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Cube

Torben Bach Pedersen, Aalborg University, Denmark, http://www.cs.aau.dk/ tbp

SYNONYMS
Hypercube

DEFINITION
A cube is a data structure for storing and and analyzing large amounts of multidimensional data, often
referred to as On-Line Analytical Processing (OLAP). Data in a cube lives in a space spanned by a
number of hierarchical dimensions. A single point in this space is called a cell. A (non-empty) cell
contains the values of one or more measures.

MAIN TEXT
As an example, a 3-dimensional cube for capturing sales may have a Product dimension P , a Time dimension T ,
and a Store dimension S, capturing the product sold, the time of sale, and the store it was sold in, for each sale,
respectively. The cube has two measures: DollarSales and ItemSales, capturing the sales price and the number
of items sold, respectively. In a cube, the combinations of a dimension value from each dimension define a cell of
the cube. The measure value(s), e.g., DollarSales and ItemSales, corresponding to the particular combination of
dimension values are then stored stored in the corresponding cells.
Data cubes provide true multidimensionality. They generalize spreadsheets to any number of dimensions, indeed
cubes are popularly referred to as “spreadsheets on stereoids.” In addition, hierarchies in dimensions and formulas
are first-class, built-in concepts, meaning that these are supported without duplicating their definitions. A
collection of related cubes is commonly referred to as a multidimensional database or a multidimensional data
warehouse.
In a cube, dimensions are first-class concepts with associated domains, meaning that the addition of new dimension
values is easily handled. Although the term “cube” implies 3 dimensions, a cube can have any number of
dimensions. It turns out that most real-world cubes have 4–12 dimensions [3]. Although there is no theoretical
limit to the number of dimensions, current tools often experience performance problems when the number of
dimensions is more than 10–15. To better suggest the high number of dimensions, the term “hypercube” is often
used instead of “cube.”
Depending on the specific application, a highly varying percentage of the cells in a cube are non-empty, meaning
that cubes range from sparse to dense. Cubes tend to become increasingly sparse with increasing dimensionality
and with increasingly finer granularities of the dimension values. A non-empty cell is called a fact. The example
has a fact for each combination of time, product, and store where at least one sale was made.
Generally, only 2 or 3 dimensions may be viewed at the same time, although for low-cardinality dimensions, up
to 4 dimensions can be shown by nesting one dimension within another on the axes. Thus, the dimensionality of
a cube is reduced at query time by projecting it down to 2 or 3 dimensions via aggregation of the measure values
across the projected-out dimensions. For example, to view sales by Store and Time, data is aggregates over the
entire Product dimension, i.e., for all products, for each combination of Store and Time.
OLAP SQL extensions for cubes were pioneered by the proposal of the data cube operators CUBE and
ROLLUP [1]. The CUBE operator generalizes GROUP BY, crosstabs, and subtotals using the special “ALL”
value that denotes that an aggregation has been performed over all values for one or more attributes, thus
generating a subtotal, or a grand total.
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