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Implementation of Niemi's Algorithms in OLAP 
Cube to Optimize Student Data Analysis 

Lilian Aymee ~ a t a l i a ' ,  Maresha caroline2, Mewati ~ ~ u b ~  

Department of Informatics Engineering, Faculty of Information Technologv 
Maranatha Christian University, Bandung 
~circularlogic@windowslive.com 

Abstract - Ketersediaan sejumlah besar data yang disimpan 
dalam data warehouse atau data mart akan mendukung proses 
pengambilan keputusan. Analisis data multidimensi dilakukan 
dengan menggunakan operator OLAP pada data cube. Dalam 
pemrosesan query MDX, rancangan data cubeakan menentukan 
efektivitas dari analisis data. Penelitian ini 
mengimplementasikan algoritma Niemi dalam membuat data 
cube untuk mengoptimalkan pemrosesan quecv dalam analisis 
data multidimensi. lmplementasi ini bertujuan membantu para 
analis untuk mendapatkan cube yang optimal yang relevan 
hanya untuk masalah tertentu. Dengan metode ini, analis dapat 
memperoleh cube dalam bentuk yang optimal dan 
menggunakannya untuk menganalisis masalah yang lebih 
spesifi k. 

implemented using star schema and snowflakes schema. In 
this study, we used the student data marts as a study case for 
the data source for data cube. Hopefully the result of this 
research can present information about students optimally, so 
that it can be used in the process of analysis and decision 
making. 

11. LITERATURE STUDY 
A data cube is built from a set of data extracted from a data 

warehouse that can be viewed in multiple dimensions. Each 
dimension of a data cube may have a hierarchy to map from a 
set of low level concepts to higher level. Online Analytical 
Processing (OLAP) operations on a data cube enable users to 

Keywords - optimasi MDX, OLAP, cube, analisis data view data from different perspectives, thus can support 
decision-making process [1][2]. 

OLAP works by manipulating data cube using 
I. INTRODUCTION Multidimensional Expression (MDX) query designed by 

Currently, decision support systems are supported by data Microsoft [lo]. Fig 1 shows general syntax of MDX query. 

warehouse for availability of huge data in decisidn making 
process [ I ] .  Datawarehouse model enables multidimensional 
data analysis using data cube and OLAP tools such as pivot, 
roll-up, drill down, slicing, and dicing. In consequence of huge 
data volume involved in multidimensional data analysis, data 
cube design will determine data cube computation in query 
processing [2]. 

Study on OLAP cube had been performed by some 
researchers. In [3], OLAP cube was constructed from web data 
in XML format, which considered dimension hierarchies a d  
correct aggregation. Works on conditions for summarization 
operations on multidimensional data was explored in [4]. 
Niemi [5][6] proposed a logical method to design OLAP cube 
optimally based on queries. 

In this research, an algorithm developed by Niemi [5] to 
construct a data cube based on queries is implemented to 
optimize query processing in data analysis. With this 
algorithm, data cube used for query processing can be 
dynamic based on queries. This research is a continuing of 
Natalia's research [7] which is part of the Hibah Bersaing of 
Ayub [8][9]. In previous study, students data marts were 

[, <SELECT WITH c lause>  ... ] ] 
SELECT [ * I ( <SELECT query a x i s  c lause>  

[ ,  (SELECT query a x i s  c lause>  . . .  ] ) 1 
FROM <SELECT subcube c lause>  
[ <SELECT s l i c e r  a x i s  c lause>  ] 

Fig 1 .  Syntax of MDX Query 

Niemi [5] proposed three criteria to determine the quality 
of an OLAP cube design. These three criteria are 
completeness and minimalism, correct aggregations, and 
minimal sparsity. Completeness and minimalism is a state 
where a cube has all infohation that is relevant to certain 
queries. It means, the cube can answer certain queries in 
effective size [5][1 I]. There are three necessary conditions to 
define correct aggregations of a cube, those are disjointness of 
categories in hierarchies, completeness in hierarchies, and 
correct use of measure attributes [5][4]. In general, sparsity 
means ratio between empty cells and total cells of a cube. The 
less the value of the sparsity, the better the cube is [5]. 
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In Fig 2, we shown an algorithm that had been developed 
by Niemi [5][6] to build optimal cubes based on given queries. 
Basically, the algorithm combine attributes of similar queries 
to build a new cube. The meaning of similar queries is that 
they share a dimension and operate on the same hierarchy 
level [S]. 

