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Abstract: 

The performance of different Data Mining Algorithms including Classification, Clustering, Association, Prediction and 

others are highly related to the approaches used in Data Warehouse design and to the way the data is stored (lightly 

summarized, highly summarized and detailed).Detailed data is important to get detailed reports but as the amount of 

data is huge this represents a big challenge to the mining algorithms, on the other hand, the summarized data leads to 

better algorithms performance but the lack of the required knowledge may affect the overall mining process.  

Knowledge extraction and mining algorithms performance and complexities represent a big challenge in data analysis 

field, hence the work in this paper represents a proposed approach to improve the algorithms performance throughout 

well designed warehouse and data reduction technique. 

The work in this paper presents a hybrid warehouse galaxy model that stores data in three different formats including 

detailed, summarized and highly summarized data. The time and space complexity are the major criteria in the proposed 

approach. 

Real data was collected about schools, students and teachers from different AlNajaf AlAshraf cities, the data was 

preprocessed, reduced mainly through concept hierarchy and then converted into dimensions and fact tables 

(Warehouse Galaxy Model) which in turn are converted into multidimensional cubes. Roll up and drill down queries 

were highly used to get the required information. 

The resultant data cubes and in turn the corresponding warehouse model presented in this work showed a reasonable 

improvement in knowledge extraction algorithms for the data under discussion. 

The results of the queries showed better performance of different roll up and drill down queries compared to detailed 

data queries. 

Keywords: Data Warehouse, Data Cube, Data Mining, Summarization, Data Reduction 

1. Introduction 

Building  good Data Warehouse(DW) will lead to 

good reports extracted using Data Mining(DM) 

algorithms and techniques. A DW can be of 

different models and types, it may be RDMS 

designed specifically to meet the needs of 

transaction processing systems with some 

modification. It can be loosely defined as any 

centralised data repository which can be queried 

for business benefit. Data warehousing can be 

expressed as is a new powerful technique making 

it possible to extract historical data and overcome 

inconsistencies between different data formats. 

DW can be used to integrate data throughout an 

organization, regardless of data format, site or  

location, or communication requirements it is 

possible to incorporate additional or expert 

information[1,2,3,4].  

In other words the DW provides data that is 

already transformed from one format into another 
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and summarized, therefore making it an 

appropriate environment for more efficient 

Decision Support Systems applications.  

According to Bill Inmon, author of Building the 

DW, he specified the characteristics of DW in four 

different concepts[1,2]:  

 

 DW is Subject-Oriented: In operation 

systems, data is organized according to the 

required transactions and application, 

whereas in DW data are organized 

according to subject. When data is 

organized according to the subjects, this 

means that it contains only the information 

necessary for DS processing.  

 DW is Integrated: Data is integrated from 

different sites, locations and operations 

systems. Inconsistency represents a big 

challenge in DW modeling due to the 

origin of data. 

 DW is Time-Variant: DW is a repository 

for storing historical data that are five to 

10 years old, or older, to be used for 

comparisons, trends, and forecasting. 

These data is not updated, new data can be 

added to the warehouse.  

 DW is Non-Volatile: Data can be 

transformed from one format to another, 

or it can be summarized in different ways 

but is not updated or changed once they 

enter the DW, but it can only loaded,  

accessed and processed.  

Data cleansing represents an important issue of 

creating an efficient DW in that it is the removal 

of certain aspects of operational data, such as low-

level transaction information, which slow down 

the query times when data is huge. Data should be 

extracted from operational sources at prespecified 

intervals and stored centrally but the cleansing 

process has to remove duplication and manage the  

differences between various styles of data 

collection[1, 5, 6,7].  

Data Mining (DM), sometimes called knowledge 

discovery is the process of analyzing data from 

different perspectives and summarizing it into 

useful knowledge. This knowledge can be used  in 

different levels of decision making to increase 

revenue, cut costs, or both. Data mining software 

is one of a number of analytical tools for analyzing 

data. It allows users to preprocess and analyze data 

from many different dimensions, classify, 

categorize cluster and identify the 

relationships[2,7,8].  

In DM field, information represents an important 

term. For example, analysis of student 

achievements at the university like associations 

between achievements and educational 

environment data can provide information. On the 

other hand when the information can be converted 

into another higher level of representation, this in 

called knowledge. For example, summary 

information on students outcomes can be analyzed 

to get knowledge about the attributes highly 

required in getting jobs after graduation. Figure(1) 

shows the different levels of these concepts. 

 

Figure(1). Different Data levels With Values 

and Volumes[1,2]. 

