
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tjca20

International Journal of Computers and Applications

ISSN: 1206-212X (Print) 1925-7074 (Online) Journal homepage: http://www.tandfonline.com/loi/tjca20

A study of software pools for seismogeology-
related software based on the Docker technique

ShuRen Liu, ChangNing Cai, QiWei Zhu & N. Arunkumar

To cite this article: ShuRen Liu, ChangNing Cai, QiWei Zhu & N. Arunkumar (2017): A study of
software pools for seismogeology-related software based on the Docker technique, International
Journal of Computers and Applications, DOI: 10.1080/1206212X.2017.1396429

To link to this article:  https://doi.org/10.1080/1206212X.2017.1396429

Published online: 14 Nov 2017.

Submit your article to this journal 

Article views: 13

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=tjca20
http://www.tandfonline.com/loi/tjca20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/1206212X.2017.1396429
https://doi.org/10.1080/1206212X.2017.1396429
http://www.tandfonline.com/action/authorSubmission?journalCode=tjca20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tjca20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/1206212X.2017.1396429
http://www.tandfonline.com/doi/mlt/10.1080/1206212X.2017.1396429
http://crossmark.crossref.org/dialog/?doi=10.1080/1206212X.2017.1396429&domain=pdf&date_stamp=2017-11-14
http://crossmark.crossref.org/dialog/?doi=10.1080/1206212X.2017.1396429&domain=pdf&date_stamp=2017-11-14


InternatIonal Journal of Computers and applICatIons, 2017
https://doi.org/10.1080/1206212X.2017.1396429

A study of software pools for seismogeology-related software based on the 
Docker technique

ShuRen Liua  , ChangNing Caia  , QiWei Zhua   and N. Arunkumarb

anorthwest Branch of petroChina research Institute of petroleum exploration and development, lanzhou, China; bdepartment of electronics 
and Instrumentation, sastra university, tanjore, India

ABSTRACT
In oil exploration data centers, the seismic exploration process employs multiple applications that 
are highly specific and replaceable. In addition, the various software versions depend on a particular 
version of the operating system. As the server purchase from different times, the operating system 
is also different, with the server scrapped, the newly purchased server operating system version 
is higher than the original server, resulting in the original application software that cannot be 
used further. To solve this problem, the software life cycle needs to be extended an independent 
application software resource pool with a hardware system that is required to be built. Herein, the 
Docker containerization technology has been used to construct seismic and geologic software 
pools in a virtualized manner. Furthermore, the hardware and software have been separated from 
each other, and the hardware resources have been allocated to each container using a scheduling 
algorithm. By runtime start speed comparison, the physical disk usage comparison test proves that 
the seismic software has the advantage of being lightweight through the container, and by the 
analysis of effect of application on conventional module, it proves that the software running in  
the container has a good effect and is available independence and concurrency. The analysis of 
the resource-scheduling effect of the scheduling algorithm works well. Thus, we confirmed that the 
proposed method is effective and has a good promotional value.

1. Introduction

In the field of oil exploration, seismic exploration [1,2] is 
the most commonly used method. The process of seismic 
exploration consists of seismic data collection, process-
ing, interpretation, and other stages of composition. The 
processing and interpretation of seismic data [3,4] both 
have their own software, which are highly specific though 
small.

Exploration data centers run different types of seis-
mic geology software, each depending on the specific 
version of the operating system. When new servers are 
purchased, their operating system is often a more modern 
version than the operating systems running on the old 
servers. This difference in operating systems often means 
that the original application software, which ran on the 
older operating systems, can no longer be used. The tra-
ditional method to address this issue is to use a virtual 
machine, but most of the seismic geological interpretation 
software operates in an environment that is simple and 
targeted toward functional applications. The applications 
do not require complex deployment, and because virtual 

machines occupy more resources, their deployment is 
time-consuming. Thus, a virtual machine is not suitable 
for the software deployment applications that have differ-
ent operating system platforms in exploration data centers 
(see Table 1).

As the fields of cloud computing and big data have 
developed [5–7], many new technologies have arisen in 
the direction of virtualization. One such technology is 
Docker containerization technology. Docker is a devel-
opment platform for developing, packaging, and running 
a variety of application softwares [8,9] using the Linux 
operating system kernel LXC [10] (Linux containers). 
Docker comes with the ability to package the application 
and the overall production environment with mirroring 
to achieve lightweight, software-level resource isolation. 
Docker technology has developed rapidly and been used 
in applications such as cloud platforms, software devel-
opment, and Web sites [11–13], to name a few, but it has 
not yet been used in the energy field.

