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® On-Line Analytlcal Processmg (OLAP) was .) c L ,
proposed by E. F. Codd, the father of the lA*,C'M‘ “}5/35*
relational database. - = |

P s V5o 3 24
@ Relational databases put data into tables, while AR &S <k il

.y . ’ }
OLAP uses a multidimensional array .;Mbc))‘wu U,»@,» o*«); b dhoe
representation. 5

— Such representations of data previously existed in Wu'l)a oy ))J__, I ,’;/ 5 Jp!
statistics and other fields == =

e There are a number of data analysis and data « ﬂ/‘yljgj Cak> ks oo
exploration operations th/at are easier Wl/th such a e o

~ - data representat::)n u\»’«(/" oils G—rb P Sy 57121 m//)u)(ﬂ
‘, o 7 v ) 4
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® Two key steps in convertmg tabular data into a J/}MJ/,,), 0 1_,4) d)}p
multidimensional array. = |
- First, identify which attributes are to be the dimensions aﬁ'())/)lp (H/J 9 r g/‘/
and which attribute is to be the target attribute whose
values appear as entries in the multidimensional array. , J/wnfpcr,n) > s )P Lm/
+ The attributes used as dimensions must have discrete values il

+ The target value is typically a count or continuous value, e. g '~) q’ L, S; ) s WI)’L (\
the cost of an item

+ Can have no target variable at all except the count of objekc‘f; ( ;‘,Jo ‘ ' oy o D /
) Q) \ ¢ (/ r

that have the same set of attribute values v -

Second, find the value of each entry in the /=% L o4 B | #
multidimensional array by summing the values (of the - y»‘ L' > o W’ 0)’*9
target attribute) or count of all objects that have the Ny . 2] 3

attribute values corresponding to that entry. ~ ol t{" D s l d~ >
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- i | . 2 &
-3 B | Example. Ir|s data o
/V)(/J’- ‘.)'/-')"u‘ r))I ?—J)' oo - - . &s.ﬁ-z&ﬁvj}"f‘ ”‘ M}f%w“@rm ) (\‘J:V‘ f$ Q) | C\ 3&:‘
= ~ 7 @ We show how the attributes, petal length, petal ~ — ey

. 0
width, and species type can be converted to a e esh () o 'w&"
multidimensional array -

- First, we discretized the petal width and length to have
categorical values: low, medium, and high

— We get the following table - note the count attribute

3 Petal Length | Petal Width | Species Type | Count 4 1
low low Setosa 46 L. \ ¢’ \ |
OLA' low medinm Setosa 2 Q{S)/“’L{U &}:& 1
medinu low Setosa 2 s 4
medimmn medinm Versicolour 13 k_—/“"J
medinm high Versicolour 3
medium high Virginica 3
high medium Versicolour 2
high medinm Virginica 3
high high Versicolonr 2
| ig higl Vi 11
: high igh irginica )
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Example. Irls data (contmued) f’““’ ”’/”O Yo U” - "“fh»

T T AR T TR R

' e Each unique tuple of petal width, petal Iength, P ol il i |
and species type identifies one element of the (UL &(6’3 Vs 723 OL
array.

SRR,

|
| ) W L
- @ This element is assigned the corresponding count’ ’f’w J‘ U"/f ’ 3_:-
| value. Wicth P4 :
‘ . ( L a5 9 J, )O t it
@ The figure illustrates o /‘f O~<,/;/f >
- the result. Versicolour = L
‘ . Setosa /) (%(, ( '
@ All non-specified wn [0 | o | o = r
tUpleS are 0- medium 0 0 2 A\’ & ’ ' =
s _J (e¥ ¢ '
low 0 2 46 drj/ . J Fu
PO I ol Bl .
e o3 B d)m-v Ul o w
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- - r = (,/ S A8
W’@/Ur“u,yﬂﬁ{ﬁm )) - »:_L |}J)’ Jole i | ‘r’ / }(
‘ A % b5 (f Ol 2305 les W)' ) ‘v')vw']ﬂL/
12 /

U

5
LM jd/’f %MC/’)’P" r“»’w%f%“””’) 2 “"/’)""U’ ‘(V’ g (}/ﬂ»%t/)
[\/u»-l\*l“’)f"‘)/u”/_/r’(pﬂd“ Jw Lo (J J)'}P j'/))n-ﬂ (‘/; w/L_/ C)Lt'h)(' lo \/,,)(/j),,)fr’ 2y

