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Abstract: Informatics data is becoming huge due to the regular 

contribution of informatics community. Because bioinformatics 

problems are so diverse, documents for storing information need a 

structure that is easy to change, flexible, diverse and especially 

easy to share / contribute. For that reason, XML documents are 

the best solution for describing and storing this massive 

bioinformatics data. However, because XML documents have 

textual and semi-structured data, there is a lack of data reduction 

and data retrieval methods that are really relevant and effective. 

In this paper, we apply a method of converting the number of 

name tags to numerical spatial coordinates to reduce the size of 

the document and propose an improved indexing method to 

increase query efficiency of XML documents. The idea of the 

paper is based on the characteristics of the XML data tree 

structure and the structure of the XR-tree index tree (R-tree 

improvement), we advance the algorithms to optimize for queries 

for XPath. Experiments have shown that the new algorithm has 

significantly increased performance compared to the previous 

method. And the results also point to some practical issues due to 

the variety of bioinformatics XML documents 

 

Index Terms: bioinformatics, bioinformatics data, indexing 

method. 

I. INTRODUCTION 

Currently, data storage, transmission and query issues are 

becoming increasingly important as data collection is getting 

easier and faster from various sources. Data quickly becomes 

huge, complex, diverse. Typical of this problem is 

bioinformatics data. Bioinformatic data is diverse, describing 

all chemical reactions, protein structure to form Gene in living 

organisms, descriptions of DNA sequences / entire sequences 

for plants or animals. or describe the evolutionary tree of the 

world's living creatures. Thus, we need a data model that can 

store a variety of bioinformatics data structures. 

The current solution for bioinformatics data is to store 

bioinformatic data in the form of an XML semi-structured 

document (eXtensible Markup Language). In recent years, 

XML is the most important platform for storing and 

transmitting data on the web. XML documents have an open 

structure, so they are highly flexible, easy to interact with and 

understand by many platforms, and are especially 

non-dependent, making XML very consistent with the 

requirements of bioinformatics data. 
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Usually XML documents are not too large to transmit data 

over the network. But in the era of biotechnology, 

bioinformatics XML documents are very large, possibly up to 

Tetabyte due to the specificity of the bioinformatics industry 

with an increasing number of XML documents from the 

biological studies. As we know, XML documents are 

essentially textual data that is structured by name tags. The 

data section to describe accounts for 40-60% of the size of the 

XML data file [15]. With such large-sized XML text 

documents, there is still a lack of research on effective 

information retrieval of speed and size. Therefore, this paper 

wants to continue to study and propose methods for retrieving 

information in XML documents, efficiently querying and still 

compressing smaller XML data when querying, thanks to that 

is more efficient in storing and reducing access to the hard 

disk. 

In the previous paper [11], we introduced algorithms to 

improve R-tree indexing methods to improve the efficiency of 

XPath queries, especially for sibling axes thanks to pointers. 

Experimental results have been impressive because the 

number of hard disk access times decreased significantly. In 

this paper, we will analyze data space after converting XML 

documents and propose algorithms to create and query 

XR-tree trees more efficiently, avoiding redundant tree 

browsing steps. With the new algorithms, we call the new 

XML document indexing method XR + tree. 

The content of the paper is as follows, Part 2 will review 

recent research related to indexing bioinformatics XML 

documents. Part 3 will present the theorems and propose 

algorithms for the XR + tree method. Part 4 is experimental 

results and evaluations. Part 5 is the conclusion of the article. 

II. RELATED WORK 

Bioinformatic data compression has been studied for many 

years. Conventional bioinformatics XML documents include 

descriptive and DNA / Protein biological data. Therefore, 

there are two main research directions (1) compressing XML 

documents in general and (2) compressing biological data. 

We focus on compressing XML documents. Although there is 

no specific compression method for bioinformatic XML 

documents, recent research on computational XML document 

compresion has two directions, (1) compression methods that 

allow data to be retrieved without decompression, (2) 

compression method focuses on optimal compression ratio 

and only allows querying data after being decompressed. 

Because the data file size is very large, we think that the 

compression method allows a 

query to be necessary, so this 

paper focuses on the first one. 
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As a structured data model, the XML semi-structured data 

model also has the most popular private query languages, 

XPath and Xquery. XPath is the simple and basic form of 

Xquery. The working mechanism of the XPath query is 

divided into two forms: Sequential and indexed. With 

sequential form, XML data will not be preprocessed before 

querying. Each query will perform a full read of the data. The 

indexing form will pre-process XML data to build another 

data structure, so that the query does not require scanning the 

entire data. 

