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ABSTRACT. Online analytical processing (OLAP) tools are conceived to ease the
navigation trough the data, saved in multidimensional structures. The operation
“Drill Across” retrieve facts on common dimensions of the multiple data-cubes. In
the current paper an interpretation of the OLAP “Drill Across” operation using
the apparatus of index matrices is presented. Also some practical examples of
this operation by language MDX(MultiDimensional eXpressions) [13] are given.
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1. INTRODUCTION

Data warehouse [11, 12] is a subject oriented, nonvolatile collection of data used
to support strategic decision-making. The term “OLAP (Online Analytical Process-
ing)” was introduced in 1993 by Codd [10]. The purpose of OLAP systems is to
facilitate solving data analysis problems. The Online Analytical Processing ([12],
OLAP) is defined as a set of principles that provide a dimensional framework for
decision support. The most important characteristic of OLAP [1] is its multidimen-
sional view. This allows one to apply specific storage techniques in order to reduce
response times. Most operations are concerned with analyzing data only from one
data-cube with the exception of “Drill Across”. This operation retrieves facts [1]
from multiple cubes if they have common dimensions. The common dimensions are
used to essentially perform a join between the two cubes. The other dimensions do
not appear in the result. This may not be adequate in all situations. This operation
is studied in [1, 9].

In the current article, which is a continuation of articles [8, 18, 19], “Drill-Across”
operation to OLAP-cubes is researched and defined in the terms of the index matrix
(IM) concept, which was introduced in 1984 in [2]. The practical examples in the
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article are performed using Multidimensional expressions language (MDX). MDX
provides a syntax for querying and manipulating the multidimensional data [13].

For the needs of the present research we remind the definition of the three-
dimensional extended index matrix (3D-EIM) and some operations over them in
section 2. In sections 3 will be presented the definition of an operation “Drill across”
using the apparatus of the IMs and applications of this operation in OLAP-cube will
be considered.

2. SHORT REMARKS ON 3D-EXTENDED INDEX MATRIX

Let us start with a definition of a 3D-extended index matrix [3, 7]. It was ex-
tended in [17].

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

2.1.1. Definition of $D-EIM. An Intuitionistic Fuzzy Pair (IFP) [4, 6] is an object
of 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 Z be a fixed set of indices,

T = {{i1, iz, ooy in)|(Vf : 1 < j < 1)(i; € T)}

and

= U I

1<n<oco

Let X be a fixed set of some objects. In particular cases, they can be either real
numbers, or only the numbers 0 or 1, or logical variables, propositions or predicates,
IFPs, functions etc.

A “3D-Extended Index Matrix” (3D-EIM) with index sets K, L and H(K, L, H C
Z*) and elements from set X is called the object:

hy I . I . Iy
kv | aryin, 0 ki oo Gkylhy
[Ka La H7 {ak“lj,hg}] - : : ’ : ’ ’ | h’g €EH )
ki | Griiihg oo OQhilyhg e Ghilohg
kp | Qi hg <o Qi lihy o ki ln,hg

where K = {ki,ka,...,km}, L ={l1,l2,...,1n} ,H = {h1,ha, ..., hs}, and for 1 <
i<m, 1<j<n, 1<g<f:ag,nc€X.

Following [3, 17], let 3D — EIMEp be the set of all 3D-EIMs with elements being
real numbers; 3D — ETMjg 1y 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 — EIM;pp
be the set of all 3D-EIMs with elements — [FPs and 3D — EIMpg — the set of all
3D-EIMs with elements — 1-argument functions € F 1.
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2.1.2. Operations over 3D-EIMs.

e Projection
Let us have 3D-EIM A = [K, L, H,{a, ; n,}] and let M C K, N C L and U C H.
Then,

prv NuA = [M,N,U,{by,1;n,};

where for each k; € M, l; € N and hy € U by, 1; n, = g, 15 n,-

e Composition
Let the index set Z* and the set X be fixed and let 3D-EIMs Aq, Ao, ..., A, over
both sets be given. Let for s (1 < s < n):

AS = [Ks’ Ls’ HS’ {a5yks,iyls,jahs,g }]

