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1. Introduction 

Everyday scientific work requires growing computational capacity to provide reliable and in time 

results. The traditional approach to address these needs includes the acquisition, configuration, 

and maintenance of a large number of dedicated servers, introducing some constraints primarily 

associated to the elevated costs and complex IT management. These high performance platform 

requirements are a barrier to entry for small and medium sized research groups. 

 

Public cloud infrastructures present themselves as an alternative to traditional cluster and grid 

solutions. Cloud providers offer a large set of infrastructure and application services to resemble 

the flexibility of private data centers, with the benefit of a pay per use model. This allows users 

to run a wide variety of applications including enterprise, social and mobile ones. The question is 

then: how to adapt this model for scientific requirements? As we will show, almost everything 

required by a scientific application is available in the cloud. The main challenge is then that 

despite the low prices and flexible set of resources, the complex deployment and execution 

procedures are an obstacle for researchers to adopt the technology. 

 

This chapter will describe the proposal developed under the e-Clouds project, which is designed 

to be a Software as a Service (SaaS) marketplace for scientific applications running on top of a 

public cloud infrastructure. It will include a description of the most important aspects of e-

Clouds architecture, emphasizing on the different patterns applied for using cloud resources, 

while hiding the complexity for the end user. A detailed presentation of the problems faced 

during development and testing of the first version is also included. A research group from the 

Alexander von Humboldt Institute for Biological Resources, is used as a case study for testing 
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some of the ideas outlined and defining the future work for the project. 

2. What Do Scientific Apps Require 

The concept of cloud computing was mainly developed by having in mind the usual enterprise 

web applications. Scientific applications have a very particular set of requirements and 

characteristics. These new requirements demand a fundamentally different approach to problem 

solving. Here are the most important things to consider when relating science and computing. 

 

2.1.Flexibility 

There is a huge market of general purpose scientific apps that cover the day to day tasks for the 

different disciplines. Despite that important offer, the research work often forces technology to 

adapt and not the other way. This is the reason why scientific applications need to be flexible 

regarding the kind of processing they support, the input data they receive, and the outputs they 

produce. Based on this, multiple file formats must be supported and a large number of 

configuration parameters become optional. 

 

Flexibility poses a challenge when porting applications to a cloud platform, especially when 

offering them in a SaaS model. An attractive cloud proposal must then include at least the most 

common configuration options and a minimum degree of personalization. The way that this can 

be achieved can vary a lot between applications; this not only increases the overall complexity 

but also imposes some restrictions on the solution model. 
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2.2.Platform Maintenance 

It is important to consider the wide offer of scientific apps and the multiple platforms in which 

they can run. This means that part of the migration to a cloud solution requires deciding under 

which configuration an application will run, including operating systems, compilers, and set of 

external libraries, among others. This process becomes more complex when considering version 

management and personalized installations that are sometimes required. 

 

2.3.High Performance Computing 

In a general definition, high performance in a scientific context means processing large datasets 

with large scale resources. This imposes some challenges to the design of a cloud computing 

solution for researchers, including special attention to the details of the software and 

infrastructure offered by cloud providers.  

 

Even though there is an important variety regarding hardware and software available, in general, 

cloud providers do not offer a platform designed specifically for scientific computation. A 

platform like this would require a proper configuration of processing capability, high throughput 

storage devices, and operating systems with optimized libraries for making calculus. Amazon is 

actually making big efforts towards this by offering its EC2 Cluster Compute and Cluster GPU 

instances. This instance types are specially designed for parallel applications that require a lot of 

network communication. As their actual offer cluster instances can be configured with up to 244 

GB of RAM memory, 10 Gbps of I/O performance, 88 processing units, and NVIDIA Tesla 

GPUs with “Fermi” architecture. 
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2.4.Data Communication 

Although the available computing power is comparable to that found on grid/cluster 

infrastructures, cloud providers still have a long trail to achieve the performance of this solutions. 

