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ABSTRACT

BANG (Balanced and Nested Grid) files provide fast access and updates
of large multidimensional databases maintained on secondary storage. This
research extends the applicability of the BANG file structure by allowing
both dynamic addition and dynamic removal of attributes.

Two new techniques, "Directory Modification Technique (DMT)" and
"Multiple BANG File Technique (MBFT)" have been developed and tested,
DMT uses a geometrical approach to accommodate the changes in the
number of attributes while MBFT uses separate BANG files. Both of these
methods are built upon the existing BANG file data structure.

The number of disk accesses for the DMT when appropriately nommalized
shows a linear relationship with the fraction of total records whose
attributes were modified. This method is superior to the traditional
regeneration of the BANG file for attribute modifications on less than 50%
of the records in the data file.

MBFT shows significant improvement over a single large BANG file in
the number of disk accesses for range and partial queries. As the fraction
of the total data searched becomes smaller, the improvements become more
dramatic. The absolute reduction in disk accesses is enhanced as the range
increases, or the number of attributes in the partial query decrease. This
method is particularly useful for those files with large numbers of
attributes or, where the data is distributed over a combination of
attributes.

1. INTRODUCTION

Large database applications are often designed so that major portions of the
data reside on secondary storage. Access to secondary storage is relatively
slow compared to operations on data in main memory. As a result, the
time used for retricval of data from secondary storage can become the
dominant factor in determining the performance of the database system.
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The BANG (Balanced And Nested Grid) file structure has proved to
be an efficient approach to minimizing the number of accesses to
secondary storage in response to queries, or for addition and deletion
of records with multiple atributes.

Many practical applications however require an added capability: the
addition and removal of attributes from an existing database either for
some of the records, or all the records. For this reason, all recent
relational databases allow the addition and removal of attributes.
However implementing this capability in main memory may not be
optimal for databases resident on secondary storage devices.

In view of the established superiority of the BANG file structure
[FREE 87, FREE 89A, FREE 89B and LIAN 89] in minimizing
accesses 1o secondary storage, it is highly desirable 1o investigate the
efficiency of this structure with respect to the addition and removal
of attributes. A naive and obvious approach is to change the contcnts
of the entire database whenever we add or remove attributes from any
record. However this can be highly inefficient and can seriously limit
the applicability of BANG files in many practical applications. To
date there is no published work dealing with efficient approaches for
the addition and removal of attributes from BANG files.

The goal of this research is to explore two new techniques for the
removal and addition of attributes within the structural frrmework of
BANG files. The first technique is termed the "Directory
Modification Technique (DMT)". A change in the number of
auributes (dimensions) is handled by modifying the existing directory
entries (region, level); the data stored on secondary storage is
unaltered. DMT is based on a geometrically derived transformation
function. The second technique is termed the "Multiple BANG File
Technique (MBFT)", Records with unique combinations of attributes
are grouped into distinct BANG files. MBFT allows dynamic
modification of the number of attributes by moving records from one
BANG file to another.

In section 2 we describe these two new techniques for adding and
removing attributes from a BANG file. In section 3, we present
results for each of these methods when we add and remove attributes;
comparisons are made with the naive (rewriting) approach. In section
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4, we analyze the advantages of each of the methods, and conclude
with recommendations regarding the use of these methods.

2. TECHNIQUES FOR DYNAMIC ADDITION
AND REMOVAL OF ATTRIBUTES

Before describing these new techniques, we will describe an intuitively
obvious approach for sddition and removal of attributes which we term the
"Naive Approsch (NA)".

Naive Approach (NA)

An atribute {(or a key) in & muohtidimensional database can be associated
with a dimension. An N attribute database can be considered as a
hyper-rectangle in an N-dimensional space.

The BANG file structure provides s mapping function between the data
buckets, and the regions in N-dimensional space that contain the data
values. Algorithms for existing BANG files consider the number attributes
fixed. Changing attributes for some or all records requires the creation of
a new BANG file, with new (modified) number of attributes requiring
modification of the data in every data bucket. Since these data buckets are
psually resident on secondary storage, this approach is heavily penalized
in data access time. The shoricomings of this method sre particulary
evident when the number of attributes is altered for only & small number
of records.

In view of these shortcomings, it is necessary to explore aliemate
approaches for the addition snd removal of attributes that are more
efficient in texms of access to secondary storage are required.