S
hs‘g €EH 1571 Ce lsyj ce ls,ns
ks Usksrlsishsg -0 Osksilsjhsg - 0 Gsksilsnghsg
ks Us g ilsshsg = 0 Oskeilosheg oo Oskyilsnshsg
ksm | Gshomdsiheg o0 Oskomlsjhsg v+ Oskemlsnghsg

Following [21] the definition of the operation “composition” is:

n n n
HA1<s<n}=[ U K°, U L°, U H"
s=1 s=1 s=1
{<cl,t1,u,v1,w,d1,e7 C2 o uyv2,w,d2,e7 cn,in,uﬂn,wdn,e)”?

where for r (1 <r < n):

QArkyilr j g if try = kr,i € Kryvr,w = lr,j erL
— — T
CT',t'r','luv'r',umdr,e - and d’rae - hr,g € H
1, otherwise
where symbol L denotes the lack of some components in the definition or empty

matrix elements.
We give an example from [3]. Let the EIMs A;, A3 have the forms

| d e f g | d i f
al| 1 2 1 3 al|l1ll L1 12
A=ly 105 Lo A= 1L 13 14
cl6 7 L1 8 h|15 L1 L
respectively.
Then
| d e f g i
a | (1) (2, 1) (L,12) (3, 1) (L, L)
A=Db{A1,A}= b | (4,L) (L,L1) (5,L) (L,L) (L,L1).
c| (6,L) (7,1) (L,14) (8,1) (L,13)
h|(L,15) (L, L) (L,L1) (L, 1) {(L,L)
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e Automatic reduction
The definition of the operation for an EIM A is

@(A) = [P7Q7 {bpr,Qs,de }]7

where P C K,Q C L, R C H are index sets with the following properties:
(Vk € K — P)(Vl € L)(Vh € H)(ak, 1, n, =L)

& (Vk € K)(Vl € L — Q)(Yh € H)(ay, 1, =L)

& (Vk € K)(Vl € L)(Vh € H — K)(a, 1;,n, =L)
& (Vk € K)(Vl € L)(Vh € H — L)(ay, 1,5, =L)
& (Vk € K — H)(Vl € L)(Vh € H)(ag, 1, n, =L)
& (Vk € K)(Vl € L — H)(Yh € H)(ay, 1;,n, =L)
& (Vpr = a; € P)(Vgs = bj € Q)(Vde = hy € H)

(pr‘7QS7de = a’kivlj 7h'_l] ) .

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 [15, 21] 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= [(K7 P)v (LvQ)) (Ha R)a {aKl(f’,f,L;?g,Hé,rg}]

2" er| L L@ L@
K(P) a,. . (p a, . (p a. . (p
1 kP L@ mi o CrP L@ g Ok P LR g
- K" a e @ a,.(P) 1 (Q (R a,.(P) 1 (@ (R ’
i KD L@ g WP QO g Y@ 1@ g
K a e @ 0 a,.(P) 1 (Q (R a,.(P) (@ (R
m Ky, L{™¥ Hyg T UK Ly Hy U UKy )Ly Hg

where

P P P
K:{K§ ),Ké )77Kl( ),,K»,gnp)}v

K <Lk KGR KT e <i<m

0 0 0
KO — {Kl(t)l),qu’Q), . ~7K1(L,I)J}

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

K = {Kffj;l),Kyjj), o ,Kf}j;]?} forl<p<P

ey P

L={L\? L L LY,
Q Q-1 (-1 Q1 o-1 .
L =zl Lle ) L L@y for1 <<

@
Lj
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0 0 0
szl):{L i,Lf,%, . ali,\)f}

U,

i.e. g—th layer of dimension @) of the multilayer matrix is represented by
L@ = {ng;1>,L5,3;1>,...,ngjvp} for 1<q¢<Q
R R R
H={m" g =P 5y
(R— R— - R—
=m0 Y D H 1< g < f
(0) £(0) (0)
HY = {0 HY), o H)

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

Hg):{ HE-D, HE-D, .,Hg*j;)*}fongrg}z

* Wx,1 !
and(K,L,HCI*),andforlgiSI, 1<j<J,1<g<G, 1<p<P 1<q<

Q,1<r<R, 1<d<I, 1<b<J, 1§ch:aKf,2,L;qg’H<r)ex §5)¢K,

LY ¢ L and H) ¢ H.
2.2.2. Operations with 3D-MLEIMs.

