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Abstract— Investigations on micro-array organisms for
various researches have made a non discrete dealing of
thousands of gene expressions achievable. For any applications,
the results would be more accurate only when maximum count is
analyzed within a predictable time and it is one of the unseen
challenges in the field of bio medicine. The purpose of this data
analysis is to regulate and control the activities of thousands of
genes in our body. This paper develops a scheduling analysis of
how effectively gene molecular patterns are taken into
experimentation. This motivated our investigation in a new
dimension for a cloud environment. This paper is about applying
our previous works such as Workflow Shuffling and Hole Filling
Algorithm (WSHF) [13], Agent Centric Enhanced Reinforcement
learning algorithm (AGERL) [14], Heuristic Flow Equilibrium
based Load Balancing (HFEL) [15] and Dynamic Resource
Provisioning and Load Balancing (DRBLHS) [16] algorithms
collaboratively for a Gene Express Omnibus dataset as a case
study. The gene data’s plays an important role in monitoring the
human activities and how well, the data has been processed in the
cloud with minimum budget, time and minimum virtual
machines. Finally, the efficiency of the system is analyzed in
terms of resource utilization, completion time, response time,
throughput and VM Migration time.
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I. INTRODUCTION

Cloud computing is one the developing technology which
provides the various services in terms of the software,
infrastructure, security to the user. Among the various
services, infrastructure services place a vital role because it
reduces the processing cost for the users. The infrastructure
services are being utilized in different commercial and
scientific applications because it provides the storage and
location for cloud customer request [1]. In addition, the
infrastructure establishes the clusters and girds for managing
the hosted services in the cloud. During this process, the
cloud providers use the virtual machines and inter-connected
systems for processing the user request and workflows in an
effective manner. In those systems, the cloud providers need
to manage the user requirements with a defined budget
along with minimum computation time [2]. So, the cloud
providers use the various job scheduling algorithms for
satisfying the user requirements in the cloud. The main
objective of deriving those algorithms is to utilize the
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defined resources effectively for fulfilling the user request
with minimum time. The above discussed requirements
were further optimized by forming the clusters based on the
user request which reduces the maximum utilization of the
resources in the cloud [3]. Even though, the infrastructure
process ensures the effective utilization of the resources,
load balancing should be taken into account by cloud
provider for enhancing the user workflow process. Based on
the above discussed properties in cloud, different scheduling
and load balancing techniques are introduced earlier but
those techniques consumed large number of resources as
well as they acquire maximum amount of time [4]. For these
reasons, this paper uses the optimized techniques [5] for
analyzing the budget of the execution process based on
WSHF; in addition it removes the irrelevant and unwanted
request from the list. Then the appropriate resources are
identified using the AGERL. The identified resources aids in
forming the clusters of similar type of requests which gets
improvised using the Hopkins statistical assessment process.
Such clustered resources are allocated to the user
applications and scheduled accordingly using HFEL and
DRBLHS, where by decrementing the number of virtual
machines should be taken care.

Based on the above introduced strategy, a bio-medical
case study has been designed using the Gene Expression
Omnibus (GEO) dataset. To end with, the efficiency of the
system is evaluated with the help of the experimental results
and discussions. The rest of the paper is organized as
follows: section 2 analyzes the proposed scheduling and
workflow execution process models, section 3 gives an
overview on the microorganisms that has been used for
investigation, section 4 examines the biomedical case study
and section 5 concludes the work.

