Data Warehouse Architecture
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Case Study of an Enterprise

« Example of a chain (e.g., fashion stores or car dealers)

» Each store maintains its own customer records and sales records

+ Hard to answer questions like: "find the total sales of Product X from
stores in Aalborg”

= The same customer may be viewed as different customers for
different stores; hard to detect duplicate customer information

= Imprecise or missing data in the addresses of some customers

= Purchase records maintained in the operational system for limited
time (e.g., 6 months); then they are deleted or archived

= The same “product” may have different prices, or different discounts
in different stores

« Can you see the problems of using those data for business
analysis?
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/Data Analysis Problems

e The same data found in many different systems

e Example: customer data across different stores and departments
e The same concept is defined differently

Heterogeneous Sources

e Relational DBMS, On-Line Transaction Processing (OLTP)
e Unstructured data in files (e.g., MS Word)

e Legacy systems

Data is suited for operational systems

e Accounting, billing, etc.

e Do not support analysis across business functions

Data quality is bad
e Missing data, imprecise data, different use of systems

Data are “volatile”
e Data deleted in operational systems (6 months)
e Data change over time - no historical information




Data Warehousing

« Solution: new analysis environment (DW) where data are

= Subject oriented (versus function oriented)

= Integrated (logically and physically)

= Time variant (data can always be related to time)

= Stable (data not deleted, several versions)

= Supporting management decisions (different organization)

« Data from the operational systems are
Extracted

Cleansed

Transformed

Aggregated (?)

Loaded into the DW

« A good DW is a prerequisite for successful Bl
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DW: Purpose and Definition

DW Is a store of information organized in a unified
data model

Data collected from a number of different sources
= Finance, billing, website logs, personnel, ...

Purpose of a data warehouse (DW): support
decision making

Easy to perform advanced analysis

= Ad-hoc analysis and reports
+ We will cover this soon ......

= Data mining: discovery of hidden patterns and trends
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Arguing of Business Managers

* “We collect tons of data, but we can’t access it.”

* “We need to slice and dice the data every which way.”
e “Business people need to get at the data easily.”

e “Just show me what is important.”

* “We spend entire meetings arguing about who has the right
numbers rather than making decisions.”

* “We want people to use information to support more fact-
based decision making.”




/Goals of Data Warehousing and Business Intelligence (1) h

 The DWI/BI system must make information easily accessible
» The data, Bl tools and applications must be intuitive and obvious to the
business user, not merely the developer
e Query results must be returned to the user with minimal wait times

 The DWI/BI system must present information consistently
e Data must be carefully assembled from a variety of sources, cleansed,
guality assured, and released only when it is fit for user consumption

e Common labels and definitions for the DW/BI system’s contents must
be used across data sources

e The DW/BI system must adapt to change
e User needs, business conditions, data, and technology are all subject to
change

e Existing data and applications should not be changed or disrupted when
the business community asks new questions or new data is added to

the warehouse

N )




/Goals of Data Warehousing and Business Intelligence (II)\

 The DWI/BI system must present information in a timely way
e Raw data may need to be converted into actionable information within
hours, minutes, or even seconds
e The DWI/BI system must be a secure bastion that protects the
Information assets
e Access to the organization’s confidential information must be effectively
controlled
 The DW/BI system must serve as the authoritative and
trustworthy foundation for improved decision making

» The data warehouse must have the right data to support decision
making

e Decisions deliver the business impact and value attributable to the
DW/BI system
e The business community must accept the DW/BI system to
deem it successful
)
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DW Architecture — Data as Materialized Views
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Function vs. Subject Orientation
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DW Architecture
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/DW Architecture Components (1)

e Operational Data Store
e Databases that serve daily operations of the enterprise e.g. production,
sales (cash register), accounting
Usually rely on relational database technology

Optimized for small queries like: simple product lookups, inserts, updates and
deletes

e Staging Area (ETL)
e Contains a separate copy of the data which will be loaded from ODS to
the DW
In the staging area the copied data is prepared (integrated, cleaned, etc.)

