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Bibliographic Notes for Chapter 4
Data Cube Computation and Data Generalization

Gray, Chauduri, Bosworth, et al. [GCB+97] proposed the data cube as a relational aggregation operator gen-
eralizing group-by, crosstabs, and subtotals. Harinarayan, Rajaraman, and Ullman [HRU96] proposed a greedy
algorithm for the partial materialization of cuboids in the computation of a data cube. Sarawagi and Stonebraker
[SS94] developed a chunk-based computation technique for the efficient organization of large multidimensional
arrays. Agarwal, Agrawal, Deshpande, et al. [AAD+96] proposed several methods for the efficient computation of
multidimensional aggregates for ROLAP servers. The chunk-based MultiWay array aggregation method for data
cube computation in MOLAP was proposed in Zhao, Deshpande, and Naughton [ZDN97]. Ross and Srivastava
[RS97] developed a method for computing sparse data cubes. Iceberg queries were first described in Fang, Shiv-
akumar, Garcia-Molina, et al. [FSGM+98]. BUC, a scalable method that computes iceberg cubes from the apex
cuboid, downwards, was introduced by Beyer and Ramakrishnan [BR99]. The Star-Cubing method for computing
iceberg cubes with a dynamic star-tree structure was introduced by Xin, Han, Li, and Wah [XHLW03]. The
shell-fragment-based minimal cubing approach for efficient high-dimensional OLAP introduced in this chapter was
proposed by Li, Han and Gonzalez [LHG04]. Han, Pei, Dong, and Wang [HPDW01] introduced an H-Cubing
method for computing iceberg cubes with complex measures using an H-tree structure. MMCubing, an efficient
iceberg cube computation method that factorizes the lattice space was developed by Shao, Han, and Xin [SHX04].

Aside from computing iceberg cubes, another way to reduce data cube computation is to materialize condensed,
dwarf, or quotient cubes, which are variants of closed cubes. Wang, Feng, Lu, and Yu proposed computing a reduced
data cube, called a condensed cube [WLFY02]. Sismanis, Deligiannakis, Roussopoulos, and Kotids proposed
computing a compressed data cube, called a dwarf cube. Lakshmanan, Pei, and Han proposed a quotient cube
structure to summarize the semantics of a data cube [LPH02], which was further extended to a qc-tree structure
by Lakshmanan, Pei, and Zhao [LPZ03]. Xin, Han, Shao, and Liu [Xin+06] developed C-Cubing (i.e., Closed-
Cubing), an aggregation-based approach that performs efficient closed-cube computation using a new algebraic
measure called closedness.

There are also various studies on the computation of compressed data cubes by approximation, such as quasi-
cubes by Barbara and Sullivan [BS97], wavelet cubes by Vitter, Wang, and Iyer [VWI98], compressed cubes for
query approximation on continuous dimensions by Shanmugasundaram, Fayyad, and Bradley [SFB99], and using
log-linear models to compress data cubes by Barbara and Wu [BW00]. Computation of stream data “cubes” for
multidimensional regression analysis has been studied by Chen, Dong, Han, et al. [CDH+02].

For works regarding the selection of materialized cuboids for efficient OLAP query processing, see Chaudhuri and
Dayal [CD97], Harinarayan, Rajaraman, and Ullman [HRU96], and Sristava, Dar, Jagadish, and Levy [SDJL96],
Gupta [Gup97], Baralis, Paraboschi, and Teniente [BPT97], and Shukla, Deshpande, and Naughton [SDN98].
Methods for cube size estimation can be found in Deshpande, Naughton, Ramasamy, et al. [DNR+97], Ross
and Srivastava [RS97], and Beyer and Ramakrishnan [BR99]. Agrawal, Gupta, and Sarawagi [AGS97] proposed
operations for modeling multidimensional databases.

The discovery-driven exploration of OLAP data cubes was proposed by Sarawagi, Agrawal, and Megiddo
[SAM98]. Further studies on the integration of OLAP with data mining capabilities include the proposal of
DIFF and RELAX operators for intelligent exploration of multidimensional OLAP data by Sarawagi and Sathe
[SS00, SS01]. The construction of multifeature data cubes is described in Ross, Srivastava, and Chatziantoniou
[RSC98]. Methods for answering queries quickly by on-line aggregation are described in Hellerstein, Haas, and
Wang [HHW97] and Hellerstein, Avnur, Chou, et al. [HAC+99]. A cube-gradient analysis problem, called cubegrade,
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was first proposed by Imielinski, Khachiyan, and Abdulghani [IKA02]. An efficient method for multidimensional
constrained gradient analysis in data cubes was studied by Dong, Han, Lam, et al. [DHL+01].

Generalization and concept description methods have been studied in the statistics literature long before the
onset of computers. Good summaries of statistical descriptive data mining methods include Cleveland [Cle93]
and Devore [Dev95]. Generalization-based induction techniques, such as learning from examples, were proposed
and studied in the machine learning literature before data mining became active. A theory and methodology
of inductive learning was proposed by Michalski [Mic83]. The learning-from-examples method was proposed by
Michalski [Mic83]. Version space was proposed by Mitchell [Mit77, Mit82]. The method of factoring the version
space was presented by Subramanian and Feigenbaum [SF86]. Overviews of machine learning techniques can be
found in Dietterich and Michalski [DM83], Michalski, Carbonell, and Mitchell [MCM86], and Mitchell [Mit97].

Database-oriented methods for concept description explore scalable and efficient techniques for describing large
sets of data. The attribute-oriented induction method described in this chapter was first proposed by Cai, Cercone,
and Han [CCH91] and further extended by Han, Cai, and Cercone [HCC93], Han and Fu [HF96], Carter and
Hamilton [CH98], and Han, Nishio, Kawano, and Wang [HNKW98].
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