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ABSTRACT. In the current paper an interpretation of the OLAP cube using the
apparatus of index matrices is presented. The OLAP “InterCube Set” and “Data
cube” operations are defined by apparatus of index matrices. Some examples of
these operations by MDX (MultiDimensional eXpressions) [23] are given in the
paper.
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1. INTRODUCTION

In the context of data warehousing, the literature proposes several approaches to
multidimensional modeling. Some of them have no graphical support and are aimed
at establishing a formal foundation for representing cubes and hierarchies as well as
an algebra for querying them [1, 12, 15, 16, 17, 21, 24, 32], while we believe that a
distinguishing feature of conceptual models is that of providing a graphical support
to be easily understood by both designers and users.

The concept of OLAP (online analytical processing) has been introduced by Codd
in 1993 (see [13]). The aim of OLAP is to support ad-hoc querying for the business
analyst. Using OLAP tools users can navigate through and analyze multidimensional
data. OLAP provides technique of performing complex analysis over the information
stored in a data warehouse. There are many papers describing the type, the archi-
tecture and the applications related with OLAP [2, 14, 18, 19, 20, 22, 25]. In [25]
are presented the basic requirements to the OLAP Cube, which are the following:

e Core Logical Requirements of OLAP
(1) Rich dimensional structuring with hierarchical referencing;
(2) Efficient Specification of Dimensions and Calculations;
(3) Flexibility;
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(4) Separation of Structure and Representation;
e Core Physical Requirements
(1) Fast Access;
(2) Multiuser Support.
At a high level steps of designing OLAP-cube, implementing a multidimensional
information, include the following [25]:
e Understanding the current and ideal data flow;
e Defining cubes;
e Defining dimensions, members, and links;
e Defining dimension levels and hierarchies;
e Defining aggregations and other formulas.

In the current paper, which is a continuation of the articles [11, 29], “InterCube
Set” and “Data cube” operations over OLAP cube will be discussed. Also will
be defined their index matrix interpretations and some practical examples will be
considered.

The theory of Index Matrices (IMs) is introduced in [3]. Apparatus of 3D-
Extended Index Matrices (3D-EIMs) is defined in [5] and further developed in [4, 26,
27, 31]. The practical examples in the paper are performed using Multidimensional
expressions language (MDX). MDX provides a syntax for querying and manipulating
the multidimensional data [23].

For the needs of the present research the definition of a 3D-EIM and some opera-
tions over them will be recalled in Section 2. In Sections 3 and 4 we will present the
definitions of “InterCube Set” and “Data cube” operations over OLAP-cube and
will be performed by the apparatus of the IMs. Some example applications of these
operations, described by MDX [23], will be given.

2. SHORT REMARKS ON 3D-EXTENDED INDEX MATRIX

Let us start with a definition of a 3D-EIM from [5, 10], which was extended in
[27].

2.1. Definition of 3D-EIM and some operations over them.

2.1.1. Definition of 3D-EIM. The Intuitionistic Fuzzy Pair (IFP) [6, 9] is an object
with the form (a,b), where a,b € [0,1] and a + b < 1, that is used as an evaluation
of some object or process. Its components (a and b) are interpreted as degrees of
membership and non-membership, or degrees of validity and non-validity, or degree
of correctness and non-correctness, etc.

Let 7 be a fixed set of indixes,

T = (i1, iz, o in) (%1 1 < j < ) (i € T))
and

= U I

1<n<co
Let X be a fixed set of some objects. In the particular cases, they can be either real
numbers, or only the numbers 0 or 1, or logical variables, propositions or predicates,
IFPs, function etc.
An “3D-Extended Index Matrix” (3D-EIM) with index sets K, L and H(K,L, H C
7*) and elements from set X is called the object:
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he| L .,
ki | aryjihg 0 Qkidjhg oo Gkylnhg

[K,L,H, {akrhlm,g}] — : : : : | hg cH
ki | Qrijyhg o0 Qhilihg - Gkylnhg
km a’k'm,vllvhg tee akmaljahg e akn],vln,:hg

where K = {k‘l, kg, ceey km}, L= {ll,lg, NN ,ln} ,H = {hl, hg, ey hf}, and for 1 <
i<m, 1<j<n, 1<g<fragncX.

Following [5, 27], let 3D — EIMp be the set of all 3D-EIMs with elements being
real numbers; 3D — EIMq 1) be the set of all (0,1)-3D-EIMs with elements being 0
or 1; 3D— EIMp be the set of all 3D-EIMs with elements — predicates; 3D — EIMpp
be the set of all 3D-EIMs with elements — IFPs and 3D — EIMpg — the set of all
3D-EIMs with elements — l-argument functions € F 1.

2.1.2. Operations with 3D-EIMs.
e Automatic reduction
The definition of the operation for an 3D-EIM A following [5] is

Q(A) = [P,Q, R, {bp, g..d. }],
where P C K,Q C L, R C H are index sets with the following properties:
(Vki € K — P)(Vl; € L)(VYhy € H)(ak; 1;n, =1)
& (Vki € K)(Vlj € L — Q)(Vhy € H)(a,1;h, =L)
& (Vk; € K)(Vlj € L)(Vhy € H — R)(ak, 1;,h, =1)
& (Vpr = ki € P)(Vgs = 1j € Q)(Vde = hg € H)(bp, q.,d. = Oy 1;,hg)-

We can also define the following operations:

e Automatic reduction by K
@K(A) = [P7 L, H, {bpr7lj7hg}]7
where P C K are index set with the following properties:
(Vki c K — P)(VZJ € L)(th € H)(ak,;,lj,hg IJ_)
& (Vpr = ki € P)(Vlj € L)(Vhy € H)(bp, 1;,hy = Qk;l;hg)-
e Automatic reduction by L
@L(A) = [K, Q,H, {bki7qs,hg }]7
where Q C L are index set with the following properties:

(Vki S K)(Vlj S Q)(th c H)(a/kj,l' hg IL)

J
& (Vk’z S K)(‘v’qs = lj S L)(th S H)(bk,;,q%hg = aki’lj,hg).

e Automatic reduction by H
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@y (A) = [K, L, R, {bk, 1;,4. }]
where R C H are index set with the following properties:
(Vki € K)(Vlj € L)(VYhyg € H — R)(ag,; 1;,n, =1)
& (Vki S K)(Vlj S L)(Vde = hg S R)(bki,lj,de = aki,lj,hg)'
Analogously are the definitions of Qg 1,(A), Qg (A) and Qf, (A).
e Automatic zero-reduction
In [30] is defined this operation over 3D-EIM A as follows:
@%(4) = [P,Q, R, {by, 4,.d.}]
where P C K,Q C L, R C H are index sets with the following properties:
(Vki € K — P)(Vl; € L)(Yhy € H)(ag, 1,1, = 0)
& (Vki € K)(Vlj € L — Q)(Vhy € H)(ak,1;,h, =0)
& (Vki S K)(Vlj S L)(th € H - R)(aki,lj,hg = 0)
& (Vpr = ki € P)(Vgs = Ij € Q)(Vde = hy € H)(bp, qude = ki l;hg)-
e Projection
The operation “projection” over EIMs is defined in [5, 26, 31].

