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Abstract—Relational modelling is used for the modelling of 

transactional data in relational databases while dimensional 

modelling is normally used for the modelling of dimensional 

data in data warehouses. In relational modelling the attention 

is on identification of fundamental or strong entities involved 

in the execution of business transactions, while in 

dimensional modelling it is on classification of associative 

entities that bring business measures.[1] Dimensional 

modeling is a database design practice developed specifically 

for designing data warehouses. Its objectives are to create 

database structures that end users can easily understand and 

write queries against, and to optimize query performance. It 

has become the leading approach to designing data 

warehouses in practice and has proven to be a major breach 

in developing databases that can be used directly by end 

users. Dimensional modeling is not based on any theory, but 

has clearly been very unbeaten in practice.[2] 
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I. INTRODUCTION 

Uusual database design techniques such as ER modeling and 

normalization are first and foremost designed for getting data 

efficiently and consistently into databases. However, 

structuring databases in this way also acts as a barricade to 

getting data out. The reason is that such methods tend to result 

in database structures which are too complex for end users to 

understand and write queries against. The primary cause of 

complexity in operational databases is the use of 

normalization. Normalization tends to multiply the number of 

tables, as it involves splitting out functionally dependent 

groups of attributes into separate tables. This minimizes data 

redundancy and maximizes update efficiency because each 

change can be made in a single place. It also maximizes data 

integrity by avoiding inconsistency and preventing insertion, 

deletion, and update anomalies (Codd, 1970). However, on 

the negative aspect, it tends to penalize retrieval because of 

the number of joins required (Kent, 1983). Thus, 

normalization results in databases that are optimized for 

update rather than retrieval. Given that data warehouses are 

effectively read-only databases, normalization is not well 

well-matched for designing data warehouses. 

A. Relational Model: 

A relational database consists of a set of relations. A relation 

schema which is used to describe a relation r, denoted by 

R(A1, A2, …, An) is made up of a relation named R and a 

list of attributes A1, A2, …, An. Each attribute Ai is the name 

of a role played by some domain D in the relation R. A 

relation r of the relation schema R(A1, A2, …, An) is a set of 

tuples r={t1, t2, …,tm}.  

If for any two distinct tuples t1 and t2 in the relation 

r of R there exists an attribute (set of attributes) K such that 

t1[K]≠t2[K] then such an attribute (set of attributes) is called 

the key. The chosen primary key is used to identify tuples in 

the relation. The attributes in the foreign key have the same 

domain as the primary key of another relation schema R2. 

The foreign key are said to reference the relation R2. •= The 

value of the foreign key in a tuple t1 of R1 either occurs as a 

value of primary key for some tuple t2 in R2 or is null. 

B. Dimensional Modeling: 

Let us suppose that a hospital database contains the admission 

data (such as the number of days and the results) of the 

patient, the date of admission, and the diagnosis. The 

admission data is determined by attributes PATIENT, 

DIAGNOSIS and TIME. They are referred to as dimensions 

while the admission data is referred to as measures or facts or 

fact attributes. The measures are mostly numerical, 

preferably continuously valued and There is no official way 

to decide which attributes are dimensions and which 

attributes are measures. This decision has to be solved during 

database design.additive. They vary over time. In the 

statistical database field [5] the dimension corresponds to 

group attribute, and measure to summary attribute. There is 

no a priori difference between dimensions and measures 

while any attribute can play either role [4]. The structure of 

the dimensional model can be represented by the star join 

schema The centre of the schema is the fact table, which is 

the only table in the schema with multiple joins connecting it 

to other dimension tables.[6] The fact table is where the 

measures of the business are stored such as 

NUMBER_OF_DAYS and RESULT in the hospital 

database. The other tables are the dimension tables. 

