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Abstract— To build the productivity of any undertaking, we require a framework that would give high performance along 

adaptabilities and cost efficiencies for client. Distributed computing, as we are all mindful, has turned out to be extremely 

prevalent over the previous decade. Distributed computing has three noteworthy sorts, in particular, cluster, grid and cloud. 

Keeping in mind the end goal to build up a high performance distributed framework, we have to use all the previously 

mentioned three sorts of computing. In this manuscript, we should first have a presentation of all the three sorts of distributed 

computing. In this manner analyzing them we should investigate inclines in computing and green supportable computing to 

upgrade the performance of a distributed framework. At last introducing the future degree, we close the manuscript proposing a 

way to accomplish a Green high performance distributed framework utilizing cluster, grid and cloud computing. 
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I.  INTRODUCTION  

The manuscript essentially concentrates on the different 

variables that would give high performance computing 

condition in distributed frameworks. High performance 

computing is barely characterized as the improvement and 

utilization of the quickest and most intense computing 

frameworks i.e., potential computing. It covers innovative, 

political and monetary components of the distributed 

computing venture. The significant discoveries and 

suggestions regarding the matter have been outlined in the 

later areas of the manuscript. 

1.1 Cluster Computing 

Up and down the original era of computing, ventures 

recommending enormous estimations and adequate handling 

were reliant on ward or sprinkling corporative. Such 

cumbersome supercomputers and structures were over the 

top for singleton. In spite of the fact that costs of PCs are 

thumbing down, supercomputers are still beyond anyone's 

ability to see. Because of which Donald Becker and Thomas 

Sterling imported Beowulf clustering in1993 which lit off the 

counter PCs, fabricating a cluster that copied lethargic 

supercomputers. The central behind this is to make a 

computing game plan for giving the essential preparing 

power at an ostensible cost. As the hubs are vault of 

processors, security is completely vaporous and thereupon 

sharpness in keeping interconnected systems from outside 

systems administration. Conceding extensive catalyst in 

computing power, clustering unquestionably has hitches and 

reluctances as a similarly brand new innovation. Distributed 

computing regulates to assail a widened circle of clustering 

by allowing the hubs to win everywhere throughout the 

world and furthermore be multiuse machines. Distributed 

computing has an undifferentiated from idea as clustering, 

enabling numerous hubs to deal with substantial issues in 

parallel in the wake of breaking them into littler units. 

Endlessly work units are distributed a few times to an 

excessive number of hubs, controling the probabilities of 

handling slips and describe for preparing done on repetitive 

CPUs. The customer regulates the information resurgence 

and capitulation laps alongside the code fundamental to 

arrange the CPU how to schedule the function unit. 

1.2 Grid Computing 

Amalgamation of PCs from various administrative domains 

to accomplish a middle class objective, begat as grid 

computing, can be mapped to late 1980‟s and mid 1990‟s. 

Appropriation of middleware, programming that partners 

programming peripherals and wander utilities, is an 

overwhelming plan of grid computing to portion and assign 

pieces of a program in the midst of various PCs. It grasps 

calculation in a distributed way, gathering goliath clusters. 

Blending applications on grids can be a convoluted 

employment, primarily while overseeing stream of guidelines 

crosswise over distributed computing resources. Grid work 

process frameworks are refined as an utilitarian type of work 

process administration framework encircled particularly to 

develop and achieve a variety of figuring or information 

taking care of steps. 1.3 Cloud Computing Genesis of the 
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term „cloud computing‟ is questionable, in spite of the fact 

that it sounds to be acquired from the propensity for utilizing 

representations of clouds to symbolize systems. The custom 

of providing food remote association with computing 

movement through systems added to predominant use of this 

inscription. Cloud computing refer to a model of system 

computing where a program or utility executes on an 

associated servers rather than bound computing mechanical 

assembly. Comparing to the customary customer server or 

centralized computer display, a hub partners with a server to 

finish work. 

 

Figure 1:Year wise expansion of Cloud 

The diversion with cloud computing is that the calculation 

might be executed on a solitary or many connected hubs at a 

similar occurrence, applying the thought of virtualization. 

