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OSCAR Automatic para"e“zing Compiler Cancer Treatment Carbon lon Radiotherapy

To improve effective performance, cost-performance - o o
and software productivity and reduce power_ ) — GRS,
Multigrain Parallelization o

coarse-grain parallelism among loops and
supbroutines, near fine grain parallelism
among statements In addition to loop
parallelism

Data Localization P\ i B

Automatic data management for distributed = Sl > .- B
shared memory, cache and local memory 4 it JEn |}
Data Transfer Overlapping |

Data transfer overlapping using
Data Transfer Controllers (DMAS)
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Power Reduction | — 8.9 tllflee;rzlzgsfourlz Y | 55 times speedup by
Reduction of consumed power by compiler | Intel Xeon X5670 _ 64 processors B
control DVFS and Power gating with |~ B o 2 93GHz 12 core SMP  IBM Power 7 64 core SMP
hardware supports. —_ (Hitachi HA8000) (Hitachi SR16000)
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Software Coherent Cache

Parallelizing compiler directed software coherence technique for shared memory multicore systems
without hardware cache coherence control

Speedup by cache software coherant control
Advantages 3.6 times speedup for nas parallel benchmark

 Smaller hardware and lower power consumption brought by 4 CG (Conjugate Gradient)
removing expensive hardware cache coherence mechanism
* Higher performance by compiler’s careful cache operation scheduling
as well as memory optimization
Evaluation
* # of PE: 1PE, 2PE, 4PE
* NIOS Il multicore system implemented in Arrial0 SoC FPGA
e 1S:32KB / DS:32KB (Each PE)
* Application
* NAS Parallel Benchmarks
 Matrix Multiply (Size: 100x100) NAS Parallel Benchmark Multiply
- J
Parallelizing of “National Research Institute for Earth Science and Disaster Resilience”
Earthguake Wave Simulation GMS by OSCAR Compiler

Parallelizing Speedup of GMS
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Execution environment: Hitachi SR16000 Model YM1
Task graph of OSCAR API Program (|B|V| POWER7 Processor: 128core)




Parallel Processing of mOSCAR Compiler
MATLAB/Simulink by OSCAR Compiler [t

mEMulti grain

1 Parallelizati
wasEDA TICL Intel, ARM & Renesas multi cores Parallelization
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Automatic Parallelization of MATLAB/Simulink by OSCAR Compiler
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for Ci = 0; i < 168384; i++) {
YesselExtraction B.DataTwvpeConversionli] = VesselExtraction U.In1[i];:
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o _ enera e CO e -1 /% End of DataTwpeConversion: "<51>/Data Tvpe Conversion’ =/ OSCAR Com piler
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szalExtraction Dfilter (VesselExtraction B.DataTvpeConversion,
YesselExtraction P.h1 _Malue, &VesselExtraction B.Dfilter,
(P Dfilter _VesselExtraction_T *)&VesselExtraction_P.Dfilter);
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Speedups of MATLAB/Simulink Image Processing on s 5
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Various 4core Multicores (Intel Xeon, and Renesas SH4A) e -

. (2) Generate Gantt chart
x3.6 for intel, x3.1 for ARM, x3.5 for Renesas .. :
356 2 49 - Scheduling in a multicore

- 3.20 3.12
28 2.92 . .
3.00 . 42_75 2 73 —xlgculd vesselExtraction_step )
2.48
250  2.29 225 2.33 15 int thrl ;
2.03 g7 1852-06 2.00" int thr2 ;
2.00 : int thri ;
i
ascar _thread create { & thrl ,
1.50 thread function 001 ., C(void%)1l ) ;
ascar _thread create { & thr2 ,
i thread_function_002 , Cvoidx)2 ) ;
ascar _thread create { & thr3 ,
thread function 003 , (void%)3 ) ;
0.50
YesselExtraction step PED ) ;

0.00 oscar_thread_join ( thrl ) ;

Road Tracking Buoy Image Color Edge Optical Flow Vessel oscar_thread join E H]::% % ;

_ ) ) _ oscar_thread join :
Detection Compression Detection Detection i

M Intel Xeon E3-1240v3 m ARM Cortex A15 ® Renesas SH-4a :  (3) Generate parallelized C code
Road Tracking, Image Compression : http://www.mathworks.co.jp/jp/help/vision/examples USIng the OSCAR API

Buoy Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/44706-buoy-detection-using-simulink . .
Color Edge Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/28114-fast-edges-of-a-color-image--actual-color--not-converting-to-grayscale-/ a M U Itl p I atfo rm EXECUt 10N

Vessel Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/24990-retinal-blood-vessel-extraction/
\. J (Intel, ARM and SH etc) y

Vector Processing of Parallelized Program el
mSX-Aurora

by OSCAR Compiler TSUBASA
WASEDA on NEC SX-Aurora TSUBASA

/V DO 100 J=1,N \
' 1
28(114??,5) illt/ISDO*(P(H1,J)+P(I,J))*U(I+1,J) S
CV(1,J+1) = .5DO*(P(I,J+1)+P(L,3))*V(I,J+1)
T e e SPEC benchmark 171 swim
105(:2;;&%53%8’(}1is?vgg;*lvlj&j I — L A . NUMBER OF POINTS IN THE X DIRECTION 512
=L
OSCAR !"i NUMBER OF POINTS IN THE Y DIRECTION 512
N 7 10 i1 9 1] 8 | . GRID SPACING IN THE X DIRECTION  25000.
oz =in Compller ST K B ] NEC Comp“er GRID SPACING IN THE Y DIRECTION  25000.
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2 +@N(1+1,2))-TOTSDX*(H(I+1,3)-H(1,2)) ’ ’ PROGRAM OSCAR_MAIN Executa b | e TIME FILTER PARAMETER 0.001
e ey 1) 7 ISOMP PARALLEL SECTIONS _ NUMBER OF ITERATIONS 10
e MO S ISOMP SECTION File
200 continge | D) AT CALL SHALOW_PEO V. Pcheck = 0.1311E+11
AUtomat|C \ ISOMP SECTION A t t Uc:ecII<<= 0.5215E+05
CALL SHALOW_PE1 u O m a |C Vcheck = 0.5215E+05
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0 300 1=1,N Coarse grain =N CALL SHALOW_PE2 Vectorizati
50 300 1=1,M * ) ectorization « . . 0
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