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LCPC 2012

The 25t International Workshop on Languages and Compilers for Parallel Computing
(Tentative) http://www.kasahara.cs.waseda.ac.jp/Icpc2012/

September 11 - 13, 2012
Green Computing Systems Research and Development Center,
Waseda University, Tokyo, Japan
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GCGREEN COMPUTING SYSTEMS RESEARCH AND DEVELOPMENT CENTER

The LCPC workshop is a forum for sharing cutting-edge research on all aspects of parallel languages, compilers and related topics including runtime
systems and tools. The scope of the workshop spans foundational results and practical experience, and all classes of parallel processors including

concurrent, multithreaded, multicore, accelerated, multiprocessor, and tightly-clustered systems. Given the rise of multicore processors, LCPC is
particularly interested in work that seeks to transition parallel programming into the computing mainstream.

General Chair Post workshop optional tour
* Hironori Kasahara, Waseda University on September 14:
Program Chair “K” Kobe Supercomputing Center

* Keiji Kimura, Waseda University



I\/Iult|/I\/|an>/ core Everywhere

Mulfi-core from embedded to supercomputers

: » Consumer Electronics (Embedded)

Mobile Phone, Game, TV, Car Navigation, Camera,
IBM/ Sony/ Toshiba Cell, Fujitsu FR1000,
Panasonic Uniphier, NEC/ARM MPCore/MP211/NaviEngine,
Renesas 4 core RP1, 8 core RP2, 15core Hetero RP-X,
Plurarity HAL 64(Marvell), Tilera Tile64/ -Gx100(->1000cores),
DARPA UHPC (2017: 80GFLOPS/W)
| » PCs, Servers
| Intel Quad Xeon, Core 2 Quad, Montvale, Nehalem(8cores),
Larrabee(32cores), SCC(48cores), Night Corner(50 core+:22nm),
R | s I _ AMD Quad Core Opteron (8, 12 cores)

e Mu tl -core | enesas in : :
METI/NE>[I)pO Multicore for F\E)ea?ltlme Consumer > WSS’ Deskside & nghend Servers

Electronics Project (Leader: Prof.Kasahara) IBM(Power4,5,6,7), Sun (SparcT1,T2), Fujitsu SPARC64fx8

» Supercomputers
Earth Simulator:40TFLOPS, 2002, 5120 vector proc.
BG/Q (A2:16cores) Water Cooled20PFLOPS, 3-4AMW (2011-12),
BlueWaters(HPCS) Power7, 10 PFLOP+(2011.07),
Tianhe-1A (4.7PFLOPS,6coreX5670+ Nvidia Tesla M2050),
Godson-3B (1GHz40W 8core128GFLOPS) -T (64 core,192GFLOPS:2011)
RIKEN Fujitsu “K” 10PFLOPS(8core SPARC64VI111fx, 128GGFLOPS)

High quality application software, Productivity, Cost

performance, Low power consumption are important
The 27thTop 500 (20.6.2011), EXx, Mobile phones, Games
No.1, Fujitsu K™ 548,352 cores  compiler cooperated multi-core processors are

(Current Peak 8.774 PFLOPS) promising to realize the above futures
LINPACK 8.162 PFLOPS (93.0%)
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BREOSCARAVNISHART—FTIF ¥
RP2 8a7&E~/LFI7LSI

7’0t 90nm CMOS, 84, 3f&Vth

FoTHAR 104.8mm?2 (10.61mm x 9.88mm)

EREE 1.0V-1.4V(37), 1.8/3.3V(1/O)

ENERIES | 600MHZz

CPUtRE 8640 MIPS (Dhrystone 2.1)

Core#3

FPUMRE 33.6 GFLOPS
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-CPUa7 D/ AYI%EEILETS
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ISSCCO8FZK: ISSCCO8 Fm X EFE S 4.5, MLITO, et al., “An 8640 MIPS SoC with Independent Power-off Control of
8 CPUs and 8 RAMs by an Automatic Parallelizing Compiler”
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1987 OSCAR(Optimally Scheduled Advanced Multiprocessor)
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Earliest Executable Condition Analysis for
coarse grain tasks (Macro-tasks)

Data Dependency
""""""" Control flow
@) Conditional branch

BPA Block of Psuedo

Assignment Statements 2
RB Repetition Block O g
J BF‘E-ﬁ :"4»
BPA RB
15 BPA 7 RB L = S —>
T : '-, RB ;
f 15
BR) ‘-.
112
10 _RB e Data dependency
T Extended control dependency '
O conditional branch w13
,-r'—-.~~‘ OR ~~~~. ~~~:‘---:‘r:-—
~—~ AND 14