1. For each query Qi in a set of Q, construct set Xi by placing 
attributes of SELECT clause from Qi. 

2. For each set X,, construct set Yi by placing the dimension 
key of each attribute in Xi. 

3. Construct equivalence classes for queries as follows: 
Two queries Q and Q' belong to the same 
equivalence class E if we can form a sequence of 
existing queries <Qo = Q, Q,. ..., en, Q' = en-,> 
such that Y,  fl Y i - I  # 0, 0 I i I n, where Y,  denotes the 
dimension key set of the query Q,. 

4. (An additional phase to improve efficiency for analysing 
less detailed cubes): 

For each equivalence class E i: 
For each query Q in E i: 
If there is a query Q'E Ei with the same 
dimensions as Q but some dimensions of Q' are 
in more detailed levels than in Q, then construct 
a new equivalence class E' as follows: E'=E , - 
{Q'>- 

5. Output the set of equivalence classes obtained. 

Fig 2. Algorithm to build a cube based on queries by Niemi [S] 

The next phase is to normalize equivalence classes obtained 
from the algorithm. The cube normalization consists of 
dimension decomposition and cube decomposition [5][6]. 
After the equivalence classes are constructed, cube schemata 
can be built based on the attributes of dimension in the classes. 

The research methodology used in this study consists of 
three steps as follows: 

A. Data preparation 
The data cube used in this study was built from student data 

mart schema that resulted from prior studies [7][8][9] as a data 
resource. The students' data schemata were new students data 
schema, active students data schema, and graduated students 
data schema. 

B. Cube Construction 
We begin with some 'similar' queries written in MDX 

format that represent a common cube [5]. Each query will 
build a data cube. To achieve completeness and minimalism 
in designing an OLAP cube, we execute algorithm in Fig 2 
based on those queries. The result of the execution is a set of 
equivalence classes. 

C. Cube Normalization 
Normalization is needed to reduce sparsity and incorrect 

aggregations [5]. There are two steps to normalize a cube, 
which are dimension decomposition and cube decomposition. 
Dimension decomposition must be ensured by separating 
attributes X and Y in different dimensions if there does not 
exist an attribute that functionally resolves both X and Y. 
Cube decomposition is done by removing dimension conflict 
from all cubes [5]. 

IV. IMPLEMENTATION RESULT 
To explain implementation of optimization of MDX queries 

based on Niemi's algorithms, we use cubes built from a new 
students data mart based on some queries for the example. The 
new students data mart consists of one fact table and six 
dimension tables. The attributes in fact table areNRP, IdProdi, 
IdGelombang, IdKelompokNilaiUSM, IdJurusanSMA, 
IdProyekPendidikan, IdSekolah, and NilaiUSM. The 
dimension tables are Prodi, Gelombang, Sekolah, 
KelompokNilaiUSM, JurusanSMA, and ~royek~endidikan. 

Fig 3. User interface to build cubes 

User interface used to form a cube is shown in Fig 3. To 
build a cube, user can choose a dimension attribute for the row 
and another dimension attribute for the column. System will 
generate MDX query automatically based on user's choice. 

In the following explanation, we will show a scenario to 
form a cube without and with optimization. We begin with 
three MDX queries and resulted cubes in Fig. 4 until Fig. 9 
that are executed without optimization. 

( [Prodi] . [Nama Fakultas] .Members) 
on columns, 
{[Proyek Pendidikan].[Nama].Members) 
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1 FROM MahasiswaBaru I 

Fig 4. MDX Query - I  

Fig 5. Resulted Cube of MDX Query-l 

{ [Prodi] . [Nama Prodi] .Members) 
on columns, 

( [Proyek Pendidikan] . [Nama] .Members) 
on rows 

Fig 6. MDX Query -2 

Fig 7. Resulted Cube of MDX Query-2 

{ [Prodi] . [Nama Prodi] .Members ) on columns, 
{ [Proyek Pendidikan] . [Nama] .Members 

[Jurusan SMA] . [Nama] .Members) on rows 

Fig 8. MDX Query -3 

Fig 9. Resulted Cube of MDX Query-3 

To optimize the three cubes, we perform some steps as 
follows: 
1. Choose the cubes that will be optimized as shown in Fig 

10. 

Cube 
I Mahasiswa Baru v 11 

Flg 10. User interface to optimize query 

2. After the optimize button is chosen, system will execute 
optimization and generate two new cubes as shown in Fig 
11. 