Virtualization enables different servers to be planned and 

distributed among a few independent „virtual‟ servers, 

working independently appearing to the hub to be a solitary 

gadget. These virtual servers are center, extensile, mountable 

and un-mountable, un-affecting the hubs. 

II. NIGGLING SCRUTINY  

2.1 Cluster Computing 

IBM located cluster computing as a substitute to coupling 

pounding centralized servers, to deliver a more gainful type 

of financial liking, in 1960s . IBM‟s Houston Automatic 

Spooling Priority (HASP) framework and its heritor, Job 

Entry System (JES), allowed spread of push to a hub 

produced centralized server cluster. IBM still selects 

clustering of centralized servers through parallel frameworks, 

allowing equipment, working frameworks, middleware and 

framework administration programming to keep up effective 

direct and cost upgrades enabling gigantic centralized server 

clients to seek after executing their present operations. 

Howbeit, cluster computing did not accomplish quality until 

the simultaneousness of three essential bents in1980s to be 

specific, performance microchips, high speed systems and 

standard devices for high performance distributed computing 

. New twisted is the multiplying interest of computing power 

for estimation science and financial utilities, combined with 

the high cost and low openness of traditional 

supercomputers. The advancements in these advances and 

their accessibility make clusters or systems of PCs an 

enticing answer for cost-productive parallel computing. 

2.1.1 ARCHITECTURE  

In Beowulf framework, the utilities never observe the 

computing hub (slave hub) and communication is with ace 

hub as it were. Ace hub is an uncommon machine\system 

which deals with the slave hubs. Ace commonly has just two 

interfaces: one that speaks with the individual Beowulf 

systems and other that is for broadly useful system. Slave has 

their own form of a similar operation framework. It deals 

with its neighborhood memory and circle space. In any case, 

the private slave systems may humungous documents 

containing worldwide information, and can be gotten to by 

slaves if required . A prototype Beowulf form is portrayed in 

figure 2. 

 

Figure 2: Beowulf Contour 

PC clusters exist on discrete physical PCs with same working 

framework. With the onset of virtualization, cluster hubs 

might be executed on a different physical PC with discrete 

working frameworks outlined for all intents and purposes to 

appear to be comparative. The clusters might be virtualized 

on different structures as support happens. 

2.1.2 CHARACTERISTICS  

The high-accessibility and load-adjusting capacity of clusters 

draws in clients and premiums financial specialists. Because 

of minimal effort and versatility they are less demanding to 

deal with and keep up. Omnipresent approach boosts its 

proficiency and performance. As clusters are straightforward 

in plan, each hub can be allowed required consideration, 

consequently, staying away from influences of hub 

disappointments. 

2.1.3 IMPLEMENTATION  

The Linux world backings different cluster programming. 

Linux Virtual Server, Linux-HA-executive based clusters 
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allow passage for administrations to be distributed among a 

few cluster hubs. OpenMosix, Kerrighed, OpenSSI are 

clusters combined into piece that accommodate coordinate 

process exchanges among homogeneous hubs. Microsoft 

Windows Computer Cluster Server 2003 subject to Window 

server stage, licenses parts for High Performance Computing 

like, Job Scheduler and administration devices. A few 

middleware advancements have been worked upon for 

various equipment and programming compatibilities. 2.2 

Grid Computing Grid computing is an embodiment of 

distributed computing. Similarly as web client sees a merged 

example of substance through web, a grid client sees a 

solitary, huge virtual PC. Grid advancements resolve to 

change the route in which complex computational issues are 

handled by associations. Notwithstanding, the aim of vast 

scale asset sharing has not yet been refined in a few ranges. 

Grid computing has built up the field of computing. Begun as 

a venture to interface US supercomputers, Grid computing 

has advanced a long ways past. 

2.2.1 ARCHITECTURE  

Grid computing depends on an open arrangement of gauges 

and conventions which empower correspondence crosswise 

over geologically scattered and heterogeneous condition. 

