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Abstract
As the access speed gap between DRAM and storage devices such as hard disk drives is
ever widening, the I/O module dominantly becomes the system bottleneck. Meanwhile, the
map-reduce parallel programming model has been actively studied for the last few years. In
this paper, we will show empirically show that flash memory based SSD(Solid State Drive) is
very beneficial when used as local storage devices in IO-intensive map-reduce applications
(e.g. sorting) using Hadoop open source platform. Specifically, we present that external
sorting algorithm in Hadoop with SSD can outperform the algorithm run with hard disk by
more than 3. In addition, we also demonstrate that the power consumption can be drastically
reduced when SSDs are used.
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1. Introduction
Today, mapreduce-based studies have been actively carried out for the efficient processing
of big data hadoop. Hadoop runs on clusters of computers that can handle large amounts of
data and java software that support distributed applications. Since the mapreduce model is
proposed, a lot of research has been carried out to improve the performance of hadoop. The
traditional MapReduce model occur I /O. In this paper, the flash memory based SSD (Solid
State Drive) is used and analyzed in order to improve the performance of sort-merge which
appears in I / O bottlenecks as previous study [1]. Previous study [1] used the SSD without
considering the characteristics of the SSD [3]. So we optimized each parameter on the SSD
and tried to improve the performance of the MapReduce when the data is sorted and merged.
Section 2 describes the overall structure and characteristics of Hadoop, section 3 describes the
characters of SSD and in section 4, the SSD using Hadoop performance test experiments will
be described. Finally, section 5 concludes the paper.

2. Hadoop Structure
Hadoop is a software framework that supports large-scale distributed computing
applications in cluster environments. MapReduce is divided into map task and reduce task.
Map task is divided into key (index) and its value. Reduce task processes the data to suit the
user's purposes. Then the reduce task must go through the process of sort-merge. Figure 1
depicts a map and reduce operations in progress, based on the data flow [2]. Hadoop is a
system that supports parallel processing, so the data is divided into chunk sizes and it gives
each node the chunk to be processed. The nodes of the map function receives the chunk and
processes it to the <key, value> pairs. After normalized data is sorted on the local disk and is
partitioned as a hash function, it is stored on the local disk. These outputs of the map are sent
to the other nodes. Reduce task receives the outputs of each node and merges them before the
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reduce function goes on. This final output is stored on the HDFS (Hadoop Distributed File
System). In this case, if data exceeds the capacity of the memory in order to sort/merge the
large data, external sort-merge would run and I/O would be occurred. The performance of the
sort-merge has a significant impact on the total execution time of hadoop because I / O time is
slower than the data processing in the memory. Figure 2 shows detailed data processing with
hadoop. This is an example of finding the highest temperature for each year [2].

Figure 1. Hadoop Data Flow

Figure 2. Hadoop Processing

3. SSD (Solid State Disk)
SSD is the next generation storage device which complements the drawbacks of the
conventional magnetic storage devices. Due to the movement of the physical header,
magnetic storage devices have a limit to the data processing speed. Otherwise SSD store
information using a semiconductor which is very fast. SSDs’ high-speed data input and output,
and significantly less mechanical delay or failure. Especially, random read speed boasts
excellent speed. Because of these advantages, systems which occur random access I/O seems
a favorable performance. In addition, the frequent movement of the header HDD power
consumption is huge but the SSD is not. Although the current price of SSDs per capacity is
expensive, if used properly by calculating the cost, the overall performance of any system will
be very powerful. It is an initial idea that we wonder what happens when hadoop, big data
processing caused by a lot of I / O meets the SSD. So we think an SSD research can benefit
from a vantage point on the random read.
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4. Performance Test
The experiment was designed to compare the performance of HDD and SSD in the Hadoop
system. Intel(R) quad-Core i5-2500 CPU 3.30GHz, 3.2GB RAM, Linux Fedora14, Hadoop
0.20.2, Sun Java 1.6u31 was used and we set up Western Digital HDD SATA 500GB and
Samsung SSD 830 Series 256GB. To avoid network bottlenecks, the experiment was run in
virtual distributed mode environments (the number of the node is 1).
4.1. Sort Benchmark
Sort benchmark is sorts the data in ascending order based on the key. First, the other
hadoop benchmark Randomwriter produces the random binary data. And after Sort divides
this binary data into <key,value> pairs, it’s sorted. Figure 3 extracted intermediate output I /
O that was read and written to the local disk when 1GB data is sorted. Read part after about
40 seconds is the sort-merge part and function part of reduce. When map output files move
the reduce, it piles up Merge-Queue. The data in Merge-Queue is sort-merged and its offset is
no sequential. So random access is occurred because the reduce function calls the record in
the queue.