Since the characteristics of the data structure after indexing 

are usually smaller in size, this is also a compression method 

that allows direct querying of compressed data. Here are some 

methods that have been implemented. 

The first method is XGrind [1] by Tolani and Haritsa. This 

method compresses data by replacing attribute and element 

names into unique characters. The data section is encrypted 

using Huffman algorithm. The method allows direct querying 

on compressed documents but only supports simple path 

queries, incapable of supporting XPath queries. Similarly, 

Xpress [2] by Min et al. use inverse math method to encode 

XML document label paths into separate segments. Queries 

rely on each relationship between those segments to increase 

efficiency on compressed XML documents. The weakness of 

Xpress and XGrind is that the ratio of size between 

compressed and original data is linear, not supporting 

multiple queries. Therefore, Cheng and NG proposed the 

technique XQzip [3]. XQzip uses the Structure Index Tree 

(SIT) for the original XML document. And XQueC [4] by 

Arion et al. Use the structure summary tree to store XML 

documents. These methods give higher compression rates and 

faster queries. To increase the efficiency of XPath queries, 

Arroyuelo et al. [5] introduced the technique of creating a 

label tree from the XML tree structure, then using the array bit 

(array bit) index method to compress XML documents. The 

data section is compressed by any normal method. To reduce 

latency and optimize data transfer bandwidth, Qian et al. [6] 

provides a method of separating the XML document structure 

from the content and compression separately, giving better 

efficiency than the previous methods. 

Compression methods tend to separate and compress XML 

document structures and data in XML documents. With the 

structure part, there are outstanding methods that have applied 

structural coding in the order of tree browsing. 

Dietz [7] is the first method that uses structured coding 

techniques with algorithms to browse trees according to 

pre-order and post-order values. The weakness of this method 

is that it will have to recalculate the pre-order and post-order 

pairs each time there is new data. To overcome this problem, 

Li and Moon in XISS [8] used the B + tree method to index 

the element and attribute. However, the query does not 

perform well because of many intermediate results and every 

time a new node is created, it will have to be reorganized 

again. 

In order to overcome the disadvantages of B + tree, some 

studies [12, 13] converted XML tree structure into 

2-dimensional digital space, with pre-order and post-order 

pairs. In this space, the four main query paths for the XPath 

for an XML tag are the descendant, the ancestors, and the 

previous one (preceding sibling) and the following (following 

sibling) equally divided into four spaces. separate, 

symmetrical and evenly [14]. By discovering this distribution, 

we can find tags that relate to a given tag by creating search 

space windows to retrieve the required information. However, 

these windows are still very large spaces, which will adversely 

affect search performance. So far, two indexing methods for 

multidimensional spaces are grid (Grid) and tree (R-tree), 

these methods are very popular and available in database 

management systems. Grid method will be best with spatial 

data evenly distributed, whereas R-tree method is suitable for 

diverse distributed data. The XML document after converting 

to 2-dimensional space has a very diverse composition 

because the XML tree structure is unbalanced and 

heterogeneous [14]. Therefore, the R-tree method [9] is 

probably best suited for indexing XML documents. The 

biggest drawback of R-tree is that it must control the overlap 

problem between nodes of the tree, which causes redundant 

tree browsing steps. Moreover, this two-dimensional spatial 

data conversion method is still inherently flawed in that it will 

have to convert the space if there is a structural change of the 

XML document. However, in this paper we ignore this 

problem because it is assumed that bioinformed XML data is 

characterized by large size and almost unchanged when given 

to the community. And the main problem is to reduce the size 

and increase query efficiency. 

Our previous paper [11] came up with the idea of 

increasing the efficiency of XPath axis queries for preceding 

tags (preceding sibling), the following (following sibling) and 

ancestors by adding pointers to leaf nodes of R-tree. Thanks 

to these pointers, other Xpath axis queries that result include 

sibling tags also benefit for better performance. However, the 

disadvantage of the method is that it is possible to create an 

unoptimal R-tree index tree. Therefore, the next content, we 

analyze the converted data space of the XML document and 

propose algorithms that can overcome some of the defects.  

III. XR+ TREE METHOD 

3.1 Analyzing the conversion data space of XML documents 

Previous studies have shown that the distribution of XML 

data in space tends to focus on the two spaces of the previous 

tags (preceding sibling), the following (following sibling). 

Therefore, XR-tree has proposed to use more pointers to 

increase query efficiency. 

