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OLAP Personalization

e Typical problems in DW field:
e Large volumes of data,
e Burdening data exploration,
e Empty query result set,

e While exploring previously unknown data,
the OLAP query result may highly differ
from expectations.

e Solution — introducing personalization In
the field of data warehousing.



Motivation

OLAP reporting tool

Different groups of users (e.g., students,
professors, workers of the University, etc.)

Each group or particular user has different...
e rights, interests and skills,

e reports’ layout preferences.

In this paper

e \We focus on acquiring user preferences implicitly
to suggest a user reports that might be helpful.

e \We propose a way to orient in a variety of data
warehouse reports, saving time and effort.



OLAP Reporting Tool

e Experimental environment: reporting tool developed at the
University of Latvia.

e QOperation of the OLAP reporting tool is based on metadata:

Logical: data warehouse schemata
Physical: storage of a data warehouse in relational database

Semantic: data stored in a data warehouse and data warehouse
elements in a way that is understandable to users

Reporting: definitions of reports

OLAP preferences: definitions of user preferences on reports’
structure and data.

= Semantic Metadata &
OLAP Logical Metadata < Reporting
Preferences @ Metadata
Metadata

Physical Metadata =P




Preferential Profile Metamodel

User 1 Preferential Preference
-TotalPreferenceQuantity S
-Username * - .
-MinimalPreferenceQuantity 2

7aN

OlapPreference

|
VisualLayoutPreference

-Priority

-DegreeOfinterest

e Whatis the user expecting to get as a result?

e User preference modeling scenarios have been divided into
two groups:

e preferences for the contents and structure of reports (OLAP
preferences),

e visual layout preferences.
e Two ways of collecting user preferences:

e explicitly (i.e., manually entered by user)

e implicitly (i.e., analyzing user’s activity by means of web-logs,
visited links, etc.).



OLAP Preference Metadata

Schema-Specific PreferenceElement
1. 1.*
OlapPreference Q
-DegreeOfinterest — | |
Report-Specific SchemaElement AcceptableAggregation
-from Logical
[ I I I I |
Hierarchy Schema Dimension Attribute FactTable Measure
-from Logical | [-from Logical | |-from Logical [|-from Logical [ |-from Logical | [-from Logical

e Data about user preferences
e Preference contains user’s degree of interest

e OLAP preferences:

e Report-Specific preferences refer to preferences for
particular reports and data restrictions in reports.

e Schema-specific preferences are set for preference
elements.



Logical Level Metadata

Schema
-Name
-Description
1..* 1"*
FactTable -FactTableDimension . .
s Dimension
-Description 0. 0.* |Name
-Description
: 1+ [IsTimeDimension
1 AcceptableAggregation 1% ’ 0.*
-Aggregation
Measure Attribute Level * 1 Hierarchy
-Name - @
i - 1.* -Name -Name -Name
Description -Description | 1 0.* [Description {ordered} |. pescription

e Metadata at the logical level describes the multidimensional data
warehouse schema.

e Data warehouse schema elements are included into the hierarchical
structure;

= A data warehouse schema is composed of interconnected fact tables and
dimensions, which are composed of measures and attributes respectively.

e Dimensions include hierarchies composed of ordered levels defined by
attributes.

= A fact table belongs to exactly one schema, but a dimension can be
shared among multiple schemata.



Reporting Metadata

Sub Workbook Parameter
ubquer
query -Name > .
-QueryText -Description -Name' _
-Description
-DefaultValue
1.* | -{ordered}
Condition Set 3 Worksheet Join /
‘-Name P
-::(\)/rmu_la Conditi Type . 'gylie -{orderedt  [cajculationPart
-IsVersionCondition ) -Outer
Constant Title 1
-Value *
2 *
1.* | {ordered - g * | -corresponds Attribute
| flowdered Column -from Logical
— - 1.2 * Condition — — SchemaElement
ConditionObject| Operator Item -from Physical
-compares {orderedy :hoacnigon P Measu 're
-Calculation from Logical
-Description

e Reporting metadata describes the structure of reports generated
by users.

e Reports consist of

e data items defined by computation formulas from parameters and
table columns,

e user-defined conditions and joins between tables.



Methods for Generation of Recommendations

e Hot-start method is applied for the user who
has had a rich activity history with the reporting
system.

e Cold-start method Is applied, when

a. a user of the reporting tool starts exploring the
system for the first time,

b. a user has previously logged in the system, but
he/she has been rather passive.

e A borderline between the cold-start and the
hot-start methods is defined by a threshold,
which is the number of records in web-log
appurtenant to a certain user.