Figure 3. Sort I/O Blocktrace (1GB)
4.2. Join Benchmark
Join benchmark combines two or more data sets that are considered as duplicate
records. There are inner, outer, override join in the hadoop. In this paper, the output
data is combined to form a union (outer-join). Figure 4 extracted I/O to join three data
sets of 1GB. These data were made by Randomtextwriter. Join merges large data sets in
the map as well as reduce and a large amount of random read happens. When
considering SSD's superior random read, Join and Sort benchmarks should show the
superior performance on the sort-merge of reduce part. But there are not only read
operations. As shown in Figure 4, the write command to write the output file to the disk
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are performed in parallel. Because of these parallel I / O, the performance of SSD’s
random read did not take fully. Reading the page unit at a time was generally 128KB.
This was worse than the unit of 4KB small random read. Figure 5 is a graph comparing
the execution time of the HDD and SSD when the size of data is increased. As the data size is
larger, memory caching is not affected, you can see clearly the difference in the performance
of SSD and HDD. The performance of SSD was 3times better than a HDD on the Sort. On the
Join, the SSD was up to 2.3 times. This point tells us that The larger size is the advantage of
an SDD over a HDD. This experiment must consider the capacity of storage device. If 20GB
data is sorted, 20GB data create intermediate output files on the temporary folder. And 20GB
final output file is created. So a total of 60GB (20GB X 3) space is needed at least.

Figure 4. Join I/O Blocktrace (1GB X 3)

Figure 5. Sort & Join Varing Data Size (HDD vs SSD)
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4.3. Optimizing Hadoop
Experiments were carried out to optimize Hadoop parameter value adjustment [8].
Table 1. Hadoop I/O parameter
Parameter

Description

io.sort.mb

Sort buffer size in MAP (default = 100MB)

io.sort.factor

The number of streams when merging at once (default = 10)

dfs.block.size

The chunk(block) size (default = 64MB)

Table 1 lists a collection of parameters that are directly relevant to I/O. io.sort.mb means
the size of the buffer that is used when one block from the map task is sorted. The default
value is 100MB and usually it is enough to hold the block of 64MB. But if the size of the
buffer is less, unnecessary I / O happens. We should consider the capacity of actual hardware
and JVM memory. io.sort.factor means the number of streams to be merged at once on the
reduce task. It is applied when an external-sort is executed on the map task. If we consider
the bandwidth of the storage device and set it greatly (about 200), we will have less run-time.
dfs.block.size is the block size of a basic unit on hadoop. Nowadays, the trend is to optimize
the set to 128MB. In map task, local sorting is that one block in the buffer is sorted. However,
if the block size is bigger than the buffer size, external-sorting is occurred. After externalsorting is finished, merge starts on the local disk. This number of merge streams is
io.sort.factor. Setting io.sort.factor largely is better considering the bandwidth of the storage
device and a number of blocks will be merged. Figure 6 is the result of the 10GB sort and
5GB join varying io.sort.mb and dfs.block.size. This io.sort.fator was fixed at the value of
200 because the number of blocks was 161 in the Sort of 10GB and merging them at once
was faster. The 64MB block size showed the best performance and it showed a tendency to
decrease the overall execution time, as the size of the buffer becomes larger. The reason is
that when the buffer size is large, in-memory sorting is executed or the number of I/O
decreases. On the other side, when the block size is very small, the number of block increases.
Accordingly, consumption per block overhead increases and execution time increase, too.
Besides, when the block is greater than the size of the buffer, unnecessary I / O occurs and the
overall performance is affected. As a result, when the buffer size is small and the block size is
large, external-sorting occurs I/O and the run time increases. So, this is sensitive to adjust the
buffer size and the block size compared to the HDD, the SSD was almost not changed.
Although I/O are occurred, because the SSD has fast access speed and low latency, it can
cover these changes and is hardly affected. When the amount of data to process is large on the
node and there is a limit on the size of the buffer, the SSD has good performance.
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Figure 6. Sort & Join Varing Buffer and Block Size (HDD vs SSD)
4.4. Other Benchmarks