This seems to be especially true when talking about communications, which according to [1] are 

the bottleneck for scientific cloud executions. Parallelization schemes often require data sharing 

between processes executing on different machines. Cloud infrastructure providers usually do 

not offer a dedicated data link or any guarantees regarding network throughput. This means that 

a scientific app running in cloud, now has some limitations regarding the amount of data to 

communicate, while maintaining the required performance. 

 

2.5.Costs 

Scale economy is the biggest driver for cloud computing. The low costs at which providers can 

acquire and maintain large datacenters at geographically separate locations, is the reason behind 

the technology success [2]. The idea of having access to thousands of servers just with a credit 

card and with no initial acquisition costs is simply amazing. 

 

Small and medium sized research groups almost always work with a small budget. An in-house 

infrastructure solution means that a great portion of the money that was destined to buy 

investigation equipment and finance their work, now sits in a room full of servers that are not 

always used. Also, although some researchers are comfortable working with cluster 

configuration, parallelization, and computer programming, that is not the case for all of them. 

This lack of expertise means they have to pay a qualified professional to handle all the initial 

configuration and maintenance of their infrastructure. 
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2.6.Security and Reliability 

One of the main concerns for these large scale infrastructures is security. It is a common practice 

to share computing resources among scientists inside the same research group and with outsiders. 

Despite this shared environment, research work needs to remain confidential during its 

development, sometimes because of applicable legislation, until the scientist decides it is camera 

ready. Having this in mind, words like authorization, authentication, confidentiality, and 

accountability appear right away. 

 

Together with a secure environment, scientific executions require a highly reliable platform. This 

is especially true when considering that some computations can take weeks or even months to 

complete. Losing a month work just because of a server failure is simply not an option. This 

means that a platform for scientific executions must have the adequate mechanisms to support 

these requirements. 

3. Related Work 

Approaches such as desktop grids and volunteer computing systems like BOINC [3], OurGrid 

[4], Integrate [5], and UnaGrid [6], have laid the bases to allow scientists to take advantage of 

large computing capabilities. Throughout these kinds of solutions, researchers are able to access 

high performance platforms to run their workloads. However, the technical effort required to run 

a defined workload under such conditions, is generally too high for an individual researcher with 

a tight schedule. 
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Recent developments in cloud computing solutions have aroused the interest of the scientific 

community. A lot of effort has been put to achieve traditional cluster/grid performance in cloud 

environments. Results from important research projects such as the Magellan report [7] have 

shown that cloud computing can fit scientific requirements under certain circumstances. Despite 

this, the technical complexity of the configuration process is still very high. 

 

Projects like the NGS Portal [8] have strived to integrate domain-experts knowledge into 

preconfigured application templates that are ready-to-run. Some important developments around 

private cloud infrastructures and scientific workflows integration such as Opal2 [9] and 

SciCumulus [10] have been made. Under this approach, a researcher is responsible for wrapping 

a scientific application in a preconfigured virtual machine or script. Although packaged VMs can 

be deployed automatically according to user requirements, administration problems come right 

away when the number of supported application increases and constant updates are necessary. 

This can be the case for example with the SCaaS project [11]. 

 

There is also some work on an infrastructural level. IaaS solutions like OpenNebula [12], 

Eucalyptus [13], and Nimbus [14] offer a configuration environment especially designed for 

common scientific requirements. In this case, scientists that want to use these kind of solutions 

need to be able to properly install and configure their own applications. There are also some 

upper level commercial offers like Cyclone [15] or SBGenomics [16], where users can have 

access, in a SaaS model, to some commonly used applications like Hmmer [17], Blast [18] or 

Gromacs [19]. These projects were built having in mind some general needs, making 

customization a complex process that depends on a personal contact with the suppliers. 
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Different projects have focused on benchmarking conventional scientific solutions and 

workflows in both private and public cloud environments. Some studies have shown, for 

example, that a typical configuration in an IaaS provider like Amazon EC2 can be significantly 

slower than a modern High Performance System, especially when it comes to communication 

[1]. Despite this, it has been shown that research teams will adopt cloud computing over the next 

few years, and in the meanwhile cloud providers will likely improve their offer over important 

factors like costs, networking, administration and elasticity [20].  

