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ABSTRACT 

Data warehouse plays an important role in automated decision making for any 

organization. We propose an algorithm for automatic generation of OLAP logical schema 

from OLTP logical schema. 

Our proposed algorithm uses top-down source driven approach to minimize the number 

of iterations for finding exact fact tables. Our proposed algorithm uses more 

specifications for finding fact entities and measures thus minimizing the manual 

refinement done by the user. It also considers many-to-many relationship problem that 

breaks the hierarchy. 

Our proposed algorithm is five fold. In fist  fold it captures all the Meta data information 

from the source OLTP systems. In second fold it segregates all the starting points of the 

enterprise source schema. In third fold it finds out the hierarchy. In fourth fold entities are 

classified and at the end generation of target OLAP schema. That is star schema. 
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Chapter 1 Introduction 

1 .I Introduction 

The Data Warehouse systems have become bread and butter for decision support systems 

to provide platform for knowledge discovery. The concept of Data Warehouse (DW) 

system is very simple but its implementation is not [I]. For the design of data warehouse 

systems information form user as well as the structure of underlying source systems play 

and important role. In simple words a DW is just a database of databases but the 

characteristics of this type of database are different. The data warehouse in such type of 

database which is subject-oriented, integratcd, non-volatile and time-variant. Moreover 

these kind of databases are used to support the management's decisions [2]. The 

following diagram describes the basic architecture of DW system. 

Operational Data reponing 

Data Store Warehouse 

Legacy Systm! 
Databases 

Fig 1.1 Data Warehouse Architecture 

The main components of the architecture are as follows 

Legacy System Databases: these are the systems which record details of the 
business transactions [3]. 

Operational Data Store: an intermediate between DW and legacy Systems. The 
data from legacy systems is first loaded into this and then frnally aggregated, 
reconciled and loaded into DW in a consistent format [3]. 

Data Warehouse: a central source of decision support data across enterprise [3]. 
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End Users: write queries and perform analysis against data stored in Data 
Warehouse [3]. 

From last decade big organizations in Pakistan are interested in implementing data 

warehousing system. Information is most impomt  asset for any organization. Mostly 

big organizations kept this asset in two forms, operational system and data warehouse. 

Simply speaking about Operational system where we store the data and data warehouse 

systems are used to get the data out for MIS. In OLTP systems day to day transactions are 

stored where as OLAP systems have historical data. [2] 

In this chapter we discuss the motivation and challenges of our area of research, then 

background information and research domain. Then we continued with proposed 

approach of the problem. At the end of the chapter thesis outline is put forth. 

1.1 Motivation and Challenges 

Pakistan is developing country. There is no doubt; in our country most of the 

organizations are late to implement new technology. Data warehouse is quite old 

technology but only few of the organizations benefited from this technology in Pakistan. 

Most of them are multinational. Most of the organizations in our country have OLTP 

systems called legacy systems. The challenge is to design OLAP (data warehouse) 

system over these legacy systems as second layer. We are facing this dilemma as our 

country lack human expert human resources to implement this technology. 

By keeping in view these problems it is decided to design a robust algorithm to convert 

legacy OLTP systems design the OLAP design. By this algorithm time required to design 

data warehouse will enormously reduced as compared to other algorithms. 

1.2 Background 

Logical schema is dependent on conceptual schema. Conceptual schema can be created 

by translating user requirements into pictorial representation. This is understandable to 
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the user and independent of implementation issues, but is formal and complete, so that it 

can be transformed into the next logical schema without ambiguities [4]. 

It is required to make models for solving any kind of problems. For the design of data 

ware house dimensional modeling plays an impoltant role. Basically dimensional models 

are understandable for both users and system analysts. Therefore dimensional modeling is 

used to bridge thc gap of understanding between users, designers and system analysts 

during the requirement gathering and data warehouse design phase. These models are 

used as a conceptual model as an understanding between users and analysts. And useful 

to avoid any kind of technical jargons during the remaining phases of data warehouse 

development. The modeling phase is very important building block, as errors could be 

detect in this phase. Moreover it is also useful during the further extensions in the data 

warehouse project [5,6]. It is largely accepted that the dimensional modeling is the basic 

building block for the design of data warehouse. 

Srivastava and Chen at el (71 propose three step formulae. These three steps are DW 

architecture selection, DW Pre-Conversion Phase and data warehouse maintenance. 

These three steps are elaborated in section 1.2.1, 1.2.2 and 1.2.3 subsequently. These 

three steps are discussed by keeping view the all levels of schema i.e. conceptual, 

physical and logical. 

1.2.1 Pre-Conversion Phase 

Data warehouse development requirements are typically defined in general statements but 

project objectives need to be specific. They should answer such questions as, "What do I 

want to analyze and why do I want to analyze it?" By answering these types of questions, 

we get an understanding of the requirements [8, 9, 1 0  1 12, 13, 14, 15, 161. Data 

warehouse requirements contrast with typical application requirements. There are many 

methods for deriving business requirements. In general thcse methods can be placed in 

one of two categories: Source driven and user driven requirement gatherings. [lo]. 
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In Source-driven requirements gathering we take requirements directly from OLTP 

systems in other words OLTP systems are staring points to gather Source driven 

requirements. Automation in modeling of data warehouse generally uses a source-driven 

requirement method [17, 181. In this thesis for automated data warehouse design, source 

driven approach is used. . There are lots of benefits of using this approach as minimum 

time is required to complete the design and ultimately complexity of ETL process 

reduced as the design is extracted directly from source schema. The main disadvantage of 

this approach is that it didn't cater fall all the user requirements because of the limited 

dimensions of OLTP design structure and limited data. In this approach, user 

involvement is very less. Therefore there are chances that the output structure may not 

full fill all the requirement of the users. To overcome these disadvantage the user given 

the liberty to refine the schema manually. 

The main advantage of users driven approach is that it requires less time to complete the 

projects. Because designer conceders only what is required. May be there is some other 

information available missed. In this approach all the information in collected by having 

meetings with deferent level of users. In other words system analyst only considers the 

function performed by the users. That is why time required to complete the project is 

shorter as compared to other approaches. [8, 12, 15, 161. Thus this is a big advantage as 

the scope of the project is focused on user requirements. The main disadvantage of the 

above mentioned approach is that it is impossible to cope up with the user requirement 

with the passage of time. It means the user satisfactory time is less in this approach. In 

this thesis we follow source-driven requirements approach. Source-driven approach is 

useful to gather all data which exits somewhere in the organization. We describe the 

proposed algorithms in our thesis by experimenting on three sample schemas in SQL 

Server 2000. 

Capacity planning is the sub phase of the pre-development phase of data warehouse. 

Before the development of any kind of data warehouse, it is required to perform'capacity 

planning. In capacity planning of any k i d  of data warehouse number of measures are 

analyzed. For example daily data arrival size, daily growth of data, monthly and yearly 

Schema Transformation OLTP Systems to OLAP Systems 



Chapter 1 Introduction 

growth of data. And for how long the data will be available for analysis, number of users 

and their expect growth with the passage of time. Although capacity planning is not 

required for our proposed algorithm, it may be required for the decision to select 

hardware or software for our algorithm. 

1.2.2 Selection of Architecture 

Many factors required consideration to select the best architecture of data warehouse 

design. It depends upon the existing infrastructure of the organization, the policies of the 

management and the technical expertise of the staff of the organization and their 

availability [8]. Architecture selection in useful to determine the scope of the project 

typical functions performed by an organization. Architecture selection process mainly 

focus on the structure of out put schema and the desired translation processes required to 

translate data from the source OLTP schema to data warehouse. 

The two popular and common architectures for data warehouse design are Bottom-up and 

top down. There are tot of research on these architectures to derive some extended 

architecture which are called derivatives of the above two. In top-down approach a 

central data warehouse is created which may have several data marts. These data marts 

are subsets of the central data warehouse. Data marts are a mini data warehouse, which 

represent a department of the whole organization, which can perform function 

independently. On the other hand in bottom up architecture data marts are designed first. 

Then these data marts are interconnected with each other to form central data warehouse 

[8. 19, 201. In bottom-up architecture the process of data warehouse creation is 

incremental. Firestone at el [19] gives lot of discussion about data warehouse 

architectures. 

