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Cloud Computing: A new beginning in Scientific Computing
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Abstract: With the development of multicore processors,udlization, distributed storage and automated
management, a new type of computing mode namedl @omputing is produced. It distributes computation
task on the resource pool which consist of massiwmaputers, so the application systems can obtan th
computing power, the storage space and softwaréceeaccording to its demand. It can concentratehal
computing resources and manage them automaticgllyhé software without human intervention. Cloud
Computing is one contemporary technology in whiekearch community has recently embarked. Scientific
computing requires an ever increasing number afuregs to deliver results for ever growing probkEres in
reasonable time frame. Cloud computing proposealtennative in which resources are no longer hosted
researcher’s computational facilities, but are ddagrom big data centres only when needed. Thedclou
computing paradigm holds great promise for theqrarance hungry scientific community.
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Cloud computing is a new type of computing modadigtributes computation task on the resource
pool which consists of massive computers, so th@icgiion systems can obtain the computation
power, the storage space and software service dingaio its demand. This kind of resource pool is
called “cloud”. The Clouds are some virtual compiota resources which can be maintained and
managed by them, usually they are some large-smaleer clusters, including calculating server,
storage server, the broadband resources and sdClond computing can concentrate all the
computing resources and manage them automatitabiygh the software without intervene.

Characteristics of Cloud Computing
Five characteristics of cloud are;

* On-demand self-service: Computing capabilities lsarprovided to a customer according to
the requirement of the user. Capabilities like ager and server time are allocated without
human interaction.

« Broad Network access: Using standard mechanisnesclibud can be accessed through
network using thick or thin clients. Examples ot thlients are tablets, laptops, mobile
phones and workstations.

« Resource pooling: In the multitenant model, thegoting resources are pooled to provide
service to multiple consumers. The computing resesircan be present anywhere
geographically and the exact location of resours@®t known to the user.

« Rapid Elasticity: Depending on the user requiremdrd capabilities and resources in the
cloud can be released and provided automatically.
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e Measured Service: The services provided to the areemeasured by the cloud system and
are reported to the user and the provider. Basethertype of service, the cloud system
optimizes and controls the resource use by a meteapability.

Service Forms of Cloud Computing
Cloud Software as a Service (SaaS):

SaaS is a software delivery model providing actesapplications through the internet as a web-
based service. Applications are built to be acbés$d multiple users through a web browser.

Characteristics of SaaS:

» The software is made available through the Internet
* The Software is maintained by the service provider.
* The license to the software is based on subsanijgtiaisage and billed on a recurring basis.

» Zero maintenance is required at the end-user sidehance SaaS applications are very cost
effective.

» Software is available on demand and can be scale@shd down according to the demand.
» Software is upgraded and updated automaticallyadswsupports multitenancy.

GoogleApps, Oracle on Demand, SalesForce.com ahdA2Q@re5 are some of the examples of SaaS.
Cloud Platform as a Service (PaaS):

PaaS solutions constitute the middleware on togwbich applications are built and provide a
development and deployment platform for runningliappons on the cloud.

Characteristics of Paas:

» Built-in security, scalability, and web servicedrfaces are provided by PaaS.

» Built-in tools for defining business rules and defg workflow and approval processes are
provided by PaasS.

» Integration of applications with other applicatiarsthe same platform is easy.

» PaaS provides web services interfaces which engble connect the applications outside the
platform.

Force.com, Google AppEngine, Windows Azure PlatfodoGrid Cloudcenter are some of the
examples of PaaS.

Cloud Infrastructure as a Service (laaS):

laaS solutions are most popular and developed magiggnent of cloud computing. laaS solutions
bring all the benefits of hardware virtualization.

Characteristics of laaS:

* laaS provides virtual machines with pre-installgze@ting Systems.

* Resources are available On-demand.

* laaS allows storing copies of data in differentloans.

» The computing resources in the cloud can be ess#lied up and down.

Examples of laaS providers include Amazon ECC, bptas, GoGrid, Flexiscale, Linode,
RackSpace Cloud, Terremark.
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Cloud Deployment Models
The four common deployment models are as follows:
Public cloud

The cloud infrastructure is owned by the cloud merprovider. The cloud infrastructure exists ia th
premises of cloud provider. General public or gdaindustry group can access the cloud services for
usage, on a pay according to usage method. The aserallocated the resources in the cloud on-
demand. The resources are provided on a dynamis lbasr the Internet. Small and medium
enterprises (SMES) benefit to great extent frommgigiublic clouds. Advantages of Public clouds are
location independence, cost-effectiveness, reitgpifflexibility, utility style costing and high
scalability. Disadvantages are low security and tstomizable.

Private cloud

The cloud infrastructure in a private cloud is @ped solely for an organization. It can be managed
by the organization itself or a third party. Thevate cloud can exist on premises or off premises.
Advantages of private clouds are higher security mnore privacy, more control, cost and energy
efficiency. Disadvantages are limited scalabiliyedto limited resources, inflexible pricing and
private cloud is limited to a particular area.

Hybrid cloud

The cloud infrastructure in a Hybrid cloud is a @msition of two or more clouds (private,
community, or public). Each of them remain as ugigutities but are linked together by standardized
or proprietary technology. This technology enaldaeta and application portability. Advantages of
Hybrid clouds are scalability, flexibility, costfefiency and security. Disadvantages are networking
issues and security compliances.

