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w Data cubes

w Data cube mining

w HIV data cube mining
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Data cubes
Data Warehouses - Multidimensional data model

w Data cube allows data (facts) to be modeled and viewed in
multiple dimensions (not restricted to 3)

w Facts
ü Central theme, e.g. sales, represented by fact table
ü Facts are numerical measures

w Dimensions
ü Perspective on the data

� E.g., organize sales wrt time, item, branch, location

ü Described in dimension table
� E.g., dimension table for item contains attributes ItemName, Brand, Type
� Dimension tables prespecified or automatically generated (adaptive)
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Data cubes
w 2-D view of sales data for AllElectronics according to

dimensions time and item
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Data cubes

w 3-D view of sales data for AllElectronics according to
dimensions time, item, location
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Data cubes
w Data-cube representation, according to dimensions time,

item, location

Fact data: sales volume in €1000
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Data cubes
OLAP operations
w Each dimension contains multiple levels of abstraction

defined by concept hierarchies
ü Users can view data from different perspectives
ü Data cube operations exist to materialize different views
ü OLAP provides user-friendly environment for interactive

data analysis

w Operations
ü Roll-up
ü Drill-down
ü Slice and dice
ü Pivot (rotate)
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Data cubes
OLAP operations
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Data Cubes
Concept hierarchies

w Concept hierarchy defines a sequence of mappings from a set
of low-level concepts to higher-level, more general concepts

LeuvenLeuven HeverleeHeverlee WilrijkWilrijk AntwerpenAntwerpen ChicagoChicagoBuffaloBuffaloNew YorkNew York …… …

locationlocation

allallallall
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Data cube mining

OLAPOLAP

time

item

location

data miningdata mining

Item query

Location query

Time query

w Goal: generating concept hierarchies (≈ decision trees) automatically
from data cube facts and dimension descriptions

Decompose overall tree into
concept hierarchies per dimension
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Data cube mining
Data representation

OLAPOLAP data miningdata mining

propositionalpropositional

relationalrelational
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Data cube mining

OLAPOLAP
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OLAPOLAP
data miningdata mining

time

item

location

Location query

Item query
Time query
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Data cube mining

OLAPOLAP
data miningdata mining
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3×3×3 cube⇒27 examples

• redundant storage

• redundant computation
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OLAPOLAP
data miningdata mining

Relational
Mining engine

HIV data cube mining

virus

patient
drug

???

w massively redundant storage

w massively redundant computation
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Project: PharmaDM – Dep. CS – Rega Institute

w Integration of life science data

w Integrated analysis using combinations of data mining
techniques

w Application to HIV (virology) research



  Streamlining Drug Discoveries Heverlee June 3, 2002 © PharmaDM - 2002

Biological dataBiological data

Clinical dataClinical data

patientpatient

molfiles
SMILES

…

drugdrug

Chemical dataChemical data

virusvirus

HIV research: types of data
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chemicalbiological clinical

• In vitro screening results of
potential drugs (activity,
toxicity)
• Genotype of (resistant)
virus strains

• Structural info on potential
drugs

• Physico-chemical properties

• patient medical
history

• therapy response
and failure

HIV research

Objectives:
• Insights in structure-activity relationships (SAR) and structure-

toxicity relationships

• Insights in molecular origin of viral resistance

• Insights in optimalisation of HIV therapy



  Streamlining Drug Discoveries Heverlee June 3, 2002 © PharmaDM - 2002

Relational Database - HIV
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Example: antiviral activity

w chemical – biological dimension

w 8 compounds, 8 virus strains
ü Outcome: resistant, susceptible

w Information to use for prediction
ü Virological: mutations
ü Compound info

� molecular structure
� mechanism of action
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Comp1
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Example: antiviral activity

Compound info

Virus info Mutations

Amino Acid

Position

Protein

Res/Susc

Mechanism of action

Molecular structure

w chemical – biological dimension
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Example: antiviral activity: compound info
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mechanism of action

RT PRO INT ENTRY

NRTINNRTI
specificaspecif

+ - fusionbinding_rec int_corec

CXCR4CCR5

1,4 3,8 2,5,6,7

Example: antiviral activity: compound info

NCP7
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w Virus strains
ü Mutations

gp120

gp41

gp41
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Example: antiviral activity: virus info

Protein

Amino acid
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OLAPOLAP
data miningdata mining

Relational
Mining engine

Conclusion

virus

patient
drug

w mining cube-like representation
ü more efficient storage
ü more efficient computation

w decision trees can be decomposed into concept
hierarchies


