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Abstract. This paper describes joint research to accelerate Bionformatics Ap-
plications in the AWS Cloud. There were two main axes of research: parallel
sequence comparion Bioinformatics tools and cloud schedulers to execute effi-
ciently the parallel applications in the AWS cloud. Our project involved three
universities and one research institute and produced as outcome 4 papers in
prestigious international journals, 2 papers in international conferences and 5
PhD Theses. As results of scientific research, we developed (a) a cloud sched-
uler that aims to reduce both the running time and the cost of the execution;
(b) a combined model that uses statistics and neural networks to predict the
cost variation of spot instances, (c) a multiagent framework to provision and
execute cloud applications, (d) a fault tolerant strategy to execute long running
applications with GPUs in the cloud. Additionally, since the duration of the
CNPg-AWS project was from 2020 to 2021, thus during the covid-19 pandemics,
we were able to compare hundreds of thousands of SARS-CoV-2 sequences with
our cloud schedulers and parallel sequence comparison tools. Finally, members
of our group were editors of a book on High Performance Clouds, published in
2023 by Springer Nature.

1. Introduction and Goals

Biotechnology can be defined as an interdisciplinary area that involves the study of DNA,
RNA, proteins and more complex molecules; cell and tissue cultures; bioinformatics and
nanotechnology, among others [Gupta et al. 2017]. Bioinformatics is an important part
of Biotechnology because it consists of creating tools and algorithms to collect, store and
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analyze biological data [Borin et al. 2023]. Among the popular applications of Bioinfor-
matics, the analysis of biological sequences (DNA, RNA and proteins) stands out, which
determines their structure/function, playing a fundamental role in the development of
medicines and the study of diseases.

Traditionally, Bioinformatics laboratories had powerful computers, many of them
containing accelerators such as GPUs, allowing the execution of intricate algorithms that
will lead to complex analyses and scientific breakthroughs. However, many Bioinfor-
matics labs have recently moved to the cloud [Banimfreg 2023], taking advantage of its
stable, resilient and flexible platform.

Amazon AWS (Amazon Web Services) is a cloud provider that has been estab-
lished in the market for many years and offers various types of resources suitable for
a wide range of applications. Amazon EC2 (Amazon Elastic Compute Cloud) offers
computing resources using basically two pricing models: on-demand, which has a fixed
cost (USD/hour), and spot, which has a variable cost, generally much lower than the on-
demand model. While on demand instances are only freed by the user who allocates them,
spot instances may be revoked by AWS at any time, complicating their management. As
of February 27, 2026, Amazon EC2 had 259 data centers spread across 39 regions and
offered more than 750 different types of computing instances, including CPUs, GPUs
(Graphics Processing Units), and FPGAs (reconfigurable hardware)'.

Bioinformatics applications, particularly those of biological sequence com-
parison, often require high computing power. In particular, biological sequence
analysis applications are complex, composed of several tasks [Sandes et al. 2016b]
[Figueiredo et al. 2021], and can be classified as HPC (High Performance Computing)
applications. Their execution can take hours or even days to complete and, therefore, they
typically use powerful execution platforms, such as clusters of CPUs, GPUs or FPGAs.

The goal of this paper is to present the main results achieved in our BioCloud
CNPg/AWS project, which aimed to execute Bioinformatics applications efficiently in
the AWS cloud. Our project addressed the problem of resource allocation and manage-
ment in the Amazon AWS cloud for Biological Sequence Comparison HPC applications,
minimizing execution time and maximizing availability, without violating service level
agreements (SLAs), in order to run biology applications efficiently and with lower finan-
cial costs for the user. In this sense, both permanent (on-demand) and transient (spot)
instances [Portella et al. 2019b] will be considered, as well as multiple types of compu-
tational resources (CPU, GPU, and FPGA), increasing the range of alternatives explored.
The use of intelligent agents [Ralha et al. 2019] to assist in management decisions was
also investigated.

2. Overview of the BioCloud Project

In the BioCloud project, we put together a strong research team, composed of 32 re-
searchers from three universities (University of Brasilia, Federal Fluminense University
and State University of Rio de Janeiro) and one research institute (Embrapa Genetic Re-
sources and Bioechnology), with joint and complementary research skills.