Dimension attributes describe the item in the dimension, and 

are virtually constant over time. The primary key of the fact 

table is composite or concatenated key, which is the mixture 

of as many foreign keys as many dimensions there are in the 

schema. Each part of the composite key is a foreign key 

referencing the primary key of a dimension table. The 

dimensions are usually ordered into hierarchies that specify 

aggregation level and hence granularity of viewing 

dimensional data. The pecking order of a dimension is 

defined by a sequence of functional dependencies D1→D2, 

..., Dk-1→Dk over a set of dimensional attributes D={D1, 

D2, ..., Dk-1, Dk}. For example Time={Day, Week, Month, 

Year} and its hierarchy is defined by functional dependencies 

Day→Week→Month→Year. 

Dimensional modeling, a design method developed 

specifically for designing data warehouses, addresses the 

boundaries of conventional database design methods for such 

purposes. The method was primary given by Kimball (1996), 

though he assert not to have invented it but to have only 

documented what people had been doing earlier in practice 

for many years. Hence, it was based on his observations of 

vendors in the business of providing data in a “ friendly” form 

to their customers. The purpose of dimensional modeling are 

to: 
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Create database structures that are easy for end users 

to understand and write queries against. Optimize query 

performance (as opposed to update performance). 

Dimensional modeling was a essential development in data 

warehousing, as it provided a practical means of 

implementation. 

C. Fact Tables: 

A Fact table consists of the measurements, metrics or facts of 

a business process. It is located at the center of a star schema 

or a snowflake schema surrounded by dimension tables. 

Where multiple fact tables are used, these are arranged as a 

fact constellation schema. A fact table typically has two types 

of columns: those that contain facts and those that are a 

foreign key to dimension tables. The primary key of a fact 

table is usually a composite key that is made up of all of its 

foreign keys. Fact tables are often known by their grain. The 

grain of a fact table represents the most atomic level by which 

the facts may be defined.  

A dimension table is one of the sets of associate 

tables to a fact table. The fact table contains business facts (or 

measures), and foreign keys which refer to candidate keys 

(normally primary keys) in the dimension tables. Contrary to 

fact tables, dimension tables hold descriptive attributes (or 

fields) that are typically textual fields (or discrete numbers 

that behave like text). Dimension table rows are exclusively 

identified by a single key field. It is suggested that the key 

field be a simple integer because a key value is meaningless, 

used only to join fields between the fact and dimension tables. 

Dimension tables often use primary keys.  

The, advantages of dimension keys are:  

 Performance. Join processing is made much more 

efficient by using a single field (the surrogate key)  

 Buffering from operational key management practices. 

This prevents situations where removed data rows might 

reappear when their natural keys get reused or reassigned 

after a long period of dormancy 

 Mapping to integrate disparate sources  

 Handling unknown or not-applicable connections  

 Tracking changes in dimension attribute values  

D. Schemas For Conversion: 

It is shown how the conversion is done:  

E. Flat Schema: 

It is the simplest schema possible which is formed by 

collapsing all entities in the data model down into the 

minimal entities. This minimizes the tables in the database 

and therefore the use of complex join queries. This schema 

takes one entry for each minimal entity in the original Data 

Model.  

F. Terraced Schema: 

It is formed by collapsing entities along maximal hierarchies, 

but stops when a transaction hierarchy is reached. This results 

in a single table for each transaction entity in the data model.  

G. Star Schema: 

It is based on a single, highly normal data structure called a 

star schema. This consists of a central table called the fact 

table, surrounded by a number of dimension tables. The fact 

table forms the ―center‖ of the star, while the dimension 

tables form the ―points of the star. Fact tables typically 

correspond to particular types of business events—for 

example, orders, shipments, etc. Dimension tables provide 

the basis to examine data in the fact table—ways of ―slicing 

and dicing the data. 

 
Fig. 1: Star Schema Example 

H. Snowflake Schemas: 

A snowflake schema is a star schema with completely 

normalized dimensions. Rather than having a regular 

structure like a star schema, the ―arms of the snowflake can 

grow to arbitrary lengths in each direction. While these two 

structures are equivalent in data content and the queries they 

support, the snowflake schema has a much more complex 

structure. However, the advantage of the snowflake structure 

is that it explicitly shows the structure of each dimension 

rather than appearing as an unstructured collection of data 

items. 