The necessary resources are required for determining the factors for architecture selection 

of any kind of data warehouse. The cost of initial planning and design is significant when 

top-down architecture approach is followed. This approach is very time consuming and 

definitely having impact on ROI 181. The incremental approach (bottom-up) requires less 

Schema Transformation OLTP Systems to OLAP Systems 



Chapter 1 Introduction 

time for the initial implementation of data warehouse. As data marts are smaller as 

compare to data warehouse, less time is required to build them. 

Bottom-up architecture is very popular in industry as it has significant advantages over 

the top-down approach. However top-down architecture has a single edge on bottom up 

architecture. That advantage is of consistency between data marts and data warehouse, a 

data marts are derived from the central data warehouse. Moreover it is easier to 

implement organizational policies in central data warehouse. On the other hand in bottom 

up architecture the main disadvantages are consistency and redundancy. Lots of efforts 

are required during combing different data marts to make central data warehouse to 

reduce redundancy and increase consistency. The proposed algorithm which 

automatically design data warehouse schema is independent of the architecture. This 

automation algorithm is totally dependent on input OLTP schema. If the source OLTP 

schema is the subset schema of organization then data marts will be created. On the other 

hand if entire enterprise OLTP schema is given as in input to proposed algorithm then 

whole OLAP schema will be created for the organization. Our algorithm is robust enough 

to give output for both types of inputs. Our algorithm is totally dependent on the input 

logical schema of the OLTP systems. 

1.3 Problem Domain 

The objective to automate the data warehouse design is to minimize the time and cost. 

There are different goals and objectives to create any kind of data ware house. Important 

objectives and goals are given below [ll]: 

1. Reconcile different views of data 

2. Consistency, 

3. It should be flexible enough to cover all perspectives of analysis (slice and dice), 

4. All kind of business practices should be covered. - 

5. Provide a consolidated picture of enterprise data 

6 .  The data should be qualitative for business re-engineering. 
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The Schema creation for OLTP systems or for OLAP systems is designed by keeping in 

view the needs of business users and executive decision makers. Commonly ER models 

are used for the design of OLTP systems on the other hand dimensional modeling is used 

for OLAP systems. Actually these models are pictorial representation of organizational 

business trends. During the design of data warehouse all the above mentioned goals and 

objectives are considered. There are three levels of schema i.e. conceptual, logical and 

physical. The conceptual schema is a high level of representation of business units and 

data flow of the business entities. This level of schema is more users friendly. Users can 

give feed back if there is any change in the design well before implementation. The 

logical design of the schema could be inferred from the conceptual schema. Logical 

schema represents the tabular arrangement and relationships between the tables. At the 

physical level storage and indexes are analyzed. These three levels are discussed in 

various literatures which include MER [21, 221, Star [8], StarER [23], and dimensional 

fact model [24]. In this thesis we are covering only logical design of the data warehouse. 

Our algorithm generated logical schema for OLAP as an output. 

1.3.1 Decision Support Terminology and Functionality 

OLTP system didn't provide support for decision support systems. The advent of OLAP 

systems provides this interesting capability. OLAP systems are designed in provide 

support for decision support systems. This functionality is not available in OLTP 

systems. An OLAP system provides additional functionality for query processing by the 

concept of Cubes. Cubes are used to represent the multidiiensional data for analysis. 

General understanding of the cube is that it has three sides. But there is possibility of 

cube having more than three sides. These types of cubes are called hyper cubes. Both 

dimensional and ER based models could be used to represent the cubical data. Both 

modeling techniques are different in pictorial representation, and each of them has 

distinct notations for modeling representation. Both of techniques are popular in database 

modeling. But dimensional modeling is popular for data warehouse modeling. We will 

discuss both of them in coming sections. 
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1.3.2 ER Models 

These models are designed during requirement gathering phase in for predevelopment 

rectification of design bugs. ER models afe used to represent the relationship between 

entities. ER stands for Entity and relation. As ER models are high level pictorial 

representation of the design of the system, therefore it is quire easy for user 

understanding. ER model designed for data consistency and reduction in data 

redundancy. Entities and relationships are two basic concepts of ER models. The detailed 

representation of ER model may include attributes of the entities also. 

A sample ER-based model is shown in the figure below. An entity represents a real world 

object, shown as a rectangle. The ER based model is explained with the help of an 

example. Product and supplier are two entities are represented by a rectangle. One entity 

could participate to make relation with one or more entities. The diamond symbol is used 

to represent the relationship between two or more entities. As mentioned in the picture 

below the relation supplies acts a bridge between entities Product and suppliers. In ER 

based models relationship cardinality is represented by ordered pairs (m,n), m and n are 

variables. Cardinality of a relation could be of four types 

1. OnetoOne(1.1) 

2. one to Many (1,m) 

3. Many to One (n,l) 

4. Many to Many (n,m) 

If we explain these four type of cardinality with the help of figure below. It is possibility 

that one product could be supplies by only one suppler and called one to one (1, 1). A 

suppler could supply many products and called one to many. Similarly there is many to 

many relationship (n,m) between author and books entity. Actually entities are basically 

used to group data with one primary key and other attribute to represent data. ER models 

are the conceptual design of relational database. ER based models are designed by using 

top down approach. In detail discussion could be found about ER based models in [S]. 
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Fig 1.2: Sample ER Schema 

SupplierNo 

ER modeling has been proved to be good for conceptual representation of OLTP systems. 

And users are well familiar with this kmd of modeling. The extensions of ER models 

could be used for data warehouse design also. 

SupplierName 

1.3.3 Dimensional Models 

Q 0 
0 

Address 

Dimensional modeling is a technique used to design database of data warehouse. 

Dimensional modeling is a significant contribution in the data warehouse research. 

Dimensional modeling is very useful for query processing and query optimization. ER 

based models could easily be converted into dimensional models by having some 

demoralization process. Dimensional modeling is very user friendly for practitioners and 

users. It is a great break through in data warehouse world to solve the dilemma of 
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understanding of users. . A sample dimensional model (star schema) is shown in figure 

below. 

Date 
OrdKey 
Day 
Weak 
Month 
Year 

Fig 1.3: Dimensional Star Schema 

There are different models to represent dimensional model i.e Star schema, Snow Rack 

etc. A Dimensional Modeling is combination of Fact and Dimension tables as shown in 

the figure above. Fact tables and dimensional tables are basic building blocks of the 

dimensional modeling. Fact table contain all the measure which are generally numeric. 

The tables contacted directly to the fact tables are called dimensional table. The date time 

dimension is the default dominion, which is part of every dimensional model. Basically 

dimension plays and import role for the level of aggregation. They are direct indictors for 

the summarization of measures stored in the fact table. In the above diagram Order table 

is the fact table and remaining are the dimensions. An order table has all the foreign keys 

which are primary key for every dimension. Every event occurred will be the part to the 

fact table. For the efficient query processing in dimensional modeling the concept of 
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cubes are used. Every dimension will made a side of cube and fact table data on the other 

hand will be shared on each side of the cube. Every record of fact table ha.  reference with 

the attached dimension. In other words the fact table is the heart of dimensional 

modeling. Analysts are interested to see the same data from different angles. The 

dimensions are capable to summarize data of fact table according to the information 

available in the dimensions. In dimensional models the fact table acts as an intersecting 

point for every dimension. In figure above order table is the intersecting point for every 

dimension attached directly with it. Order date is the dimension having attributes day, 

weak, month and year. The data in the fact table could be summarized or aggregated on 

the basis of weak, month and year. More information about the fact and dimension 

relation could be found in [8, 17,151. 

There are many types of dimensional modeling. But the concept of all these types is 

almost same. In all these models all the organizational data surround the central fact 

table. The most important types are Star model and Snowflake model. Snowflake model 

is the derivation of Star model [a] .  In Snowflake dimensions have hierarchies. But in Star 

model these hierarchies are clasped in the master dimension. 

In Snowflake model the dimensional tables are normalized like ER models. In Start 

model dimensions are collapsed upward in the hierarchy. That is why Star model is 

simple as compare to Snowflake model. In star model there is duplication of data while in 

snowflake data is less duplicated due to the normalization of dimensions. Both the 

models are equally practicable in the industry. Any how snowflake model have some 

advantage due to its robustness. Star schema is good in conceptual design by snowflake is 

best for logical representation of schema. Because in Snowflake model dimensions have 

the concept of master detail [8 ] .  Snow Flake schema is shown in the figure below. Region 

is the detail of city dimension. Dimensional modeling is best for data warehouse high 

level as well as logical design. 
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ProductID 
Nanie 
dimention 

Region 
Reginid 

Price 
Orderamt 
Custid 
Productid 
OrdKey 

Customer 
CustID 
Cust No 
Cityid 
F Name 
L Name 

Fig 1.4: Snowflake Schema 

, 

1.3.4 Model Used for Schema Creation 

A 

Order 

OrdKey 

Ballad at el [8] concludes that dimensional modeling is better than that of ER modeling. 

