2010 IEEE 3rd International
Conference on Cloud Computing

(CLOUD 2010)

Miami, Florida, USA
5-10 July 2010

I E E E IEEE Catalog Number: CFP10CLO-PRT
’ ISBN: 978-1-4244-8207-8



2010 IEEE 3rd International
Conference on Cloud
Computing
R —

CLOUD 2010
Table of Contents

Message from the General Chairs and Program Chairs........................ccocooooooiicicee, xii
Organizing CoMMULEEE.................co.coovi s xiii
Program COMMIEEE ...............coooi s XV
EXEernal REVIGWETS.............o.cooiii s xviii
IEEE Computer Society Technical Committee on Services

COMPULING.........oooee et Xix

Research Track 1: Data-centric Cloud

Data Intensive Query Processing for Large RDF Graphs Using Cloud

COMPULING TOOIS ....oviiiietiiiiieteceee ettt b ettt b et s b b et e sese s esesese s besesess s ebesese s esesesnsnsenas 1
Mohammad Farhan Husain, Latifur Khan, Murat Kantarcioglu,
and Bhavani Thuraisingham

Model-Based Planning for State-Related Changes to Infrastructure

and Software as a Service Instances in Large Data Centers ...........cocovvvrrrnirnnnnreerssseeee s 11
Sebastian Hagen and Alfons Kemper

Using Cloud Technologies to Optimize Data-Intensive Service Applications ............ococoeeevererieeerrncreeeennenes 19
Dirk Habich, Wolfgang Lehner, Sebastian Richly, and Uwe Assmann

Research Track 2: Cloud Architecture

Enterprise Cloud Service ATCRITECTUIE ..........cocooieviiiiiieieiietcet ettt ne 27
Longji Tang, Jing Dong, Yajing Zhao, and Liang-Jie Zhang

Towards Living Landscape Models: Automated Integration of Infrastructure

Cloud in Enterprise Architecture Management ..............cccoevvvvvririiieiriiieiieieieeeeeeees et 35
Matthias Farwick, Berthold Agreiter, Ruth Breu, Matthias Hdring, Karsten Voges,
and Inge Hanschke



A Review of Cloud Business Models and Sustainability ... 43
Victor Chang, Gary Wills, and David De Roure

Research Track 3: Cloud QoS

Understanding Performance Interference of I/O Workload in Virtualized

ClOUA ENVITONIMENLS ..ottt bbbt bbb bbb bbb bbb s s s s 51
Xing Pu, Ling Liu, Yiduo Mei, Sankaran Sivathanu, Younggyun Koh, and Calton Pu

Performance Measurements and Analysis of Network I/O Applications

1N VITTUAIZEA CIOUA ...ttt ettt ettt ettt s et s ee st et e e s st e enaeane 59
Yiduo Mei, Ling Liu, Xing Pu, and Sankaran Sivathanu

Fault Tolerance Middleware for Cloud COMPULING ........cccocvuiirririiirineeieeeeieeeesesesesssssssssesssesssssssssesesssnans 67
Wenbing Zhao, P.M. Melliar-Smith, and L.E. Moser

Research Track 4: Cloud Resource Management

Integrating Resource Consumption and Allocation for Infrastructure Resources

ON=DIBIMANA ...ttt b bt s bbbttt ettt 75
Ying Zhang, Gang Huang, Xuanzhe Liu, and Hong Mei

FlexPRICE: Flexible Provisioning of Resources in a Cloud Environment ..............cccccoeveveivirierenenierereennnn 83
Thomas A. Henzinger, Anmol V. Singh, Vasu Singh, Thomas Wies, and Damien Zufferey

Dynamic Resource Allocation in Computing Clouds Using Distributed

Multiple Criteria DeCISION ANALYSIS ........coorviuiuivieiiieieieieeieteieeeeesieeeseeeesestsesssssssessesssessssssessssssesssssssssssssssssssssesnsnas 91
Yagiz Onat Yazir, Chris Matthews, Roozbeh Farahbod, Stephen Neville, Adel Guitouni,
Sudhakar Ganti, and Yvonne Coady

