
Applying Business Intelligence Technology for 
Equipment Maintenance and Repair Plan of 

Telecommunications Services Provider 
 
 

Sasiwimon Tanphet*, Paweena Wanchai* 
* Department of Computer Science, Faculty of Science, Khon Kaen University, Khon Kaen, Thailand 40002 

sasiwimon_t@kkumail.com, wpaweena@kku.ac.th 

 
 
Abstract— The purpose of this study was to apply business 
intelligence (BI) technology for planning of equipment 
maintenance and repair. Multidimensional data model was 
designed as a star schema for multidimensional analysis, ad hoc 
analytics and online analytical processing. Moreover, data 
mining technique was utilized to figure out association rules of 
cause of difficulty and time of difficulty. This research applied 
Oracle Business Intelligence and Weka 3.6 as research tools to 
analyze the data of Maintenance Department of CAT Telecom 
Public Company Limited in Thailand from the past four years 
during 2013-2016 including 131,456 records. The findings 
revealed that applying BI to the organization was beneficial to 
executives since it provided various aspects of data which could 
be used for more appropriate and faster decision making and 
strategic planning. 
 
Keywords— Business Intelligence (BI), Data Warehouse, Data 
Mining, Association Rules, Apriori 

I. INTRODUCTION 

Recently, technology has been rapidly and continuously 
changed and developed due to more competition in this 
industry. Thus, it is crucial for an organization to have accurate 
and up-to-date information to support executives’ decision-
making, planning, and business analysis. Organizations are 
endowed with huge amounts of data that can be used for varied 
purposes. The data possesses a high potential for different 
range of analysis including prediction, classification and other 
techniques. One reason for the non-utilization of this potential 
is the insufficient knowledge of the algorithms to be used on 
such data. Business intelligence (BI) technology can be used to 
exploit the potential in the data when the data is synthesized 
efficiently. The non-cohesion of data scattered in different 
databases with varied structures makes it difficult for users to 
apply analytics. The advent of data mining algorithms and the 
development of software and hardware have led to an ease in 
analyzing huge and complex data.  

CAT Telecom Public Company Limited is a state enterprise 
under Ministry of Information Technology and 
Communications in Thailand. It provides different types of 
telecommunication services such as the Internet, data 
communications, international dialing, electronic business, IT 
security, and CDMA cell phones. One of its important 

missions is to expand network and increase potential of 
telecommunication services for better quality and efficiency to 
cover all areas nationwide [1]. At present, the number of 
Internet users is rising and it is widely accepted that the 
Internet has been involved in many areas of human life.  Better 
quality of services is required to serve the users’ expectations 
and needs.  For these reasons, the organization has to develop 
its services to meet higher standard and customer satisfaction 
as much as possible.  

 In this study, BI technology was applied to analyze the data 
of Maintenance Department of CAT Telecom Public 
Company Limited from the past four years during 2013-2016 
including 131,456 records. The cause and time of difficulty of 
equipment were defined using data mining and association 
rules. The results of this research would be helpful for faster 
and more effective equipment maintenance planning and 
strategic planning, precise decision making, decrease in 
difficulty, and cost reduction. 

II. LITERATURE REVIEW 

A. Business intelligence (BI) system 
 BI is a collection of analytical software and solutions for 
real time information gathering and analyzing to help users 
make better business decisions for companies, both internally 
and externally. BI analysis is a complex set of techniques that 
cover data extraction and transition, database management, 
data mining and recovery, data reporting and visualization, 
and multidimensional analysis. It is applied to support 
planning, decision making [2], and administration of the 
executives through an online analytical processing (OLAP) 
which can help the users to make business decisions and 
examine operations more efficiently [3]. Some examples of BI 
techniques are query reporting and analysis, data mining, 
graphical trend analysis, balanced scorecards, forecasting, 
model visulization and scheduled reporting. Besides, BI 
involves customer support, market research, distribution 
channels, product profitability, inventory and logistics 
analysis, statistical analysis and multidimensional reports. The 
organization can also accurately predict the consumer needs.  
Hence, the executives and the users can manipulate the data to 
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support their fast decision making and business planning 
which will increase the performance of organization.  In order 
to obtain the data for in-depth decision making, multiple kinds 
of technology and internal and external resources are required 
[4].  Data may come from various resources such as enterprise 
resource planning (ERP) system, supply chain management 
(SCM) system and customer relationship management (CRM) 
system. The internal data may be received from daily 
operational data or legacy data while the external data may be 
statistics gathered from other sources. Figure 1 depicts a 
typical BI architecture.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  BI architecture [5] 
 

B. Data Warehouse 
 Data warehouse is a large database of an organization or a 
unit that compiles the data from internal database including 
daily operational data and other databases outside the 
organization. By definition, a data warehouse is a subject-
oriented, integrated, time-variant and non-volatile collection 
of data in support of management’s decision making process. 
The data in the data warehouse are used and stored differently 
than the database in other systems. They are manipulated for 
analysis and supporting planning, decision making, and 
administration. Additionally, most of the data in the data 
warehouse have been collected for many years for decision 
support system or accurate and effective multidimensional 
analysis and business analysis such as forecasting, what-if 
analysis, data mining, etc. [6]. 