2.2. Definition of 3D-Multilayer extended index matrix and some
operations over them.

2.2.1. Definition of 3D-multilayer extended index matriz (3D-MLEIM). Let us present
the definition of 3D-MLEIM A [26, 31] with P-levels (layers) of use of dimension K,
Q-levels(layers) of use of dimension L and R-levels(layers) of use of dimension H as

follows:
A=[K,L,H,{a, ¢ ()
[ s 7{ Kq‘,,ld’Lj?h’HgaC ]
H e H AL o L\? o A
Kip) G (P) 1(Q) pp(R) v Qp(P) 1(Q) B) -+ Qp(P) 1(Q) 1(R)
K LD b K L@ 1y K L@ H
- KP) a a a ’
i KPLL@ iR e O @ g e GgelP) (@) prR)
ES | ap@) ;@ g o Q) 1@ gR) e QP (@) g
m K, ;Ll 7Hg K, 7L7' aHg Km 'L, 7Hg
where

P)

P P
KZ{K{ )’K2( "'"’K7$ )7K7(f)}7

K = { KD KGR KT et <i<m

................
K9 = (KO, K k)

i.e. p—th layer of dimension K of the multilayer matrix, where (1 < p < P), is
represented by

Ux Ux,1 Ux,2 T T M U U,

K {K(p— ) K-, K@—l)} for 1<p<P

L= {LEQ),LéQ), o ’LE'Q)’ . “/L%Q)}’



Index matrices and Olap—cube 427

Q Q-1) (@1 Q-1 Q-1 ,
L =LV LG LY fr 1< j <
IR

i.e. g—th layer of dimension @) of the multilayer matrix is represented by
LY = {Lgf,{;l%Lg‘i;l), i, .,LE}ZTV?} for1<¢<Q

H={a" g a5 . 5,

)

=mY 1S HEY L HE Y for 1< g < f

................ B
B = (10 05

i.e. r—th layer of dimension H of the multilayer matrix is represented by

ay) = {g D HED, L HE ) o1 <r <R

Wa,2

and (K,L,H cZ*),and for 1 <i¢<1I, 1<j<J 1<g<G 1<p<P 1<g<

Q,1<r<R, 1<d<I 1<b< 1gch:aK@)L(q)H(r)GX,Ki(%)¢K,
i,d 75,60 1g,¢ ’

L) ¢ L and H\) ¢ H.
2.2.2. Operations with 3D-MLEIMs.
e Automatic reduction
Let us have 3D-MLEIM A = [K, L, H, {aKf’r,)Lingé’)}] We will extend the defi-
nitions of the operations “Automatic reduction” over the matrix A.

Let us define “Automatic reduction” by x— layer of the dimension K, y— layer
of the dimension L and z— layer of the dimension H.

O (rc.a-layer).(Lyrlayer). (.- layer) A = B L Hx by oo 0 pr o}

where K« C K,Lx C L,Hx C H,Px C P,@Q* C Q, R+ C R are index sets with the
following propertieS'

(v K d € {(Kf K*Z(.P*)),x-layer}), (v Lg?b) € {L§-Q),q-layer})
(v H{) € {H{?, r-layer)}) (a =1)

P

K L) H
& (¥ sz € {KZ(P ,p-layer})(V Lg?b) € {(L;Q) - L*EQ*)),y-layer})
vV H{) e {H{@), rlayen) ) (@) o) o) =)

& (VKY€ {K(P) player})(7 LYY € {L\?, g-layer})

vV H) € {(H\?D — Hx{@")), z-layer)})(a Opeln) @) () =1)

& (WK = KP) € K)(YLe\%) = 1Y) € L) (vH+{) = HT) € H)

(bK*gp;),L*gq;%H*(gfg = Qg o) o)
and

K c K K" c Kx1< {p,e} < P1<ps < Px, L\? ¢ L, L+\? € Ly,
1<{q,y} <Q,1<gx SQ*7HQ(R) CH,H*S(]R) CH+1<{rz}<R1<r«<Rx.



428 V. Traneva, V. Bureva, E. Sotirova and K. Atanassov

Analogously, we can define the other operations of “Automatic reduction” as:

Q A @ A@

(K,L7(H7z—1ayer))A’
A

((K,z-layer),L,H))
Q

(K,(L,y-layer),H)

A, @((K,.z—layer),L,(H,z-layer))

((K,z-layer),(L,y-layer),H)
and
@(K,(L,y—layer),(H,z—layer))A'

Let us generalize these operations and define following operations of “Automatic
reduction” by some layers of the dimension K, by layers of the dimension L and
other layers of the dimension H.

Qre,x),(L,y),(H,2)A = [K, L, Hx, {bmg?;),L*;.?;J,H*gf:) H

where Kx C K,Lx C L, Hx C H X C P, Y C Q and Z C R are index sets with
the following properties:

(7 K1) e (57 — Kx")), 2 € X}), (¢ LYY € {L\?, g-layer})

(v H(T‘ S {Hg(Q),T—layer)})(aK_(,;) LD H) =1)
i,d g pHgc

& (v KP) e (K" player))(v LY € (L L«{?),y e Y})

N H(T_ € {HéQ),r-layer)})(aK(,;) L9 B =1)
i,d 7" g,b s

& (v K € (K, player))(v 1Y) € {L{, g-layer})
v H) e {(HQ — H@), 2 2N (@) 1)

L)
& (VEx") = K1) € Koo)(VL

(09— L(9) ¢ La)(VH{("2) = HY) € Hx)
(b

) ) = Oy )

and
KD c K K" ¢ Kx1< {pa} < P1<ps < Px, LY © L Lx\? € Lx,
1<{q,y} <Q,1 <gx< Q*,HQ(R) C H,H*!(]R) CH+1<{rz}<R/1<r«<Rx.
If X =PY =Q,Z = R, then this operation is denoted by:
@A = [Kx, L, Hx, {bK*E?;>,L*§?J>,H*§TF‘) 1
and it checks the matrix for empty layers of all three dimensions K, L and H.

e Automatic zero-reduction

Definition of operations

0 0 0
@((K,z—layer),(L,y—layer),(H,z-layer)) 4, @((K,x-layer),L,H))A7@(K,(L,y-layer),H) 4,
0 0 0
@(K,L,(H,z—layer)) A, @((K,z—layer),(L,y—layer),H)A’ (K,z—layer),L,(H,z—layer))A

(
@((]K,(L,y—layer),(H,z—layer)) 14.7 @(K,X),(L,Y),(H,Z) A and @O(A) over 3D-MLEIM A is

analogous to operation “ Automatic reduction”.
In [29, 11, 31] operations “Projection” and three hierarchical operators are ex-
tended over 3D-MLEIMs. They will be used to describe the operations in OLAP-

cube.
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3. AN IMPLEMENTATION OF THE OLAP OPERATION “DATA CUBE” BY INDEX
MATRICES

In the current Section is presented an implementation of the OLAP operations
“Data cube” by index matrices and also are presented some examples of application
of this operation. OLAP cube “Bookshops” is constructed in [29]. It contains in-
formation for the book sales in different bookshops (managed by different regional
managers) in different locations. The structure of the cube “Bookshops” is visual-
ized on Fig. 1. The fact table “Sales” and the dimensional tables Booksld, Title,
Publisher, Genre, Price, Bookshopsld, Bookshop Name, Regional Manager, Owner
and Locationld, Town, Country are constructed. The measures are Number and
Sales Count. The hierarchical structures of the dimensions are presented in [29].