There is very less difference between ER and dimensional modeling. The logical design 

of dimensional model is more efficient for query processing but not for data pupation. On 

the other hand ER design is robust for data pupation and less efficient for reporting 

purpose. Because in ER modeling the data is normalized. ER models is optimized for 

City 
Cityid 
Reginid 
Name 
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data updating on the other hand Dimensional modeling is optimized for data retrieval. 

The ER model is transaction processing model on the other hand dimensional model is 

data warehouse model. 

Organizational business rules are focal point in dimensional modeling. In user point of 

view the automation of business roles are most important. This functionality could be 

provided through dimensional modeling in the form of fact table as it is center for all 

dimensions. Tnis is one of most popular model for user understandability pint of view. 

The dimensional model is capable to answer following queries. "How much deposit is 

collected in the month of December in Pakistan," the query contains the summation of all 

deposits in the month of December in Pakistan. Moreover ER based model are not 

capable for how the business is measured [25, 15,261. 

Dimensional modeling technique is the most suitable technique for data warehouse 

design. Data warehouse is a specific remedy for decision support systems. In decision 

support more emphasis is given on data retrieval rather than data insertion and updating. 

Dimensional modeling provides this kind provision. Updating and insertion took place 

after some specific interval, weakly, monthly and quarterly basis. Dimensional modeling 

structure is not ideal for OLTP systems. Because OLTP systems are designed for day to 

day transactions. Where data insertion and updating is important. To optimize the query 

different query optimization algorithms are used. The major focus of dimensional 

modeling is understandability of users. 

Dimensional model is scalable as compared to ER model. It is very easy to add attributes 

in the dimension or any new dimension in the model. Similarly facts can be change easily 

without affecting the existing structure. Dimensions could be broken in more than one 

table [25]. Dimensional modeling also handles slowly changing dimensions. These 

slowly changing dimensions handled according to the organizational structure. 

Dimensional models are structured in such a way that if structure changed in running data 

warehouse. It could be easily managed without having any impact of the existing data. 

A11 these advantages are discussed in more detail in the literature [8, 11, 271. 

Schema Transformation OLTP Systems to OLAP Systems 13 



Chapter 1 Introduction 

Dimensional modeling is one of the best technique in situation where changes occurred 

frequently in structure to give efficient query performance and user satisfaction. User is 

satisfied because there is more provision to slice and dice the data, different level of 

aggregation and summarization. On the other hand ER model deprived of such kind of 

functionality. More detail about the comparison of ER and dimension modeling could be 

found in [28, 161. 

In this thesis the models used for schema creation are dimensional in nature. OLTP 

systems which follow ER modeling provide data for data warehousing. Both Kimball 

[25] and McGuff [14] devise mechanism of derivation of dimensional models from ER 

based models. Golfarelli and Rizzi at el [24] describe mechanism of using dimensional 

model for the design of data warehouse. Ballard et al. [8] have great contribution for the 

popularity of dimensional modeling. Researcher also used combination fo ER based and 

dimension models for the design of data warehouse. In [29,17,14,26] ER base models are 

used for conceptual design of schema where as dimensional model is used for logical 

design of schema. 

Logical schema has tables, relationship between the table and columns in tables. Logical 

schema is responsible to handle data populated or retrieved from production data bases. 

This level of schema could be design directly or could be generated from conceptual 

design also. The standardized approach is to create logical schema from the conceptual 

schema. In logical design conceptual schema is realized in form of tables and relations. 

Data can be retrieved by simple relational queries. Golfarelli et al. [IS] did not create any 

conceptual schema for logical schema. He directly design logical schema. The last phase 

of schema design is the physical schema design. In this phase the storage mechanism for 

the structure of data warehouse and indexes. An approach is also given for automatic 

physical design by Blaschka (211. Underlying structure of data warehouse is managed in 

this physical design phase. Conceptual level, Logical level and physical level all the three 

stages of data warehouse schema design is necessary for the efficient and robust design of 

the data warehouse of any organization. In automatic design of data warehouse only 
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conceptual schema design is considered. No consideration yet given for automatic logical 

design of schema. 

ER and Dimensional model could he used for the design of logical and conceptual 

schemas in the process of data warehouse creation. Different modeling technique could 

be used for conceptual schema and logical schema creation. Snowflake, Star, ER, DFM, 

EVER and ME/R models have been proposed for specification of schema. All of them 

vary form each other with little difference. How ever Star and Snowflake schema is very 

popular among the industry. There are different opinion of using Star for conceptual and 

Snowflake for logical schema design and vise versa. How ever Star it is common opinion 

to use Star model for both conceptual and logical design of schema. 

In these theses we designed our algorithm to generated Star Schema as it is simple and 

understandable to users. Our algorithm is source driven; there is no input from the user in 

the process of schema generation. Therefore it very important the out should he simple 

enough for understandability. So that user should able made amendments are refinement 

according to their desire. More over in star model query processing speed in fast as 

compared to Snowflake schema. 

1.4 Proposed Approach 

Keeping view disadvantages as well enhancements in Cassandra Phipps and Karen C. 

Davis at el [30] algorithm, we propose an algorithm which uses top-down source driven 

approach to minimize the number of iterations for finding exact fact entities. Our 

proposed algorithm uses more specifications for finding fact entities and measures thus 

minimizing the manual refinement done by the user. It also considers many-to-many 

relationship problem that breaks the hierarchy. 

Our proposed algorithm will comprise of the following steps. 

1. Schema Population 
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2. Finding out starting points 

3. Finding Hierarchies 

4. Classification of Entities 

5. Schema Generation 

1.5 Thesis Outline 

The thesis is divided into three phases. In the first phase, we review the general 

architecture of data warehouse design. In depth analysis of different approaches for 

architecture selection. In second phase we also do an in-depth literature review on the 

existing semi automated approaches for data warehouse creation. The in third phase the 

system design and its implementation with a possible solution are proposed to give 

algorithm for OLAP schema generation from the source OLTP schema with more 

valuable measures. In the final phase we evaluate our algorithm on sample database to 

check its consistency and productivity. 
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candidate fact schemas using user driven approach. Their algorithm still ignores some 

important aspects of dimensional modeling for example handling of Many-to-Many 

relationships that breaks hierarchy b/w entities. Also the algorithm performs a large 

number of iterations for finding out candidate Fact schemas as it works in bottom up 

fashion. Only one specification is used for measures that are Numeric data type. More 

specifications are needed to find out measures as well fact entities so that user refinement 

can be minimized. 

According to Ralph Kimball ER based model could be converted to dimensional models. 

It could be done by some demoralization and aggregation process. Moreover this 

conversion from ER models to Dimensional model provides substantially useful 

information to the user about the systems and helps to bridge the gape between these two. 

More significantly we can say that the structure and data where house is the repacking of 

the OLTP structures. In three step formula of Ralph K i b a l l ,  business units are defined 

in f i s t  step then finding candidate fact table having more numeric values then 

demoralizing to remaining table to make relation with the fact table 1251. Kimball's 

approach of translating schema from OLTP systems to OLAP is manual approach. This 

manual approach uses many to many relations to find table. . Our algorithm also use 

some specification used by Kimball but we did not consider many-to-many relation to 

find the fact table. The main preference of o w  algorithm to find fact table is numeric data 

and hierarchy level of entity. 

Golfarelli, Maio and Rizzi (181 develop a approach for semi-automation to generate a 

DFM (Dimensional Fact Model) conceptual schema from an OLTP ER schema. Their 

methodology has following steps: 1) D e f i g  Faction then for each fact 2) following 

steps should be performed. 

1. Construction of attribute tree for fact table. 

2. Pruning Attribute tree of fact table. 

3. Dimensions are defined for fact table. 
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4. Attributes for facts. 

5. Hierarchies defmation. 

In this methodology the frequently updated entities determines the facts. Only the 

creation of attribute tree is automated in this methodology rest of the steps are manual. In 

this methodology attribute tree is build by placing dimensions and their attributes around 

the pre selected fact table. 

