
Data Warehouse Design



Outline

2

 DW Data Storage

 Data Modeling: Definition and Phases

 Conceptual Modeling

 Entity-Relationship, UML, Multidimensional Model

 Logical Modeling

 Multidimensional Cubes: Dimensions, Facts, Measures

 Physical Modeling – Relational Implementation

 ROLAP, MOLAP, HOLAP

 Star schema

 Snowflake schema
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DW Data Storage
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 Goal of data storage

 Store data in a form that assists data mining, analytics, reporting and ultimately 

the users

 DW users look at the data from different perspectives e.g., time, 

location, product, etc.

 Perspectives are called dimensions and the resulting data structure is 

multidimensional

 Example: The sales department of a car manufacturer takes a closer look at the 

sales volumes

 View historical sales volume figures from multiple perspectives: Sales volume by 

model, by color, by dealer, over time



Multidimensional Structure
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Data Complexity
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 The complexity grows quickly with the number of dimensions and 

the number of positions

 E.g. 3 dimensions with 10 values each



DW Data Storage: Multidimensional vs Relational
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 Visualization is multidimensional

 At the same time operational data is stored in relational model

 Data in the DW can be stored either according to the relational or 

multidimensional model

 Any database manipulation is possible with both technologies

 Which is better in terms of

 Ease of data presentation (the level of difficulty for preparing data for 

presentation)

 Ease of maintenance (the effort needed to maintain data new data is inserted)

 Performance (speed of running OLAP queries)



Multidimensional vs Relational: Presentation, Maintenance

8

 Ease of Presentation

 Multidimensional model

 The presentation is the natural 

output of the multidimensional 

model

 Relational model

 Obtaining the same presentation 

in the relational model requires 

a complex query

 Ease of Maintenance

 Multidimensional model

 When new data is added to the DW, aggregates need to be maintained in the case of 

the multidimensional model

 Relational model

 The relational model use indexes and sophisticated joins which require significant 

maintenance and storage to provide same intuitiveness

select sum(sales.quantity_sold) from sales, products, product_categories, 

manufacturers, stores, cities where manufacturer_name = ‘Colgate’

and product_category_name = ‘toothpaste’

and cities.population < 40 000

and trunc(sales.date_time_of_sale) = trunc(sysdate-1)

and sales.product_id = products.product_id

and sales.store_id = stores.store_id

and products.product_category_id = product_categories.product_category_id

and products.manufacturer_id = manufacturers.manufacturer_id

and stores.city_id = cities.city_id



Multidimensional vs Relational: Performance
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 Relational: for each query, the relational data has to be transformed 
to multidimensional representation

 Multidimensional: the transformation is performed only on each 
load

 Relational model can reach similar performance as the 
multidimensional model through database tuning
 Not possible to tune the DW for all possible ad-hoc queries

Conclusion: both models can be used, but the multidimensional 
model is the practical choice



Data Modeling
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Data Modeling
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 Data modeling is the process of creating a data model by analyzing 

the requirements needed to support the business processes of an 

organization

 Data models

 Provide the definition and format of data

 Graphical representations of the data within a specific area of interest

 Enterprise Data Model: represents the integrated data requirements of a complete 

business organization

 Subject Area Data Model: Represents the data requirements of a single business area 

or application



Business Dimensional Lifecycle (Kimball)
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Data Modeling: Phases (I)
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Requirement analysis
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 It collects

 data analysis requirements to be supported by the data mart/warehouse

 implementation constraints due to existing information systems

 Requirement sources

 business users

 operational system administrators

 The first selected data mart is

 crucial for the company

 feeded by (few) reliable sources



Application Requirements
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 Description of relevant events (facts)

 each fact represents a category of events which are relevant for the company

 examples: (in the CRM domain) complaints, services

 characterized by descriptive dimensions (setting the granularity), history span, 

relevant measures

 information is gathered in a glossary

 Workload description

 periodical business reports

 queries expressed in natural language

 example: number of complaints for each product in the last month



Data Modeling: Phases (II)
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 Conceptual Design

 Transforms data requirements to conceptual model

 Conceptual model describes data entities, relationships, constraints, etc. on 

high-level

 Does not contain any implementation details

 Independent of used software and hardware

 Logical Design

 Maps the conceptual data model to the logical data model used by the DBMS

 E.g. relational model, dimensional model, …

 Technology independent conceptual model is adapted to the used DBMS software

 Physical Design

 Creates internal structures needed to efficiently store/manage data

 Table spaces, indexes, access paths, …

 Depends on used hardware and DBMS software



Data Modeling: Phases (III) 
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 Going from one phase to the next:

 The phase must be complete

 The result serves as input for the next phase

 Often automatic transition is possible with additional designer feedback



Conceptual Model (I)
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Conceptual Model (II)
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Conceptual Model (III)
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 Entity having its own primary key is called a strong entity (single border) 

 Entity not having its own primary key is called a weak entity (double border)

 Many-to-one relationship with a weak entity set is represented by diamond with double borders

 Total participation: every member of entity set must participate in the relationship (represented 
by double line from entity rectangle to relationship diamond)



UML as Conceptual Modeling Language
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Logical Model



Physical Model
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Conceptual, Logical, Physical Data models: Comparison 

(I)
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Conceptual, Logical, Physical Data models: Comparison 

(II)
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DW Conceptual Modeling
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Data Modeling for DW
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Multidimensional Conceptual Model
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ER Model vs. Multidimensional Model

29



Multidimensional Conceptual Model
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Multidimensional Model vs. ER Model
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Conceptual Design Models
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 Multidimensional Entity Relationship (ME/R) Model

 Multidimensional UML (mUML)

 Other methods e.g., Dimension Fact Model, Totok, etc.



