
•• 

8 Association for 

Computing Machinery 


Advancing Compuring as a Science & Profession 

_e 

-.


••e. 

PACT'10 
P.roceedings of the Nineteenth International Conference on 

Parallel Architectures and Compilation Techniques 

Sponsored bye 

ACM SIGARCH, IEEE TCPP and TCCA, and IFIP WG10.3 
Supporred bye 

AMD, Hewlett-Packard, IBM, IBM Research, Intel, NSF, Power.org, 
Qua/comm, Reservoir Labs, and City of Vienna 

http:Power.org


Table of Contents 


PACT 2010 Conference Organization . 	 .. ................ Xlii 


PACT 2010 Sponsors & Supporters. 	 .. XYIIl 

Keynote Address 1 
Session Chair: Michael Gschwind (IBM Systems and Technology Group) 

Build Watson: An Overview of DeepQA for the Jeopardy! Challenge ........................................ 1 

David rerrucci (IBM Research) 

Keynote Address " 
Session Chair: Valentina Salapura (IBM TJ. Watson Research Centel) 

• 	 Towards a Science of Parallel Programming ..................................................................................... 3 

Keshav Pingali (The Universitv a/Texas al Austin) 

Keynote Address '" 
Session Chair: Jens Knoop (Technische Universildl Wien) 

• 	 Raising the Level of Many-Core Programming 
with Compiler Technology - Meeting a Grand Challenge ... .. ......................... 5 
Wen-mei Hwu (University of1llinO/~<; al Urbana-Champaign) 

Session 1A: Power-Aware Design 
Session Chair: Sandhya Dwarkadas (University a/Roches/el) 

• 	 Power and Thermal Characterization of POWER6 System ................................................. 7 
Victor Jiménez, Francisco J. Cazorla, Roberto Gioiosa, Mateo Valera (Barce/ana Supercomputing Center), 
Carlos Boneti (Schlumbelger BRGC), 
Eren Kursun, Chen-Yang Cher, Canturk lsci, Alper Buyuktosunoglu, Pradip Bose (lBM TJ Watson ReseQl'ch Center) 

• 	 System-Level Max Power (SYMPO) - A Systematic Approach 
for Escalating System-Level Power Consumption Using Synthetic Benchmarks ............... 19 
Karthik Ganesan, Jungho Jo, W, Lloyd Bircher, Dimitris Kaseridis, Zhibin Yu, 

Lizy K, John (University o.lTexas al Auslin) 


• 	 Scalable Thread Scheduling and Global Power Management 
for Heterogeneous Many-Core Architectures ..................................................................................29 
Jonathan A. Winter (Google fnc.), David H. Albonesi, Christine A. Shoemaker (Cornell University) 

• 	 Dynamically Managed Multithreaded Reconfigurable Architectures 
for Chip Multiprocessors ...................................................................................................................41 
Matthew A. Watkins, David H. Albonesl (Cornell University) 

Session 1 B: Analysis & Optimization 
Session Chair: Andreas Krall (Technische Universiliil Wien) 

• 	 Accelerating Multicore Reuse Distance Analysis with Sampling and Parallelization ......... 53 
Derek L Schuff, Milind Kulkarni, Vijay S. Pai (PUI'due University) 

• 	 Simple and Fast Biased Locks ....................................................................................................65 

Nalini Vasudevan (Columbia University). Kedar S. Narnjoshi (Bell LaboralOries), 

Stephen A. Edwards (Columbia UniVf;rsity) 


• 	 Avoiding Deadlock Avoidance ..............................................................................................................75 
Hari K. Pyla, Srinidhi Varadarajan (Virginia Poly/echnic lnstifute and S!ale Umversiry) 

• 	 DAFT: Decoupled Acyclic Fault Tolerance .......................................................................................87 

Yun Zhang (princetoll Universiry). Jae W. Lee (Parakinetics Ille). 
Nick P. Johnson, David 1. August (Prmcetol7 University) 

vii 



Session 2A: Caches & Coherence 1 
Session Chair: Pedro Trancoso (Um wrsuy OfCyp111S) 