The only automated step in his work is that he made dimension table as a leaf for the fact 

table. All other steps are manual work, decided by the user on the basis of knowledge one 

have of particular OLTP system. Fact tables are determined manually. Then dimensions 

are generated automatically on the basis of relationship from fact table. This work is 

partly automated but still lot of manual work is required to complete the design of the 

work. In dimensional modeling fact table is most important entity and this entity is found 

by the user. According to the method of author most important measures are that which 

update frequently. The approach in this thesis suggests that the assumption is not correct 

to determine the measures of interest of user. There is no specific role of traversing 

entities to generate attribute tree. Such a way every entity will be the part of attribute tree. 

In an automation point of view it is computationally expensive because additional 

recourses are required for pruning the generated tree. . In the proposed algorithm 

hierarchy levels are defied bases on the relationships between the OLTP schema 

entities. This hierarchy level is very important measure for finding fact table [la]. 

Another semi automated approach is proposed by Boehnien and Ende at el [17]. This 

approach uses SERM ( S t ~ c t ~ e d  Entity Relationship Model) to create Star schema from 

OLTP schema. In this methodology following stages are observed. 

1. Business measures. Are determined 

2. Dimension tables and their hierarchies are determined, 
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3. There should be integrity constraints between dimensions and their hierarchies. 

In step 1 Businesses measures are determined by analyzing user requirements as well as 

business objectives of any organization. In step 2 hierarchies are determined for each 

dimension, this step is partially automated but further manual refinements are required to 

achieve the desired results. One drawback to this methodology is that user understanding 

will be significantly reduces by the loss of aggregation levels representation. But 

conceptual representation in not the focal point in this research as In this approach the 

author deal with only logical schema the aggregation paths and hierarchies are not so 

important. 

2.3 Limitations 

The main focus of this thesis is to an approach and algorithm for automatic conversion of 

OLTP logical schema to OLAP logical schema. Our proposed approach is independent of 

conceptual design. There is no need to design conceptual schema for logical schema 

generation. However conceptual schema could be obtained from the logical schema 

generated by our proposed algorithm by reverse engineering. Here is the boundary of our 

theses. 

1. Give an approach for fully automation to find fact table 

2. Remove the requirement of conceptual schema for logical design of data ware 

house 

3. Direct finding the fact table from the source OLTP schema instead for traversing 

each candidate fact table which reduces the processing cost of algorithm. 

2.4 Summary 

It is very tedious job to find facts and measures during the design of data warehouse. Ant 

its automation is also a challenging job. We have discussed four approaches in this 

chapter to partially automate the concept of data warehouse creation. Actually all these 
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approaches lack one or from some other way. All of these approaches are manual or 

partly automated. One of them select fact table based on many to many relation and some 

other non key attributes [25]. In the second approach the queries are analyzed which are 

performed in data items to measure the business performance [8]. In third approach the 

writer give important to numeric attributes to find out fact table [18]. In the last approach 

mentioned in the literature survey he proposed that the entities which are frequently 

updated in production environment will qualify for fact table. None of the discussed 

approach claimed to find the hundred percent fact entities. We claimed that our proposed 

algorithm not only give the hundred percent fact table but also generate whole data 

warehouse logical schema by having single click of the users. 

21 
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Requirement Analysis 
I 3.1 Introduction 

Data warehouse systems are different from conventional operational systems by their 

design, development and architecture. During the design of OLTP system designer 

consider only the specific needs of the business. On the other hand the design of data 

warehouse is generic. The designer has to consider the specific as well as generic needs 

of the whole organization. For this it is important to meet the user needs and study the 

underlying source systems. In this thesis we introduce innovative five step algorithm for 

the data warehouse generation as discussed in first chapter. These five steps are Schema 

population, finding starting points, finding hierarchies and schema generation.. In this 

thesis we only consider the logical schema creation and its automation form underlying 

rational OLTP schemas. 

3.2 Problem Scenarios 

Most of approaches for data warehouse creation are manual and time consuming. Usually 

the involvement of the resource person who knows the underlying conventional OLTP 

system plays and important role in data warehouse creation. It is very time consuming to 

analyze the underlying resource systems to fmd the fact tables and their attributes, 

dimensions and their attributes. So algorithmic (automatic) conversion of OLTP schema 

to OLAP is challenging. 

Very little work is done in this direction, and that work gives algorithm solution of some 

of part of the conceptual schema as discussed in chapter 2. 

3.3 Focus of Research 
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Keeping in view of the critical scenarios discussed in section 3.2 and to give robust 

I algorithm for logical schema generation from the OLTP systems following goals and 

targets were set, which ultimately guides the design the robust algorithm. 

1. Determine the modeling techniques used to represent logical and conceptual schema. 

2. Determine how logical and conceptual schemas could be generated from traditional legacy 

OLTP schemas. 

3. Evaluation and refinement of auto generated logical schema to full fill the user needs and 

organizational needs. 

4. To give a automated approach for logical schema creation of data warehouse by analyzing the 1 

logical schema of underling logical schema of OLTP systems. 

5. To design an algorithm for step 4 

3.4 Summary 

Automation for the logical schema from source traditional operational logical schemas is 

a challenging task. But algorithm develop in this research will make it quite easy. For this 

purpose different modeling techniques have been presented and criticized in previous 

chapter. The deep analysis our goal and objective of the research help us to develop the 

proposed algorithm. The design will be discussed in next chapter. 
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System Design 

4.1 Introduction 

In the design phase all the aspects of the project are going to be covered, according to 

which the coding and the implementation can be done. 

In this chapter the design of algorithm is given which generate a logical schema of data 

warehouse from source OLTP schema. We use SQL server 2000 sample database to 

explain the algorithm. In Section 4.2, the design requirements are discussed. Section 4.3 

contains the reference architecture for the design of algorithm. Section 4.4 presents an 

algorithm for conversion of OLTP logical schema to OLAP logical schema. 

4.2 Design Requirements 

Any relational OLTP logical schema could be the input of the proposed algorithm. But 

SQL Server 2000 sample database Northwind is used as input to this algorithm. It is 

difficult to analyze OLTP schema for automatic generation of OLAP schema. Meta data 

information is very useful for automatic analysis. ER diagram is shown in figure below. 

The figure given below is the ER diagram cum tabular representation of the Northwind 

data base. Each box represents the table and its name on the top. Primary keys are always 

on the top. The fields having the symbol of keys are primary key fields. For example the 

table employee having the primary key EmployeeID. The remainiig fields are attributes 

of the table which may contain foreign key. Foreign key attribute is that attribute which 

are primary key of some other table. For example in the figure given below the 

EmploeeID in Orders table is foreign key. The line represents relationships between 

entities. In relationship the line with mow having cardinality 1 and without and mow is 

many. For example relation between Employees and Orders, an employee can place more 

than one orders but an order could not be placed by more than one employee. 
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I Order Details 

. - I 

Fig 4.1: SQL Sewer sample databae Northwind 
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4.3 Reference Architecture 

Most common architectures are bottom-up and top-down. Some more architectures exist 

which are derived from the two. In bottom up architectures departmental data warehouses 

are designed. These departmental data warehouses are called data marts. Then these data 

marts are assembled into a single data warehouse, which represent the data warehouse of 

an organization. On the other hand in top down approach the whole organizational 

structure is analyzed to generate central data warehouse. Bottom up architecture is 

discussed in more detail in [8, 19, 201. It follows incremental approach for design of data 

warehouse. Firestone at el [I91 gives lots of detail for top down architecture for data 

warehouse design and its implementation. 

The necessary resources are required for determining the factors for architecture selection 

of any k i d  of data warehouse. The cost of initial planning and design is significant when 

top-down architecture approach is followed. This approach is very time consuming and 

definitely having impact on ROI [S]. The incremental approach (bottom-up) requires less 

time for the initial implementation of data warehouse. As data marts are smaller as 

compare to data warehouse, less time is required to build them. 

Bottom-up architecture is very popular in industry as it has significant advantages over 

the top-down approach. However top-down architecture has a single edge on bottom up 

architecture. That advantage is of consistency between data marts and data warehouse, a 

data marts are derived from the central data warehouse. Moreover it is easier to 

implement organizational policies in central data warehouse. On the other hand in bottom 

up architecture the main disadvantages are consistency and redundancy. Lots of efforts 

are required during combing different data marts to make central data warehouse to 

reduce redundancy and increase consistency. The proposed algorithm which 

automatically design data warehouse schema is independent of the architecture. This 

automation algorithm is totally dependent on input OLTP schema. If the source OLTP 

schema is the subset schema of organization then data marts will be created. On the other 

hand if entire enterprise OLTP schema is given as in input to proposed algorithm then 

whole OLAP schema will be created for the organization. Our algorithm is robust enough 
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to give output for both types of inputs. Our algorithm is totally dependent on the input 

logical schema of the OLTP systems. If the input is the OLTF' system for the department 

of an organization, out put will be a data mart. If the input is the OLTP schema of whole 

organization then the output will be central data warehouse. 

