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Decision Support Systems (DSS)

= Support business decisions
 OLAPvs OLTP

= Examples of high-level analytical questions:

» What products have been most profitable for the company this year?
* [s it the same group of products that were most profitable last year?

* How is the company doing this quarter versus this same quarter last year?

= Examples of data used for making decisions

 Retail sales transaction details
 Customer profiles (income, age, sex, etc.)

* logs
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DSS: Architecture

Information Sources Data Warehouse Server OLAP Servers Clients

Semistructured
Sources

_

Data
Warehouse

extract
transform
load

refresh

Query/Reporting

Serve

@ @ @ e.g., ROLAP

[l

Operational

%,S

Data Marts
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Data Warehousing: Informal

= Problem: critical enterprise information disparate, unavailable

* |ocations, representations, storage, accessibility, completeness, ...

| Data Warehouse Sg:::es Staargei:g Warehouse 3:; Users
= system for reporting & data analysis | ———
. Opse;:tteit:al Purch:smg ) : Analysis
* 0one or more disparate sources iy = .
— central, integrated repository L:_J ' o ey I ~
system ——— Sales \\ Reporting
* current + historical data ) _ AN
e creating analytical reports vonay i
— core component of business intelligence [soha jamil / Wikipedial

= data cleansing: extract, transform, load (ETL)

Databases & Web Services — © P. Baumann




C>ONSTRUCTOR
UNIVERSITY

Data Warehousing: Definition

= “A warehouse Is a subject oriented, integrated, time-variant, and non-
volatile collection of data in support of management decision making
process’

e Bill Inmon, 1990

= Key features:
 Subject Oriented: particular subject instead of company ongoing operations
* |Integrated: gathered from a variety of sources, merged into a coherent whole
 Time Variant: particular time period

* Non-Volatile: data, never removed
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OLAP

OLAP = Online Analytical Processing

» Edgar Codd, 1994
« Differentiated against OLTP = Online Transaction Processing

= software category motivated by industry, introducing advanced data analysis
 decision making, business modeling, operations research, ...

= enables analysts to extract & view business data from different points of view

e dimensions

= QLAP Characteristics

» multidimensional data analysis techniques

 Strong use of aggregate functions for summarizing large volumes of data
» advanced database support

» easy-to-use end-user interfaces (spreadsheet type)

* client/server architecture
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Datacubes

= Data structure for fast analysis along different views (,dimensions®),
on all levels of detail

 Technically: multi-dimensional array + metadata

J S/
J S S [/

 Typically, time one dimension

c

9

c
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QL Q2 Q3

Time Dimension
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Dense vs Sparse Datacubes

[DKRZ]

= Dense = every cell has meaningful value

» EXx: climate simulation

= Sparse = some values null

» C(Clustered data

L4 Empty regiOnS | v S0y > : p‘&'&%:i‘—.:.:.—_—--—:’ﬁ [www.agencie.fi]
 Ex: retail - open Mon thru Fri ‘
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grade
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http://lookfordiagnosis.com/mesh_info.php?term=cluster%20analysis&lang=1
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Dimension Hierarchies

= Dimension enumerates values along an axis

 Ex: time (predefined, ordered), product (custom, unordered)

= Dimension hierarchy = generalization levels of a dimension

e zoom levels®
into datacube Level 0 oo

Level 1

Level 2
Level 3

Level 4
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Dimension Hierarchies

= Dimension enumerates values along an axis

 Ex: time (predefined, ordered), product (custom, unordered)

= Dimension hierarchy = generalization levels of a dimension

e zoom levels®
into datacube

 Roll-up done based on hierarchies

= Strict nesting:

: location:
Lower bins roll up neatly city region country
into higher bins _
time: month
* Not always strict! ex: week vs month day — =~ year
— week <«
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Datacubes
= Normalizing dimensions
— dimension hierarchies
, location:
= Datacube = collection of fact & city «—— region <—— country
time:
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Datacube Operations
= Extraction + aggregation + combinations:
 Slice S~
L b
* Dice //
e Roll-Up EQ‘ ¥
+ Drill Down c @ = q ¥
* Pivot @ /u
4‘&@. u.s.
. Australia
= Later, with arrays, ¥
' PC Book Shoe  Clothes
we will want to do more Product Category