 
Fig. 2: Data “cube” 

I. Constellation Schema: 

A constellation schema consists of a set of star schemas with 

hierarchically inked fact tables. The links between various 

fact tables provide the ability to drill down to the levels of 

detail. 
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Fig. 3: Embedded Hierarchies in Dimension Table 

 
Fig. 4: Snowflake Schema 

II. PURPOSE OF MODEL 

A. Relational Model: 

The relational model is useful in transactional systems where 

other transactions are executed, most of them alongside. A 

transaction inserts updates or in any other way processes data 

in a database. In many occasions a transaction is an important 

part of the business process. The relational model must serve 

the transactional system in the most excellent way. Since the 

transactional system executes many transactions, the 

relational model has to sketch the execution of each 

transaction in the system.  

B. Dim 

The dimensional model is used in the decision support 

systems or the data warehousing systems. The data in the 

decision support systems represents the effects of the 

business process. They are the effects of many transactions 

executed in the transactional system. As contrasting to the 

transactional system in the decision support system the trace 

of the transactions is not visible. Only the effects of their 

execution have to be visible.  

III. TYPE OF ANALYSIS 

A. Relational Model: 

The relational model is used in transactional systems where 

many transactions are executed, most of them concurrently. 

On many occasions a transaction is an important part of the 

business process. As an example, a bank transaction is a 

business transaction and at the same times a transaction of its 

transactional information system. The relational model must 

serve the transactional system in the most excellent way. 

Since the transactional system executes many transactions, 

the relational model has to draw the execution of each 

transaction in the system. In other words, each transaction has 

to be            visible throughout the data model 

B. Dimensional Model: 

The dimensional model is used in the decision support 

systems or the data warehousing systems. The data in the 

decision support systems represents the effects of the 

business process. They are the effects of many transactions 

executed in the transactional system. As contrasting to the 

transactional system in the decision support system the hint 

of the transactions is not visible. Only the effects of their 

execution have to be noticeable 

IV. EQUIVALENCE AND TRANSFORMATION OF MODELS 

A. Equivalence: 

If there are associative entities, n-ary relationships or many-

to-many binary relationships in the relational model then it is 

possible to define the corresponding dimensional model. 

Only the existence of the mentioned types of relationships 

makes the transformation of a relational into a dimensional 

model possible. But, if the relational model has no such 

relationships then there is no direct possibility of its 

transformation into a dimensional model. Probably if there 

are no attributes that have characteristics of the measure 

attributes of the dimensional model. Without such attributes, 

business performance can’t be evaluated and the primary 

purpose of the dimensional model used in the data warehouse 

can’t be fulfilled. In the correct relational model the entities 

containing measure attributes can only be associative entities 

or many-to-many binary relationships or n-ary relationships. 

The measure attributes do not belong to any fundamental 

(strong) entity but are properties of associative entities or n-

ary relationships or many-to-many binary relationships 

among fundamental entities. This rule says that n-ary 

relationships are rare in the real world and that they have to 

be avoided. Nevertheless, dimensional modelling relies on 

modelling n-ary relationships. In the correct relational model 

which is intended to be transformed into the dimensional 

model all entities must fulfill their roles entirely, that is every 

strong entity must be strong entity without any characteristics 

(attributes) of associative entity and every associative entity 

must be only associative entity without any characteristics 

(attributes) of strong entity. If this is not true, the measure 

attributes may be available somewhere in the relational model 

and have to be manually examined and transited to associate 

entities in order to be appropriate for the transformation into 

the dimensional model. 
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B. Transformation: 

The major steps for the transformation of a relational into a 

dimensional model are given below[4] 

1) Recognizing associative entities, n-ary relationships or 

many-to-many binary relationships in the relational 

model. 

2) For each many-to-many binary relationship, n-ary 

relationship or associative entity: 

 Recognize the measure attributes. 

 Identify the corresponding dimensions, i.e. strong 

entities involved in the relationship. For each dimension 

identify dimensional attributes. Some attributes may 

become measure attributes. 