I Books

18
Tite
T tocstion Y Publisher
ik &% Sales ’ Garre
- i i Book @

Tawn ‘_\_ ws Bodkshop_id
Country wt iocation it ‘L

I Bookshops
gl -1
e Bookshopiame
Regional Manager
Ownes

Fi1Gg. 1. Star schema “Bookshops”

In terms of 3D-EIMs the above example of OLAP-cube becomes the following: let
us create matrix A = [K, L, H,{a,.4) ;@ o} (3D-MLEIM with P-levels (layers)
id L ptig.e

of use of a dimension K, Q-levels (layers) of use of a dimension L and R-levels
(layers) of use of a dimension H with structure, defined in [29].

3.1. Definition.

The “Data cube” operation is a multidimensional generalization of a cross-tab. This
operation summarizes the values by rows and by columns in every step of the imple-
mentation of the operation “Roll-up” or recovers them when “Drill-down” is applied
over the cube (Fig. 2). Generally, the option for aggregation with “Roll-up” op-
eration is used. The “Data cube” operation will be presented using hierarchical
operators over 3D-MLEIM [29] also.

Z //
/1 W] =1
/; ]
U => | =
d 9
0y [T
L/

FiG. 2. Operation “Data cube”
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3.2. Presentation of the operation “Data cube” by IMs.
In the case of 3D-EIM A: Let be given 3D-EIM A = [K, L, H,{ay, ; n,}]. We
will use the following aggregation operations, defined in [26, 28], to represent the
operation “Data cube” in terms of index matrices:
(0) — a(k,k.,)-aggregation; (o) — oz, 1,)-aggregation; (o) — a(g,p,)-aggregation.
The operation “Data cube” can be represented as follows:

QKK 0) (A W) S vy i, L. 0) (A Us) ©ovy o m,0) (A Vi)
VKK (L, 0) (A Wa, Us) ©(v) (i KLY (H,HL Y 0) (A Wi, Vi)
EVO((L, L), (1, H.)0) (A Usy Vi) ©v a1 (L, L) 11,1, ,0) (A We, U, Vi)

where
, Wi = {KU)l,Ov s 7wa,07 s 1KUJt,0} ¢ K;

K
U* = {LU1,07'~-aLUy,Ov-“-,LuU,O} ¢ La
Ha ‘/* = {H'1)1,07~~'7Hvz,07"’7H’Uv,0} gZ H

Q(K,K,0) (A, W*) EB(V) Q(L,Ly,0) (A, U*) 69(\/) Q(H,H., o) (A, V:k)a
where
K, = {Ky, Ky, ... Kupy} C K, We = {Kuy, 0, Ky, s Ko} ¢ K
L. = {Luy,-- Ly, Luy} € L, Us = {Luy0,---sLuy 0,5 Luy o} ¢ L,
H,={Hy,....,Hy,,...,Hy,} CH, V., ={Hy0,...,Hy,0,...,Hy, 0} ¢ H.
In the case of 3D-MLEIM A= [K,L,H, {aK(p) L<q) ) H:

Operation “Data cube” is expressed by an element of set:
{(o) — (g k., player) — aggregation, (o) — (L., g-layer) ~ aggregation,
(O) - O‘(H_’H*7 r-layer) - aggregatiom (o) — Q(K,K.,Py)> (O) — Q(L,L.,Qx)

(o) = . R}
Summarized the operation “Data cube” can be represented as follows:

YK K., p-layer,o L,L., g-layer,o

P, vlayer) (A V) B Qi k™), player (L., g layer o (A W U)
P &™) player y,(m,a, r-layer >,o)(A7 Wi, Vi)
EB(\/)O[((L,L;Q% g-layer ),(#,HS® | r-layer >,<>)(A7 U, Vi)
EB(V)U‘(<K,K§P>, p-layer )(L,L{?), g-layer ),((#,uS™, 1-layer >,o)(A’ W, U., Vi)
where
={kP, .. KD, KPYCK,
{K;ﬁo,...,K;?,O,... KEP V¢ K, for 1<p< P
L. :{L&?%...,ngf),..., b cr,
U, = {me... LYo, LWy ¢ Lfor1<q<Q;
={H®, . HD . HPYCH,
{Hgo”" 5:)0,.. H520}¢Hforl<r<R
or

QKK P.0) (A W) @) i, 1.,0.,0) (A, Us) ©v) i, Ry o) (A, Vi)
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S (V)UK K., Pu0) (L L Qu0) (A Wi, Us)
DO O(K K., Pr o), (H,He R o) (A Wi, Vi)
DO L, L ,Qu 0, (H,H. Ry 0) (A Uy Vi)
BV UK, K Py 0), (DL Qe 0), (H, Ho s R 0) (A Wi, U, Vi)

where

K= {KS) KD, K C KWL = (KR kP KP)Y ¢ K,

P. = {p1,...,Pzy-...,pw}, where p, € {1,...,P} for 1 S m < W

L= {L,.. .19, ... L c L, U {Lul U 2 S A A

Q. = {a,...,qy,-...q90}, where ¢, € {1,...,Q} for 1 < y < U,
R R R T Ty r

Hy =m0, BBy CH V= (| H), L HSY)Y ¢ H,

R.={r1,...,r4,...,rv}, where r, € {1,...,R} for 1 < 2z < V.