[guru99.com]
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Operations: Slicing
&.\\o‘:’\ L:::n Jgeerlsee.;l“,\;‘i‘ “0 ¥ 7 I
\9\&'& Perth v’x';%xsoo }
Sydney ‘ / ‘) .
o . ':Ql g5 | 825 14 400 . 1,
= Slicing = Select sub-cube by selecting cfa2| ] |
. . . E3Q3
dimension values to fewer points =< 04 |
» Result cube has less dimensions ¥ Bo?fem(s:o;es) Clothes
= EX: select particular time slice Tice
oy
New Jersery
:_,'_; Los Angeles

PC Book Shoe Clothes

item(types)

[guru99.com]
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Operations: Dicing PR :
Q{;?@g /395
- Ql) 605 /
g
o . _"‘E_‘g Q2
= Dicing = subsetting T —
item(types)

* thicker slices®, not reducing dimensionality

A

= EX: derive subcube

Dice for ( location= "Perth’ or

'Sydney’)
. . . . and (time =Q1 or Q2" and
by selecting along location, time, item (item= Books or "Clothes)
simultaneously & Newderseny —— :
c:{"‘s.'-ff} Los Angeles _-"1;.:_:‘:.'_". ' 4
& Perth i 7 7 7 /!/ |
Sviney | '

Mobile Modem Phone Security

Databases & Web Services — © P. Baumann

L T ——

[guru99.com]



C>ONSTRUCTOR

UNIVERSITY
Operations: Roll-Up
& USA 40—
&F o Australia~ / /
O o 2
MHQ Ql 1000 /
g'@ Q2 vd
_ . _ s:g as
= Roll-Up = aggregation along dimensions - o y
PC Book Shoe Clothes
e also: ,consolidation” o oiap onlocation item{types)
o [from cities to
« collapsing a dimension hierarchy & counties)
W New Jersery
 climbing up® concept hierarchy Los Angeles/ // //
Perth = ///// ;‘;
- : Sydney . 4
= EX: consolidating PV e ovon v Do AN
from cities to countries « ¥ 05 /
=8 qa
PC Book Shoe Clothes
item|types)
[guru99.com]
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Operations: Drill-Down
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I Lo mten o
Perth /3% /
Sydney yd /
. - Q1 | eos | 85 | 14 /"/
= Drill-Down = fragment data ,¢ Y ,
. £ o / P
Into Sma”er parts Q4 guarters to month
Pc Book Shoe Clothes o N
. . item(types) & o S
° ,;\&e New Jersey MO/ /
Moving down concept hierarchy I s /i
 Expanding some dimension | e - 4
Z e % 4%
£ apl /)
= |nverse of roll-up 3 %%
g, %
= Ex: detailing from quarters to months v
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Operations: Pivot

= Pivot = rotate axes

e show another view

 Ex: swap rows & columns

= EX: swap cities < product types
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Los Angeles
Perth
Sydney 605 825 14 400
PC Book Shoe Clothes
item(types)
PC 603
Book 325
T
- Shoe 14
au >
= =
Clothes ADO
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Visual Summary: Datacube Ops

Drill Down

Roll UP
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OLAP Datacube Querying

= |SO SQL does not directly support cubes
« changing with SQL/MDA

= Multidimensional Expressions (MDX) = query language for OLAP

 Microsoft 1997, also adopted by other vendors

* https://docs.microsoft.com/en-us/sal/mdx/multidimensional-expressions-madx-
reference ?view=sql-analysis-services-2017

o Ex (Wikipedia):  SELECT
{ [Measures].[Store Sales] } ON COLUMNS,
{ [Date].[2002], [Date].[2003] } ON ROWS
FROM Sales
WHERE ( [Store].[USA].[CA] )
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Datacubes in ROLAP: Facts & Dimensions

Dimension

= Mapping datacubes Tables

to relational table schema ? %

= (Central fact table Sales Fact Tablem

= tuples + n-D “coordinate” attributes oy | Amount

Pt

« foreign keys

* non-keys = measure

= Dimension = table(s)

* with coordinates
+ descriptions (,metadata“)

= One step of normalization:
keys — dimension tables
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Star Schema

= star schema = multidimensional data structure in relational database

 Dimension hierarchies = aka lookup tables around fact table

= MS SQL Server
Enterprise Manager:

