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Abstract— there is a tremendous increase in usage of digital devices and services provided. As the number of users
increased so as the proliferation of data and need of information and knowledge. There has been increasing trend in
need for storing and processing these growing data. With the development trend in technology, the storage capacity
and processing power has kept well improving. But since the computing power is faster than the spinning device, there
is a delay of providing data to processing component from the traditional spinning disks. This delay evolves with a
Processing – I/O performance gap. This CPU-I/O gap worsens for application which are data intensive. Active storage
framework are proposed to minimize this Processing – I/O performance gap. This research paper provides a test bed
which analyses the performance impact on the application
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I.
INTRODUCTION
The end users need for information and services is exponentially increasing the data volume. As the research carried out
by various researchers on data explosion claim that by 2020 the data size will be increased to forty thousand petabytes.
The digital volume is doubling every year [19]. Storage vendors are manufacturing storage devices which can support
this explosion of data capacity, Processor manufacturers are working building the compute power which are capable of
processing these huge amount data as well network medium are very well developed and deployed as per the need of
current infrastructure. When every component of the cluster are well advanced and running there is still performance
issues faced at application end.
While scanning whole network components right from server to hard disks, some end to end application gets severe blow
in their latency. The delay in latency is caused by each components of the network. The latency delay might be due to
network bandwidth and traffic, spinning disks, processing time of data etc. Even though considering the network
component used as infiniband and there is plenty of bandwidth available then also the application response time is
hindered by the mechanical device down the I/O path.
In case of Data intensive or I/O intensive application data needs to be read or written in huge quantity making data
processing the focal point. There are many architectures proposed for executing such applications in efficient manner.
One of the architecture is active storage. In active storage framework, the application is moved near data and executed.
The core idea is instead of moving data from spinning disks to application server, application is moved to the system
where the data resides. The active storage reduces the heavy utilization of network and also reduces the wait cycles of the
processors at both sides. This framework tightly binds the compute and storage together in single box. A set of data
intensive tasks can be offloaded to this box for executing near data. This paper will discuss about the performance impact
on application and as well as the storage systems by deploying the active storage framework. Section II will discuss
regarding the existing studies carried out on active storage framework, the next section proposes active storage
framework, continued with Test bed architecture and result analysis.
II. LITERATURE SURVEY
This research regarding active storage was focused on one of the problem in executing data intensive application. The
data growth is the main challenger for application server. These data growth may lead to more storage and data
processing, for processing, transfer of data will consume more bandwidth and increases the traffic. These factors directly
impact the performance of software as well hardware. There is significant impact on the Application performance. In
order to reduce the data movement among the data storage and application server researchers have proposed active
storage framework in which the application or part of the application will be moved close enough to data where it is
stored. The motive behind the active storage is improve end to end application performance and utilize the underutilized
components of storage systems. [1] proposes Applications are becoming more data intensive. Small parts of huge
multidimensional arrays are concurrently accessed by a large number of clients, both for reading and writing. The
scalability of data management becomes a critical issue, as it affects the performance of the whole application. There is
an increasing need to specialize the I/O stack to match the requirements of the application. SciDB does not address
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chunking layout management which may be a problem in exascale. There is a gap between the multidimensional arrays
(application model) and Parallel files systems and relational tables. [1][2][3] Proposes To reduce parallel access
contentions the approach is chunking. To improve performance of strided access patterns propose to split the array into
sub domains that are equally sized in each dimension. Using this approach, the neighbors of cells have a higher chance of
residing in the same chunk irrespective of the query type, which greatly limits the number of chunks that need to be
accessed
III. PROPOSED ACTIVE STORAGE FRAMEWORK
The active storage framework proposed here is implemented within the storage silos or storage arrays. A storage silos
consists of multiple components. The components within the storage stack are –
Host end ports - These ports are the ports which gets connected to Host Bus Adapter’s from various other hosts. These
ports accept the requests from the clients or application server for the data. These ports are responsible for serving the
required data back to the host.
Host End Processors – These are set of compute power attached to front end ports. The processor can accept and
acknowledge the I/O request one at a time. If four processor are currently active then each processor can accept and
acknowledge one request and service it per unit time. These processor are responsible for serving the request from host
Cache – This is the fastest memory which will satisfy many requests from the host. The Host end processor will
service the request immediately if it gets the data from the cache. Cache is global memory which can be partitioned and
allocated to individual processors for their use or it can also be used as one single large memory. This configuration
varies according to various manufacture.
Disk End Processor – These processors are an interface between the host and the disks. These processors are the
closest to the disks. These compute power try to fetch the data from disks and forward it to the host.
Disk End Ports – These are the interface between the Disks and the disk end processors.
Disks – These are the storage units which has been configured in various RAID as per the requirement of the
application. These disks store all the data required for the processing as well as write data from the host.
The proposed active storage is erected or deployed within the storage silos. In the proposed framework, the disk end
processors execute the offloaded application within the storage silos closer to data. The figure 1 depicts the active storage
framework.

