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Abstract— Multi-dimensional On-Line Analytical 

Processing (MOLAP) systems have become the need of the 

hour for large enterprises. Many applications have become 

dependent on it as they simplify processing of huge volumes 

of data. The multi-dimensional data storage and processing 

is an essential part of MOLAP. MOLAPs must deliver 

responses swiftly as analysts pose iterative inquiries during 

interactive sessions and not in batch mode. Since OLAP is 

also analytic, the queries are complex in nature. In this 

paper, we present the MOLAP components using tables and 

pictures. This paper presents the concepts that allow the 

users to exploit simultaneously the features of MOLAP and 

various options available as an enterprise data user.                    
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I. INTRODUCTION 

Data warehouses & OLAP are essential elements of decision 

support system. The two most common models of OLAP are 

ROLAP and MOLAP, each of which has its own advantages 

and disadvantages in storage access and analysis 

capabilities. In ROLAP technology, the data is stored in the 

form of relational tables; whereas in MOLAP technology, 

multi-dimensional cubes are used for the same. The storage 

technique used is in proprietary set-ups. It differs from one 

tool to another as per the findings and research work of the 

company responsible for the development. 

The challenge that every business is coming across 

is the great quantity of data being collected and analyzed. It 

is accumulated at yearly, monthly, week, daily and hourly 

basis. With introduction of newer storage technology, the 

issue of how to store this humongous volume of data 

becomes less stressful. This can be accredited to the 

availability of cheaper storage devices (HDD and SSD) in 

the market. However, how to efficiently examine the data is 

becoming more of a problem. Every business knows they 

have the statistics for their managers to take apt decisions, if 

only they could access it precisely. The capability to 

understand the obtained data within a consumer base can 

lead to positive business bottom line in terms of the net 

turnover. However, for many business users the capability to 

take these apt decisions is inhibited by the complication of 

the data model being used by the business.  

The MOLAP framework combines the advantages 

of OLAP system whereas their disadvantages are minimized 

to deliver the desired performance. In this paper, the 

dimension and measures are modeled using the diagrams 

and also focus on their strengths and weaknesses to give an 

insight into the world of MOLAP. 

II. RELATED WORK AND MOTIVATION 

The ulterior motive of a data warehouse is to store all the 

application related data in an efficient way. It should make 

the data readily available to the business users. Owing to our 

growing needs, data warehouse architectures are becoming 

more and more advanced. Choosing relational technology 

over others to store data is first choice, if we consider the 

quantity of works and researches about the relational model. 

Some of the advantages of using it include easily accessible 

corporate experience, the great performance and elasticity 

standards of RDBMS. However, the major problem with 

ROLAP operations results from the performance hit in large 

dataset. Owing to the costly join operations between tables, 

which have huge number of records, the efficiency of 

ROLAP goes for the toss. From an architectural lookout, 

accepting ROLAP also means the need for a dedicated 

middleware between relational back-end servers and front-

end interface.  

A MOLAP system is constructed around an ad-hoc 

logical model, which is used to signify MD data and 

operations. MOLAP system systematizes data using the 

multi-dimensional pattern in the form of data cubes. Data is 

either pre-aggregated and stored or aggregated as and when 

required. The main purpose is to provide the analysts with 

the data in real time for analysis. The fundamental MD DB 

actually stores data as arrays and the access to it is positional 

in nature [1]. Grid-files [2] [3], R*-trees [4] and UB-trees 

[5] are some of the popular ways, which are used to achieve 

this. 

III. MULTI-DIMENSIONAL OLAP COMPONENTS 

Initially the growth of the MOLAP application‟s 

implementation was significantly stagnant. However, in 

recent few years MOLAP business tools started gaining 

popularity. This led to large investments in this technology 

by major vendors around the globe including Microsoft 

(Analysis Services), IBM (Cognos TM1) and Oracle 

(Hyperion Essbase). The benefit of MOLAP is that the 

storage naturally uses cross joins in storage for performance 

enhancement. Hence, multi-dimensional operations can be 

executed easily without the need for explicit joins. The way 

the MOLAP tools are implemented may not necessarily 

have anything in common; since there is no multi-

dimensional logical model standard as of now. However, 

this problem is being worked up by several organizations to 

get a standard structure across various platforms [6].  

A. Storage 

MD databases deliver great query performance by pre-

computing or pre-associating transactional data rather than 

computing when it is required.  However, to fully pre-

associate the data, MD databases needs a huge amount of 

overhead for processing and storing. An input of 100MB 
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can inflate to about 2.5GB and may take many minutes to 

process and store. Owing to this reason, MD databases are 

great candidates for the less than 50GB department data 

marts rather than the core data warehouse.  