.4.4 Methodology / Algorithm 

We have surveyed lot of literature in area of data warehouse design and it automation. 

After a comprehensive study we develop a comprehensive methodology to design this 

algorithm. Methodology is given by. 

In this study we analyze different architectures data ware house to select the best 

properties of architectures by evaluation. More over the study have been conducted on 

different modeling techniques such as ER. Star,StarER and Snowfalke to select the best 

out logical schema of our proposed algorithm. Techniques which are semi automated or 

manual are studied to introduce best features in our algorithm. We also performed survey 

and evaluate techniques to design robust algorithm for automatic creation of logical data 

warehouse schemas. 

This section focuses on the methodology of automated creation of candidate logical 

schemas. Our algorithm for creating candidate logical schema has five steps. The target 

candidate schema is star schema. The automated schema creation based upon the 

architecture of the existing OLTP schema e.g. table structure and their relationships. Our 

algorithm required that relational database schema(s).This schema must be relational 

schema. Having tables and relationship between each other. These are the basic 

requirement to for generating candidate logical schema by using five step algorithms. 

These steps are given below. 

1. Capturing metadata information of input OLTF' logical schema 

2. Finding out starting points. 

3. Finding out hierarchies. 
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4. Entities classification of OLTP logical schema. 

5. OLAP logical schema generation. 

4.4.1 Capturing Metadata information 

In this step of algorithm all metadata information of input schema is captured in tables, 

used to support this algorithm. These tables are Res-entities, Res-hierarchy, 

Res-columnNames, Res-Factdimensions. All user created tables are stored automatically 

in the table Res-entities. Column Name, data types, primary keys and foreign keys are 

stored in the table Res-ColumnNames. 

4.4.2 Finding out Starting Points 

Starting points are those entities that didn't have any foreign keys. In this step algorithm 

check all the entities entered into table "RES-ENTITIES" to qualify for starting point. 

All the entities qualifying for starting point marked as "S" in the table name 

RES-ENTITLES. 

4.4.3 Finding out Hierarchies 

In this step a recursive function is designed to fmd the hierarchy level and reference 

entity at next level of each entity. All this information is kept in the table 

"Res-Hierarchy. By doing this stelp we are able to from top to the bottom of the relation. 

This step provides vital information to find our fact table. 

4.4.4 Entities classification 

This step classifies the OLTP source schema entities and updates the information in file 

"Res-Entities". F denotes the face table, D for dimension and M for many to many 

relations and H for hierarchy. The entity at maximum level treat as fact table and is call 
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hundred percent fact table. Table which are directly attached to the hundred percent fact 

tables and having date attribute is also qualify for fact table. 

When fact tables are identified than the remaining tables which are directly attached to 

fact table are called dimensions. All the remaining tables are hierarchies. 

4.4.5 OLAP logical schema Generation 

Based on the previous steps fact tables and dimension tables are created automatically. In 

this step relation between data warehouse logical schema is also preserved. 

Our algorithm generate OLAP logical schema by following predefined steps. All the 

information is captured from underlying source systems. The algorithm is given below. 

4.4.6 Algorithm 

Autoschemacreation (OLTP logical schema) 

{ 

CaptureMetadataInfo () 

( 

TableInitialization() 

{ 

All the reserve tables are created in the source schema which are used to 

kept Meta data information. 

1 
TablePopulation() 

{ 

All the tables of source OLTP schema are placed on one of the reserve 

table, created in above step. 

1 
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ColumnPopulation() 

{ 

All entities of source OLTF' along with their attributes and data types are 

also stored in one of the reserve entities. 

I 
1 
FindStartingPoints () 

{ 

All the entities which are not referred by any other entities or the entities didn't 

have any foreign key are called starting point entities. 

I 
FindingHierarchies (H-level) 

{ 

//Initially hierarchy level is set to 0 

This recursive function find hierarchy at each level and put them in the resewed 

table. 

If the table referred to any other table then 

FindingHierarchies (H-level+l) 

Otherwise exit the procedure 

I 
EntityClassification () 

1 
Entities are classified as fact entities, dimension entities, entities forming many to 

many relationship and the entities forming hierarchical dimensions. 

1 
SchemaGenration () 

{ 

This procedure generate star schema automatically from the information available 

in system reserve tables. The relationships between OLAP logical schema entities 

are automatically established. 

1 
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4.5 Summary 

We discuss the methodology and design architectures required for our algorithm. The 

main architectures are top down and bottom up. Ow algorithm is source driven and is 

independent of these architectures. OLTP logical schema is used as input to the algorithm 

to generate candidate logical schemas for OLAP. We illustrate out algorithm in this 

chapter. 
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5. Implementation 

5.1 Introduction 

We implement our robust algorithm by using Visual Basic 6 and SQL Server 2000. This 

chapter includes pseudo code of the algorithm and its implementation. 

Moreover in this chapter full flow of the project is given by showing pictorial diagrams. 

To test of implementation we use different OLTP schemas. But in this thesis we sill 

illustrate our implementation by using SQL Server 2000 sample database NORTHWIND. 

5.2 Deployment Environment 

Our algorithm could be tested on simple machines having SQL Server 2000 and any 

sample OLTF' schema. Algorithm is test on four different sample OLTP schemas to get 

consistency in results. 

5.2.1 ToolLanguage Selection 

The choice of software is very important factor to be considered during the 

development phase of a new system. This decision depends upon many factors 

including the requirement of the system, current environment (i.e. existing software), 

amount of data to handle and the cost of programming. After deeply studying the nature ' 

of the problem and considering the need, we choose visual basic 6 for front end and 

SQL Server 2000 as back end. 

5.3 System Flow Diagram 

Our proposed algorithm comprises of five steps. In five steps this algorithm generate 

OLAP logical schema from OLTP logical schema. 
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5.3.1 First Step (Capturing Metadata information) 

I 1. In this step resewed tables are created in the source OLTP schema which is used 

to capture metadata information from source OLTP logical schema. These reserve 

I tables are shown in the diagram below. 

Fig 5.1 Reserve Tables 

There are four reserve tables Res-Entities, Res-Hierarchy, Res-ColumnName 

and Res-FactDimensions. We also create a view called res-manytomany We will ' 

explain the reserve entities and view one by one. 

Entity Res-Entities structure in shown in the above diagram. Field 

EntityName is used to store the entity names of the source OLTP logical 

schema. Entitytype attribute store the information about the entity e.g. Is 
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entity is starting point or fact table or dimension etc. NoofRelations 

attribute kept the information about the individual entities relationship 

depth with other entities. Maxlevel attribute keeps information the depth 

of relation of each entity. 

Entity Res-Hierarchy used to keep the information about the hierarchy of 

each entity and its level of hierarchy. Hierarchyleva! attribute keep the 

information of hierarchy level and ref-entityname keeps the information 

of referenced entity of their master tables. 

Reserve Entity Res-Columnnames is very important as it keeps the 

information of all attributes of all entity. It also preserver information it 

the attribute is primary key or foreign key. 

Entity Res-FACTDIMENSIONS keeps the information of fact tables and 

their dimensions. 

A reserved view "RES-MANYTOMANY" is created to find entities 

which form many to many relations in an input OLTP schema. The design 

of input schema is given in figure below. 

SELTCT RE+ ENTITYNU~ 

non (SELECT. R E F ' : W T I T ~ ~ ,  .- ... . .COUIJTIRLF: -. ENTI-AMEI . . . , ., IS TI. 
PROM .(SELECT REF .. .-, :ENTIT~GE,: . ::BIEWEYLEVEL, C O ~ . ~ R E ~ _ E N T I ~ ~ P ~ ~ ) - N ~ F R E L A T I O N .  .. ~ 

PROM RES-HIER~RCHY. 
UHEREI EIERAFCEP~NEL .<>, d 
GROUP BY. REF..ENTIT+IE; dEuncmi&~.j. AS i 

.GROUP BY REF. ~ -, &TI-~~KF]  D. 
RE (TI .> I), 

Fig 5.2 RES-MANYTOMANY View 

I' I I 

Fig 5.3 RES-MANYTOMANY View Result 
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2. All user created tables in source OLTP schema populated into table name 

"RES-ENTITIES" as shown below. 