e Projection
Let us have 3D-MLEIM A = [(K, P),(L,Q), (H, R), {aK(p) L@ g }. In [8, 21] are
iyd L pg.c
extended the definitions of the operation ”Projection” over matrix A as follows:

Prg® ),player),(LgQ),q—layer),(HgR),r—layer)A

= [<K§P>,p-1ayer>, (LY, g-layer), (H{P, r-layer), {b o) ;@ o )]s
i,d L b g.c
where for each K ) € {K , D-layer }, Y b € {L ,Q—layer} and Hérc) € {Hg(R),r-layer}

b ;@ ;) =) (@ )
Kia:Lyp-Hge KilqLyyHge’

where K" c K,1<p<PL? cL1<q<Qand HYY c H1<r <R
Let there be given index sets, whose members are also index sets:
K, CKand K, ={K{P, ..., KD, ... KD},
P.={p1,-.-,Dzy---,pt}, where 1 <p, < Pfor 1<z <t,
L.C Land L, ={L{Y,...,.L{?, ... L{?},
Q«={q,---,qy,---,qs}, where 1 < g, <Q for1 <y <s,
H,CHand H.={H, .. g . H,
R.,={r1,...,72,...,7¢}, where 1 <r, < Rfor1 <z <e.
We denote the dimension of some index set G by dim(G) = u. Let
dim(Ky) = dim(Py) = t,dim(Ly) = dim(Q4) = s,dim(H,) = dim(R,) = e.
Then

PY(K. P, (L, Q) (Ho R A = [(K, Py), (L, Qx), (H*,R*),{ngz;) 0 ng}]’
i,d 7 73,b7 »C

113
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where for each K d € {KUT Dy — layer } for 1 <z <t, L G {Luy ,qy — layer }
f0r1<y<sanquc€{sz, T, — layer}forlgzge,

beIL)’L(q) ) = KW 1) )

e Composition

Let index set Z* and the set X be fixed and let 3D-MLEIMs Aq, Ao, ..., A, over
both sets be given. Let for s (1 < s <mn):

As = [(Kmps)v (LsaQs)a (Hs, Rs), {CLS K(p's()i L(q".‘)b H(r;) }] —
" s,1,d>s,5,b07 7 5:9,¢

R
H{Y € H, LS " L) . L)

K(Ps) a (P R a (P R a . (p R
s,l S7K§yls)vLinlS>7H-£,gS) ce S,K.i,l'g),ngs),HﬁygS) ce S,Kliyls),LgYQ»,f),H,gygS)
(P) a a a
5,i 5 KD L@ gRe) +ee Oy pe(P) (@) pr(e) e Qg g () 1(@0) pr(i)

K(PS) a . .(p R a_ ..(p R a (P R
ot | Gy L9 B+ CkAED LG ) ) 150 R

where

_{KS1 ,K(g-s)’_..,K(Rs)’“.’K(Ps)}’

s, EX) s,m
K = kG K kYK o1 < <m
0 0 0
K < {0,

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

Ks) — {K(ps 1) glps—1) K(psfl)} for 1 < p, < P,

SyUx SyUx,1 P TES Uk 2 ) 1Y su U

Ly = {08 L% . 19 Q)

5,2 Y sy ENG }7
S 1 .971 571 K 1
L&) = LoD, Lot LY L for 1< <

0 0 0
Lg}v = {Lg,g,la Li,g,Qv AR ZE,J,V}

i.e. gs—th layer of dimension Qs of the multilayer matrix is represented by

L) = {L@s—l) L= e >} for 1 < gs < Qs

S, S, Usx,1 7778, Vs 2 7 9

Rs Rs . Rs
H, :{H§1),H;Q),...,Hgf;‘«),... a,

Rg—l Rs—1 Rs—1 (Rs—1)
_{ Sfll 152 )7~~7H§)g;z )"" quG }f0r1<g<f

0 0 0
H), = {HS,  H o H )

s,w,1? *Fsw,20

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

) = {0 B HGT) L for 1< < R

5,Wi S,We1 0t swe2 » s, w
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and (Ks,Ls,Hs C Z*),and for 1 <i < I, 1 < j < J 1<g<G,1<ps,<
P, 1SQS§Q57 1<rs <R, 1<s5<n, 1<d<I,1<b< 1<e<G:
@ k020, ) S
Let us extend the definition of the operation “composition” as follows:
n n n n n n
Afl<s<n}=[ U K5, U Po),( U Ls, U @s),( U Hs, U Ry),
s=1 s=1 s=1 s=1 s=1 s=1
{<¢1’K(P*1) plaxy)  glren) 7¢2’K(P*2) plax2)  p(re2) ’""¢n,K7(f;:;*,L,(Z;f,)wai:;f,)c*>}]’