• 	 WAYPOINT: Scal ing Coherence to 1OOO-Core Architectures ... . ................................... 99 
Jotm 1-1 . Kelm, Matthew R. Johnson, Steven S. Lumema, 
SanJay l Patel (Univer~'ity oJ Jllinois al Urlxmo-Champaign) 

• 	 Subspace Snooping : Filtering Snoops with Operating System Support ............ ....... ..... ... .... 1 1 1 

Daehoon Kim, Jeongseob Nm, Jaehong Ki m, Jaehyuk Huh (Koreo Advanced fnsfirll le a/Science & Tee/m%gy) 

• 	 Proximily Coherence for Chip Multiprocessors ............................... .. .... ...... ..... ...... .. ................... 123 
Nick Barrow-Wi ll iflm s (University vfCambridge) . Chrîstian Fensch (Universiry ofEdillbllrgh). 
Simon Moore (Universi(v afCambridge) 

• 	 SPACE: Sharing Pattern-Based Directory Coherence for Multicore Scalabilily ................. 135 

Hangzhou Zhao. Anvindh Sh.riraman. Sandhya Dwarkadas (Universiry ofRochesler) 

Session 28: Parallel ization and Parallel Programming 1 
Session Chair: Rudolf Eigenillann (Purduc University) 

• 	 Feedback-Directed Pipeline Parallelism ......................................... . . .................................. 147 

M. ADler Suleman ([he Un iversity of Texas 01 Alls,i"j. 

Moinuddi n K. Qureshi (iBM T../. Watson Research CC·lIter). 


Khubaib, Ya le N. Pan (The Universio' q{Texas al Ausllll) 


• 	 Scalable Hardware Support for Conditional Parallelization ............................... 157 
Zheng Ll (INRiA Saclay), Olivier Certner (ST MicroeleclronÎCs & INRiA Saclay), 
Jose Dualo (PolYlechnjc Un;versi~v ~rV(lfcncia). Oli vier Temam (fIllRiA Sacfay) 

• 	 Reducing Task Creation and Termination Overhead in Explicitly Parallel Programs ....... 169 

Jisheng Zhao, Jun Shi rako (RiCf: Uflil'(;,rsity), V . Knshna Nandivada (IBM India Research Laboratory). 
VIVek Sarkar (Rice Universif)l) 

• 	 MEDICS: Ultra-Portable Processing for Medical Image Reconstruction .. .... 181 
Ganesh Dasika, Ankit Selhia, Vincentius Robby, Trevor Mudge, Scott MabJke (University ~rMichigal1) 

Session 3A: Heterogeneous Platforms and Frameworks 
Sess.ion Chair: Calin Cascavi':l.1(Quatcolfml Resea/'ch) 

• 	 An OpenCL Framework for Heterogeneous Multicores with Local Memory ....................... 193 

Jncjin Lee, Jungwon Kim, SangmÎn Seo, Seungkyun JUill , Jungho Park, Honggyu Kim, Thanh Tuan Dao, 

Yongj in Cho (Seout National UI/i\!ersîly) , Sung Jong Seo, Seung Hak Lee, Seung Mo Cho, Hyo Jung Song. 

Sang-Bum Suh, Jong-Deok Choi (SamslIlIg Eleclronics Compal/y) 


• 	 Twin Peaks: A Software Platform for Heterogeneous Computing on General-Purpose 
and Graphies Processors .............................. ................ . .................... 205 
Jayanth Gummaraju, Laurent Morichctti, M ichael Houston, Ben Sander, 
Benedict R. Gaster. Bixia Zhcng (A dvanced Micro Deviees IlIc.) 

