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Indexing and Matching Multiple-Attribute Strings for
Efficient Multimedia Query Processing

Chia-Han Lin and Arbee L. P. Chen

Abstract—Multimedia data can be represented as a multiple-attribute
string of feature values corresponding to multiple features of the data.
Therefore, the retrieval problem can be transformed into the q-attribute
string matching problem if q features are considered in a query. A general
solution is proposed in this paper. It includes an index structure and the
matching methodologies, which can be applied on different values of q.
The experiment results show the efficiency of the proposed approach.

Index Terms—Index structure, multimedia data, q-attribute string
matching and query processing.

I. INTRODUCTION

Many features are used to represent the multimedia data [1], [5], [7].
For the time series media such as video or music, the feature values
change along the time. The changes of the feature values can be used
to represent the content of the multimedia data. In order to sufficiently
capture the changes of the feature values, a video or music data can be
defined as a string of multiple-attribute symbols, where each attribute
corresponds to a feature of the multimedia data. A symbol in the string
represents a state of the content of multimedia data in which all the fea-
ture values remain the same. That is, if the value of some feature be-
comes different, a new symbol will be used and recorded in the string.
The video or music data can therefore be represented as a multiple-at-
tribute (or n-attribute) string. For example, the content of a video can
be represented by the motions of video objects, including the veloci-
ties, accelerations, and orientations. In the following 3-attribute string,
the value indicated in each position, e.g., (H, P, N) in position 1, form
a symbol in the string. The 3-attribute string NS represents a video ob-
ject which moves with High speed, Positive acceleration toward the
North at first, and then the acceleration becomes Zero and the orienta-
tion changes to East:

NS

NS1 H H H M M L L

NS2 P Z N Z Z N N

NS3 N E E E S W S:

Since traditional string matching algorithms only deal with 1-at-
tribute strings, new index structures and algorithms for matching n-at-
tribute strings should be considered for efficient query processing. We
have developed several methods [1], [4], [7] to deal with the n-at-
tribute string matching problem when the value of n is small. Some
other approaches consider matching all attributes simultaneously [2],
[3]. However, since the user may only be interested in some features, a
query may not involve all attributes. Therefore, the query will be repre-
sented as a q-attribute string if q features are considered. If multimedia
data are represented by n features, n-attribute strings can be derived
from the data and recorded in the index for query processing. When
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Fig. 1. Steps for matching a query with n-attribute strings.

processing a query, the corresponding q-projections of the n-attribute
strings recorded in the index will be projected to match with the q-at-
tribute string. Since only the changes of the feature values are consid-
ered, we assume the q-attribute string and the n-attribute string recorded
in the index are compact strings, i.e., no adjacent symbols of the string
are the same. However, since the q-projection can be a noncompact
string, it has to be compressed first by removing the redundant sym-
bols for the matching. If an n-attribute string matches the q-attribute
string, there must exist a substring of the compressed q-projection of
the n-attribute string, which is the same as the q-attribute string.
Example 1: Assume the query is a 2-attribute string, including the

velocity and orientation of a moving object. The 2-projection and com-
pressed 2-projection of the 3-attribute string NS introduced in the pre-
vious example are shown as follows:

Query :
H M M L

E E S W

2�Projection of NS :
H H H M M L L

N E E E S W S

Compressed 2�Projection of NS :
H H M M L L

N E E S W S

The 3-attribute string matches the query since the substring of the cor-
responding compressed 2-projection indicated by the bold-faced char-
acters is the same as the query.

In this paper, a general solution for efficiently matching a q-attribute
string against n-attribute stringmedia data is proposed. The index struc-
ture and the corresponding matching algorithm can be applied to dif-
ferent values of q without any modification.

II. INDEXING AND MATCHING MULTIPLE-ATTRIBUTE STRINGS

A. Matching a Q-Attribute String Against N-Attribute Strings

In our approach, the query string will first be decomposed into sev-
eral components. Each component will be individually processed and
the corresponding results combined. The combined results will be fur-
ther verified to see whether they are the final results.

