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Abstract: Design of data marts is a fundamental task when preparing data destined for implementation of a Decision Support System (DSS). To 

answer questions on the underlying users information needs, a data-mart designer is challenged to distill the relevant information from various 

data sources, enable in-depth data analysis and provide ease of access of information to targeted DSS users. This paper presents the design of 

data marts for analysis of livestock datasets using dimensional modelling techniques. The designed data marts are then implemented for 

supporting information and knowledge extraction, leveraging large quantities of livestock data from livestock data source that was identified in 

the case study environment. Appropriate data mart dimensions and facts were modeled in order to ease data analysis and queries in a role-

based information decision support model that was adopted in studied context. Data models based on dimensional modelling (star schema 

model) are provided and discussed. A comprehensive example showing how a piece of data is loaded from livestock data repository to ‘fact’ and 

‘dimension’ tables using an open source CloverETL Designer tool is also given. The paper concludes with an overview of the overall detailed 

schema for the livestock data mart that will serve as a backend engine for On-Line Analytical Processing (OLAP) analysis, reporting, data 

visualization and information querying via mobile and web access. It is anticipated that the overall DSS once implemented, can be used for 

improving information delivery, sharing and decision making process to smallholder livestock keepers and livestock experts in Tanzania. 
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1. Introduction 

The growing volume of data in organizations fuels the 

demand for applications with data warehousing features for 

in-depth analysis and ease of access to information by 

targeted users. Data models form the foundation of data 

warehousing systems since they help to describe how data is 

to be represented and accessed [1]. In essence, data models 

form the blue print for the development of databases, which 

in turn form the backbone of information systems. 

For this reason, it is preferred to develop a DSS based on 

data warehousing techniques. Data marts are the databases 

that users actually go to for information. An efficient DSS is 

therefore needed to extract the required user demanded data 

from data repositories [2].  

A data mart is a simple form of a data warehouse that is 

focused on a single subject (or functional area), such as 

Sales, Finance or Marketing [3]. The merits of creating data 

marts include: - users can access regularly desired data 

easily, generates combined view by a group of users, 

enhances end-user response time and this is done at a lesser 

cost than employing a complete data warehouse. 

Data marts are built to address the analytical needs of 

specific sets of users [4]. In this case study, smallholder 

livestock keepers and livestock experts from Meru District, 
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in northern parts of Tanzania, were surveyed to identify 

their specific information needs towards development of a 

DSS that uses data marts. 

The main purpose of this work was to develop data marts 

capable of dealing with the huge amounts of data available 

at the Meru District Council’s Livestock Database System 

towards valuable and accurate information retrieval for 

quicker, better quality, and data-driven decisions. 

Operationally, data from the said data source are extracted 

and loaded into data marts and presented to users who 

access them using a variety of tools (i.e. mobile and web 

access) via the DSS interfaces. 

Teste defines a data mart as subject-oriented and dedicated 

to a specific class of users and it regroups all relevant 

information for supporting their decisional requirements [5]. 

Furthermore, creating a data mart involves more than 

reading columns from a source table to the data mart [6]. 

Therefore, data mart design process is a critical success 

factor for being able to answer the underlying business 

questions that meet the information requirement of the 

targeted users in supporting their decision making. This 

paper presents the work done to build and implement 

adequate data marts for the DSS proposed in [7]. 

This paper is organized in five (5) sections. The section 2 

briefly summarizes related literature on design and 

implementation of data marts. Methodologies employed in 

data marts design and implementation processes are 

discussed in Section 3. Section 4 covers results and 

discussion of the implementation process of livestock data 

marts. And in Section 5, the paper ends with a conclusion of 

the paper on design and implementation of livestock data 

marts for a web and mobile-based DSS for smallholder 

livestock keepers. 

2. Literature Review 

Selecting a data modeling technique for an information 

system is determined by the objective of the resultant data 

model. The authors in [1] demonstrate that, dimensional 

modeling as being the preferred modeling technique for data 

destined for data warehousing systems. They present data 

models that ease analysis and queries that are in contrast 

with entity relationship modeling. For this reason, the 

dimensional modelling design approach is adopted in the 

work reported in this paper. 