C. Data Mining 
 Data mining is the exploration and analysis of large 
quantities of data in order to discover meaningful patterns and 
rules [7,8]. The patterns, associations, or relationships among 
all data can provide information and information can be 
converted into knowledge about historical patterns and future 
trends. Data mining is often considered to be a blend of 
statistics, artificial intelligence and machine learning research 
[9]. The algorithms’ applied in data mining are particularly 
used with other techniques such as statistics, computational 
mathematics and visualization to predict future occurrence 
based on reliable data. The outcome will be useful for decision 
making or forecasting or business planning to meet the user 
needs and promote competitive advantage. Many techniques 

are combined for data mining such as machine learning, 
information science, statistics, and database system [10,11]. 

D. Relevant Research  
 BI have been applied to various fields of research, for 
example, management of internet service providers (ISP) 
which used a survey of network user behavior to improve their 
services [12]. The data were stored in the data warehouse for 
convenient retrieval of multidimensional data using SOM 
technique to categorize customers into different groups with 
the same formats and RFM (recency, frequency, monetary) 
technique to analyze usage behavior and usage types of each 
customer. The results were helpful to increase capacity, 
provide better services, and support decision making of ISP in 
a better direction [12]. 
 Cheng-Hsiung Weng conducted a research titled “Identifying 
Association Rules of Specific Later-Marketed Products” in 
2016 [13]. Three sets of data were gathered for this study 
including supermarket data set, furniture data set, and grocery 
data set. Data mining was utilized to determine association 
rules algorithm using Apriori technique.  The findings showed 
that buying behavior of users in each interval was different. In 
addition, internal relationship was precisely identified and 
interesting rule of product placement was obtained [13]. 
 Wei-Yu Chen et. al in 2015 applied BI system to analyze 
network security [14]. A snowflake schema was implemented 
to design the data warehouse to store the multi-dimensional 
data on virus attacks through ETL equipment. In addition, 
charts were created to analyze intranet usage behavior. Then, 
the data were assessed in terms of security to provide solutions 
to the executives to effectively manage and adjust log policy. 
This method could save time and reduce consequence and cost 
[14]. 

III. METHODOLOGY 

This research aimed to apply BI technology for planning of 
equipment maintenance of Maintenance Department of CAT 
Telecom Public Company Limited. In this research, Oracle 
Business Intelligence and the Weka 3.6 were used as the 
research tools.  The research procedures were as follows. 

A.  Business and Data Understanding 
 This stage was to understand business problems, data and 
system needs to provide solutions for the executives.  Then BI 
system was designed and developed for planning of 
equipment maintenance and repair. The Maintenance 
Department of CAT Telecom Public Company Limited was 
responsible for the following tasks. 

1) Collecting issues, suggesting basic solutions, 
coordinating with staffs or customers to solve problems, 
following up results, preparing difficulty reports, and 
providing statistics for quality and service analysis. 

2) Designing, improving, analysing, and coordinating for 
network equipment repair and other equipment repair for 
customers. 

3) Managing electrical system, electric generator, air-
conditioning system, and power supply/battery/charger/ 
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inverter/ UPS system to support telecommunications 
equipment. 
 Currently, the organization are accumulating vast and 
growing amounts of data in different formats and databases. 
According to the study of previous systems, the researchers 
found that the organization did not apply technology to 
manage the data. Manual analysis of massive datasets is not 
practical; therefore, data analysis techniques must be capable 
of extracting useful information that may be acted upon by 
decision makers. One of the solutions to solve this problem 
was gathering the data under the same standard for convenient 
access and analysis. It would be beneficial to support the 
decision making and the strategic planning. 

