CHAPTER 13

Data Storage Structures

In Chapter 12 we studied the characteristics of physical storage media, focusing on
magnetic disks and SSDs, and saw how to build fast and reliable storage systems using
multiple disks in a RAID structure. In this chapter, we focus on the organization of data
stored on the underlying storage media, and how data are accessed.

Bibliographical Notes

[Hennessy et al. (2017)] is a popular textbook on computer architecture, which in-
cludes coverage of hardware aspects of translation look-aside buffers, caches, and
memory-management units.

The storage structure of specific database systems, such as IBM DB2, Oracle, Mi-
crosoft SQL Server, and PostgreSQL are documented in their respective system man-
uals, which are available online.

Algorithms for buffer management in database systems, along with a performance
evaluation, were presented by [Chou and Dewitt (1985)]. Buffer management in op-
erating systems is discussed in most operating-system texts, including in [Silberschatz
et al. (2018)].

[Abadi et al. (2008)] presents a comparison of column-oriented and row-oriented
storage, including issues related to query processing and optimization.

Sybase 1Q, developed in the mid 1990s, was the first commercially successful
column-oriented database, designed for analytics. MonetDB and C-Store were column-
oriented databases developed as academic research projects. The Vertica column-
oriented database is a commercial database that grew out of C-Store, while VectorWise
is a commercial database that grew out of MonetDB. As its name suggests, VectorWise
supports vector processing of data, and as a result supports very high processing rates
for many analytical queries. [Stonebraker et al. (2005)] describe C-Store, while [Idreos
et al. (2012)] give an overview of the MonetDB project and [Zukowski et al. (2012)]
describes Vectorwise.

The ORC and Parquet columnar file formats were developed to support compressed
storage of data for big-data applications that run on the Apache Hadoop platform.
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With the rapid increase in CPU speeds, cache memory located along with the CPU
has become much faster than main memory. Although database systems do not con-
trol what data are kept in cache, there is an increasing motivation to organize data in
memory and write programs in such a way that cache utilization is maximized. Work
in this area includes [Rao and Ross (2000)], [Ailamaki et al. (2001)], [Zhou and Ross
(2004)], [Garcia and Korth (2005)], and [Cieslewicz et al. (2009)].

Buffering data in mobile systems is discussed in [Imielinski and Badrinath (1994)],
[Imielinski and Korth (1996)].

SAP HANA is an in-memory database that uses a compressed column-oriented rep-
resentation for data that is stored in memory; [Lee et al. (2013)] provide an overview
of HANA. HyPer [Kemper et al. (2012)] is a main-memory database that supports
column-oriented storage, but with the ability to store multiple columns together for
more efficient access, to efficiently support both transaction processing and analytical
query processing.
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