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Abstract: In the era of Big Data, data is increasing rapidly, and data needs to be 

cleaned, standardized, analyzed, modeled, and visualized in order to conduct mining 

research. Data cleansing detects and removes noise and irrelevant data in the data set, 

processes missing data and blank data domains and white noise, and submits the 

filtered data for further analysis. This paper proposes an improved data cleaning 

algorithm and applies it to the preprocessing and data cleaning of website log data. 

Experiments with Python have shown that the algorithm can effectively optimize user 

requests, avoid the blindness of deleting data, reduce the computational cost of later 

algorithms, improve the effectiveness and pertinence of cleaning, and is superior to the 

accuracy and acquisition of intelligent screening results General data cleaning 

algorithm. 
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1. Introduction 

In recent years, the use of XML tree knowledge and semi-structured features for data 

cleaning research has attracted many scholars and achieved rich research results. 

Literature [5] proposed an XML structure clustering method based on improved particle 

swarm optimization to achieve data cleaning. Reference [6] establishes a metadata 

model of XML data cleaning process by introducing Bayesian learning method and 

Markov chain probability transfer strategy, and implements intelligent cleaning of XML 

data according to the idea of similar repeated records in the structured data of 

comprehensive cleaning. This paper focuses on XML data cleaning based on attribute 

weight assignment in the extended XML tree knowledge base, introduces XML data 

cleaning into the field of log preprocessing, and proposes an improved data cleaning 

algorithm. 
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2. Design principle of log data cleaning algorithm 

2.1 Problem description 

The traditional log data cleaning is often singular. Usually, the web log records the path 

of a certain web page requested to be accessed. The data download operations of 

resource files such as pictures, video information, and CSS files in the page will also be 

logged. That is to say, some pictures or style sheet data has no specific meaning for 

subsequent mining, so the traditional log preprocessing data cleaning generally 

implements two operations: attribute deletion and record deletion. Through data query, 

matching and removing the "non-characteristic data" generated by Http access in the 

log information, data interference is reduced, and the complexity and calculation 

amount of the later mining algorithm are reduced. 

This simple and direct deletion operation will bring some negative problems: On the 

one hand, some files on the website may have specific connotations, such as video files, 

which are the research objects of later session recognition. After deletion, they may 

affect subsequent mining. On the other hand, some files, such as image files belonging 

to the upload directory, are important objects for pattern discovery, and also belong to 

important feature information, which will destroy the integrity of the original feature 

information after deletion. At the same time, the simplified deletion operation is easy to 

produce a large negative effect on mining under the complex adaptive search model. 

 

2.2 Improved data cleaning algorithm 

In order to solve the problem of data loss caused by blind deletion, with the help of the 

versatility and self-descriptive features of XML, the tree model features are used to give 

a certain weight to the converted XML documents, and some of the attribute values are 

given. By introducing XML key combinations and XML The vector model uses the 

Markov chain probability transfer strategy to establish the metadata model of the XML 

data cleaning process, and uses the cleaning algorithm to clear the "irrelevant data" 

problem in the XML document. The XML data cleaning by the improved extended XML 

tree knowledge base algorithm improves the recognition efficiency and accuracy of the 

algorithm. The XML-based log structure document tree structure is shown in Fig. 1 

 

Fig. 1 XML-based log structure document tree 
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XML Extensible Markup Language is a current general standard for data exchange and 

transmission. XML data is hierarchical, ordered, self-describing and heterogeneous 

semi-structured. The XML data model uses a tree structure as data In the form of 

organization, each XML document as a directed tree contains only one root node, and 

the attribute data is an attribute set composed of several attributes. After the log is 

converted to an XML document, since the file structure generally does not exceed 3 

layers, after the Markov model is used to extract the XML document data, the 

vectorization of the XML document is no longer performed to reduce its dimension. 

 

3. Data cleaning algorithm design and analysis 

3.1 Data cleaning architecture analysis 

3.1.1 XML key combination of XML source data, using Markov model to establish an 

XML knowledge base; 

3.1.2 Clean the XML data; 

3.1.3  Use the extended XML knowledge tree algorithm for XML data operations such as 

culling and conversion. 

The data cleaning system architecture is shown in Fig. 2 

 

 

 

 

 

 

Fig. 2 Data cleaning system architecture 

 

3.2 Preparation knowledge and basic def inition based on XML data cleaning 

Definition 1  The structure of the XML document tree is defined as VTxml = 

( V , ,  ,root), Here V is the set of nodes in the XML document tree VTxml ,   

represents the set of child nodes,   represents the mapping function from set V to  , 

The set of   child nodes is A B C  , where A is the set of elements of the child node, 

B is the set of attribute names, C is the attribute value, and root is the root node; 

Definition 2  Noise data: refers to the data that does not meet the needs of data storage 

or mining. After the data is cleaned, the noise data will be discarded or converted, 

expressed by Dirty Data, referred to as DA; 

Definition 3  Cleaning inspection: refers to the process of detecting clean data or noisy 

data, expressed by a conditional function, DA means that the data item is verified as 

noise data, and CT means that the data item is verified as clean data; 

Definition 4 Markov model 
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A sequence of random XML documents tX , At any moment t , it can be in a state 

N ,,1  , And the probability that its state at time kt   is ktq  , at the time t  is only 

related to its state tq , But it has nothing to do with the state it was in before time t ,, 

that is : 