Hot-Start Method

e Step 1. User preferences with degrees of
Interest (DOI) for data warehouse schema
elements are discovered from the history of
user’s interaction with the reporting tool.

e Step 2. Reports that are composed of data
warehouse schema elements, which are
potentially the most interesting to a user, are
determined.

e Step 3. Top-N potentially interesting reports
are recommended to the user.



Hot-Start Method - Weight

e Weight of a schema W(S;)=2.

e Weight of a fact table W (F) = % (n is the number of fact tables belonging to
one schema).

e Weight of a dimension in a schema equals to W (D;, Sj) = ﬁ(n is the
|

>

number of dimensions belonging to the schema S k = Zl, and m, is the

|1I

number of schemata, to which the dimension is related).

e Weight of a measure W(M.) = l (n is the number of measures belonging to

the fact table).

e Weight of an attribute W (A, Dj) = % (n is the number of attributes belonging
to the dimension).
W (A, Dy)

» Weight of an attribute, which is a level of a hierarchy W (A, Hj) _
n

(nis the number of attributes that make up levels of the hierarchy, and D, is the
dimension, to which the attribute belongs).

e The weight of a schema element is equal to the sum of
the weights of its subelements, except for hierarchies.



Hot-Start Method

Discovering User Preferences - Algorithm

Input: User OLAP preferences for schema elements with the degrees of interest for each
element and the schema element £ used in a report. DOI(SE) is the user’s degree of interest for
the schema element SE, according to the user profile.

Output: User OLAP preferences with updated degrees of interest.

// 1T element E Is a measure
iIT E instanceOf(Measure) then
DO1(E)=DOI(E)+1;
// getting a fact table, to which the measure E belongs
F=getFactTable(E);
DO1(F)=DOI(F)+W(E);
// getting a schema, to which the fact table F belongs
S=getSchema(F);
DO1(S)=DOI1(S)+W(F)*W(E);
// 1T element E 1Is an attribute
else 1T E InstanceOf(Attribute) then
DO1(E)=DOI(E)+1;
// getting a dimension, to which the attribute E belongs
D=getDimension(E);
// getting a schema, to which the dimension D belongs
S=getSchema(D);
DO1(D,S)=DOI1(D,S)+W(E);
DO1(S)=DOI1(S)+W(D,S)*W(E);
// getting hierarchies, levels of which correspond to the attribute E
hierarchies=getHierarchies(E);
foreach H in hierarchies do
DOI (H)=DO1(H)+W(E,D)/countLevels(H);
end
end



Hot-Start Method

Recommending Reports

Content-based filtering approach is used.

User’'s OLAP preferences are compared with schema elements used in each
report to estimate the Aierarchical similarity between a user profile and a report.

Zn:DOI(Ei)

sim = =L

Zm:Doqu)
j=1

where E,,...,E, are schema elements used in the report, and Gl,...,Gm are all
schema elements in the user profile.

Report recommendations:

e In fact-based recommendations only those reports that contain measures from the fact
tables with user’s positive degree of interest are rated higher.

e In dimension-based recommendations only those reports that contain attributes from
the dimensions with user’s positive degree of interest are rated higher.

Top-N reports with the highest fact-based similarity and 7op-N reports with the
highest dimension-based similarity are recommended to the user.



S1: Schema

Name = Students

_‘Description =..

Hot-Start Method

Example - Students data warehouse

M1 : Measure

M2 : Measure

L F1 : FactTable

Name = Student count

Name = Foreign stud count

Description = ... Description = ...
Name = Registrations \
Description = ... >
| { E2:FactTable M3 : Measure M4 : Measure M5 : Measure

D1 : Dimension

—o

Name = Time
Description = ...
IsTimeDimension =Y

| | Al : Attribute

]

H1 : Hierarchy

H2 : Hierarchy

Name = Study calendar

Name = Dates

Name = Date
Description = ...

Name = Enrolment
Description = ...

Name = Student count
Description = ...

Name = Enroll count
Description = ...

Name = Cancel count
Description = ...

¢

| | A2 : Attribute

Name = Month
Description = ...

D1 : Dimension

Al : Attribute

A2 : Attribute

A3 : Attribute

A4 : Attribute

| | A3 : Attribute

Name = Time
Description = ...
IsTimeDimension = Y

¢

Name = Date
Description = ...

Name = Month
Description = ...

Name = Year
Description = ...

Name = Semester
Description = ...

Name = Year
Description = ...

A4 : Attribute

D2 : Dimension

A6 : Attribute

A7 : Attribute

Name = Program
Description = ...
IsTimeDimension = N

Name = Program
Description = ...

Name = Faculty
Description = ...

¢

D3 : Dimension

A8 : Attribute

Name = Status
Description = ...
IsTimeDimension = N

Name = Status

Description = ...

[

AS : Attribute

Name = Semester
Description = ...