Fig. 1 shows the steps to match a q-attribute string with the n-at-
tribute strings recorded in the index structure. At first, the q-attribute
string will be decomposed into q compressed 1-projections. The
q compressed 1-projections are then sequentially traversed in the
index structure to find the matched 1-candidates. Each 1-candidate
represents a substring of a compressed 1-projection of some n-at-
tribute string. After q compressed 1-projections are processed, q sets
of 1-candidates are obtained. From the q sets of 1-candidates, the
q-candidates representing a substring of the compressed q-projection
of some n-attribute string can be constructed. In order to construct the
q-candidates, the number of consecutive appearances of each feature
value in the corresponding 1-projection has to be recorded in the index
as the interval of the feature value. The final comparison between the
query string and each q-candidate will be performed to verify whether
the q-candidate is a final result.
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Fig. 2. Example of KP suffix tree (K = 3) for string abcbcbcdba.

Fig. 3. Segmentation method.

B. Index Construction and Index Structure

The index structure is constructed to efficiently find the 1-can-
didates for each compressed 1-projection of the query string. Each
n-attribute string in the database will be decomposed into n com-
pressed 1-projections and n suffix trees [8] are constructed for in-
dexing these compressed 1-projections. Since an n-attribute string
represents a multimedia datum, the length of a compressed 1-projec-
tion may be very long. Due to the performance consideration, the
suffix tree structure is modified as the K-Prefix suffix tree (KP Suffix
Tree) whose tree height is restricted to at most K. That is, only the
length K prefixes of the suffixes are considered to construct the KP
suffix tree. Each leaf node of the KP suffix tree represents a sub-
string which appears in some compressed 1-projections. Moreover,
since the intervals are needed for constructing the q-candidate, they
are also recorded in the leaf node. Fig. 2 shows an example of the
KP suffix tree for string abcbcbcdba when K = 3.

Note that while processing a query, if the length of the compressed
1-projection, say l, is longer thanK , the compressed 1-projection will
be first segmented into several length K segments as shown in Fig. 3
and the matched 1-candidates for each segment will be combined based
on their contiguity in the corresponding compressed 1-projection of the
n-attribute string to form a 1-candidate with length l.

III. PRUNING TECHNIQUES

Since the number of 1-candidates is large, it is time consuming to
construct the q-candidate for the final comparison. In order to reduce
the number of 1-candidates, we design two pruning techniques based
on the following observations.

Observation 1: The final result of a query must be a q-candidate
combined by q 1-candidates, which represents a substring of the com-
pressed q-projection of an n-attribute string. This substring must be
exactly the same as the query string. Since the interval of each fea-
ture value in the 1-candidate represents the number of appearances of
the feature value in the corresponding 1-projection of some n-attribute
string, the value of the interval must be larger than or equal to the cor-
responding interval in the query. Only under such condition can the
corresponding 1-projection of the 1-candidate be compressed to form
the final result.
Example 2: Assume there are three 4-attribute strings shown as

follows:
NS1

A A A B B C C

� � � � � � �

1 1 2 2 3 3 1

x x y y y z y

NS2

A A B C C

� � � � �

1 2 3 3 3

y y y z y

NS3

A B B B C C

� � � � � 

1 1 2 3 3 3

x y y y z y:

The query string to be matched is the following 3-attribute string. In
this example, only NS1 is the final result:

Attribute 1 A B B C

Attribute 2 � � � �

Attribute 4 y y y z

To match the 3-attribute string, each compressed 1-projection of the
3-attribute string, i.e., ABC, ��, and yz, are decomposed and used
to find the 1-candidates from the KP suffix tree. For the compressed
1-projection ABC of the query string, the corresponding intervals are
as shown in the first equation at the bottom of the page. The compressed
1-projection of NS1, NS2, and NS3 on attribute 1 will be found as the
1-candidates as shown in the the second equation at the bottom of the
page. According to the observation 1, the second 1-candidate will be
filtered out since the interval ofB, i.e., 1, is less than the corresponding
one in the query, i.e., 2.
Observation 2: From Example 2, consider the correlation between

the 1-projections of attributes 1 and 4 of the query. We observe that the
feature value A is correlated with fyg. In order for the 1-candidate to
be constructed into a q-candidate which is a final result, this correla-
tion must also exist in the 1-candidate. Otherwise, the corresponding
q-candidate will not match the query string. The feature value A in the
1-candidates corresponding to NS1, NS2, and NS3 is correlated with

