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Data cubes
Data Warehouses - Multidimensional data model

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

D Facts

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

» Dimensions

v Perspective on the data
- E.g., organize saleswrt time, item, branch, location

v Described in dimension table

- E.g., dimension table for item contains attributes ItemName, Brand, Type
m - Dimension tables prespecified or automatically generated (adaptive)
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Dat

a cubes

» 2-D view of sales datafor AllElectronics according to
dimensionstime and item

location = “ Leuven”

(1.

Iitem (type)
time (quarter) glnc':rerr?ai Ament Computer Phone Security
Q1 605 825 14 400
Q2 630 052 31 512
Q3 812 1023 30 501
Q4 927 1038 38 580
g Drug Discoveries
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Data cubes

» 3-D view of sales datafor AllElectronics according to
dimensions time, item, location

location =“Leuven” location = “Toronto” location = “Paris’
item (type) item (type) item (type)
time Home Comp. Phone Sec. Home Comp. Phone Sec. Home Comp. Phone Sec.
ent. ent. ent.

Q1 605 825 14 400 589 765 23 345 865 675 11 509
Q2 680 952 31 512 755 786 23 657 871 860 49 489
Q3 812 1023 30 501 979 287 14 987 909 768 16 6/8
Q4 927 1038 38 580 678 1002 24 867 787 1229 29 623
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Data cubes

» Data-cube representation, according to dimensions time,

Item, location
&
(Sé @\ Paris /
A% Q\\ Toronto //
Leuven
o1 | 605|825 | 14 | 400

680 | 952 | 31 |512
812 11023| 30 | 501
927 |1038| 38 |580|

Time
(Quarters)
S

=
AN

Q
=

Home Comp. Phone Sec.
Ent.

m ltem (types)
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Data cubes
OLAP operations

» Each dimension contains multiple levels of abstraction
defined by concept hierarchies
v Users can view data from different perspectives
v Data cube operations exist to materialize different views

v OLAP provides user-friendly environment for interactive
data analysis

» Operations
v Roll-up
v Drill-down
v Slice and dice
v Pivot (rotate)
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Data cubes
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Data Cubes

Concept hierarchies |
» Concept hierarchy defines a sequence of mappings from a set

of low-level concepts to higher-level, more general concepts

location

country

Belgium

State

New York lllinois

[ Vlaams-Brabant ] [ Antwerpen ]

city [ Leuven ] , [ Heverlee ] Wilrijk l : [ Antwerpen ] [ New York ] : [ Buffalo ] [ Chicago ]
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Data cube mining

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

oLAP x ‘

Location query

\ﬁ Time query

[ item
3 ltem query $ $/
f LB 2
|
: :
concept hierarchies per dimension H_é é_i_é é_i_é
O
© g
PharmaDM g g o)
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Data cube mining
Data representation
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Data cube mining

N
# \/"location

ENEEN [ T T T]

item HEEE [ T T T]

ltemKey

[temName

Brand

Type

SupplierType
<TimeKey / Mining engine
ltemKey
LocationKey A

UnitsSold
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Data cube mining

= 7
assunn) 4

LT

B

N

HimIN

decisontreeil duc
Location query concent hierarchy El)ln uction

Time query

ltem query é $/
|
$ $ % s location attribute = ...

éJW | — / |AND
@) g g g g:\\ AND

[i“‘Hjé |
PharmaDM

Sreamlining Drug Discoveries



Data cube mining

,f [ T T T [
/'I ) item 1 location 1
,"I item 1 location 2
// item 1 location 3
f\ ,I," item 2 location 1
/ Fl item 2 location 2
’tljlt_i:';%-dﬁﬁr Ei'l ?tem 2 Iocation 3
item CTTTT T T 1 ot item 3 location 1
_H_ |‘.‘ item 3 location 2
|‘.| o J item 3 location 3
3" 3" 3 cubeb 27 examples "“ T item 1 location 1
\ item 1 location 2
 redundant storage — ——
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HIV data cube mining

- DO@
drug | O O
= il
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virus & Relational
777 Mining engine

» massively redundant storage

» massively redundant computation
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Project: PharmaDM — Dep. CS — Rega Institute

D Integration of life science data

D Integrated analysis using combinations of data mining
techniques

» Application to HIV (virology) research

B PharmaDM _
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HIV research: types of data

molfiles
SMILES

=
'.\I' -_I — 3 H ﬁ

Blologlcal data

Chemlcal data| Clinical datal
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HIV research

biological chemical clinical
* In vitro screening results of e Structural info on potential * patient medical
potential drugs (activity, drugs history
toxicity) * Physico-chemical properties * therapy response
» Genotype of (resistant) and failure
virus strains
ODbjectives:

* Insightsin structure-activity relationships (SAR) and structure-
toxicity relationships

* Insightsin molecular origin of viral resistance

* Insights in optimalisation of HIV therapy

m PharmaDM
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Relational Database - HIV
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Example: antiviral activity
» chemical — biological dimension

» 8 compounds, 8 virus strains
v Outcome: resistant, susceptible

» Information to use for prediction
v Virological: mutations

v Compound info
« molecular structure
« mechanism of action

m PharmaDM
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Strainl Strain2 Strain3 Strain4 Strain5 Strain6 Strain7 Strain8

Compl
Comp2
Comp3
Comp4
Comp5
Comp6
Comp7

Comp8

. PharmaDM
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Example: antiviral activity

» chemical — biological dimension

Res/Susc

Virus info

Mutations

Protein

Position

Amino Acid

Mechanism of action
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Example: antiviral activity: compound info