Case of grid engineering is Open Grid Services Architecture 

(OGSA). Like all other computing, grid design is likewise 

characterized in layers. There are four layers in grid design, 

most reduced being the system layer which interfaces the 

grid assets and highest being the application layer which 

incorporates applications in science, building, business, 

funds and more and additionally entrance and improvement 

toolboxs to bolster the applications. This is the layer that a 

grid client can see and associate with. The application layer 

regularly incorporates the administration product which plays 

out the general administration capacities like following, who 

is furnished with grid assets and who is utilizing them. The 

halfway layer known as middleware layer gives the 

instruments that empower different components to take an 

interest in grid. The middleware layer is some of the time the 

"mind" behind a computing grid . Asset layer is sandwiched 

between the system and middleware layer. This layer 

contains the genuine grid assets that are associated with the 

system. This has been portrayed pictorially in fig 3. 

 

Figure 3: Grid Architecture 

2.2.2 CHARACTERISTICS  

Grid framework represents assets that are not subjected to 

unified control by coordinating assets and clients in various 

control areas. Worked from multipurpose conventions and 

interfaces that address issues like verification, approval, asset 

revelation and asset get to, grid utilizes standard, open, 

broadly useful conventions and interfaces. Grid allows its 

constituent assets to be utilized as a part of an oversaw 

approach to convey different nontrivial characteristics of 

administration. Grid applications have basic prerequisites 

like, dividing of utilizations to break the issue into discrete 

pieces, undertaking and work process disclosure and 

planning, disseminating the information where and when it is 

required, provisioning and circulating application codes to 

particular framework hubs, result administration to aid the 

choice procedures of the earth, autonomic components like 

self setup, self recuperation, administration and streamlining 

and numerous other. 

2.2.3 IMPLEMENTATION  

Numerous applications like community oriented building, 

information investigation, high throughput computing, 

distributed supercomputing have profited from grid structure. 

A portion of the more obvious ranges of grid usage are: 

Schedulers-sorts of uses in charge of administration of 

occupations shape a various leveled structure with Meta 

schedulers and other lower level schedulers. The 

employment recognized by grid schedulers are broke down 

and apportioned to individual assets for execution on the 

premise of administration level necessities. ResourceBroker-

in charge of matching connections between the customer and 

server-empowers determination of best accessible assets for 

executing a vocation. This matching includes assignment of 

adept assets for errand execution and backings nodes‟ due 

date and money related imperatives for enhanced booking.  

Load adjusting highlight empowers dissemination of 

workload among the assets in grid condition and requires 

reconciliation into any framework keeping in mind the end 

goal to avert associations with schedulers and asset 

supervisors Grid entrances are like web-based interfaces as 

they give uniform access to grid assets. They have the ability 

of questioning database, exchanging documents, checking 

work input, status, security administration and giving 

customized arrangement accessibility. Incorporated 

arrangements are a blend of existing progressed middleware 

and application functionalities, to give cognizant and high 

performance comes about over the grid condition. This 

progression has been seen by a few worldwide industry 

segments 

2.3 Cloud Computing  

Cloud computing which gives shared assets, programming 

and data to PCs and different gadgets on request is instituted 

as "Web Based computing". Specialized definition is „a 
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computing capacity that gives a reflection between the 

computing asset and its fundamental specialized engineering 

(servers, stockpiling, organize), empowering helpful on 

request arrange access to a common pool of configurable 

computing assets that can be quickly provisioned and 

discharged with insignificant administration exertion or 

specialist co-op interaction‟. Cloud advances have made 

another pattern in parallel programming . In this area, we 

might examine more about the cloud computing. 

2.3.1 ARCHITECTURE 

Figure 4 gives a general thought of the engineering of cloud 

computing for more intelligent planet and layered 

perspective of IT foundation, administrations and 

applications that constitute cloud computing. It is 

conceivable to separate four layers that dynamically move 

the perspective from the hub to the end-client. 

 

Figure 4(i). Cloud Computing model for smarter planet 

 

Figure 4(ii):.Layered view of Cloud architecture 

 

Figure 4(iii): Cloud Computing Adoption Structure 

The most reduced level is described by physical assets with 

framework on top of it. Cluster server farms and extra 

desktop machines are assets of various nature. Frameworks 

bolster business cloud and are made out of server farms 

facilitating many hubs, while private cloud gives a more 

heterogeneous condition. This level gives the "torque" of the 

cloud.  