When “Drill-down” (see [29]) operation is performed using “Data cube” operator
it is necessary to use hierarchical operators to navigate in the different levels of the
cube [29]:

A*|(aK1§5>7L§b@),H§§>§ (p.q;7)) or A%|(p,q,7),
where 1 <p< P 1<¢<Q@,1<r<R
3.3. Representation of the operation “Data cube” between 2 or more

3D-EIMs by index matrices.
Let us be given two 3D-EIMs

Ay =Ky, Ly, Hi, {a and Ay = [Ka, Ly, H, {ay,

The representation of the operation “Data cube” in terms of index matrices is
realized in the following way:

11)]1) g,l}] 127]2792}]

QUK K 0) (A1 W) D) (L4114 0) (A1, Uts) Oy iy iy 0) (A1, Vi)

DV K1) (L, L) o) (A Wi Ure) © vy 0k kL) (L H o) (A1 Wi, Vi)
DVO((Ly, L) (Hy Hy o) (A1 UL, Vi) Sy (k1 KL (L L) (Hi Hi ) o0) (A1 Wi, Ut Vi)
DVO(Ky, K 0) (A2, W2i) B(v) (L2, La. 10) (A2, U2s) B(v) Qi e 0) (A2, Vou)

DV (K, Kau) (Lo, Lan) 0) (A2 Wos, Uni) ©(v) (K Ko ) (Ha, Ha) o) (A2, Was, Vau)

DVO((Ly, Lo}, (o, Ha),0) (A2, Ui, Vai ) OV Q((Ky K. ) (Las L) (Ha Hau) o) (A2, Was, Uny, Vau),
where

P
Ko ={K" KD, K wq’ w.} € K,
W,, = {Kugz{;,o,...,K;gf;p,... wﬁwqo} 7 K,
P, = {psyl,...,ps,m,...,pawg}, where p; , € {1 ,Ps} for 1 <o < W,
w={LP L@, Ly C L,
= (L g L) o L@(i[,/Uq,o} ZL
Qs+« ={qs717...,quy7...,q5Q} where g5y € {1,...,Qs} for 1 <y < Uj,
R) R)
He={H", ... H®, . =™ C H,
Ver = {Hq():,lm’ - ~7H1(;:,Z;,07 e v.q,vgo} ¢ H,

Reo={rs1,...,rszs...,rsv}, Wherer,, € {1,...,R} for 1 <z <V, for s =1,2.
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When performing indexed matrix operations, there is no requirement that their
corresponding dimensions be equal to that required for standard matrix operations.
The operation “Data cube” can be extended by applying to more than two cubes
analogously.

Prior to using this operation, level operators [30], which set requirements for the
degrees of membership and non-membership of the matrix elements, can be applied
to index matrices representing OLAP-cubes. This will only process data that meets
certain criteria.

3.4. Examples for Operation “Data cube”. The following MDX queries return
the highest and the lowest levels of the dimensions Books and Bookshops with the
Crosstab summarization. The results are presented using the software Excel with
Analysis Services and Microsoft SQL Server Management Studio.

e MDX queryl: Operator “Data cube” in the highest level of the dimensions,
performed in Microsoft SQL Server Management Studio. The MDX query
is presented below.

SELECT NON EMPTY Hierarchize(DrilldownMember

({{{ DrilldownLevel({ [Bookshops].[Hierarchy].[All]} )} } },
{[Bookshops].[Hierarchy].[Regional Manager].&[Richard Grayf}))
DIMENSION PROPERTIES

PARENT_UNIQUE_NAME, [Bookshops].[Hierarchy].

[Regional Manager].[Owner],

[Bookshops].[Hierarchy].[Bookshop Name].[Regional Manager/

ON COLUMNS,

NON EMPTY Hierarchize({ DrilldownLevel({ [Books].[Hierarchy].[All]} )} )
DIMENSION PROPERTIES PARENT_UNIQUE_NAME ON ROWS
FROM [Bookshops2]

WHERE ([Measures].[Sales Count]).

Result: The result of the query is 2D-table which visualizes operation
“Crosstab” (Fig. 3) in the highest level of the dimensions, performed in
Microsoft SQL Server Management Studio.

| Ml Olivia Gomez || Stamen Dimitrov | Valer Rodev |
110 21 61 20

4 12 4
15 42 14
2 & 2

Fi1G. 3. Operation “Crosstab” in the highest level of the dimensions

e MDX query2: Operator “Data cube” in the lower level of the dimensions,
performed in Microsoft SQL Server Management Studio. The MDX query
is presented below.

SELECT NON EMPTY [Bookshops].[Hierarchy]. MEMBERS ON COLUMNS,
NON EMPTY [Books].[Hierarchy]. MEMBERS ON ROWS
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FROM [Bookshops?2]
WHERE ([Measures].[Sales Count]).

Result: The result of the query is 2D-table (Fig. 4) which visualizes oper-
ation “Crosstab” in the lower level of the dimensions, performed in Microsoft
SQL Server Management Studio.
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¥ 4 4 4 3 2 4 4 5 4 3 3
H 2 2 2 7 7 2 2 3 2 2
& 1 1 1 4 < 1 1 1 1 1
5 1 1 1 3 3 1 1 1 1 1 1
1 2 2 2 5 8 2 H H 2 2 z
5 1 1 1 3 3 1 1 1 1 1 1
i 5 1 1 1 H 3 1 1 1 1 1 1
?'Mwamks P7 15 15 15 42 42 14 1% 14 14 14 14
{ Bl i 5 1 1 1 2 3 1 1 1 1 1 1
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1 1 1 2 3 1 1 1 1 1 1
1 1 1 2 3 1 1 1 1 1 1
1 1 1 1 1 1
! ' 1 1 !

F1G. 4. Operation “Crosstab” in the lower level of the dimensions

e MDX query3: Operator “Data cube” in the highest level of the dimensions,
performed in Microsoft Excel with Analysis Services. The MDX query is
presented below.

SELECT NON EMPTY Hierarchize(DrilldownMember

({{{ DrilldownLevel({ [Bookshops].[Hierarchy].[All]} )} } },
{[Bookshops].[Hierarchy].[Regional Manager].&[Richard Grayf}))
DIMENSION PROPERTIES PARENT_UNIQUE_NAME,
[Bookshops]. [Hierarchy]. [Regional Manager].[Owner],
[Bookshops]. [Hierarchy]. [Bookshop Name].[Regional Manager]
ON COLUMNS,

NON EMPTY Hierarchize({ DrilldownLevel({ [Books]. [Hierarchy]. [All]})})
DIMENSION PROPERTIES PARENT_UNIQUE_NAME

ON ROWS FROM [Bookshops2]

WHERE ([Measures].[Sales Count]).

Result: The result of the query (Fig. 5) visualizes operation “Crosstab”
in the highest level of the dimensions, performed in Microsoft Excel with
Analysis Services (OLAP add-in).
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Sales Count _ Columnlabels ~ ‘
Rowlabels v «OliviaGomez Stamen Dimitrov *ValeriRodev Grand Totalf

#Children Books 4 13 4 2H} Chonse fields to add to repart:

#Computer Books 15 42 14 71 .
“# Cooking Books . . 2 . . & 2 10| e
Grand Total 21 81 102!