> Original control flow

............... A Macro Flow
Graph A Macro Task Graph



MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA ALD =4.3
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OSCARaAVNASMNBEIEMT HILFIATAPI
(OpenMPE#E) FIFH. BEB<ILFI LAY

1 421 431|144

3rd layer

Ist layer
Distributed
MT1 1
/) T~ scheduling
MT1 2 code
DOALL
MTI 3
SB
MTI 4
RB
/ > N TN — == = -
N\
N 131
141

2nd layer

WHTOTSLDA A=

Centralized
scheduling
code
SECTIONS
SECTION ~—==========-==------- SECTION
10| T4 12| 73| T4 75| T6| T7
MT1 1
MT1 2 |v||r1-3 |
> i |\/iT1-4 i |1_I3_1| |1_i,_1| |1_i°,_1|
— = | =—F—"|| |13 2||[1.3 2|} [132]|| eT
141 141 1 | |
1 —1F——||[2_3_3]} [2_3_3]| [_3_3]
142 14 2 | |
— 11— — 1 |||[2_3.4]}|3.4]| |1_3.4]
14 3 143
— —1———||||23.5|}[_3.5|] |2_3_5]
14 4 14 4
j I ] 13 6|}[136/]|13 6
AR AR R EARAEAE
. N END SEngONS

Thread groupO

~—

Thread groupl

!
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TI7IORRA A —RZE B9 OSCAR YJLFIAT - A=—2aFAPI
IT-FE{k64t EBFELT-OSCAR < JLFIF APIIZhttp://www.kasahara.cs.waseda.ac.jp/[Z T2
HADSNAIVRETEHDTILFAT (RESZFRINTASZFR7—XT5Fv) L CBIfE T HE
At A—TIIEEBE-FHRREE - V—ILA—HZESHLIH EHICHTERRE

APl Application Programming Interface
> A_—OAFT I AT LA

=] = g
_ OSCARAPI N e
=] == T & - 7.;- -
WO, kT B Sl S iERSCI= kY. S oM. a2
ixa:z%l:l’)‘“%b 5 — S Br 2% - = HlEE s
b L il = By s I 2N 2 — >
i il ] ;;;i% | aO—F&Eka /1>
.’ i F{EAPI =38 API BE 2 5
= Fg [ ok = 7 T D5 WA | 30315
OSCAR Proct g
BT s 1S i S FERI— /1> tt
e TS S LSt D . &85> .- TIMAPI [ =
AL Z1] 4 2 38 £h ki w 5 A
o7 —SZEEE D BEIL PR s Lo =
o5 —ABEEA —sv— = S—FERRa— /T E
~v ko E/hE AN . FIMAPI |z s% =l
ol 22 58 H D E/ME 12 BR > il HE
z OSCAR = /51>
OaO— Kk sN-1=5
Hm AROpenMP
.| — O e |
= I H it OopenMPH — 23

OSCAR <ZILFATAPI IZET B8 iEDH

BREEFE MBERREATI/ILFI7ZMPU HHNEBETHEENER BRIOCII/NCHE BERZBOHIE(Z], Jan. 16. 2009.

BREXHETREX TILFaT7MPUBEFIA TO055LLHRAR I, Nov. 12.2008.

BAREHE MERREMTOLFNNEY T BR-BILAEEABIF], Jun. 01. 2007.

EDN Japan, No.95, pp.17 i 5|4t 2> /X4 STOSCARIREITDAPI, K4t <ILFa7AA—R DO EHEE A ATREIZ], Jan. 01. 2009.

Automotive Electronics, 20085525, [ (E A7 I/LFa7 Oy H B |, May. 01. 2008.

EDN Japan MAGAZINE ARTICLES, 20094185 5|13 /814 STOSCAR IRITDAPIL, &< I/ILFa7Ha—F D BEIERASAIEEIZ ], Jan. 01. 2009.
BEILYVMO=YX Tech On B REERNFEARA—H—, HHIETOBENHIEHEDI /(IR T HIZEAPIZRE |, Nov. 14. 2008,

Nikkei Electronics Tech On "Group Develops Standard API to Give Parallel Execution, Power Control Orders to Compiler"”, Nov. 16. 2008.