• 	 MapCG: Writing Parallel Program Portable Between CPU and GPU ... . ................ 217 

Chuntao Hong, Dehao Chen, Wenguang Chen, WeiOlin Zheng (TslIlghuo Universio:). 
Huibo Lin (China Rescarc:h Laboraro/J' q{IBM) 

• 	 Adaptive Spatiotemporal Node Selection in Dynamic Networks ............ .. ........ ..227 
Prad ip Hari , John B. P. McCabe. Jonathan Bana[alO. Marcus Henry (Rutgers University). Kevin Ko, Emmanoui l 
Koukoumidis (Princeton UlliversifJ). Ulrich Kremer (RlJfgers Universiry), 
Margare t Marlo nO$1(Princetoll Universi'»). Li-Sh'luan Peh (Mas!iQchussells Inslllule ~(Technology) 

Session 38: Scheduling and Design Optimization 
Session ChaIr: Antonia Zha i (University ~(Minnesola) 

• 	 On Mitigating Memory Bandwidth Contention Through Bandwidth-Aware Scheduling ... 237 
Di Xu, C henggang \:Vu (Chin ese Academy ~(Sciences), 
Pen-Chung Ycw (University ~rMinnesota or Twill-Ciries & Academia Sinica, Tailvan) 

• 	 AKULA: A Tooiset for Experimenting and Developing Thread Placement Aigorithms 
on Multicore Systems ......... ........ .. ......................... ..................... ..... 249 
Scrgey Z hurav lev, Sergey 81agodurov, A lexandra Fcdorova (Simon Fraser University) 

vi II 



• 	 Criticality-Driven Superscalar Design Space Exploration ....... ......... ......... ............... ....... 261 
Sandeep Navada, Niket K. Choudhary, Eric Rotenberg (Norlh Carolina Slale University) 

• 	 A Programmable Parallel Accelerator for Learning and Classification ................................. 273 

Srihari Cadambi. Abbinandan Majumdar, Miche la Secchi , Srimal C hakradhar. 

Hans Peler Graf (NEC Laboratories America, fne.) 


Session 4: 8est Papers 
Session Chairs: Michael Gschwind (IBM Systems and Technology Group), 
Jens Knoop (Technisch e Univers/liil Wien) 

• 	 Discovering and Understanding Performance Bottlenecks in Transactional 
Applications .... .............. ......... .................. ......... ......... ........ . ... .. .... ....... . .... .... .285 
Ferad ZyuUcyarov, Srdjan Stipic (BSC-Microsoft Research Cenb-e & Uni versital Polilècnica de Ca ralunya), 
Tîm Harris (Microsofl Research), Osman S, Unsal (ESC-Microsoft Research Cel/tre), 

Adrian Cristal (BSC-Microsoft Research Cenlre. ilIA - Arlijicial lnle fligence Resea,.ch lnslilute CSIC­

Sponish National Research Council), fbrahjm Hur (BSC-Microsoft Research Centre). 

Mateo Valero (BSC-Microsoft Research Cenll'e, U,üvers;WI PoliTècnica de Cafalunya) 


• 	 Efficient Sequential Consistency Using Conditional Fences .... ...... ........... .. ........ ......... . .. 295 

Changhui Lin (University ofCalifornia, Riverside), Vijay Nagarajan (University ofEdînburgh), 

Rajiv Gupta (University ofCa/ifomia, Rivetside) 


• 	 Partitioning Streaming Parallelism for Multi-Cores: 
A Machine Learning Based Approach ........ ........... ......... .............. .. ....... .......... . 307 
Zheng Wang, Michael F, p, O'Boyle (The University ofEdinburgh) 

• 	 Handling the Problems and Opportunities Posed 
by Multiple On-Chip Memory Controllers.. ...... .......................... ............................................ .... 319 
Manu Awasthi, David Nellans, Kshitij Sudan. Rajeev Balasubramonian, AI Davis (University ofUlah) 

Session 5A: Languages and Compilers 
Session C hair: Vivek Sarkar (Rice Univel:'iity) 

