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;_;ﬁWarehouse Evolution and Effects

e Changes
— Data sources
— Business requirements
o Effects
— Changes in data warehouse schema

— Invalid data extraction, transformation and
loading (ETL) processes

— Invalid reports on data warehouse schema

e Data warehouse schema versions
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o Schema version is a schema that reflects the
business requirements during a given time
interval, called its validity, that starts upon
schema creation and extends until the next
version is created

(Golfarelli, M., et. Al, 2006)
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Pata Warehouse Evolution Framework
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Evolution support:
 Physical changes operate with database objects
e Logical changes modify schema metadata

e Semantic changes adapt meanings of data objects
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Motivating Example

—-——
e
— Tool Vi Role
|—— — Month
B PK | ToollD Activity PK |RolelD Year
PK | MonthID
Department LRI,
P ToolName Role PK | YearlD
PK [ DepartmentID VP - FK1 | YearlD -
Level 00 Ti > Month
Department [ Course FK2 | TimelD 'me
PK | LevellD 3% el FK3 |RolelD PK | TimelD
FK4 | CourselD
—< . > —
Level ScientificBranch FK1 | LevellD NumbgrOlets FK1 | MonthID e AcademicYear
FK2 | DepartmentiD TotalTime FK2 | SemesterlD P pK | SemesterlD -
AcademicYearlD
PK | BranchiD |4 FK3 | BranchiD LAMESPIPSETE Date anlih
Code FK1 | AcademicYearlD P —
ScientificBranch CourseName Semester
SubCategory V> Hour Date Month
Category ool Year
PK | SubCatiD R Activity Role PK |HourlD | |PK |DatelD PK | MonthiD
PK |CategorylD S e o > PK | YearlD
FK1 gageéJOfy'D — > RoleD || s | pateid FK1 [MonthiD | |FK1 | YearlD 3
Category ubCategory FK1 | SubcatiD k1 | ToollD Role Hour Date Month
ToolName | | £o | TimelD A
e FK3 | RolelD Time
FK4 | CourselD
PK [ DepartmentID X
level FK5 | UserlD PK | TimelD
Department < Course FK6 | SessionID
PK | LevellD P < | NumberofHits | |FK2 |HourlD
PK | CourselD TotalTime FK1 | SemesterlD a Semester AT
Level Y Time
FK1 | LevellD T PK | SemesterlD L [Pk | AcademicyeariD
ScientificBranch FK2 | DepartmentiD User
clentiticbranc FK3 | BranchiD Session FK1 | AcademicYearlD AcademicYear
PK | BranchiD » Code PK | UserlD - Semester
CourseName PK | SessionlD
o Username
ScientificBranch [P — Length
1 . FirstName Access place
e Physical changes:

— New dimensions User and Session;
— New dimension attributes Time and Hour of the Time dimension, SubCategory and Category of the Tool dimension;
— Deletion of measure NumberOfUsers from the Activity cube.
e Logical changes:
— Connection of the User and Session dimensions to the Activity cube;
— New hierarchy ToolHierarchy of the Tool dimension;
New levels ToolName, SubCategory and Category of the ToolHierarchy; levels Time and Hour of the TimeHierarchy;
Connection of attributes TooIName, SubCategory, Category, Time and Hour to the appropriate hierarchy levels.
e Semantic change:
— Change of meaning of the measure TotalTime from ‘Usage time in hours' to ‘Usage time in seconds’.
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:__;iﬂailata Repository

e Data warehouse metadata:

— Physical metadata
e Implementation of a data warehouse in RDBMS

— Logical metadata
e Schema versions of a multidimensional data warehouse

— Semantic metadata
e Description of data warehouse elements in business language

e Reporting metadata:
e Structure of reports

¢ Common Warehouse Metamodel (CWM) was used
as a basis of the proposed metamodel of
multidimensional data warehouse.
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—————
—Logical Metadat

e Based on the OLAP package of CWM;
e Contain the main objects of data warehouse, such
as dimensions and cubes connected by cube-
dimension associations, measures, attributes,
hierarchies, etc.