CH,
HAC >
N
1 ) )
3
HsC ON H3C O
H,N
CH
3 - %
N CH,
- 8
NHx Q HsC 0
N
- 4
H
CHs i 3¢ o
6 7
N CH,
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Example: antiviral activity: compound info

mechanism of action

RT

PRO

NNRTI

NRTI
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INT ENTRY NCP7
aspecif specific
+ - binding_rec fusion int_corec
1,4 3,8 2,5,6,7
CCR5 CXCR4




Example: antiviral activity: virus info

» Virusstrains Strains | Protein M utations
v Mutations 1 | gpl20 F250A
| 2 gp4l | A190F, T200D
Protein
§ 3 gp120 | A280E, T285D
4 - -
‘ 5 gp41 A190F
6 gp4l S150G
7 gp4l | AZ190F, T200D
Amino acid
8 | gol20 | S279E, S284D
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DMax™ Demo

ingp41
ingp41
8 virus strains ﬁ L i Yee

| Strainl Strain6é Strain3 Strain4 Strain8 Strain2 Strain7 Strains

(n Strainl Strain2 Strain3 Strain4 Strain5 Strain6 Strain7 Strain8 . . . . . . . . Comp1
Strainl Strain6 Strain3 Strain4 Strain8|Strain2 Strain7 Strain5
U Compl Comp6
C Compl
Comp2 Comp3
S Comp2 NO
@) Comp3 e Comp4
Comp3
(@B Comp4 comod Hetero-aromatic Comps
omp: .
E Comps ring present Comp2
Comp5 o
‘ ’ Compé e — Comp7
U Comp6 L N YES
Comp7 il ] Comp5
Comp7 is 4
(00) Comps P o A
Comp8 L
- Resistant
- Susceptible A190F
A190F ingp4l
in gp4l
I I NO YES
NO YES |
| Mutation to
Mutation to acidic AA

acidic AA I_I—l
I_I—l YES NO

YES NO | |

Strain3 Strain8 Strainl Strain4 Strain6 Strain2 Strain7 Strain5

Strain3 Strain8 Strainl Strain4 Strain6é Strain2 Strain7 Strain5
Compl

Comp6

NO Comp3

4 Comp4

Hetero-aromatic
ring present

Aspecif
NO — neg
charge

Hetero-
aromatic
ring present

Comp8
Comp2
YES - Comp7

Comp5

YES




Strainl Strain6 Strain3 Strain4 Strain8Strain2 Strain7 Strain5

Compl
Comp2
Comp3
Comp4
Comp5
Comp6
Comp7

Comp8

PharmaDM

Streamlining Drug Discoveries



Strainl Strain6 Strain3 Strain4 Strain8 Strain2 Strain7 Strain5

— Compl
Comp6
Comp3

— NO —
Comp4
Hetero-aromatic | — Comp8
ring present Comp2

C

~ /ff—“l}ﬁm — YES Comp7
)T( )‘ Comp5

,CE%N:/&C
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A190F
in gp41l

| |
NO YES

Mutation to
acidic AA

YES NO

Strain3 Strain8 |Strainl Straind Strain6 Strain2 Strain7 Strain5

— Compl
Comp6
— NO — cComp3

Comp4
Hetero-aromatic
ring present

E— — Comp8

Comp2

— YES Comp7

Comp5
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A190F
in gp41l

| |
NO YES

|

Mutation to
acidic AA

YES NO

o

Strain3 Strain8 Strainl Strain4 Strain6 Strain2 Strain7 Strain5

Comp3
- YES 1
Aspecif Comp8
— NO — neg
charge
HeterO' Comp4
aromatic — —NO
ring present Compé

Compl

Comp2
— YES ——— Comp7

Comp5
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DMax™ Demo

ingp41
ingp41
8 virus strains ﬁ L i Yee

| Strainl Strain6é Strain3 Strain4 Strain8 Strain2 Strain7 Strains

(n Strainl Strain2 Strain3 Strain4 Strain5 Strain6 Strain7 Strain8 . . . . . . . . Comp1
Strainl Strain6 Strain3 Strain4 Strain8|Strain2 Strain7 Strain5
U Compl Comp6
C Compl
Comp2 Comp3
S Comp2 NO
@) Comp3 e Comp4
Comp3
(@B Comp4 comod Hetero-aromatic Comps
omp: .
E Comps ring present Comp2
Comp5 o
‘ ’ Compé e — Comp7
U Comp6 L N YES
Comp7 il ] Comp5
Comp7 is 4
(00) Comps P o A
Comp8 L
- Resistant
- Susceptible A190F
A190F ingp4l
in gp4l
I I NO YES
NO YES |
| Mutation to
Mutation to acidic AA

acidic AA I_I—l
I_I—l YES NO

YES NO | |

Strain3 Strain8 Strainl Strain4 Strain6 Strain2 Strain7 Strain5

Strain3 Strain8 Strainl Strain4 Strain6é Strain2 Strain7 Strain5
Compl

Comp6

NO Comp3

4 Comp4

Hetero-aromatic
ring present

Aspecif
NO — neg
charge

Hetero-
aromatic
ring present

Comp8
Comp2
YES - Comp7

Comp5

YES




Conclusion

OLAP ”

aA

drug

@@@@ - Relational

Mining engine
virus

» mining cube-like representation
v more efficient storage
v more efficient computation

» decision trees can be decomposed into concept

m hierarchies
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