B.  Data Collection and Preparation 
 The data preparation was to compile the database of 
Maintenance Department of the organization during 2013-
2016 including 131,456 records. Real world data tends to be 
incomplete (lacking attribute values or certain attribute of 
interest), noisy (containing errors or outliers) and inconsistent 
(e.g. containing discrepancies in the item codes used for 
different departments). Therefore, in order to prepare real 
world data for BI purposes, the collected and extracted data 
has to undergo data cleaning, data integration, and data 
transformation. BI often requires data integration, which 
combines data from multiple data sources. Data integration 
includes schema integration, detecting and resolving data 
value conflicts, removing duplicates and redundant data. In 
this state, several types of relevant data are stored in the same 
format through extract-transform-load (ETL) process. The 
ETL process consists of a set of three steps. 
 Extract: It was to extract the data from different databases 
for analysis. 
 Transform: It was to arrange the data in proper formats.  For 
instance, the date of the first database was sorted by 
date/month/year while the second database was sorted by 
year/month/date. Therefore, the data were transformed into the 
same formats and inspected for accuracy. 
 Load: It was to load the transformed data into the data 
warehouse. 
C. Data Modeling 

After examining current operations and analyzing the user 
requirements, a structure of new system was developed using 
the processed data which would be loaded into the new 
system. In terms of data warehouse preparation and design, 
the star schema was applied consisting of a fact table in the 
middle surrounded by dimensional tables including dimension 
of service types, dimension of customer types, dimension of 
customer service office, dimension of cause of difficulty, and 
dimension of date and time. Measurement values were the 
amount of time of difficulty, days of difficulty, time off (when 
the equipment could not be repaired, then the time was 
stopped), and causes. The structure of multidimensional data 
model was designed using the star schema as shown in   
Figure 2.  The attributes and measures of the BI systems are 
listed in Table 1 and Table 2. 

 

 
 

Figure 2.  The star schema of the BI system 

 

TABLE 1. ATTRIBUTES OF BUSINESS INTELLIGENCE 

 
 

TABLE 2. MEASURES OF BUSINESS INTELLIGENCE 

 

D. Data Analytics 
 The data analytics was implemented to analyze the data 
which could clearly demonstrate causes of difficulty, types of 
equipment, and proportion of time stop during the past period 

Attribute Description 
Service Name Name of service 
Type Name Name of customer type 
Office Name Name of customer service office 
Latitude Office Latitude of office 
Longitude Office Longitude of office 
District Name Name of district 
Latitude District Latitude of district 
Longitude District Longitude of district 
Per Month Issue Difficulty time by month 
Per Qtr  Issue Difficulty time by quarter 
Per Year  Issue Difficulty time by year 

Time  Issue A period of time when the system is not 
working  

Duration Difficulty period 
Cause Detail Cause of difficulty 

Measure Description 
Total Time of Failure Total period of difficulty 
Day of Failure Total days of difficulty 
Time Stop Number of times  the system being stop 
Cause Count Number of cause 
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to meet the user needs. The descriptive and predictive 
analytics were applied to find the relationship of causes of 
difficulty and time of difficulty. The result could be used for 
planning of equipment maintenance to save time and reduce 
handling cost.  
 The data were also analyzed with the data mining technique 
using the association rules algorithm. The association rules 
was an algorithm used to define a relationship of incidents that 
occurred at the same time. It was utilized to assess and find a 
hidden relationship in the data [16]. There were two steps to 
determine the association rules using Apriori technique as 
follows: 
 

1) Find frequent itemsets in the database 
Itemsets which had the support greater that minimum 

support (minimum support could be specified by the 
researcher) were used to create an itemset pattern by 
extending frequent itemsets by one more item. Then, possible 
support was calculated when the support was a percentage 
found in the itemsets in the database. The formula is 
represented in the formula (1) below [17]. 

 
 

 
2) After finding the frequent itemsets, the developed pattern 

was applied to create the association rules. The confidence of 
the association rule, i.e. c(A ⇒ B ), is the proportion of records 
that contain A and that contain B. The formula for confidence 
level shows in the formula (2) below. 

 

 
 
The Apriori generates the candidate item sets by joining the 

large item sets of the previous pass and deleting those subsets 
that are small in the previous pass without considering the 
transactions in the database. By only considering large item 
sets of the previous pass, the number of candidate item sets is 
significantly reduced. Figure 3 shows the Apriori algorithm.  

 

Figure 3. Apriori algorithm 
 

The time was separated into four intervals: the first interval 
was 06:01-12:00, the second interval was 12:01-18:00, the 
third interval was 18:01-24:00, the fourth interval was 24:01-
06:00. The minimum support was at 70% and the minimum 
confidence was at 90%. Regarding the association rules 
obtained from Apriori algorithm, it could be concluded that 
the causes of difficulty related to fiber optic drop wire, fiber 
optic cable, modem/router/switch/access point (Wi-Fi) were 
usually found during these three intervals: 06:01-12:00, 12:01-
18:00, and 18:01-24:00. On the other hand, the causes of 
difficulty associated with electrical system such as power 
system/breaker trip/UPS/power outage were usually found 
during 24:01-06:00.  