In this section, we analyze the converted data space of the 

XML document and how to organize that data on the R-tree 

index tree. Suppose we have an XML document named X, to 

convert to a digital space, we need to use the "pre-order" 

algorithm to number each of the name tags of document X. 

See Figure 1 (round dot symbols are equivalent to 1 name tag 

in X, hierarchical structure is the same as the XML tree 

structure of document X), we see that the root node will have 

the order of 1, and the child nodes will have the order of 

increasing from left to right. Similarly, with the "post order" 

algorithm, the root node will have the last sequence number, 

and the leftmost descendant nodes will start from 1. After 

executing two tree browsing algorithms on document X, 

Figure 1 will show round dots 

with pairs of pre-order and 

post-order values, for example 



International Journal of Engineering and Advanced Technology (IJEAT)  

ISSN: 2249-8958, Volume-8 Issue-5, June 2019 

 

1170 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: E7409068519/19©BEIESP 

the root node will have a value pair of 1-31, in That 31 is the 

total number of tag names of document X. 

Thus, each tag name in document X has a Cartesian 

coordinate in 2-dimensional space. From now on, we can use 

spatial indexing methods for data of document X. In this 

paper, we use R-tree indexing method for 2-dimensional 

space. The traditional R-tree algorithm will group the space 

elements into each node on the R-tree and limit these groups 

to the smallest bounded rectangles of all elements of each 

group. In the previous article, to preserve the relationship 

between brother tags (sibling) of document X, we actively 

grouped brother tags (sibling) into leaf nodes of R-tree, and 

used the The pointer to connect the R-tree leaf nodes has 

brother (sibling) tags with the same father, this method is 

called XR-tree. 

 
Figure 1. XML document tree is numbered 

 

Figure 2 shows the leaf nodes of XR-tree in 2-dimensional 

space through the smallest bounding rectangles (MBR). 

Where, R is the MBR of the sub-tags of the original tag (1-31) 

of Figure 1. Similarly, R1, 2, 3 in Figure 2 are the MBRs of 

the sub-tags of the tags: 2-10, 12- 10, 22-30 in Figure 1, and 

the same for lower level tags. From the spatial visual 

description of Figure 2, we find the theorems about the MBR 

subtrees of the tags of document X when expressed in XR-tree 

space. 

 
Figure 2. The MBRs of leaf nodes in the XR-tree tree 

Theorem 1: Suppose in an XML document, the T tag is the 

father of the tags t1, t2, .., tn, they are brothers (sibling). The 

MBRs that contain subtrees of t1, t2, ..., tn on the XR-tree 

space are always separate (without intersection). 

For example, R1, R2 and R3 are bounding rectangles of 

sub-trees that are always separate and spread from left to right 

on the space of Figure 2. 

To prove this theorem, we easily recognize that the 

pre-order values of elements in the MBR for the sub tree of 

the brothers (sibling) tags on the left always have a value less 

than the pre-order values of the elements in the MBR for the 

sub tree of the sibling tags on the right. Similarly, on the 

contrary, the values on the left are always greater than the 

values on the right with the post order values. Therefore, 

MBRs for subtrees of sibling (sibling) tags in X documents on 

XR-tree space are always separate. 

Thus, Theorem 1 shows that, forcing the sibling XML tags 

with the same parent into the same XR-tree leaf node may not 

have much effect on optimizing the R-tree tree structure for 

queries. Experimental results of the article on XR-tree have 

shown this observation. 

Theorem 2: Suppose in an XML document, the T tag is the 

father of the tags t1, t2, .., tn, they are brother tags (sibling). 

Except for MBRs of subtrees of t1 and tn (first and last 

sibling), MBR including t1, t2, ..., tn will cover all MBRs of 

subtrees of t2, .., tn-1. 

For example, R will cover all R2 and R21, R22, R23. 

To prove this theorem, it is easy to recognize that pre-post 

values of t1 and tn are preceding and after the pre-post value 

of T. Therefore, pre-post values in the subtrees of t2, ..., tn are 

obviously within MBR range of t1 and tn. 

From theorem 2, we draw a consequence 2.1 for the query 

algorithm to search for an XML tag in the XR-tree tree as 

follows 

Consequence 2.1: Suppose when looking for a t tag of an 

XML document in the XR-tree search tree and finding the 

location of t located inside rectangles R1 and R2. If R1 is 

inside R2, the search algorithm will not need to continue 

browsing other subtrees of R2 to find t because it is certainly t 

in the subtrees of R1. 

From the theorems and consequences, we redesigned the 

XR-tree algorithms to re-optimize queries, overcome 

structural weaknesses. 