 

Finally, it is worth mentioning some SaaS solutions that developed interesting models at an 

enterprise level. Among the most important ones Salesforce [21], ZOHO [22], and 

SuccessFactors [23] allow a wide variety of users to access complete business functionalities 

with low effort and at minimum costs. This way, small and medium sized companies can benefit 

from solid solutions that fit their budget. e-Clouds proposal is based on an integration of the 

ideas developed under some of these projects, to meet the scientific requirements mentioned 

before. 

 

4. e-Clouds Architecture 

4.1.Overview 

e-Clouds is an effort to create an easy to use SaaS marketplace for scientific applications. As part 

of the initial proposal, the e-Clouds team will be in charge of supporting all the IT related tasks, 

including designing and maintaining the platform execution. The target customers are 
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researchers that will process their data in the e-Clouds platform. For the first version of the 

project researchers will be able to store their data on e-Clouds and perform executions using a set 

of defined applications. 

 

Initial tests to the proposal have been performed with research groups from the Humboldt 

Institute for Biological Resources [24]. Feedback received is being incorporated into a second 

version of the project, while looking for other research groups as early adopters. Throughout the 

following sections, some examples will be shown by using a study case with a custom version of 

the Maxent software [25] for species habitat modeling. Maxent receives a file with the 

coordinates where the species actually live and it generates a complete map that predicts 

alternative environments for this same species. 

 

The general architecture for the e-Clouds solution is presented in Figure 1. As presented, three 

basic components make up the proposal:  the infrastructure provider (a public IaaS), the backend 

for jobs scheduling and control, and the frontend that supports administration and user 

interaction. All the information regarding the users and their activities in the platform is stored 

inside a relational database. The communication between these components is made through a 

queuing service and the database records. 
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Figure 1: e-Clouds general architecture 

At first a user registers in the e-Clouds web portal, pending for approval. After administrator’s 

approves registration, he will be able to access his private workspace through a 

username/password combination. When logged in the application, a user can: manage his data 

(files and folders), launch and monitor the status of his executions, and check his current account 

balance according to the costs of storage, computing and communications. 

 

A resource manager in the backend is in charge of controlling the cloud infrastructure according 

to the defined events or user actions. When a user launches, cancels or modifies an execution, the 

web portal sends a request to the resource manager which effectively takes the corresponding 
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actions using the IaaS API. All actions inside the platform are stored as events in the database as 

they can impact the execution total costs and serve for accountability. 

 

The supporting platform for e-Clouds is based on three main elements: a standard Linux machine 

image, a reliable queuing service and a scalable storage service. The Linux machine is specially 

crafted to execute certain boot steps when launched. Particularly, a machine, once started is 

required to download the latest update of an agent program. This agent is in charge of executing 

and monitoring the jobs assigned to its particular machine inside the cluster. 

4.2.e-Clouds Backend 

4.2.1. Data Management 

A key to achieving high performance in scientific workload executions is an efficient 

management of data. For e-Clouds particular case, it is possible to differentiate between four 

types of data: User files, transactional data, inter-node messages and local data. The first two 

data types are required to be somehow persistent over time. The other two are associated to a 

defined execution and they are only valid in the context of that execution. A description of the 

proposal to handle each data type is included in the following sections. 

 

e-Clouds users can store, manage, and share their personal files within the platform. This 

includes being able to organize them in a file system, with a directory structure, and generating 

publicly accessible URL’s for each one. To address these needs, the files reside in the storage 

service provided by the public IaaS and the corresponding metadata are stored in a relational 

database. Every execution input and output files will be stored as part of these e-Clouds file 

system. 
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4.2.2. Resource Manager 

Resource Manager (RM) is the piece of software if charge of job scheduling and cluster control. 

It has the responsibility of starting and stopping new machines on-demand, taking into account 

the pending jobs. It assigns a certain amount of workload to each machine, in an effort to 

minimize the total costs and time. Additional to the management functions, the RM serves as a 

central communication channel between the frontend and any machine in a cluster. 