• 	 Design and Implementation of the PLUG Architecture for Programmable 
and Efficient Network Lookups ...... ............................ ................. ........ ........ ...... .. ............... 33 1 
Amit Kumar, Lorenzo De Carli , Sung Jin Kim, Marc de Kruij f, 

Karth ikeyan Sankaralingam (Univers ity of Wisconsin-Madison), 

Cris tian ESlan (NetLogic Microsysterns), Somesh Jha (University ofWiscoTL'iin -Madison) 


• 	 A Model for Fusion and Code Motion in an Automatic Parallelizing Compiler .. ....... 343 
Uday Bondhugula, Oktay Gunluk, Sanjeeb Dash, 
Lakshminaraya nan Renganarayanan (IBM T.J. WalSOIi Research Cenler) 

Ocelot: ADynamie Optimization Framework for Bulk-Synchronous Applications 
in Heterogeneous Systems.. .. .......................... ......................... ........ ......... .... ..... ................ 353 
Grego ry Diamos, Andrew Kc;: rr, Sudhakar Yalamanchili, Nathan C lark rGeorgia [nslilule ofTechnology) 

• 	 An Empirical Characterization of Stream Programs and Its Implications 
for Language and Compiler Design ............................ .................... . ............. .... .. 365 
William Thies (Microsoft Research India), Sa man Amarnsinghe (Massachllsens Inslitute ofTechnology) 

Session 58: ACM Student Research Competition 
Session Chairs: M, Anton Eni & Franz Punlîgam (Techische Universitiil Wien) 

Session 6A: Parallelization and Parallel Programming Il 
Session Chai r: David Gregg (Tn'nity Col/ege Dublin) 

• 	 Semi-Automatic Extraction and Exploitation of Hierarchical Pipeline 
Parallelism Using Profiling Information ............. .. .......... .. ... 377 
Georgios Toumaviris, Bjôm Franke (University ofEdinburgh) 

• 	 The Paralax Infrastructure: Automatic Parallelization with a Helping Hand ....... ......... 389 

Hans Vandierendonck, Sean Rul, Koen De Bosschere (Ghenl University) 

http:Resea,.ch


• 	 AM++: A Generalized Active Message Framework ............................................................ ....... . .40 1 
Jeremiah J. Willcock (ll/diana University), Torsten Hodle r (University of/IlÙl0ÎS al Urbana-Champaigll) , 
Nicholas G. Edmonds, .A..ndrcw Lumsdaine (Indiana University) 

• 	 Using Memory Mapping to Support Cactus Stacks in Work-Stealing 
Runtime Systems ..................................... .. .... ............. ............................................... .411 

I-Ting Angelina Lee, Silas Boyd-Wickizcr, Zhi yi Huang, 

Charles E. Leiserson (Massachuse/ls IlIsrilUle ofTechnology) 


Session 6B: Speculation 
Sess ion Chair: Ji m Dehncn (Goog/e) 

• 	 Speculative-Aware Execution: A Simple and Efficient Technique 
for Utilizing Multi-Cores to Improve Single-Thread Performance .. ............................ .. . .. ...... .421 
Ran.ia H. Mameesh (University ojSiena, lta/y), Manoj Frankli.n (University ofMa/y/and in College Park) 

• 	 The Potential of Using Dynamic Information Flow Analysis in Data Value Prediction ..... .43 1 
Walid J. Ghandour, Haitham Akkary, Wes Masri (Amen'con University ofBeiro!) 

• 	 Efficient Runahead Threads ..................... ............................. . 

Tanausù Rami rez. Alex PajueJo (Universital Politecnica de Catalunya), 

Oli verio J. Santana (Universidad de Las Palmas de Gran Canaria). Onur Mudu (Carnegie Mellon University). 