1 -ToHement

-Honmverson 0.1 1

1* 0.1

SchemeHement| |

. | VersionTransformation

-ForBements {ordered}

-Conversion : String

* 1 I
-ValidTill : Dete
' |-IsVaIid : Boolean I |

| 0.1
Schemaversion

-VaidFom: Date

Schema

1T |-Name: String
-Desaription : String

Measure

Qube || QubeDimensionAssociation

Dimension

Attribute

AttributeLevel Association

Leve

HerarchylLevel Association

Herarchy
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Togical Metadata - Example

—
—-—

'|Hi

e Two schema versions V1 and Too i Role —
V2 PK | ToollD Activity PK | RolelD Year
PK | MonthID
ST ToolName Role PK | YearD
| PK | DepartmentID Y FK1 YearIIE) —
Level . Ti > Montt
® Common elements are Department [ Couse FK2 | TimelD i
PK | LevellD PK | CourselD FK3 |RolelD PK | TimelD
. FK4 | Ci ID
connected to versions V1 and [ e | — ToTme [ 1 |Nmieromis e |weno R
cientificBranc FK2 | DepartmentiD TotalTime FK2 | SemesterlD P~ pk | SemesteriD R e
V2 PK | BranchiD | FKk3 |BranchiD NumberOfUsers Date oaceucteally
Code FK1 | AcademicYearlD -
ScientificBranch CourseName Semester acacclocay

e Measure NumberOfUsers is
connected only to version V1.

SubCategory Vs Hour Date Month
T d.ff Category PK_ | SubcatlD Tool =t Year
L4 WO | erent measure SubCatlD Activity ole PK | HourlD PK | DatelD PK | MonthiD
PK | CategorylD B PK | YearlD
1 FK1 [ Categoryip [ PK_| TeollD P PK | BAED | 1oy [ patein | [FK1 |MonthiD | | F1 | veard
ObJeCtS are Constructed for Category SubCategory EK1 | subcatiD — Hour Date Month Year
FK1 | ToollD
ToolName ;
each of the measures Eepee G2 | s e
. . P8 | D FK4 | CourselD _
NumberOfHits and TotalTime = Sepinentd Fis [Useip | [PK [Timeid
Department < Course FK6 Sesskl)onlDf — ——
PK | L IID < N OfHits
and connected to each of the |~ |-« P [caused ot | [ | Sonesere | [ sonee N
H Level ime
FK1 |LevellD Y T PK | SemesterlD .
VerSIOnS- S FK2 | DepartmentlD User cemester p- PK | AcademicYearlD
SelEH EEEE: FK3 | BranchiD Session FK1 | AcademicYearlD AcademicYear
. g . PK | BranchID M Code PK | UserlD = ST Semester
e Dimensions User and Session e O P | ey | A E=
= ST LastName Length
and the Correspondlng CU be_ FirstName Access place

dimension associations and
cube Activity are connected

) Version transformations:
only to version V2.

e Also the new attributes of the FromVersion | ToVersion | ToElement Conversion
dimensions Time and Tool v, V,  |NumberOfUsers |COUNT(DISTINCT Activity.UserID)
and corresponding v, V,  |NumberOfHitsv1|SUM(Activity.NumberOfHitsv2)

hierarchies exist only in the v y TR PR ——
new version V2. 5 . otalTime (Activity.TotalTimeV2/ )
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e
~Physical Metadat

e Based on the Relational package of CWM

-SQLText : String

User
-Name : String
-Username : String
Table -Contacts : String
-Name : String | |-Title : String
-Owner : String
View
-Name : String
-Owner : String
-SQLText : String
Query
-Name : String

AccessRights

-Condition : String

ColumnSet

-RefreshDate : Date

1

-{ordered}

1>

-keyColumn {ordered}

Key

0.*

0.*

-IsPrimary : Boolean ]

-primaryKey

Column Measur.e
-Name : String . . ~(from Logical)
-DataType : String 0. 0. SchemaElement
-Precision : Integer | N ;

-Scale : Integer -{ordered} (from Logical)
-IsNull : Boolean | Attribute
-Length : Integer ! ~(from Logical)
L Mapping
N -Function : String
0.*

=
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%WSI(H“ Metadata & Databhase — Example

Schema versions are stored

Tool V1 Role
. . h
in one physical schema. PK [ ToollD Aoty K |Rae i
Department ToolName Role z PK | YearD
bl d PK | DepartmentIiD FK1 | YearlD Y
NeW ta eS User an Level Doparment Course Ei; ;On:‘!:?) Time — Month ear
1 PK | LevellD i
Session are created. — P Joausen | 5| S L e—
Level ———— FK1 | LevellD NumlberOinls FK1 | MonthiD - ke AcademicYear
HPS : FK2 | DepartmentiD TotalTime FK2 | SemesterlD PK |SemesterlD -
New fictive records with Tz | £<2 |Departmen NumberOfUsers L [P [Academicvear
Code FK1 | AcademicYearlD .
data “A” together" are ScientificBranch CourseName Semester acacelioea
created with an identifier U
and S respectively. - subCategory Va ot
t
zegory PK | SubCatlD Tool Activity Role PK |HourlD | [PK |DatelD PK_|MenthiD | Fo o0
- PK ategoryID
Usel’ ID and SeSSIOI’I ID FK1 | Categoryip [ PK_|ToollD p{ PK | RoleD |1 ey | patein FK1 | MonthiD FK1 | YearlD
- - Category SubCategory Hour Date Month Year
FKL [SubCatd | | ks |TooD Role
are added tO the table ToolName | | g5 | TimelD A
. . . . ehaninent FK3 |RolelD —
Activity and filled with U P [Deparmento Fe |cowseld | o
Level —
= A Course FK6 | SessionlD
and S fOI‘ a” eX|St|ng data. PK | LevellD Department [ NumberOfHits FK2 | HourlD
l PK | CourselD TotalTime FK1 ‘?ier:]eeSIeHD L Semester AcademicYear
. L
Time and Tool are e | o | o] . P [semeserin LI [ademicveand
— epartmen ser
. SocqticBlench FK3 | BranchiD oo Session FK1 | AcademicYearlD Academicyear
supplemented with columns o fma [ |cose | [Peusen [ Somosie
. _— u
Time, Hour and ScientiicBranch Losame ||| Lengtn
4 FirstName Access place

