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Abstract— Data management has always been a serious 

issue. The rate at which the data is growing at every time 

instance, each small and big organization has to incorporate 

proper repositories and management systems within their 

organizations to handle such data. New kinds of repositories 

are being introduced as the demand of analysis of data is 

generated. Data warehouses are capable to store huge data 

in multidimensional way and analysis can also be performed 

over it. But due to certain challenges, this repository is also 

not the best solution to the problem. To deal with this issue, 

the concept of pattern warehouses is being introduced. This 

paper reveals the journey of the management aspect of data 

from data warehouse to pattern warehouse. 
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I.   INTRODUCTION 

Now-a-days, every real world organization is 

digitized. From large government organizations and 

departments to private industries, each of these bodies is 

maintaining their departmental and customer information over 

the digital media. In spite of maintain records on the papers 

and files, these organizations have moved their data to the 

hard disk drives and other storage repositories. Maintaining 

the information in the files constitute the file management 

system. This system was used by the organizations over a long 

period of time in which a large number of paper files has to be 

maintained. Also several issues were related to the file 

management system which includes large storage space to 

store those files, searching for the particular information was 

tedious and time consuming, same information is being 

recorded at many files because there was no centralized 

system so there was data redundancy which leads to data 

inconsistency. When all these problems incurred by the 

organizations and with the evolvement of computers in the 

industries, the whole information management task was 

shifted to computers under human surveillance. At that time 

this huge information was stored in digital storage spaces 

called the databases and the system which manages the data 

within these data bases was called as the database 

management system(DBMS)[1].  

This database management system manages the 

database perfectly well as it handles the schema of the 

database, analyses queries that will extract the relevant data 

out of the databases etc. But later on, many business 

organizations which have their divisions all over the country 

and overseas needs to analyse data for business decision 

making. So, in order to deal with this issue, data needs to be 

gathered at one place instead of residing at discrete locations 

which generated the need of a repository, sufficient enough to 

store this discrete data and allow business administrators to dig 

out analytical results. This repository is data warehouse. As 

data warehouse stores the facts of the discrete databases in a 

centralized space so the size of the data warehouse became 

huge. Now, this became a major issue, as every small 

organization is not able to handle such a large repository and 

also all this data mining process for getting analytical results is 

not the concern of business analyst. So, to store these results 

i.e. pattern in a persistent manner, a new repository is 

introduced which is known as pattern warehouse. The further 

sections in this paper reveals the progress of data management 

from data warehouse to pattern warehouse, the current 

contributions in pattern warehousing concept and the issues 

and challenges that have been encountered so far. 

 

II. BACKGROUND 

Data management plays a vital role in data analysis 

for business decision making process. Now-a-days, every 

organization having various branches needs to analyse their 

data once in a year in order to provide better services to their 

customers. The need of data analysis requires all of the data at 

discrete places to be gathered in one repository. Data 

Warehouse [2] is one good solution; it is a repository which 

stores historical, time-variant data from discrete sources in a 

non-volatile manner. The data warehouse provides a 

multidimensional view to the business analyst so that they are 

able to perform the analysis over data from several views. The 

process by which valuable information is being dug out of the 

data warehouse is called data mining [3].  

Data Mining is the process of extracting information 

out of the data warehouses with the application of various 

clustering, classification, and association rule mining etc. 

techniques. The outcome of the application of these techniques 

over data warehouse represents the knowledge within the 

databases. Figure 1 shows the process of extracting knowledge 

from databases by implementing data mining operations over 

data warehouse. 

Now, as the size of the data warehouse is growing due 

to massive increase of data, business analyst now not in the 

need of this huge analytical information but they are interested 

in getting only the relevant patterns [4] hidden within 
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repository. So a progressive step is taken by researchers and 

the concept of pattern warehouse was introduced.  

 
 

Figure 1. Process of knowledge discovery from databases 

NOTE: This concept of this figure is partially taken from [2]. 

 

Pattern Warehouse is a kind of repository which 

stores the relevant patterns in a persistent manner. Patterns are 

the representative of the knowledge buried within data 

warehouses. 

Following figure 2 explains the process flow of populating 

patterns within pattern warehouse. 

 
Figure 2. Process flow for Pattern Warehouse 

 

Here, figure 2 clearly explains that the data from flat 

files and discrete databases are first pre-processed and then 

stored in data warehouses over which data mining operation 

are performed which mine relevant patterns and store them in 

pattern warehouse in a non-volatile manner. 

This concept addresses the following issues related to data 

warehouse.  

 The size of single data warehouse was quite large spans 

upto TBs so it became a tedious task to handle the 

management of data warehouse for small organizations. 

 As the size of the data warehouse was huge, it means it 

contains a lot of data, but for analysis purpose business 

analyst demands the consolidated information for analysis 

purpose.  

