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Context

General Context

o Datais stored permanently in a Multidimensional Data Warehouse (MDW)
o New data are periodically added

Issues

o Low analysis performance due to important and increasing data volume.
o Decreasing relevance of detailed information with age.

Objective
OLAP analyses in MDW keeping only useful data over fime:
* Propose a complete analysis process.
« Facilitate decision-makers’ tasks.
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Context

Related Work

1. Modeling solutions for data reduction in MDW

» Parfial (incomplete) solutions : either the fact or dimensional data updates

[Chen et al. 2002], [Skyt et al. (2008)], [Kimball and Ross (2011)], [Golfarelli and Rizzi (2009)],
[Iffikhar and Pedersen (2011)]

v goeqﬁrolized data reduction process to the whole MDW schema [Atigui et al.
1

2. Analysis framework compatible with reduced MDW

» No discussion about analysis-relative component

[Chen et al. 2002], [Golfarelli and Rizzi (2009)], [Kimball and Ross (2011)], [Iftikhar and
Pedersen (2011)]

» Limited discussion about querying solution in reduced MDW
[Morzy and Wrembel (2004)], [Skyt et al. (2008)]

v Complete analysis support framework including
O data management,
O analysis processing
O interactive data restitution.
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Multi-states analysis

« Data management

Extended classical MDW model [Atigui et al. (2014)]
- A MDW is composed of a set of star schemas;
- Each star schema, called state, is valid for a certain period of time.
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Multi-states analysis

« Data management Mt st

IDF NAME IDD NAME DATES DATEE
Metamodel f2 FNEWS_E1 d5 DTIMES_E1 2010 2014
f2 FNEWS Ef d4 DGEOGRAPHY E1 2010 2014
f2 FNEWS E1 d6 DTHEME_E1 2010 2014
Meta_Dimension I
1D NAME IDP I
d1 DGEOGRAPHY I
dz | DTIMES I Meta_Fact
d3 DTHEME
d4 DGEOGRAPHY E1 d1 ID NAME IDP
d5 DTIMES E1 d2 1 FHNEWS
dé DTHEME_E1 d3 f2 FNEWS EA 1
Meta_Star
Meta_Dimension deriveg
v v hy' v — -dateS is darived from  0_4
eta Hierarc eta Leve 0.1
= = -dateE 0.1 Meta_Fact
-pos
-t is ferived from 1..* ! 0.1
S Gl L y
N decie I
Meta_Attribute %7
_ ¥, .
-name#Alt Meta_Element
Meta Measure
-nameEls =
[ <
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Multi-states analysis

* Analysis Engine
Analysis processing

1. Adaptation

Adapt input parameters according

2. Decomposition

Classical operator

Classical operator

Classical operator

toreduced MDW if necessar == = E ]~ | B
Y | > EE s Bl \J = L J . ol E IEn
| I |
5. Integration 3. Translation N/ N/
e — e et e
My U . —
4. Execution . e p— = A
E'EI. E | E \ r |
Mlsy < l Mgy Mgy |l Mg
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Multi-states analysis

* Analysis Engine

Algebraic operator: Drilldownmulfi-states

Algorithm 1: Drilidown™ =% (|I| ; MT,, D; ; Fiop)
Input: Set of temporal intervals 7, displayed multidimensional table M7}, displayed dimen-
sion D, parameter £. Output: new multidimensional table M}, 4

1 Let I{,.:u. bethe actually displayed hierarchy

2  Let P.otua be the actually displayed parameter

3 If P, g < FHaotear PN ALT  ~Haotuwar Pthen

4 Impossible operation

5 Else

6 Find the subset of states £; — VE; € E; |IE3. eIV Iyr, —Adaptation
7 Let PD«%’ESdown =P

8 Letr = FALSE

9 While ALLp ~<Hactual Prratdown v = FALSE

10 IfVE; € B;|Ppriidown € Agj then

11 r=TRUE

12 Else

13 Prsalldews iDCTeases one granularity level

14 End if

15 End While

16 If r = FALSE then

17 Impossible operation

18 Else

19 For E; € E; — Deecomposition
20 Let MT;* be the part of MT in states

21 Translate Drilldown(M Tg“‘ » D, Proitidows)into query @@ — Translation
22 M T.g:q = Result of query @ — Execution
23 MTy i1 = MTy 41 | JMT ~ Integration
24 End for

25 End if

26 Endif

Context
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Multi-states analysis

« Analysis Engine
Example: MT, - Number of published news by Continent from 2000 to 2015

Drilldownmulifistates (12000, 2015], MT,, DGeography, Ville)

Adaptation ‘

Drilldownmvuliistates (12000, 2015], MT,, DGeography, Country)

Decomposition

[2000, 2010] [2010, 2015]
Drilldown (MT,, DGeography, Country) Drilldown (MTg,, DGeography, Country)

‘ Translation ‘

Query over E2 Query over E1
‘ Execution ‘
Results from 2000 to 2010 Results from 2010 to 2015