Compressed 1�projection on attribute 1 A B C

Interval 1 2 1

NS1 NS2 NS3

1�candidate A B C A B C A B C

Interval 3 2 2 3 1 2 1 3 2
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fx; yg; fx; yg, and fxg, respectively, for attribute 4. Since fyg 6� fxg,
it is impossible to form a final result from the 1-candidate with respect
to NS3. A q-candidate which is a final result may start at any appear-
ance of the first feature value and end at any appearance of the last
feature value of the n-attribute string. In Example 2, the final result is
the q-candidate with respect to NS1, which starts at the third appear-
ance of feature valueA and ends at the first appearance of feature value
C as indicated in the following.

A A

� �

1 1

x x

A B B C

� � � �

2 2 3 3

y y y z

C

�

1

y:

Considering the above final result, we observe that the feature value
x of attribute 4, which is correlated with feature value A, is not in-
cluded in the q-candidate. Moreover, the feature value y of attribute
4, which is correlated with the feature value C , is not included in the
q-candidate either. Therefore, for the feature value which is the first or
last one in the 1-candidate, e.g., feature valueA andC , the correlations
with the feature values of other attributes may be different from the cor-
responding ones in the query. On the other hand, for the feature value
which is not the first or last one in the 1-candidate, e.g., feature valueB,
all the corresponding appearances must be included in the q-candidate.
Therefore, the correlations of these feature values in the 1-candidate
with the feature values of other attributes must be the same as the cor-
responding ones in the query in order for the q-candidate formed by the
1-candidates to be the final result of the query.

From Example 2, consider the correlation between the 1-projections
of attributes 1 and 2 of the query. The feature value B is correlated
with f�; �g. Since the feature value B of NS2 is correlated with f�g
which is different from f�; �g, the corresponding q-candidate of NS2
will not match the query.

According to the observation 1, the intervals recorded in the index
structure for the q-candidate construction can also be used to prune
some 1-candidates. We use the correlation vectors to indicate the cor-
relations between attributes which are used to prune some 1-candidates
according to the observation 2. The following example shows a 4-at-
tribute string and the corresponding intervals and correlation vectors of
the compressed 1-projection on attribute 1.
Example 3: The compressed 1-projections on attribute 1 is ABC.

For the feature value A, it is correlated with f�; �g; f1; 2g and fx; yg
for attributes 2, 3, and 4, respectively. Assume the number of the feature
values of each attribute is 3, the correlation vectors are 3-bit vectors
and each bit corresponds to a feature value. The correlation vectors
of A with respect to attributes 2, 3, and 4 are (110), (110) and (110).
See the equation at the bottom of the page. For matching a q-attribute
string, the interval and correlation vectors of each feature value in the

Fig. 4. Execution time for matching strings with different lengths.

compressed 1-projection of the q-attribute string are derived and used
to prune the 1-candidates whose corresponding n-attribute strings are
impossible to be included in the final result. By this pruning process, the
number of the 1-candidates can be substantially reduced and the results
of matching a q-attribute string can be obtained much more efficiently.

IV. EXPERIMENT RESULTS

To show the efficiency of the proposed index structure and matching
techniques, we perform a series of experiments on a synthetic data set
which contains 5000 10-attribute strings where the alphabet size of
each attribute is set to 8 and the lengths of the strings are assigned ran-
domly from 50 to 70. We use the 1D-List approach proposed in [6] and
the hash approach for the comparison. The hash approach is modified
from the proposed index structure. Instead of indexing the KP suffixes
by suffix trees, they are indexed by hash tables. The algorithm is im-
plemented on a Pentium IV 2G PC with 1 GB RAM. The execution
time of each experiment is measured by the average elapsed time of
matching 100 queries with the 10-attribute strings.