 As patterns are in volatile form in data warehouse, so for 

even a small analysis the whole process of data mining 

has to be performed for obtaining certain results. 

 

So, in order to deal with these shortcomings the concept 

of pattern warehouses is introduced. Following table 1 shows 

a comparative analysis among the databases, data warehouses 

and pattern warehouses. 

  

Table 1. Comparison among Database, Data Warehouse and 

Pattern Warehouse 

 

Feature Database Data 

Warehouse 

Pattern 

Warehouse 

Character-

istics 

Operational 

processing 

Informational 

processing 

Analytical 

processing 

Data Current Historical 

Relational in 

form of 

patterns 

Summari-

zation 

Highly 

detailed 
Consolidated Consolidated 

View 
Flat 

relational 

Multidimens-

ional 
Relational 

No. of 

records 

accessed 

Tens  Millions Hundreds 

No. of 

users 
Thousands Hundreds 

Few(only 

administrator) 

Size of 

Repository 

100 MB to 

GB 

100 GB to 

TB 
Few GB 

Query 

Language 
SQL DMQL PMQL 

 

NOTE: This table is partially based upon as given in [2]. 

 

III. RELATED WORK 

Until now, the author has discussed the issues which 

brought the concept of pattern warehouse in the field of 

research. Pattern Warehouse consisted of patterns which are 

the representatives of the relationship that exist between the 

data elements. A Patterns can be in the form of association 

rule, some decision tree, a cluster of items is also a pattern type 

even all those elements which lie outside any of the cluster are 

called outliers and they also constitute the pattern. Example of 

pattern is shown below. It is an association rule pattern. 

 

{Cellphone} => {Screen-guard, Back-cover} 

 

This is a pattern which states that screen-guard and 

back-cover are likely to be purchased by a customer if he 

purchases a cellphone. So, the purchase of screen-guard and 

back-cover is influenced by the sale of cellphones. 

Since, Pattern Warehouse is a repository which also 

needs to be managed so various authors have proposed several 

aspects of the pattern warehouse, techniques to manage this 

pattern warehousing system and also the query language which 

will mine the relevant information out of the pattern 

warehouse. 

  

A.  Architectural Aspect 

The architectural aspect of a pattern warehouse 

consists of a management system which deals with the 

creation, storage and management of patterns within the 

pattern warehouse.  

First time in 2003, Bartolini et al. [5], proposed the 

architecture of a management system called the Pattern Base 

Management System for managing the whole scenario of 
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pattern warehousing concept. The architecture consisted of a 

raw data layer which consisted of all the discrete sources from 

where data is collected. Next, there is a pattern base which is 

composed of three layers namely, pattern layer, type layer and 

class layer. The type layer and the class layer get their 

instances from pattern layer. Various mining techniques are 

applied over raw data layer which provides the patterns that 

are stored in the pattern layer. The pattern base management 

system and database management system are tuned with each 

other and to the above blocks and provides analysis results to 

the end-users. 

 

Next in 2005, Barbara Catania et al. [6], proposed a 

three layer architecture and named it Pattern Management 

System for the management of patterns. This architecture had 

three layers namely physical layer, middle layer and the 

external layer. This architecture was somehow inspired by the 

previous PBMS architecture with few modifications. The 

pattern base is now constituted in the lowermost physical layer 

and the middle layer contains PBMS engine which is 

composed of all the interpreters and query processors 

necessary to produce the outcome for the queries of the end-

user. The end- user lies in the external layer extracts necessary 

analysis results by making PML (pattern manipulation 

language)/PQL (pattern query language) requests to the PBMS 

engine. 

 

Again in 2008, Kotsifakos et al. [7], proposed the 

architecture of a tool named Pattern-Miner. The architecture 

consists of several modules, a pattern base and DM engine. 

Each module is responsible of executing specific task and the 

resultant patterns are stored within the pattern base. In this 

architecture, pattern base is considered a repository. Various 

modules are meta- mining module, pattern comparison module 

and pattern monitoring module. Meta-mining module deals 

with pattern extraction, pattern monitoring module gives meta 

clustering results and pattern comparison module takes 

patterns as input and provides comparison results. The DM 

engine helps the pattern- miner to extract patterns. The analyst 

interacts with pattern- miner engine to gets specific analysis 

results. 

 

Later in 2014, Tiwari et al. [8], designed an 

architecture by incorporate various other components and 

named it Pattern Warehousing Management System (PWMS). 

The architecture of PWMS consists of four major layers. 

These layers are raw data layer, data mining engine layer, 

PBMS layer and application layer. The PBMS layer is further 

composed of two tiers namely pattern tier which stores 

patterns and type tier which is responsible for storing the 

patterns according to their respective types. The actual concept 

of pattern warehouse as an independent repository is 

elaborated in PWMS architecture. The end-user applies 

queries on pattern tier to extract relevant patterns out of the 

pattern warehouse. 