Community cloud

The cloud infrastructure in a community cloud isugld by several organizations which have shared
concerns (e.g. mission, security requirementscpolind compliance considerations). It is generally
managed by the organizations in the communitythird party and can be present either on-premises
or off-premises. Advantages of Community clouds thed they are secure than public clouds and
sharing of resources among several organizatioissdantages are that it is less secure than privat
cloud and requires governing policies for admiaisn.

Key Technologies of Cloud Computing

Cloud computing systems use many technologies, bfctw the programming model, data
management, data storage, virtualization are tiigda@hnologies.

Virtualization

Virtualization is a method of deploying computirgsources. It separates the different levels of the
application system including hardware, softwardadaetworking, storage and so on, breaks the
division among the data center, servers, storaggyanking, data and the physical devices, realize
dynamic architecture, and achieves the goals ofagiag centralized and use dynamically the
physical resources reducing the risk of managemienthe cloud computing environment, all

virtualization solutions are system integrationusohs including servers, storage systems, network
devices, software and service. They include mutiplyers of virtualization technologies such as
hardware virtualization, network infrastructuretwalization, application virtualization and desktop
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virtualization, and combine several layers flexilidy realize the different models of virtualization
solutions according to the application environment.

Mass Distributed Storage

In order to ensure high credibility and economypud computing adopts distributed storage to save
data, using redundancy storage to ensure the it#jiadf stored data and using high credible softeva

to make up the incredibility of the hardware, tliere providing the cheap and credible mass
distributed storage and computing system. The skat@age system of cloud computing are Google
File System (GFS) and Hadoop Distributed File SystdDFS) which is developed Hadoop team.

« GFS

GFS is a distensible distributed file system. luged in large and distributed applications
which need to access mass data. The designingoglealf GFS is different from the

traditional file system, which is designed for dilegllarge-scale data and the application
property of Google. It runs on the cheap and comimmardware, but it can provide fault
tolerance function. It can provide high-performaseevice to a great deal of users.

. HDFS

HDFS is a distributed file system which is applieato running on commodity hardware. It is
very similar to the existing distributed file systebut also with a significant difference, for
example, HDFS is highly fault- tolerant and it cam on the cheap hardware; HDFS can
provide data access with high throughput, so itliappio the application of large-scale
dataset.

Parallel programming model

To enable users efficiently to use cloud computagpurces and more easily enjoy services that cloud
computing brings about; cloud computing programmingdel must make task scheduling and
parallel execution transparent to users and promenst Cloud computing adopts MapReduce
programming model, which decomposes the task intltipfe subtasks, and through two steps (Map
and Reduce) to realize scheduling and allocatiothénlarge-scale node. MapReduce is a parallel
programming system developed by Google. It putalf@ism and fault tolerance, data distribution,
and load balance in a database, and all the opesatif data are summarized in two steps: Map and
Reduce. MapReduce is mainly used in mass data ggioge One of the features of the task
scheduling strategy is scheduling priority the tds& node which the data belong. This kind of
scheduling scheme which is based on data positiahles Map tasks to read and process data locally
when the worker node which request task savesateergeding to process, thus reduces the network
overhead and improve the performance of the system.

Data management

* Cloud computing needs to process and analyze mabgliatributed data, therefore, data
management technology must be able to efficienthhage large data sets. Cloud data
management offers potential benefits such as spgedp technology deployments and
reducing both capital expenditures and system m@aamice costs

Few Cloud Projects in Scientific Computing

1. LHC project: Using the world’s largest, most complex scieatifnstruments, CERN
continues its study of the most basic element dfanae higgs bosorthe raw data per event
is around one million bytes (1 Mb), produced aat@ 1of about 600 million events per second.
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That computational power at CERN is delivered tlgtodfour cloud environments the
Organization’s IT team created using OpenStack sthte of open source cloud software.

2. Cloud Enabled Space Weather Platform (CESWP): The purpose is to bring the power and
flexibility of cloud computing to space weather plojsts. The goal is to lower the barrier for
the physicists to conduct their science i.e, toeriakasier to collaborate with other scientists,
develop space weather models, run simulations upsodisualizations and enable provenance.

3. Rapyuta: The RoboEarth Cloud Engine is an open source Phaths-a-Service (Paas)
framework designed specifically for robotics apations. It helps robots to offload heavy
computation by providing secure customizable coimguénvironments in the cloud. The
RoboEarth Cloud Engine’s nick name is “Rapyutatemthe castle in the sky inhabited by
robots featured in the Japanese movie Rapyutatpeting environments allow robots to
easily access the RoboEarth knowledge repositoyrth€rmore, they are tightly
interconnected, paving the way for deployment dbbtdeams.

Cloud computing is a new kind of commercial compgitinodel developed on the basis of grid
computing, public computing and SaaS. It can diste computing tasks to the resources pool
consisting of massive computers, enabling diffeegqlication systems to acquire computing power,
storage space and various software services aogaialineeds. The ultimate goal of cloud computing
is to provide calculation, services and applicatias a public facility
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