
Part b
Design 

aspects of a 
DW

1. Select: Which data and what for

2. Transform: so-called ETL: Extraction, 
cleaning, Transform and Load data

3. Store and process data: data Mars, 
metadata, aggregations



Step 2: ETL: extraction, cleaning, transform and load
data



• It is important to understand that 
a data warehouse  has the 
purpose of integrating different 
sources of  data, not just 
COLLECTING new data. 

• So, new data are added, deleted, 
and updated in the ORIGINAL 
sources (e.g. an OLTP, or in the 
original source).

• The data warehouse must extract
new data as they are generated, 
detect and handle changes in old 
data, and integrate data from the 
different sources.  



What is ETL

• Extraction–transformation–loading (ETL) tools are 
pieces of software responsible for 

– the extraction of data from several sources, 

– its cleansing, customization, reformatting, 
integration, and 

– storage into a data warehouse. 

• Building the ETL process is potentially one of the 
biggest tasks of creating a warehouse; it is 
complex, time consuming, and consumes most of 
data warehouse project’s implementation efforts, 
costs, and resources.



ETL 
Functional 
Elements 

• ETL systems have a common purpose: they move
data from one database to another. 

• Generally, ETL systems move data from OLTP 
systems (or from external sources) to a data 
warehouse. 

• An ETL system consists of four distinct functional 
elements: 

– Extraction

– Transformation (cleaning, alignment of data, 
ecc. ..will see)

– Loading (the result of Extraction and 
Transformation on the DW)

– Adding Metadata to the DW



1. Extraction

• The first step in any ETL scenario is data extraction. 

• The ETL extraction step is responsible for extracting data from the 
source systems. 

• Each data source has its distinct set of characteristics that need to 
be managed in order to effectively extract data for the ETL process. 

• The process needs to integrate systems that have different 
platforms, such as different database management systems, 
different operating systems, and different communications 
protocols.

ETL



Extraction



Issues: 
Extraction 
frequency

• There are several ways to perform the extract:

– Update notification - if the source system is able to provide a 
notification that a record has been changed in the original data 
source and describe the change (e.g. a new shipment has been
completed, and order has been filed..), this is the easiest way to 
get the data. 

– Incremental extract – No notifications, so in given time 
intervals the extraction process start, source system should be 
able to identify which records have been modified and provide
an extract of such records. During further ETL steps, the system 
needs to identify changes and propagate it down. 

– Full extract - some systems are not able to identify which data 
has been changed at all, so a full extract is the only way one can 
get the data out of the system. The full extract requires keeping 
a copy of the last extract in the same format in order to 
compare and be identify changes. Full extract handles deletions
as well. 

– Extract from unstructured resources – If data are not structured
(not a database) system extracts either in real time (in 
streaming) or incrementally, but new data are simply added to 
old data  (e.g. new tweets discussing about a given product).



Take away 
message

• You are not responsible for the 
extraction process, IT people will be

• Your responsibility is to help deciding 
– having in mind objectives of the 
analysis and timing constraints –
which data should be extracted, and 
(about) what frequency of extraction.

• E.g., if the objective is to predict credit 
card frauds, need real-time updating. 
If objective is to analyze and compare 
point-of-sales, weekly or monthly 
extraction can be enough



In class 
exercise: what 
updating policy 

and which 
sources would 

you use for 
these 

applications?
(real-time vrs
incremental) 

• Telephony (Churn prediction)

• Transportation (traffic management)

• Energy and utilities (energy savings)

• Health (remote healthcare; epidemic warning 
systems)

• Natural systems (water management)

• Law, defense, cybersecurity (surveillance 
systems, cybersecurity detection)

• Stock market (marked data analysis)

• Fraud detection (credit card, insurance, taxes)

• eScience (weather prediction)



What about 
unstructured 

data? 

• Need specialized software to download data streams (e.g. 
Twitter API)

• But most of all, it needs complex transformation

• We first consider transformation methods only for structured
data (since manipulating unstructured data such as text and 
images requires complex artificial intelligence based
algorithms – will shortly describe this later on)



2. Transformation

• The second step in any ETL scenario is data transformation. 
• Objective: make some cleaning and conforming on the incoming data to gain accurate data 

which is correct, complete, consistent, and unambiguous. 
• For all datatypes, this process includes data cleaning, transformation, and integration. It

defines the granularity of fact tables, the dimension tables, data structures, etc.
• Note: if source data is unstructured (images, text, signals), transformation also imply

converting from unstructured to structured (tables)!! We now consider only transformation
of structured data, text image and signal processing will be introduced later! 

• All transformation rules and the resulting schemas must be described in the metadata
repository.

• Will see later, but your responsibility (as business experts in a BI project) is that a 
comprehensible (by business people) description of what kind of transformations are 
performed on the data is maintained!

ETL



Data transformation and cleaning



Why data is 
dirty?

• Incomplete data comes from: 

– Not available data when collected

– Criteria changed (e.g. collect twitter messages with user ID, then
GDR rules e no more user ID collected)

– Human/hardware/software problems

• Noisy data come from:

– Faulty intruments, Human errors, transmission errors

• Inconsistent/redundant data comes from: 

– Different data sources with different data description models



What can we 
do with 
«dirty» 
data?

• You work on data cleaning when using
Watson Studio (the process is called data 
REFINERY)

• Incomplete, noisy data: if an attribute in a 
table has mostly noisy of empty values, better 
to cancel the entire column!

• If a column has a missing or unclear attribute
name, you can change it

• There are, however, many machine learning 
algorithms to cope with incomplete data 
(automated «imputation»)

• Inconsistent data are a more complex 
problem



Example of inconsistent data
• As a small example, assume you have data coming from 

two different source systems which you want to merge in 
the data warehouse:  there might be some differences
between the two. 