Il. PROPOSED WORKFLOW EXECUTION
MODEL

This section illustrates the proposed workflow execution
model for resource allocation and scheduling process.
Initially, user requested workflow [6] is submitted to the
cloud provider. The provider applies WSHF for estimating
the budget. Simultaneously, the irrelevant and performance
pull workflows present in the ensembles are identified and
eliminated. The resultant workflow is partitioned into
various sub workflows and those workflows are divided into
the ensembles. For those ensembles, virtual machine is
determined, CPU usage and memory is predicted for each
virtual machine.  Then the detected virtual machine
information [7] should be allocated to the budget estimation
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process with specified deadline constraints, if the ensembles
is true it passed to the queue else, the unallocated space is
calculated. This process is repeated for determining the
entire workflow details. Then the ensemble present in the
queue is continuously read, divided into sub ensembles and
the details are stored in the hole as a log record. From the
log, the holes should be mapped with the sub ensembles, at
the same time deadline constraints are calculated, if it is
satisfied send to queue for further processing and updating
should be performed continuously else the ensembles need
to be rejected. After estimating the budget and rejection [8]
of the ensembles, the distance between the workflow present
in the queue has been calculated for any two nodes with the
help of the Manhattan distance(U,,) for a node which is
computed as follows [14],

U,, = Manhautten Distance (p;, p;)

Manhautten Distance (p;, p;) = |x1 — x2| + |1 — 2|

1)

where (xq,y4) and (x,, y,) are the coordinates of p; and
p; respectively.

Similarly the Manhattan distance (V)for adjacent node is
computed for any two points p; and p;.

After calculating the neighboring workflows or ensembles
information in the queue, Hopkins Statistics are estimated as
follows,

XUnm

H = S esvm @)

H value for every node is computed in the similar manner
and if H(avg) > 0.5, then the cluster to be restructured would
be a meaningful cluster. After forming the Agent Centric
Enhanced Reinforcement learning algorithm based cluster,
the resources has been allocated to the scheduling process
using the Heuristic Flow Equilibrium based Load Balancing
(HFEL). In this process, the clustered tasks [9] are assigned
to virtual machines which process the user requested task by
defined load. So, the similar tasks or requests have been
clustered using the previous step, and the cluster related load
has been calculated as follows [15]:

N(T,0)
T VMpy(t) (3)
where, Ly, refers to amount of load accumulated in each
VM.

Based on equation (3), resource utilization of each VM is
calculated as below:

R(T;) = ET; + [*%] (4)

where R(T;) refers to resource utilization of each VM.

Allocate the task to virtual machine which is
accommodated with minimum load and available with
ample amount of idle resources. This process is repeated for
executing the user requested workflows, simultaneously
minimizing the number of VMs is considered into account
with the help of DRBLHS approach. The CPU and memory
usage computation [10] is updated in a dynamic and
continuous manner in order to lessen the usage of VMs. The
trust rank between the user requests is also estimated for
task-resource mapping; if it is high then the task has been
linked with the resource manager and the virtual machine
scheduler starts schedule the task with particular machine.
The available space has been continuously monitored by the
scheduler for allocating the resources to the next incoming

Ly
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task. Thus the process reduces the number of virtual
machines, resources with minimized budget flow. The above
process is applied to the GEO dataset related case study for
designing and explains how the introduced process
workflow methodologies process the user requested gene
expression dataset.

I11. GEO DATASET - AN OVERVIEW

The Gene Expression specifies the methodology of
building proteins and it is used to manipulate the various
important activities in the body. Proteins help the normal
functioning of the body like digestion, building energy and
growing. RNA molecules are used to categorize the amino
acids that build individual proteins. Bioassays help in
diagnosing the potential of tissues and detect the occurrence
of biological hazards if any. Genetics and medicines are
helpful in analyzing the genetic disorders. The sample
details are as follows:

. DNA & RNA - 27,34,632 number of nucleotide
sequences

(source:www.ncbi.nlm.nih.gov/genbank/samplerecord/)

. Genetic Medicine — 2300 number of samples

(Source: ftp://ftp.ncbi.nlm.nih.gov/pub/medgen/)

. Protein — 5300 number of samples

(Source: ftp://ftp.ncbi.nlm.nih.gov/blast/db/)

. Bioassays — 525 number of samples

(Source:
https://pubchem.ncbi.nlm.nih.gov/assay/assaydownload.cgi/
)

) Gene — 4500 number of samples

(Source:
ftp://ftp.ncbi.nlm.nih.gov/refseq/H_sapiens/RefSeqGene/)