The physical foundation whose point is to give a proper 

execution condition to applications and to abuse physical 

assets, is overseen by the primary middleware layer. The 

center middleware depend on virtualization strategies to give 

propel administrations like QoS, sandboxing, application 

freedom. Equipment level virtualization and programming 

level virtualization are most well known among different 

choices accessible. Application freedom and apportioning of 

physical assets like memory and CPU is ensured for all 

intents and purposes by equipment level virtualization. Then 

again, sandboxing and execution administration for 

applications created by means of particular innovation or 

programming dialect is given by programming level 

virtualization. On top of this, the focal middleware gives a 

wide range of administrations that assistance specialist 

organizations for conveying an expert or business 

administration to the end client. Arrangement of QoS, 

affirmation control administration of execution, observing, 

bookkeeping and charging are case of such administrations. 

Center middleware alongside physical foundation speaks to 

the stage on top of which the applications are utilized in 

cloud. Guide client level access to this layer is exceptionally 

uncommon and in this manner center middleware are gotten 

to through a client level middleware to convey these 

administrations. This gives condition and streamlining 

apparatuses to create and utilize applications in cloud. The 

client level middleware comprises of the get to point to 

applications in cloud. 

 2.3.2 CHARACTERISTICS  

Cloud computing assumes a noteworthy part in improving 

mechanical framework assets for computing. It encourages 
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cooperation amongst people and machines at an ostensible 

cost. 

 

Figure 5: Features of cloud computing 

Simple support and sharing of assets empowers the hub to 

get to the information paying little mind to its gadget or area. 

Performance, efficiency, unwavering quality and adaptability 

are not an issue while utilizing distributed high performance 

cloud computing. Security because of centralization of 

information is not at standard with the desires. Virtualization 

empowers sharing of assets without really having them. On-

request self administration, wide system get to, asset pooling, 

fast flexibility and measured administrations are five basic 

qualities of cloud computing . 

 

 

Figure 6: Benefits of Cloud Computing 

2.3.3 IMPLEMENTATION  

The wide range of administrations uncovered by cloud are 

arranged and composed into three primary offerings that are 

accessible to hubs: logical, organization and ventures by 

means of programming, stage and foundation as an 

administration.   

 

Figure 7. IaaS, PaaS and SaaS model 

Infrastracture As A Service (IaaS) or Hardware As A Service 

conveys IT framework in light of virtual or physical assets as 

an item to clients. These assets meet the hub prerequisites 

regarding memory, CPU sort and power stockpiling. 

Platform As A Service (PaaS) gives an advancement stage 

where clients can build up their own particular applications 

and execute them on cloud. Google AppEngine is a case of 

such an administration. Software As A Service (SaaS) 

empowers end client coordinated administrations including 

equipment advancement and applications. Clients are not 

allowed to modify these administrations but rather can get to 

those administrations facilitated in the cloud. A case of SaaS 

is a Google Document. 

 

Figure 8: Layered Architecture 

III. TRENDS IN HIGH PERFORMANCE COMPUTING 

Since 60 years, the field of computing has experienced fast 

changes. Notwithstanding this, the long haul advancement of 

performance is by all accounts dormant. Enormously Parallel 

Processor (MPP) frameworks are being acknowledged for 

designing and additionally for new plug applications. At the 

onset of 1990s, MPP frameworks came into the market 

guaranteeing vector multiprocessors as suckers. Top500 list, 

to give a more solid measurements on high performance PCs 
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, in June 1993 pronounced that 156 MPP frameworks were 

utilized as of now.  

