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Abstract—Hadoop is an open source distributed computing
platform, and HDFS is Hadoop distributed file system. The
HDFS has a powerful data storage capacity. Therefore, it is
suitable for cloud storage system. However, HDFS was originally
developed for the streaming access on large software, it has low
storage efficiency for massive small files. To solve this problem,
the HDFS file storage process is improved. The files are judged
before uploading to HDFS clusters. If the file is a small file, it is
merged and the index information of the small file is stored in the
index file with the form of key-value pairs. The simulation shows
that the improved HDFS has lower NameNode memory
consumption than original HDFS and Hadoop Archives (HAR
files). Thus, it can improve the access efficiency.
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I. INTRODUCTION

With the rapid development of the Internet, data in the
Internet sharply expanded. In order to provide better services
to users, Internet companies should save and mining these
data. Based on this, the concept of cloud computing is
proposed. It is a good solution to computing and storage
problem of big data. As a derivative of cloud computing, the
cloud storage has also become a hot research in the study. In
the numerous cloud storage research, Hadoop distributed file
system (HDFS) gradually becomes a standard reference model
of cloud computing and cloud storage.

HDFS can be used in large-scale distributed storage to
build a scalable cloud storage platform with open-source
project, high fault tolerance and high performance. It uses the
master-slave architecture, and a HDFS cluster consists of a
node named Namenode and a plurality of nodes named
Datanode. NameNode is the central server, and is responsible
for managing the access of the metadata and the client in the
file system. The designed architecture with only one
Namenode simplify the overall structure of the file system, but
it also caused low storage and access efficiency of the small
file. Additionally, the control flow of all the documents read
and written in HDFS is control by Namenode. Thus, the
smaller the file, the greater the number of the file and the more
frequent requests for Namenode. This reduces file access
efficiency, and increases the burden on the system.

However, there is a mass of small files in Internet
applications. Especially the rise of blog, Twitter, Wikipedia,
space and other social networking sites, the Internet users
have become the content creators, and their data has
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characteristics such as massive, diverse, dynamic change and
other. This results in massive small files, such as log files,
information on the user avatar and the like.

For the small file problem, the HDFS itself provide some
solutions. For example, HadoopArchive (HAR files) program
and Sequence File program [2]. HAR file packages the small
files into data blocks to reduce the memory consumption. It is
created by the “archive” command in Hadoop, and the
command runs a MapReduce task to package a plurality of
small files into a HAR file. Although HAR adds the index file
in the archiving package and provides a convenient for
MapReduce in the low layer. However, the original file is not
automatically deleted. Moreover, the archive operation can’t
to be changed once created, and you have to recreate the
archive if you want to add or delete a file. SequenceFile is a
flat file consisting of binary key/value pairs. It is extensively
used in MapReduce as input/output formats. The
SequenceFile provides a Writer, Reader and Sorter classes for
writing, reading and sorting respectively. The file name is
stored in key, and the file content is stored in value. Then, a
large number of small files are merged into one big file. Due
to the unsorted file in key, the biggest drawback is low
random read efficient. Moreover, the file append operation is
not supportable. Thus, the small files have to be cached in
server before merger, and the document security can’t be
guaranteed.

In addition, there are other researches on small files. A
mechanism is proposed to store small files in HDFS
efficiently and improve the space utilization for metadata [1].
The authors optimize the HDFS /O speed of small files based
on the original HDFS, and sort the files with directory and file
name when reading and writing files to further optimize
increase the speed of reading [2]. The HDFS architecture was
extended by adding cache support and transforming the single
Namenode, and a Particle Swarm Optimization (PSO) is
developed based storage allocation algorithm to improve the
HDEFS throughput [3]. A New Hadoop Archive (NHAR) is
proposed by re-designed indexing mechanism in order to
improve the metadata management of HDFS, as well as, the
file accessing performance without the need to change HDFS
architecture [4]. A novel approach which combines a large
number of small files into single combined file to reduce the
memory consumption of Namenode is proposed for efficient
handling of small files [5]. A novel approach is represented to
improve small files on HDFS, to reduce the memory overhead
of NameNode and to improve the performance of accessing
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small files in Hadoop [6]. The authors proposed an efficient
prefetching technique for improving the performance of the
read operation where large number of small files is stored in
the HDFS Federation [7].

