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A Little Bit About Me ...

 Education

— Ph.D., Computer Science
U. lllinois at Urbana-Champaign, 1996

* Professional

— Current Appointments

" Professor and Elizabeth & James Turner Fellow; Departments of Computer
Science, Electrical & Computer Engineering, and Health Sciences; Virginia Tech

= Director, SYNeRG? Laboratory (http://synergy.cs.vt.edu/) > SEEC Center
* Founder,The Green500 (http://www.green500.org/)

= Adjunct Faculty,Virginia Bioinformatics Institute,Virginia Tech
— Previous Appointments & Professional Stints

= Academia: The Ohio State U. ("00-’03), Purdue U. (’98-00), U. of lllinois at
Urbana-Champaign ('96-'98).

" Government: Los Alamos Nat’l Lab ('98-'06), NASA Ames Research Ctr ('93)
" Industry: I1BMT.J.Watson Rsch (’90),Vosaic ('97), Orion Multisystems (’04-’05)
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Vision

* Conduct basic and applied research in efficient parallel and
distributed computing (in the small and the large) via the
synergistic co-design of hardware, software, and algorithms

— Enable scientists and engineers to concentrate
on their science and engineering rather than
on the computer science and engineering.

Algorithms A Software
4x

Commoditization and
Ease of Use

Domain

Sciences, Parallel
88x Engineering C i
) t
Hardware Commerce, SRS

Art
http://www.youtube.com/watch?v=zPBFenYg2Zk res
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Parallel Computing
Across a Spectrum

8 CPU cores! 4 CPU cores + 4 CPU cores +
72 GPU cores 384 GPU cores

National Productivity
Opportunity

~300,000 CPU cores +
. . . ~50,000,000 GPU cores
“Missing Middle” °

World Class/Leadership
Computing

High-End HPC Users

@ 2007 by the Council on Competitiveness and the University of Southern California -Leaélllr}g-Edge
rP sers

NUMBER OF USERS OR NUMBER OFTOOLS

NUMBER OF PROCESSORS, MEMORY SIZE, OR JOB COMPLEXITY
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Our Spectrum of Parallel Computing Resources

Massive parallelism w/ increasing heterogeneity in computing resources

Altera FPGA AMD APU Intel Xeon Phi (MIC) NVIDIA GPU T1 DSP

... across a wide variety of environments o Performance via Parallelism
* 2,508 CPU cores

» |87,264 GPU cores
* ~ 6,000,000 threads

Tianhe-2 |

(intel)' inside” [0 wr | » Debuted on FSOO
—_— T } [l ‘/ -
Jeon Phi_jggy 5 ‘ P as commodity

/ supercomputer in U.S.

. e anun
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The Challenge

* Vendors delivering parallel computing to the masses

.- at least in hardware Many different architectures
* Many different computing

environments

Many different programming languages

Many different optimization strategies
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The Challenge: Programmer’s View

How am | going to program my
application for all these platforms? Do
| have to re-program for each platform?

How do | know which
platform to choose to run
my application on?
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The Challenge: Architect’s View

How will | evaluate my
architecture and compare
it to others!?
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B Virg

The Challenge: Compiler & Runtime System

iniaTech

Invent the Future

How will | create (automated) back-
end optimizations and schedulers
and know that they will work well?
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“Productivity = Performance + Programmability + Portability”

Least performance Most performance
Most programmable Least programmable
# Most portable Least portable
(" A ( ) e N\ ( )
Directive Auto- Manually Manually
Parallel vectorized Vectorized Optimized
20xt 1 MAutome. /5% SIMD ["Optimiz.J 83
OpenMP SIMD intrinsics intrinsics
N-bod 153 SLOC
ody 153 SLOC 235 SLOC 268 SLOC
problem P
| x | 60x Optin [,021x
___Serial N/A OpenACC CUDA CUBXW
151 SLOC \ (167 SLOC] 247 SLOC 597 SLOG
OpenMP | 2x | Automauzuszx SIMD | Optimi;.‘=8u.8 =
] 52 SLOC IMD intrinsics intrinsics
535L0C)| | | | 234 5Loc
—_— Y
Legend: | sandy Bridge CPU K20 GPU Knight's Corner
@VirginiaTech Applying a si.mi,l’ar approach to “Li”cI-Driven SgNeRQ
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“Productivity = Performance + Programmability + Portability”

