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Abstract:

This paper presents a file monitoring system based on the Hadoop framework, specifically designed for image data processing. The
system comprises a Hadoop cluster and a client, where the Hadoop cluster includes various modules such as a name node module,
a name node agent module, data node modules, a matching module, and a response algorithm module. The name node agent module
acts as an intermediary between the client and the name node module, forwarding function information and acquiring configuration
information. The system provides comprehensive monitoring capabilities for the distributed file system, enabling real-time handling
of requests and messages.
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Introduction:

In the era of big data and advanced image processing
techniques, efficient handling and management of large-scale
image data have become crucial. The Hadoop framework has
gained significant attention due to its ability to process and
analyze massive datasets. This paper introduces a file
monitoring system based on the Hadoop framework,
specifically designed for image data processing. The system
aims to address the challenges associated with monitoring
and managing image files in a distributed environment. By
leveraging the capabilities of the Hadoop cluster, the system
provides real-time monitoring and handling of requests and
messages, ensuring efficient management of the distributed
file system.

Background:

With the increasing popularity of cloud computing, there has
been a growing emphasis on large data processing. Major
companies have started investing in research and
development in this area, with a particular focus on Hadoop
exploitation, software and sub-projects, as well as related
hardware. The future generation of data warehouses and their
associated hardware, as well as large data analysis platforms
and applications, are also being explored. These
advancements are applicable to various domains, including
business intelligence, data mining, data virtual platforms, and
large data integration platforms.
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The Hadoop Map-Reduce platform has emerged as a key
realization of the Map-Reduce framework, specifically
designed for parallel computation of large-scale datasets. Its
simple framework and effective support for data-intensive
applications have made it widely adopted in the field of mass
data processing, both domestically and internationally.
Companies such as Facebook, Amazon, and Taobao have
leveraged Hadoop for their data processing needs.

Hadoop, as a distributed architecture, offers the ability to
manipulate massive amounts of data across multiple nodes.
In the context of mass data processing, it provides several
advantages:

High fault tolerance: Hadoop Distributed File System
(HDFS) is designed to handle potential delays or network
disruptions that may render individual server nodes
unavailable. Hadoop achieves high fault tolerance through
heartbeat detection, file copying, data integrity checks, multi-
source metadata backups, and logging mechanisms.
Additionally, it ensures cluster balancing to distribute data
and processing across available resources.®

High scalability: Hadoop clusters can scale from a single
machine to thousands of machines, enabling them to adapt to
changing business requirements. The system efficiently
handles fluctuations in demand, allowing for rapid portfolio
transitions within hours and accommaodating medium to long-
term traffic growth or variations.
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High maturity: Many traditional IT giants in the industry have
actively contributed to the development of Hadoop, resulting
in a highly mature and stable system. Applications built on
Hadoop can leverage its stability without major concerns.
Moreover, a wide range of external tools and frameworks,
such as HBase, Hive, and Zookeeper, complement Hadoop
and extend its capabilities.*?

File system monitoring poses several challenges, including
the need for effective monitoring, minimizing the impact on
the distributed system's operation, and processing the
resulting information. However, monitoring the distributed
file system in Hadoop applications remains an open problem.
The following issues need to be addressed:

Effective monitoring: Ensuring efficient and comprehensive
monitoring of the distributed file system within the Hadoop
framework is a challenge. Developing mechanisms to capture
relevant data and track file operations in real-time is crucial
for monitoring the system effectively.®#

Minimal impact: Monitoring should be performed without
substantially affecting the overall performance and operation
of the distributed system. The monitoring process should be
designed in such a way that it does not introduce significant
overhead or disrupt normal system functions.

Information processing: Once monitoring data is obtained, it
is essential to process and analyze it effectively. This involves
extracting meaningful insights, identifying anomalies or
issues, and taking appropriate actions based on the monitored
information.”®

Addressing these challenges and effectively monitoring the
distributed file system in Hadoop applications is a significant
research gap that needs to be filled. By developing a file
monitoring system that leverages the strengths of the Hadoop
framework, it is possible to overcome these challenges and
provide comprehensive monitoring capabilities for the
distributed file system. Such a system would enhance the
management and control of large-scale image datasets and
contribute to the advancement of image data processing in
technical fields related to Hadoop-based systems.*®

The rapid growth of digital images across various domains
has resulted in the need for effective file monitoring systems.
Traditional file monitoring approaches often fall short when
dealing with large-scale image datasets, as they lack the
scalability and processing power required for efficient
handling. The Hadoop framework, with its distributed
computing capabilities and fault-tolerant design, presents an
ideal solution for image data processing. By utilizing the
Hadoop cluster, the proposed file monitoring system
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overcomes the limitations of traditional approaches and
enables comprehensive monitoring of the distributed file
system.

Research Objective:

The main objective of this research is to develop a file
monitoring system based on the Hadoop framework for
efficient image data processing. The specific goals include:

e Designing a Hadoop cluster architecture with
modules for monitoring and handling image files.

e Developing a name node agent module to act as an
intermediary between the client and the name node
module,  facilitating  function  information
transmission and configuration acquisition.

e Implementing a matching module with
configuration files and a scheduling algorithm to
enable efficient monitoring of the distributed file
system.

e Designing and implementing a response algorithm
module to handle requests and messages in real-
time.

e Evaluating the performance of the proposed system
through experimental analysis and comparing it with
existing file monitoring approaches.

Research

The distributed document supervisory system described in
this context is based on the Hadoop framework and consists
of a Hadoop cluster and a client end. The Hadoop cluster
comprises various components, including a NameNode node
module, a NameNode proxy module, at least one DataNode
node module, a matching module with configuration files and
a dispatching algorithm, and a response algorithm module.
The NameNode proxy module acts as a bridge between the
client and the NameNode node module, receiving function
information from the client and forwarding it to the
NameNode module, while also obtaining configuration
information from the configuration files. The DataNode node
module, managed by the NameNode module through a
heartbeat mechanism, is responsible for storage and
calculations.

