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Abstract—The problem of choosing the cluster or a cluster
node for task execution is important for the overall performance
of a distributed system. This paper presents a complex approach
to the planning of computations on heterogeneous distributed
systems — a set of clusters and NoSQL storage systems. Dynamic
scheduling algorithm depends on: the inter-cluster network
parameters, characteristics of cluster interconnect, compute
nodes utilization, co-processors computing capabilities, etc. In
this work Hadoop YARN, CUDA technology and NoSQL-system
Apache Cassandra has been used as the experimental platform.

Index Terms — Hadoop, YARN, Map reduce, Dynamic load
balance, CUDA, Casandra.

I. INTRODUCTION

Now hybrid computing technologies and NoSQL [1] allow
faster processing of large data volumes. Hybrid systems are a
combination of any computing devices or blocks, in this case -
the calculations using the CPU and the GPU together [2].

Problems of choosing cluster to perform the task and
distribution of clients on these clusters is important for overall
performance of the distributed system. In this article, we
propose a solution for these problems. To select a cluster
required for a client, data of load tests for each cluster will be
used.

In addition, to achieve the best performance of the system,
attention should be paid to balancing problems on the cluster
itself. Task balancing means distribution of resources and data
on cluster nodes. Today, Hadoop is considered to be the most
popular technology in the field of "big data volumes." It was
chosen as the framework for the research.

Michael Stonebraker, professor of MIT and founder in the
field of databases, describes in the article [3] main
shortcomings of Hadoop, “We estimate that the MapReduce
model works well for about 5% of Lincoln Lab user.” “The
evolution of Google away from MapReduce to other models
lends credence to this supposition. Hence, we fully expect a
dramatic future evolution of the Hadoop computation
framework.” By and large, the criticism of Hadoop relates
only to the implementation of API MapReduce [4].

The cluster working on the MapReduce technology has a
star topology, with NameNode in the center and DataNode
around it. This implies that the main problem of this cluster is
high load on the network and NameNode while distributing
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and collecting data. Thuss, due to insufficient performance of
NameNode or insufficient performance of the network (high
latency and low data transfer rate) the performance of the
entire cluster is lost. In addition, Hadoop does not take into
account the characteristics of units in the distribution of
resources, such as the CPU and main memory workload,
which affects its performance on heterogeneous clusters. A
heterogeneous cluster is a cluster, whose nodes have different
characteristics (number of processor cores, main memory size,
network latency to host and data transfer rate over the
network).

In fall 2013, Hadoop Version 2.0 was presented, which
included a module responsible for managing cluster resources
and task planning - YARN. The implementation of YARN
module is a significant jump bringing Hadoop beyond the old
paradigm of MapReduce and putting the technology at the
level of universal solution for distributed data processing [5].

Unfortunately, despite many advantages of YARN over
classical MapReduce, Hadoop 2.x, just like Hadoop 1.x, does
not account for the characteristics of the cluster in the
distribution of resources. Thus, in the case of heterogeneous
cluster, unavoidable loss of performance will occur.

II. RELATED WORK

High computing GPU power can be explained by specifics
of the architecture. With a large volume of information to be
processed, it has advantages over the CPU, but at the same
time, parallelism should be observed in the task. CUDA [6]
allows using the GPU for parallel processing of such data. The
article [7] describes the advantages of using a GPU-CPU
system to handle large data volumes.

To solve the problem with distribution of clients on
clusters required, the Portable Batch System (PBS) technology
[8] is used. This technology allows to allocate resources for
each client.

To achieve the best performance on a cluster, a load
balancing system needs to be introduced in YARN. YARN is
a relatively new technology, so there was a very little research
in this area. However, it is possible to find plenty of works on
the topic of load balancing on a cluster run by Hadoop Version
1. A subsystem of data distribution was suggested in the
article [9] based on the theory of probability. However, this
research did not take into account such parameters of the



cluster nodes as the CPU load, the size of free main memory
on the nodes, network latency, and data transfer rate of the
network.

The Weighted Round Robin (WRR) was chosen as a new
load-balancing algorithm for YARN. WRR is one of the most
popular and reliable balancing algorithms available today. In
the article [10], the research of properties of WRR algorithm
in cloud services was carried out. Thus, it is proposed to create
a load balancing system based on WRR algorithm and connect
it with the YARN.

III. DEVELOPMENT OF METHODS TO INCREASE DATA
PROCESSING PERFORMANCE IN HYBRID SYSTEMS

The system starts its operation with a client’s request for
service. Agents make decisions and make all necessary
settings to connect the client to the cluster. To select a desired
cluster, the results of load testing of the GPU and interconnect
transfer capacity are used.

The visual system operation is shown in Figure 1.
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Fig. 1. Generalized scheme of high-performance data processing system

Processing of user requests includes the following steps:
1) Initial user request to the system
2) Processing and forwarding data to the agent

3) Response to the client regarding permission or refuse to
use the service

4) Connecting the client to the cluster and/or storage.

The balancing subsystem distributes the load using Round
Robin DNS [11] method and provides additional data
processing. The agents at the level of clusters create the
required connections and rights for the client, if it is permitted
to use the service. The NoSQL system will be used as storage
for client’s data. Calculations of large data volumes will occur
on Hadoop nodes.