Mateo Valera (Univer~Îlal Polifecnica de Catalunya) 


• 	 Energy Efficient Speculative Threads: Dynamic Thread Allocation 
in Same-ISA Heterogeneous Multicore Systems ........... .......................... ... ......... ................. .453 
Yangchun Luo (University ofMinnesota TwÎn Cilies). Venkatesan Paclü risamy (NVIDJA Corporation), 
Wei-Chung Hsu (National Chiao Tung University). Antonia Zhai (Unive,.sity ofMinnesota) 

Session 7 A: Caches and Coherence Il 
Session Chair: Aamer Jaleel (Intel) 

• 	 SWEL: Hardware Cache Coherence Protocols to Map Shared Data Onto Shared Caches ... .465 
Seth H. Pugslcy, Josef B. Spj ut, David W. Nellans, Rajeev Balasubramonian (University ofUloh) 

• 	 ATAC: A 1000-Core Cache-Coherent Processor with On-Chip Optical Network ............... .477 
George Kurian, Jason E. Mi ll er, James Psota, Jonathan Eastep, Jifeng Liu, Jurgcn Michel, 
Lionel C. Kimerling, Anaol Aga rwal (Massachusetts Illstilule ofTeclmology) 

• 	 Using Dead Blocks as a Virtual Victim Cache .. ... .................................... ... ................................... .489 

Sarnira Khan , Daniel A. Jiménez (The University ofTeJ:as al San Antonio), Doug Burger (Microsoft Research), 
Babak Falsafi (Ecole Polytechnique Fëdérale de Lailsan/le) 

Session 7B: Data Distribution and Tiling 
Session Chair: Lawrence Rauehwerger (Texas A&M University) 

• 	 Compiler-Assisted Data Distribution for Chip Multiprocessors..... .......................................... 501 
Yong Li , Ahmed Abuusamm, Rami Melhem, Alex 'K. Jones (Ulliversity afPittsburgh) 

• 	 Data Layout Transformation Exploiting Memory-Level Parallelism 
in Structured Grid Many-Core Applications ............... ....... .. ... .................... .. ....... ... ... . . ... 513 
I-Jui Sung, John A. Stranon. Wen-Mei W. Hv.'U (University ofIllinois a l Urbana-Champaign) 

• 	 Tiled-MapReduce: Optimizing Resource Usages of Data-Parallel Applications 
on Multicore with Tiling .......................................... .............................. ......... ........ ............................... 523 
Rong Chen, Haibo C hen, Binyu Zang (Fudal1 University) 

Poster Session 
Sess ion C hair: Michael Franz (Universiry oICalijornia al /JlIil1e) 

On-Chip Network Design Considerations for Compute Accelerators.................................... .535 

Ali Bakhoda (Universiry ojBrifish Columbia), John I(jm (Korea Advallced l nstitute ofScience and Teelrn%gy), 
Tor Mo Aamodt (Unhoersity ofBritish Columbia) 

• 	 Believe It Or Not! Multi-Core CPUs Can Match GPU Performance 
for a FLOP-Intensive Application! ........................... ...... ........ ............................................................. 537 
Rajesh Bordawekar, Uday Bondhugu la, Ravi Rao (lBM T. l. Watson Research Center) 

x 

443 



• 	 Ordered and Unordered Aigorithms for Parallel Breadth First Search ",." ...... ....... ....... ...... .. 539 

M. Amber Hassaan, Martin Burtseher, Keshav Pingal i (University afTexas al Austin) 

• 	 Moths: Mobile Threads for On-Chip Ne\works .. ...... ........ .. ........ .. .. .. .... ... .. .............. ..... .. 541 

Matthew Misler, Nata lie Enright Jerger (Univers ity of Toronto) 


• 	 Improving Speculative Loop Parallelization Via Selective Squash and Speculation Reuse .. 543 

Santhosh S. Anantruamu. Deepak Majeti (Rice University), 

Sanjeev Kumar Aggarwal. Mainak Chaudhuri (Indian Ins cibile af Technology) 


• 	 Revisiting Sorting for GPGPU Stream Architectures ... .......... .......... ...... ... ........ 545 

Duane G. Merrill, Andrew S. Grimshaw (Un iversity af Virginia) 