  

3.2 The proposed algorithm 

From the conclusions obtained in Section 3.1, we propose 

new Insert and Query algorithms and we call the new 

extension method of XR-tree as XR + tree. The goal of the 

algorithm is to reduce redundant tree browsing steps to 

optimize query speed, while reducing the structural 

disadvantages of the XR-tree. 

The XR + tree will remove the Parrent pointer (pointing to 

the parent node) because it has not really yielded the expected 

effect and consumes a lot of storage memory. 
 
 

Insertion Algorithm 
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Algorithm Insert(N,E) 

Invoke FindNode(N,E) to find a leaf node N’ 

containing the sibling predecessor of the new 

context node entry E to be inserted (stage 1)  

IF node N’ is found, 

   IF N’ is first node or last node   

        fullnode =m                               //m is minimum 

number of entries in a node 

    ELSE 

         fullnode =M                            //M is maximum 

number of entries in a node 

 IF |N’| <fullnode                        //has space, not full, 

      Insert new context node, E into N’. 

   ELSE  

      CreateNewLeafNode(E)   //to create new 

leaf node for new context entry E, then insert the 

new leaf node into the tree 

ELSE 

  CreateNewLeafNode(E)    //to create new leaf 

node for new context entry E, insert the new leaf 

node into the tree 

  Creatpointers (pre, post, N’) 

 

The difference in this algorithm is that it will separate 

nodes containing the first / last sibling tags into separate leaf 

nodes in XR + tree. In particular, the nodes containing the first 

/ last sibling tags will only contain up to m tags (minimum) 

instead of M (Maximum). Thus, the method will be able to 

reduce the size of the MBR, which covers all the sibling tags, 

so there will be fewer intersections between the MBRs of the 

XR + tree. Queries will benefit from this structure. 

 

Querying Algorithm 

Algorithm FindNode(N, E) 

minN = N //only search N intersect or inside minN 

IF N is NOT a leaf, 

  FOR EACH entry E’ of N whose MBB (N’) 

intersects with the 

  MBB of E  

        IF N’ intersects or inside minN, 

            invoke FindNode(N’,E), where N’ is the 

childnode ofN pointed to by E’. 

            IF N’ inside N’ 

   minN=N’ 

ELSE 

  IF N contains an entry E, 

  Return N. 

 

 

This algorithm applies Theorem 2 and Consequence 2.1, 

which means that when searching for E, if R1 is inside R2, 

skip the subtree of R2 and save the R1 value. 

At any intermediate node, 

- If R contains R1, it will ignore the subtree 

- If there is R inside R1, then save R for comparison in the 

next step, continue browsing R 

- If R is not in the above 2 cases, continue browsing R.  

IV. EXPERIMENT 

To evaluate the actual effectiveness of the method, we 

experiment on bioinformatics XML documents of common 

and diverse origin. 

We run experiments on computers with CPU configuration: 

Intel Xeon E5520 - 2.7 GHz, RAM: 20 GB, OS: Windows 

Server 2008 R2 Enterprise. The original documents are very 

large in size. 

We use 4 different bioinformatics materials from reputable 

data sources. They describe different biodiversity, DNA, 

Protein, and description of subspecies, as follows 

- DNACorn: Contains information describing Corn DNA 

such as authors, published years, genes, ... originating 

from NCBI, 

- DNARice: Contains descriptive information about Rice 

DNA such as authors, published years, genes, ... 

originating from NCBI 

- Swissprot: Collection of functional information on 

proteins, with accurate, consistent and rich annotation. 

Source: https://www.uniprot.org. From 

(swissprot.xml), which represent the description of all 

proteins. 

- Allhomologies: contains information on the subspecies 

of the mouse family. Source from 

ftp://ftp.ensembl.org/ 

4.1 Experimental compression of bioinformatics XML 

documents 

To appreciate the practical effect of compressing data by 

transferring the bioinformed XML document to digital spatial 

data, we have experimented on actual documents as described 

above. The results are shown in the graph in Figure 3. Figure 3 

shows quite good compression ratios, particularly with DNA 

XML documents. However, with the document 

Allhomologies describing subspecies information, it is quite 

surprising that there is a low compression ratio. 

To understand why the compression ratio differs between 

documents, we have analyzed the XML files and realized that 

the Allhomologies document describes species tree 

information, so the data has a lot of Attribute tags. The feature 

of the Attribute tags is to be declared as a collection in the 

same string. Therefore, the conversion algorithm when 

meeting the Attribute tag set will have to separate each 

Attribute into multiple tags. This may be the reason for 

increasing the size of conversion documents. 