• For example, one source may denote the gender as Male 
and Female while other may denote as F and M. 

Comparing these two Tables there is another mismatch in the way the same information is
encoded. Which one?



Mismatches in the 
schemas require 
CONFORMATION 
(also called 
reconciliation) 



Example: aligning attribute names (“reconciling” 
data)



Summary of types 
of 

transformations: 
MODIFICATION, 

CONFORMATION, 
ADDITION 

• MODIFICATION (changing the name of an attribute or value): 

– Example  of attribute modification: If you are storing the 
gender in target as M and F, you may need to "transform" 
Male and Female to M and F (or viceversa). You may 
write a simple CASE statement (a RULE), or you may just 
write code which translates Male --> M and Female --> F.  

– Example of values modification: Discretizing attribute
values: e.g., if you have «Age» as an attribute, you can 
define rules to change all values according. e.g.,  to the 
rule: IF age<=20 then change value to YOUNG; IF 20 < age
<55 then change value to ADULT; ELSE change value to 
ELDER

– You can also define a hierarchy of values for subsequent
AGGREGATION operations. For example , if you have
dates in your dataset (D1: 08/12/2020)  you can define a 
time hierarchy day→week→month→semester→year. 
Now D1 can be replaced by different values according to 
the hierarchy: 
D1→week2→december→semester2→year2020



Example of 
MODIFICATION 
(discretization)



Summary of types of transformations: MODIFICATION, 
CONFORMATION, ADDITION (2)

• CONFORMATION (making two attribute compatible) : If you want to encode the Name attribute in 
two attributes: First Name, Family Name, then you must split the values in each record of Table 1 and 
record the data separately in the Target Table. Again, you do this writing some code and 
documenting it with a RULE. 



Summary of types of transformations: MODIFICATION, 
CONFORMATION, ADDITION (3)

• ADDITION (adding a new attribute, also called augmentation): In the 
same way, if you have a Revenue field in a Table maintained in Italy and 
another Revenue Field from Germany, and you need a Total Revenue in 
your target warehouse, you will write a function which calculates the 
sum and stores it in another column. All these modifications, additions, 
conformation are part of the Transform stage. These transformations 
must be encoded in RULES readable by non-ICT users.

• IMPORTANT: the SYNTAX and SEMANTICS of the data you combine 
and store is a CRITICAL FACTOR. Syntactic and semantic mismatches 
are a major source of problems when aggregating data!

• You will practice on these transformations during Labs



Example of ADDITION: computing a new  attribute



Transforming unstructured data

• Way more complex! First, we need to 
transform from unstructured to stuctured

• Example: sentiment analysis in Twitter

Here, the challenge is to analyze text and, first, identify those of interest (e.g.
talking about your company or a given product) and then, assign to the text a
positive, negative or 0 (neutral) score.



Transforming unstructured data (2)

• What you get from this transformation (let’s ignore HOW for 
now)?

date positive negative neutral

1/04/2016 500 237 1715

2/04/2016 451 277 2015

3/04/2016 816 300 3016

Table: Starbucks Twitter Sentiment



Transformation: 
aggregating 

heterogeneous 
data

• We already mentioned a simple example of aggregation 
(summing revenues data from different DBs in maintained 
in different departments)

• Aggregation on heterogeneous data may be far more 
complex

• E.g. we may want to aggregate sentiment data with sales
to discover what went wrong (or what was the winning 
move users appreciated best) 



Example 
(Social 
Engagement 
Index)

• http://www.brandamplitude.com/blog/innovation/item

• /announcing-breakthrough-in-measuring-the-impact-of-
social-media-on-sales



Summary of 
data 

transformation

• It may be relatively simple if data are 
homogeneous (come from the same
source and are structured)

• But this is the dream.. Usually data 
transformation is very complex and 
time-consuming and needs state-of-
the-art software tools and also human 
supervision

• By far the most complex step in ETL 



3.Loading

• Third step of ETL is Loading
• The ETL loading element is responsible for loading transformed

data into the data warehouse database. 
• The data warehouse is often taken offline during update operations

so that data can be loaded faster
• If data are  real-time streams (sensor data, social data..), or near-

real time approach is used, then out-of-service is not perceived
• Loading basically implies to decide the destinantion and the 

updating frequency, that can be different for different sources (plus 
other security requirements)

ETL



DW ETL 
Tools

• Some of the Well Known ETL Tools

• The most well known commercial 
tools are Ab Initio, IBM InfoSphere 
DataStage, Informatica, Oracle Data 
Integrator and SAP Data Integrator.

http://www.abinitio.com
http://www.ibm.com/software/data/infosphere/datastage/
http://www.informatica.com
http://www.oracle.com/technetwork/middleware/data-integrator/index.html
http://www.sap.com/solutions/sapbusinessobjects/large/eim/dataintegrator/index.epx


Case Study 
(HW 4)

• Download the paper at
http://bmjopen.bmj.com/content/bmjopen/6/8/e010962.full
.pdf describing the use case of Dutch Red Cross data 
warehouse (also on course web site)

• Answer the following:

– What type of data have been integrated, from which
sources?

– Can you draw the schema of all needed tables? 

• What are the objects? What are the attributes? What
are the relationships? What is the “semantics” of 
relationships?

– Can you list some of the TRANSFORM operations that
were needed to harmonize data during the ETL process? 

– Which additional challenges are posed to the warehouse 
by the specific application domain? 

– Can you list the main categories of data which have been
integrated? 

– Can you list and summarize the main data analytic tasks
supported by the wharehouse? 

http://bmjopen.bmj.com/content/bmjopen/6/8/e010962.full.pdf

