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Abstract: Data warehouses typically store a multidimensional fact representation of the
data that can be used in any type of analysis. Many applications materialize data cubes
as multidimensional arrays for fast, direct and random access to values. Those data
cubes are used for exploration, with operations such as roll-up, drill-down, slice and
dice. The data cubes can become very large, increasing the amount of I/O significantly
due to the need to retrieve a large number of cube chunks. The large cost associated
with I/O leads to degraded performance. The data cube can be compressed, but
traditional compression techniques do not render it queriable, as they compress and
decompress reasonably large blocks and have large costs associated with the
decompression and indirect access. For this reason they are mostly used for archiving.
This paper uses the QuantiCubes compression strategy that replaces the data cube by a
smaller representation while maintaining full queriability and random access to values.
The results show that the technique produces large improvement in performance.

1.� Introduction
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Traditional compression techniques are not useful in this context. They
achieve large compression rates that are very useful for archiving (e.g. Arithmetic
Coding, Lempel-Ziv, Huffman Coding, …) [2,5,7,8]. However, the compressed data
sets are not directly queriable without prior decompression of whole blocks, due to
the variable-length of the compressed fields. The term “ variable-length field”  refers



to the usage of a variable number of bits to represent compressed values.
Compression/decompression is done by blocks and require expensive access methods
to locate the correct block. This indirect access feature accounts for a large overhead.
The decompression overhead of most typical techniques is also significant, as it
includes bit processing operations and access to auxiliary structures such as
dictionaries or code trees to decode the bitstream.
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2.� The QuantiCubes Technique
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2.1. Data Analysis

Quantization [4] is used in QuantiCubes to determine the set of representative
values for an attribute. The crucial issue of accuracy is guaranteed by our new
proposal for an “ adaptable”  quantization procedure. This adaptable procedure uses an
accuracy constraint based in user-defined or preset error bounds during the
determination of quantization levels. This way, the number of levels that are
necessary is determined adaptively and attributes that cannot be estimated with large
accuracy using a reasonable number of quantization levels can be left uncompressed.
The new adaptable quantization algorithm is not discussed here for lack of space. A
complete discussion of the algorithm is available in [1].

The specific OLAP context is important in the adaptable quantization
procedure, because many fact attributes measuring quantities such as daily or periodic
sales offer favorable cases for the replacement by a number of representative values,
as they are often distributed around clusters and repeated values. The best results
(most accurate and with less bits) are achieved when the data set is made of a small



set of distinct values that are repeated all the time. In that case the quantization levels
coincide with distinct values and the bitcodes are simply a more compact
representation of the values. In the extreme case, an attribute could have a small
number of distinct values in a very large number of rows (e.g. 10M rows).
Quantization also returns very good approximations when a significant fraction of the
values are distributed around sets of clusters, in which case reconstruction values
converge to the centers of distinct clusters. As more levels are added, the quantizer
finds the most appropriate positions for the quantization levels to represent most
values accurately.

Both the analysis and experimental results in [1] show that the approach
guarantees accuracy and typically provides almost exact value reconstruction and
precise query answers. This is an important issue, as the technique maintains the
queriability of uncompressed data but is also able to guarantee high levels of accuracy
for every query pattern and even in the reconstruction of individual values.

2.2. Reconstruction Array

As with many other compression techniques, an auxiliary structure must be
accessed to convert between values and bitcodes. However, a small reconstruction
array is used and a single direct access to a cell is required for decompression. 9���
�
= shows an example that illustrates a reconstruction list. It is a simple array ordered
by the reconstruction values with typical sizes between 64 and 8192 values,
corresponding to bitcodes with 6 to 13 bits. In this list, bitcodes coincide with the
index of the cell. The array is accessed to retrieve the bitcode (index in the array) or
the reconstructed value (the value in each position of the array).

Figure 1 – Illustration of a Reconstruction List

During compression, the reconstruction array is accessed to translate values into the
bitcodes of the reconstruction values that are nearest to those values (the bitcodes
coincide with the indices, as mentioned above). During decompression, the bitcodes
are translated back to the corresponding reconstruction values.

2.3. Compression
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determine the quantization level. The search must find the reconstruction value that is
closest to the value that must be compressed and return the corresponding index. This
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bitcode is then packed (concatenated) into the word using 
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2.4. Decompression

The most crucial operation is decompression, as it is used for “ on-the-fly”
reconstruction of values during the processing of queries. It requires unpacking the
bitcodes and a direct access to the reconstruction array, which is conveniently small to
fit in the microprocessor internal cache after a few initial misses. I	$��!�	�������
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The reconstruction value is retrieved using a direct access to the reconstruction list:

Reconstructed_value = Reconstruction_List[bitcode];
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3. Analysis and Evaluation of the Technique

0������������
���1�
��*�
�������$
�����	
��	��������
��
������$
��������
�
������	����!'�����
��
��������������
�	����
�������������
��
����	������
��
�������
��
���$
����������'����������������	������
�������	
�����$�����������������	��	�9���
�
1'����������$�
���
���
����
�!�	�
���������	�
�����	�������$
��������
������'����	

������$
��������
�����������K����
�����������
����
���	�����
������'��������	��	�
��
��
�
������	�

6����LM 

E�
���#)�$
��

)�$
�� I	)�$
��

=++#1* ==�-7? 8:�87=

1++#*+ 17�878 =+8�+=

8++#=++ 8-�*8 1=1�=*-

3++#=*+ ?7�-=8 777�37=

-++#1++ ==1�:: 8:*�+?

Figure 2. Loading Time (secs)
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Figure 3 – CPU Execution Time in Sum Operation
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Figure 4-Adaptable Quantization of Attribute Account_Balance
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Conclusions and Future Work

"	� 
���� $�$�
� ��� ����� $
�$����� �� technique (QuantiCubes) which is able to
compress data cubes 2 to 5 times and still maintain ���$��
��queriability and random
access. We have shown that the decompression overhead is completely insignificant,
so that “ on-the-fly”  decompression of any number of values is possible in any
situation without significant degradation of performance. The technique is also able to
deliver 2 to 5 times faster operation than the uncompressed data. The fast operation of
the technique is analyzed in detail and confirmed using experimental results. The
technique is used in the context of analysis and operation on the data cube. It ���	�
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