Subcategory, Category.

New columns Subcategory and Category are updated with data for the existing records in tables to

form corresponding hierarchies.

New columns of the Time dimension are updated with fictive data, for example, time '00:00’.

NumberOfUsers is not removed, but is no longer updated by ETL processes.

For the new versions of other measures additional columns are not created.

=
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-—_— —

e Based on the Business Nomenclature package of
CWM

- I preferedTerm 0.1 [ = |
SchemaElement

\ -synonymL | R * 0.1 x
_(from Logical) 3 Oé/% . Term Concept Taxonomy

&) -Description : String -Description : String
X Descrlptlon String

. * TermVersion — * il
Schema\/.ersmn “Description : String X —related -
-(from Logical) . " [ 0.1 Glossary BusinessDomain
-ValidFrom 1 —— —
-ValidTill ltem -Description : String
-Isvalid -(from Reporting)

[ury
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Semantic Metadata - Example

—
——
-
B Tool V1 Role
Month
PK | ToollD Activity PK | RolelD Year
Department PK | MonthiD PK | YearlD
ToolName Role A
PK | DepartmentID | FK1 | YearlD o
Level FK1 | ToollD Time > Month
Department [ Course FK2 | TimelD
PK | LevellD PK | CourselD FK3 | RolelD PK [ TimelD
Lo FK4 | CourselD >t S :
Level S FK1 | LevellD NumbgrOints FK1 | MonthID emester AcademicYear
FK2 | DepartmentiD TotalTime FK2 | SemesterlD P PK |SemesterlD -
PK | BranchiD | d FK3 | BranchiD NumberOfUsers Date > PK | AcademicYearlD
Code FK1 | AcademicYearlD P —
ScientificBranch CourseName Semester
SubCategory V, Hour Date Month
Category Tool Year
PK | SubCatid o0 Activity Role PK |HourlD | |PK |DatelD PK | MonthiD
PK | CategorylD L omn =2 el > PK | YearlD
ToollD ole
FK1 ga:)egOW'D > FK1 |DatelD FK1 |MonthiD | |FK1 |YearlD _
Category ubCategory Hour Date Month
FK1 ?ubl(lj\‘atlD EK1 | ToollD Role
ooiName | | g2 | TimelD A
Department FK3 | RolelD Time
FK4 | CourselD
PK | DepartmentlD -
Level FK5 | UserlD PK | TimelD
Department [ Course FK6 | SessionID
PK |LevellD £ < NumberOfHits FK2 | HourlD
PK | CourselD TotalTime FK1 | SemesterlD d Semester T
Level Y Time
FK1 | LevellD T PK | SemesterlD | PK | AcademicYearlD
ScientificB h FK2 | DepartmentlD User
clentificbranc FK3 | BranchIiD Session FK1 [ AcademicYearlD AcademicYear
PK | BranchID S Code PK | \UserlD - Semester
CourseName PK | SessionlD
- Username
ScientificBranch LastName Length
FirstName Access place

e The measure TotalTime is defined by two term versions ‘Total time
of all users in hours’ and "Total time of each user in seconds’

[ury
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Reporting Metadata

e CWM contains a package Information
Visualization, but these metadata are not
sufficient, therefore, a new metamodel was
developed.

1. 2-compares {ordered}  *

ConditionObject

Workbook

Condition

-Name : String

1

-Operator : String

Subquery

-QueryText : String

-{ordered}l 1.x
1

1
1.* | -{ordered}

Worksheet

g

Parameter

-Name : String
-DefaultValue : String

Join

Constant

-Value : String

ConditionSet

-Formula : String
-IsVersionPeriod

-Name : String
-Type : String

-Title : String -{ordered}

1

1.