 

4.2.3. Queues for Asynchronous and Scalable Communications 

Due to the dynamic and flexible scaling of the cloud infrastructure, communication between 

cluster nodes and other e-Clouds components is achieved through the use of queues. These 

queues will be accessible from all components in the architecture and will offer a reliable and 

scalable asynchronous messaging system. An important benefit obtained with the use of queues 

is the possibility to buffer user jobs. 

 

4.2.4. Agent in processing machines 

The agent is a control program that resides in every machine that runs as part of an e-Clouds 

execution. It is in charge of managing the local job executions and communicating a machine 

with the resource manager. As part of its responsibilities it handles app installation and 

configuration, launches assigned jobs, and monitors the overall execution progress 

communicating any updates. 
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4.2.5. Billing  

A billing system is included to provide information about the cost of the consumed resources. An 

event based approach is taken to calculate resource usage for the current period. This means that 

the system is capable of tracking each event that somehow impacts on the total costs and record 

the pertinent information. Metrics such as machine hours, data transfer to and from external 

sources, and the amount of stored information, are part of the accounting process. The 

conversion logic between the IaaS provider and e-Clouds pricing schema, is also included. 

 

4.3.e-Clouds Frontend 

4.3.1. For Researchers 

Researchers and e-Clouds administrators can access a complete set of services via a web user 

interface. The web portal is the point of entry for users, by allowing them to administer their 

personal workspace. In particular, registered users are able to submit and monitor jobs, upload 

and delete files and folders, check execution results, and track their periodic usage of e-Clouds 

resources. Web portal aims to provide a simple tool for the e-Clouds user, by hiding the 

underlying complexity of cloud administration. 

 

4.3.2. For e-Clouds Administrators 

The web portal mentioned above also includes an administration panel for the e-Clouds team. 

Administrative users are able to manage users, stored files, security permissions and check the 

event log to track the overall system activity. New applications are configured through the web 

administration panel, by describing their basic characteristics including inputs, outputs, and 

associated restrictions. The administration panel adapts dynamically to the application 



16 

  

description, and presents the relevant options to the end user. 

5. e-Clouds Implementation 

Throughout the next sections, the most important implementation details will be presented. They 

cover each one of the architectural decisions mentioned above, and include the particular 

technologies used. 

5.1.e-Clouds Frontend 

e-Clouds front end is designed to hide the underlying complexity of infrastructure configuration, 

while allowing users to control the most important aspects of a scientific workload execution. To 

effectively achieve this, the web portal was built with the Ruby on Rails framework, which is 

certainly gaining more popularity among developers. Traditional web application functionalities, 

including user management, file handling, and visual design, are built on top of some popular 

third party libraries (gems). For example, administration panel was developed by using the 

Active Admin gem [26] which allows a fast buildup of dashboards and control features, based on 

the model definition. 

5.2.e-Clouds Backend 

5.2.1. Data Management 

5.2.1.1.User Files and S3 files storage 

Amazon's Simple Storage Service is, as its name implies, an easy to use web accessible storage 

solution. S3 users can manage files with sizes ranging from 1 byte and up to 5 TB through SOAP 

and REST API’s. Downloading is possible through HTTP and Bit Torrent protocols. The 

information stored in S3 will be replicated by default to AWS content distribution networks in 

multiple continents, with a guarantee of 99.999999999% of durability. 
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As part of the e-Clouds initial version, users are able to store and manage their own files. These 

files can be used as inputs for a defined application execution or they can also be the results 

(outputs) of this same application execution. Having this in mind, a user should be able to handle 

its data much in the same way as a he does with his local computer. This means, being able to 

organize files into folders, create, delete, download, and check their associated metadata.  

 

AWS S3 service does not provide a complete directory structure that can be used to fulfill the 

requirements stated above. This means that e-Clouds platform should provide an abstraction 

layer that allows a user to effectively manage his data. As shown in Figure 2, a simple objects 

model relating files, directories and users was created to solve this problem. 

 

Figure 2: File system model 
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As part of the model, directories are logical entities that provide file organization. Each directory 

can have files or subdirectories (children) associated. Files are stored in S3 inside defined 

buckets and folders. Each file object is aware of its physical location in S3 and also knows its 

parent directory. This way, the web application is capable of handling an organized file structure 

and it is also possible to manage a first level of authorization, by associating a file to a single 

user (its owner). As shown in Figure 3, additionally to the data model, a file browser set of views 

was necessary to facilitate user interaction. 

