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Introduction

The Access Methods (AM) had been available from the beginning of the developing the computer peripheral
devices. As many devices there exists so many possibilities for developing different AM we have. Our attention is
focused only to the access methods for devices for permanently storing the information with direct access such
as magnetic discs, flash memories, etc.
In the beginning, the AM ware functions of the Operational Systems Core or so called Supervisor, and ware
executed via corresponded macro-commands in the assembler languages [Stably, 1970] or via corresponding
input/output operators in the high level programming languages like FORTRAN, COBOL, PL/I, etc.
Establishing of the first data bases in the 60-ties years of the last century caused gradually accepting the
concepts "physical" as well as "logical" organization of the data [CODASYL, 1971], [Martin, 1975]. In 1975 the
concepts "access method", "physical" and "logical" are clearly separated. In the same time Christopher Date
[Date, 1977] specially remarked:
"The Data Base Management System (DBMS) does not know anything about:

a) physical records (blocks);

b) how the stored fields are integrated in the records (nevertheless that in many cases it is obviously
because of theirs physical disposition);

c) how the sorting is realized (for instance it may be realized on the base of physical sequence, using an
index or by a chain of pointers);

d) how is realized the direct access (i.e. by index, sequential scanning or hash addressing).
This information is a part of the structures for data storing but it is used by the access method but not by the
DBMS. "
Every access method presumes an exact organization of the file which it is operating with and has no relation to
the interconnections between the files, respectively — between the records of one file and that in the others files.
These interconnections are controlled by the physical organization of the DBMS.
So, in the DBMS we may distinguish four levels:

— access methods of the core (supervisor) of the operation system;

— specialized access methods which upgrade these of the core of the operating system;

— physical organization of the DBMS;

— logical organization of the DBMS.
During the 80-ies years the "Multi-Dimensional Access Methods" had raised. In accordance with them the
corresponded "spatial information structures" and the "spatio-temporal information structures" had risen, too.
These AM developed the methods of the operating systems via specializing them to the give data models. From
different point of view this period had been presented in [Ooi et al, 1993], [Gaede, Giinther, 1998], [Arge, 2002],
[Mokbel et al, 2003], [Moénne-Loccoz, 2005].
Usually the "one-dimensional” (linear) AM are used in the classical applications, based on the alpha-numerical

information, whereas the "multi-dimensional" (spatial) methods are aimed to serve the work with graphical, visual,
multimedia information. Now a special attention is given to the multi-dimensional AM.
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Fig. 1. Genesis of the Access Methods and their modifications
extended variant of [Gaede, Giinther, 1998] and [Mokbel et al, 2003]
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Maybe one of the most popular analyses is given in [Gaede, Glinther, 1998]. The authors presented a scheme of
the genesis of the basic multi-dimensional AM and theirs modifications. This scheme firstly was proposed in
[Ooietal, 1993] and it was expanded in [Gaede, Glinther, 1998]. An extension in direction to the multi-
dimensional spatio-temporal access methods was given in [Mokbel et al, 2003].

This work continues the investigation provided in [Markov, 2006]. The main goal of this paper is to present a new
variant of this scheme. It is presented on Fig.1. In it the new access methods created after 1998 are added. The
methods presented in [Gaede, Glinther, 1998] are marked in italics and methods presented in
[Mokbel et al, 2003] are underlined. Access methods, which are given in the two surveys simultaneously, are
marked in underlined italics. In the appendix of this paper the corresponded bibliography is given.

The access methods presented on Fig.1 we may classify as follow:
- One-dimensional AM;
- Multidimensional Spatial AM;
- Metric Access Methods;
- High Dimensional Access Methods;
- Spatio-Temporal Access Methods.

One-dimensional Access Methods

One-dimensional AM are based on the concept "record". Let remember that the "record" is a logical sequence of
fields which contain data eventually connected to unique identifier (a "key"). The identifier (key) is aimed to
distinguish one sequence from another [Stably, 1970]. The records are united in the sets, called "files". There
exist three basic formats of the records — with fixed, variable and undefined length.

In the context-free methods the storing of the records is not connected to theirs content and depends only on
external factors — the sequence, disk address or position in the file. The necessity of stable file systems in the
operating systems does not allow a great variety of the context-free AM. There are three main types well known
from 60-ies and 70-ies years: Sequential Access Method (SAM); Direct Access Method (DAM) and Partitioned
Access Method (PAM) [IBM, 1965-68].