*

-Type : String
-Outer : Boolean

*

2

Item

-Location : String
-Name : String
-CalculationFormula : String

Attribute Measure
-(from Logical) -(from Logical)
| ‘74
Column SchemaElement

-(from Physical)

-(from Logical)

-{ordered}

1

-corresponds | *

CalculationPart

1.

[ury
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;ﬁoﬂs on Multiversion Data Warehouse |

e Reports are constructed by users, who select
desirable terms and term versions from the semantic
metadata.

e All necessary reporting metadata are created
automatically, according to requirements of users.

e \ersion Selection

— If only one version is valid, then report data are presented
according to one version;

— If more than one version is valid, then there are several
report presentation options.

— To determine options of report data presentation, a
special relationship matrix is used.

[ury
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Relationships Matrix

e Columns — schema versions
e Rows — schema elements

o Cells:
— '1’, if a schema element exists in a version;

— 2/, if a schema element does not exist in a version, but it is obtainable with
the version transformation;

— ‘0’ otherwise.

e Depending on the values of cells, the following options of report
presentation are available:

— The report can be presented in accordance with one particular version,
if all matrix cells of the column, which corresponds to that version, are filled
with ‘1" and all other cells are filled either with ‘1" or ‘2. ;

— If neither of versions does contain all elements, then elements from
different versions can be presented in one report, if all matrix cells
contain ‘1’ or ‘2.

— If any matrix cell contains ‘0’, then the report can only be displayed
separately for each version.

=
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Renorts on Multiversion Data Warehouse - Example

o Example report. Number of students (NumberOfUsers), who used the
specific tool (ToolName) in their course during some period of time and
the duration of this tool usage (TotalTimeV1).

Relationship Matrix:

Version

=<
<
N

CourseName (Cour se)
TotalTimeV1 (Activity)
ToolName (T ool)

Date (Time)

Number OfUsers (Activity)

Schema
Element

e e G

NI [N

e Example report can be presented according to the first version.

o Modified report. Number of students by tool Subcategory.
Relationship Matrix:

Version

v, e Modified report can be presented only
with elements from various versions.

CourseName (Cour se)
TotalTimeV1 (Activity)
ToolName (Toal)

Date (Time)

Number OfUser s (Activity)
SubCategory (Tool)

Schema
Element

I\JHHI—‘I—‘I—‘S
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;ﬁoﬂs on Multiversion Data Warehouse Il

e When a user chooses any option of report
presentation, an SQL query is built based on
reporting metadata and special algorithm:

1. Analysis of chosen items and determination of used
column sets;

2.  Analysis of joins;
Generation of list of conditions;

4.  Grouping and construction of conditions with aggregates
functions;

Adding restrictions of user rights;
Simplification and optimization of the query;

Supplementation of a query with version
transformations.

T AR,
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e Hierarchies defined in the logical metadata are used for data
analysis.

o Different versions of hierarchies, levels and associations
between attributes and hierarchy levels can be created.

e When a user runs a report, all hierarchies and their structure
that exist in the particular data warehouse version are
identified.

e If elements from different versions are presented in one
report, then only hierarchies, which exist in all versions, are
available as well as hierarchies that can be transformed by
version transformations.

LT RRRE D,
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o Example report. Number of students (NumberOfUsers), who
used the specific tool (ToolName) in their course during some
period of time and the duration of this tool usage
(TotalTimeV1).

e Available hierarchies:
— All Course dimension hierarchies;

— Time hierarchy, which consists of only three levels Date, Month and
Year.

o Modified report. Number of students by tool Subcategory.

e Available hierarchies:
— All Course dimension hierarchies;

— Time hierarchy, which consists of only three levels Date, Month and
Year;

— Tool hierarchy.
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e Term versions are used to separate different
meanings of the same schema element.

o If any schema element has multiple term versions,
when a user runs a report, he is informed that for
the same schema element several term versions
exist.

e The user has to choose the preferred term version
and then the appropriate schema element version is
included in the report.

N

CLLLEEEEERERE RN TP



o Example report. Number of students (NumberOfUsers), who
used the specific tool (ToolName) in their course during
some period of time and the duration of this tool usage
(TotalTimeV1).

e Semantics of the measure TotalTime is different in two
versions of the data warehouse.

e User must select one of two term versions ‘Total time of all
users in hours’ or ‘Total time of each user in seconds’ and
the appropriate data are presented in the report.

N
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e Approach to data warehouse design:
— Evolution-oriented

— User-centric

e Future research:

— Personalization of reports built on multiple data
warehouse versions

— Support of automatic adaptation of data warehouse
according to user needs expressed using terms and term
versions from semantic metadata without or with minimal
participation of a data warehouse administrator.

N
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