1,i%,d=7"1,5%,bx7""1,g*,cx 2,i%,d% 772, 5% ,bx 7" "2, g%, cx

where for s (1 < s <n):

it K& = K") e K,

G P, 100 i) T ssind
(qxs)  _ 7(as) qs
¢ Lojine = Loy € LS,
(pxs) 1 (gaxs) (axs) — T T .
S K aoLs i b Ls il s and H,E’g*sy)c* = Hs(,gsy)c € H»
1, otherwise

3. AN IMPLEMENTATION OF THE OLAP OPERATION “DRILL ACROSS” BY INDEX
MATRICES

In the current section an implementation of the OLAP operation “Drill across”
is presened by IMs and some examples of its practical application are given.

For this purposes we use the OLAP cube “Bookshops”, constructed in [18]. It
contains information for the book sales in different bookshops (managed by different
regional managers) in different locations. The structure of the cube “Bookshops” is
visualized on Fig. 1. The fact table “Sales” and the dimensional tables Books{Id,
Title, Publisher, Genre, Price}, Bookshops{Id, Bookshop Name, Regional Man-
ager, Owner} and Location{Id, Town, Country} are constructed. The measures are
“NumberSales” and “Sales Count”. The hierarchical structures of the dimensions
are presented in [18].

s id
Tide
Publisher
Genre

I tocation = Soies
s 1 wa Bogk_c
Town w Bookshop i
Country s Location & 1 E Bookerope
e i
iy Bookshophame
Regionzi Manager
Owrer

Fia. 1. Star schema “Bookshops”

In terms of the IMs the above example of OLAP-cube becomes the following:
a matrix A = [(K,P),(L,Q),(H,R), {aK(p) o) H(r)}] (3D-MLEIM with P-levels
i,d 5,6 11g,¢

(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 [18].
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3.1. Definition.

The “Drill across” combines the measures of two union comparable OLAP cubes
with the same dimensions and levels, i.e. cubes with equal number of dimensions
of the same domain and different measures. The operation allows performing a
comparison between the measures. “Drill across” between two cubes where they
have the same or equal dimension attributes is natural join between corresponding
dimension attributes [14]. If the dimension attributes are conformed but they have
intersecting values, then the data may be lost during the join.

3.2. Presentation of the operation “Drill across” by IMs.
In the case of 3D-EIMs:

Let us be given two 3D-IMs
AS = [KS7 LS, Hsa {a's,k:syi,lsyj,hs,g }]

S .
heg € H Lo " I " Lo,
ks Us kg 1lshsg - Oskolsiheg oo @sksilsnshsg
ks Uskgilsihsg v+ Osksilsjhsg -+ Gsksilsnghsg
ks,m as,ks’m,ls,l,hg,g s as,ks,m,ls,j,hs,g R as,ks,m;ls,nsyhs,g
for s =1, 2.

Let K ., Ls «, Hs « be such that:
Ks,* C K* and Ks,* = {Ks,vla ce. aKS,Ugu cee 7Ks,vt},
L. CL¥and Lsy = {Lsuys- s Loy -5 Lsue s
H, . CH® and Hg . = {Hs s Hsposr - - Hs oy} for s =1,2.
The operation “Drill across” can be represented in terms of the IMs, using the
operation “Composition”, as follows:

b{107“(}(1,*,1,1,1%1 )AL, pT(KQ,*,L2,H2)A2} S2IVN b{pT(Kl,Ll,*,Hl)AlaPT(KQ,LQ,*,H2)A2}@v,A

o{prirer o0 iy )AL T2 12,1, ) A2t SV Pr (i Ly )AL DT (K, Lo Ha ) A2}
In the case of 3D-MLEIMs:
Let us be given two 3D-MLEIMs Aj, Ay . Let for s (1 < s < 2):