In light of the present Top500 information and presumption 

that the present rate of performance change would proceed in 

future, we can conjecture the watched direct and dissect these 

qualities with the expectation of government projects, for 

example, the branch of Computing and Communications, and 

PetaOps activity. Considering that in 2005, no little 

framework made it to the Top500 positioning. To begin with 

PetaFlop/s were accessible around 2009 and fast changes 

were embraced in innovation utilized as a part of high 

performance computing gadgets, yet at the same time there is 

right now no sensible picture feasible for design of the 

PetaFlops frameworks toward the finish of the decade 

IV. DESIGN TECHNIQUES FOR GREEN SUSTAINABLE 

COMPUTING 

Many propelled strategies for improving vitality proficiency 

of IT(Information Technology) and making it more 

achievable include the need to progressively habituate 

calculation to the suitable vitality profile. Complex 

distributed computing conditions give a variety of chances to 

oversaw appropriation among different hubs and at various 

levels. Cluster EAC (Energy Adaptive Computing) is a 

model that requires a huge calculation utilizing numerous 

servers before reaction for a demand presented by a customer 

can be returned. This suggests client’s part is negligible and 

adaption of vitality is of prime worry in server farm 

framework. In EAC cluster, the adaption of vitality occurs at 

numerous levels, with control constrain that a level needs to 

adjust. Customer server EAC requires to be dealt with a very 

much oversaw end-to-end adjustment including the 

customer, server and the mediating system. The rationale of 

administration is to hoist the customer encounter inside as far 

as possible. As the customer turns out to be more versatile 

and request wealthier abilities, the constrained battery limit 

acts as a burden making block vitality adjustments Cloud 

methods have been proposed to outsource portable 

calculation to cloud stage that can make the required assets 

on request accessible . Vitality adaption in P2P (Peer-to-

Peer) condition requires participation among peers. This 

issue has been inspected and the arrangement proposed is a 

vitality versatile rendition of Bit Torrent convention . The 

different issues for acknowledgment of EAC are: 

Hierarchical Power Control, Demand side adaption, supply 

side adaption, and QoS (Quality of Service) mindful 

scheduler. 

V. PROJECT ANALYSIS 

Keeping in mind the end goal to comprehend and 
accomplish fancied high performance framework, we should 
know about components of determined computing methods. 
To make study and examination of these frameworks more 
justifiable and transmittable, this segment depicts and looks at 
some popular tasks in these fields. According to the system of 

the manuscript, the talk starts with the investigation of the 
Lattice Project. The Lattice extend being an examination 
extend in Grid computing, targets unification of computing 
assets into a grid computing framework to make the assets 
efficiently available and unmistakable. To accomplish 
something high we should perceive the reason with respect to 
why that stature is required. If there should arise an 
occurrence of Lattice, the always expanding multifaceted 
nature and size of information calls for increment in 
computational productivity. To go to this call, cross section 
extend requires amalgamated computational assets. Since 
disparate computational assets are utilized, programming 
improvement is in a critical need of this venture which it 
slakes by utilizing open source types of gear. The 
improvement of UI alongside expanded adaptability engaged 
humongous exertion. Cross section extend connected with 
elements of grid for getting to vast scale assets and displayed 
it over the extent of PCs. Engineering resulting from 
combination of Globus and BOINIC was received in different 
applications and activities like, BLAST (Basic Local 
Alignment Search Tool), ClustalW, IM (Isolation with 
Migration) Et. Al. Analysts in Asia –Pacific district have been 
attempting to take care of various issues and issues connected 
to cluster computing, similar to work of multithreaded DSM 
runtime frameworks; decrease in arrange overheads and 
correspondence designs; improvement of realist 
correspondence models; distributed and parallel document 
frameworks. Different inquires about and manuscripts 
exhibited in such manner have been recorded gloriously by 
Mark Baker, RajkumarBuyya, Ken Hawick, Health James and 
Hai Jin in their manuscript Cluster Computing R&D in 
Australia .  
 

Google App Engine and Amazon Web Service are two 

driving cloud stages. The similar investigation of these stages 

by Chao He under the direction of Prof. Raj Jain uncovered 

that neither of them was noteworthy in effective round 

excursion time and throughput features of cloud computing. 

Additionally it was inferred that none of these two was better 

than the other. Cloud computing can get sensible performance 

in contrast with the conventional web servers relying on the 

administration conveyed. The analyses led by them gave a 

superior understanding on the system to develop the cloud 

computing foundation and stages. 