’ Integration '

Results from 2000 to 2015
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Implementation

« Architecture of analysis framework

Data management Analysis Engine Interactive restitution
state Algebraic operators gt
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Implementation of
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Implementation

 Interacftive restitfution
Graphical interface
-al InterFaces For multidimensiONal databases@etupre e 2] B )
igure
Analysis axis
online =—g
H eurape
Analysis subject —
and its values spacie
I “ “ & a b & 2 b d s “-‘ﬁ.,__ Analysis axis
B —| oncolumn
Axes Configuration -
. Line B
Fira::hlcali fon™ O A Temporal
implementation :JETHEHE.HTHH v ! ! - _ T i
of drilldown SUBTHEME THEME  ALL_TH Temporalinterval ,_ T intervals
droll Start date| 2000 &7 =
and rollup Column End date | 2014 -
operator —
‘DTIMES.HHMES |v| . . . . Selection predicates: NULL | |
IDDATE ~ MONTH SEMESTER  YEAR ALL T L Selection
] I | || predicates
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Implementation

* |Inferactive restitution

Example:
published news in the world by month from 2000 to 2014

all 266 3z az3 352 300

Drilld ownmulti-states

o =] o o o =]
] ] ] ] ] ]
0 o 0 0 ] o
] ] ] ] o ]
0 I r= o i =]
= =] = = = =

published news by month and by continents from 2000 to 2014

SELECT SL.FRCT NALME AS FALCOT, (SELECT SUM(NEN) AS FNEWS, DIML.COUNTRY, DIMC.NUMMCNTH
SL.DIMENSICN NAME AS DIML, FROM FNEWS_El1 FAIT, DGECGRAFPHY E1 DIML, DTIMES El DIMC, DTIMES E1 DIMT
SC.DIMENSICHN NAME AS DIMC WHERE FAIT.ID DGECGRAPHY El = DIML.ID DGECGSRAEPHY E1

EELSPUREIF TSNS TAR. ST, AND FAIT.ID DTIMES El = DIMT.ID DTIMES EL
LoDHARES, ISRASHLE AND TO DATE (DIMT.NUMMCOMNTH, 'IMM-ERRER'

METE DIMENSICN DL, BETWEEN TO DATE(' 01 01 20000 'DD MM RERER)
01-01-2000", 'DOD/MMSRRRE
e A SUPLIIE R ST O, D, AND TO DATE({'Z20-12-2014', 'CO/MM/REEE')
R AND FAIT.ID DTIMES El = DIMC.ID DTIMES E1
WHERE SL.NLME = F.NAME - - = -
GROUFP BY DIML.CCUNTRY, DIMC.NUMMCNTH )
AND SC.NAME — SL.NAME LON

AWND F.NAME FPARRENT = 'ELIEWNS
AND DL .. NAME SL.DIMENSTON NAME
AND DO L MNAME

(SELECT SUM(NBN) AS FNEWS, DIML.CCOUNTRY, DIMC.NUMMCHNTH
FROM FNEWS_EZ FAIT, DGECGRAPHY EZ DIML, DTIMES EZ2 DIMC, DTIMES EZ DIMT

AND DT . MOAME CoOECGRACHIE WHERE FATIT. ID_DGEOGRRPHY_EE = DIMTL. ID_DGEOGR.?LPHY_EE
P —— : Ee i BAND FALIT.ID DTIMES EZ2 = DIMT.ID DTIMES EZ2
ST = TO DATE AND TO DATE {DIMT .NUMMONTH, 'LMIM-EERE’
{'?:—LZ—Z:L-&',_'::—:-:-L—'_"_"_"_'} EBEETWEEMN TO_]:J.A_TE{':L—:L—Z:::', 'CcoSr S BEERER ')
AND SC.DATEE > TO DATE AND TO_DATE{'?:—LZ—Z_‘L-E', 'S BERE' )
("TD1—01—2000T B I e %1 % R S S S | AND FAIT. ID_DTIB’LES_EE = DImMC. ID_DTIEJLES_EE

CROUP BY DIML.CCUNTRY, DIMC.NUMMCIHTH )

Metamodel Model RSS Stream
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Implementation

* |Infteractive restitution

Example:
published news in the world by month from 2000 to 2014

Drilld ownmulti-states
published news by month and by continents from 2000 to 2014

narth america
BUrOpE
asia

africa
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Conclusion

> A MDW model composed of a set of states over time.
v Decreases dafa volume
v' Facilitate decision-makers’ tasks

» A generic mulfi-states analysis framework
v' Graphical interface: interaction with decision-makers
v' Analysis engine: algebraic operators and its execution algorithms
v Data management: meta-model and its instances

> Implementation : graphical multi-states analysis tool
v Automatic generation of queries
v Transparency of data reduction

» Future work
v Influence of data reduction over pre-aggregated data
v' Other analysis operators
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