 1111 ,,, qXqXqXqXP ttttktkt     ttktkt qXqXP  
 

In the formula, 

Nktt qqqq  ,,,,,, 121    

Then tX  is called Markov chain, And call ijP  the k -step transition probability, which is 

expressed as follows: 

   itjktij qqPkttP   ,  

In the formula, i and j are positive integers between 1 and N, which t  is a positive 

integer. When  kttPij ,  has nothing to do with t , call this Markov chain a 

homogeneous Markov chain, At this time:    kPkttP ijij ,  

When k = 1，At that time,  1ijP  is called 1-step transition probability, referred to as 

transition probability for short, All transition probabilities Njiaij  ,1,  can form a 

transition probability matrix, namely: 
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The transition probability matrix A  is the most important parameter of the Markov 

chain, The k-step transition probability  kPij  can be obtained from the transition 

probability ija .Initial probability  N ,,1  , where: 

 ii qP   1 Ni 1  10  i  1
i

i  

Use the above formula to train the initial probability matrix, transition probability matrix 

A and step transition probability of each type of XML data in sequence. Combining each 

initial probability matrix, transition probability matrix and step transition probability, a 

Markov model is used to find the optimal sequence, and the one with the highest 

probability is selected as the final label sequence, so as to select the final output result 

from the original XML document. 

 

4. An Improved data cleaning algorithm design 

4.1 Design idea of cleaning algorithm 

The data cleaning algorithm based on the extended XML tree knowledge base is 

described as follows: 
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Determine the input Input: An 
xmlDA DA  and knowledge set V(AX); 

Determine the output Output: Get 
xmlCT CT  after cleaning the data ; 

Initialize the XML document and build an ordered XML data tree 
xmlDA DA  

according 

to the knowledge set; 

Generate an initial knowledge set for each ordered XML data tree; 

Data detection to eliminate duplicate knowledge data; 

Modify the initial knowledge set according to the set weight assignment or remove the 

attribute of specific assignment; 

Obtain the final knowledge sequence 
xmlCT CT ; 

 

4.2 An Improved data cleaning algorithm design 

This paper expands the XML document tree and uses the Markov model to extract XML 

data to form an XML knowledge base. A massive data cleaning algorithm based on 

extended tree knowledge base is proposed. Set the cleaning attribute set and then 

optimize these knowledge sets to obtain the extended XML knowledge tree knowledge 

sequence required for cleaning. According to the cleaning sequence, according to the 

extended XML knowledge tree knowledge sequence, weight and assign values to 

perform data cleaning. The design steps are as follows: 

1) Select the cleaning object 

Suppose the XML document set to be cleaned is DA =  1, 2,..., NA A A , X = 1, 2,..., Nx x x , 

DA is a set of N samples of the XML data set objective function, the knowledge set 

related to the knowledge base is expressed as 1 2, ,..., NAX AX AX , and there is a 

one-to-one correspondence between attributes and knowledge sets  ,i iA AX . 

Knowledge set  1, 2,...,i i i imAX X X X (1 )i n  , which ijX  (1 )j m   is a non-leaf node 

in the extended tree knowledge base. Loop operations on each ( , )iA AX  through loop 

statements, generating the original knowledge set through Repeat the second step. 

2) Generate the initial knowledge set 

 For every knowledge  1, 2,...,ij i i imAX X X X in ( , )iA AX , which ijpX is the initial 

knowledge, continue to step three. 

3) Eliminate duplicate knowledge 

 1, 2,...,i i i imAX X X X = 11, 12, 21..., ,...i i iX X X … 

4) Assign weights to attributes to generate initial knowledge sequence 

The initial knowledge set generated in step 3 is arranged in ascending order of weight 

to obtain the initial knowledge sequence. Suppose the weight of each initial knowledge 

is arranged from small to large as 32 41 11 25 53, , , ,X X X X X ,Then the initial knowledge 
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sequence corresponding to the attribute A can be analyzed as  32 41 11 25 53, , , ,X X X X X . 

5) Cleaning according to the initial knowledge sequence 

The resulting knowledge sequence is CT= 1 2, ,..., NB B B , assuming that the data 

volume of the original database is D, the length of the initial knowledge sequence is K, 

and the time complexity of the cleaning algorithm is ( * )O D K . 

 

Acknowledgements 

This experiment is based on Python, uses Anaconda scientific package and 

dependencies, establishes a simulation simulation environment, uses hidden Markov 

models, and uses XML key combination templates to extract XML document tree data, 

and accurately extracts valid data according to the initial XML document data scale The 

amount and execution time results are shown in  Fig. 3 

 

Fig. 3  Scale and time required to extract XML data 

 

Fig. 4  Particle swarm data cleaning algorithm test results 

A comparative test of particle swarm cleaning algorithm and extended XML document 

tree cleaning algorithm was implemented. In order to better compare the XML data 
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cleaning algorithm, the particle swarm cleaning algorithm to eliminate duplicate data is 

compared with the algorithm in this paper. The experimental results are shown in  Fig. 

4 and  Fig. 5. 

 

Fig. 5 Experimental results of the weighted assignment cleaning algorithm of the 

extended XML document tree 

The experiment shows that the Markov model reacts quickly to the data extraction and 

projection operation, and the fixed knowledge base sample established by the Markov 

model is conducive to later data cleaning. Compared with the improved extended XML 

document tree weight assignment cleaning algorithm and the particle swarm algorithm, 

it can be seen that the particle swarm algorithm can achieve deduplication, but for the 

lack of specific data deletion capabilities, the extended XML tree knowledge base 

cleaning algorithm can achieve specific Delete data and delete duplicate data. When 

the amount of data to be processed is large, the cleaning time will increase significantly. 

However, due to the diversity of Web logs and the unspecificity of mining algorithms, 

there are still many problems to be solved urgently, which need to be further studied 

and explored. 
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