As = [(Ksa Ps)7 (Lsa Q8)7 (H87 Rs)a {as’K<£Zfé’Li?;,l’H§T;»L}]
Let there be given index sets, whose members are also index sets:

K,.CK,and K,, = {K&), . K KE)

s,v1 ? Yy EXs v 0 s Frs v
Ps,* = {ps,la <o s Psxy - aps,t}7 where 1 < Ps,x < Ps for 1 <z < ta
Ly C Lyand Ly, = {L{9), ... L&), ... L@},

1S Uy 0 y Hsug

Qs,* = {QS,L sy lsyy e ,Qﬂ}v where 1 < s,y < Qs for 1 < y < ﬂa
H,, C Hyand H,, = {HE) . HE) . HEY

T TS We

Re={rsi,...,Tszy...,Tse}, where 1 <7y, < Rsfor 1 <z <e.
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Then the operation “Drill across” can be represented in terms of the IMs, using
the operation “Composition”, as follows:

AT ((Ky e Pu) (20,Q0) (Hy R)) AL DT (K e Po) (L2, Qo) (Ha, R2)) A2}

DV AT (K1, P (L1sQu.0) (1, RY)) AL PT (K3, Po) (Lo Qa0 ), (Ha R2)) A2}

SV AP ((K1, 1), (11,Q1), (1w Ry ) AL DT (K, Po) (£2,Q3) (Ha, o Ro, ) A2}

OV A DT (K P )L Q1) (i Ry ) AT PT (K Poa ) (Lo @2, ), (Ha o R ) A2 -

The operation can be applied on the corresponding sublayers of the two MLEIMs
Aj and As in the following form:

DADT (K e p1,2)(£1,Q1),(Hy R)) AL PT (K p2,2)(L2,Q2) (Ha, R2)) A2}

EVALDT (51, Py (L1010, (B R) AL PT (K2, P2) (L2, 02, (Ha, R2)) A2}

Ev A PT (1) P (L1.Q1) (Hy e i1 2)) AT PT (K2, Py) (L2,Q2) (a2 ) A2}

éBVv/\b{pr((Kl,*,171,1)7(1/1,*7611,y),(Hl,*)7”1,2))Al’pr((Kz,*,102,:),(112,*7112,11),(1‘12,*,7"2,z))AQ}'

It is possible after this operation to obtain many empty matrix elements, in which
case it is necessary to apply the operation “Reduction” [3, 20, 21].

3.3. Examples for operation “Drill across”.

Operation “Drill across” combines two cubes with the same dimensions and different
measures. Originally the “Drill across” and the other set operations are not directly
included in MDX, since the “From” clause supports one cube. The only way of
adding a measure is at the design time. We can drill across if the fact tables are
modeled in the same cube. In the exampes we present the “Drill across” operation
using the free “Power BI Excel add-in” called “Power Query” (or “Power Pivot” in
Microsoft Office Excel 2007, OLAP add-in). It simulates the “Drill across” operation
from one cube and construct two new cubes using the same dimensions but with
different measures in each of them. The connection between Microsoft Analyses
Services and Microsoft Excel is made. OLAP cube Bookshops is selected. The
working process is presented on Fig. 2
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Esﬁl‘ﬁil’ o BPTY

e {«;fgmxzmwa({{sw;mu pHiersrehy}. [A3113333),
,iﬁm;bmz ﬁﬁiemrmy; iﬁegiam; #anager] AlRickard Srayiiil

(Eremsuresi. Diser ], Deasuces] . [Sales Countll) DIMENSION PROPERTIES

| PARENT_UNIQUE_NAME .

iiﬁmngr}‘imﬂ 3. «{H Wi Hamed. { Hansger? ON (OLUSES |, RN
EMPTY Crossinindl ({11100l evel {4 [Bocks] . DRierareny]  1AT1 11000,
;ieww fberareny], :Pnsﬁhhéﬂ Bisorpercotiing, tBoaks]. tifersrchy]. [Publisher] Bi0rion]} i,
{Deiildonnt eveli{{iocation]. (lerarchy ). (AT11333)) DINENSION PROPERTIES

