service (WPS) interface. The environment provides an ability to build processing chains (processing
scripts) using the javascript language.

The aim of this work is to develop principles and technologies for single access point creation to cloud computing
for solving various scientific problems within the computational and analytical environment in geology.

3 Basic requirements for computing nodes and processing platforms

Access to external computing nodes and processing platforms involves the use of various protocols and interaction
interfaces. Unlike computing nodes, processing platforms offer the user not only individual processing services,
but also additional tools for finding processing methods available on the platform, and the ability to view
additional information about each processing algorithm available on the platform.

To integrate external computing nodes and processing platforms into a single computational and analytical
environment, we have identified a number of requirements:

e External access via the Internet using a fixed IP address (or domain name) and port;

e Existence of the program interface of interaction (API) for external use. The API should be implemented
using generally accepted interaction interfaces, for example, using the SOAP protocol or an interface
based on the REST architectural style. It is also allowed to use other interfaces in the presence of software
libraries of the most used programming languages, such as Java, Python, C;

The ability to start processing or analysis procedures with specified parameters;
The ability to receive the processing result in text or binary formats, including URL-link;
The ability to work with remotely hosted data, or a mechanism for temporarily downloading data to a
computing node for further work with them, or transferring them in text or binary formats as a processing
parameter.

For processing platforms, it is also necessary to introduce a number of additional requirements:

e The ability to obtain a list of processing and analysis algorithms supported by the platform with a brief
description of the basic principles of its operation;

e The ability to obtain more detailed information about a specific processing algorithm.

The use of geological information implies a number of requirements for the formats supported by the data
environment.
List of data formats for each type of geological information:
Quantitative data: CSV, XLS, XLSX

e Spatial data: HDF5, netCDF, GeoTIFF, Shapefile, KML, CDR
e Scientific publications: PDF
e Textdata: TXT

4 Software platform

To interact with external nodes and processing platforms it is necessary to choose a software platform. This
platform should have an ability to unify access to heterogeneous data processing and analysis services, considering
the requirements.

One of the most promising and widely used approaches for heterogeneous data processing procedures
execution is the use of a service of spatial data processing execution based on the international standard OGC
Web Processing Service (WPS). This service standard provides the ability to run both individual processes and
chains of these processes, executing them in serial or parallel mode, while transmitting the result of one or more
processes as input parameters for another process [Xia09, Xial0].

The detailed analysis of software platforms that provide the ability to work with the WPS service was made
by M. Ebrahim Poorazizi and Andrew J.S. Hunter [Pool4]. Software platforms such as 52 North, Deegree,
GeoServer, PyWPS, and Zoo are considered in this paper. Based on the platform comparison table, the most
suitable platform that meets the requirements we have developed is the GeoServer open source software platform.
In addition to the ease of installation, configuration, and creation of new WPS processes, the GeoServer platform
has extensive software support and well-described documentation. This software platform implements the OGC
WPS interface standard version 1.0.0, and has an ability to add own WPS processes implemented in the Java
programming language.

Using the general principles of building of distributed computational environments, we proposed the structure
of a computational and analytical environment for geological research (Figure 1) [Erel8].
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Figure 1: Architecture of a computational and analytical environment for processing geological information

5 Computing nodes and processing platforms

Based on the requirements we developed for integration into the computational and analytical environment, a
number of computing nodes and processing platforms that provide open access to the processing and analysis of
geological information were selected:

e Multidimensional data analysis. The computational unit includes a set of methods for multivariate
analysis of quantitative data, such as factor analysis, cluster analysis, regression analysis, etc. [Plal8].
The programming language R was chosen as a component for implementing the module for statistical
analysis of quantitative data. The interface for interacting with services is built using the Rserve module.
The node was developed and maintained at SGM RAS.

e Satellite data processing. The computing node includes methods for processing of satellite data, such as
calibration and spatial reference of satellite data [Dyal6]. The node was developed and maintained at
IACP FEB RAS.