AS : Attribute

Name = Study year
Description = ...

D4 : Dimension

A9 : Attribute

A10 : Attribute

Al1l : Attribute

Name = Course
Description = ...
IsTimeDimension = N

Name = Name
Description = ...

Name = Branch
Description = ...

Name = Level
Description = ...

¢

Name = Study year
Description = ...

D2 : Dimension

Description = ... Description = ... et
L3: Level ’
Name = Date L6 : Level
‘ 3 nIName = Date 3
L5: Level
N—Name = Month 2
M L4 : Level
L2 : Level || [Name=Year | !
Name = Semester 2
L1: Level —
—Name = Study year 1
2 1
H3 : Hierarchy L8 : Level L7 : Level

Name = Program
Description = ...
IsTimeDimension = N

Name = Faculty

Name = Program

Name = Faculty

Description = ... I

A6 : Attribute

A7 : Attribute

Name = Program
Description = ...

Name = Faculty
Description = ...
T




Example -Weights and Degree of Interest

Hot-Start Method

Schema| Facttables Measures Dimensions Attributes
S1 F1 Fo |M1i|{M2[M3|Ms|{Ms| Dy | Do [ D3 | Da | Ar1| Ao | As| As| As | As | A7 Ag | Ao | A1
Weight| 2 1 ({1 (1(12}212|11(212)4)4|( 4211|1111 1 1] 1| 1
g 2 | 2 12123331313 (13| 13| 5| 5|5|5| 5] 2| 2 3] 3| 3
4723 z 9 5
DOI 780230750452530144004 41110
Attributes/Hierarchy Levels
Hierarchies |  Hierarchy Hierarchy | Hierarchy
H: H2 Hs
Hi [Hz |Hs| As | Av | Ao | As | Ao | Av | Av | As
) 1 (/12|12 (12(1]1]1 1
eioht 1515 |15 |15 |15 |15 | 4 | 4
4 (1
DOI 15 | 3 1




Hot-Start Method

Example -Weights and Degree of Interest

Schema| Facttables Measures Dimensions Attributes
S1 F1 Fo |[Mi|M2[M3|Ms|{Ms| D1 | Do | D3 | Da [ A1 | Ao | As| As| As| As | A7 | As| Ao | Ato | A11
. 1 (1 (1(12)212|111(1L) 44| 4211|2111 1]1 1] 1| 1
Weight| 2 | 5 | 2 |2]2|3|3|3|13|13|18/13|5]|5]5 5| 2] 21| 3| 3| 3
4723 z 9 5
DOI 7802307504525301440045410
AttributesHierarchy Levels Report R1:
Hierarchies | Hierarchy Hierarchy | Hierarchyl Average foreign
H: H2 Hs
o T el 2 LAl &l &l &Ll A | Student count for each
—_— 1|alalalalala]l | study program per
g 15(15 (15 (15 (15 (15| 4 4 semester
4 11
DOI 15 | 3 1

i DOI(S;) + DOI(D, ) + DOI(As) + DOI(H3) + DOI(D; ) + DOI(A, ) + DOI(H)
Rl ~ DOI(S; ) + DOI(F,) + DOI(F, ) + DOI(M;) + ...+ DOI(H;3)

~ 0.24

DOI(M,) + DOI(F,) + DOI(S,)

SimFy, = ~0.26
DOI (S,) + DOI(F,) + DOI(F,) + DOI (M) + ... + DOI (H,)




Hot-Start Method

Example -Weights and Degree of Interest

Schema| Facttables Measures Dimensions Attributes
S1 Fq Fo [Mi|M2|M3|Mg|Ms| D1 | Do | D3| Dg |A|Ac|Az|As|As| As | A7| Ag| Ao | Ao | Ax
. 1| 1 |11(1}1)1(1)1(4(4) 4211|111 121 1( 1) 1
Weight| 21 5 | 5 |20 2]3|3|3|13]|13|13|13/5|5|5|5|5]|2|2|t 3] 3|3
4723 7 9 5
DOI 7802307504525301440045410
AttributesHierarchy Levels Report R2:
Hierarchies | Hierarchy Hierarchy |Hierarchy| Total student count
H: H: Hs .
Hi [Ho |Hs| As | Av | Ao | As | Ao | Av | Av | As enrO”ed INto
M 1lalalalalalal 1| courses for each
= 15 15 |15 |15 |15 /15| 4 | 4 | faculty per year
4 (1
DOl 15 | 3 1
SimD _DO|(81)+DO|(D2)+DOI(A7)—|—DOI(H3)+DOI(D1)—|—DOI(A3)+DOI(H2) 033
i DOI(Sl)—i—DOI(Fl)—i—DOI(F2)+DOI(M1)+...+DOI(H3) '
) DOI(M,) + DOI(F,) + DOI (S
i (M) + DOI(F,) + DOI(S,)

~ 0.22
DOI(S,) + DOI(F,) + DOI(F,) + DOI(M,) + ...+ DOI (H,)




Cold-Start Method

e Step 1. Structural analysis of
existing reports is performed.

e Step 2. Likeliness between two
selected reports Is revealed.

e Step 3. Top-N reports with the
highest similarity values are shown

to the user.