Fig. 4 illustrates the execution time versus the length of the query
when the value of K in the KP suffix tree is set to 8. Since more 1-can-
didates will be generated when the length of the q-attribute string is
short, more execution time is needed to verify whether each 1-candi-
date will be included in the result. Therefore, the overall execution time
is higher. Although the time for generating and verifying each 1-candi-
date will increase for the longer queries, the number of the 1-candidates
will be substantially decreased. Therefore, the overall execution time
will decrease when the string length becomes longer.

Fig. 5 illustrates the comparison between our approach, the 1D-List
approach and the hash approach for different query lengths. When the
query length increases, our approach performs much better than the
1D-List approach. Compared to the hash approach, our approach needs

A A A B B C C B B

� � � � � � �  

1 1 2 2 3 3 1 3 3

x y y y y z z z y

Compressed 1� projection on attribute 1 A B C B

Interval 3 2 2 2

Correlation vector w:r:t: attribute 2 (��) 110 110 100 001

Correlation vector w:r:t: attribute 3 (123) 110 011 101 001

Correlation vector w:r:t: attribute 4 (xyz) 110 010 001 011



IEEE TRANSACTIONS ON MULTIMEDIA, VOL. 8, NO. 2, APRIL 2006 411

Fig. 5. Comparison with the 1D-List approach and hash approach.

Fig. 6. Performance of the pruning techniques.

only about 80% execution time. It is because the hash approach takes
extra time to process the hashed buckets which contain no data.

Fig. 6 illustrates the performance of the pruning techniques for
matching the 5-attribute query string. When the length of the query
is short, the pruning techniques perform much better since there
exist many 1-candidates and most of them can be filtered out based
on the pruning techniques. Since the correlation vectors capture the
relationship between different attributes, the pruning performance of
the correlation pruning performs better than the interval pruning.

V. CONCLUSION

Since multimedia data can be represented as strings of feature
values, the retrieval problem can be transformed into the q-attribute
string matching problem. This paper proposes an index structure and
the methodologies for the q-attribute string matching problem. To
show the efficiency of the proposed algorithms, we performed a series
of experiments on a synthesized data set. Compared with the 1D-List
approach and the hash approach, our approach needs only about 2%
and 80% execution time, respectively. We are currently working on
extending the proposed methodology to the approximate q-attribute
matching problem. The similarity measure and the corresponding
matching algorithm are currently under development.
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Content-Based Multiple Description Image Coding

Shahram Shirani

Abstract—The multiple description coding method proposed in this
paper provides the least amount of degradation, caused by loss of de-
scriptors, for those areas of the image which are of greater interest.
This is achieved by employing a nonlinear geometrical transform to add
redundancy mainly to the area of interest followed by a partitioning of the
transformed image into subimages which are coded and transmitted sepa-
rately. Simulations show that this approach yields acceptable performance
even when only one descriptor is received.

I. INTRODUCTION

Transmission of compressed visual information over unreliable net-
works has proven to be a significant challenge. Recently, multiple de-
scription coding [1], has been studied as an approach for transmission
of compressed visual information over error prone environments. In
the multiple description approach, several descriptors are created for
a given source and transmitted over separate channels. Each of these
descriptors is independently decode-able and mutually refineable. In
[2] multiple description coding for speech communications has been
studied. There, it is shown that if the speech samples are divided into
odd and even samples coded using two DPCM coders, and packetized
into separate packets, a considerable improvement can be achieved
when one of the packets is lost and predicted from the other one. In
[3], it is stated that such a system can result in severe aliasing distor-
tion when one type of packet is lost. The author suggests that increasing
the sampling rate can alleviate this problem.

The method proposed in [4] uses a correlating transform for multiple
description coding. The design of the transform, however, depends to a
large extent on the variances of the input data. Therefore, this approach
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