Research Track 5: Cloud Applications

Social Cloud: Cloud Computing in Social NetWOTKS ...........ccccecviriiieiiiiiiieieiiieeeeee e 99
Kyle Chard, Simon Caton, Omer Rana, and Kris Bubendorfer
Mining Twitter in the Cloud: A Case STUAY ......cccceururirieieieieieeeeeeie ettt 107

Pieter Noordhuis, Michiel Heijkoop, and Alexander Lazovik
Cloud Computing: A Digital Libraries PErSPECtIVE ........ccooiuiirirriiieiririceeier s 115
Pradeep Teregowda, Bhuvan Urgaonkar, and C. Lee Giles

Research Track 6: Cloud Models

Characterizing Cloud Federation for Enhancing Providers’” Profit............cccocooioiviveioininieeiceeccceeeeens 123
Iiigo Goiri, Jordi Guitart, and Jordi Torres

Maximizing Cloud Providers' Revenues via Energy Aware Allocation Policies .........c.cccccceeeiericicicinnnnee 131
Michele Mazzucco, Dmytro Dyachuk, and Ralph Deters

THEMIS: Towards Mutually Verifiable Billing Transactions in the Cloud

Computing ENVIFONIMENT .........ccocvviiviiiiieietiiiieieieteiete ettt es ettt es et ese s s ebesess s esesesessesesesessssesesnsnsnas 139
Ki-Woong Park, Sung Kyu Park, Jaesun Han, and Kyu Ho Park

vi



Research Track 7: Cloud Migration

Adaptive Data Migration in Multi-tiered Storage Based Cloud Environment ............c.cccocoeevnninnnncnnnnn. 148
Gong Zhang, Lawrence Chiu, and Ling Liu

Towards Self-Assisted Troubleshooting for the Deployment of Private Clouds ............ccccceeveveviveverererenennnn. 156
Michael R. Head, Anca Sailer, Hidayatullah Shaikh, and Dennis G. Shea

Workload Migration into Clouds—Challenges, Experiences, Opportunities ..............ccccoeveeerirrereererienennnns 164

C. Ward, N. Aravamudan, K. Bhattacharya, K. Cheng, R. Filepp, R. Kearney,
B. Peterson, L. Shwartz, and C.C. Young

Research Track 8: Cloud Security

Secure Virtual Machine Execution under an Untrusted Management OS ............cccccooerriinnnnnnenennnnns 172
Chunxiao Li, Anand Raghunathan, and Niraj K. Jha

Flexible Data Access in a Cloud Based on Freshness Requirements ..........coccovveeeeevnniceciennccecnnnceennes 130
Laura Cristiana Voicu, Heiko Schuldt, Yuri Breitbart, and Hans-Jorg Schek

Preventing Information Leakage from Indexing in the Cloud ............cccoeiiiiirnncieeee e 188

Anna Squicciarini, Smitha Sundareswaran, and Dan Lin
Research Track 9: Cloud Data Management

Data Flow Driven Scheduling of BPEL Workflows Using Cloud Resources ............c.ccccoeeeeieirieeicicicinnnee 196
Tim Dérnemann, Ernst Juhnke, Thomas Noll, Dominik Seiler, and Bernd Freisleben

Storage Management in Virtualized Cloud ENvironment ...........ccocococeernieennieennceesceeeiesecee e 204
Sankaran Sivathanu, Ling Liu, Mei Yiduo, and Xing Pu

Metadata Partitioning for Large-Scale Distributed Storage SyStemS ........ccccceceeeeieieeeiieeeeeieieeereieienns 212
Jan-Jan Wu, Pangfeng Liu, and Yi-Chien Chung

Research Track 10: Cloud Management

Autonomic Management of Cloud Service Centers with Availability

GUATANTEES ...o.vivieieeiete ettt ettt ettt et eet et e eteeae et e et e s et estenseseestessensesseseeseeae et sasease s snsensensensensenseneeneeteeaeersesesaesesnsenes 220
Bernardetta Addis, Danilo Ardagna, Barbara Panicucci, and Li Zhang

Cost-Optimal Scheduling in Hybrid IaaS Clouds for Deadline Constrained
WOTKIOAAS ..ottt ettt b et s et s e aneeten 228

Ruben Van den Bossche, Kurt Vanmechelen, and Jan Broeckhove
Reducing Costs of Spot Instances via Checkpointing in the Amazon Elastic