In order to improve analyses and decision making process 

with regards to the adopted Role-based Information 

Decision Support (RIDS) model as described in [7], the data 

mart must be modelled “multidimensionally” as emphasized 

in [5] so as to produce a design schema that has taken into 

consideration various roles in relation to available data, 

information flow and decision making process.  

The multidimensional model that is defined in this paper is 

based on the idea of the “constellation” which is explained 

in [8], in which data marts are composed of several facts and 

dimensions. Each dimension is shared between facts and it 

can be associated with one or more hierarchies, thus 

facilitating comparisons between several measures/facts [5]. 

The predominant approach for structuring a data mart is the 

star schema [9]. 

A dimensional model is a logical design technique that 

seeks to make data available to the user in an intuitive 

framework that is intended to facilitate querying [10]. It 

captures metadata similar to that in an Entity-Relationship 

(E-R) model but uses a different structure (i.e. the star 

schema). The primary components of the star schema are 

fact tables and dimension tables. A fact table is at the center 

of the star, and the dimension tables form the points [11]. 

In general, Data Mart stands for highly-focused version of a 

Data Warehouse (DW) [12]. Due to the highly focused 

nature of data in data marts, the approach employed in the 

reported study had focused on the value of a data mart in 

order to ensure efficiency when delivering a relevant and 

complete subset of data residing in a data source to perform 

a decision support [5]. Consideration should be given to 

setup costs and development time as these can be 

significantly reduced when right data models are designed. 

Building data marts should focus in addressing the 

analytical needs of individual users and departments [13]; 

and like the larger DW, data marts typically contain 

historical data. Selected data is summarized to a level 

adequate to meet the intended analytical and information 

needs for inclusion in the data mart. For example, in our 

data model design and implementation we have separated 
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the data that are typically not needed by smallholder 

livestock keepers but that might be of interest to extension 

officers to ensure relevant information are fed to respective 

roles in the contextual  information flow.  

The authors in [14] contend that the purpose of data 

warehousing is to combine core business and data from 

other sources in a format that facilitates reporting and 

decision support [14]. In our study, we have used data from 

an operational livestock database system available at Meru 

District Council as our primary data source for the 

developed data marts using the approach presented in [9,13]. 

In this case, data for the data mart may come either 

exclusively from a DW, certain operational systems or both. 

Furthermore, it is worth mentioning that related works in 

data marts design and implementation have all stressed on 

multidimensional view of data during design process and 

implementation of data mart powered with information 

obtained through an Extraction-Transformation-Loading 

(ETL) process from the data source. ETL tools are pieces of 

software responsible for the extraction of data from several 

sources, their cleansing, customization and insertion into a 

DW/Data Mart [15]. ‘Facts’ and ‘dimensions’ tables will 

facilitate a subject-oriented, time-based analysis [16]. Data 

marts are usually populated using a top-down approach in 

which data flow from source systems into data marts [17]. 

This approach has also been widely adopted in the study 

reported in this paper. 

3. Methodology 

The methodology employed in the reported research work 

was based on RIDS model that is described in [7] for 

identifying information needs and role in the decision 

making process in the context of the case study 

environment. Fact and dimensions tables for the data marts 

were designed using dimension modelling techniques, and 

top–down approach was adopted to model resulting tables 

into a star schema for the data mart implementation. As 

stated in [3], the major steps in building a data mart are:-

Designing, Constructing, Populating, Accessing and 

Managing.  The reported work in this paper discusses 

designing, constructing, and populating steps. 

3.1  Data Mart Design Process 

To identify and build data marts the design should be driven 

by the purpose that each data mart is expected to address 

[18]. As a consequence, we argue that, the data mart design 

process must be based on a deep understanding of the 

expected usage. Thus, the data mart agile development 

framework in [16] was also adopted to ensure a systematic 

approach is followed in the design process. Fig. 1 depicts 

the agile development framework. 

 

Figure 1: Data mart agile development framework. 

(Adopted from [16]). 

A MySQL database schema model was obtained through a 

Reverse Engineering process from the Livestock Database 

System identified in [7] as a source system. A conceptual 

star schema design was developed on the idea of the 

multidimensional model (constellation) as defined in [8].We 

note that, the star schema is the most popular way to build 

high performance data mart data structures in a relational 

environment [9]. Moreover, detailed Fact and Dimension 

tables were designed by using demand-supply driven 

approach in requirements mapping techniques explained in 

[7]. The resulting model was implemented using SQL 

Power-Architect Software and MySQL database engine. 