Based on existing small file stored schemes, we improved
the HDFS file stored process to reduce the pressure from
small file metadata on Namenode memory. The files are
judged before uploading to HDFS clusters. If the file is a
small file, it is merged and the index information of the small
file is stored in the index file with the form of key-value pairs.
This can reduce the NameNode memory consumption, and
improve access efficiency.

II. OPTIMIZATION STRATEGY OF SMALL FILE
STORAGE AND ACCESS BASED ON HDFS

A. Small File Storage Architecture

To realize the small file processing engine, a processing
module is increased in the original HDFS data stored process
to form the improved HDFS system. As shown in Fig.1, the
improved HDFS data stored system has three layers: user
layer, data processing layer and the storage layer based on
HDFS.

Client

User Layer

file processing File Judging
unit Unit

data processing layer

File merging

. HDFS Client
unit

HDFS cluster

Data

Node storage layer

Data Name
Node Node

Data
Node

Figure 1. The storage structure of the improved HDFS system

User layer: User layer is the entry of the whole store
system, and it provides the interface for the client to upload
file, browse file and download file.

Storage layer: Storage layer, the place for storing data, is
the most critical layer of the whole store system. It is consists
of HDFS server which can provide reliable and persistent
storage capabilities.

Processing layer: Due to the limited capability of the
HDFS to support small file, the processing layer is designed
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for the small file. It has four functional units: file judging unit,
file processing unit, file merging unit and HDFS Client.

1) File Judging Unit

The main role of file judging unit is to determine the size of
the file, and whether the merging process is need. If the
uploading file of the client is small, the merging process is
need, and the file is sent to the file processing unit. Otherwise,
the file is directly sent to HDFS Client.

2) File Processing Unit

The main function of file processing unit is to receive files
from the file judging unit, count the size of the files, form an
incremental offset from start according to the order and size of
the small files, and generate a temporary index file
(Templndex). After storing the size and offset of the small

files, it sequentially sends the small files and the
corresponding temporary index file to the file merging unit.
3) File Merging Unit

The main function of file merging unit is to merge the file.
According to the order of the small files from the file
processing unit, it merges the small files to a merged file
(MergerFile) with a specific form. At the same time, the
temporary index files are merged to generating a merged
index file. The way of small file merging and temporary index
files merging is append writing operation.

The actual content of small files is stored in the merged file.
The merged index files records the index of all the small files
by <key, value> format. The detailed format of the index file
is “Hash : <key, offset length>".

The key, recoding the critical information of the small file,
is a unique value for retrieving small files. The value records
the offset of the small file in the merged file and the length of
the small file. Thus, the end position of the small file can be
derived as “offset+length”.

When the client reads the small file, the key in the merged
index file is obtained according to the name of the small file.
Then the value is got by the key and resolved to obtain the
offset and the length of the small file. Finally, the end position
of the small file can be derived, and the small file in the
merged file can be got by the start and end position of the

small file. The index structure of the small file is shown in Fig.
2.

Small Files Merged Index File
File 1 Key 1 Value 1
|_» Key2 Value 2
File 2
File n Keyn Value n
(offset, length)
Merged File
File 1 File 2 File n

Figure 2. The index structure of the small file
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When the size of the merged file reaches the HDFS data
block size, file merging unit send the merged file to HDFS
Client.

4) HDFS Client

The role of HDFS Client is to write the received data to the
HDFS in the stored layer. It establishes a connection with
NameNode and DataNode through DistributedFileSystem
instance, and notify NameNode to assign DataNode which is
used to write data block. Additionally, it creates metadata for
file and data block. The data writing operation is completed by
calling the relevant document operating API provided by
HDFS.

If it is a large file, the processing is the same as writing.
Otherwise, the merged file and the corresponding merged
index file are stored together on the same DataNode. The id of
the merged file is the same as that of the merged index file.
The merged index file is completely protected by DataNode,
and is transparent for the NameNode. After the merging index
file is successful, the merged file is loaded into memory. The
merging index file is loaded into the cache to speed up the
read speed after the first reading of small files. Comparing
with the entire cluster, a merge block index file is very small
and the number of data blocks on DataNode is limited.
Therefore, these index files occupy very little memory of
DataNode. File processing flow in processing layer is shown
in Fig. 3.