Calcuations } Lbrary  MDX | Search | Fiter List | Defauts | About |

MOX Query: Forrmat MOX query using web service? |

SELECT NOM EMPTY
Hierarchize{Drilldowntember{{{{Drilldownievel({{[Bookshops] 7
.IHierarchy].[81113)33}, Emsﬁddsbetwemaefbdaw. ‘
{iBookshops].[Hisrarchy].[Regional Manager].&[Richard ﬂfﬂf«f{q{fm}fww ?wffhfﬂwi{bstf .
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DIMENSION PROPERTIES PARENT UMIQUE NAME OM ROWS FROM Hierarchy - Sales Count ¥
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PROPERTIES VALUE, FORMAT_STRING, LANGUAGE, BACK_COLUR,
FORE_C{*QR, FOMT_FLAGS e
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F1G. 5. Operation “Crosstab” in the highest level of the dimensions

e MDX query4: Operator “Data cube” in the lowest level of the dimensions,
performed in Microsoft Excel with Analysis Services (OLAP add-in). The
MDX query is presented below.

SELECT NON EMPTY Hierarchize(DrilldownMember

({{ DrilldownMember ({{DrilldownLevel({[Bookshops].[Hierarchy].[All]})}},
{[Bookshops].[Hierarchy].[Owner].&[Olivia Gomez],
[Bookshops].[Hierarchy].[Owner].&[Stamen Dimitrov],
[Bookshops].[Hierarchy].[Owner].€[Valeri Rodev]})}},
{[Bookshops].[Hierarchy].[Regional Manager].&[Richard Gray],
[Bookshops].[Hierarchy].[Regional Manager].€[Tvan Ivanov],
[Bookshops].[Hierarchy].[Regional Manager].&[Valeria Dimitrova[}))
DIMENSION PROPERTIES PARENT_UNIQUE_NAME,
[Bookshops].[Hierarchy].[Regional Manager].[Owner],
[Bookshops].[Hierarchy].[Bookshop Name].[Regional Manager]

ON COLUMNS,

NON EMPTY Hierarchize(DrilldownMember({{ DrilldownMember
({{ DrilldownLevel({ [Books].[Hierarchy].[All]} )} },
{[Books].[Hierarchy].[Genre].&[Children Books],

[Books]. [Hierarchy]. [Genre]. € [Computer Books],
[Books].[Hierarchy].[Genre].69[Cooking Books|})}},
{[Books].[Hierarchy].[Publisher]. & [HarperCollins],

[Books]. [Hierarchy]. [Publisher].&[Orion],[Books]. [Hierarchy]. [Publisher].
&[AlexSoft], [Books].[Hierarchy]. [Publisher].€[Assenevci],

[Books]. [Hierarchy]. [Publisher].&[Manning Publications],

[Books]. [Hierarchy]. [Publisher]. € [Microsoft Press],

[Books]. [Hierarchy]. [Publisher].€[O Reilly],

[Books].[Hierarchy]. [Publisher]. & [Springer],
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[Books]. [Hierarchy]. [Publisher].€&[Ten Speed Press]}))
DIMENSION PROPERTIES PARENT_UNIQUE_NAME,
[Books]. [Hierarchy]. [Publisher].[Genre], [Books]. [Hierarchy]. [ Title].
[Publisher] ON ROWS

FROM [Bookshops2] WHERE ([Measures].[Sales Count]).

Result: The result of the query (Fig. 6) is 2D-table which visualizes
operation “Crosstab” in the lowest level of the dimensions performed in
Microsoft Excel with Analysis Services (OLAP add-in).
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FiG. 6. Operation “Crosstab” in the lowest level of the dimensions

4. AN IMPLEMENTATION OF THE OLAP INTERCUBE SET OPERATIONS BY INDEX
MATRICES

In the current Section of the paper an implementation of the OLAP InterCube Set
operations is presented. These operations apply over the dimensions of the OLAP
cube.

We will use the constructed OLAP cube “Bookshops” in [29] for the research
needs. Let us create matrix A = [K,L,H,{a,.t) ;@ ,} (3D-MLEIM with P-

i,d Hjpg.c

levels (layers) of use of a dimension K, Q-levels (layers) of use of a dimension L and
R-levels (layers) of use of a dimension H with structure, defined in [29].
We will represent the OLAP InterCube Set operations by index matrices in two
cases:
e Case 1: In the case of 3D-EIMs:
Let, there be given a 3D-EIM A = [K, L, H, {ak, 1, n, }]
Let K, Ls and Hg for s = 1,2 are index sets so that:
K, CKand Ko ={Ksp,,.., Ksppr- oo, Ko}
Ly CLand Ly ={Lsuys-- Lsuy:- > Loy}
Hy CHand Hs={Hguw,,- -, Hsuw.r -, Howy}-
e Case 2: In the case of 3D-MLEIM A = [K,L,H,{a
Let, there be given index sets for s = 1,2

K,CKand K, ={K®") . KP) Ky

5,017 s s v s P s

w2 1
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Ps = {ps,lv“ 'vps,zv'“ apsﬁt}v Where 1 <Psz S P fOI‘ ]- < T S ta
LyCLand Ly={LY,... . L)

ERTAS sub}

Qs:{QS15~~-7QS,ya~-~aQSb} Wher91<qsy§Qf0T1§y§b,

H, C H and Hs = {H, swl HSI’EJ)Z Héﬁf)e}’
Ry = {r5,17~..7TS,Z7""r57€}7 where 1 <7, < Rfor 1 <z <e.

Let us denote by |X| the cardinality of the set X. Then |K;| = |Ps| =
t|Ls| = 1Qs| = b, |Hy| = |Rs| = e.

4.1. Operation “InterCube Difference”.

4.1.1. Definition. The operation “Difference” performing subtraction for the subsets
of the dimensions in the OLAP cube and returns the cells that are not found in the
second subset but exist in the first (Fig. 7).

H,
Dimension3 gz
H /

Dimension 3

4
incion 1 & b

Dimension 2

Dimension 1 2

Dimension 2

FiG. 7. Operation “Difference” by the dimension K

4.1.2. Presentation of the operation “InterCube Difference” by the IMs. Case 1: In
the case of 3D-EIMs: For the presentation of the operation in terms of IMs we will
use operation “Projection”, which definition is given in [5, 11, 31].
Let, there be given a 3D-EIM A = [K, L, H, {ax, i, n, }]-
Then operation “Difference” is expressed by:
DT (K —K), L, HA ©(v,0) PTK (L ~Lo),HA
VWP L (Hy~H) A B(v,0) PT (K~ ) (L1~ L), HA
B (VNPT (K~ Ko),L,(Hy — Hy) A S(v,A) DT (Ly — Lo),(Hy — Hy) A
69(V,/\)pr([(l71(2),(1117142),(1’117]{2)147
where makes sense to the standard operation “subtracting” sets.
Case 2: In the case of 3D-MLEIM A= [K,L, H, {aK(p) 1@ ) H:
ivd 560 g.c

The operation “Difference” is expressed by:

“o»

pr(K“’)—K(P),p—layer),L,HA Dv.n) Py (4@ L@ g-layer), 1

SVNPT R L (P _HR) - layer)A@(V»A) pT(K§P)—Kép),p—layer)(L(lQ)—LgQ),q—layer),H)A

A
A

SONPT (P K P layer), L, (2P~ HF) r-layer)
PONPT g (L@ L@ g layer),(HF —g{P r-layer)