This article uses Docker containers to package light-
weight Linux applications belonging to different software 
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Docker uses the client/server architecture with the 
Docker Daemon working as the server side to accept and 
handle client requests (e.g. to create and run a distribution 
container). Docker can also run on a machine through 
sockets or RESTful API communication.

2.2. Architecture of software pools for 
seismogeology-related software

In view of the above problems and considering the charac-
teristics of the Docker platform, the design of the Docker-
based seismic geology software pool to achieve hardware 
and software resource isolation is modeled in Figure 1.

The model includes the following modules:

(1)  Hardware resource pool: mainly server-based 
with different purchase years, and the old and 
new equipments are coexisting.

(2)  Operating system layer: It includes the explo-
ration data center server with various versions 

environment versions at the exploration data center. The 
use of the Docker containers separates the hardware and 
software, which allows applications from older servers to 
continue to run on new servers, thereby extending the 
lifetimes of the applications and thus reducing the cost of 
application development.

2. Software pools for seismogeology-related 
software based on Docker technique

2.1. Docker technical features

Virtual machines are operated by monitoring the under-
lying hardware resources in order to manage and support 
multiple instances of operating systems running at the 
same time. The Docker platform is container-based, light-
weight virtualization technology that effectively divides 
the resources managed by a single operating system into 
isolated groups to better balance conflicting resource 
usage requirements between isolated groups [14].

Table 1. overall logic diagram dof database management module HBase table.

Rowkey TimeStamp

Ser_res_usage Ins_demand_res Con__res_usage

Ser_statusCpu-usr Mem (%) Cpu-usr Mem Cpu-usr Mem (%)
tag1 20170719113401 40 20 … 22 2G … 23 10 … 1
tag2 20170719113505 50 30 22 2G 22 9 1
tag3 20170719113609 68 35 22 2G 25 13 2

Figure 1. the architecture of the software pools for the seismogeology-related software.
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of the operating systems (RedHat and Centos 
are the most common ones) and also the server 
with the operating system installed for which the 
server runs best. This layer can run the Docker 
container.

(3)  Resource-scheduling management: This module 
is based on the Docker architecture. The module 
includes hardware resource management and 
scheduling modules and can access resources 
from the public warehouse to create the envi-
ronment needed to run the seismic software and 
generate a mirror. The mirror is used to generate 
containers to run various types of software.

(4)  Software pool: This module consists of two 
aspects in which the private warehouse saves 
each mirror. Each mirror preserves the best 
operating environment of the light seismogeol-
ogy-related software. The software is finally run 
in a container that is instantiated by mirroring, 
and the container pool has the independence 
and integrity of the environment.

2.3. Resource-scheduling management

The objective of the resource-scheduling management is 
to manage the hardware resources and scheduling, mirror 

generation and management, container operation and 
management, and more. The resource management model 
for the whole model at the core position is shown in Figure 
2. The resource-scheduling model includes the following:

(1)  The server status monitoring module, which 
uses a Linux Agent for each server configura-
tion resident process, continuously obtains the 
current consumption of each server’s resources, 
resource features including memory, CPU, net-
work, disk, and graphics. This information is fed 
back to the resource analysis engine for resource 
allocation and stored in the state database for 
subsequent analysis.

(2)  The database management module uses the 
NoSQL database HBase to save the server 
resource usage information obtained from the 
server-monitoring module for each time period 
of the server (see Table 1). The saved infor-
mation includes the time stamp, the hardware 
resources needed for each mirror instance, the 
resources allocated to each container (obtained 
from the container allocation module), the mir-
ror update, container start, container stop, and 
other event records.

The database mainly includes three columns: 
Ser_res_usage indicates the server resource 

Figure 2. resource management scheduling model.
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etc.) and running the software, it is possible to instanti-
ate (generate the container) and deploy a large number 
of homogeneous software runtime environments on the 
hardware resources to achieve a multi-user software with 
independent use.

3. Results and analysis

3.1. Laboratory environment

Experiments were conducted to solve the relevant seismic 
geology software on the operating system requirements. 
The experimental configuration is shown in Table 2. The 
experiment used a virtual operating system with basic 
mirrors for RedHat 5.5 and 5.9 as the container. The con-
figuration of the operating environment required more 
steps with the automatic build container than with the 
Dockerfile.