To transfer large data volumes, an application-level
protocol was developed as an alternative to the http.
Messaging is carried out on the "send-and-forget" principle
that does not require a response from the recipient. It allows
transferring data asynchronously. Advantages of asynchronous
data transfer were mentioned in article [12]. All messages are
placed in a container on the cluster for subsequent processing.
By containers we mean a queue of messages.

The developed protocol has the following characteristics:
1) It ensures a single message delivery

2) All unprocessed messages are placed in a container — a
temporary storage.

3) It carries out the transfer through multiple connections
for fault tolerance.

4) Tt carries out logging to restore transfer after any
system malfunction.

Figure 2 shows the principles of operation of the protocol.
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Fig. 2. Data transfer scheme on the protocol created.

Data transfer process:
1) Creation of a TCP connection to the containers
2) Receipt of messages from each container in parallel.

As a result, we have a system that is able to operate with
large data volumes of the client. The agents are intended for
allocation of necessary resources. CUDA technology allows to
transfer all calculations on the GPU, increasing the calculating
speed, and NoSQL will enable a client to store large data
volumes.

IV.LOAD BALANCING BETWEEN THE CLUSTER NODES

Before improving Hadoop 2.x with WRR-based load
balancing system, we need to look at the YARN structure in
detail and define a block to connect to.

Figure 3 shows YARN architecture [13].
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ResourceManager consists of two main components:
Scheduler and ApplicationManager. For each application, a
new ApplicationMaster is to be created, which would interact
with ApplicationManager and ask it for new resources.
YARN, unlike classic MapReduce, is an object-oriented
infrastructure, and its resources are presented in the form of
containers. When receiving a request for allocation of
resources from ApplicationMaster, ApplicationManager sends
a request using the Scheduler, to create a container at
NodeManager.

Thus, the basic resource distribution algorithm is
implemented in the Scheduler. Within the framework of the
ongoing work, a load distribution subsystem has been added to
the Scheduler, taking into account the parameters of the nodes.
A server has been developed running simultaneously with
Hadoop and YARN and requesting for CPU loading and main
memory data from the slave nodes on WebSocket protocol
[14]. In addition, the server defined the connection parameters
with each of the slave nodes. All these data were transmitted
to the Scheduler, where they were processed by the new
system. The server and clients for data collection from cluster
nodes have been developed in Java as independent
applications.

V. RESULTS AND ANALYSIS

For GPU load testing, two Geforce GT 720 NVIDIA video
cards were used.

The throughput was tested on two computers connected
through a switch.

An experiment on GPU load was performed using the

algorithm for solving matrix equations from High-
Performance Linpack.
Figure 4 shows the results of GPU load tests.
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1 GB chunks and sent to another server. To restore the data
transfer after connection break, the system records were used,
using which the system continued transmitting not yet
uploaded parts of the message.

The testing of throughput is shown in Figure 5.
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Fig. 5. Dependence of throughput on data volumes

To test the prototype of YARN load balancing system, a
heterogeneous cluster was used, consisting of twelve slave
nodes and one master node. The configuration of the test
cluster is shown in Table 1.

TABLE 1. TESTING CLUSTER SPECIFICATIONS

Node CPU Memory HDD
Master 2 Cores 6144 MB 40 GB
Slave 1 1 Core 512 MB 20 GB
Slave 2 2 Cores 1024 MB 20 GB
Slave 3 1 Core 512 MB 20 GB
Slave 4 2 Core 512 MB 20 GB
Slave 5 1 Core 512 MB 20 GB
Slave 6 3 Core 1024 MB 20 GB
Slave 7 1 Core 512 MB 20 GB
Slave 8 1 Core 1024 MB 20 GB
Slave 9 3 Core 512 MB 20 GB
Slave 10 1 Core 512 MB 20 GB
Slave 11 2 Core 1024 MB 20 GB
Slave 12 1 Core 512 MB 20 GB
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Fig. 4. Correlation between task computation time and data size

An experiment was performed to transfer 10 GB of
messages on the created protocol. These data were divided in

NameNode, SecondaryNameNode and ResourceManager
were deployed at the master node, and DataNode and
NodeManager — at the slave nodes

The experiment was performed for the cluster with
standard YARN version and for the cluster with a WRR-
modified YARN version. A test MapReduce case for Pi [15]



calculation was used to perform the experiment. The
experimental results are shown in Figure 6.
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Fig. 6. Dependence of task computation time on cluster load

As it can be seen from the graph, at high loads, the
modified YARN shows the results about 20% higher than the
classic YARN.

Thus, the resulting system will enable clients to process
large data volumes quicker than the classic implementations.

VI. CONCLUSIONS

In this work, an analysis was carried out and a distributed
multi-agent system was developed. This system distributes the
load and most accurately defines the appropriate cluster. For
this purpose, the load tests of the GPU and communications
channel capacity were developed, as well as agents of clusters
and cluster nodes.

The modification of Hadoop YARN architecture was
carried out for the distribution algorithm to consider
dynamically the available resources of the nodes. For this
purpose, a WRR-based load balancing system was developed.
The system consists of a server, which runs close to
ResourceManager and clients on the relevant DataNode,
communicating through WebSocke protocol. Thus, the
modified YARN takes into account such dynamic parameters
as CPU utilization units, volume of available memory on the

nodes, network latency to the nodes and data transfer rate to
the nodes. Applying the system one can use cluster resources
in a more efficient way.

Thus, we proposed an integrated approach to handling of
large data volumes both at the client level and at the level of
the cluster nodes run by the modified Hadoop YARN.
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