Should be accessible only to skilled DW professionals, neither ODS admins,
nor analysts
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/DW Architecture Components (2)

e DW - persistent storage
e Cleaned raw data
* Derived (aggregated) data

Usual aggregates of the raw data e.g. quarter sales per regions

Performance reasons: avoid computing (the same) aggregates times and
again at query time

e Metadata

Describe the meaning, properties and origins of the data in the DW (e.g.
provenance & lineage)

e Presentation Area

e Data Marts where data is organized according to the focus of one
department

Similar to DB views, but usually stored (materialized view)
* Reporting as well as analytical processing tools

-
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Architectures in Practice

e Vertical tiers
e Generic Two-Tier Architecture
e Three-Tier Architecture

e Horizontal tiers
e Independent Data Mart
e Dependent Data Mart
e Logical Data Mart

e Centralized vs. Distributed
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Two-Tier Architecture

Generic client-server architecture

— Fat or thin client depending on where the data

analysis is performed
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Two-Tier Architecture - Clients

e Thin Client

e QOperations are executed on the server

e The client is just used to display the results
Client m

e This architecture fits well for Internet

* Fat Client
e The server just delivers the data e.g. the corresponding data mart

e Operations are executed on the client

Server

Analysis
\

Data storage/

e Communication between client and server must be able to sustain large
ODBC, JDBC, NFS

data transfers
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Three-Tier Architecture

 Tier |:raw and detailed data intended to be the
single source for all decision support

* Tier 2:derived data that had been aggregated for
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Other Architectures

e N-Tier Architecture
e Higher tier architecture is also possible but the complexity grows with
the number of tier-interfaces
* Web-based Architectures

e Advantage: Usage of existing software, reduction of costs, platform
iIndependence

e Disadvantage: Security overhead e.g. data encryption, user access and
identification




Independent Data Marts

* Mini warehouses — limited in scope
— Faster and cheaper to build than DWs

* Separate ETL for each independent Data Mart
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Dependent Data Mart

* Single ETL for the DW
— No redundancy in the ETL process

* Data Marts are loaded from the DW
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Logical Data Mart

™~

* Data Marts are not separate databases, but logical

views of the DW

— Integrated view of the enterprise
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DW vs. Data Marts

Application Specific DSS application

independent
Centralized, Decentralized by user area

Planned Organic, possibly not planned

Historical, Some history, detailed,
detailed, summarized
summarized

Lightly Highly denormalized

denormalized

Multiple subjects One central subject

Many internal and Few internal and
external sources external sources

Other characteristics

Flexible

Restrictive
Data-oriented Project oriented
Long life Short life

Start small, becomes
large

Large

Multiple, semi-complex
structure, together
complex

Single complex
structure

o

™~




Centralized vs. Distributed

* DW may be centtralized or distributed
* Centralized DWV (e.g.Volkswagen)

— Analytical queries are run only at the main enterprise
location - no need to transport data via network

— High costs for large dedicated hardware
* Distributed DW (e.g.WalMart)

— More natural form due to corporations being active

all over the world and having different types of
hardware and software

— Higher overhead but lower cost

N >




Types of distributed DW ™~

e Geographically distributed
e Local DW/global DW

e Technologically distributed DW
e Logically one DW, physically more DW

e Independently evolving distributed DW
e Uncontrolled growth




/Geographically Distributed DW

e In the case of corporations spread around the world
e Information is needed both locally and globally (Local DW / Global DW)

e Adistributed DW makes sense
* When much processing occurs at the local level

e Even though local branches report to the same balance sheet, the local
organizations are somewhat autonomous
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& Technologically Distributed DW

e Logically one DW, physically more DW
e Placing the DW on the distributed technology of some vendor

e Advantages
e Entry costs are cheap — large centralized hardware is expensive
e No theoretical limit on how much data can be placed in the DW — new
servers can be added to the network on demand
0 As the DW starts to expand network communication starts
playing an important role

O Example: Let’s simplify and consider we have 4 nodes each holding
data regarding a specific year

O Now let’s consider a query which needs to access data from the last 4
years

d Large amount of data has to be shipped to
processing units
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Independently Evolving Distributed DW

e |n practice there are many cases in which independent DW
are developed concurrently in the same organization

e The first step in many corporations is to build a DW for financial or
marketing

* Once this is successfully set up, other parts of the organization follow
iIndependently