 

Figure 3: File system web GUI 

5.2.1.2.Transactional Data 

As part of e-Clouds solution, there is a central database management system for storing data 

related to transactions. This includes but is not limited to basic data like user profile, security 

associations, resources usage, S3 files metadata, applications, and of course, user executions. 

Besides applications and executions information, the database contains what is expected to be in 

a standard web application. Database connections can only be established by the web portal and 

the resource manager, in order to enhance security and make the administration (updates, tests, 

etc) easier. 
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5.2.1.3.Local Storage 

Local storage main purpose is to store execution related data in each cluster machine. It is 

primarily used as a low latency (and cost) storage for installation files, libraries, input files, and 

execution results. All information that resides in local storage is considered ephemeral, so every 

time an execution finishes, output files and logs should be uploaded to S3 and indexed in the 

transactional data. Everything else that is on a local storage will be erased once a machine shuts 

down. 

 

5.2.2. Queue Messaging 

Reliable message queues are the main communication channel between the different components 

that make up e-Clouds. At this first version AWS Simple Queue Service (SQS) is used. Figure 4 

shows how the information flows between the queues and the corresponding communicating 

entities. It is important to note that there are two main, always on queues: pre-scheduling and 

scheduling queues. Also there is one additional queue for each user execution and it is used 

mainly for job assignment. It is created when execution is launched and destroyed when it 

finishes. 
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Figure 4: Queue communication sequence 

 

Pre-scheduling queue communicates messages that come from the web portal, to and from the 

resource manager. Scheduling queue has the initial messages that go from the resource manager 

to all the machines in a cluster and receives state updates from these same machines. At last, 

execution specific queues are used to assign pending jobs to the associated machines. 

 

5.2.3. App install and configuration 

Scientific application installation and configuration is the core backend process for e-Clouds 

project. As project main objective is to support multiple heterogeneous apps for different 

disciplines, it is a challenge to establish a uniform general process for this. The proposed solution 

is based on Linux shell scripting and an object model including applications commands, inputs, 

and parameters. 
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An execution starts with a standard x64 Debian based Linux machine image. Depending on the 

application selected by the user, a specific script is downloaded and executed on clean machine 

based on the mentioned image. This way, the complexity of multiple virtual images 

administration becomes a simple script management process. 

 

5.2.3.1.Shell scripts 

As deployment platform relies on a Linux based image, shell commands are a simple choice for 

application installation and configuration. Each time a new app is uploaded a shell script is 

required, this way the installation process is automated, but the complexity of this process is 

separated from the other e-Clouds components. A basic checklist of what an script like this, 

should have to be e-Clouds compatible would be the following: 

OS and environment: This initial step involves configuring the requirements at operating 

system level. This means creating the required users, files, folders, etc., configuring the 

environment variables and setting up general security. 

External dependencies: This step installs the different application dependencies. This might 

include libraries, compilers, and other applications. It is important to consider the specific 

versions that are required, so that the application works correctly. 

Installation files: It is of course necessary to download and process all the installation files that 

make up the application itself. In some cases this means downloading source code and compiling 

it each time. Again, it is important to consider version management in order to obtain the 

expected results. 

Data files: These files can be considered as part of the installation files. In scientific applications 

is common practice to have large databases that contain information to be used within 
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executions. Although this files version might change, they are usually static and common to all 

executions, so they cannot be set by the user as actual inputs. 

 

In Figure 5, a sample script for installing the custom version of Maxent is shown. As shown, it 

uses Ubuntu package manager (apt-get) to install some packages. Also, it processes some files 

using R language functions. 