3.2 ETL Processing Tool and Data Loading 

An open source, CloverETL Designer Community v.4 was 

used as an ETL tool for the process of Extracting, 

Transforming and Loading data from the source system and 

populating relevant data into the designed fact and 

dimension tables.  

Data marts are usually populated using a top-down approach 

in which data flow from source systems into an enterprise 

DW and from there into data marts [17].  With our case 
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study, Meru District Council do not yet have a DW. 

Therefore, the data marts were populated with data extracted 

directly from the Livestock Database System (source 

system). The architectural block diagram in Fig. 2 illustrates 

the flow of data in the extraction process. 

 

Figure 2: Architectural block diagram. 

4. Results and Discussion 

4.1. The Conceptual Data Mart Design  

A design schema of the data mart is done by collecting all 

the necessary requirements of the users and identifying the 

data sources of the collected data. Thereafter, an appropriate 

subset of data and an analysis and design of the physical and 

logical structure of the data mart is analyzed and then 

designed [2]. Once this is done, user requirements are 

mapped into a conceptual schema of the data mart, that is, a 

platform-independent, non-ambiguous, comprehensive 

representation of the facts for decision support that gives a 

multidimensional picture of the data mart content to both 

designers and business users. 

In contrast to supply-driven approach and demand-driven 

approach that are described in [19], a mixed demand-supply 

driven approach was used in this work, from which users’ 

information requirements were mapped into the available 

data from the identified source system (i.e. Livestock 

Database System). The source database schema is presented 

in Fig. 3. Consequently, the Conceptual Design of the data 

mart that presents a logical structure of the underlying data 

marts was created as shown in Fig. 4. 

 

Figure 3: Source Database Schema. 

 

 

Figure 4: Data mart Conceptual Model. 

As a best practice, the adoption of a conceptual model 

breaks a software design into two distinct but interrelated 

phases that are largely independent of the features of the 
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OLAP engine chosen for deployment namely:-logical and 

physical designs. Creating the physical and the logical 

construction connected with the data mart gives fast access 

to the data in data mart [2]. 

4.2. Logical Data Mart Design 

A logical design is a conceptual or an abstract design. It 

deals only with defining the types of information that is 

needed. In this paper, we have created an optimized logical 

schema for the data mart, that is, a set of star schemata. 

Conveniently, the resulting logical schema can be fine-tuned 

based on the expected data volume and on the designer’s 

preferences. 

A: Facts and dimensions detailed design 

With respect to the detailed data mart design, the developed 

designs involved a four step design process: - 1) Selecting 

business processes to be modelled, 2) Declaring the data 

grain, 3) Choosing dimensions, and 4) Identifying facts or 

measures.  

To come up with the detailed design, it is recommended to 

firstly identify those measures that the user needs. As a 

result of user interviews and requirement gathering steps 

reported in [7], business processes were selected and 

essential data elements needed were identified. 

Granularity represents a very important aspect in the 

analysis of data, as it determines the level of available 

information [16]. By definition, the granularity or data grain 

of a fact is the level of detail at which the respective fact is 

recorded (i.e. the level of detail for the measurement) and 

made available to the dimensional model. Raw data from the 

data source (highest level in this case) were the granular 

level of detail that was selected due to the flexibility in 

changing to lower level through summarization. 

A Fact table is the primary table in a dimensional model 

where the numerical performance measurements of the 

business are stored while a Dimension tables are integral 

companions to a fact table .The dimension tables contain the 

textual descriptors of the facts [20]. Facts are the numeric 

metrics of the business. A fact table contains raw numeric 

items that represent relevant business facts (price, number of 

infected livestock, livestock product amount and so on.). 

Dimension tables represent the different ways that data can 

be organized, such as location, time, and livestock species, 

etc. For the livestock data mart, dimensions and facts tables 

were chosen as summarized in Table 1. 