Thus, this conversion method does not always have a good 

compression ratio because it depends on the structure of the 

XML document. 

In this paper, we only contribute to the actual discovery of 

the compression algorithm by converting to digital space. 

Later research, we will find ways to solve the problem. 
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Figure 3. Compare XML documents and conversion 

documents to digital space 
 

4.2 Experimental queries 

The experimental scenario is to execute queries according 

to the key and important axes of XPath. You can split these 

queries into two groups 

- Point queries: queries for sibling, children, Parent. 

- Regional queries: queries for the other XPath axis. 

To evaluate average performance of point type queries, we 

generate 200 random queries for index trees for each XML 

document, to compare the performance of XR-tree and XR + 

tree. The result is evaluated based on the number of nodes 

accessed by the query, in other words, the number of access 

nodes is the number of accesses to the hard drive to get the 

data to the memory. The lower the average number of hard 

disk visits, the higher the query's performance. 

a. Sibling queries 

The query must find all the brother tags (sibling) of any tag 

in the XML document. Figure 4 shows that the average XR + 

tree performance result is always better than XR-tree for all 

XML documents. And it looks with material Allhomologies, 

experimental for best results.  
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Sibling queries

XR+ tree XR tree
 

Figure 4. Sibling query result 
 

b. Preceding Sibling queries 

The query only looks for brother tags (sibling) in front of 

any tag in the XML document. Figure 5 also shows that the 

average XR + tree performance results are always better than 

XR-tree for all XML documents. And it seems that with 

allhomologies material, experiments still give the best results.  
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Figure 5. Query for Preceding sibling  

c. Following Sibling queries 

The query only looks for brother tags (sibling) behind any 

tag in the XML document. Figure 6 also shows that the 

average XR + tree performance results are always better than 

XR-tree for all XML documents. However, the results for 

DNARice documents seem much different. This proves that 

there are XR + tree situations that will give very good results 

when the query removes many steps of redundant tree 

browsing according to Theorem 2 and consequence 2.1. 
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Figure 6. Query for Following sibling 

 

d. Children queries 

These queries need to find the child tags of any tag in the 

XML document. To do this, it is best to estimate a sub-tag 

(first or last), then use the sibling query to find those sub-tags. 

As such, this query will become the sibling query as above. 

However, in this paper, we create a zone query with a limited 

search window that can find subtags of any tag to evaluate the 

performance of the regional queries. 

Figure 7 also shows that the average XR + tree and XR-tree 

performance results are basically the same for all XML 

documents. It seems that the limited search window is good 

enough to not see the difference between the two tree 

structures. 
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Figure 7. Query for Children 

 

e. Regional queries 

In addition to the queries on the XPath axes as above, the 

remaining queries use zone windows that have limited scope 

of space, we experiment with these zone queries together. 

Experiments on these queries will not take advantage of 

pointers that connect leaf nodes of XR tree and XR + tree. 

Thus, the results are evaluated completely based on the 

optimization of the tree structure. To objectively compare 

query performance between two XR-tree and XR + tree 

structures, we use 50 fixed (non-random) queries to 

experiment with. 

The results in Figure 8 show that not all documents give 

different query results, but there are still XML documents 

where the XR + tree structure 

provides better performance 

than XR tree structure. 
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From the above experiments, it has been shown that the 

construction of algorithms according to the proposed 

theorems and consequences is effective, not only queries 

related to brother tags (sibling) but also and for Common 

queries thanks to more optimal tree structure. 
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Figure 8. Query practice for Range query 

V. CONCLUSION 

The goal is to find new indexing methods that can retrieve 

information of large bio-sized XML documents and at the 

same time reduce storage size. This article analyzed the 

correlation between XML tree structure after conversion to 

digital spatial data and XR tree tree structure. From there, 

give theorems and consequences to apply the construction of 

new algorithms, the new method is XR + tree. 

Experimental results have shown that the new XR + tree 

indexing method is superior to XR-tree in most XPath axes 

and regular queries. The experiments have used bioinformatic 

data sets from reputable sources and described different 

biodiversity, the purpose to confirm the objectivity and 

practicality of the algorithms. 

Although the original R-tree algorithm has many other 

variants such as R * tree, R + tree ... these variants only apply 

to specific and special situations that are not applicable in 

commercial database management systems. Therefore, we 

have upgraded this original algorithm so that it can be applied 

in practice. 

Further research will continue to improve the original 

algorithms and apply on database systems that support R-tree 

such as SQL server, Big data to be able to test on very large 

bioinformatics databases. 
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