 

Figure 5: Custom Humboldt Maxent script 

5.2.3.2.Parameter description 

A simple model to describe application inputs was proposed as part of the e-Clouds solution 

(Figure 6). In this model an application can have many inputs associated, and these inputs will be 

instantiated with a value for every execution.  Scientific applications can have basically two 

input types, a string or a file. A third special input type is an e-Clouds directory so that all files 

within that directory are considered inputs and multiple jobs are generated.  
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Figure 6: Application inputs and executions model 

At the presentation layer, a user is able to assign input values for an specific execution in three 

basic ways: 

- Enter a string in a defined text field. 

- Select a file from its workspace. 

- Select a directory with at least one file from its workspace. 

 

Once an execution is launched, application inputs are used to generate an execution command by 

concatenating all the values set by the user and the predefined ones, preceded by the appropriate 

prefixes. An example of such command can be found in Figure 7. As seen, each input file must 

first be downloaded from its physical location in S3 so that it can be used locally by each 

machine in a cluster. The exact filename is part of the final execution command. 
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Figure 7: Execution command example 

5.2.4. Scheduling 

One of e-Clouds main principles is to take advantage of the scientist experience, especially when 

it comes to estimating the execution time for a certain workload. Based on this, the general 

scheduling process is as follows: 

 

1. When a new application is configured to be part of e-Clouds, the uploader defines an 

estimation of the average execution time and suggested machine technical specifications. This 

will be the default configuration to run a scientific workload with that application. It is important 

to note that the uploading process must be accompanied by a domain expert, with previous 

experience on the particular application. 

2. Each time a researcher launches a new execution, he is able to change the default values 

mentioned above. This takes into account the researcher's knowledge regarding the amount of 

work he is sending. The value specified for the execution time is not a limitation, nor a guarantee 

of the real time the execution could take to finish. Also, the researcher is able to specify, based 

on the cloud offer, under which machine specifications he wants to run his own execution. This 

way he is able to obtain from e-Clouds platform a gross estimate of the execution total cost. 

3. Once an execution is launched, the scheduler takes into consideration the application inputs 

and the current configuration to decide the appropriate cluster configuration. In a general way, 

the basic decision process is shown in Figure 8. 
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Figure 8: Schedulling initial process 

 

 

The overall scheduling process is designed to optimize the resource usage so that total cost is 

minimized. To illustrate this, suppose an IaaS provider charges per hour or partial hour of 

computing usage. An e-Clouds user starts an execution of a certain application with 5 different 

file inputs, which are totally independent from each other. The current estimation indicates that 

the average processing time for each file will be 15 minutes. Considering this, the selected 

approach for tasks division is: 

-Launching two processing nodes. 

-Processing files 1 to 3 in node A and files 4 and 5 in node B. 

-Total processing time will be 45 minutes, which is the maximum between node A and node B 

total time. 

It is important to note that the total execution time could be reduced in this case by launching one 

machine per file, but that decision would imply a considerable cost increase. 
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5.3.e-Clouds IaaS Provider 

One of the main goals for e-Clouds is to support multiple underlying infrastructure providers. 

This means that the user would be able to choose between different alternatives and select the 

one that best fits his needs. Because there are not well defined standards among cloud suppliers, 

this platform independence requires some extra development work from the e-Clouds team and 

that is why this first version release supports just one of them. Taking all this into account and 

with the objective of launching a first version as soon as possible, e-Clouds team selected 

Amazon Web Services and Heroku for the initial testing. 

 

Amazon Web Services has consolidated as one of the biggest and most complete public clouds 

offering IaaS. Its low prices and the flexible resource configuration are ideal for an initial testing 

of the e-Clouds ideas. Also, because of its large number of users and success cases, there is 

complete documentation available, regarding performance benchmarking and testing under high 

performance scenarios [27] [28]. 

 

Heroku is a cloud Platform as a Service (PaaS) offer for fast and simple deployment of web 

applications. It actually supports Ruby, Node.js, Clojure, Java, Python and Scala applications. As 

part of its proposal, Heroku has a free usage tier specially designed for developers. This free tier 

allows users to run testing environments in a basic configuration of one web server and a SQL 

database. Deployment can be easily done through a Git repository configuration and a set of 

command line tools. 
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Figure 9: e-Clouds actual deployment 

As shown in the Figure 9, e-Clouds web portal and resource manager are initially deployed in 

Heroku for ease. This includes the presentation layer developed under Ruby on Rails and the 

relational database running in PostgreSQL. On the other hand, AWS is used to run scientific 

workloads, store user files, and communicate information through reliable queues. A more 

detailed description of each one of these components can be found later on this chapter. 