Multidimensional E/R Model
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 ME/R Model

 Its purpose is to create an intuitive representation of the multidimensional data

 It represents a specialization and evolution of the E/R to allow specification of 

multidimensional semantics

 ME/R notation was influenced by the following considerations

 Specialization of the E/R model

 All new elements of the ME/R have to be specializations of the E/R elements

 In this way the flexibility and power of expression of the E/R models are not 

reduced

 Minimal expansion of the E/R model

 Easy to understand/learn/use: the number of additional elements should be small

 Representation of the multidimensional semantics

 Although being minimal, it should be powerful enough to be able to represent 

multidimensional semantics



Multidimensional E/R Model
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Multidimensional E/R Model
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Multidimensional E/R Model
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Multidimensional E/R Model
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Unified Modeling Language
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mUML
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mUML
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mUML
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DW Logical Modeling
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Goal of the Logical Model
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Dimensions

48



49
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Classification Levels
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Dimension Example
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- what has happened over a period of time

- describes the state of things in a particular instance of time

total sales 

by product 

by store 

by day



Factless Fact Cubes
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 Does not have any measures

 Example: student attendance in classes

 3 dimensions: the student dimension, the time dimension, and the class

dimension

 Questions

 How many students attended a particular class on a particular day?

 How many classes on average does a student attend on a given day?
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Cube Aggregations



Aggregations
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Aggregations
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Aggregations
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Type of Measures (Measure Characteristics)
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per unit



Measure classification
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 Stream measures

 can be evaluated cumulatively at the end of a time period

 can be aggregated by means of all standard operators

 examples: sold quantity, sale amount

 Level measures

 evaluated at a given time (snapshot)

 not additive along the time dimension

 examples: inventory level, account balance

 Unit measures

 evaluated at a given time and expressed in relative terms

 not additive along any dimension

 examples: unit price of a product



Aggregate operators
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 Distributive

 can always compute higher level aggregations from more detailed data

 examples: sum, min, max

 Algebraic

 can compute higher level aggregations from more detailed data only when 

supplementary support measures are available

 examples: avg (it requires count)

 Holistic

 can not compute higher level aggregations from more detailed data

 examples: mode (value that occurs most often), median (value separating the 

higher half of a data sample from the lower half)



Distributive operator: SUM
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Algebraic operator: AVG
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Aggregate operator specification: CGMD 
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 ER Extension - Multidimensional aggregated entity Calls-by-

Weekday-and-Pointtype

Anand S. Kamble. A Conceptual Model for Multidimensional Data. 

APCCM 2008



Aggregate operator specification: YAM2 
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Alberto Abello, Jose Samos, Felix Saltor. YAM2: a 
multidimensional conceptual model extending UML. Information 
Systems 31 (2006). P. 541–567.



Aggregate operator specification: Mondrian
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<Cube name='Sales'>

<MeasureGroups>

<MeasureGroup name='Sales' table='Sales'>

<Measures>

<Measure name='Unit Price' column='UnitPrice' 

aggregator='avg' formatString='$#,##0.00' />

<Measure name='Sales Count' 

aggregator='count' />

</Measures>

</Cube>



Physical Modeling
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ROLAP Implementations
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 Oracle Database OLAP Option

 IBM Cognos

 Pentaho Mondrian

 MDX queries; ODBC, JDBC connection to RDBMS

 SAP Business Warehouse + BI Accelerator
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MOLAP Features
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 MOLAP tools process information with the same amount of 

response time irrespective of the level of summarizing

 MOLAP server implements two level of storage representation to 

manage dense and sparse data sets

 The storage utilization can be low if the data set is sparse

 MOLAP architecture mainly reads the precompiled data. MOLAP 

architecture has limited capabilities to dynamically create 

aggregations or to calculate results that have not been pre-calculated 

and stored



MOLAP Implementations
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 Apache Kylin (ANSI SQL queries, HBase-Hadoop storage)

 Oracle Essbase

 IBM TM1 

 icCube (MDX, SQL, R queries)

 Jedox
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HOLAP Implementations
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 MicroStrategy

 Microsoft Analysis Services

 SAS OLAP Server
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 Database normalization is the process of organizing the fields and tables 

of a relational database to minimize redundancy
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Snowflake to Star
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 When should we go from snowflake to star?

 When typical queries relate to coarser granularity (like product 

category)

 When the volume of data in the dimension tables is relatively low 

compared to the fact table

 When modifications on the classifications are rare compared to 

insertion of fact data



Контрольная работа - ROLAP
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