VI. FUTURE PROSPECTS OF DISTRIBUTED COMPUTING 

Expanding force and speed server farm is not generally 

effective and once in a while prompts an extra cost, so one 

ought not hope to build the proficiency more than a required 

point of confinement. Dispersion of server farms and 

utilization of nearest server farms is a superior and a much 

more ideal decision. It has been anticipated that capacity and 

computing on PCs will be overlooked and moved into 

distributed clouds. Thusly, engineering and assessment of 

server farms ought to be performed for fate of computing 

through reasonable forecast. As indicated by audit and 

assessment performed in the field of high performance 
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computing, high performance distributed computing through 

grid, cluster cloud still has a lack in performance assessment 

and exceptional measures are required for this work. It is 

ideal to consider delay in assessments or actualize a 

foundation for assessment of administration level 

understanding in light of the fact that these assentions are 

most essential for the clients and one can display more exact 

assessment in future by indicating sort of user‟s asks for or 

determining and recognizing all clients. High performance 

embedded computing (HPEC) frameworks are among the 

most difficult frameworks on the planet to fabricate.  

 

The essential wellsprings of these challenges are the 

extensive number of limitations on a HPEC usage:  

 Performance: dormancy and throughput.  

 Efficiency: handling, data transmission, and 

memory.  

 Form Factor: size, weight, and power.  

 Software Cost: code size and movability.  

 

Accordingly in future, we would like to accomplish high 

performance distributed framework by consolidating best 

components of grid, cluster and cloud computing and 

reconfigurable computing. Other than the previously 

mentioned prerequisites, the rise of Jungle Computing has 

given a lift to the field of Distributed Computing. It utilizes a 

framework which is distributed, is highly differing and gives 

computing at high speeds . However, the way that it is highly 

non-uniform is seen as a deterrent if not dealt with 

appropriately. There is an earnest requirement for simple and 

effective Jungle Computing in logical practice, by 

investigating an arrangement of best in class application 

spaces . Therefore, the need of a hour is a framework which 

not just joins the elements of grid, cloud and cluster 

computing however goes past it to consolidate effective 

wilderness computing, in this manner giving a less 

demanding and speedier framework. 

VII. CONCLUSION 

 

We discussed origin of cluster, grid and cloud computing and 

studied their architecture, characteristic features and 

discussed their current applications and fields of 

implementation. Further we had an overview on trends of 

computing and glimpse of green sustainable computing 

which allowed us to create intent of developing a high 

performance distributed system which would meet the aim of 

green sustainable computing and would combine best 

features of all the available computing models, especially the 

most popular ones as per trends in computing. In the nutshell, 

we conclude that by extrapolating trends in high performance 

computing we draw the conclusions that parallel computing 

is the core mechanism by which computer performance can 

cope up with the predictions of Moore‟s law in the face of 

increasing influence of performance and the architecture of 

HPC will continue to develop at quick rates. Thus, it would 

be increasingly important to find paths to motivate scalable 

parallel programming without compromising with 

transportability. Such a challenge could be defeated by 

evolution of software systems and algorithms that support 

portability besides relaxing burden of program design and 

implementation. Table 1 enable us to compare and achieve 

this high performance distributed system using grid, cluster 

and cloud computing.  

 

Table 1: High Performance Grid v/s Cluster v/s Cloud 

Computing 

 

REFERENCES 

[1] G.Massari, M.Zanella, W.Fornaciari, “Towards Distributed 
Mobile Computing”, 2016 Mobile System Technologies 
Workshop (MST), Pages.29 – 35, 2016. 

[2] Lalit M.Patnaik,  Kailasam Viswanathan Iyer, “Load-leveling in 
fault-tolerant distributed computing systems”, IEEE Trans.on 
Software Engineering, Vol.SE-12, Issue.4, Pages.554 – 560, April 
1986. 

[3] Ofer Shayevitz, “Distributed Computing and the Graph Entropy 
Region”, IEEE Trans.on Information Theory, Vol.60, Issue.6, 
Pages.3435 – 3449, June 2014. 