Least performance

Most programmable

Most portable

Most performance
Least programmable
Least portable

<
4 N\ 4 ) e N\ ( N\
Directive Auto- Manually Manually
Parallel vectorized Vectorized Optimized
0 enMPZOX [Autome../2X SIMD ["OptimizJ 83
153 8LOC SIMD intrinsics intrinsics
N-body 153 SLOC 235 S 268 SLOC
problem
e | x | 60x = [,021x
__Serial __ N/A OpenACC automate CUBXW
151 SLOC \ 167 SLOC 247 97 SLOG
OpenMP 12| AL 222 SIMD | Optimi;.‘=8u.8 =
] 52 SLOC SIMD intrinsics intrinsics
153 SLOC 234 SLOC \
—_— Y —
Legend: | Sandy Bridge CPU K20 GPU Knight's Corner
@VirginiaTech Recall: Stanford has ~ 1,000,000 CUDA SLOC that they need SgNeRQ
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It's More than Co-Design for Performance ...

Programmability?

float *d_M,*d_N,*d_P;

void MatMul(float* M, float™ N, void MatMul(float * restrict M, int matrix_size=Width*Width*sizeof{(float);
% p; % : cudaMalloc(&d_M, matrix_size);
o ﬂoqt P’ int W) { ﬂOGt restrict N’ cudaMemcpy(d_M, M,matrixz_size,
for (int i=0;i<W; ++i) float* restrict P, int W) { cudaMemcpyHostToDevice);
fg =) b : PP cudaMalloc(&d_N, matrix_size);
fOf' (mF.I 0’J<W’ ++J) { int l, -I’ k ’ cudaMemcpy(d_N, N, matrix_size,
for (int k=0; k<W; ++k) { #pragma acc kernels cudaMemcpyHostToDevice);
. o _ . . cudaMalloc(&d_P, matrix_size);
P[i*W+j] += M[:’*<W+I<']>|< copyout(P[0:(W*W)]), dim3 dimGrid(1,1);
N[K*WHj]; copyin(M[0: (W*W)],N[0:(W*W)]) dim3 dimBlock(Width, Width);
i=0-i bR MatMul<<<dimGrid, dimBlock>>>(d_M,d_
} for (i=0; i<W, i++){ N, d_PWidth);
} fOI‘ 0=0,'1<W,'j++) { cudaMemcpy(P,d_P,matrix_size.,
} for (k=0, k<W, k++) ctljdaMemcpyDewceToHost);
P[*WH]]+=M[i*W+k]* 23322::8:25;
N[k*W+j] ; cudaFree(d_N);
}
__global__
} void MatMul(float* d_M,
float* d_N,
} float* d_P,
intW) {

int row = threadldx.y;

int col = threadldx.x;

float P_val = 0;

for (int k = 0;k <W; ++k) {
float M = d_M[row *W+ k];
float N = d_N[k *W+ col];
P_val += M*N;

}
d_p[row*W+col] = P_val;
}

Most Programmable Least Programmable
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Parallel Programming with Pictures

when 1 receive system ready |

repeat until  finished = (LT Producer

data produce data
reply ask shared_buffer producer_id

Consumer Pool reply ask | shared_buffer %] data

next free slot

reply ask | shared_buffer

Producer Pool

when I receive system ready

repeat until < ' finished = €[]

Consumer

set reply | to | ask ' shared_buffer consumer_id

next full slot
Widget

Producer Process: Consumer Process:
Produce widget Request filled slot
Request empty slot Connect to buffer

set data | to | ask shared_buffer

set reply | to | ask ' shared_buffer

b

consume

Connect to buffer
Deposit widget Disconnect buffer

sum [0
X (e )

“‘m hungry |

-
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Bat Wing Simulation on CPU and GPU

(Courtesy: Amit Amritkar and Danesh Tafti,Virginia Tech)

¥ Simulation of bat wing using IBM Y
Amit Amritkar, Danesh Talti | Amit Amritkar, Danesh Tafti ‘
Z Z
u_egen u_eigen
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Wall Time = 0.000 minutes
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wall Time = 0.000 minutes
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This work was supported in part by the AFOSR Basic Research Initiative for Transformational
Computing via Co-Design of High-Performance Algorithms & Hardware via Grant No. FA9550-12-1-0442
and by the GPU-accelerated HokieSpeed supercomputer at Virginia Tech via NSF grant CNS-096008 1.
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Microsoft Cloud 30-Second Commercial:

Data-Intensive Biocomputing in the Cloud
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Microsoft Cloud 90-Second Commercial:

Data-Intensive Biocomputing in the Cloud

What can you do?
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SYNeRG? Lab @ Virginia Tech

HOME NEWS RESEARCH PUBLICATIONS Y=o i VIDEOS PICTURES = WIKI SEEC * CU2CL * CHREC * Green500 * HokieSpeed * mpiBLAST * MyVICE - SSS

Address: Torgersen Hall 2050; 620 Drillfield Drive (Alumni Mall); Blacksburg, VA 24061 B\

Synergy People

Faculty & Staff

Wu-chun ("Wu") Feng
Dept. of CS, ECE, VBI at Virginia Tech and

Mark K. Gardner
Office of IT and Affiliate Faculty

Jack Edwards
Dent. of MAE.