I I - . - 
ENPLOYEES / 0 0 0 

1 0  OYEETERRITORIES 10 / 0 
- I 

ORDER DETAILS 0 0 I 0 
t - I - - 

ORDERS I 10 :u JU , 
PRODUCTS 0 (0 0 

I In In In 
1 - - - I 

SHIPPERS 0 0 0 

SUPPLIEK I 
0 0 0 

I 

TERRITORIES 0 0 / 0 

Fig 5.4 Entity RES-ENTITIES 

3. Field names and their data types are populated in the table "res-columnnames". It 

is also marked if some field is primary key or foreign key. This very important 

entity which plays and important role in automatic logical schema generation. 
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9  CUSTOMERS 1 ADDRESS 1 VARCHAR 1 N IN 
- . 

10 -1 CUSTOMERS l c ~ n  IVARCHAR I N  !N 

I ~ C U S T O M E R S   CONTACTN NAME ~ V A R C H A R  I N  _ _ _ _ _  N _I 

13 CUSTOHERS CONTACTTITLE VARCHAR IN N 

-- .+ 5 
--a - 

DESCRIPTION VARCHAR N N - 
PICTURE BINARY N 

-I 
IN - - . +  

CUSTOMERID VARCHAR Y I Y 
__1 

CUSMBERTYPE I D  VARCHAR Y I y 

CUSTOMERDESC V ~ C H A R  N 
i 

IN 

L P 

2 CATEGORIES - 
3 CATEGORIES 

CUSTOMERS l COUNTRY I V A R C H A R  I N  I N  1 

4 

5 - - - 
6 

CATEGORIES 

CUSTOMERCUSTOMERDEMO 

CUSTOMERCUSTOMERDEHO 

.7 ~CUSTO~ERDEBOGRAPHICS 

r- 15 CUSTOMERS 
. . 
16' CUSTOMERS 

.. 
.17 1 CUSTOMERS 

;18 CUSTOMERS 

'19 CUSTOMERS 

2 0  1 EMPLOYEES 

CUSTOEERID 

F&X 

PHONE 

- - 
21 

22 - 
5 

Fig 5.6 data populated in entity res-columnnames 

POSTALCODE --- 
REGION 

ADDRESS 

'i4  EMPLOYEES I EMPLOYEEID I NUHERIC I Y  1 N , 

5.3.2 Second Step (Finding out starting points) 

VARCHAR 

EMPLOYEES --- 
EMPLOYEES 

EMPLOYEES 

In this step algorithm check all the entities entered into table "RES-ENTITLES" to 

qualify for starting point. Starting points are those entities that didn't have any foreign 

key. All the entities qualifying for starting point marked as "S" in the table name 

"RES-ENTITIES" as shown below in the diagram. 

VARCHAR N N 

?- 

'25 EMF'LOYEES 
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BIRTHDATE 

C I T Y  

COUNTRY 
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N 
I 

N VARCHAR 

VkRCHAR /N 

N 

DATE 

VBRCHBR 

VARCHAR 

N 

N 

N 

N IN -- 
N N 

ppp 

N I N  I 

- 1 
VARCHAR .RN IN 

--- 
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Fig 5.7 showing marked starting points 

These starting points are also entered into the table name "Res-Hierarchy" as shown in 

the figure below. As all these tables are master tables and will be referred by same other 

entities present in the source input schema. 

Fig 5.8 showing Starting points entered in entity Res-Hierarchy 

5.3.3 Third Step (Finding out Hierarchies) 

In this step a recursive function is designed to fmd the hierarchy level and reference 

entity at next level of each entity. All this information is kept in the table, 
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"Res-Hierarchy" as shown below. Information captured in this table is important to find 

out fact table dimensions and dimension hierarchy. 

Fig 5.9 showing referenced hierarchies and levels 

5.3.4 Fourth Step (Entities Classification) 

This step classifies the OLTP source schema entities and updates the information in file 

"Res-Entities". F denotes the fact table, D for dimension and M for many to many 

relations and H for hierarchy. A query is designed to find the candidate fact tables are 

show in the figure below. 
I --- 
j SELECT REF ENTITYNAHE, HIERARCWLEVEL, COUNT(REF ENTITYNBHE) NOOFRELATION : - 
FROM RES HYERARCHY 

, WHERE HI~RARCHYLEVEL o o m REF ENTITYNAME NOT IN - 
(SELECT '" FROM RE5 HRNYTOMFNY) 
GROUP BY REF - ENTIT?NAME,XIERARCWLEVEL ORDER BY HIEURCHYLEVEL 

K - -- 
Fig 5.10 Query to find relations 

Schema Transformation OLTP Systems to OLAP Systems 



Chapter 5 Implementation 

Fig 5.1 1 showing candidate fact entities 

In this thesis we also give the idea of fmding hundred percent fact tables. The entities 

having maximum relations treat as fact table and are called hundred percent fact tables. 

Table which are directly attached to the hundred percent fact tables and having date 

attribute is also qualify for fact table. In the Northwind database ORDERS table is the 

hundred percent fact tables, and it is having maximum relations as shown in the figure 

above. Entities which are directly attached to the fact table are called dimensions. Our 

algorithm tagged each entity. The remaining entities are called hierarchy entities. At the 

end of this step all the entities in the source OLTP schema will be tagged with the 

procedures defined in our algorithm. The tagged entities are show in the figure below. 

~ C U S T O ~ R C U S T O M E R D E M O  1 

1 

1 

1 

2 

'2 ' 

3 

G= - 
I5 

2 

3 

2 

1 

2 

ORDERS 

PRODUCTS 

TERRITORIES 
{ORDER DETAILS 

3 

i r  

F: - 

Fig 5.12 Tagged entities of Northwind schema 

$12  SUPPLIERS 
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5.3.5 Fifth Step (Schema Generation) 

This step uses information gathered in previous steps to generated OLAP schema of the 

source OLTP schema. In this step algorithm reserve table "res-factdimensions" is 

populated with fact tables and their corresponding dimensions. These dimensions and fact 

tables are already classified in the fourth step of algorithm. The content of reserve table 

res-factdimensions is shown in the figure below. 

I4 ORDER DETAILS SHIPPERS 

CUSTOMERS 

,6 IORDERS EHPLOYEES 

Fig 5.13 content of res-factdimensions 

After the population of res-factdimensions table algorithm uses reserve tables 

"res-columnnames" and res-factdimensions to generate all fact tables and dimensions. 

All the field names and corresponding data types of the fields are managed efficiently by 

our algorithm. In this step of algorithm all the relationship between dimensions and fact 

tables are automatically made. 

5.4 Algorithm Pseudo codes 
Pseudo code of the algorithm is give below, 

Autoschemacreation (OLTP l o g i d  schema) 

I 
CaptureMetadataInfo 0 

I 
TableInitialization() 

( 

//All the reserve tables are created in the source schema which are used to 

//kept Meta data information. 
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If reserve tables (table names) exists 

Drop tables 

End if 

Create Reserve tables in source schema 

If reserve Views (view names) exists 

Drop Views 

End if 

Create Reserve Views in source schema 

I 
TablePopulation() 

{ 

/All the tables of source OLTP schema are placed on one of the reserve 

//table, created in above step. 

Dim AllTables as table 

N AllTables is variable having all user created tables excluding reserve 

//tables. 

While AllTables traversed 

Insert into RES-ENTlTIES (EntityName) values(tablename) 

Next table 

Wend 

I 
ColumnPopulation() 

{ 

//All entities of source OLTP along with their attributes and data types are 

//also stored in one of the reserve entities. 

Dim Alltables as table 

Dim Attributenames as array 

While AllTables traversed 

{ 

For all attributes in the table 
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Datatype=fmddatatype(attribute) 

if isprimarykey(attribute) 

Primarykey=true 

Else 

Primarykey=False 

End if 

if isForeignkey(attribute) 

Foreignkey=true 

Else 

Foreignkey=False 

End if 

Insert into Res-ColumnNames 

(EntityName,columnName 

datatype,isprimaryKey,isforeignKey) values 

(table,attribute,Datatype,PrimaryKey,Forei&ey) 

Next attribute 

I 
Next table 

Wend 

I 

I 
FindStartingPoints () 

{ 

//All the entities which are not referred by any other entities or the entities didn't 

//have any foreign key are called starting point entities. 