Figure 7. Hadoop Benchmark (CPU bound)
Sort and Join in addition to the experiments with various Hadoop benchmarks and
applications were analyzed [6]. Figure 7 shows high CPU utilization, representing less
amounts of I/O examples. Accordingly, there is almost no gap between the performance of
the SSD and HDD. Wordcount which counts the number of words in the data listed is an
example. This example is an example in hadoop-0.20.2-example.jar on the version of hadoop0.20.2[10]. This was based on a 10GB text file created by radomtextwriter. Wordcount has
the final result which emerges as a type of < word, the number of word > so the output file
size is very small. Also, the size of map and reduce output files compared to the size of the
initial input was very small, and I / O was rarely occurred. Bayesian and LDA experiments
were a reference to cloud site [9]. Bayesian classification is a learning method using hadoop
for big data based on Bayesian rule. This is a benchmark machine learning library through
mahout. After the 13GB input data is generated from the article of the wiki page log, it was
classified in the category as health, society, culture, and politics. It has CPU and I/O bound

206

International Journal of Control and Automation
Vol. 6, No. 1, February, 2013

but its map output file is large and I/O from reduce is small. So there is rarely read I/O. The
basic example of LDA (Linear Discriminant Analysis) Clustering contained in the mahout is a
kind of clustering as like Bayesian and it is only a CPU bound example, too. Figure 8 shows
high I/O utilization examples. DFSIO is a test to extract the hadoop I/O performance and
throughput. This is contained in hadoop-0.20.2-test.jar and when an I/O bottleneck is tested
and I/O throughput is measured, it is necessary. DFSIO write 10GB data and read 10GB. It
makes the gap between the HDD and SSD. Data grouping to find a specific word in a Grep
and Randomwriter to produce a random binary data have a lot of I/O as Sort and Join.
Randomwriter make I/O as expected because of the amount of random binary data was
written. Grep uses the data generated from randomtextwriter, and the SSD's performance was
highlighted because finding certain letters occur by random access. These examples such as
Grep, Join, randomwriter and Sort are the basic examples in hadoop-0.20.2-example.jar.
They both have that a lot of random read in the sort-merge part in common. As random read
performance, SSD showed an outstanding performance in these examples.

Figure 8. Hadoop Benchmark (I/O bound)
4.5. Electricity Consumption
We measured the electricity consumption of a PC using HDD and SSD. We used the
wattmeter (HPM-100A) product. This was installed in the middle of PC in a plug & play
manner. The electricity used in benchmarking is shown in the following table.
Table 2. Hadoop Electricity Consumption
Benchmark(execution time)

HDD

SSD

SORT 10GB

18.49Wh(1235s)

9.13Wh(479s)

JOIN 5GB X 3

31.85Wh(1768s)

15.74Wh(1030)

Because of the less-runtime, the electricity consumption of the SSD was 2 times less than the
HDD. Companies which use the Hadoop (like as Yahoo, Facebook, Google) have many
nodes about some of thousands. If these nodes which are consist of the SSD sort (or join) or
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the data of petabyte, they will be able to save a large amount of power. When 1000 nodes
mounted on SSD are more expensive about $ 180 than HDDs, sorting more than 2000 times
turn can take on the cost advantages of the SSD considering electricity fees. Present SSD’s
high cost does not fit on the big data processing but we expect this device to be suitable if we
find ways to reduce the price and time.

5. Conclusion
During the hadoop test, I / O bottleneck problems showed a better performance by using a
SSD. Hadoop’s each node replicates with the pipeline method, because they must preserve
data recovery. So this is basically a system which has many I/O. In addition, because the
system is dealing with big data, the importance of the storage device performance impact is
enormous. But that causes the patterns of I / O which are quite different depending on how it
is being used and what analyzes the data. Conclusively, the impact of SSD on hadoop may be
less. However, the size of the data is increasing, the bottlenecks are coming from the storage
device is increasing, too. The SSD is clearly showing the strengths on I/O bottleneck. Big
data sort or requiring a task to combine a big data, big data analysis to derive a tremendous
amount of work, and finding a specific record in the Big Data as Grep, are the tasks that can
exert a large force. In a recent study, hadoop was found to have the biggest bottleneck in the
network portion [4, 7]. Considering the rapidly evolving network transmission technology,
when the network bottleneck is reduced, the SSD will help to remove the I/O bottleneck of
hadoop. In the future work, we will minimize the CPU and network bottlenecks to analyze the
impact of SSD on hadoop in a real cluster environment. The number of nodes for analyzing
the impact of SSD is worthy to notice, too. It will be more clearly applied on the cost
advantages of SSDs.
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