BEBP imE MBI [RETRBEXZOERERS, L EHENTOD T/ TERERM UG NIER (TAPIZFF. 2008F 11 A S 2F 1, Nov. 14. 2008,

VRN R W=



NBHOSCAR API v1.0MIERX

» Ml 5IRITAPI » T —3EREXAPI
» parallel sections (*) » dma transfer
» flush (*) » dma contiguous parameter
» critical (**) » dma stride parameter
» execution » dma flag check
» AEBIEAPI » dma flag send
» threadprivate (*) » BB JHIEAPI
» distributedshared » fvcontrol
» onchipshared » get fvstatus
» [EIEAAPI » 34 I—API
» groupbarrier » get current time

(* OpenMPH 5D FETRX)
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Low-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
VCO VClI main_ VCO() { main VCI() {

#pragma oscar fvcontrol ¥

- ( (OSCAR CPU(),0))

#pragma oscar fvcontrol ¥
(1,(OSCAR_CPU(),100)) $
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Two Quad-Core modules
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Speedup Ratio against
Sequential Execution

IBM p5 550Q Server (8 37)
2B 1THCTOT S LEFFIEEER

Two Quad-Core modules
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Performance of OSCAR Compiler Using the multicore API
on Fujitsu FR1000 Multicore
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3.38 times speedup on the average for 4 cores against

a single core execution
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Performance of OSCAR Compiler Using the Developed API on
4 core (SH4A) OSCAR Type Multicore
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3.31 times speedup on the average for 4cores against 1core
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Performance of OSCAR compiler on
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Compile Opiion : -O3
OSCAR compiler gave us 3.43 times speedup against 1 core for Fortran
and 3.13 for C on ARM/NEC MPCore with 4 ARM 400MHz cores
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OSCAR Heterogeneous Multicore

i VC{DVPCO) X VC{)VPCQ) VC{nVPC(n
DTU
— Data Transfer Unit
_ Memory LPM
Interface — Local Program
Memory
——

— LDM

— Local Data Memory
Network Interface

T

Memory

CSM
—  Centralized Shared
Memory
FVR

— Frequency/Voltage
Control Register

— Distributed Shared
)
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An Image of Static Schedule for Heterogeneous Multi-core with
Data Transfer Overlapping and Power Control

CPUO CPU1 CPU2 CPUS3 DRPO
CORE | DTU CORE | DTU CORE DTU CORE DTU CORE DTU
(AA 1T+l LOAD | ~ ~ = 7 T LOAD
MTGH1 LOAD LOAD
: MT1-1 —5ap MT1-2
| SEND SEND
|
| MT1-3 MT1-4
! SEND
e LOAD SEND LOAD )
MTG2 MT2-1 LOAD LOAD LOAD MTG3
LOAD LOAD LOAD
SEND MT3-1 LOAD LOAD
MT2-2 MT2-3 —oao
SEND LOAD — SEND | |
SEND LOAD - =
MT3-2 COAD =
MT3-3 SEND
SEND
MT2=7 MT3-4
- MT3-6 SEND
SEND MT3-5
MT2-8 SEND
STORE
STORE MT3-7 MT3-8
STORE
A STORE J
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Performance of OSCAR Compiler on IBM p6 595 Power6
(4.2GHz) based 64-core SMP Server

35

30

25

Speedup Ratio
N
o

—_
(4]

10 r

OIBM XL Fortran for AIX Ver.12.1 HOSCAR
235
14.5
1.7 15
10 09 12 0.6
Cem [
1 ‘ 2 ‘ 4 8 32 64
SPEC 2000 swim
Compile Option:
Sequential: -OS5 -bmaxdata:64000000000 -q64 -qarch=pwr6
XLF: -O5 -gsmp=auto -bmaxdata:64000000000 -q64 -qarch=pwr6 34

OSCAR: -0O5 -gsmp=noauto -bmaxdata:64000000000 -q64 -qarch=pwr6



Cancer Treatment

Carbon lon Radlotherapy

5 5. 576987448

3. 417692308

1. 95153733

National Institute of o
Radiological Sciences
(NIRS)

10PU 2P 4GP BCPU

5.6 times speedup by 8 processors

Intel Quadcore Xeon 8 core SMP

L R

1

100U 32000 6ACPU
50 times speedup by 64 processors

IBM Power 7 64 core SMP
(Hitachi SR16000)
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