Since the project took place during the Covid-19 pandemic, we had to hold fre-

Thttps://aws.amazon.com
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Figure 1. Instance families used in the BioCloud project

quent virtual meetings and use slack to share files. We also decided to use the parallel
sequence comparison applications from the project to compare hundreds of thousands of
SARS-CoV-2 sequences, which were made available in the public genomic databases.

At the beginning of the project, we decided to use a vast number of instances from
different families, as shown in Figure 1. The instances on the top of the figure are CPU
instances, whereas the instances at the bottom are accelerator instances (GPU and FPGA).

In our project, we also used several AWS services and tools, as shown in Figure
2. The AWS lambda service was used to investigate how the sequence comparison appli-
cations benefit from the serverless computing model. The AWS Parallel Cluster tool was
used to create a dedicated HPC environment in AWS, for the applications that needed net-
work bandwidth guarantees. We also used three types of storage (S3, EFS and EBS), that
were chosen based on price, latency and capacity, according to the specific characteristics
of each research study. Finally, AWS Cloud Watch was used to monitor the execution of
the applications and infrastructure tools developed in the project.

AWS Lambda
Serverless computing
(Function as a Service)

AWS ParallelCluster
HPC environment in

the cloud

Storage
S3, EBS, EFS

Other services
AWS CloudWatch

Figure 2. Services and tools used in the BioCloud project
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3. Results

3.1. Bibliographic outcome
In the context of the BioCloud project, the following outcomes were produced:

e Four papers in prestigious journals, addressing cloud resource managers
[Mendes et al. 2024] and schedulers [Teylo et al. 2023], function-as-a-service
parallel executions [Carvalho et al. 2023] and prediction of spot instance prices
[Portella et al. 2024];

* Two papers in prestigious international conferences, addressing fault tolerance
with spot instances [Brum et al. 2021] and bag-of-tasks scheduling in the cloud
[Teylo et al. 2021];

* One book edited by some members of the project on High Performance Com-
puting in the Clouds, published by Springer Nature in 2023 [Borin et al. 2023].
Our research team was contacted by Springer Nature because an editor from
Springer attended to our talk in the IEEE/ACM CCGRID 2021 conference
[Teylo et al. 2021];

e Five PhD Theses, addressing cloud schedulers (Luan Teylo from UFF
[Teylo 2022]), cloud spot price prediction and selection (Gustavo J. Portella from
UnB [Portella 2021]), agent systems for cloud schedulers (Aldo Mendes from
UnB [Mendes 2024]), parallel sequence comparison in CPU-FPGA systems (Car-
los A. C. Jorge from UnB [Jorge 2022]), and schedulers for federated learning
applications (Rafaela Brum from UFF [Brum 2024]).

3.2. Scientific Research results

In this section, we will briefly describe four major scientific outcomes of the BioCloud
project.

3.2.1. Selecting Low Price AWS Spot Instance with Low Probability of Revocation

Prior to the start of the project, the work [Portella et al. 2019a] was done to perform a
statistical analysis of the AWS spot pricing model. In this work, we used time-smoothed
moving averages of 12-hour periods, aiming to provide a price-availability trade-off to the
user. Depending on instance type, user’s bid could be set at 30% of the on-demand price,
with an expected availability above of 90%. This study was important for the subsequent
analyses, which used not only statistics, but also utility models and neural networks.

In the specific case of biological sequence comparison, depending on the lengths
of the sequences or the number of comparisons, the parallel applications can take sev-
eral hours, incurring in high cost. In the work [Portella et al. 2024], we investigated the
problem of executing long running parallel biological sequence comparison applications
in the AWS cloud with low price and low probability of revocation.

Our utility prediction strategy consisted of two steps: (a) short term prediction (12
hours), which used sliding windows; and (b) long term prediction (7 days), which used
Long Short Term Memory (LSTM) Neural networks to do the prediction. First, we do
the long term prediction, choosing a set of instances and then refine the prediction with
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Figure 3. Price Prediction for AWS Spot Instances [Portella et al. 2024]

sliding windows for the selected instances in the previous step. Figure 3 illustrates our
Strategy.