DIRECTORY MODIFICATION TECHNIQUE (DMT)

When an attribute is added or removed there is a change in the number of
dimensions; it is possible to modify the directory emtries without
redistributing the records. This leads to significant savings in disk access
time over the NA.

In order to illusirate the basic idea, consider a special, simple problem
where the addition and removal of an attribute can be done without undue
complications. A data base with two attributes can be represented as a
rectangle in 2-D space, say X-Y plane. The addition of a third attribute
changes the representation to three dimensions, XY, and Z. The 2-D
distribution forms the X-Y plane in the 3-D case which is shown in Figure
1. All the points in X-Y plane in 2-D still lie in X-Y plane in 3-D, except
that the values of the z coordinate are zero.
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rigure 1. Distribution of Set of Points in 2-D and 3-D

The removal of attributes is also based on the geometrical approach. In
this case it is necessary 1o assame that the values of the atributes that are
being removed are zero. When any dimentsion is removed from a data base
with dimensions, the data can be represented in H-1 dimensions by suitable
modifications to the directory without redistributing the records.

For the above simpile example it is not difficult 1o implement the DMT to
add and remove attributes. However for more general problems, notably
those that involve buddies, the structure of the BANG file introduces
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serious complications. A number of problems occur at almost every
stage, and it is necetsary to develop individual approaches to handle
these problems which make this & highly involved and complex
approach.

The details of the implementation of the DMT in the general case
are 100 involved to be satisfactorily described here, and the reader is
referred to (HOSU 91). We mention here that in the development of
the DMT for the general case some umexpected properies of the
BANG file structure have been uncovered; these have not been
published in the literature but have the effect of drastically increasing
the complexity of developing and coding for the DMT.

Muitipie BANG Flles Technlque (MBFT)

This spproach for the addition and removal of attributes differs from

the previous technique by maintaining separate BANG file for each
unique combination of attribes. Multiple files are generated to
sccommodate changes in the dimension or the combination of
sttributes in the database. We describe the organization of the BANG
files followed by the discussion of addition, and deletion of auributes.

Organkzation of Multiple BANG Flles

Consider the single BANG file, where all the records with different
combination are stored in one big file FO, it would look as shown in
Figure 2a. The Multiple BANG files, corresponding 1o the same data
is shown in Figure 2b.

Single Large BANG file FO Multiple BANG files

(b) Multiple BANG
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Figure 2. Record Distribution in *Traditional’, and
'Multiple BANG® Files

In the above data all the records do not have all 4 auributes.
Instead of maintaining one large BANG file with four attributes, the
records can be distributed into different BANG files according to the
number and combinations of the attributes. Although ‘ab’ and ‘ac’
have the same number of attributes, the combination is different and
thus are stored in separate files.

Bach BANG file contains a unique set of atributes. As the
modifications (insertion/deletion) of attributes is increased, the
combination of atributes also increases, resulting in a proliferation of
files, ( 2**n - 1, in the worst case, where n is the number of
atiributes). In the above example, there are 4 attributes, taking all
combinations into consideration, there can be 15 files. However, in
practical sitastions, the number may be considerably lower, because
all the combinations may not be present.

For any operation, including addition/deletion of records, or query
etc., it is required to search the BANG file associated with that set of
attributes. The operation is performed after locating the required
file(s). In case of partial queries, it may be necessary to search more



than one file; thus it is essential that we organize the collection of BANG
files in such a way that the search is reasonably efficient.

There are many possibilities; one is to store the BANG filename as the
nodes of s binary search tree. This structure is quite efficient for an exact
query; for a partial query, more than one BANG file may need to be
searched. In the worst case, when all the files are 10 be searched, this will
cauge a search of the entire tree.

Linked lists (with the BANG filename as its elements), are not as efficient
as trees for exact queries. But it is easy 10 update the lists as required by
the addition/removal of attributes. To date there is no best structure
availsble 10 process range/partial query efficiently. The author proposes
the following structure to organize the BANG files.