Bronis de Supinski
| awrence | ivermore

Virginia Tech.

Ml | Xiaohui (Helen) Gu
" Dent. of CS.

Chung-Hsing Hsu
Oak Ridae National

Dept. of Cancer Biology & Translational Science Dept. of CS.

Inst. at Wake Forest U.

Paul Sathre Missy Thomas 1 Nataliya E. Harold Trease Hao Wang

Postmasters Research Administrator for Timoshevskaya Sr. Research Scientist, Postdoctoral

Associate, Synergy Lab and Postdoctoral Research Dept. of CS. Research Associate,
* Dept. of CS. SEEC Center. Associate, Dept. of CS.

Virginia Tech.
Students

Ashwin Aji n Vignesh Xuewen Cui L. R. Sriram Sajal Dash

(Ph.D.) Adhinarayanan (Ph.D.) Chivukula (Ph.D.)

NVIDIA Graduate ¥ (Ph.D.) M.S)

Fellowship

Islam Harb Ahmed Helal Kaixi Hou Rubasri Kalidas Umar Kalim

(Ph.D.) (Ph.D.) (Ph.D.) (M.S.) (Ph.D.)

Konstantinos "N Sarunya (Kwang) Thomas Scogland Balaji Xiaodong Yu

Krommydas o ; Pumma (Ph.D.) Subramaniam (Ph.D.)

(Ph.D.) : (Ph.D.) NDSEG Fellowship (Ph.D.)

Da Zhang Jing Zhang

(Ph.D.) (Ph.D.)

Collaborators (Current & Past)

Peter Athanas Pavan Balaji Keith Bisset Eric Brown ¥ Yong Cao

Dept. of ECE, Virginia Argonne National Virginia Bioinformatics Office of IT, Dept. of CS,

Tech. Laboratory. Institute, Virginia Tech. Virginia Tech.

Hong Luo
Dent. of MAE.



SEEC Faculty and Staff

e

i s ,
David Ivica Guohua Shengfeng T. Daniel Eric Allan
Bevan Bukvic Cao Cheng Crawford de Sturler Dickerman
BCHM MUS SBES PHYS CHEM MATH VBI

4
Susan Daniel Mark Khidir Roderick Gregory
Duncan Feng Gallagher Gardner Hilu Jensen Kadlec
FST CS/ECE BIOL CNS,IT BIOL BIOL FIN

, : , Pa &
Michel B.Aditya Naren Chris Adrian

Barbara James
Lockee McClure Pleimling Prakash Ramakrishnan Roy Sandu
EDIT ARC PHYS CS CS AOE CS

I Virgini Teche Tresee &N Webmer Yo SYNeRG?

Fvent the Futdre ECE BCHM Visual Arts s synergy.cs.vt.edu



Algorithms Software
AFOSR Basic Research Initiative: 216x 4x

Transformational Computing via Co-Design —
of High-Performance Algorithms and Hardware

88x

This effort is envisioned as a “MURI-like” effort with Hardware

collaborative grants to teams that will create a new community of
researchers skilled in the design, development, and deployment of systems tuned
to maximize the synergy of advanced algorithms and high-performance hardware.

New Center atVirginia Tech:
Synergistic Environments for Experimental Computing (SEEC) e

MVirginiaTech — = =
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Wu Feng, wfeng@vt.edu, 540-231-1192
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HFCHREG
s quRQ _{IHI NSF Center for High-Performance

T Y Reconfigurable Computing

http://www.chrec.org/

http://synergy.cs.vt.edu/
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http://www.green500.org/

. : SUPERCOMPUTING
http://www.mpiblast.org/ e E

http://sss.cs.vt.edu/

< ® “Accelerators ‘R Us”
» Pl http://accel.cs.vt.edu/

http://myvice.cs.vt.edu/
% VirginiaTech ©W. Feng, 2011-2015 SgNeRG
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