Multi-dimensional database server aggregates data, 

along the hierarchy, to manage large amount of data. With 

MD databases, application planning is mainly about the 

dimensions, attributes, reports and calculation rules. One 

dimension may be the structure of a month, quarter, half-

year, and year. A distinct dimension might be different 

years: 2015, 2016, and so on. These members may be used 

for the sake of budgeting, planning and forecasting.  

IBM Cognos TM1 and Microsoft Analysis Services 

makes use of Dimension (*.dim) files and Cube (*.cub) files 

for the storage purpose. The use of in-memory data 

operation facilitates the faster loads and retrieval for the 

subsequent hits. [7] Oracle Essbase 11.1.x makes uses of 

page file and index files to store data in the form of blocks. 

By default, a page file and index file is situated in its related 

db folder with the extension (*.pag) and (*.ind) respectively. 

These files follow the convention for the naming [8]:  

Page file: {ess‟n‟.pag | 1 ≦ n ≦ 65,535} 

Index file: {ess‟n‟.ind | 1 ≦ n ≦ 65,535} 

There are two types of storage option used for the 

multidimensional data storage viz. Block Storage Option 

(BSO) and Aggregate Storage Option (ASO). They are used 

to take advantage of sparsely fed data in any of the 

dimension. It minimizes the amount of physical memory and 

disk space required to represent large cubes. Although BSO 

effectively minimizes storage requirements without 

impacting retrieval time, it has limitations in its treatment of 

aggregate data in large applications. In a BSO database, 

except for dynamically calculated members (calculated on 

the fly as per the formula), all data is stored. All data 

consolidations, formulas and parent-child relationships in 

the database outline are stored as well. 

Aggregation refers to the rolling up of the data 

from the bottom level data to the members which are higher 

in the hierarchy. For instance, the months „Jan‟, „Feb‟, 

„Mar‟, etc. rolls up to the „Full Year‟ member in structure. 

The short coming of BSO motivated the introduction of a 

second storage engine i.e. ASO. It makes use of the pre-

aggregated data storage for the faster retrieval. The 

limitation to the ASO lies in its ability to get the data from 

the users. However, the limitations can be taken care of by 

making use of apt partition techniques viz. „Replicated 

Partition‟, „Transparent Partition‟ and „Linked Partition‟.  

In an ASO database, the data gets loaded only into 

the bottom most level or leaf node or the level zero. When 

an analyst tries to retrieve data at any intermediate level or 

root, the data is aggregated on the fly. A major amount of 

this aggregated data is not stored, only fetched and sent. The 

dynamic aggregation consumes more time as the size of the 

database keeps increasing. However, pre-aggregation can be 

done to avoid it. 

Some of the critical information related to the 

strength and weakness of ASO and BSO are summarized as 

shown below: 

 
Illustration 1: Comparision betweek ASO and BSO Storage 

B. Reporting 

One of the feature that is applicable to most of the analysis 

tools is that they are compatible with the excel add-ins. 

Being an easily available option; it makes it really easy and 

flexible to use. MOLAP provide a method for navigation 

through “Keep only”, “Remove only”, “Pivot”, “Zoom in” 

and “Zoom out” of data. These activities are more or less 

similar in different tools, which are mainly used for the 

DSS.  

Owing to the availability of various popular tools 

for the DSS system, the enterprises often face difficulty in 

choosing system. Essbase makes use of Excel Add-in along 

with other administrative interfaces like Essbase 

Administration Services to get the set of relevant data. 

Cognos TM1 on the other hand uses TM1 Web to provide 

users with the data required. Other tools too provide 

Business Intelligence interface for the same. 

The following features in the above mentioned 

tools for the DSS will be compared to give a brief idea about 

each of the following OLAP systems [7] [8] [9]: 

 
Illustration 2: Comparison between different MOLAP Tools 
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IV. CONCLUSION AND FUTURE WORK 

As a part of the future scope of the work in this specific field 

of MOLAP, the granularity can be changed for the 

reviewing. The storage and reporting options can be 

examined in details with respect to each one of the tools. 

Also, stress testing can be done in order to get the 

benchmarks for various available tools. In this paper we 

have examined several multidimensional conceptual used by 

proprietary organization from the users point of view. Some 

of the key advantages of using MOLAP are as follows: 

1) Optimized Storage using effective compression. 

2) Multi-Dimensional indexing and caching. 

3) Automated computation for aggregations.  

4) Array models for the natural indexing. 

5) Effective data extraction through pre-consolidated 

aggregated data. 

Some of the disadvantages of using MOLAP are as follows: 

1) With higher number of dimension, the number of 

records and indexes increases drastically. 

2) Introduction to data redundancy in some 

proprietary tools. 

3) Processing time increases if data is over 50 GB. 
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