Figure 1 Active storage framework
In figure 1 the storage array components will incubate the file storage API and the set of rules and logics in order to
accept and co-ordinate the offloaded application. The application or I/O intensive part of the application is downloaded
or offloaded to the storage array from application hosting system generally application server. At the application server
side, there is an file system API along with listener and decomposer which works on identifying the data intensive part of
the application and decomposing it, storing the states of the application part and initializing the offloading part. The
offloading happens through the API. The function is offloaded to the storage system and executed there close to data.
This offloading process reduces the number of hops the whole data needs to be transferred between the application server
and storage disks. Thus by reducing the performance impact on end user application. In order to check whether is really
there a variation in performance of the application while implementing or executing the application in active storage
framework. The following section discusses upon the test bed environment and results.
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IV. TEST BED ARCHITECTURE AND ENVIRONMENT
The purpose of this research paper is to find the performance variation and component utilization of storage silos and end
to end application. There are two test beds proposed here.
The first test bed represents the traditional way of execution. The server node hosts the application and the request for
the data is sent to the storage nodes or a single storage silos. Requested data is fetched from tradition drives or cache in
storage node and moved up to the server end disk or cache for processing. For test purpose the tool Iometer [20] is used.
IOmeter is a disk storage benchmarking tool which has two component the GUI part and the dynamo part. The Dynamo
is the heart of this tool. It is responsible for creating and writing the file and data into the file respectively. It also reads
the data from the created file.
The second test bed is setup to simulate the active storage framework. In this test bed, the same tool is used and
configured according to the active storage framework. The Dynamo part of the IOmeter is separated from the GUI part
and is migrated to the storage node. Using the storage virtualization a Virtual machine is created running Linux. The
Dynamo component is executed inside the VM at storage side. The GUI part is run at the application host side running
windows. Since the dynamo performs more of a data intensive or I/O intensive tasks that particular component is
brought at the storage side and read write tasks are executed very close to the spinning disks. The values are just
forwarded to GUI.
The configuration of the systems at storage silos end are Xeon processor with four cores, 4GB RAM, 500GB 7200
HDD configured to two LUNs, with bare metal hypervisor running one Linux virtual machine. The configuration at host
side is i7 processor, 2GB Ram with 160GB HDD.
The workload used for these tests were a combination of various access pattern as 100% sequential to 0% sequential
for IO size ranging from 32KB to 64KB. The test bed architecture for both test environment is shown in figure 2 and
figure 3.

Figure 2 Traditional

Figure 3 Active storage testbed

The metrics considered for evaluating these two testbeds are IOPS, Throughput, Response time, processor utilization.
In general IOPS is the metrics which considered for benchmarking the storage systems. Throughout is the amount of data
carried to and fro via network per unit time between server and storage. The latency decides the response time of the
application. The processor utilization is measured for the storage systems. Since having the processors near to disks in
storage system, it is seen in the tests in traditional system testbed that they are not utilized. So in order to utilize the
unused processing power of storage systems, the active storage framework will help in offloading the application or tasks
to the storage system and execute there.
Considering the graph in figure 4. the IOPS has been increased in the active storage framework than in traditional test
bed. Since the compute as well as the I/O requests are getting executed or serviced inside the storage array.

Figure 4 IOPS of storage system
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Reviewing the graph of throughput in figure 5, it is expected that the bandwidth consumed should slope down heavily
but in the graph shown it is reduced minutely because the luns are being accessed by other application as well. These
access are also transferring data via network hence the bandwidth consumption is reduced with minor fraction.

Figure 5 Throughput in active storage
Looking at the processor utilization figure 6 of both test bed, it is seen that cpu utilization in active storage test
environment is increased because the cpu needs to process the I/O requests as well as the Compute/Instruction processing.
The CPU accepts and acknowledges the I/O request one at a time and the CPU time is shared between servicing I/O
request and processing the offloaded code.

Figure 6 Processor Utilization
Analyzing the Latency of application figure 7, the protocol conversion has been reduced there by reducing the hops
between the application server and storage systems, hence the response time of the application is improved by reducing it.
In case of active storage testbed the response time is reduced than the traditional system testbed.

Figure 7 Latency
V. CONCLUSIONS
This paper revolves around the active storage framework performance impact on end to end infrastructure and
application. Active storage framework is used to move the code near data storage for reducing the network traffic. In this
paper it is analyzed and seen that in active storage performance the application response time is improved by reducing
the bandwidth consumptions and increasing the CPU utilization at storage array. The underutilized components of
storage array are also gets used. It is evaluated on this testbeds proposed in this paper that active storage framework will
really impact the application performance positively and will be beneficial to be deployed for data intensive or I/O
intensive application in an HPC environment.
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