@(VvA)pr(KiPLKéP),1)-layer),(L§Q)7L§Q),q-layer),(Him7H§R),r-layer)A’
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where 1 <p< P 1<¢g<Q@Qand1<r<R.
The operation “InterCube Difference” can be performed succcessfully at the levels
in the hierarchies as follows:

DI(Ky Py~ (Ka,P2),LHA D (v,A) PTK (L1, Q1) (L2,Q2), HA
S (v, \)PTK,L,(H1,Ry )~ (Hz,R2) A D(v,A) PT (K1, Py)— (K2,P2),(L1,Q1)— (L2,Qa), HA
B APTE(L1,Q1)—(L2.Qa),(H1,Ry)—(Ha,Ra) A S (v,) PT (K1, Py)— (K2,P),L,(Hy,Ry) —(Ha, Ra) A
D, NPT (K, Pr) (K2, Pa), (L1,Q1)~(12,Q2), (Hy Ra)— (Ha, Ro) A-

4.1.3. Ezamples for the operation “InterCube Difference” (“” operator in MDX).
The operation “Difference” is performed using the function Except(). It returns the
difference of two sets, removing the duplicate members.

e MDX queryl: The query returns all the genres without cooking books and
their sales in the countries if they have ones (Fig. 8).

SELECT [Location].[HierarchyLocation]. Children ON COLUMNS,
NON EMPTY Ezcept([Books].[HierarchyBooks].[All]. Children,
[Books]. [HierarchyBooks]. [Genre]. &[Cooking Books], ALL) ON ROWS
FROM [Bookshops2]

WHERE ([Measures].[Sales Count])

Result: The result of the MDX-query is 2D-table which visualizes operation “Dif-
ference”, performed using function Except().

.| Bulgara | England | Turkey
1 13 4 4
42 15 14

Fic. 8. MDX query performing operation “Difference” using func-
tion Except()

4.2. Operation “InterCube Intersection”.

4.2.1. Definition. The operation “Intersection” comparing the subsets of the dimen-
sions in the OLAP cube and returns the cells that are found in the both subsets
(Fig. 9).
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H,
Dimension3 gz
H /

Dimension 3
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£, o H o ("
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Dimension 1 1x
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-
»
L L in
Dimension 2

FiG. 9. Examples of the operation “InterCube Intersection” by the
dimension K

4.2.2. Presentation of the operation “InterCube Intersection” by the IMs. Case 1:
In the case of 3D-FEIMs: The presentation of the operation in terms of the IMs is
realized by operation “Projection”, which definition is given in [5, 11, 31].

Let there be given a 3D-EIM A = [K, L, H,{ax, i, n, }|-

Then operation “Intersection” is expressed by:

Pr(KinK2),LHA ©(v,0) DT (LinLy),HA
D (v, NPTK,L(HinH) A S(v,0) PT(K1NK2)(LinLe),HA
D (v, NPT (K1 NKs), Ly (HinHo) A ©(v,A) PTR (L0 L), (HinHz) A
D (v, A PT (K1), (LiNLs),(HiNHa) As
where “N” makes sense to the standard operation “Set intersection”.
Case 2: In the case of SD-MLEIM A = [K,L,H,{a;.x) ;@ 0}
id Hjptig.c

The operation “Intersection” is expressed by:

P (P k(P ,;rlayer)A,L,HA Dv.n) Pl (L@@ ,q—layer),HA
QB(V’/\)p?"K,L,(H{R)mHZER),r—layer)A Dev,n) pr(Kﬁp)ﬂKép)7p-1ayer),(L(lQ)ﬁL§Q)7q-laye1")»H)A
@(V,A)pr(}(f)rﬁl(ép),p—layer),L,(HfR)nHéR) ,r-layer)A

DA 1 (L@ g-layer), (P EE r-layer)d

A

)

CONPT (K P AR (P) player), (L@ L) g-layer), (5P HE r-layer)
where 1 <p< P, 1<¢g<@Qand1<r<R.
The operation “InterCube Intersection” can be performed succcessfully at the
levels in the hierarchies as follows:

DT (K1, P)N(Ka,Po) L HA ©(v,A) PTK(L1,01)N(L2,Q2), HA
(v, \PTK,L, (1, R )N(Ha,R2) A B(vA) PT(K L PON(K2,Pa),(L1,Q1)N(L2,Qa), HA
O(V,NPTK,(L1,Q1)N(L2,Q2),(Hy, R)N(Ha, Ra) A ©(v,A) PT (K1, PN (K, Pa),Ly(Hi,R1)N(Haz, Ra) A

BV NPT (K1, P)N(K2,Pa),(L1,Q1)N(L2,Q2), (Hy R )(Ha, R2) A-
The operation can be presented as both intersections between all the attributes
and chosen one/set of attributes and between two sets of attributes belonging to the
selected dimension.
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4.2.3. Ezamples for the operation “InterCube Intersection”. The operation “Inter-
section” returns the intersection of two sets. By default, the function removes du-
plicates from both sets prior to intersecting the sets. The two sets specified must
have the same dimensionality.

e MDX queryl: The next query returns the sold books for the different genres
only for the members existing in the both sets (Fig. 10).

SELECT INTERSECT
{[Location].[HierarchyLocation].[Town].€[Burgas],
[Location].[HierarchyLocation]. [Town]. &[Plovdiv],
[Location].[HierarchyLocation].[Town]. & [Sofia]},
{[Location].[HierarchyLocation].[Town]. & [Burgas],

[Location]. [HierarchyLocation].[Town]. &[Sofia],
[Location].[HierarchyLocation]. [Town].&[London[} ) ON COLUMNS,
[Books].[HierarchyBooks].[Genre] ON ROWS

FROM [Bookshops2]

WHERE [Measures].[Sales Count]

Result: The result of the MDX-query (Fig. 10) is 2D-table which visualize oper-
ation “Intersection”, performed using function Intersect().

| Burgas || Sofia |

4 4
14 14
2 2

Fic. 10. MDX query performing operation “intersection” using the
function Intersect()

e MDX query2: The query returns the count of the sold books in England
(Fig. 11). This country is selected in both sets.

SELECT INTERSECT({[Location].[Hierarchy].[Country]. & [Bulgaria],
[Location].[Hierarchy].[Country]. &[England]},
[Location].[Hierarchy].[Country].€[England], All) ON COLUMNS,
[Measures].[Sales Count] ON ROWS

FROM [Bookshops2]

Result: The result of the MDX-query (Fig. 11) is 2D-table which visualizes
operation “Intersection”, performed using function Intersect().