Dramatic changes in data capturing, processing 

capabilities, data transmission through networks 

and medias, and storage capabilities are enabling 

organizations to integrate their various databases 

into DW. Data warehousing is the process 

performed on centralized data management and 

data retrieval. The new and dramatic emerging 

technologies in information and communication 

technologies help in the adaptation of DW in 

different organization strategies [2,3, 10,11]. 
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DM techniques can be classified into five different 

fields; classification, clustering, association, 

prediction and link analysis. Each of these 

techniques has its own algorithms and applications 

in business context. Mining employment data set 

represents a crucial factor for different 

organizations in both public and private sectors. 

Many works have been carried out in this field. 

The whole KDD and DM process is shown in 

figure(2). 

 

Figure(2). Knowledge Discovery in Databases 

(KDD) Process[1,2]. 

2. Data Collection  

Real data containing tens of tables each with 

hundreds or even thousands records about schools, 

students and teachers were collected. Tables I and 

II show sample of records from the logged data. 

3. Problem Statement 

As the collected historical data becomes huge, 

both the storage and applied algorithms 

performance represent a big problem in the whole 

knowledge extraction. Data reduction approach 

through warehouse design and data summarization 

is applied to get better knowledge extraction 

algorithms performance in both time and space 

complexities. 

Most of data mining algorithms highly depend on 

number of records in the data set, number of 

attributes representing the data and number of 

distinct values in each attribute. 

Given a dataset R={R1, R2, R3, …., Rn} where n is 

the number of records in the dataset(e.g. number 

of transactions), and let A={A1, A2,…., Am} where 

m is the number of attributes(fields or columns), 

and let A1={a11, a12, …, a1k}, A2={a21, a22, …, a2t}, 

Am={am1, am2, …, amr} where a11, a12, …, 

a1krepresent the distinct values in A1. 

Time complexity of different mining algorithms 

applied on the dataset and data cube 

operations(roll up and drill down) representing by 

Big O notation is a function of n, m, k, t, r and so 

on.  

The work in this paper tends to reduce(summarize) 

the dataset by applying concept hierarchy which 

tends to reduce the number of distinct values in the 

attributes and hence reducing the number of 

records in R. 

4. Proposed Approach 

A data cube with m attributes(fields) can be stored 

as an array with m dimensions. Each element of 

the array contains the measure value(s), such as 

count, total amount, number of students, and 

number of schools. The array itself can be 

represented as a 1-dimensional array. For 

example, a 2-dimensional array of size (x x y) can 

be stored as a 1-dimensional array of size x*y, 

where element (i,j) in the 2-D array is stored in 

location (y*i+j) in the 1-D array. The disadvantage 

of storing the cube directly as an array is that most 

data cube elements contain zero elements(sparse), 

so the array will contain many empty elements 

(zero values)[5,6,8,9,10]. 

The proposed approach is shown in the following 

algorithm: 

Proposed Algorithm 

Step 1: The data from different schools and cities 

was collected.                                                      

Step 2: The collected data was converted into 

subject oriented tables (i.e. Schools, Students,..) 
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Step 3: Data reduction technique using Concept 

Hierarchy was applied to get reduced data sets. 

Step 4: The reduced data from has been converted 

into dimensions and fact tables (Warehouse 

Galaxy Model). 

Step 5: Creating the required data cubes 

Steps 6: Applying Roll up and Drill down analysis 

and also mining algorithms. 

Step 7:Analyze the  results.  

 

 

 

 

 

(a)       

 

 

 

 

 

 

 

 

 

                

                  (b) 

Figure(3).Phases of . (a) Traditional approach, (b)     

proposed approach 

 

Phase  one: 

As the complete data was collected, it was then 

converted into tables of clear subjects(Subject 

oriented) each with feasible attributes and 

attribute types as shown in tables I and II. 

 

Table(I). Dimensions and Keys(Detailed) in a, b 

and c . 

 
                                             (a) 

 
                                        (b) 

 
                                           (c) 
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Table(II). Samples of 20 Records for Detailed 

Fact Tables(fact 1, fact 2 and fact 3 in a, b and c  

respectively). 

 
                                                      (a)  

 
                                                   (b) 

 
                            (c) 

Phase  two: 

Concept hierarchy is applied on the data to get 

reduced and summarized version of the data as 

shown in figure(4). 

    

Figure (4). Concept Hierarchy. (a) Location 

Hierarchy. (b) Specialization Hierarchy 

Different dimensions, keys and key descriptions 

for the summarized data are shown in table III. 
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Table(III). Attribute Summarization. (a) School 

Type, (b) Specialization, (c) School Level. 