 

5.4.Monetization 

As in any cloud solution, there is a cost transference between the infrastructure usage and the 
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service delivered. During this initial phase, e-Clouds only charges each individual user, by the 

different resources he effectively consumed, including storage, computing hours and 

communication. Although the total cost of an execution depends on these three basic factors, the 

charging model for each one of them is slightly different. 

 

5.4.1. Storage Cost 

User pays at the end of each month for the maximum amount of data that he stored during that 

period of time. For simplicity, the minimum charging unit is the gigabyte, so everything below 

that just rounds up. The formula for calculating total storage cost is then really simple: 

Total storage cost = (max. # of gigabytes stored) * (cost per gigabyte) 

 

5.4.2. Computational cost 

Following some providers trend (including AWS), the computational resources are charged on 

an hourly basis. This means that every hour or partial hour that a machine is working on a 

particular execution, the user who launched that execution will have to pay a fixed amount. The 

hour rate varies accordingly to a machine technical specifications, namely more power means 

more money. Considering this, the formula for charging computational resource usage is the 

following: 

Total computational cost = (Total # of machine hours per execution) * (Hour rate depending on 

machine size) 

5.4.3. Additional costs 

e-Clouds proposal includes an additional fixed rate for data communication and queue resource 

usage. This includes the cost for traffic to and from the machines and the costs associated to 
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queue service. Every user should pay the same fixed rate for each new execution launched on e-

Clouds. This way the total additional cost would be calculated using the following formula: 

Total additionals = (# of executions) * (fixed rate for an execution). 

 

There are two main reasons behind the decision of leaving these additional costs as a fixed rate. 

The first one is that for most cloud providers, communication costs are almost insignificant 

compared to those of storage and computing. This is not true for all cases, but experience with 

some scientific applications show that it somehow follows in general. The second reason for this 

management decision is that it can be complex to account for all communication processes that 

happen in a machine. This complexity has an impact not only in the e-Clouds daily operation, but 

also on the development of new functionalities. 

6. Results 

Several tests were made to get an idea of the cost and time relationship under an AWS platform. 

Different instance types were used to check the performance under different technical scenarios. 

In particular, in AWS jargon, the following instance types were used: c1.medium (2 Cores 2,5 

EC2 Units, 1.7 GB RAM, moderate I/O performance) and c1.xlarge (8 Cores 2,5 EC2 Units, 7 

GB RAM). The instance selection resembles the machine specifications of a private cluster 

where some analyses were executed. 

 

A custom version of Maxent, built using an R script, was used to perform the testing. This 

version is already configured as an e-Clouds application, accessible by all users. As shown in 

Figure 7: Execution command example it depends on the packages dismo, maptools, sp, rJava. 

Three files are received by this application as parameter; the first is an input R script, which 
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contains the R commands needed to analyze the data. The second is a stack file which contains 

different layers with characteristics of Colombia such as temperature, humidity, altitude, etc. The 

third file contains the coordinates where a certain species has been spotted in Colombia. All the 

input files needed where previously uploaded to the S3 based e-Clouds file system under a user 

account. 

 

Earlier, to execute the application, clusters were deployed in the university campus consisting on 

virtual machines using 2 cores of an Intel Core i7 processor and 8 GB of memory. In that 

execution, the files were stored in a NAS server. Similar jobs had been executed using the same 

input files used for the tests in e-Clouds. With these cluster the average execution time for each 

job was 18 minutes. 

 

As previously explained, the execution parameters are based on an initial time estimation made 

by the application configurator. The selection of these parameters affects other parameters such 

as the total cost of the execution, and the total time that it takes to finish. A user is capable of 

including its own estimation, based on his knowledge of the application and the data to be 

processed. The system recalculates the total costs and time when the parameters are changed.  