‘ " England |
SalesCount 21

Fi1g. 11. MDX query performing operation “Intersection” using the
function Intersect()

4.3. Operation “InterCube Union”.
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4.3.1. Definition. The operation “Union” is performed on the certain dimensional
level of the hierarchy. Operation “Union” groups subsets on the level in certain
dimensions (Fig. 12).

e

Dimension 3 g,
Hy /

Dimension 3 &

B - >
H 7
m} x| i A
B “ s 97
Dimension 1 [% 52 f
£ g, {

Dimension 1

e h B - &
| Dinension 2
LU Ly L &

Ditnension 2

FiG. 12. Example of the operation “Union” by the dimension K

4.3.2. Presentation of the operation “InterCube Union” by the IMs.

Case 1: In the case of 3D-EIMs: The presentation of the operation in terms of
the IMs is realized by operation “Projection”, which definition is given in [11], is as
follows:

Let there be given a 3D-EIM A = [K, L, H, {a, 1, h,}]-
Then operation “Union” is expressed by:
Pr(K1UK),LHA ©(v,0) PTK,(LiULy),HA
D (v, \PTK,L,(HUH) A S (v,A) PT(K1UK), (L1 ULe) HA
D (v, A PT (K UKs),Ly(HyUH) A ©(v,A) PTE(L1UL2), (H1UH2) A

D (v,\)PT (K UK2),(L1ULs),(H1UHz) A5
where “U” makes sense to the standard operation “Set union”.

Case 2: In the case of SD-MLEIM A = [K,L, H,{a,) ;@ 4 }:
i,d b o1g.c
The operation “Union” is expressed by: ’

P (PP ,p—layer)‘,L,HA S Py (L{@urL{@ ,q—layer),HA
EE(\/7/\)p7ﬁK,L,(H{R)UHQR),r—layer)A Dv.a) PP uREP) p-layer) (L UL g-layer), )
EB(\/,/\)pr(Kf’)quP)7p—layer),L7(HfR)uHéR) ,r—layer)A
DV MPT g (LQULQ g-layer),(HE UHLR) A,r—layer)A

<|)(V7/\)pr(K§P>uK§P) p-layer),(L{®uL{@ ,q—layer),(H{R)uHéR),r—layer)A’
where 1 <p< P, 1<¢g<@Qand1<r<R.

The operation “InterCube Union” can be performed succcessfully at the levels in
the hierarchies as follows:

DT (K P UK, Po),LHA B (v,0) DT (L1,Q1)U(Ls,Q2) HA
D, NPT KL, (Hy, Ra)U(Ha, Ra) A D (v,n) DT (K1, POU(KS, Py),(L1,Q1)U(L2,Q2),HA
@(V,/\)pTK(Ll,Ql)U(Lz»Q2)7(H17R1)U(H2»R2)A @(V,/\) pT(K’l,Pl)U(K2,PQ)-,L,(HL,Rl)U(HmRz)A

DV, NPT (K, LUK, P),(L1,Q1)U(La,Q3), (Hy Ry )U(Ha, Rg) A
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4.3.3. Exzamples for the operation “InterCube Union”. The operation “Union” re-
turns the union of two sets by default without the duplicate members.

e MDX queryl: The next query is the same as the previous but the titles of
the selected books are grouped in the genres “Computer books” and “Cook-
ing books” (Fig. 13).

SELECT UNION/([Location]. [Hierarchy]. [Country]. &[Bulgaria],
[Location]. [Hierarchy].[Country].&[England]) ON COLUMNS,
UNION([Books].[Hierarchy].[Genre].&[Computer Books],
[Books]. [Hierarchy]. [Genre].&[Cooking Books]) ON ROWS
FROM [Bookshops2]

WHERE [Measures].[Sales Count]

Result: The result of the MDX-query is 2D-table which visualizes the operation
“Union”.

Fic. 13. MDX query performing the operation “Union”

e MDX query2: The following query returns the union of the towns in the
countries Bulgaria and England. In the language MDX have not the union
of the columns as the SQL language.

SELECT UNION/([Location].[HierarchyLocation]. [Country]. &[Bulgaria/. Children,
[Location]. [HierarchyLocation]. [Country]. & [England]. Children) ON COLUMNS,

[Books]. [HierarchyBooks].[Title] ON ROWS
FROM [Bookshops2]

Result: The query extracts the number of the initial copies of each title in the
union of the cities in the countries Bulgaria and England (Fig. 14).
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| | Burgas | Plovdiv || Sofia | London |
4 3 2 2
2 1 1 1
4 3 2 1
 Spar 3 2 3 2
| Microsoft Pmpm 2013 -stegigz Sep | 2 2 1 2
[An Action 1 2 2 3
 Business Aralysis 1 2 4 2
Introducing Microsoft SOL server 2014 1 1 4 2
. Programming Microsoft SGL Server 2@‘!2 1 2 5 4
[C#5.0in a Nutshell: The Defir s | 2 1 7 2
 Discovering Stabshcs UsgR = 2 4 & 7
. Hadeop: The Definitive Guide 1 1 4 3
JavaScript: The Definttive Guide 2 1 5 3
‘ JavaScript: The Good Pads 2 2 4 1
. Leaming Fedis L2 2 12 1
ntroductioninComputer Design =~ = 2 3 3 4
ilaRepedobedelaCuigine = 1 1] 5 1 1
. My Paris Kitchen: Recipes and Stories & 1 1 2

Fic. 14. MDX query performing operation “Union”

4.4. Operation “InterCube Cross product”.

4.4.1. Definition. The operation “Cross join” is performed on the certain dimen-
sional level of the hierarchy. Operation “Union” groups subsets on the level in
certain dimension like the operation “Cross join”, but the difference is that the op-
eration “Cross join” can combine subsets of different dimensions also (Fig. 15). The
operation “Cross join” returns the cross product of two or more specified sets. If
the sets in this operation are composed of tuples from different attribute hierar-
chies in the same dimension, this function will return only those tuples that actually
exist. The operation can manipulate with different dimensions in the same hierar-
chical level on the axis also. It has several forms depending the combinations of the
dimensions. One of them is:
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A,
Dimension3 gz, 7 Dimension 3
H ///: E

- =

Dhmension 1

Dimension 2

¥

Dimension 2
Fic. 15. Example of the operation “Cross join”

4.4.2. Presentation of the operation “InterCube Cross Product” by the IMs.

Case 1: In the case of 3D-FEIMs: The presentation of the operation in terms
of index matrices is realized by operation “projection”, which definition is given in
(5, 31] and presented in [11]:

Let there be given a 3D-EIM A = [K, L, H,{ax, i, n, }|-

Let with 7" we denote Ky x Ly x Hs, |Ks| =t, |Ls| = band |Hs =d, n = |T| = tbd,
where “x” is the standard Cartesian product.

The operation “Crossjoin” is expressed by in terms of EIMs:

prks,vlylaul 7hs,w1 A @(0) tee 69(0) prks,vl 7ls,u1 7hs7wdA Tt
B (0)DT ks vy sy sy A B0) =+ - B(0) PThs g sy ohsung A
where ordered three indexes (ks.,, Usuy s hsw,) € T. Different combinations of “cross
Product” can be made according the “pivot operation”. If many elements “1” or
zero are obtained, then the operations of “automatic reduction” @ or @° applies to
the matrix A.
Case 2: In the case of SD-MLEIM A = [K,L,H,{a,.c) ;@ 5}
i,d b0 1g.c
Let with T we denote K x L x Hg, then n = |T'| = tbd, where “x” is the standard
Cartesian product. The operation “product” is expressed by:

A@(o)...