Let there be 4 attributes ( ‘a’, ‘b, °c’, °d’) in a database. Figure 3.,
illustrates all possible BANG files and organization of these files using
linked lint data structure. An armay with the size of the number of attribates
is maintained. Bach clement of the armay is associated with s lin. Bach
element in a list is a BANG filename, and the filenames are armanged in
alphabetical order.
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For an exact query of sttributes *abod’, only the list associated with four
sttributes is searched. In case of a query involving attributes ’s’ and ’d’,
lists of 2, 3, and 4 attributes need to be searched. In this particular case,
it becomes a range query for file ‘AD' and a partial query for files "ABD",
*ACD’, 'BCD’, and *ABCD’. Once the files are found, operations on each
file are handled as in the case of & single BANG file.

—

Organizstion of Multiple BANG Files

reprosents a BANG file with
attributes ‘a’, and ‘b’.

During addition and removal of attributes, the major disk accesses are due
to the updates of records, with changes in number of attributes. There is
0o need to rewrite the entire database. Since there are separate files for
each unique set of attributes, there is no need 10 deal with maximum
attributes for every operation, as in the NA, and DMT.

3. RESULTS AND DISCUSSIONS

The DMT and MBFT were developed and tested for dynamic modification
(addition, and removal) of attributes. Comparison were made with the
'Naive Approach’. Results, discussion, snd simulation specifications for
each method are provided separately. Uniform rsndom distributions are
used (o generate test files. Performance evaluation is besed on the number
of disk accesses for each of the two proposed techniques DMT, and
MBFT, compared with the NA.

Results and Discusstion for DMT
Evaluation of this technique is based on the number of disk accesses for

addition and removal of attributes as compared 10 the number of disk
accesses with the "Traditional’ BANG file method.
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Addition of stiributes ( 2-D —> 3-D)
Start with & 2-dimensional data and modify into 3-dimensional data,
Removal of attributes (3-D —-> 2-D)

Stant with a 3-dimensional data, modify it into 2-dimensional data
(using the DMT).

‘The DMT was used on 2 sets of data, with data sizes of 1,000, 2,000,
and 5,000 records in each set. The two sets of data represent
different realizations of random numbers and sre used to estimate the
variability of the results. For each data size, disk accesses, data
occupancy, and directory occupancy were computed for
addition/deletion of attributes for 10, 25, 40, and 50% of the total
number of records.

The results of the disk accesses for addition and deletion of sttributes
comesponding to the two sets are consistent. Consequently the results
can be discussed for one data size, namely 5000,

The results of the disk accesses for sddition of attributes
corresponding to the above data is shown on Figure 4a. They have
been nommalized by the data accesses for recrestion of the BANG file
from scratch. The results for deletion are shown in Figure 4b.
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Fig 4(a) Test Fie 1 ( n = $,000)
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Fig 4(b) Test Fie t ( n = 5,000)




The normalized disk acccsses show consistent behavior during
addition and deletion of attributes, for both data sets and also between
the three data sizes. The relationship can be well approximated by
a line through the origin with a slope of 2, especially when the
oumber of records modified is low; consequently, it is seen that the
DMT is superior to regenenation of the BANG file for
addition/deletion of attributes for half the records of the data set.

Results and Discussions for MBFT

The second technique, the MBFT, stores the data in multiple files.
A separsie BANG file is created for each unique combination of
attributes.

There are two important considerations in evaluating the Multiple
BANG file spproach; one deals with the disk accesses connected with
the creation of the file, and the second with the accesses connected
with the queries. The disk sccesses associated with the addition, and
deletion of records are well understood: namely four disk accesses

for each operation. Consequently, testing of the method was
restricted exclusively to disk accesses resulting from queries.

Querics may be divided into three types: exact queries, range
queries, and partial queries. In exact queries, the values of all the
attributes are specified, and finding the record consists of searching
the bucket in which the record is stored. Exact queries require two
disk accesses for both "Traditional’ and *Multiple BANG® files; thus
there is no need o perform any tests, since the results are known in
advance.

Range querics specify the range of all attributes. In partial queries,
the range is specified for one or maore attributes but not for all the
atributes.  All allowable values are accepted for attributes whose
range are not specified. This section deals with the comparison of
disk accesses for range and partial queries.

Results and Discussions for
Range Queries

Comparison of disk accesses for the NA, and the MBFT were performed
using 3 data sizes (1000, 2000, and 5000) with three sttributes. For each
data size, the third attribute was specified for 25%, and 50% of the total
records. Consider an example of 2,000 records with three attributes 'a’,
‘D', and °c’. A value for ‘¢’ may be specified for either 25% (500 records),
or 50% (1000 records) for the data; the rest of the records are assigned &
zero value for ‘c’ sttribute.