  

B.  Structural Aspect 

 The structural aspect of the pattern warehouse 

includes the schema of the pattern warehouse, the data 

structures required to store different types of patterns and the 

syntactic and semantic constraints which are applicable over 

the pattern warehouse architecture. Various contributions have 

been given towards the structural aspect of the pattern 

warehouse. Some of them are discussed here. 

 

 In 2004 Rizzi [9], used UML (unified modelling 

language) to model the pattern bases. Author coupled the 

object oriented concepts in modelling of the patterns and 

further discussed that, the patterns should be modelled from 

static, functional and dynamic point of view. Class diagrams, 

use case diagrams, sequence diagrams were used in modelling 

the concept of patterns from object oriented aspect. The items 

in the patterns are takes as class attributes and relationship 

between the patterns types are modelled as the relationship 

between various classes within the class diagram. 

 

 In 2005, Kotsifakos et al. [10], presented three well 

known database models from database domain namely 

relational, object-relational and XML (i.e. semi-structure) and 

compared them based on extensibility, flexibility of querying 

and generality and suggested that for  pattern warehouse a 

semi-structured model will be preferable and it should 

incorporate the indexing concept. 

 

 In 2006, Terrovitis et al. [11], suggested the 

conceptual design of pattern warehouse for which they 

suggested models like ER-model, Star schema, Snowflake 

schema and Galaxy schema. They pointed out that pattern 

retrieval cannot be performed in a same manner as we perform 

query based extraction in data warehouse. 

  

 In 2014, Tiwari et al. [12], designed a conceptual 

snowflake schema of pattern warehouse and derived patterns 

based on their structure out of a transactional dataset. They 

extended the definition and concept of pattern representation of 

PANDA [5] report and incorporating in their proposed 

conceptual modelling. Author defined pattern and context, the 

two different data structures and represented the relationship 

between them which is helpful for pattern querying and 

concluded that the pattern warehouse cannot be designed in the 

same ways as the transactional-oriented operational databases. 

The author used the extended snowflake schema for pattern 

warehouse representation and demonstrated it with a medical 

database. 

 

C. Query Language Aspect 

 In order to extract relevant data from data warehouse, 

DMQL (data mining query language) is used. Since patterns 

are the representations of the relationship between data 

elements so, in order to extract relevant patterns from pattern 

warehouse, a different query language is required which 

incorporates the concept of selecting patterns in the pattern 

warehouse. As a number of contributions have been given to 

the architectural aspect of management system for pattern 

warehouse and structural aspect of pattern warehouse, very 
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few researchers looked into the querying aspect for pattern 

warehouse which are discussed below.  

 

 In 2008, Data Mining Group [13], introduced Pattern 

Modelling Markup Language (PMML), which is XML- based 

for querying the pattern warehouse. It provides an open 

standard for representing data mining methods. 

  

 In 2006, Terrovitis et al. [11], establishes the 

relationship between the patterns and their corresponding raw 

data through a language named Pattern Specification 

Language (PSL). In this approach, for querying in pattern 

warehouse, queries are classified into three types- 

 Query whose result is data. 

 Query whose result is patterns. 

 Query whose result is both data and patterns. 

Also, various operators like database operators, pattern base 

operators, cross-over database operators and cross-over pattern 

base operators were introduced which were the combinations 

of traditional database operators. 

 

IV. CHALLENGING ISSUES 

 Although significant effort has been invested in 

architectural, structural and querying aspect of pattern 

warehouse and its management system but still there are 

certain issue which opens the scope of designing a better 

management system for pattern warehouse and also 

strengthens the concept of pattern warehouse. Some of these 

are: 

 The logical architecture of the management system for 

patterns and pattern warehouse still misses several 

necessary repositories and components which will be 

helpful in making a generalized architecture. 

 There is no specific data structure has been proposed so 

far which can hold every type of patterns. 

 The semantic and syntactic structure of patterns is also 

missing which apply specific constraints over the patterns 

to make it a flawless element. 

 As data warehouse have a multidimensional view, there 

should also be a view which describe the schema of the 

pattern warehouse. 

 The patterns may be relevant and non-relevant, sometimes 

false patterns are also mined, so there should be some 

techniques to filter out those irrelevant patterns. 

 As updating of the pattern warehouse is also a matter of 

concern.  

 

 

 

 

 

 

 

 

 

 

 

 

V. CONCLUSION 

In this way, it is justifiable to conclude that the 

pattern warehouse is capable to store patterns which are the 

more refined form of knowledge and storing patterns within 

the pattern warehouse makes the analysis of the data easy for 

the users with the small requirement of storage space. 
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