 

  Approach 1: Reduce Total Execution Time Approach 2: Reduce Costs 

Number of Species 2 4 8 16 32 2 4 8 16 32 

Number of VMs 1 2 2 4 8 1 2 2 4 8 

VM Type c1.xlarge c1.medium 

Cost per Hour (USD) 0,66 0,17 

Average install time (min) 2,27 2,32 2,13 2,17 2,08 2,52 2,72 2,50 2,25 2,33 
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Average time per job (min) 10,50 10,85 10,59 10,08 10,10 15,50 15,65 14,30 14,10 14,65 

Total execution Time (min) 24,77 29,10 49,63 47,12 55,08 38,95 38,58 66,78 66,90 73,90 

Used computing hours 1 2 2 4 8 1 2 3 6 10 

Processing costs (USD) 0,66 1,32 1,32 2,64 5,28 0,17 0,33 0,50 0,99 1,65 

Cost per species (USD) 0,33 0,33 0,17 0,17 0,17 0,08 0,08 0,06 0,06 0,05 

Jobs per VM 2 2 4 4 4 2 2 4 4 4 

Table 1: Initial test results 

 

Two different approaches were used: the first one seeks to minimize the total cost of the 

execution, and the other seeks to minimize the execution time. Previous estimations of the 

required time for a particular job execution to complete were made. The total execution time is 

calculated by multiplying the number of jobs by the expected time per job in minutes. Table 1 

shows the results of the execution times and costs using different numbers of species. 

 

The Average Installation time refers to the time spent on the application installation process. 

This process is only carried out once per machine and execution. The results show that the 

application install can be done on demand without affecting significantly the total time. It can 

also be seen that the times obtained from the earlier executions under private cluster 

environments, are similar to the execution in AWS. It is important to note that using a storage 

system like S3, scales up adequately, since the execution time is not affected by the number of 

machines.  

 

Finally it can be seen that the approach where the total execution time is reduced, has a 

significantly higher cost than the other one, without reducing the total time in the same 

proportion. This means that it can be better to wait a little bit longer for an execution to 
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complete, seeking to relief the final costs. 

 

7. Conclusions and Future Work 

Scientific cloud computing is still in its early age. Nevertheless, the academic community and 

commercial providers are making important efforts toward this. New projects combining public 

clouds and traditional cluster/grid approaches will appear over the next few years. Of course, as 

cloud providers increase their capabilities to overcome the actual obstacles, new problems and 

challenges will appear. This is not only true from a technical perspective, but also from an 

economical and cultural point of view. 

 

A proposal for a scientific SaaS marketplace has been presented throughout the whole chapter. 

The most important architectural elements were described in addition to a brief overview of the 

work done so far in the e-Clouds project. The solution presented is based on the utilization of the 

resources provided by a public IaaS infrastructure, allowing small and medium sized groups to 

access on-demand ready to use applications, while getting benefit of the scale economies. 

 

The work done so far covers the fundamental aspects of a solution of such nature. The design 

decisions taken so far, aim toward a functional and simple solution to the requirements 

mentioned at the beginning of this chapter. Additional work needs to be done to cover potential 

flaws and support more complex scientific applications. Further testing is required to adapt the 

solution to changing requirements and diverse research group’s needs. 

 

Future plans for the e-Clouds project include the implementation of new features to favor 
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collaboration among researchers and results validation. This way the platform can become part 

of scientific day to day work. Additional to this, new applications with different technical 

requirements will be tested, including large scale and long lasting executions. In this respect, 

there is some pending development regarding reliability and error handling.  

 

Although the resource manager is capable of handling a minimum degree of parallelism, several 

improvements in both the front and back end need to be done to support the execution of highly 

parallel applications (e.g. MPI, GPU), with an effective resource management. Together with 

this, additional work is required to support application workflows transparently. Some already 

existing alternatives are being considered to support these requirements. 

 

Finally further optimization of resource scheduling is required in order to apply data mining 

techniques to estimate execution time and cost, and take advantage of residual time of clusters 

and virtual machines. Although there is an important challenge in proposing a general solution, 

some opportunistic ideas are applicable to the e-Clouds scenario.    
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