e Processing of petrological and geochemical data. A processing platform has been developed at IPE RAS,
which is an interactive base of methods for processing petrological and geochemical data [Ival6]. The
platform provides services for constructing spidergrams, histograms, and classification diagrams;
mineral identification service by their chemical composition; service for interpreting the composition of
the mineral and decomposition into minerals, etc. The interface for interacting with services is based on
the REST architecture.

e Structural analysis of publications. Interdisciplinary Centre for Mathematical and Computational
Modelling (University of Warsaw, Poland) has developed a computational unit that performs procedure
for extracting metadata from scientific publications [Tkal5]. Metadata includes a list of authors,
affiliation of an organization, abstracts, keywords, title, volume, year of issue, parsed bibliographic
references, document section structure, section headings and paragraphs. The interface for interacting
with services is based on the REST architecture.

e Natural language processing. At the University of Sheffield, as part of the GATE (General Architecture
for Text Engineering) project, a computing node containing a number of text processing services for
various languages was developed [Myal6]. For the processing of textual data in Russian, services are
provided to determine the parts of speech of words, as well as the allocation of named entities, such as
names and surnames, names of organizations, geographical names, dates, monetary units, etc. The
interface for interacting with services is based on the REST architecture.

e Visualization of quantitative data. The Plotly project is an open data visualization platform. It provides
the ability to visualize quantitative data in the form of tables and diagrams of various types
(https://plot.ly). The interaction is carried out using an interface based on the REST architecture.

6 User interaction with the environment



To interact with the environment, a module has been developed. The module provides the user with a web interface
for working with the environment through a web browser. The module has a program interface based on the REST
architectural style for programmatic interaction in the system-system format.

When using the web-interface, the user selects the processing service he is interested in and fills in the
parameters necessary to start this service. The user can add the source data for processing or analysis in several
ways:

e upload from the user's computer - the user selects data on his PC, after which data is downloaded to the
temporary storage of the environment and transferred to the appropriate processor.

e link to data from an external information system - the user indicates the URL address as source data. The
environment supports working with links via the HTTP (s) and FTP protocols.

e data selection from the GeologyScience information system - the user selects data on the GeologyScience
information system portal (http://geologyscience.ru), after which the identifiers of the selected data are
transferred to the processing environment as source data for the specified service.

After processing is completed by an external computing node or processing platform, the environment
publishes the result into a temporary storage. The result is shown to user in the form of a URL for download. The
user can see the list of all orders with parameters and their results in the corresponding section of the web-interface
of the environment.

7 Cataloging and monitoring services

To provide search and service information functions about services integrated with external computing nodes and
processing platforms, a service presentation format was developed [Erel19]. The basis is the service description
format in UDDI (Universal Description Discovery and Integration) registries. This format includes three main
sections: description of the service, information about the supplier and technical information. The description
section contains the service identifier, name, text description, keywords and scope. Supplier information includes
the name of the supplier’s organization, contact person, contact address, contact phone number and website. The
technical information section includes the IP address (or domain name) of the service, port number, interaction
protocol, protocol version, description of the access interface, authorization information and the address of the
access point.

Based on the proposed structure of the service description, a catalog of processing services has been developed.
This catalog is a web service that allows you to search for services and get complete information about a service
in XML and JSON formats.

To ensure a high level of reliability of the environment, a monitoring system has been developed for external
geographically distributed services. The monitoring system is an independent software product that monitors the
current state of computing nodes and processing platforms used in the environment, as well as the services
provided by them, including checking the services for changes in work.

The monitoring system uses data from the service information section in the service catalog. Monitoring
includes three main types of checks:

e Availability of a compute node or processing platform
e Auvailability of the processing service according to the specified interaction protocol
e Checking the service for changes using test requests

Thus, the monitoring system allows you to track changes from the provider of the computing node or

processing platform to make the appropriate decision about the mode of access to services in the environment.

8 Conclusions

Using existing open computing nodes and data processing platforms, an approach is proposed to create a single
access point to geological information processing services for scientific research. Based on the proposed approach,
a computational and analytical environment (http://service.geologyscience.ru) is implemented. To monitor the
availability of computing nodes and the services they provide, a monitoring system for geographically distributed
processing services has been created (http://monitoring.geologyscience.ru).
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