COMPULE CLOUM ...ttt bbb bbb bbb bbb bbb b bbb e b bbb esebesebesesesesesesesesenas 236
Sangho Yi, Derrick Kondo, and Artur Andrzejak

vii



Application and Industry Session 1: Cloud Architecture

Compliant Cloud Computing (C3): Architecture and Language Support

for User-Driven Compliance Management in ClOUdS ...........ccoouviiiirniienneesrcceescee e 244
Ivona Brandic, Schahram Dustdar, Tobias Anstett, David Schumm, Frank Leymann,
and Ralf Konrad

A Framework for Optimized Distribution of Tenants in Cloud Applications ............cccccoeveveeiviriereirenierenne. 252

Christoph Fehling, Frank Leymann, and Ralph Mietzner

P&P: A Combined Push-Pull Model for Resource Monitoring in Cloud

Computing ENVITONIMENLE .......c.ccooviiiviviiieietiiiieieieietete ettt ettt ettt s sesessesesesesessesesesessesesesessesesesnsesnas 260
He Huang and Ligiang Wang

Application and Industry Session 2: Cloud Security and Accounting

Security Models and Requirements for Healthcare Application Clouds ............cccocvrrirennirnnnnnneenenens 268
Rui Zhang and Ling Liu
Attack Surfaces: A Taxonomy for Attacks on Cloud SEIVICES .........ccoviviririririririririeiei s 276

Nils Gruschka and Meiko Jensen

QUIRC: A Quantitative Impact and Risk Assessment Framework for Cloud

SEOUTILY ..vveveveteteieieteieieteteiete ettt ettt ettt st ssseseteseseseseseseseseses et e s et e ses et et et e s eseses et et es et e s ase s et eseseseseses et esesnsesesesesesesnsens 280
Prasad Saripalli and Ben Walters

Application and Industry Session 3: Cloud Evaluation

Toward Ease of Discovery, Selection and Use of Clusters within a Cloud ............cccccoeeirriiicirccce 289
Michael Brock and Andrzej Goscinski
Service Level Checking in the Cloud Computing CONtEXL .........c.eveuieeuririeerieiriceieereeeie e 297

Antonin Chazalet

An Evaluation of Distributed Datastores Using the AppScale Cloud Platform .............cccccoevvveininnriennnne. 305
Chris Bunch, Navraj Chohan, Chandra Krintz, Jovan Chohan, Jonathan Kupferman,
Puneet Lakhina, Yiming Li, and Yoshihide Nomura

Application and Industry Session 4: Cloud QoS

A Runtime Model Based Monitoring Approach for Cloud ............cccoevvivieivinirinneicecs 313
Jin Shao, Hao Wei, Qianxiang Wang, and Hong Mei
QOS—AWAIE CLOUMS ......oveieieeeeeieeeeeeeeeeee ettt ettt ettt s st et et eas s et et ets s eseseseas et esesennasesesesnananas 321

Stefano Ferretti, Vittorio Ghini, Fabio Panzieri, Michele Pellegrini, and Elisa Turrini
Performance and Power Management for Cloud Infrastructures ..............ccccooveveveieiriereiiniciceceeeeeeeeen 329
Hien Nguyen Van, Frédéric Dang Tran, and Jean-Marc Menaud

viii



Application and Industry Session 5: Scalable Cloud

How to Enhance Cloud Architectures to Enable Cross-Federation ...............ccccooeoveeeveeiieveeeeeeeeeeeeeveenen 337
Antonio Celesti, Francesco Tusa, Massimo Villari, and Antonio Puliafito

Scalable Support for 3D Graphics Applications in CloUd ...........ccoeuruiieriiiiieeereieieieereeeeeeeereeee e 346
Weidong Shi, Yang Lu, Zhu Li, and Jonathan Engelsma

LH*RE: A Scalable Distributed Data Structure with Recoverable Encryption .............ccccoceovvvvvieeirinienennnn. 354
Sushil Jajodia, Witold Litwin, and Thomas Schwarz

Application and Industry Session 6: Cloud Middleware

A Lifetime Supporting Framework for Cloud AppliCations .............cccoevvieiviririririniieieis 362
Shigeru Hosono, He Huang, Tatsunori Hara, Yoshiki Shimomura, and Tamio Arai