The mnge query was performed on three anisibutes, and the mnge size was
varied from 10 1o 50% in incements of 10%. The results of the disk
sccesses for cach of three dats sizes are consistent.  Consequently, the
results can be discussed for one data size, namely, $,000 records.

Figures S, show the consistent reduction in disk sccesses for the MBFT
over the NA for all range values. As the range increases, the difference
gets larges, and the superiority of the MBFT is clearly demonstrated.

Results may also be snalyzed in terms of the percent of data to be
scarched. As the peroentage of records with the third attribute gets lower,
the difference gets larger,ie the results are better for the case where the
third antribute is specified for 25% rather than for 50%. The reduced disk
accesses come from the searching of fewer records.
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Disk accesses show a nou-linear dependence on the range. In general disk
accesses appear to increase as & power of the range. This pattern is seen
for the two cases with 25%, and 50% of the third anribute defined.
Additionally a simple doubling from 25% to S0% is not observed. A
comparison of disk accesses for the "Traditional' BANG file method, and
‘Mukhiple BANG"® files for the larger ranges, shows a reduction of 60% for
the case where 50% of the records have third auribute. The reduction is
even more significant, around 45%, for the case where only 25% of the
data has the third attribute.

Results and Discussions for
Partial Queries

The comparison of disk accesses for partial queries for the 'Traditional’,
and "Multiple BANG"® files were tested on the following examples.

Four attributes (4-D) were chosen to simulate some of the complexity that
an arisc in partial querics as the number of attributes is incressed. It was
also felt that a database with less than 5,000 records would not be
suatistically acceptable in terms of records encountered.

The database with 4 attributes, *s’, *b’, 'c’, and 'd’. Figure 6, shows the
actual combination of attributes and number of the records distributed in
different files, used for partial query in the simulation.



‘Traditional’ ‘multiple BANG'

a b 0 0 |<—1250 rcnotdn——> rile 'AB’

a b ¢ 0 J<—12%0 ncotd'—> rile 'ABC’
a b 0 d [<—1250 ncords—> file 'ABD’
a b ¢ d |<=1250 ncordn—->rnl * ABCD*

Figure 6. Single large and Multiple BANG files used for
partial query

In a genenal four attribute data set, there can be fourteen partial queries,
and & range query. The partial queries are °a’, °'b’, 'c’, 'd’, "ab’, ‘ac’, 'ad’,
*be’, 'bd’, 'cd’, abe’, ‘abd’, ‘acd’, and 'bod’, and the range query is
‘abed’. The daw distribution selected here allows auributes ‘a’, and °b’,
and 'c’, and 'd’ to be interchanged. Consequently only seven types

of partial queries namely, 's’, 'c, ‘sb’, *ac’, ‘cd’, "abc’, *acd’ and

one range query "abed’ exist.

Partial and range queries were selected for the following
combinations ‘s’, 'ab’, *ac’, ‘sbe’, 'bd’, 'ed’, 'bed’, and ‘sbed’. A
range of 10%, 30%, and 50% is taken for each combination of
attributes. The ranges start at different positions i.e. 0, 25, and S0%
for each auribute,

The observed results appear 10 depend on two key quantities: the
percent of data searched, and the number of sttributes used in the
query.

A search is ssid to be 100%, if the search covers the entire file.
Similarly 50%, and 25% search indicate the percent of the file to be

searched.
Let us consider the results for a two-attribute partial query. Figures

7..show the disk accesses for partial queries ’ab’,’bd’, and "cd’.
PARTAL QUERT ON ‘ab' (100X SEARCH)
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Partial query "ab’ requires s 100% search. It becomes a range query
for file "AB’, a partial for 'ABC’, "ABD, and 'ABCD’. The MBFT
uses four files, and needs between 8 10 12 additional disk accesses
over the single BANG file. The search of three additional BANG
files introduces 6 disk accesses ( 2 per BANG file). There also
appears to be a small increase in accesses resulting from multiple
accesses of a given ‘sb’ range in the separate BANG files.