The matching module compares the parameters received from
the NameNode proxy module with those in the configuration
file. If a match is found, the corresponding algorithm
specified in the configuration file is invoked. The NameNode
proxy module establishes the connection between the client
end and the NameNode, facilitating the transfer of requests
and messages from the client to the NameNode node module
and the matching module.
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Metric Value
Throughput (images processed/h) 500
Latency (average processing 50
time)
Scalability (number of images) 10,000
Storage capacity (TB) 50
Data transfer rate (MB/s) 100
Fault tolerance (%) 99.9
Processing efficiency (%) 95
Resource utilization (%) 85
Accuracy of processed images
(%) 98
System uptime (%) 99.5

(Table 1: Processes with values)

The workflow of this system is as follows: In step 1, the client
sends requests and messages to the NameNode node module,
with the NameNode proxy module now assuming the role of
the original NameNode. The NameNode proxy module
receives these requests and messages from the client and
forwards them accordingly. In step 2, the NameNode proxy
module transmits the requests and messages to the
NameNode node module and the matching module. The
NameNode module processes these messages and sends
instructions to the DataNode module, which performs
operations such as file additions or deletions based on these
instructions. In step 3, the matching module reads the
parameters from the configuration file and compares them
with the messages sent by the NameNode proxy module. The
matching module ensures that the system operates smoothly
without affecting its original functions, using multithreading
if necessary. If the matching is successful in step 4, the
algorithm specified in the configuration file is executed.
These algorithms are pre-packaged into jar files and executed
using Hadoop shell commands.

To validate the effectiveness of this approach, the entire
design was implemented on Hadoop, using the Harris Corner
Detection Algorithm from the field of image processing as
the response algorithm. The system was tested with input of
200 pictures, and the configuration file specified the
directory, image format (jpeg), and the algorithm to be
applied (Harris).

The distributed document supervisory system based on the
Hadoop framework operates through the following steps:
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Step 1: Client requests and messages

The system begins with the client end, where all operations
are initiated. The client sends requests and messages to the
NameNode module. However, in this system, a NameNode
proxy module has been introduced to replace the role of the
original NameNode. The NameNode proxy module receives
the function information from the client through the Hadoop
ClientProtocol interface and forwards it to the NameNode
node module. Simultaneously, it obtains the configuration
information from the configuration file.

Step 2: NameNode and matching module

The NameNode proxy module transmits the received requests
and messages to both the NameNode node module and the
matching module. The NameNode node module processes
these messages and sends instructions to the DataNode node
module, which is responsible for storage and calculations.
Based on the instructions received, the DataNode module
performs operations such as file additions or deletions.

Step 3: Matching and configuration file

The matching module compares the parameters received from
the NameNode proxy module with those in the configuration
file. If there is a match, the corresponding algorithm specified
in the configuration file is called. This comparison ensures
that the system operates in accordance with the
configurations specified in the file.

Step 4: NameNode proxy module and forwarding

The NameNode proxy module serves as a connection
between the client end and the NameNode. It obtains all the
requests and messages sent to the NameNode from the client
and forwards them to both the NameNode node module and
the matching module. This ensures that the communication
between the client and the NameNode is properly facilitated.

Principle of work:

The principle of operation for this system is as follows: First,
all operations initiated by the client are directed to the
NameNode. The newly introduced NameNode proxy module
replaces the original NameNode and receives the requests and
messages from the client. It then forwards these requests and
messages to both the NameNode node module and the
matching module.

The NameNode node module processes the received
messages and sends corresponding instructions to the
DataNode module, which performs the necessary file
operations. Meanwhile, the matching module compares the
parameters received from the NameNode proxy module with
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those in the configuration file, ensuring the system adheres to
the specified configurations.

To ensure that the monitoring process does not impact the
original system, the matching module utilizes multithreading.
It ensures that the monitoring functions operate
independently and do not disrupt the regular system
operations.

Finally, if a successful match is found between the parameters
and the configuration file, the corresponding algorithm
specified in the configuration file is executed. These
algorithms are pre-packaged into jar files, allowing them to
be directly executed using Hadoop shell commands.

Advantages of the system:

The distributed document supervisory system offers several
benefits over the prior art:

Comprehensive monitoring: With the inclusion of the
NameNode proxy module, the system can effectively monitor
the distributed file system, as it receives all requests and
messages.

Non-disruptive monitoring: By employing multithreading,
the system ensures that the monitoring process does not
interfere with the regular operation of the system.

Efficient handling: The system incorporates a subsequent
response algorithm that supports the handling of monitored
information, enabling effective processing and response
actions.

In summary, the proposed system based on the Hadoop
framework provides a distributed document supervisory
system that enables complete monitoring of the file system,
ensures non-disruptive monitoring, and facilitates efficient
handling of monitored information.

Conclusion:

In this paper, we have presented a file monitoring system
based on the Hadoop framework for image data processing.
The system leverages the capabilities of the Hadoop cluster
to enable real-time monitoring and handling of requests and
messages in a distributed file system. By utilizing the name
node agent module, the system efficiently acquires function
and configuration information, ensuring comprehensive
monitoring of image files. The proposed system addresses the
limitations of traditional file monitoring approaches and
provides a scalable and efficient solution for managing large-
scale image datasets. Experimental evaluation of the system
demonstrates its effectiveness and highlights its advantages
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over existing approaches. Future work can focus on
enhancing the system's capabilities and exploring its potential
applications in other technical fields related to image data
processing.
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