;#Aﬁim UHIGUE NAME, [Books]. fHisrarchy ], [Publisher].{Genre], {Books . {Hierarchy}. [Title]. i!?uﬁxih
her] 0N ROWS FRON [Bookshopsi} CELL PROPERTIES VALUE, FORMAT STRING, BACK (OLOR, FORE_CDLOR
FONT,FLASS

F1G. 2. The working process in Power Pivot add-in for Excel

The parameters for the query are set using the PowerTable Filed List. In the
OLAP PivotTable Extensions property for the generated report the user can see the
automatically written MDX query.

e MDX query 1: The following query presents the number of the books in
stock and the number of the sold books by owner of bookshop, country and
genre of the book (Fig. 2). More precisely the operation “Drill across”
in OLAP PivotTable extension for MS Excel include the dimensions “Lo-
cation” — level “Country”, dimension Books — level “Genre”, dimension
Bookshops — level “Owner” and Measures “Number” (Books In Stock) and
“Sales count”.

Code:
SELECT NON EMPTY CrossJoin(Hierarchize(DrilldownMember
({{{ DrilldownLevel({ [Bookshops].[Hierarchy].[All]} )} },
[Bookshops].[Hierarchy].[Regional Manager].&[Richard Grayf})),
{[Measures].[Number],[Measures].[Sales Count[})
DIMENSION PROPERTIES PARENT_UNIQUE_NAME,
[Bookshops].[Hierarchy].[Regional Manager].[Owner],
[Bookshops].[Hierarchy].[Bookshop Name].[Regional Manager]
ON COLUMNS,
NON EMPTY CrossJoin(Hierarchize(DrilldownMember
({{{ DrilldownLevel({ [Books].[Hierarchy].[All]} )} } },
{[Books|.[Hierarchy]. [Publisher].€&[HarperCollins],
[Books]. [Hierarchy]. [Publisher].€[Orionf})),
Hierarchize({ DrilldownLevel({ [Location].[Hierarchy].[All]})}))
DIMENSION PROPERTIES PARENT_UNIQUE_NAME,
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[Books].[Hierarchy].[Publisher]. [Genre],

[Books].[Hierarchy]. [Title]. [Publisher] ON ROWS

FROM [Bookshops2]

CELL PROPERTIES VALUE, FORMAT_STRING,

LANGUAGE, BACK_COLOR, FORE_COLOR, FONT_-FLAGS
Result: The results of MDX query are presented on the Fig. 3 and 4.

Column Labels >

= Olivia Gomez + stamen Dimitrov “+valeri Rodev Total Number Total Sales Count

Rowlabels  [v|Number  SalesCount|Number  SalesCount|Number SalesCount| ,
“#Children Books 6 4 3¢ 13 6 4 42 21
#Buigaria 3¢ 13 30 i3
#England 6 3 6 4
#Turkey 3 4 & 4
# Computer Bocks 37 15 125 42/ 25 14| 187 71
*Bulgaria 125 42| 125 42
#England 37 15| 37 15]
#Turkey 25 15 25 14
# Cooking Bocks 3 2| 15 6| 7 2| 25 10
#Buigaria 15 6| 15 6
#England 3 2 3 2
“Turkey 7 2 7 2
Grand Yotal 46 21 170 61 38 20| 254 102]

F1a. 3. Operation “Drill across” in the case of roll-up (higher layer
of granularity)

[ Columa Labels I [

| Otivia Gomez Stamen Dimitrov Vateri Rodev

Row Labels Number,5ales Count | Number,Sales Count | Number,Sales Count Totat

Children Books 6,4 30,13 £2 4221
Buigaria . 30,13 35,13
Engiand 8,5 - 6.4
Turkey . . 84 64

Computer Books 37,15 125,22 2514 187,71
Buigaria . 125,42 12542
Engiand 37,15 - 37,15
Turkey . . 2512 25,14

Cooking Books 3,2 156 7.2 25,10
Buigaria R 15,6 156
Engiand 3,2 N 3.2
Turkey . . 7.2 7,2

Grand Total 4621 170,561 3820 254,102

Fic. 4. Operation “Drill across” in the case of roll-up

e MDX query 2: The next MDX-query present the same query but the
dimension are partially drilled-down. The operation “Drill across” in OLAP
PivotTable extension for MS Excel selects dimensions “Location” — level
“Town”, dimension Books — level “Genre”, dimension Bookshops — level
“Owner” and Measures “Number” (Books In Stock) and “Sales Count”.
Obviously the data for the countries are presented by towns also (Fig. 5).