 

IV. RESULTS AND EVALUATION 

The results of applying BI technology for planning of 
equipment maintenance using Oracle Business Intelligence 
tool and Weka could improve the efficiency of data analysis 
and report preparation. The users could manipulate the data 
retrieved from the data warehouse to create an intelligent 
report as a dashboard. This dashboard was adjustable to 
illustrate various aspects of analysis to serve the needs of 
executives and users. In order to analyze datasets effectively 
and interpret analysis results graphically, data visualization 
techniques were used to handle various complex datasets. The 
examples of results of data analysis based on different 
business requirements are presented in Figure 4-10. 

Figure 4. Total time of service failure by service type  
 
 
 
 
 

(1)

(2)

1ܮ   (1 = ሼ݈ܽ1 ݁݃ݎ − ሺ݇ ݎ݋ܨ   (2 ;{ݏݐ݁ݏ݉݁ݐ݅ = 1−݇ܮ ;2 ≠ ∅; ݇ + ݇ܥ   (3 ݊݅ܽ݃ܽ ݋݀(+ = ݐݎ݋݅ݎ݌ܽ − ݃݁݊ሺݐ ݏ݊݋݅ݐܿܽݏ݊ܽݎݐ ݈݈ܽ ݎ݋ܨ   (4 ݏ݁ݐܽ݀݅݀݊ܽܿ ݓ݁ܰ// ;(1−݇ܮ ∈ ݐܥ   (5 ݊݅ܽ݃ܽ ݋݀ ܦ = ݇ܥሺݐ݁ݏܾݑݏ , ∋ ܿ ݏ݁ݐܽ݀݅݀݊ܽܿ ݈݈ܽ ݎ݋ܨ   (6 ݐ ݊݅ ݀݁݊݅ܽݐ݊݋ܿ ݏ݁ݐܽ݀݅݀݊ܽܿ// ;(ݐ .ܿ   (7  ݋݀ ݐܥ ݐ݊ݑ݋ܿ + ݇ܮ   (9 ݀݊݁   (8 ;+ = ሼܿ ∈ .ܿ|  ݇ܥ ≤ ݐ݊ݑ݋ܿ ݎ݁ݓݏ݊ܣ  (11 ݀݊ܧ  (10 {݌ݑݏ݊݅݉ =  ራ ݇ܮ ;݇  
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Figure 5. Difficulty period 

  

 
Figure 6. Types of customers of each customer service office 

 
Figure 7. Proportion of time intervals having difficulty 

 
Figure 8. Efficiency of KPI of broadband with a shorter than 24-hour goal 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 9. Map of areas having difficulty in Thailand 
 

 

 
Figure 10. Map of district (Aumphur) having difficulty in Khon Kaen 
province 
 
 

Results of finding from association rules algorithm could be 
summarized that the causes of difficulty related to fiber optic 
drop wire, fiber optic cable, modem/router/switch/access point 
(Wi-Fi) were usually found during these three intervals: 
06:01-12:00, 12:01-18:00, and 18:01-24:00. However, the 
causes of difficulty associated with electrical system such as 
power system/breaker trip/UPS/power outage during 24:01-
06:00. The plan could be prepared in advance to save time and 
reduce handling cost. 

The BI system was used and then tested by seven experts of 
CAT Telecom Public Company Limited. The topics of 
evaluation consisted of functional requirement test, functional 
test, and usability test. These three aspects were evaluated 
using criteria with a five-point rating scale. The results 
showed that the average of three aspects was 4.7 and the 
standard deviation of three aspects was 0.54. The results found 
that the user satisfaction was high as shown in Table 3. 
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TABLE 3. A RESULTS OF SYSTEM EVALUATION 

 

V. CONCLUSION 

 This research aimed to apply BI technology for planning of 
equipment maintenance and repair. The methodology 
developed was based on the knowledge extracted from a large 
database by means of BI tools. In order to ensure that the 
methods and models proposed could be used in real 
applications, it was used as a case study of the 
telecommunications services provider company in Thailand. 
BI technology was applied using Oracle Business Intelligence 
Tool and Weka 3.6 to analyze the data of the Maintenance 
Department of CAT Telecom Public Company Limited from 
the past four years during 2013-2016 including 131,456 
records. The data warehouse was designed and developed 
using star schema. Moreover, various methods of data analysis 
techniques were applied to analyze data in order to gain 
insight and knowledge from the data. The result shows that 
applying BI technology in the organization could help the 
organization to prepare the plan of equipment maintenance 
and repair in advance to save time and reduce handling cost 
more effectively. The methodologies proposed can be adjusted 
and applied to other business contexts, in which customer 
relationship management and services are crucial to guarantee 
companies’ competitiveness.  
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