Dim Isstart as boolean 

For all entities in the OLTP schema 

IsStart=true 

For all entities used a foreign key 

If foreingkeyentity=oltpentity then 
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IsStart=false 

Exit for 

End if 

Next entity 

If IsStart=Tme then 

/I Here S denotes the starting point 

UPDATE RES-ENTITIES set EntityType = 'S' where entityname=OLTPentity 

End if 

Next entity 

I 
FindingHierarchies (H-level) 

{ 

//Initially hierarchy level is set to 0 

//This recursive function fmd hierarchy at each level and put them in the resewed 

//table. 

N initial value of H-level is 0 

If H-levels then 

SQLSELECT DISTINCT EntityName FROM RES-HIERARCHY 

WHERE HIERARCHYLEVEL= H-level 

Else 

SQLFSELECT DISTINCT ref-entityname FROM RES-HIERARCHY 

WHERE HIERARCHYLEVEG- H-level 

End if 

Recordset=Getrecorset(SQL) 

If no record in Recorset then 

End function 

End if 

For All records in the Recordset 

For All Foreign Keys in OLTP Schema 
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If Recordset entity refered the foreign key entity 

INSERT INTO RES-HIERARCHY 

(ENTrrrNAME,REF-EmmNAME,HIERARCHYLEVEL) 

VALUES(entityname,refrenceeity, H-level) 

End if 

Next Foreign Key entity 

Next Record 

FindingHierarchies (H-level+l) 

1 
EntityClassification 0 

1 
11 Entities are classified as fact entities, dimension entities, entities forming many 

/I to many relationship and the entities forming hierarchical dimensions. 

For all entities in view res-manytomany 

Update Res-Entities set entitytype='M' for defied entity 

Next entity 

11 100 % fact table 

For all entities having maximum hierarchy level 

UPDATE Res-Entities SET entitytype='f for defined entity 

Next entity 

I/ Another fact entity which is attached directly with 100% fact and having 

//attribute with Date data type will qualify for fact table 

For all entities having date attribute and directly attached with fact table 

UPDATE ResEntities SET entitytype='F' for defined entity 

Next entity 

/I Entities directly attached to fact table will be dimensions. 

For all entities directly attached with fact table 

UPDATE Res-Entities SET entitytype='D1 for defied entity 

Next entity 
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I/ All the remaining unmarked entities will be hierarchy 

For all unmarked entities 

UPDATE Res-Entities SET entitpype='H' for defined entity 

Next entity 

1 
SchemaGenration () 

( 

//This procedure generate star schema automatically from the information 

//available in system reserve tables. The relationships between OLAP logical 

//schema entities are automatically established. 

For all classified entities 

If classified entity is fact table 

Create fact table 

Else if classified entity is dimension table 

Create dimensional table 

End if 

Next entity 

Create relationship between all 

Fact tables and dimensions 

1 

5.5 Summary 

This chapter focuses on the implementation phase of the research. It is lists the 

tools used to develop the proposed system. The system flow diagram shows the flow of 

data at each step and information contain in it. Then pseudo code and algorithm of the 

system is also defined in detail. Finally it contains the list of classes and method involved 

in the implementation. The next chapter discusses the testing and performance evaluation 

of the proposed system. 
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Testing and Performance Evaluation 

6.1 Introduction 

To test and evaluate our robust algorithm we took different source OLTP schemas 

as an input. We will explain our test scenarios in the next section on four different source 

OLTP schemas. These sample schemas are Northwind, Salesdb, purchasedb and 

Banking OLTP schemas. We didn't care about the user needs during data warehouse 

logical schema creation. Our algorithm generating automatically candidate star schema 

from input OLTP logical schema. Our algorithm only analyzes the information available 

in the source schema to generate candidate star schema. Slightly manual refmement is 

required to improve the star schema to full fill the business need of the user. Manual 

refinement of the automatically generated star schema is explained in section 6.3. Our 

proposed algorithm gives accurate results on three schemas but deviate in fourth one. 

This is limitation of this algorithm. This limitation is explained in section 6.2.4 and in 

next chapter also. 

6.2 Test Scenario 

The automatic OLAP schema generating algorithm is tested on four OLTP 

schemas. All of these schemas have different logical structures structures. 

Northwind 

Salesdb 

Purchasedb 

Banksmart 

We will explain and show our results on these four OLTP schemas one by one. 

6.2.1 Northwind schema and Resulting Star Schema 

Northwind source OLTP schema is shown in the figure 4.1 in fouah chapter. 

After applying our proposed algorithm it generate candidate star schemas which are 

shown in the figure 6.1 
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We can see in the figure 6.1 there is no date dimension. User can add this dimension table 

in the schema manually. May be some information is missing in the generated start 

schema. This information could be easily added or modified as per requirement of user. 

6.2.2 Salesdb Schema and Resulting Star Schema 

We also run our algorithm on Salesdb OLTP Schema to test the reliability, 

consistency and efficiency of the algorithm. Salesdb OLTP Schema is shown in the figure 

6.2.Relational databases are the bread and butter for the design of data warehouses. In 

source driven approach lots of characteristic of the source system come into the resultant 
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data warehouse. We can say that OLTP systems are driving force to generate the concept 

of data warehouse. ER diagram of OLTP schema which one of the input to our algorithm 

for testing and evaluation purpose is shown in fig 6.2. 

Employee 

Fig 6.2: Salesdb OLTP Schema 
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Fig 6.3 is the result of OLTP schema mentioned in figure 6.3. The generated schema is 

the star schema. Star schema is very useful modeling technique for data warehouse. It is 

suitable where performance is the objective. 

Fig 6.3: Star schema generating from Salesdb OLTP Schema 

6.2.3 Purchasedb Schema and Resulting Star Schema 

We also run our algorithm on Purchasedb OLTP Schema to test the reliability, 

consistency and efficiency of the algorithm. Purchasedb OLTP Schema is shown in the 

figure 6.4. Relational databases are the bread and butter for the design of data 

warehouses. In source driven approach lots of characteristic of the source system come 
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into the resultant data warehouse. We can say that OLTP systems are driving force to 

generate the concept of data warehouse. ER diagram of OLTP schema which one of the 

input to our algorithm for testing and evaluation purpose is shown in fig 6.4. 

Fig 6.4: ER diagram for OLTP Schema 

Star schema is considered as the main and basic step to enter into the world of 

dimensional modeling. In start schema the large table exists in the center having facts of 

the part or full business object called the fact table. This fact table is surrounded by some 

objects called the dimensions. In this model the query processing speed is fastest because 

there are less joins in star schema. As the number of dimension tables are reduced by 

collapsing the dimensions lying in the hierarchy as discussed in previous chapters. There 
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could be any number of dimensions in star model. The star model generated from the 

sample OLTP model is shown in the figure below. 

Fig 6.5: Star schema generating from Purchasedb OLTP Schema 

6.2.3 Banksmart Schema and Resulting Output 

t 

We have discussed the limitation of our algorithm. Our algorithm did not produce 

accurate result when some measures and stored in non numeric data type. For example in 

this input schema as shown in fig 6.6 the file t-products have attributes mincreditinteres 

and minllebitinterest in character field. These fields are important measures and should 

be part of the fact table. But our algorithm ignores these attributed while constructing the 

target OLAP Schema. 
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Fig 6.6: ER diagram for OLTP Schema banksmart 

The limitation of our algorithm could be analyzed by keeping view the fig 6.6 and 6.7. 

All the numeric attributes are transferred to the fact table fact-t-transactions. While non 

numeric fields remaincd in the dimensions tables' dim-t-products, dim_t-accounts. It is 

our future work to handle this kmd of limitation. 
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Fig 6.7: Star schema generating from Banksmart OLTP Schema 

6.3 Performance and Evaluation 

By implementing the proposed technique the system becomes 

Efficient 

Having Quick Response 

Flexible 

6.3.1 Efficient 

Our proposed algorithm requires less manual refinement as compared to other algorithms 

for the resulted OLAP schema. Moreover approach followed by phips & devis generated 
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semi automated approach for logical schema generation. In this approach first all MUR 

model was created for conceptual design , then all these ME/R model were traversed to 

find the fact table. On the other hand our algorithm takes OLTP schema and finds directly 

fact tables. Our algorithm didn't require any conceptual model. Our algorithm decide fact 

table on the basis of hierarchy level of entities and thus reduce the recursive traversing. 