Dynamic Provisioning Modeling for Virtualized Multi-tier Applications

11 CLOUA DA COILET ...ttt sttt es et s st s et e e et e et aeseaeseeeanans 370
Jing Bi, Zhiliang Zhu, Ruixiong Tian, and Qingbo Wang

SciCumulus: A Lightweight Cloud Middleware to Explore Many Task

Computing Paradigm in Scientific WOTKEIOWS .........ccooiuiiiiirnce e 378

Daniel de Oliveira, Eduardo Ogasawara, Fernanda Baido, and Marta Mattoso
Application and Industry Session 7: Cloud Composition

An Architecture for a Mashup Container in Virtualized Environments .............c.ccocoveveieiniiieennniereienienenenn 386
Michele Stecca and Massimo Maresca

IC Cloud: A Design Space for Composable Cloud COMPULING .......c.cueueurvrieieirieieieieieieieeieiee e 394
Li Guo, Yike Guo, and Xiangchuan Tian

SaaS Integration for SOftWare CloUd ...........ccoeiriieie e 402
Feng Liu, Weiping Guo, Zhi Qiang Zhao, and Wu Chou

Application and Industry Session 8: Cloud Resource Management

From Data Center Resource Allocation to Control Theory and Back ............ccccceivieiiiciniiiininieecen 410
Xavier Dutreilh, Aurélien Moreau, Jacques Malenfant, Nicolas Rivierre, and Isis Truck

Optimal Resource Allocation 1N CLOUAS .........c.oiiiiirrirreeeee st 418
Fangzhe Chang, Jennifer Ren, and Ramesh Viswanathan

HyperDealer: Reference-Pattern-Aware Instant Memory Balancing

for Consolidated Virtual MaChines ..........ccooiiiiriiiiseessss e 426
Woomin Hwang, Yangwoo Roh, Youngwoo Park, Ki-Woong Park, and Kyu Ho Park

Application and Industry Session 9: Case Studies

Is Server Consolidation Beneficial to MMORPG? A Case Study of World
OF WIATCTATL ...ttt b bbbt b bbb bbb bbb bbb bbb bbb b sesesebesesenas 435
Yeng-Ting Lee and Kuan-Ta Chen



Open Source Cloud Computing Tools: A Case Study with a Weather

APDIICALION ..ttt ettt ettt ettt a bbb bbb b bbbt e b b e b e b e s e b e b e b e b e s e b b e b e bbb e s bbb esesesesesesesesenas 443
Manuel Rodriguez-Martinez, Jaime Seguel, and Melvin Greer

Cloud Migration: A Case Study of Migrating an Enterprise I'T System to [aaS............ccccocoeeiiiricinnnns 450

Ali Khajeh-Hosseini, David Greenwood, and lan Sommerville
Application and Industry Session 10: Cloud Framework

Multi-tenant SOA Middleware for Cloud COMPULING .......cccceevevevevererereieieieieieierereiereieieie et ese bbb 458
Afkham Azeez, Srinath Perera, Dimuthu Gamage, Ruwan Linton, Prabath Siriwardana,
Dimuthu Leelaratne, Sanjiva Weerawarana, and Paul Fremantle

A Conceptual Framework for Provisioning Context-aware Mobile Cloud

SEIVICES ...vvveueteueieteteteieieiet ettt tetetetetetebeteteseseeebetetebebes e s et e s eseseses et et e s eseeeses et esesesebebesesesesebebeseseeesebeseseseseeseesesesesesneneens 466
Hyun Jung La and Soo Dong Kim

Bridging the Gap between Desktop and the Cloud for eScience Applications ...........ccccceeeeieieiericiceiennne 474

Yogesh Simmhan, Catharine van Ingen, Girish Subramanian, and Jie Li
Application and Industry Session 11: Cloud Performance

An Architecture for Distributed High Performance Video Processing in

THE CLOUM ...ttt b ettt b ettt ettt 482
Rafael Pereira, Marcello Azambuja, Karin Breitman, and Markus Endler

Provisioning Web Services from Resource Constrained Mobile DeVICES .........cccocevevevererireierererereierererereienns 490
Mahbub Hassan, Weiliang Zhao, and Jian Yang