 Identify the attributes of associative entities or n-ary 

relationships that define new dimensions. The time 

attribute (date, for example) is frequently used in the 

associate entity or in the n-ary relationship. Open the 

new dimension (time, for example) and define other 

dimensional attributes. 

 Identify additional dimensions from distant entities. A 

distant entity is not directly involved in the many-to-

many binary relationship and neither in the n-ary 

relationship, nor is it directly associated to the 

associative entity. The distant entity can be reached by 

the same rule from the previously found distant entity. 

The attributes of each distant entity must be carefully 

examined while their attributes can apply both as 

dimensional attributes and as measure attributes. 

V. ENTITY-RELATIONSHIP VERSUS DIMENSIONAL MODELS  

The table below shows the basic differences between the two 

models: 

 
Relational 

Modelling 

Dimensional 

Modelling 

Aim 

Data modelling of 

transactional  

systems 

Data modelling of 

decision support 

systems 

Analysi

s 

 subject 

Execution of 

business process → 

process flow 

modelling 

Effects of business 

process → process 

effect modelling or 

informational 

modelling 

Analysi

s 

 focus 

Definition of 

business measures –  

attributes of 

associative entities, 

definition of 

business dimensions 

Discovery of 

associative entities  

(relationships of strong 

entities) that represent 

the effects of  

business process 

Analysi

s 

details 

Definition of the 

strong entities 

 attributes and the 

relationship  

between them 

Definition of business 

measures – attributes 

of associative entities,  

definition of business 

dimensions 

Table 1: Entity-Relationship v/s Dimensional Models 

VI. STRENGTHS AND WEAKNESSES OF DIMENSIONAL 

MODELS 

The major benefit of using dimensional models to represent 

data is that they drastically decrease the difficulty of the 

database structure. This makes the database easier for people 

to understand and write queries against, by minimizing the 

number of tables and therefore the number of joins required. 

Dimensional models also optimize query 

performance. A star schema has a unique structure that has 

no other join paths, which to a great extent simplifies the 

evaluation and optimization of queries (Raisinghani, 2000). 

However, its strength is also its weakness. The fixed structure 

of the star schema restricts the queries that can be written to 

the dimensions that have been defined. This means the 

designer must have a good idea in advance about the sort of 

questions users will want to ask (Craig, 1998). Star schemas 

make the most common queries easy to write but also restrict 

the way the data can be analyzed (Gallas, 1999). Another 

weakness of dimensional models is that not all information 

can be represented in dimensional form.  

Dimensional models presume an underlying 

hierarchical structure of data and exclude data that is 

naturally non-hierarchical (e.g., network structured data).  

VII. FROM ER MODELS TO DIMENSIONAL MODELS: 

EXPLODING THE MYTHS 

There is a general delusion that dimensional modeling is 

fundamentally contradictory from, and incompatible with, 

ER modeling. For example, as Kimball (1996) says: “Entity 

relation models are a disaster for querying because they 

cannot be understood by users and cannot be navigated 

usefully by DBMS software. Entity relation models cannot be 

used as the foundation for enterprise data warehouses.” 

As a result, the preliminary point for most 

dimensional design approaches is that you must forget 

everything you ever learned about database design (Kimball, 

1996, 1997, 1995, 2002; Oates, 2000). Sadly, this is a 

common theme in the introduction of any new technology, 

where proponents of the new technology claim that a whole 

new approach is needed, often when they do not fully 

understand the old approaches themselves. It is also part of 

good marketing to claim that something is totally new. We 

think it is important to dispel this notion, as it olds back the 

discipline of data warehouse design in two important ways: It 

acts as a barricade for people trained in traditional database 

design techniques to learn dimensional design Clearly, it 

would be useful to build on this prosperity of knowledge and 

expertise than to simply discard it—for one thing, people gain 

better by building on what they already know. 