IV. CASE STUDY AND ANALYSIS & RESEARCH

The process workflow execution scenario is implemented
with the help of the cloud provider where the user should
fetch and examine the gene data and the relevant gene
structure in human beings. In this case study, Gene
Expression Omnibus [11] based biomedical data set has
been used to process the structure of the gene by providing
the gene workflow as the query. The dataset consists of the
DNA, RNA details, Homology information, Protein
patterns, Sequence Analysis, Taxonomy information,
Genetics and Medicine information [12]. These details helps
to user search the genomic information, variations and
effects are examined from the third party cloud provider by
using some sample gene expression data. At the time of
analyzing the process, the data should be processed with
minimum budget as well as within the predetermined time to
get the genomic information as output. So, the proposed
model approach discussed in the section 2 has been utilized
in an effective manner, thereby reducing the cost and time.
The structure of the proposed work flow is shown in the
Figure 1.
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Initially the user provided gene information is passed to
the cloud provider, they analyze the complexity present in
the execution process in terms of how much memory needed
to be accommodated, CPU usage time, budget involved etc.,
are examined with the help of the WSHF [13]. This
methodology results in rejecting the irrelevant information
Sd’l‘e';yuﬁr‘l’mgg‘]’:;'sm that was derived from the user request. After that the

appropriated resources are provided to the genomic data, by
forming the clusters. During the cluster estimation process
[14], neighboring genomic information is gathered for
reducing the dissimilarity information processing that
indirectly enhances the processing time. The similar gene
information is clustered which is then allocated to the virtual
machine by implementing HFEL algorithm [15]. As a next
step, the number of virtual machines has been minimized
using the ranking process. If the particular clustered
genomic information has rank, the virtual machine has been
allocated by calculating the CPU usage, memory and budget
[16]. The virtual machine process the user request (gene
workflow) and generate an appropriate gene pattern,

Workflow Submission

Is Budget
& Deadline
Deviation?

Is Higher
VM
Migration
Time?

DRBLHS

k structure and changes present in the genome is also listed.

Optimized Resource Finally, the efficiency of the case study is examined using

Allocation & Task Scheduling the resource utilization, workflow completion time, response
Figure 1. Proposed workflow processing structure time, throughput and VM migration time metrics. The

sample GEO data samples are shown in Figure 2.
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Figure 2. Sample GEO database details

Based on GEO dataset, the obtained resource utilization
of the different gene data by processing the proposed model,
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probabilistic load balancing model and active clustering load  balancing method is shown in the Table 1 and Figure 3.

Table 1. Resource utilization

Molecular Resource Utilization (%)
Substrates Probabilistic Active . Proposed Dyna!n-nc .
Load Balancing Clustering Resource Provisioning
Load Balancing | and Load Balancing
DNA and RNA 54.3 43.12 23
Genetic Medicine | 53.1 41.09 25
Bioassays 49.32 39.31 26
Proteins 47.21 38.43 22.3
Genes 43.2 36.1 2431
60 -
- 50 T
X
§ 401
E N probabilistic load balancing
£
E B active clustering load balancing
5 20 1
§ # Proposed Dynamic Resource
%0 - Provisioning and Load Balancing
0

DNAand Genetic
RNA Medicine

Bioassays Proteins

Different Gene Information Data

Genes

Figure 3. Resource utilization

According to the above Figure 3, it shows that the
different gene data present in the GEO database, DNA and
RNA (23%), Genetic Medicine (25%), Bioassays (26%),
Proteins (22.3%) and Gene expressions (24.31%) of
resources are utilized while analyzing that genomic
information by using the proposed methodology. Thus the
proposed system consumes minimum resources by
processing the user request when compared to the other
traditional methodologies such as probabilistic load
balancing model consumes DNA and RNA (54.3%),
Genetic Medicine (53.1%), Bioassays (49.3%), Proteins
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(47.2%) and Gene expressions (43.2%) of resources and
active clustering load balancing method consumes DNA and
RNA (43.12%), Genetic Medicine (41.09%), Bioassays
(39.31%), Proteins (38.43%) and Gene expressions (36.1%)
of resources. In spite of these methods consuming minimum
amount of resources, the workflows should also be
processed with minimum completion time and loads should
also be evenly balanced by minimal VM migration which is
shown in the Table 2 and Figure 4.
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Table 2. Time(s)