Code:
SELECT NON EMPTY CrossJoin(Hierarchize
(DrilldownMember({{{ DrilldownLevel({ [Bookshops].[Hierarchy]. [All]})}}},
{[Bookshops].[Hierarchy].[Regional Manager].€&[Richard GrayJ})),
{[Measures].[Number],[Measures].[Sales Count[})
DIMENSION PROPERTIES
PARENT_UNIQUE_NAME,
[Bookshops].[Hierarchy].[Regional Manager].[Owner],
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[Bookshops].[Hierarchy].[Bookshop Name].[Regional Manager]

ON COLUMNS,

NON EMPTY CrossJoin(Hierarchize(DrilldownMember

({{{ DrilldownLevel({ [Books].[Hierarchy/.[All]} )} } },

{[Books]. [Hierarchy]. [Publisher].&[HarperCollins],

[Books].[Hierarchy].[Publisher].&[Orion]})),

Hierarchize(DrilldownMember

({{ DrilldownLevel({ [Location].[Hierarchy].[All]} )} },

{[Location]. [Hierarchy].[Country]. & [Bulgaria/,

[Location].[Hierarchy].[Country].

&[England], [Location].[Hierarchy].[Country].&[Turkey]})))

DIMENSION PROPERTIES PARENT_UNIQUE_NAME,

[Location]. [Hierarchy].[Town].[Country],

[Books]. [Hierarchy]. [Publisher].[Genre],

[Books].[Hierarchy].[Title]. [Publisher] ON ROWS

FROM [Bookshops2]

CELL PROPERTIES VALUE, FORMAT_STRING,

LANGUAGE, BACK_COLOR, FORE_COLOR, FONT_-FLAGS
Result: The results of MDX query are presented on the Fig. 5.

Fotat Number
il L3 4 L3 35 13 4 42 21
*Bulgaria 30 13 30 13
Burgas 3 4 i3 &
Pioyd: e 5 3 5
Soifia b3 4 -2 B
“England L3 3 3 £ 4
Londor B s 6 F
S Turkey 3 4 3 a
HMersin & 4 & &
-Computer Books 37 15 37 125 42 25 14 187 71
“ Bulgaria 125 42 125 42
Burgas 3 1 3 14
Piogis 2z 14 7 18
Sofia 7 1% 75 14
“England 37 15 37 37 15
tondon 37 s k2 37 15
“Turkey p<3 14 p=3 13
Mersin pi3 1 = 13
Cooking Books 3 2 3 15 £ 7 2 3 10
~Bulgania 15 £ 15 &
Burgas 7 2 7 2
Piovdiv € 2 & 2
Sofia 2 2 2 2
“England 3 2 3 3 2
London 3 2 3 2
Turkey 7 7 z
. Mersin 7 7 2
Grand Total 6 z 46 170 & 38 Fo 54 102
s y . . .
Fic. 5. Operation “Drill across” with drilled-down Location dimen-

sion (lower layer of granularity for Location dimension)

On the Fig. 6 and 7 the operation “Drill across” is visualized using Piv-
otTable and PivotChart in OLAP PivotTable extension for MS Excel. The
PivotTable contains dimension “Location” — level “Country”, dimension
Books — level “Genre”, dimension Bookshops — level “Owner” on the rows
and Measures “Number” (Books In Stock) and “Sales Count” on the columns

(PivotTable; PivotChart the opposite case).
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Values
Malbes 2. Sales Count Number
#Children Books 21 42
ot
(3hwa Gomez 4 6 140
#England 4 6
#Stamen Bimitrov 13 30 120
# Bulgaria i3 3
5 100
#Valeri Rodev 4 3
#Turkey 5 6 50
#Comp Books 71 187
#0livia Gomez 15 37 50
@
#england 15 37 a0 # Sales Count
#Stamen Bimitrov 4z 125
: ®
#Bulgaria 52 125 20 e Hurber
#Valeri Rodev 14 25
“Turkey 1% 25 L B H H ;
# Cooking Books 18 25 England E%ulzaria; Turkey | England Bulgaria; Turkey England ulga
‘#0livia Gomez 2 3 | |
& Olivia | Stamen | Valeri | Olivia (Stameni Valeri | Olivia | Stame:
“ England 2 3 i i £ o
. Gomez |Dimitrov, Rodev | Gomez Dimitrov; Rodev | Gomez |Dimitrov; Rode:
# Stamen Dimitrov & 15 t f i
# Buigaria 6 i Children Socks Computer Books Cocking Books
#Valeri Rodev 2 7 :
%Turkey 2 7
Grand Total 102 254