[4] Robert J.Calin-Jageman,  Paul S.Katz, “A Distributed Computing Tool 
for Generating Neural Simulation Databases”, Neural Computation, 
Vol.18, Issue.12, Pages.2923 – 2927, Dec.2006. 

[5] Aziz Mohaisen,  Huy Tran,  Abhishek Chandra,  Yongdae Kim, 
“Trustworthy Distributed Computing on Social Networks”, IEEE 
Trans.on Services Computing, Vol.7, Issue.3, Pages.333 – 345, Sep 
2014. 

[6] Zijian Cao, Jin Lin, Can Wan, Yonghua Song, Yi Zhang, Xiaohui 
Wang, “Optimal Cloud Computing Resource Allocation for Demand 



   International Journal of Computer Sciences and Engineering                                     Vol.5(6), Jun 2017, E-ISSN: 2347-2693 

  © 2017, IJCSE All Rights Reserved                                                                                                                                        268 

Side Management in Smart Grid”, IEEE Trans.on Smart Grid, Vol.8, 
Issue.4, Pages.1943 – 1955, 2017. 

[7] Zizhong Cao, Shivendra S.Panwar, Murali Kodialam, T.V.Lakshman, 
“Enhancing Mobile Networks With Software Defined Networking and 
Cloud Computing”, IEEE/ACM Transactions on Networking, 
Volume.25, Issue.3, Pages.1431 – 1444, 2015 

[8] Justin Riley, John Noss, Wes Dillingham, James Cuff, Ignacio 
M.Llorente, “A High-Availability Cloud for Research Computing”, 
Computer, Volume.50, Issue.6, Pages.92 – 95, 2017. 

[9] Karim Djemame, Django Armstrong, Jordi Guitart, Mario Macias, “A 
Risk Assessment Framework for Cloud Computing”, IEEE Trans. on 
Cloud Computing, Volume.4, Issue.3, Pages.265 – 278, 2016. 

[10] Jinbo Xiong, Ximeng Liu, Zhiqiang Yao, Jianfeng Ma, Qi Li, Kui 
Geng, Patrick S.Chen, “A Secure Data Self-Destructing Scheme in 
Cloud Computing”, IEEE Trans. on Cloud Computing, Volume.2, 
Issue.4, Pages.448 – 458, 2014. 

[11] Sebastián García-Galán, Rocío P.Prado, José Enrique Muñoz Expósito, 
“Swarm Fuzzy Systems.Knowledge Acquisition in Fuzzy Systems and 
Its Applications in Grid Computing”, IEEE Trans. on Knowledge and 
Data Engineering, Volume.26, Issue.7, Pages.1791 – 1804, 2014. 

[12] Chris Develder, Marc De Leenheer, Bart Dhoedt, Mario Pickavet, 
Didier Colle, Filip De Turck, Piet Demeester, “Optical Networks for 
Grid and Cloud Computing Applications”, Proceedings of the IEEE, 
Volume.100, Issue.5, Pages.1149 – 1167, 2012. 

[13] Jang Uk In, Soocheol Lee, Seungmin Rho, Jong Hyuk Park, “Policy-
Based Scheduling and Resource Allocation for Multimedia 
Communication on Grid Computing Environment” IEEE Systems 
Journal, Volume.5, Issue.4, Pages.451 – 459, 2011. 

[14] Alexandru Iosup, Dick Epema, “Grid Computing Workloads”, IEEE 
Internet Computing, Volume.15, Issue.2, Pages.19 – 26, 2011. 

[15] Shaghahyegh Sharif, Paul Watson, Javid Taheri, Surya Nepal, Albert 
Y.Zomaya, “Privacy-Aware Scheduling SaaS in High Performance 
Computing Environments”, IEEE Trans. on Parallel and Distributed 
Systems, Volume.28, Issue.4, Pages.1176 – 1188. 2017. 

[16] Ke Wang, Abhishek Kulkarni, Michael Lang, Dorian Arnold, Ioan 
Raicu, “Exploring the Design Tradeoffs for Extreme-Scale High-
Performance Computing System Software”, IEEE Trans. on Parallel 
and Distributed Systems, Volume.27, Issue.4, Pages.1070 – 1084, 
2016. 

 