We used our strategy in a covid-19 case study that compared 218179 pairs
of SARS-CoV-2 sequences (Alpha variant) with our MASA-OpenMP parallel tool
[Sandes et al. 2016a]. Eight different spot instances were considered and we analyzed
the cloud spot price behavior in the first eleven months of 2020. Then we run our analysis
to execute the case study at the end of January 2021. Figure 4 presents the results for
the whole study with spot instance m5.2xlarge (8 vCPUs). We can see in this figure that,
if we used the default AWS approach, our spot instance would had been revoked with 7
hours and 44 minutes of use, without being able to complete the execution. Using our
utility approach, we were able to execute for 8 hours and 49 minutes, i.e., about one hour
longer than the default approach.
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Figure 4. Results for the covid-19 study (m5.2xlarge) [Portella et al. 2024]

3.2.2. Reducing the Cost of AWS Executions with QoS Guarantees

One of the main objectives of the cloud users is to execute their applications in the cloud
paying a low price. However, if only the price is considered, a weak instance could be
selected, leading to extremely long execution times. This solution is clearly not appropri-
ate.

In the work [Teylo et al. 2023], a scheduler called BURST-HADS is proposed that
executes applications in the cloud considering both the price and the deadline for com-
pleting the executions. The proposed technique is composed of 2 modules. The primary
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module uses Iterated Local Search (ILS) to choose the instance and the secondary module
periodically monitors the execution, possibly choosing a more appropriate instance and
migrating the application to it. This way, it is guaranteed that the deadline is respected.

Figure 5 shows the results obtained with jobs presenting different characteristics.
We can see that, for job J100, which has 100 tasks that take about 300 seconds each, the
cost was reduced in 48%, when compared to the on-demand execution. In this case, there
was an increase in the execution time of 22% which did not violate the deadline.

JOB Burst-HADS w/o HADS w/o Hibernation AutoBoT-like w/o0 ILS On-demand
Hibernation Interruptions

cost makespan cost makespan cost makespan cost makespan

J60 $0.112 1,274 $0.067 2,290 $0.166 2,221 $0.271 1,112
J80 $0.151 1,329 $0.104 2,295 $0.199 2,266 $0.312 1,190
J100 $0.176 1,660 $0.112 2,332 $0.218 2,342 $0.371 1,462
ED200 $0.357 2,275 $0.267 2,580 $0.387 2,566 $0.698 1,887

Figure 5. Comparative execution results of BURST-HADS [Teylo et al. 2023]

In [Teylo et al. 2021], BURST-HADS was used to compare 22560 pairs of SARS-
CoV-2 sequences (Alpha variant), organized into 60 supertasks, with our MASA-OpenMP
parallel tool [Sandes et al. 2016a]. A total of 24 EC2 instances (136 vCPUs) were used
and the comparison took about 21 minutes.

3.2.3. Comparing Huge Chromosomes in spot GPU with Fault Tolerance

Comparing huge chromosomes with exact algorithms compute large dynamic program-
ming matrices and may take hours or even days to finish [Durbin et al. 1998]. GPUs may
be used to accelerate those comparisons but the execution time remains considerable.
Moreover, it is known that GPU instances may be expensive.

In the work [Brum et al. 2021], we address the challenge of reducing the cost
of long running GPU executions. We proposed a framework that executes our MASA-
CUDAIlign GPU sequence comparison tool [Sandes et al. 2016b] [Figueiredo et al. 2021]
using AWS GPU spot instances, with fault tolerance. Periodically, the last computed
row of the matrix is saved, so that execution can restart from this row. Additionally, the
framework monitors the execution. If it receives a notification from AWS stating that
the instance will be revoked in 2 minutes, the framework selects another appropriate spot
instance and restarts the execution from the last row saved.