The main idea of the context-depended AM is that the part of the record is selected as a key which is used for
making decision where to store the record and how to search it. This way the content of the record influences on
the access to the record.

Historically, from the 60-ies years of the last century the attention is directed mainly to this type of AM. Modern
DBMS are built using context-depended AM such as: unsorted sequential files with records with keys; sorted files
with fixed record length; static or dynamic hash files; index file and files with data; clustered indexed tables
[Connolly, Begg, 2002].

Multidimentional Spatial Access Methods

Multidimensional Spatial Access Methods are developed to serve information about spatial objects, approximated

with points, segments, polygons, polyhedrons, etc. The implementations are numerous and include traditional

multi-attributive indexing, geographical information systems and spatial databases, content indexing in multimedia

databases, etc.

From the point of view of the spatial databases can be split in two main classes of access methods — Point

Access Methods and Spatial Access Methods [Gaede, Giinther, 1998].

Point Access Methods are used for organizing multidimensional point objects. Typical instance are traditional

records, where on every attribute of the relation corresponds one dimension. These methods can be separated in

three basic groups:

— Multidimensional Hashing (for instance Grid File and its varieties, EXCELL, Twin Grid File, MOLPHE, Quantile
Hashing, PLOP-Hashing, Z-Hashing, etc);

— Hierarchical Access Methods (includes such methods as KDB-Tree, LSD-Tree, Buddy Tree, BANG File, G-
Tree, hB-Tree, BV-Tree, etc.);

— Space Filling Curves for Point Data (like Peano curve, N-trees, Z-Ordering, efc).

Spatial Access Methods are used for working with objects which have arbitrary form. The main idea of the spatial
indexing of non-point objects is using of the approximation of the geometry of the examined objects to more
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simple forms. The most used approximation is Minimum Bounding Rectangle (MBR), i.e. minimal rectangle,
which sides are parallel of the coordinate axes and completely include the object. There exist approaches for
approximation with Minimum Bounding Spheres (SS Tree) or other polytopes (Cell Tree), as well as their
combinations (SR-Tree).

The usual problem when one operates with spatial objects is their overlapping. There are different techniques to
avoid this problem. From the point of view of the techniques for organization of the spatial objects Spatial Access
Methods can be split in four main groups:

— Transformation — this technique uses transformation of spatial objects to points in the space with more or less
dimensions. Most of them spread out the space using space filling curves (Peano Curves, z-ordering, Hibert
curves, Gray ordering, etc.) and then use some of point access method upon the transformed data set. For
instance UB-Tree [Bayer, 1996], is variant of B-Tree, where keys are region addresses, sorted via "<" and z-
ordering;

— Overlapping Regions — here the data set are separated in groups; different groups can occupy the same part
of the space, but every space object associates with only one of the groups. The access methods of this
category operate with data in their primary space (without any transformations) eventually in overlapping
segments. Methods, which use this technique includes R-Tree, R-link-Tree, Hilbert R-Tree, R*-Tree, Sphere
Tree, SS-Tree, SR-Tree, TV-Tree, X-Tree, P-Tree of Schiwietz, SKD-Tree, GBD-Tree, Buddy Tree with
overlapping, PLOP-Hashing, etc.;

— Clipping — this technique use eventually clipping of one object to several sub-objects, which will be stored.
The main goal is to escape overlapping regions. But this advantage can lead tearing of the objects, extending
of the resource expenses and decreasing of the productivity of the method. Representatives of this technique
are R+-Tree, Cell-Tree, Extended KD-Tree, Quad-Tree, etc.;

— Multiple Layers - this technique can be examining as variant of the techniques of Overlapping Regions,
because the regions from different layers can overlap. But there exist some important differences: first — the
layers are organizing hierarchically; second — every layer split primary space in different way; third — the
regions of one layer never overlaps; fourth — the data regions are separated from space extensions of the
objects. Instances for these methods are Multi-Layer Grid File, R-File, etc.

Metric Access Methods

Metric Access Methods deal with relative distances of data points to chosen points, named anchor points,
vantage points or pivots [Moénne-Loccoz, 2005]. These methods are designed to limit the number of distance
computation, calculating first distances to anchors, and then finding searched point in narrowed region. These
methods are preferred when the distance is highly computational, as e.g. for the dynamic time warping distance
between time series. Presentatives of these methods are: Vantage Point Tree (VP Tree), Bisector Tree (BST-
Tree), Geometric Near-Neighbour Access Tree (GNNAT), as well as the most effective from this group — Metric
Tree (M-Tree) [Chavez et al, 2001].