Because the operation of the seismic geology software 
module is directly related to the hardware environment 
(i.e. server configuration, network, and storage), the size 
of the project area, and the size of the data body, to name 
a few, the test data varied greatly. In the test, we attempted 
to ensure that the other experimental conditions remained 
the same. The tested software does not list the specific 
name of the application, only the application category, so 
as to avoid misunderstanding.

usage in terms of the CPU, the memory, and the 
network resource information; Ins_demand_res 
indicates the instantiate demand resources; and 
Con__res_usage indicates the container usage 
resources. Ser_status represents the server state, 
which is calculated from the resource analysis 
engine and is the primary reference parameter 
during container allocation.

(3)  The container allocation module manages and 
dispatches the entire life cycle (generation, oper-
ation, and shutdown) of the container, accepts 
the data from the resource analysis engine, and 
determines whether the container is scheduled 
to run on the specific server, and the resource 
allocation is fed back to the database manage-
ment module.

(4)  The resource analysis engine analyzes the 
resource consumption of each server, the 
resource requirements instantiated by a mirror, 
and implements the K-means algorithm, which 
has been studied in other papers, in MapReduce. 
The server uses the K-means method to find 
the best dispensable container and feeds back 
the specific allocation strategy to the container 
allocation module to realize the load balancing 
of the resource usage. At the same time, if the 
server is overloaded or a fault is detected, an 
alarm is issued.

The K-means algorithm [15] uses distance as the similarity 
evaluation index and outputs k cluster centers (Figure 3). 
The steps to implement the process are described below:

(1)  K data centers are selected from the data set.
(2)  All of the data are used to measure the distance 

between each center to find the minimum dis-
tance, which is included in the minimum class.

(3)  All center types are recalculated. Steps 2 and 3 
are repeated until the threshold is met. The main 
function for an appropriate threshold design is 
to use an iterative process to achieve the Map 
and Reduce functions and to continue to call the 
function until the threshold is met.

The separation of the hardware resources and software 
operating environment can be achieved via resource 
management. To maximize the performance of a newly 
purchased server, the operating system that matches the 
server best is installed on it. Then, the Docker and related 
components of the monitoring module on the server are 
deployed and incorporated into the hardware resource 
pool before the subsequent container deployed. By using 
the best mirroring environment (determined by the 
operating system version, various package dependencies, 

Figure 3. the implementation process of the K-means algorithm 
in mapreduce.
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set area for operation (viz., 200  GB). Because the data 
storage device, network speed, and other factors have an 
impact on the module running time, the test data were 
stored in the network-attached storage (NAS) and the 
storage network connection line was the same.

The size of the two-dimensional section was 500 M, 
and the number of earthquakes was 895. The size of the 
three-dimensional section was 820 M, and the number 
of earthquakes was 600. The size of the data was 10G, 
and the number of earthquakes was 612. The load data 
size was 30G.

As can be seen from the figure, the container per-
forms slightly worse than the physical machine in loading 
data. The performance of the other modules has a better 
upgrade over the physical machine and virtual machine.

(2)  Performance of concurrent multi-containers
Some applications have a requirement that a given user 

can only start the software once at any given time. This 
problem can be solved by initiating multiple containers 
on the same physical machine (referred to as container 
concurrency). A comparison of the performance for appli-
cations started on the same device is given in Figure 6. The 
experiment used the same physical machine with 500 GB 
of working space to start the software several times with 
the same number of containers and then open a three-di-
mensional profile.

3.2. Analysis of experimental results

(1)  Runtime start speed comparison
The container start-up speed is tested in the same soft-
ware running environment (i.e. the same software package 
installation and the same service package). The test data 
comparing the physical machine, virtual machine, and 
Docker container performance are shown in Figure 4. As 
can be seen from the figure, the container start-up speed 
is significantly faster than the speeds for the physical and 
virtual machines, which shows the simplicity of using con-
tainers to build a viable environment.

(2)  Physical disk usage comparison
The usage of the physical disk for several common seis-

mic geological applications in the basic environment is 
given in Table 3. As can be seen from the figure, the con-
tainer has a very clear advantage in terms of the physical 
disk usage.

3.3. Analysis of Effect of Application on 
Conventional Module

(1)  Software operating efficiency comparison
Figure 5 shows a comprehensive interpretation of the time 
consumed by the software in different situations given a 

Table 2. experimental environment configuration.