An Economic Approach for Scalable and Highly-Available Distributed

APPIICALIONS ...ttt bbbttt bbbttt bbbt t s s s s s 498

Nicolas Bonvin, Thanasis G. Papaioannou, and Karl Aberer
Application and Industry Session 12: Cloud NFR and Applications

A Case for Consumer—centric Resource Accounting Models ..........ccceerreiiiciicceeee e 506
Ahmed Mihoob, Carlos Molina-Jimenez, and Santosh Shrivastava

An Architecture for Public and Open Submission Systems in the Cloud ..........ccocooeeerniiennniinrcnnne, 513
Marcello Azambuja, Rafael Pereira, Karin Breitman, and Markus Endler

On-Demand Dynamic Security for Risk-Based Secure Collaboration in Clouds ...........ccocoeerrnicrnncnneee 518
S. Bertram, M. Boniface, M. Surridge, N. Briscombe, and M. Hall-May

Work-in-Progress Session 1: Cloud Applications

Cloud Computing Infrastructure for Biological ECho-Systems .............cccociiiriiiiirceecec e 526
Janaka Balasooriya

IRain: A Personal Storage Cloud for Integrating Web Data ServiCes ........cooeeurvreeerrniceeerneeeiescceeeenns 528
Jiangning Cui, Taoying Liu, Qian Chen, and Hong Liu

Organic Product Catalogs: Towards an Architecture for Cloud-Based Micro

ENterpriSE E-COMIMETCE ... ...cuuitiiiicicieicieietetetetet ettt ettt bbbttt ettt s ettt b b s s s esesesnas 530

Robert Neumann, Reiner Dumke, and Andreas Schmietendorf



CLOUDIO: A Cloud Computing-Oriented Multi-tenant Architecture
for Business INformation SYSEEITIS .........c.cccciririiieiiiriiieeiieieiecce ettt b et sb et s b sess s sessse e 532
Enrique Jiménez Domingo, Javier Torres Nifio, Angel Lagares Lemos,

Miguel Lagares Lemos, Ricardo Colomo Palacios, and Juan Miguel Gomez Berbis
Work-in-Progress Session 2: Business as a Service

Business Process Centric Platform-as-a-Service Model and Technologies

for Cloud Enabled INAUSLIY SOIULIONS ........cceviiriiiiieieiiiiieieieieieieieieeeseeeses ettt bbb bbb bbb s esesesesesenas 534
Yu Chen Zhou, Xin Peng Liu, Xi Ning Wang, Liang Xue, Xiao Xing Liang,
and Shuang Liang

Resource Information Cache Update Control for Scalable Access Control

MaANAZEMENT SYSTEINIS .....ocveviviieietieiiietetiitet ettt ettt a ettt eb et ses s s s esess et esetese e sebesese s esesess st esesesssssesesesesesesess 538
Kumiko Tadano, Masahiro Kawato, Fumio Machida, and Yoshiharu Maeno

Towards an Anonymous Access Control and Accountability Scheme for Cloud

COMPULINIE ...vvieiieieiieiieieteecte ettt ettt ettt s et ese e s et e ses e bebesese s es et esese s ebesase s ebesesessesesesase s esesesessesesesessesesesnsnsnas 540
Meiko Jensen, Sven Schiige, and Jorg Schwenk

Enterprise Architecture Frameworks for Enabling Cloud Computing ............cccccceeveveveiininieeinieeeeeeievennns 542
Daniel Ebneter, Stella Gatziu Grivas, Tripathi Uttam Kumar, and Holger Wache

Work-in-Progress Session 3: Cloud Management

Cloud Broker: Bringing Intelligence into the Cloud ............ccccooeieieiiiiieieieiiiieeeeeeee e 544
Stella Gatziu Grivas, Tripathi Uttam Kumar, and Holger Wache

A Remote Swap Management Framework in a Virtual Machine CIUSter............cccocoeveveveveveveerererereererenennns 546
Takeshi Okuda, Yotaro Nagai, Yoshihiro Okamoto, and Eiji Kawai

Seamless Support of Multimedia Distributed Applications Through a Cloud ..........c.ccoeiieieieiiiricreinnnn, 548

Stefano Ferretti, Vittorio Ghini, Fabio Panzieri, and Elisa Turrini

AAUBNOT INA@X ...ttt e ettt e s e et e et es s s e eensaseeen 550

xi