/
"‘J")‘7 /’/Cf'/df“}'g—/&;' L/,f/kw'/l’mJ ,))'/ ey /Al e vz o Do

Lf(?p f“’w“otﬂ/(“”)(f'f”rJL “/U/F*/'v"a/ e //@f”’) ()5/‘“\/)( f—J(//)»(u«o(%J ol b



/B

B |
| Example' Ir|s data (contmued)
i e 5z ns T
@ Slices of the multidimensional array are shown by
1 the following cross-tabulations
® What do these tables tell us? i
Width Width }
| low medium  high | low medium  high
= low 16 2 () = low 0 0 1]
B edinm 2 0 0 %0 medium | 0 13
g high ‘ 0 0 0 X high | u 2 2
Width |
| low medinm high ‘
= low 1] 0 1] ’
0 gnedimm 0 0 3
E high ’ 0 3 H
i
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¥ h OLAP Operatlons' Data Cube —
¢ M'”‘bd (* L, )/,v(/ il anlaieat Ab‘/\)cd,) etk et }p&#« v N’,&J/)Q/k" (b pea ) )PS-

e The key operatlon of a OLAP is the formation of a o o) / :
~ datacube Cre=92 ’))/;Af
\
|

. . . . 12 . #* |
@ A data cube is a multidimensional representation . Al At 12930 O J3ao

of data, together with all possible aggregates. =

@ By all possible aggregates, we mean the :

} aggregates that result by selecting a proper i
subset of the dimensions and summing over all i
remaining dimensions. ‘

® For example, if we choose the species type
dimension of the Iris data and sum over all other ‘
dimensions, the result will be a one-dimensional i
‘ entry with three entries, each of which gives the \
| | number of flowers of each type. |
\
{
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Data Cube Example ‘“”’/ % ’fu ‘J' G Lo

T ) S T R R AR R By |

@ Consider a data set that records the sales of
products at a number of company stores at
various dates.

® This data can be represented e |
as a 3 dimensional array |

@ There are 3 two-dimensional :
aggregates (3 choose 2 ), & o
3 one-dimensional aggregates, ___r~; e r’-s-w—Tﬂog;\\o“ ‘
and 1 zero-dimensional A P’MWL =

aggregate (the overall total) S i i
P orsf(§ 122 panisit

N /\ — L/f'n/ / -
n(}j{j/)(—) ’/‘“")r'(( .

=
L

" Ziff’”v“"?“/;‘;‘i\‘;")"(/Lﬁ";_/ C Ol G
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Data Cube Example (contmued)

% The foIIowmg flgure table shows one of the two
dimensional aggregates, along with two of the
one-dimensional aggregates, and the overall total

date
Jan 1. 2004 Jan 2, 2004 ... Dec 31. 2004 | total

| $1.001 $087 ... $RO1 | S370.000
A | .
o
-
g
® 27 $10.265 $10.225 ... $9.325 | $3.800.020

total $527.362 $532.953 ... $631.221 | $227.352.127
%Tan,stembach, Kumar Introduction to Data Mining 8/05/2005 38 ] ‘
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- OLAP Operations: Slicing and Dicing

|
NS - |

e Slicing is selecting a group of cells from the entire
multidimensional array by specifying a specific
value for one or more dimensions.

@ Dicing involves selecting a subset of cells by
specifying a range of attribute values.

This is equivalent to defining a subarray from the
complete array.

- @ In practice, both operations can also be

| accompanied by aggregation over some

dimensions.

|
i ;@Tan.szeinbach, Kumar Introduction to Data Mining 8/05/2005 39 T |
L = ]

OLAP OperatlonS' RoII up and Dr|Il down ‘

@ Attribute values often have a hierarchical
structure.

Each date is associated with a year, month, and week.

- Alocation is associated with a continent, country, state |
(province, etc.), and city. ‘

- Products can be divided into various categories, such
as clothing, electronics, and furniture.

® Note that these categories often nest and form a |
tree or lattice
A year contains months which contains day
A country contains a state which contains a city

Lo
jj s/ F)Tan Steinbach, Kumar Introduction to Data Mining 8/05/2005 40 ]]
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| OLAP OperatlonS' RoII up and Dr|II down

and drill-down operations.

product ID attributes.

-
@ This hierarchical structure gives rise to the roll-up ’
|

~ For sales data, we can aggregate (roll up) the sales
across all the dates in a month.

- Conversely, given a view of the data where the time
dimension is broken into months, we could split the
monthly sales totals (drill down) into daily sales totals.

- Likewise, we can drill down or roll up on the location or

Tan,Steinbach, Kumar Introduction to Data Mining
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