J'ﬁn LConsole  Window  Help - |;|i|1|l
CEEE I A= = |

]
dimCustomer
| CustomerP - 1 F a Ct Ta b | e
CurrentCustomerDemographicF j dimEmployee
LineageFk =l | |EmployeePk -]
T MarthwindEmplayeelD
- ~ " llinraneFK LI
dimCustomerDemographic
T [ CustomerDemographicPk ﬂ o »
LineageFk o i
j North?:\lindCustomerTypeID j factl:la;rDetall déngLz?;K -
CustormerFE —"
| | CustomerDemographicFk — LineageFk j
|| EmplayesFK | |EmployecFK LI
/V dimProduct @ | CrderFr =
| |ProductP( = :: ProductFK dimShipper
|| SupplierFE | | SupplierFx 7 [ ShipperPk =
LineageFk ﬂ | % | ShipperFK mf LineageFK I—

) ) LA OrderTimeFK MorthwindShipperID =l
dimSupplier RequiredTimeFk, —
| | SupplierPk -] | shipredTimerk |

LineageFK, | % |LineageFk
| MarthwindSupplisrID LI " |UnitPrice dimTime
man o o w1
y dimLineage | |Discount =
. . ﬂ LineagePk - | |PriceBeforeDiscaunt DayName
D I m e n S I O n | |Lineage_Full = | |MetPrice \ !\:10nt.|?Name ﬂ

Tables Measures -
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Snowflake Schema
N = =

DIMENSION

[SqlPac @ Wikipedia]

=
= snowflake schema = refinement of star schema

« Normalizing dimension tables

* Ex:
* Year — Month — Day
« Week — Day

If.m SOQL Server Enterprise Manager - [2:Edit Diagram 'DIAGRAMZ' in "SalesStarSchema’ on "BUCK’]

|8 comsols Window  Help TR

EERENE A S S e A R = A

CustomerlLocation

j CustomerLocationKey ﬂ o= 1 Fa Ct Ta b | e
= MS SQL Server
| Region
State - factSale
Enterprise Manager: o -
CustomerLocationke
p g " Customerfge B ¥
2 [Custormer Agekey
T | Customer AgePK - —= )
. T | CustomerLongevitylley
MinorAgeR.ange —=
| riorAceR ance - " i _@ Customerialuakey
Customerl el'!tl ty 1 | CustomerCategorykey
Customerlongevity T Eustomt;rldtent\tyfey Hons | ' |Productiey
2 [CustomerLongevitykey 789;:;?t HstomerLocation _ﬁ Storekey
| |MinorLongevityRange — .‘r a i j Employeekey
MajorongevityRangs | |FirstPurchaseDate _ﬁ Tirmekey
— CurrentCustomeryaluskey 7| TimeCiTaykey
CustomerValue | || CurrentCustomerCategory | Adcampaignicey
i CustomerValueKey o Customersourcell
Broadvalue ] SlourceSVStem ]
normalized 7SDeciﬂcVaIue | |LineageKey
D- H CustomerCategory
I m e n S I O n j CustomerCategorykey [ P
BroadCatagory
Ta b | e S SpecificCategory
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Galaxy Schema

= (Galaxy schema = combined datacubes

* Sharing dimension(s) Dinension Tl

I Dimension Table |

Branch Dim
~—— | | Fact Table Branch ID . Fact Table
Dealer 4 e —

) Name Dimension Table
Dealer ID | e S/ Address
Location ID | ]/ Country . Product -

CountryID | :td\rr ' Product_ID T Product
Dealer NM D,"”,‘h.,':)  Product_Name . ProductID
Dealer CNTCT Date_ID B Dimension Table /| Varant ID Product_Name
- Units_Sold X / Maodel ID
Revenue p Date Dim _ Variant_ID

Date_ID /
N Year
Month /
uarter
ng [https://www.guru99.com]

= helpful for aggregating fact tables

= also called ,Fact Constellation Schema®
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Table 1
(Dim 1)
omOO
SELECT Fact Column 1
,Fact Column 2
Table 4 (Facts 1) FROM Table 4 T4 -- Fact
,Table 1 Tl -- Dim 1
Q00 AAA e N
s 0@ AAA ,Table 2 T2 D}m 2
. @0 AAA ,Table 3 T3 -- Dim 3
(Dim 2) @00 AA - _ :
A55 ARA WHERE T4.Dim Col 1 = T1.Dim Col 1
AND T4.Dim Col 2 = T2.Dim Col 1
ot AND T4.Dim Col 3 = T3.Dim Col 1
AND T1.Dim Property 2 = 'Product 1‘
AND T2.Dim Property 1 = 'City 1°
AND T3.Dim Property 1 = 'Salesman 1°
Table 3
(Dim 3)
omO
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Performance of ROLAP methods