Cold-Start Method

Report Structure Vector

Each report is represented as a Report Structure Vector (RSV):
RSV = ((&11, €7, -+, elkl)’ coos (Bn1s € oo €nk,, )
where Cik; IS a vector coordinate, i.e., a binary value that indicates

presence (equals 1) or absence (equals 0) of the instance of the report
structure element, k; is the number of elements in i-th structure, i is the
index number of each structure (i=1, 2, ..., n), nis the total number of
distinct structure elements in reports.

O

’ 2 18| o 25| 8 0 Iy describes the structure
2 % | ®| 5 ES| S |2¢ of the report R1 — Average
2 s |E| 2 20| & |3¢
= 2 5 S S 5 5 05 student count for each
= o= o =
= a |£] = <<| T @ faculty per semester,
i[afafof.-{afaf[-|a][-[afo]-[a]of-|a]a] |1 _
1/0/1/1}-j1/1}-f1/.j0j1 .-jO/1 . |21]1].-]1 I'>» describes the structure
— (7)) = S
28> g o g g . § 0F |y 2 2 of the report R2 — Total PhD
22313 58 |& |82 Z =Rl 2 3 student count for each
pust = = + >
o e 5 g |3 é O £ 5 study program per year.
o
- (o




sim =

Cold-Start Method

Cosine/Vector Similarity

Cosine/Vector similarity of the vectors I; and T,

where “.” is the dot-product of two vectors and ‘ I ‘ Is the length of

each vector (i= 1, 2).

— —

~ 0,727

h-h, _ 8
G ]*[n | Vi

=)

C
0 2 | 3| 9 |38| 2 0
£ 2 13| 5 | 88| § |o&
> oo st
a 5 | E g0 | s 3¢
= £ S| 2 S| 8 [0S
< o e = < I i )
1lafr]o-|2]a]-|a][-|2a]o]-]|2]o]-]2]2]-]2
1 o/al1]-|1fa]-|al-Jola][-|olal-|2l2]-|2
| 8| |E gl |8 c - [0
~ERIE [=IE |E 1218 |2 (E|3 |3
o+~ a gl (B8 |22 O & =
0 = 00O 0
w c
- o




Cold-Start Method

e Discovering Similarities

e The similarity Is calculated among the active

report (currently browsed by the user) and all the
rest of the data warehouse reports.

e RSV and s/im values have to be recalculated
dynamically when:
e a new report is created

e existing reports’ structure is changed
e Recommending Reports

e 7op-Nrecommendations, i.e., links to the reports

with NV highest s/im values sorted in descending
order are shown to the user.



Conclusions

e (Content-based methods for construction of recommendations
for reports in the OLAP reporting tool:

e Hot-start method defines user OLAP preferences in a reporting tool
by means of analyzing user’s past activity and determines reports
that are composed of data warehouse schema elements, which are
potentially the most interesting to a user.

e (Cold-start method examines the structure of the report being
browsed at the moment and calculates the similarity of it with the
rest of the reports.

e Future work

e Estimation of the quality of recommendations for the group of
users of reporting tools with different rights.
e Extension of the approach by adding methods for
e explicit definition and processing of OLAP and visual user preferences,

e implicit handling of report-specific user preferences to state the most
useful data in reports,

e collecting and taking advantage of demographical information about
users,

e involving collaborative filtering.



	On Implicitly Discovered OLAP �Schema-Specific Preferences �in Reporting Tool 
	Outline
	OLAP Personalization
	Motivation
	OLAP Reporting Tool
	Preferential Profile Metamodel
	OLAP Preference Metadata
	Logical Level Metadata
	Reporting Metadata
	Methods for Generation of Recommendations
	Hot-Start Method
	Hot-Start Method - Weight
	Hot-Start Method �Discovering User Preferences - Algorithm
	Hot-Start Method �Recommending Reports
	Hot-Start Method �Example - Students data warehouse 
	Hot-Start Method �Example -Weights and Degree of Interest
	Hot-Start Method �Example -Weights and Degree of Interest
	Hot-Start Method �Example -Weights and Degree of Interest
	Cold-Start Method
	Cold-Start Method� Report Structure Vector 
	Cold-Start Method�Cosine/Vector Similarity
	Cold-Start Method
	Conclusions