• 	 Analyzing Cache Performance Bottlenecks of STM Applications 

and Addressing Them with Compiler's Help................ ............... . ..... ........ ................ .. .. ..... .... .547 

Sandya S. Mannarswamy (Indial1 lnstitute of Science and HP India). R. Govindarajan (Indian lnsritule ofScience) 

• 	 An Intra-Tile Cache Set Balancing Scheme ... ..... ..... .. .. ...... ... 549 

Mohammad Hammoud, Sangyeun Cho, Ram i G. Melhem (University ofPirtsburgh) 

• 	StatCC: A Statistical Cache Contention Model... ..................... .. .. ..... .. 551 

David Eklov, David Black-SchafTer, Erik Hagcrsten (Uppsala University) 

• 	 An Integer Programming Framework for Optimizing Shared Memory Use on GPUs .... 553 

Wenjing Ma, Gagan Agrawal (The Ohio Slale University) 

• 	 Exploiting Subtrace-Level Parallelism in Clustered Processors ..... ....... ........ .. 555 

Rafael Uba l, Julio Sahuqu illo, Salvador Peril , Pedro LOpez, Jose Dualo (U,û ver.'iidad Politécnica de Valencia) 

• 	 A Case for NUMA-Aware Contention Management on Multicore Systems .. ... 557 

Sergey Blagodurov, Sergey Zhuravlev, Alexandra Fedorova , Ali Kamali (Simon Fraser University) 

• 	 DMATiler: Revisiting Loop Tiling for Direct Memory Access .. .. ..... .. ...................... ... 559 

Haibo Lin, Tao Liu (IBM Research - China). Huoding Li (IBM Systems & Technology Groflp. China). 

Tong Chen, Lakshmînarayanan Renganarayana , John Kevin O'Brien (IBM T J. Walson Research Center). 

Ling Shao (IBM Research - China) 


• 	 Scaling of the PARSEC Benchmark Inputs .... . ... .. 561 

Chris tian Bienia , Kai Li (Princeton University) 

• 	 Online Cache Modeling for Commodity Multicore Processors ..... .. ....... .......... .. 
Richard West (Boston University), Puneel Zaroo, Carl A. Waldspurger (VMware, Inc). 
Xiao Zhang (University ofRochester) 

NoC-Aware Cache Design for Chip Multiprocessors ...... .. .. .. ................... ............... 565
• 
Ahmed K. Abousamrn, Rami G. Me lhem, Alex K. Jones (University ofPittsburgh) 

• 	 A Software-SVM-Based Transactional Memory for Multicore 

Accelerator Architectures with Local Memory ... ... .. ........... ..... ... .. .. ... .. 567 

Jun Lee, Sangmin Seo. Jaej in Lee (Seau! Nationa! University) 

• 	 NUcache: A Multicore Cache Organization Based on Next-Use Distance.... ..... ............ ..... .569 

R. Manikanlan (/ndian im lilufe of Science, Bangalore). Kaushik Rajan (Microsoft Research ln dia), 
R. Govindarnja n (/ndian Insrilufe ofScience. BongaLore) 

• 	 CoreGenesis: Erasing Core Boundaries for Robust and Configurable Performance ..... .. 571 

Shanta nu Gupta. Shuguang Feng, Amin Ansari , Ganesh Dasika, Sco tt Maille (University of Michigan) 

• 	 Automatic Vector Instruction Selection for Dynamic Compilation . .. ... ........ .. .. .573 

Rajk.ishore Barik, Jisheng Zhao, Vivek Sarkar (Rice University) 

• 	 Approximating Age-Based Arbitration in On-Chip Ne\works ..... . ..... .. ....... ..... 575 

Michae l M. Lee, John Kim (Koreo Advaf1ced instilute af Science and Technology). 

Dennis Abts, Michael Marty (Google Inc) . Jae W. Lee (ParakinelÎCs lite) 


Author Index 	 .. .......... ... .. . 577 


XI 

.563 