High Dimensional Access Methods

Increasing of the dimensionality strongly aggravates the qualities of the multidimensional access methods.

Usually these methods exhaust their possibilities till dimensions around 15. Only X-Tree reaches the boundary of

25 dimensions, after then this method gives worse results then sequential scanning [Chakrabarti, 2001].

The exit of this situation is based on the data approximation and query approximation in sequential scan. These

methods form a new group of access methods — High Dimensional Access Methods.

Data approximation is used in VA-File, VA+-File, LPC-File, IQ-Tree, A-Tree, P+-Tree, efc.

Because in high dimensional access methods the selectivity of the methods makes worse, it is allowed some

answers inaccuracy. For query approximation two strategies can be used:

— examine only a part of the database, which is more probably to contain resulting set — as a rule these
methods are based on the clustering of the database. Some of these methods are: DBIN, CLINDEX, PCURE;

— splitting the database to several spaces with fewer dimensions and searching in each of them. Here two main
methods are used:
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1) Random Lines Projection (presentatives of this approach are MedRank, which uses B+-Tree for indexing every
arbitrary projection of the database, and PvS Index, which consist of combination of iterative projections and
clustering);

2) Locality Sensitive Hashing, which is based on the set of local-sensitive hashing functions [Moénne-Loccoz,
2005].

Spatio-Temporal Access Methods

The Spatio-Temporal Access Methods have additional defined time dimensioning. [Mokbel et al, 2003]. They
operate with objects, which change their form and/or position during the time. According to position of time
interval in relation to present moment the Spatio-Temporal Access Methods are divided to:

— indexing the past, i.e. methods for operating with historical spatio-temporal data. The problem here is
continuously increasing of the information over time. To overcome the overflow of the data space two
approaches are used — sampling the stream data at certain time position or update the information only when
data is changed. Spatio-temporal indexing schemes for historical data can be split in three categories: first
category includes methods that manages spatial and temporal aspects into already existing spatial methods;
second can be explained as snapshots of the spatial information in each time instance; the third category
focus on trajectory-oriented queries, while spatial dimension lag on second priority. Presentatives of this group
are: RT-Tree, 3DR-Tree, STR-Tree, MR-Tree, HR-Tree, HR+-Tree, MV3R-Tree, PPR-Tree, TB-Tree, SETI,
SEB-Tree;

— indexing the present. In contrast to previous methods, where all movements are known, here current positions
are neither stored nor queried. Some of the methods, which answer of the questions of the current position of
the objects are 2+3R-Tree, 2-3TR-Tree, LUR-Tree, Bottom-Up Updates, etc.;

— indexing the future. These methods have to answer on the questions about current and future position of
moving object — here are embraced the methods like PMR-Quadiree for moving objects, Duality
Transformation, SV-Model, PSI, PR-Tree, TPR-Tree, TPR*-tree, NSI, VCIR-Tree, STAR-Tree, REXP-Tree.

Conclusion

In this paper we presented a short overview of the current state in the field of development of the access
methods. During the last four decades the access methods have been developed toward plenty of modifications
of small number basic ideas. It is important to remark that the research has been provided on software as well as
on hardware levels. For instance, in [Schlosser et al, 2005] a technology for storing of multi-dimensional data with
physically preserving the multi-dimensionality of the data is presented

The developed multi-dimensional index structures are effective for the small number of dimensions (from 2 — 5 up
to 10 -15) and are uncomfortable for multi-dimensional spaces which are typical for the contemporary practical
problems and the linear scanning may be preferable in many cases [Chakrabarti, 2001]. This is known as "Curse
of dimensionality".

The concept of "curse of dimensionality” was first coined by Richard Bellman [Bellman 1961]. He employed it to
describe the problem caused by the exponential increase of the volume with the augmentation of the space
dimension when addressing the problem of optimizing functions with several variables. Later, the term was used
to indicate, more generally, non-intuitive phenomena observed when the dimension of data increases [Bouteldja
et al, 2006].

The survey of the access methods suggests that the context-free multi-dimensional access methods practically
are not available. One step in developing such methods is the Multi-domain Access Method introduced in
[Markov, 2004].

We have no place to present all access methods in details. The main goal was to collect the basic publications of
the most popular access methods. The further survey needs to be provided to present current state of the art in
this area.
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