Molecular | Probabilistic Load Balancing Active Clustering Load Balancing | Proposed Dynamic Resource
Substrates Provisioning and Load Balancing
Completion | Response | VM Completion | Response | VM Completion | Response | VM
time Time Migration | time Time Migration | time time Migration
Time time time
DNA &RNA | 32.13 32.98 31.35 28.83 29.74 28.03 12.34 10.38 12.1
Gemetie | g4 2856|2913 [2745 2631 |28%4 |12 1021|1342
Medicine
Bioassays 331 31.89 2943 26.31 25.14 26.46 12.12 11.23 123
Proteins 25.74 28934 2783 26.987 2843 27,67 11.87 12.01 10.32
Genes 211 26.98 2781 2487 2531 2441 13.2 1121 123

Time(s)

® DNA and RNA

® Genetic Medicine

E E E E E E E g E m Bioassays
= @ = = o = = o = ® Proteins
= £ = = 2 £ = z =
%- % ?ﬂ % % ?D ;.g- é gﬁ = Genes
5 & s g & s g & s
o = © = © =

- = -
probabilistic load active clustering load Proposed Dynamic

balancing balancing Resource
Provisioning and
Load Balancing
Different Methods

Figure 4. Processing and response time

Based on the above Figure 4, it clearly indicates, that the  successfully achieved when compared to the other methods.
proposed method process the different gene data by  Even though it process with minimum time, it has to be
responding, load balancing with VM migration and ensured with highest throughput while processing different
completing the workflow with minimum time are kind of gene data as shown in the Table 3 and Figure 5.

Table 3. Throughput

Molecular Throughput (%)
Substrates Probabilistic Active Proposed Dynamic
Load Balancing Clustering Load | Resource Provisioning
Balancing and Load Balancing
DNA and RNA 92.8 93.2 95.32
Genetic Medicine 93 93.17 95.56
Bioassays 94 92.89 96.1
Proteins 93.4 94.67 96.89
Genes 94.7 95.1 97.32
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Different Gene Data Information

Figure 5. Throughput

According to the above Figure 5, it shows that the
different gene data present in the GEO database, DNA and
RNA (95.32%), Genetic Medicine (95.56%), Bioassays
(96.1%), Proteins (96.89%) and Gene expressions (97.32%)
of throughput while analyzing that genomic information by
using the proposed methodology. Thus the proposed system
consumes high throughput by processing the user request
when compared to the other traditional methodologies such
as probabilistic load balancing model consumes DNA and
RNA (92.8%), Genetic Medicine (93%), Bioassays (94%),
Proteins (93.4%) and Gene expressions (94.7%) of
throughput and active clustering load balancing method
consumes DNA and RNA (93.2%), Genetic Medicine
(93.17%), Bioassays (92.89%), Proteins (94.67%) and Gene
expressions (95.1%) of throughput. Based on the above
discussions, the proposed model effectively process the user
gene data with highest throughput rate with minimum time
which is demonstrated with the help of the case study.

V. CONCLUSIONS

In this paper, a case study approach has been
experimented to evaluate the user workflow request in the
cloud. During this process, the cloud provider uses our
previous algorithms such as WSHF, AGERL, HFEL and
DRBLHS approaches in a step by step manner to allocate
the request to the suitable virtual machines with an effective
scheduling mechanism. Using these methodologies, the gene
expression data set is taken as an input and experimented.
The results picture clearly with an achievement of minimum
resource utilization, workflow completion time, response
time, VM migration time and higher throughput value. On
an average, for the same set of samples, resource utilization
rate is 24.12% when compared to PLB (49.42%) and ACLB
(39.61%) methods. Regarding completion time, response
time and VM migration time, the proposed approach
acquires minimized 2.35 sec, 2.71 sec and 2.40 sec when
compared to PLB methods, similarly minimized 1.98 sec,
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2.45 sec and 2.24 sec when compared to ACLB method. In
future, our work can be extended by using effective
clustering techniques in the cloud.
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