This algorithm out class the phips & devis algorithm by reducing conversion time. 

6.3.2 Having Quick Response 

Our five step algorithm is efficient as compare to other algorithm for automatic schema 

transformation from OLTP systems to OLAP. As discussed in previous section Phips and 

Devis algorithm check iteratively every candidate conceptual schema to find the fact 

table. On the other hand our algorithm fmds the fact table on predefined hierarchies. So 

the response time to get the results increases. 

6.3.3 Flexible 

Our proposed algorithm is flexible enough to convert any kind of relational OLTP 

schema to OLAP. This algorithm is flexible enough to generate logical schema for date 

m& or for whole data warehouse. 

6.3.4 Refinement of Logical Schema 

Fully automation of data ware house design according to the requirement of user is very 

difficult. Our algorithm is fully automated as per information available in OLTP schema. 
I 

But it is open to make refme the candidate schemas according to the user requirements. 

Any designer of data warehouse requires little bit know how of the existing operational, 

system databases to make amendments according to the need of organization. Manual 

refmements are necessary in the generated schema to full fill all the user needs and 

requirements. In this thesis we introduce the manual task to full fill the user needs. Other 

wise the generated schema is complete. It is near to impossible to automate all kind of 

user requirement in source driven automated mechanism. How ever our algorithm is 

generating Star schema, user may have some different requirements. Which may be full 
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filled by the Snowflake schema? As our output schema is Logical schema which may be 

difficult for the users in perspective of understandability. It is possible to generated 

conceptual schema from logical schema by reverse engineering. The after taking input 

from the user convert it back to logical schema that could be used by any kind of data 

warehouse systems. It is recommended that the designer input is valuable for further 

refinement and enhancement of the system. After these refinements one could not blame 

the design in perspective of completeness. We have given six manual steps for logical 

schema refinement. 

1. The in depth analysis of fact table to handle the missing value and additional 

attributes. 

2. The granularity by keeping in view each dimension. 

3. Maintenance of the desired aggregation level. 

4. Is there any possibility to combine more than one fact tables into one. 

5. Dimension table pruning. 

6. Additional data requirement which ware not available in the source systems. 

The above mentioned steps are quite comprehensive for the manual refinement of the 

generated candidate logical schema. How ever designer can make further changes based 

on his experience and requirement made by any organization. 

6.4 Summary 

This chapter focuses on the testing and performance evaluation of the proposed 

algorithm. First it briefly discussed the working environment of the proposed system. 

Then test scenario is mentioned and at the end results of previous system and proposed 1 

system is compared and theses. In the next chapter we give the concluding remark and 

give some future recommendations. 
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Conclusion and Outlook 

7.1 Introduction 

Our proposed algorithm is robust enough to handle all kind of relational data base. But 

we simulate it only on SQL Server 2000, the tool available in the market. However the 

design of algorithm is stable as we tested it on the schema having different levels of 

relationship between entities and different size of entities and schemas. There is no doubt 

in its durability and robustness. For the conversion of schemas is not dependent on 

conceptual models of exiting OLTP systems. But it is dependent on the logical structure 

of underlying source systems. More over it is not dependent on the physical structures. 

There is no special requirement of hardware to run our proposed algorithm. The hardware 

requirement suitable of OLTP systems desired to convert is also suitable for our 

algorithm. The major contribution of the approach is the autonomous. By this automation 

the designers' time is tremendously reduced required to generated data warehouse. It is 

our claim that our algorithm full fills most of the requirements of the user. How ever for 

hundred percent out put, designer's refmement are necessary However it designer did not 

do any manual refinement, the generated logical structure fulfill the basic requirement of 
1' 

any data warehouse. The target out put is the star schema that is efficient in query 
f 

processing point of view. 

7.2 Achievements 

This research work is a direction towards algorithmic approach for automatic conversion 

of existing OLTP systems to OLAP. By this work it will be quite easy for novice data 

warehouse developer to understand and develop data warehouse logical schemas. It is our, 

achievement that we will be able to give an approach to convert complex OLTP systemsc 

to O W .  That is ultimately very helpful to the community to generated complex logical, 

structure from the existing OLTP system by a single click. 

We have contributed the data ware house community by evaluating the exiting 

architectures of data warehouse. And discuss the merit and demerits the architecture. 
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Moreover our algorithm is independent of the architecture. Both approaches could be 

followed. 

Another contributing is the automated approach which converts exiting OLTP schemas to 

OLAP logical schema. 

And the last contributing is that we give the steps for manual refinement. 

7.3 Improvements 

We can improve our algorithm by adding one more step prior to these five steps mentioned in our 

algorithm. This step is schema refmement step. We can refine the source OLTP schema in 

multiple way. For example our proposed algorithm uses numeric data type with some other 

measure to find hundred percent fact tables. In source OLTP system there may be a character data 

type having numeric data. We have to find these fields in source system and convert them in 

some numeric data type. So that our algorithm will able give accurate results. 

7.4 Future Recommendations/Outlook , 

There is very little work done for the automation of the data warehouse. However it is 
< 

very tedious job to fully automate the data warehouse according to business flow of an r'  

organization. How ever our work is good enough to automate the concept of data \l 

warehouse schema creation. How ever still few dimensions exist that require some ' 
& 

attention. The problem area is the measures. We assume that all the measure will be 

available in numeric form. But some designers follow practice that used keep numeric: 

data in textual field. Our automated algorithm will miss such kind of measures. That mayf 
< 

lead to incorrect design of the out put logical schema. On the other hand some attributes 

are numeric in nature but these attributes are not measure of fact table. Our algorithm did' 

not handle such kin of data. This also causes an inappropriate design of the targe$ 

schema. That is why we introduce manual refinements in our work to remove such k id  

of bottlenecks. We are working these problems as our future work. We may introduce 
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some pre conversion steps in the underlining source systems as schema enhancement. 

Then this enhance schema should be the input of our algorithm. 

Another limitation as discussed in above paragraph, some time it is desired that the OLTP 

developers have to keep numeric data in textual fields. These kinds of situations come 

across many times in the development environment. Our algorithm should be adoptable. 

We are planning to introduce adaptability in our algorithms as a future work. Then our 

algorithm will handle such kind of problems also. 

In our algorithm hierarchy level and numeric field are basic measures for the selection 

candidate logical schema. Designer of the OLTP systems keep some information in the 

numeric fields that is actually not measure for the fact table. This is a disinformation to 

our algorithm. On the basic of this misinformation, algorithm may not generate desired 

results. We give manual refinement step to handler such kind of problems. This is also 

our future work, which may be handled by schema enhancement mechanism 

One advantage of a data warehouse versus an OLTF' system it that the data warehouse can 

integrate the data of multiple OLTP systems for user analysis. This can pose a problem to schema 

automation and evaluation. If the OLTP systems are completely separate then it is impossible for 

an automated algorithm to know how any two are related to represent in a single schema. User , 

queries may be created along the OLTF' divisions in which case the evaluation of a schema would 

only look at candidate schemas from a specific OLTP system. This is not a very integrated data 

warehouse. If the OLTP schema is across various business units and OLTP systems then the ' 

relationships are defined and the algorithm works well. But enterprise-wide schemas cannot be 

easily generated and may not exist. If they do not then the process of integrating businessr 

functions is a manual one. Only queries spanning business operations will show the schemas that 

are t ~ l y  useful to an enterprise-wide data. warehouse. On the other hand, if queries exist that span 

the business yet there is no schema that does, it will be impossible to fully answer the queries. 

Although a number of limitations have been identified most have viable (possibly manual). 

solutions. Most of the limitations are not common. In most cases one-to-one relationships in 

OLTP systems would already be merged into a single entity. It should be rare that numeric type - 
fields are stored in character strings because of the lack of applicable constraints that could then 
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be applied. Even though these scenarios require manual work they should be less frequent, 

meaning the automated algorithm would pick up most of the work. 

7.5  Summary 

This chapter has the concluding remarks of the research work. In first section we 

briefly describe the need of the new technology and improvements in Schema conversion 

algorithm. In the next section we mention the achievements which we got from the 

proposed. Then improvements are discussed which can be attained by implementing our 

technique. At the end we propose some recommendations and a direction where more 

attention is required. 

I 
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