= ~70% of the time spent on CPU, rest on |/O

= Most of the CPU time spent in sorting intermediate results

« ~10-20% is spent on copying data

= |/O composed of read/write into large tables
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The MOLAP Approach

MOLAP System
= Native datacube
= multidimensional array wssmersoor oLKP serve
* plus metadata | s R an s
= Fast position-based computation SRS S

« cell values stored in fixed positions croahud within Eﬁﬁ‘mﬁ
determined by dimension values drarsors, "R _l
RDBMS e
« Qften used for data marts ekl

Operational
data
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A Query in MOLAP

= Proprietary QLs

= Ex: Oracle
A
Dim 1
LIMIT Dim 1 TO ’Soap’

LIMIT Dim 2 TO ’'Bremen’
” LIMIT Dim 3 TO ’John Doe’

REPORT sales

a4
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ETL

= Extract = most underestimated process

« Extract relevant data in DW development

= most time-consuming process

= Transf
ransiorm in DW development

 Transform data to DW format |
|  80% of development time spent
* Build keys, etc. on ETL!

* cleaning of data

= [oad
* |oad data into DW

 Build aggregates, etc.
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ETL in Data Warehouse Architecture

Data
Sources

Operational
system

Operational
system

——
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Flat ‘”
files ¥

Staging
area

Warehouse Data
Marts

Inventory

Users

Reporting

. Jeecaume “." w
v

Mining

[soha jamil / Wikipedia]
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Common Transformations

= Data type conversions
« EBCDIC — ASCII/UniCode

e String manipulations

e Date/time format conversions
o Ex:unix time 1201928400 = what time?

= Normalization/denormalization
e To desired DW format

 Depending on source format
= Building keys

 Table matches production keys to surrogate DW keys

 Correct handling of history - especially for total reload
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Data Cleansing: Why?

= (arbage In - Garbage Out

= Bl does not work on “raw” data

* Pre-processing necessary for Bl analysis

= Handle inconsistent data formats: Spellings, codings, ...
= Remove unnecessary attributes: Production keys, comments,...

= Replace codes with text (Why?)
 City name instead of ZIP code, e.g., Aalborg Centrum vs. DK-9000

= Combine data from multiple sources with common key

* E.g., customer data from customer address, customer name, ...
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Sample High-Level Extract Diagram

Source Raw-Product Raw—Salgs
(Spreadsheet)\‘_lﬁBM )
\ Check Referential Integrity
Add product
Aggregate sales .
l per product per day Extrac’i time
Destination Product Sales o
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Ex: Microsoft Bl Dev Studio

@0 DWML [Running) - Microsoft Visual Studio

File Edit Wiew Project Buld Debug Data Format 3515 Tools  Window  Community  Help

R - N NS RN, e bl I b m @
CreateSalesFact, dtsx [Design] createProductDim. dts:; [Design] ﬁuildDW.dtsu [Design]] - M
g"ﬂ Cantrol Flow lﬂ,;j' Drata Flow |:-3| Event Handlers |DE Package Explarer | % Execution Resulks
[y Execute =P Execuke [y Execute
=[] CreateProducts CopySales =[] CreateMernbers

[ |
bl

[ | Execute
CreakeTirneDinn

Execute
= Ill CreateProduc, ..

[

=3 Execute
CreateSalesFact

in_ Connection Managers |

_Hi lak17 . DL DG _:l_CreateSalesFact.dtsx
31 createProductDim.dts:
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Summary: Data Warehousing Terminology

Typically warehouse data is multidimensional, with very large fact tables
Fact table

» The subject, focus of analysis

Measures

» The specific elements of analysis

Dimension

* Anobject that allows to explore the measures from different perspectives

Hierarchies

» Classification of dimensions, useful for data exploration and aggregation

Granularity

» Level of detail of the stored data
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Summary

o Data warehouse = software product or application,
but information processing system architecture geared at decision making

* OLAPvs OLTP
= OLAP

 Multi-dimensional, timeline, integrated, aggregated
* ROLAP vs MOLAP

 Star vs Snowflake vs Galaxy schema

= Part of bigger Bl plot
« ETL, Data Warehousing, OLAP, Data Mining, ...

= Recently: Data Lakes
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