In the experimental results, we compared the human and chimpanzee homologous
chromosomes 19, 20, 21, 22 and Y in AWS spot GPUs, considering three scenarios, that
vary depending on the probability of revocation. Five spot GPU instances were consid-
ered, ranging from the g2 family (1532 cuda cores) to the p2 family (4992 cuda cores).
Table 1 presents our results. In this table and considering chromosome 20 in scenario
S3, there was one migration (2 spot VMs). The cost was reduced from USD 3.13 (on-
demand) to USD 1.14 (our framework). In this case, the execution time was increased in
about 5 minutes. Considering that the execution takes about 6 hours, this is a small in-
crease. In Bioinformatics laboratories, the researchers may execute several chromosome
comparisons each day so a reduction in 2 dollars per comparison may lead to big savings.
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Table 1. Framework results for comparing huge chromosomes [Brum et al. 2021]

Simulated revocations On-Demand VM
Seg. On-Demand
Scenario Spot VMs VMs Exec. time Cost | Exec. time Cost
S1 4 0 07:18:45 $1.39
chrl9 S2 2 0 05:58:34 $1.18 04:56:49 $2.60
S3 2.67 0 06:17:53 $1.31
S1 433 0.67 08:35:08 $2.34
chr20 S2 2.67 0 07:35:34 $1.44 05:57:15 $3.13
S3 2 0 06:02:27 $1.14
S1 2 0 02:31:51 $0.46
chr21 S2 1.67 0 02:25:24 $0.43 02:31:39 $1.33
S3 1 0 02:29:27 $0.39
S1 2 0 03:19:12 $0.61
chr22 S2 1.33 0 02:50:13 $0.49 02:38:30 $1.39
S3 1.33 0 02:47:40 $0.49
S1 1.33 0 02:40:29 $0.44
chrY S2 1 0 02:38:34 $0.41 02:45:52 $1.45
S3 1.67 0 02:42:41 $0.49

3.2.4. Multi-Agent Reasoning for instance provisioning in the AWS Cloud

MAS-Cloud+ [Mendes et al. 2024] is a framework that uses agents to select instances
and execute applications with different characteristics in the AWS cloud, using one of
three reasoning models: (a) heuristic model based on inference rules; (b) combinatorial
optimization model solved with Integer Linear Programming (ILP); and (c) metaheuristic
model based on Greedy Randomized Adaptive Search Procedure (GRASP). The goal is
to reduce execution time, reduce resource waste and reduce cost. The framework includes
the user interface for the application submission, cloud management with time/resource
prediction, the VM provisioning/instantiation/monitoring/finish, and the application exe-
cution in a cloud provider, as shown in Figure 6.
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Figure 6. Workflow for application execution in MAS-Cloud+ [Mendes et al. 2024]

The parallel sequence comparison tool MASA-OpenMP [Sandes et al. 2016a]
was used in the experiments, and many organisms were compared. Figure 7 presents
the results for the human herpesvirus study (150K) and the plasmid study in the Rhizo-
bium bacteria (500K). In the graphics, the first three set of bars in the left are random
choices for VMs with different vCPUS. It can be seen that the random choices are not
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appropriate and, for these two cases, the best model was the optimization model.
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Figure 7. MAS-Cloud+ for the Bioinformatics study [Mendes et al. 2024]

3.2.5. Other Research Works in the Project

We have also conducted research on parallel biological sequence comparison with recon-
figurable hardware, where the AWS FPGA (Field Programming Gate Array) F1 instance
was used to execute a parallel code written on High Level Synthesis (HLS) [Jorge 2022].

In addition, a scheduler for federated learning applications for execution environ-
ments composed of multiple clouds was proposed and evaluated in [Brum 2024].

Finally, we investigated the use of function-as-a-service to execute parallel biolog-
ical comparison applications in the cloud [Carvalho et al. 2023]. In this case, the AWS
Lambda service was extensively used.

4. Conclusion

In this paper, we presented the main achievements of the project CNPq/AWS BioCloud.
The project produced successful outcomes in both academic mentorship and scientific
production. Our research generated important contributions to the fields of cloud man-
agement, cloud scheduling and biological sequence analysis, with an intensive use of
parallel processing.

We would like to thank CNPq and AWS for their support of this project. AWS
infrastructure allowed us to explore various types of architectures and VM instances in
record time, greatly accelerating the acquisition of results and enabling us to advance our
research at an unprecedented speed.
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