 
(a)                                (b) 

 

                     (c) 

 

Samples of 20 records for the summarized 

dataset are shown in table(IV). 

 

 

 

 

 

 

 

 

 

 

Table(IV). Samples of 20 Records for 

Summarized Fact Tables 

 
                                  (a) 

 
                                (b) 

 
                                 (c) 

 

And the overall attributes distinct values after 

reduction are shown in table(V) 
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Table(V). Attribute Distinct Values. 

 
 

Phase three: 

Data Warehouse Galaxy model is used in this 

work since it reflects the historical data in real 

world and can be used easily to enforce data 

ownership and security. The model consists of 

three fact tables containing the required keys and  

 

measures and seven dimensions containing the 

detailed key information as show in figures (5)  

 

Figure( 5). Proposed Data Warehouse 

Galaxy Model. 

where Fact1 contains the measures(number of 

students, number of passed students, number of 

failed students and number of cancelled students), 

Fact2 contains the measures(number of schools, 

number of students and number of teachers) and 

Fact3 contains the measure (number of teachers). 

Phase four:  

In this phase, all the tables (Dimensions and 

facts) were converted into data cubes. It is 

obvious that the minimum number of cube 

dimensions is three (x, y, z), however in the fact 

tables show in figure(5) the numbers of  

dimensions required for Fact1, Fact 2 and Fact 3 

are 5, 4 and 5respectively. The number of cubes 

depends on the number of distinct values of each 

dimension. The three dimensions with larger 

number of distinct values represent x, y and z for 

the cubes and the dimension(s) with minimum 

number of distinct values represents the number 

of cubes, as shown in table (VI). 

Table(VI). Number of Cubes Representing the 

Fact Tables Before and After Reduction. 

 
 

different data cubes were mentioned here 

representing different keys and measures are 

shown in figures 6 and 7. 
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Figure(6). Data Cube Representation of the 

Warehouse Model for Male Gender.(a) Detailed 

data, (b) Reduced Data 

 

 

 

Figure(7). Data Cube Representation of the 

Warehouse Model for Female Gender. (a) 

Detailed data, (b) Reduced Data. 

The data cubes shown in figure 6 and 7 represent 

a single measure cubes. However, all the fact 

tables of the data warehouse have multiple 

measure values representing number of students, 

schools, passed and failed students and others. 

Samples of data cuboids are shown in figure (8). 
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Figure(8). Sample Cuboids for Multi Valued 

Fact Tables. 

Data distribution using histograms for the data 

tables is shown in figure(9). 

 

 

 
 

 

 

 

Figure(9). Logged Data Distribution. 
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5. Discussion and Conclusions 
As data increased dramatically and as different 

organizations in different sectors try to make use 

of the data(historical and up to date), the storage, 

processor speeds and other technologies tend to 

solve such problem in storing, retrieving and 

processing the data. Emerging of Data Warehouse 

Technologies represent a step is dealing with the 

huge amount of data.  

Data can be stored either as detailed or 

summarized depending on the knowledge 

required. Different DW models including Star, 

Snowflake and Galaxy can be used to represent the 

data. Each of these models has its advantages and 

applications. 

The work in this paper presents and approach for 

solving data mining and data cube processing 

algorithms obstacles due to the huge amount of 

data under consideration. The collected data used 

in this work consists of data about regions, cities, 

schools, teachers and students where tens of tables 

each with hundreds or even thousands of records, 

which means that cube operations (Roll up and 

Drill down) will face difficulties in both time and 

space complexities, and hence data reduction and 

summarization represent a feasible solution. 

Tables I and II and figure 9 show samples of the 

logged detailed data that were used to study the 

approach effectiveness. Concept hierarchy was 

used for data summarization and hybrid warehouse 

model was used to store both detailed data for 

detailed data analysis and knowledge 

extraction(better results with high time and space 

complexities) and summarized data that gives 

summarized knowledge with better complexities. 

Both time and space complexities are functions of 

number of data items(records) in the data tables, 

number of attributes of each table and the distinct 

values for each attribute. The concept hierarchy 

was used to reduce the number of distinct values 

in many attributes which in turn gives aggregate 

and summarized data. 

From all the notes mentioned above, it is clear in 

figure (7) that the data cube of the original 

(detailed data) has the dimensions 

(75*11*10*6*2) whereas the data cube after 

reduction has the dimensions(11*6*6*3*2) which 

leads to feasible improvement in both time and 

space complexities. 

Tables III, IV and V show the processed data after 

concept hierarchy was applied(reducing the 

distinct values in many attributes).  High data 

reduction was received which in turn improves 

both time and space complexities as show in table 

VI and figure 6, 7 and 8. 
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