CPU Memory Hard disk Operating system Container operating system Docker version
16 cores 32G 1t Centos 7.1 redhat 5.9/5.5 1.8.3

Figure 4. runtime start-up speed.

Table 3. Comparison of disk usage.

Physical machine(GB) Virtual machine(GB) Container (GB) Software installation package(GB)
reservoir description 12 1.5 0.8 0.5
Comprehensive interpretation 18 2 1.1 0.8
seismic interpretation 25 6 2 1.2
logging interpretation 15 1.96 1.2 0.86



6   S. LIU ET AL.

the server. The table shows that the algorithm is more effec-
tive on a busy server, which is related to the classification 
attributes we choose (such as CPU of memory), to improve 
efficiency. This will be the focus of future optimizations.

In summary, we have presented a system based on the 
Docker platform that demonstrates many advantages in 
terms of the start speed, resource usage, software run-
ning independence, concurrency, and other aspects. 
Additionally, the conventional application module is 
smooth, the actual operation is good for running the 
application, and the system is independent of the operat-
ing environment.

Finally, through the resource management scheduling, 
the model has demonstrated good results for ensuring the 
on-demand allocation of resources.

As can be seen from the figure, the container works 
well, mainly because each container is independent of the 
others, so there are no resource contention phenomena. 
Thus, the container is effective in the case of concurrent 
applications.

3.4. Analysis of resource-scheduling effect

The classification status of the server is compared with the 
actual state via the K-means method to classify the state of 
a certain server. The resulting judgments of the different 
types of servers are shown in Table 4 for a data analysis 
with 500 samples.

In the HBase database, Ser_status is divided into five 
types of tables, from left to right, indicating the business of 

Figure 5. Comparison of operating efficiency of comprehensive interpretation software.

Figure 6. Comparison of container concurrency performance.

Table 4. analysis of resource-scheduling effect.

Level 1 idle server Level 2 idle server Level 1 busy server Level 2 busy server Faulty server
Judgment accuracy 65 62 75 78 60
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4. Conclusions

The life cycle of the hardware and software resources for 
the exploration and data center is inconsistent, because 
once the hardware is phased out, the corresponding soft-
ware can no longer be used. To solve this problem and 
extend the software life cycle, this paper uses Docker 
containerization technology to package the application 
environment of different application versions for the 
exploration data center. The Docker container can then 
be used to build the seismic and geologic software pool 
and separate the hardware and software. With the pre-
sented method, the application software can continue to 
be used on the new server, and the server can have the 
best operating system installed, to extend the software 
lifetime and thereby reduce the cost of software develop-
ment investment.

As demonstrated in the relevant tests, the Docker-
based, seismic geology software pool solution can solve 
the above problems to separate the hardware resources 
and the software operating environment, to ensure the 
independent operation of the software and to provide 
rapid deployment and resource scheduling on demand 
with a better promotion value.

Disclosure statement

No potential conflict of interest was reported by the authors.

Notes on contributors

ShuRen Liu is currently an engineer and researcher in the 
direction of oil exploration. He graduated from the master's 
degree in 2013, specializing in computer applications. Since the 
graduate stage, his research direction was mainly in high-per-
formance computing and storage, and published two EI papers.

Changning Cai is currently a senior engineer and researcher; 
he is committed to high-performance computing in oil explo-
ration for 30 years. His research direction is high-performance 
computing network performance, and he published three EI 
papers.

Qiwei Zhu is a senior engineer and researcher. In 2000, he 
graduated from the master's degree; his postgraduate research 
topic is a large-scale computer–machine research in the field 
of petroleum exploration. After working, he was devoted to 
the operation and maintenance of oil exploration data center. 
Currently, he focused on cloud computing.

N Arunkumar is working as an assistant professor in 
Department of Electronics and Instrumentation, SASTRA 

http://orcid.org
http://orcid.org/0000-0001-6445-6670
http://orcid.org
http://orcid.org/0000-0003-4166-7381
http://orcid.org
http://orcid.org/0000-0003-1592-4970

	Abstract
	1. Introduction
	2. Software pools for seismogeology-related software based on Docker technique
	2.1. Docker technical features
	2.2. Architecture of software pools for seismogeology-related software
	2.3. Resource-scheduling management

	3. Results and analysis
	3.1. Laboratory environment
	3.2. Analysis of experimental results
	3.3. Analysis of Effect of Application on Conventional Module
	3.4. Analysis of resource-scheduling effect

	4. Conclusions
	Disclosure statement
	Notes on contributors
	References



