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1 Introduction

Nowadays the Big Data paradigm is imposed as useful framework for storing huge amounts of
data. It has the property to provide better parallel processing. Different algorithms, leading
its beginning from statistics and data mining, are transformed into helpful Big data procedures.
OLAP (Online Analytical Processing) analyses is a technique that is adapted in the field of big
data systems. Obviously, OLAP cubes perform five basic operations: Roll-Up, Drill-Down, Slice,
Dice and Pivot. Roll-up and Drill-Down are typical operations navigating through the hierarchy
of the OLAP cube dimensions and executing aggregation functions over the data. Pivot rotates the
OLAP cube in different sides. Slice and Dice operations leads its beginning from the relational
operations Selection and Projection. Slice operation selects appropriate rows according to the
predefined data condition. Dice operation selects appropriate columns according to the predefined
data condition. In series of papers these and other operations are represented by index matrices
(see, e.g., [1, 3, 4, 6–11]).

The partitioning provides fragmentation of the data for parallel executing in distributed systems.
The strategies for data duplication (replication) are already well known. The processes of data
fragmentation, replication, and allocation are very important for distributed databases. In the
relational databases there are several types of data fragmentation: vertical fragmentation,
horizontal fragmentation and mixed or hybrid fragmentation. The OLAP cubes use partitioning
for better performance. Typically, parallel execution of queries to different partitions is used.
Another reason for cube partitioning is to provide separate data for appropriate users. The
partitions are constructed using filtering of a fact table for multiple partitions or using tables,
views, or named queries. The separate partitions can be performed using slice and dice operations
for slicing the OLAP cube dimensions.

2 Operator C(A,P )

In the current research the n-dimensional structure of the OLAP cube will be presented in the
form of n-dimensional index matrix and respectively n-dimensional intuitionistic fuzzy index
matrix.

Let everywhere below by |X| we denote the cardinality of set X .
Let us have the n-dimensional IM (see [3])

A = [K1, . . . , Kn, {ak1,i1 ,...,kn,in
}],

where for each j (1 ≤ j ≤ n) and for each s (1 ≤ s ≤ |Kj|) : kj,is ∈ Kj , and akj,is ∈ S, where
S is a fixed set of objects. Let over S ∪ {∗} be defined the predicate P , where “∗” denotes the
empty symbol, and for each a ∈ S : P (∗) is false, P (a) hsas truth valud “false” or “true”.

Let us define operator C by:

C(A,P ) = [K1, . . . , Kn, {C(ak1,i1 ,...,kn,in
, P )}],
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where

C(ak1,i1 ,...,kn,in
, P ) =

{
ak1,i1 ,...,kn,in

, if P (ak1,i1 ,...,kn,in
) is true

∗, otherwise
.

Therefore, the IM
B = C(A,P )

contains only these elements of A that satisfy predicate P , while the remaining elements of B are
“∗”.

Let (for operation @ see [1]):

D = @B = [L1, . . . , Lm, {bl1,q1 ,...,lm,qm
}],

where m ≤ n, for each p (1 ≤ p ≤ m) there is j (1 ≤ j ≤ n) such that Lp ⊆ Kj . Therefore, D
is an IM that contains only these elements of A that satisfy predicate P , and for each p there is q
so that blp,qp ̸= ∗.

Let the evaluation of each element ak1,i1 ,...,kn,in
be an Intuitionistic Fuzzy Pair (IFP, see [2,5]),

i.e., there is an evaluation function V : S → {⟨a, b⟩|a, b, a+ b ∈ [0, 1]} so that

V (ak1,i1 ,...,kn,in
) = ⟨µk1,i1 ,...,kn,in

, νk1,i1 ,...,kn,in
⟩.

We must mention that if µk1,i1 ,...,kn,in
= 1, νk1,i1 ,...,kn,in

= 0, then the IFP ak1,i1 ,...,kn,in
is called

a tautological IFP (TIFP) and when µk1,i1 ,...,kn,in
≥ νk1,i1 ,...,kn,in

, then the IFP ak1,i1 ,...,kn,in
is called

an intuitionistic fuzzy tautological IFP (IFTIFP).
Now, the operator C for predicate P can be defined, e.g., as follows

C(ak1,i1 ,...,kn,in
, P ) =

{
ak1,i1 ,...,kn,in

, if ak1,i1 ,...,kn,in
is an IFTIFP

∗, otherwise

=

{
ak1,i1 ,...,kn,in

, if µk1,i1 ,...,kn,in
≥ νk1,i1 ,...,kn,in

∗, otherwise
.

3 Partitioning operations example

The Bookshop example is used to represent the different types of partitioning operations. Dimen-
sions hierarchical concepts are: “Books”, “Bookshops” and “Locations”. The structure of the
Bookshop-cube is presented on the Figure 1. The “Location” dimension has the hierarchy Town
– Country, the dimension “Bookshops” has the hierarchy Bookshop Name – Regional Manager –
Owner and the hierarchy of the dimension “Books” is Title – Publisher – Genre. The loaded data
into the OLAP cube is visualized in Figure 2.
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Figure 1. The dimension hierarchies

Figure 2. Browsing dimensions Bookshops, Books and Locations

Two variants of the OLAP cube containing the dimensions Books, Bookshops and Locations
are constructed. The first contains the measure degree of membership for books that are sold
out. The second contains the measure degree of non-membership for books that are sold out.
Thereafter the operation Drill-Across is performed using Power BI Excel Add-in (Power Pivot,
OLAP Add-in). The result has the following form (Figure 3):

Figure 3. Result of Drill-Across operation
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In this case the aggregations are calculated using average() function (in the standard case the
sum() function is used). Standard partitioning operations are made using the OLAP cube with
one measure. Here, we present the partitioning options after performing Drill-Across operation
over two OLAP cubes or OLAP cubes having two-valued measures. An example of possible
partitioning is to filter data by condition: (µ > 0.30) ∧ (ν < 0.20). The information is filtered
and the resulting dataset is:

Figure 4. Filtered data

The partitioned OLAP cube, presented in the Figure 4, contains all values that satisfies the
predicate. The second OLAP cube partition will continue to store all values that not satisfy the
assigned predicate. We can remove all rows containing the value “Null” (Figure 5). Thereafter 6
rows are deleted.

Figure 5. Partition that satisfies the predicate with removed the empty rows

If we have the condition to store the sales by the three different owners separately then the
partitions will have the following form (after removing empty rows for each of them) (Figure 6).

Figure 6. Divide the partition that satisfies the predicate by owners

In the same way, we can filter the input data for appropriate bookshops owner and to reduce
the empty rows (Figure 7). For example: ¬(Olivia Gomez ∧ Stamen Dimitrov). In this case the
predicates are applied to the values of the dimensional attributes.
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Figure 7. Filter the input data for appropriate bookshops owner and to reduce the empty rows

Frequently used example is to filter the Time dimension. Let select the intuitionistic fuzzy
evaluations for sales of the books for years that are: (year > 2020) ∧ (year < 2022) (Figure 8).

Figure 8. Filter the input data for books sales IFE for year > 2020 ∧ year < 2022

4 Conclusion

In the current research work an example for predicates-based partitioning of the n-dimensional
index matrix is presented. Operator C(A,P) applies the predicates over the IM. An example
of OLAP cube partitioning after Drill-Across operation execution is presented. Appropriate
examples over the OLAP cube are visualized.
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