PARTAL QUERY ON 'bd* (SOX SEARCH)
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The partial query for "bd* (and also ‘sc’) requires a partial search for
file '"ABD'(CACD") and "ABCD’, equivalent 10 & 50% search. The
MBFT requires less than 7/10th the number accesses required by the
NA. The difference in disk accesses get larger as the range is
increased.

PARTIAL QUERY ON 'cd' (25% SEARCH)
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The partial queries for 3 atributes, 'abe’, mnd ‘bed’ Figures 8,
fequire a partial search of the file "ABCD’ (0% and 25%
respectively). The improvement in the disk accesses of the MBFT are
even more dramatic, requiring less than 45% of the accesses required
by the NA. Again the absolute difference gets larger as the range is
increased.

The effect of the number of atributes on partial/range quenies Figures
9., is seen by comparing the results of the 25% search, queries for
‘ed’, and 'abcd’. It is seen that the largest absolute difference in
disk accesses between the NA, and MBFT occur for ‘od’ and the
smallest for "abod’. The volume of the data space that falls within
the specified range for a given partial query is related 1o the range
and the number of attributes.
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For a given range, this volume decreases ss the number of attributes
are increased.  The ratio of the disk sccesses of the MBFT 10 the

single BANG file approach for the 50% range increases slightly from
0.45 10 0.46 10 0.48, for "od’, bed’, and "sbod’ respectively.

PARTIAL QUERY ON ‘cd" (25X SEARCH)
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insention/deletion of atributes. DMT preserves the existing data structure
of the data and modifies the dimension of the directory to reflect the
addition or deletion of attributes. The MBFT generates separate BANG
files for each unique combination of attributes. Both these new methods
have been developed to deal with changing attributes for a portion of the
data, rather than for the whole data set. The Naive Approach (NA) has to
recreate a BANG file from scratch each time the number of attributes are
modified for any record(s) in the data set.

Comparison of both the DMT the MBFT with the NA were made on the
basis of disk accesses required for addition and deletion of attributes as
well for queries.

The first technique, DMT, has been developed to allow for arbitrary
addition and/or deletion of attributes. The normalized disk accesses for the
DMT show a linear relationship with the fraction of records whose
attributes are modified; the slope of this line is 2. Consequently, DMT is
superior to generation of the BANG file from scratch for attribute
modifications of up to 50% of the records in the data file.

In practical examples where the number of attributes modified at a time is
only a small fraction of data say less than 5%, DMT takes less than 10%
of the disk accesses required for regeneration of the BANG file, a
significant reduction in the disk accesses.

One of the limitations of the DMT is that, for every operation we have to
deal with the maximum number of attributes/dimensions, even though all
the attributes may not be present for all records. This is also true in the
case of NA. The DMT can only match the disk access efficiency of the
NA which is inefficient for range/partial queries when a large number of
records have zero values for the attributes. The second technique MBFT,
obviates the problems associated in dealing with databases where a large
number of records have zero values for some of the attributes.

The generation of multiple BANG files requires disk accesses comparable
to DMT. Consequently, this technique like the DMT is vasily superior to
the NA when the number of records whose attributes are modified is small.

MBFT shows significant improvement over NA in disk accesses for range
and partial queries. The improvement is dependent on the fraction of the
data searched for range/partial queries between the single file and the
multiple BANG files accessed by the query. As the fraction of the data
searched becomes smaller the improvements become more dramatic. The
absolute reduction in disk sccesses is enhanced as the range is increased,
or the number of attributes in the partial query are decreased. A reduction
of greater than 50% in disk accesses is observed when the data searched
is 25% of the single BANG file.

The MBFT files approach is the superior method. It will be particulary
useful for large autribute files, where the dawa is distributed over a
combination of anributes. DMT is useful if the data ends up with a full
complement of attributes for all records after repeated modifications.

Adequate testing of statistical variability resulting from the data distribution
needs to be studied in future work. This can be accomplished by
averaging results over a large number of random realizations of attribute
values for both the techniques. Non-uniform data distribution also needs
10 be tesied.

In the case of DMT, range/pantial queries should be performed to evaluate
the effect of dats occupancy on the disk accesses. This can then suggest
an optimum percentage of attribute addiion by DMT after which the
BANG file needs to be regenerated from scratch.

This research presents the linked list structure in the case of MBFT.

Evaluation of data structures adapied to partial queries for a large
number of files can enhance the applicability of this powerful

approach.
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