Fig I I .  User interface of optimi7ation result 

3. Based on Niemi's algorithms[5], the optimization is done 
as follows: 
a. Construct set X for each query by taking all attributes 

from SELECT clause, which are XI from Queryl, X2 

from Querys, and Xj from Query3. 
XI  = {nama fakultas, nama proyek pendidikan} 
X2 = {nama prodi, nama proyek pendidikan) 
X3 = {nama prodi, nama proyek pendidikan, nama 
jurusan SMA} 
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b. Construct set Y by placing the dimension key or name 
of each attribute in set X, which are YI from XI,  Y2 
from X2, and Y3 from X3. 
YI = {prodi, proyek pendidikan) 
Y2 = {prodi, proyek pendidikan) 
Y3 = {prodi, proyek pendidikan, jurusan SMA) 

c. Construct all possible equivalence classes. Query1 is 
equivalence with Query2 if set Y I and set Y2 have an 
intersection. In this case, we deceive two classes, which 
are El = {Query,, Queryz) and E2 =   query^, Query31 
or Ez={Queryz, Query3). 

d. The normalized cubes resulted from the process are 
C1 from El and C2 from Ez. C1 = {namaprodi, 
namaFakultas, namaProyekPendidikan); C2 = 
{namaprodi, namaFakultas, namaproyekpendidikan, 
namaJurusanSMA). C1 and C2 are shown in Fig.12 - 
and Fig. 13. 

Fig 12. User interface for cube CI 

r-- !--Cc"'- ' k-&i---" jl-sk-& ". 
....... - , ... 

Fig 13 User ~nterface for cube C2 

We can generate a new query from C1, for example we 
choose an attribute NamaProyek from dimension 
ProyekPendidikan for the row and attributes NamaFakultas 
and NamaProdi from dimension Prodi for the column. The 
resulted cube of the query is shown in Fig. 14. 

Fig. 14. Resulted cube of a query to C1 

With the same manner, we can also generate a new query 
from C2. In this case, we choose an attribute NamaProyek 
from dimension ProyekPendidikan forthe row and an attribute 
NamaFakultas from dimension Prodi and an attribute 
Namdurusan from dimension JurusanSMA for the column. 
The resulted cube of the query is shown in Fig 15. 

br.- h---~---~-- .'*--.*sap* '*as*'C6* 

1 ,  - -------+ ---- - -- --- - 
m llt m 1 1" -,-----I t-.:-- ;. A,...._ ".4:----* -;- A: - 

d l )  \-!.*2..:~ .-a n_ .......- . .... . . . .  - . 1 
Fig. 15. Resulted cube of a query to C2 

Without optimization, the application will generate a query 
or a cube from data mart schema as shown in Fig 3. With 
optimization to some similar queries, the application can form 
new cubes that satisfy Niemi's criteria for optimal cubes. The 
size of data mart schema usually is larger than cubes size 
formed from ttie schema. A group of similar queries represent 
a common cube, therefore it is more effective to form an 
optimal cube from those queries. Because the cube has all 
information that is relevant to certain queries, the cube can 
answer certain queries in effective size compared with data 
mart size. 

In the previous study [7], cubes used for query processing 
were static as shown in Fig. 16. In the implementation of this 
research, the cubes can be dynamic as shown in Fig. 3, 
because the cubes can be optimized based on queries. Actually 
the cube that can be generated in this application can be in the 
form of tables and graphs. For example, Fig. 3 shows a cube 
in the form of tables. 
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P ' " ^ "  -" "- "i*afa-Wu*ssrv V. CONCLUSION 
k *rC R.eUI - --,- 
h . u m ~ - r , t  -. In this paper, we have presented the implementation of 
C1I 
k . ~  Niemi's algorithm to construct optimal cubes based on given 
k queries. The implementation process consists of the 

combination of attributes of similar queries to build a new 
krr 

cube, and the normalization of the cube. As the result, we can 
construct a dynamic cube based on given queries. To complete 
the data analysis, this study also implemented OLAP 
operators, such as roll-up, drill down, slicing, dicing, and pivot - to work on the data cube. 

Fig. 16. User interface of data analysis (static) 

The OLAP operators interface used for query is viewed in 
Fig. 17. User can perform OLAP operations such as roll-up, 
drill-down, slice and dice, and pivot. In the implementation, 
MDX query was generated by application based on user . - 

selection in the interface. 

Fig. 17. The OLAP operators interface 
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