Pr (P p-layer),(£(9), ¢-layer), (%) r-layer)

AEB(O)...

(&5 p-layer), (L4, q-layer),(H), r- layer)A Doy - -

S(o)P " (k(E) p-layer),(L{2), ¢-layer), (), r- layer)A
where1 <p < P,1<¢q<Q,1<r < Rand ordered three indexes (K o, , L, , Hsw.) €
T.
The operation “InterCube Cross Product” can be performed succcessfully at the
levels in the hierarchies as follows:

Doypr (k%) player), (L), ¢-layer), (a5, r-layer)
Se)pr

A (D(o) L.
A Do) -
A @(o) .

-
prog B psi-layer), (149, q5,1-layer),(#E), rs 1-layer)

POPT (1(7) p1-layer) (LI, qur-layer), (D, r. - layer)

S(o)pr (&S5 ps-layer), (L4, gs,1-layer), (2S5, rs1-layer)
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DEPT(KE) . layer) (LS, q. p-layer), (1T, . -layer) 3

Different combinations of “InterCube Cross Product” can be made according the
pivot operation. If many elements “1” or zero are obtained, then the operations of
“Automatic reduction” @ or @, defined in previous Section, applies to the matrix

A.

4.4.3. Ezamples for the operation “InterCube Cross Product”.
The operation “Cross join” returns the cross product of two sets.
e MDX queryl: The following query returns “Crossjoin” of the regional man-
agers and the cities and extract the information for the books from each genre
(Fig. 16).

SELECT CROSSJOIN([Bookshops].[HierarchyBookshops]. [Regional Manager],
[Location]. [HierarchyLocation].[Town]) ON ROWS,

NON EMPTY([Books].[HierarchyBooks].[Genre]) ON COLUMNS

FROM [Bookshops2]

where [Measures]. [Number]

Result: The result of the MDX-query (Fig. 16) is 2D-table which visualizes the
operation “Crossjoin”.

. Children Books = Computer Books  Cooking Books

frall frally frally
1 ) {rull il )
 Richard Gray {ruall} fruall}y {rull}y
Richard Gray & 7 3
Richard Gray ol frally fraally
Ivan lvanov 13 23 7
 lvan lvanov ] 7 &
lwan lvanov 8 75 2
lvan lvanov ully frull}y {raally
anlvanoy M | ) frully fuy
Valeria Dimitrova o ) )
 Valenia Dimitrova || Plovdiv | il fpul il
Valeria Dimirova | Sofia | {ull il il
Walera Dimitrova froll} {rall {ruall}
Valeria Dimitrova i & 25 7

Fic. 16. MDX query performing the operation “Crossjoin”

Obviously, in the result of the query has many empty rows. They will be removed
after applying the keyword “NON EMPTY” to the query (Fig. 17).

e MDX query2: The following query returns “Crossjoin” after applying the
keyword “NON EMPTY”.

SELECT NON EMPTY Crossjoin
([Bookshops].[HierarchyBookshops].[Regional Manager],
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[Location]. [HierarchyLocation].[Town]) ON ROWS,

NON EMPTY/([Books].[HierarchyBooks].[Genre]) ON COLUMNS
FROM [Bookshops2]

where [Measures].[Number]

Result:
| Children Books | Computer Books || Cooking Baoks
 Richard Gray London 5§ 37 3
vanlvanov | Burgas | 13 23 7
wan Ivanov | Plovdiv 3 27 &
lvan lvanov | Sofia 3 75 2
Valeria Dimitrova | Mersin | 6 5 7

Fic. 17. MDX query performing the operation “Crossjoin” with non
empty

e MDX query3: The same query is executed by choosing the measure “Sales
count” (Fig. 18):

SELECT non empty CROSSJOIN
([Bookshops].[HierarchyBookshops]. [Regional Manager],
[Location].[HierarchyLocation].[Town]) ON ROWS,

NON EMPTY/([Books].[HierarchyBooks].[Genre]) ON COLUMNS

FROM [Bookshops2]
WHERE [Measures].[Sales Count]
Result:

, || Children Books = Computer Books || Cooking Books
RichardGray  london | 4 15 2
lvan lvanoy ‘ 4 14 2
van vanov 5 14 2
van lvanov 4 14 2
Valeria Dimtrova | Mersin | 4 14 2

Fic. 18. MDX query performing the operation “Crossjoin” with
measure “Sales Count”

e MDX querys: The next query combines the operations “Union” and
“Crossjoin”. The result contains the count of the sold books of the gen-
res “Computer books” and “Cooking books” in the bookshops with regional
manager “Ivan Ivanov” in Bulgaria (see Fig. 19).

SELECT CROSSJOIN([Location]. [Hierarchy]. [Country]. &[Bulgaria],
[Bookshops].[Hierarchy]. [Regional Manager]. & [Ivan Ivanov]) ON COLUMNS,
UNION([Books].[Hierarchy].[Genre].&[Computer Books],
[Books].[Hierarchy].[Genre]. & [Cooking Books]) ON ROWS

445
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FROM [Bookshops?2]
WHERE [Measures].[Sales Count]

Result: The result of the MDX-query is 2D-table which visualizes operation
“Crossjoin”.

i BU‘QE’B
|| lvan Ivanov |
{ Computer Books | 42

¥
g

i
g
H
i
:

Fic. 19. MDX query performing operation “Crossjoin” and “Union”

5. CONCLUSION

In the presented paper we used the index matrices as a tool for interpretation
of OLAP operations “Data Cube” and “InterCube Set”, which have applications
in business-analysis of book sales. Operations between the 3D-EIMs - addition,
subtraction - are used as a tool to create aggregated data-cubes. The outlined
approach for extracting knowledge from the information stored in OLAP-cubes has
the following advantages:

— Defined operations can be applied to data with explicit parameters, as well
as to fuzzy or intuitionistic fuzzy parameters;

— Defined operations can be expanded to retrieve information to other types
of two-dimensional or multi-dimensional data cubes [7].

Nowadays the attention is focused over the tasks for presenting the OLAP concept
using 3-Dimensional and n-Dimensional IMs, and the use of these operations in the
future development of the Intercriteria Decision Making method [8]. The scientific
problem of OLAP-cube modeling, as well as the matrix-based interpretation of the
analysis and retrieval of the information in it, has a wide practical application that
makes it possible to work not only with precise parameters but also with fuzzy or
intuitionistic fuzzy parameters. This paper is the third part of series of articles
investigated the OLAP operations by index matrices. In the future the authors will
finish the studies and some fields of application will be discussed.
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