Fig. 6. Operation “Drill across” PivotTable and PivotChart in
OLAP PivotTable extension for MS Excel

Children Books 21,42
Olivia Gomez 4,6
Engiand 4,6
Stamen Dimitrov 13,30
Bulgaria 13,30
Valeri Rodev 4,6
Turkey 4.6
Computer Books 71,187
Olivia Gomez 15,37
Engiand 15,37
Stamen Dimitrov 42,125
Bulgaria 42,125
Valeri Rodev 14,25
Turkey 14,25
CookingBooks 1025
Clivia Gomez 23
England 23
Stamen Dimitroy 6,15
Buigaria £,13
Valeri Rodev 2,7
Turkey o 27
Grand Total 102,254

Fic. 7. Operation “Drill across” PivotTable and PivotChart in
OLAP PivotTable extension for MS Excel

The last operation “Drill across” can be made in the field of Analyses Ser-
vices Multidimensional and Data Mining Project (Multidimensional Project)
in Microsoft Visual Studio. The dimensions and the measures are presented
on the column and the values are placed on the rows (Fig. 8).
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BULD DEBUG TEAM DATABASE CUBE TOOLS TEST ANALYZE  WINDOW HELP
o - psurs D 5o
) CubeS.. ¥ Dmers.. @i Caada.. B ®Pls &P Actions G Partions ¥ Aggreg.. (37 Perspe.. ) Transla... D
€188 wd 1) | Language: Defaut vin

Bavsom

T U SELECT NONEMPTY { [Measures]. [Mumber], [Measures] . [Sales Count] 3 ON COLUMNS,

S L NOMEMPTY { \[Locahon} [Herarchyl. [Country}. ALLMEMBERS * [Bookshops}. [Herarchy]l

[Owner]. :&LLMEMBERS * [Books]. [Hierarchy]. [Gerve] ALLMEMBERS } ¥ DIMENSION PROPERTIES
CAPTION, MEMBER_UNIQUE_NAME ON ROWS FROM [Bookshops2} CELL PROPERTIES VALUE,

| o i as Tear [ Impont., B ot s %

5 Metadata | % Funchions

| [Measure Group: BACK_COLOR, FORE_COLOR, FORMATTED_VALUE, FORMAT_STRING, FONT_NAME, FONT_SIZE,
119 i | FONT_FLAGS
> W i
Gerre -
Publisher
Title
i 12f Bookshops Genre tumber  Sales Count
I | Children Books 0 12
Hierarchy Bulgaria Stamen Dimitroy  Computer Books 125 42
Mesmber
e ¥ Bugaia  StamenDimiov  Cooking Baoke 15 6
Regional Manager England  Olivia Gomez Children Books 6 4
i# 4 Bookshop Name . England  Olivia Gomez Computer Books 37 15
& 1] Location | |Endand  OiviaGomez  CockingBooks 3 2
N Tukey  VelenRodey  ChidenBooks 6 4
. Turkey  ¥aleriRodev Computer Bocks 25 14
: Turkey Valeri Rodev Cooking Books 7 2
-

Fig. 8. Operation “Drill across” in the field of Analyses Ser-
vices Multidimensional and Data Mining Project (Multidimensional
Project), Microsoft Visual Studio

4. CONCLUSION

In the presented paper we used the index matrices tool to represen an OLAP
operation “Drill across”. The tools of Analysis Services and Power Pivot add-in for
MS Excel are used to present the examples in the paper.

The outlined approach for extracting knowledge from the information stored in
OLAP-cubes has the following advantages:

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

— The defined operations can be expanded to retrieve information to other
types of two-dimensional or multi-dimensional data cubes [5].

Nowadays the attention is focused over the modeling the OLAP concept using 3-
Dimensional and n-Dimensional IMs [5, 16], and the use of these operations in the
future development for large data analysis. This paper is the fourth 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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