Table 1: Facts and Dimension Attributes 

S/N Fact Tables Dimensions Tables 

1.  Disease Surveillance Fact 

Table 

Measures/Facts: 

 Number infected 

Location (Ward) 

Time(Month) 

Livestock type(Cattle) 

Disease Type 

2.  Market Price Fact Table 

Measure/Facts: 

 Price per Kg 

Location(Ward) 

Time(Month) 

Livestock type (Cattle) 

3.  Milk Production Fact 

Table 

Measure/Facts: 

 Product amount 

Location(Ward) 

Time(Month) 

Product Type(Milk) 

4.  Weather Fact Table 

Measure/Facts: 

 Rainy days 

Location (Ward) 

Time(Month) 

 

 

B: Star schema design  

As with any other schema design, star schema design is a 

way to interpret user and business requirements and then 

model them as data structures [9].  A star schema is a 

method of organizing information in a data warehouse that 

enables efficient retrieval of business information [21]. It 

consists of a collection of tables that are logically related to 

each other. Using foreign key references, data is organized 

around a large central table, called the “fact table”, which is 

related to a set of typically smaller tables, called “dimension 

tables.” An example of logical data mart design for a disease 

surveillance data mart is as presented in Fig. 5. 
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Figure 5: A logical data mart design example (Star Schema 

Approach). 

Star schemas are used in data warehousing as a primary 

storage mechanism for dimensional data that is to be queried 

efficiently. The feature of efficiency built in a star schema is 

important especially as the data volumes that are required to 

be stored in the DW/Data Mart increase [21]. 

4.3. Physical Data Mart Design 

Data gathered during the logical design phase was converted 

into a description of the physical database, including tables 

and constraints. The physical design shows the description 

that optimizes the placement of the physical database 

structures to attain the best performance [22]. Due to the 

nature and types of queries that data mart users usually 

execute, the data mart database was optimized to perform 

well for those types of queries. Physical design decisions, 

such as the type of index or partitioning, have a huge impact 

on query performance. The livestock data mart tables and 

constraints were designed as shown in Fig. 6. 

4.4. Data Extraction, Transformation and Loading 

(ETL)  

For data marts to serve their purpose of facilitating data 

analysis, data need to be loaded into them regularly. This is 

attained by extracting and coping data from one or more 

operational source systems. In the reported study, the 

Livestock Database System was identified as the source 

system from which data was extracted. During extraction, 

the desired data was identified and extracted into the staging 

area for further manipulation. This was the first step in the 

process of getting data into the data mart environment.  

After data is extracted, it has to be physically transported to 

the target system or to an intermediate system for further 

processing. The transformation involved joining source 

database tables and re-formatting some of the columns to 

conform to constraints in the target data mart schema. These 

transformations are all precursors to loading the data into 

the physical data mart storage that was implemented in 

MySQL engine.  

The ETL processes described above were all implemented 

using open source CloveETL Designer Community v4 as 

depicted in Fig. 7. This procedure was repeated to load all 

other fact tables as well as the dimension tables as per the 

required constraints of their schema design 

 

Figure 6: Physical Data Mart Schema. 

Data that was extracted and loaded into data marts from the 

said data source were real historical livestock data obtained 
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from monthly data collected by Meru District Council’s 

Livestock Office spanning three (3) months. Since data 

marts are the databases that Decision Support Systems 

query, data marts together with the loaded data serve as 

back end database for users’ access through various tools 

and interface provided by the DSS environment as 

illustrated in Fig. 8. 

 

Figure 7:  ETL process for loading Disease Surveillance 

Fact Table. 

 

Figure 8: DSS data flow. 

5. Conclusion 

DSS systems that access operational data are increasingly 

becoming critical to organizations that wish to exploit 

operational and other available data to improve quality of 

decision making, as well as gain critical competitive 

advantage [10]. In this paper, we report on created data 

marts that can be used to support in-depth data analysis, 

efficient reporting and querying of information that can be 

shared to intended users for decision making support. The 

driving business factor for the data mart is the need for 

information and thus the objective of data mart design was 

easy access to relevant information to smallholder livestock 

keepers and livestock experts in Tanzania. Its 

implementation streamlines information delivery for 

decision support. The models and techniques presented in 

the paper are by no means a complete set, but they provide a 

good starting point when new data marts projects are 

undertaken. The Livestock data marts developed will serve 

as database for the DSS data visualization module to be 

developed. The DSS system provides several types of data 

access, sharing and delivery capabilities (mobile and web) 

for retrieving and analyzing the data contained in data marts 

and eventually providing the critical information needed by 

livestock stakeholders for their decision making. 
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