Client

Receive Date

Merging Process

l

HDFS Client

|

Figure 3. The processing flow in processing layer

II1. SIMULATIONS

In this section, the simulation carried out on Hadoop-0.20.2
compares the improved HDFS system with the original HDFS
system and HAR. In simulation, the HDFS cluster consists of
seven servers, and it contains one NameNode and six
DataNodes. The size of the data block is set to 32MB, and the
replica factor is set to 3.

The storage efficiency and access efficiency of the small
file are compared among improved HDFS, HAR and original
HDFS. The number of small files is set to 2000, 40000, 60000,
80000 and 10000, while the size of the small files are 2KB-
4MB.
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A. Comparison of the Small File Storage Efficiency

The test command, for example “bin/hadoop jar hadoop-
0.20.2-test.jar nnbench”, is used to test the performance of the
NameNode, and get the memory consumption. Fig.4 shows
the NameNode memory consumption (in MB) when the three
methods store corresponding number of small files.

80—
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—&— HAR
—a— Improved HDOFS
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NameNode memory consumption (MB)

The number of the small files {Ten Thousand)

Figure 4. The Namenode memory consumption

According to Fig. 4, the NameNode memory consumption
of the original HDFS is biggest due to the unused file merging.
Especially when the number of the small files is very big, the
NameNode memory consumption is very serious. The
NameNode memory consumption of HAR is litter than that of
orginal HDFS due to file merging. However, it is not best. The
NameNode memory consumption of the improved HDFS is
minimal. When the number of the small files is large, it can
save the NameNode memory, and is helpful for expanding the
number of files. It can be seen from the trend thant the
NameNode memory consumption increases as the number of
the small files increases. The check point operation, that is
merging fsimage (metadata information) file and edits
(operation) file and recording the time stamp of the check
point to guarantee the latest metadata, is periodical when the
HDFS cluster is running. Meanwhile, a new directory is
generated by the cluster to make sure that the number of files
under a single directory is not too much when the number of
files reaches a certain number (the default is 64). Thus,
NameNode also need to record the metadata information of
the new directory in memory. Affected by these factors, along
with the number of files increases, NameNode memory
consumption overall is on the rise without maintaining linear
growth relationship.

B. Comparison of the Small File Access Efficiency

The access time of the small files, group by the number of
the small files in 20000, 40000, 60000, 80000, and 10000, is
recorded. Each group is test 10 times. The outliers caused by
the network congestion is removed, and the average of the
residual values is obtains as the access time of the each group.
The access time per 1MB file (short as ATPMF) is used to
judge the access efficiency. The relationship between the
ATPMF and the number of the small files is shown in Fig. 5.
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Figure 5. The access time per IMB file (ATPMF)

As we can see from Fig. 5, the ATPMF of HAR is highest,
that is it spent the most time to access 1MB data. The reason
for that is two additional index information accesses are need
during access the small files. The improved HDFS speed up
the reading speed of small files by filling the local index files
and empty files. This avoids striding over multiple DataNode
when accessing a small file. Thus, the ATPMF of the
improved HDFS is minimal, and the speed of the access is
fastest, and the access efficiency of the small file is optimized.
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Figure 6. The writing time

Fig. 6 shows the writing time of the three schemes.
According to Fig. 6 shows, the writing time of HAR and
improved HDFS is more than that of the original HDFS due to
the file merging. Additionally, the writing time of the
improved HDFS is between original HDFS and HAR. Two
layer index files are generated before file merging, thus the
writing time of HAR is more than that of the improved HDFS.
Although the writing time of the improved HDFS is 9 percent
more than that of the original HDFS, it is in an acceptable
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range. The impact is little. However, the store efficiency and
access efficiency can be improved remarkably.

IV.CONCLUSIONS

Aiming at the low store and access efficiency on small files
in HDFS cloud storage, the HDFS file stored process is
improved. If the file is a small file by judging before
uploading to HDFS clusters, it is merged and the index
information of the small file is stored in the index file with the
form of key-value pairs. The file storage and access efficiency
is analyzed through comparison with original HDFS, HAR
and improved HDFS in the simulation. The results show that
the improved NameNode memory consumption of the
improved HDFS is the least. It can save the NameNode
memory when storing the small files. Additionally, the
ATPMF of the improved HDFS is smallest, and the access
speed of the improved HDFS is fastest. Thus, the improved
HDFS can optimize the access efficiency of small files.
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