It acts as a barricade to establishing a “cumulative 

tradition” in the field, which is necessity for scientific 

progress (Kuhn, 1970). Rather than simply saying that data 

warehousing is totally new and different and trying to 

establish a fresh design discipline from its foundations , 

dimensional modeling should be linked to the already 

existing body of knowledge in database design.  

There is one entity called the fact table, which is in 

third normal form (3NF). Violations to second normal form 

(2NF) would result in “double counting” in queries. The fact 

table forms an n-ary   intersection entity (where n is the 

number of dimensions) between the dimension tables, and 

includes the keys of all dimension tables. There are one or 

more entities called dimension tables, each of which is related 

to the fact table via one or more one-to-many relationships. 

Dimension tables have simple keys, and are in at least 2NF.  

Transitive dependencies (3NF violations) are allowed, but 
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partial dependencies (2NF violations) and repeating groups 

(1NF violations) are not.  

VIII. RELATIONSHIP BETWEEN ER MODELING AND 

DIMENSIONAL MODELING 

An ER model can be transformed into a set of dimensional 

models by a process of selective subsetting, denormalization, 

and (optional) summarization: 

Subsetting: The ER model is partitioned into a set of 

separate star schemas, each centered on a single business 

event (transaction entity). This reduces complexity through a 

process of “chunking.” 

Denormalization: Hierarchies in the ER model are 

collapsed to form dimension tables. This further reduces 

complexity by reducing the number of separate tables. 

Master-detail transaction entities are denormalized into a 

single fact table, as these represent different views of the 

same underlying event. Summarization: The most flexible 

dimensional structure is one in which each fact represents a 

single transaction or line item. However, summarization may 

be required for performance reasons, or to suit the needs of a 

particular group of users. 

IX. EXAMPLE 

The relational and the dimensional modelling are shown in 

the following small example of a typical hospital information 

system. The decomposition diagram of the Hospital process 

is shown in Figure 5. The Hospital process is decomposed 

into the Patient admission, the Patient treatment and the 

Patient discharge. The Patient admission is further 

decomposed into the Patient registration, the Patient 

examination and the Patient transfer to ward. These processes 

are transactions executed within the Hospital information 

system. 

 
Fig. 5: The Hospital process (information system) 

decomposition 

In Figure 6 the relational process flow model of the 

Patient admission is shown. The Patient registration entities 

with their relationships are PATIENT, TOWN, ADMISSION 

and DOCTOR (admission doctor), the Patient examination 

entities are PATIENT, ADMISSION, DOCTOR (diagnosis 

doctor), DIAGNOSIS and ADMISSION_DIAGNOSIS, and 

the Patient transfer to ward entities are PATIENT, 

ADMISSION, DOCTOR (doctor in cure), WARD and 

ADMISSION_WARD. The relational model is depicted in 

the form of the entity-relationship diagram. The relational 

schema, not shown here, may be constructed by well-known 

transformation rules for transformation of entity-relationship 

model into the relational schema. 

 
Fig. 6: The relational model of the Patient admission process 

The two effects of the Patient admission process are 

Diagnostics and Accommodations. Figure 7 shows the 

Accommodation effect. The dimensional model is also 

shown in the form of the entity-relationship diagram. The 

central entity is ACCOMMODATION that is the associative 

entity connected to a series of dimensional entities: AGE, 

SEX, PATIENT, WARD, ADMISSION, DOCTOR 

(admission doctor, doctor in cure) and TIME (admission date, 

accommodation date). 

 
Fig. 7: The dimensional model of the Accommodation effect 

X. CONCLUSION  

Constructing dimensional models from an ER model 

provides a more structured approach to developing 

dimensional models than starting from first principles, which 

can help avoid many of the pitfalls faced by inexpert 

designers. It also helps to resolve the difficult problem of 

matching “supply” (operational data sources) and 

“demand”(end-user information needs) in data warehouse 

design. Finally, it results in a more absolute dimensional 

design, as it involves selecting from all possible ways of 

analyzing the data in the underlying operational systems, and 
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is therefore less dependent on the designer’s ability to choose 

the “right” dimensions. 
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