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In the duration of this plan, our project focus on the research design and implementation of a
complete and integrated JVM for embedded heterogeneous multi-core systems. Our project is divided
into the following three stages:

1. Porting and optimizing JVM (including the JIT compiler inside the JVM) for heterogeneous
multi-core embedded systems.

2. Exploiting concurrency and parallelism in the multi-core systems.

3. Integrating an automatic task partitioning mechanism and parallel garbage collection
algorithms.

3
w

X

POBEHP RS AP FR e R A PR R RO R BRI R
(processor core)s™ ¢ kiE Pl B P o SR PFHEAF S F v kL B (multi-core processor) © 4 **
4%~ 3% (embedded) i o fert Fif ge b enr U] FL o SRR P NS P B B KR RS e
(heterogeneous multi-core)s7f 1 © # ¢ ¥ % chit & 5 TISFOMAPZ IBM/SONY eCell © i¢ * £ 7 5 4
uﬁ%%ﬁ}ﬁﬁ%i;ﬁﬁﬁjﬁﬁﬁgﬁ@ﬁﬁo

Fgp

FOED W F A 0E o 5 kRS g & S 1w g2 B (heterogeneous multiprocessors) » & HiiE
B* AN TEFAR AR TIPS RRREN R AP FALBEF - R R IR
oL S R MR REREL E O R AN SRE AR R AN REAWT Sk R T
R A SRV TS U A B U LA S i



e%u;;

% Leeetal. eh= ¢ [1] > it ? F 177 - B OpenMP 475 3] CUDA R 4048 cniin:F B
T2 (TR R Wk oo e FE B e R (kernel regions) i B 2 o i B HIF R
AEFEERY A HE L RN ERECI LER GPU (Graphic Processing Unit) 4%3¢ - %‘gd i
OpenMP 7§ = v*lﬁ;.\f.’,,,. BoA o ird e Bag § » #Y OpenMP ihi BT 71+ 5 CUDA ehf 4T i+

> @ % OpenMP i & * 7\#";"4 GPU #z35¢ o .r—%@, BRI EERERE G B2
%48 (global memory) - 4= : parallel loop-swap ~ &-%+5 2P| 2 /& * 423% 9 matrix traspose ~ ™ % fL
Ha PR 4258 0 loop collapsing o 7 k&1 o izt Bolee @ g4k ko CUDA #25% fsay
Adad AR5 CUDA #2554 F -

wh[2]A & Adsitdc@ifiE Polyhedral Model ®:E 3 C k4045 %] OpenMP i 4045 s 4% 4=
o THERN DT FRE TR RS REA RN T a0 o ;‘gr} Polyhedral Model =g et > &
LT PEFEEFTELDRIEY > m B EAE N DENEF RIFNEE - FHRESHET > S NA

AT HES 1T Bk JLEAESEIITELBLS ¢

m?{ﬁ&@ﬂ?iﬁu@ﬁgFfﬁﬁ%*ﬁﬁﬁﬁﬁ%@“ﬁﬁﬁ?ﬁﬁ°é$aﬂ%7
® Alpha rdZ B R B R F 7 120 edT B 28 FH FERJILE G 7 e v Rt o 454 applu benchmark
HFHF 3 ey 7225 (instructions per sec) » % ﬁi%#f‘;*i T R PR e o

it/ [3]1 & &4 i 4vir 5 1 Dynamic Voltage Frequency Scaling » .- &5 5 Prs gL F 1 7 Fe
W R R kil F B e B S o AL o ¢ e BARH O AR S Po AE L R
SR IR R o E e o SRR AL 2 & ¥ #1T For IPC-For Cache Miss#7 4
B KT s E Becnik g o

[Alia 7 AREF e %3 PR TP AL B » RN N R seF ho X L ehA)50 o a
£ oA fhe - fAF G Thread Level Parallelism F s 3] * »2F » 2V R 57 & 5 B 7L M fov T
TG BB it e 3 R Panfra P HEF A Fﬂ3ﬁfbﬁ€3@%%iﬁgglﬁ@dﬁﬁﬁim#{ﬁ°
M ¥ — a3 3% B E_&Microarchitecture F B~1¥3x % » 4258 ¥ & 5 CPU-bound:4% ;¢ fMemory-bound:r
#23% > CPU-bounder4g ;¢ & * CPU»x 5 B #7)11 JB3% & % paia B chfh e P 3§75 ¥ - 4RV R4p
E o

SR E:
AT F LRI ANBEF IO S RAGHMERFERF L L 83 F 081 ¢ 3
SBIPE T AMBEE AT EN GRS
AFFZ A B LA BIFEE 0 A u4itheT
(1) e » R F % oot oo #RS F (Embedded Heterogeneous Multiprocessor
Platform Java Virtual Machine, EHMPJVM)
WRTS PRI E LT L R S R M e i B R L R0 K

i



PR - BAESE RN R DA REE B Y R H A i
BARWE SRR A ph o T N Bee2 F P FHE o FHP AN LR
#prw £ 32 (0SKS) ~ IVM #5 i 4 {7 7w 3 B~(DECS) 12 2 VM # 4<% 7] % (JPPR) >
FHEPFHAELIIF3

SV
OS kermel OSKS- !

1 : OSKSH p % 1l

DECS
.PPR- -
OEKS-MN-001

12 : DECSH P % 147l

JPPR-N-001 .

®13 : JPPRIE p % 1B

(2) BF o L BHF AR S A G & k% (Heterogeneous Multi-Core Static
code Optimization and Translation system, HMCSOT )
HMCSOT #-1¢ * OpenMP #£ 8 ¢42 55 #8 p $ 8 & OpenCL 4z;S 78 » ¥ ¥ 2 & ig (7
oo N EFERE R - %%‘r} AP ATE I £ fg 5t F%"%:E‘"ﬁF IPAT]
* OpenMP % B % heterogeneous multi-core #% ;¢ » ,%‘g MEpRARS RO e R
heterogeneous multi-core #2 ;% p# chpf 42 » 3 3+ % % e Bl 4

3



OpenMP

HMCSOT-N-0! Source Code
HMCSOT-N-004
f
v
Transformation LO
Arguments _-PHMCSOT-N-003—> 1§y
T
HMCSOT-N-007 HMCSOT-N-001
|
,v -
HMCSOT-N-008 > Opiniey
! .| OpenMP
_,U HMCSOT-N-009 Source Code
Progragmmer \-/“/—\
HMCSOT-N-002
v
HMCSOT KCT
[1.0.0] [1.2.0]
HMCSOT-N-005
OpenCL
HMCSOT-N-010 ¥ Source Code
_ === -»>
External Interface Internal Interface

® 4 : HMCSOT % L2E HF)
(3) =&z & T & (The Garbage Collecting Platform ,GARCOL)
BAPERRARE P v AR sy R R RS Javat 7 o Javafz ;' 3%
THRED pEF IR oy A W rfﬂmzﬁj (garbage coIIector) A2 5 B
P REA AL VR ANEE R AL TR IRANEYR
g S TP E R AR5 o

GEN MS SEMI Dac ] DFe ][ DGE ‘
L1l 121 131 141 151 161
—
by ] | LS/
! ' [ | E— === 1}
1 i [ o
| B s Internal
R Interface
. n chr lntcrfam: TAVA
r{I‘I'I
" External Irlterface
User r.f\Rc :)I
GARCOL
User v2.1
External Inflerface

P { TAVA !
Bl - - -
ey Prog
1& User Interface .

GEN Ms SEMI DGC DFf DGE
L1l l..’..l 131 14.1 Iﬂl ].!’s.l

B 5 : GARCOL

4

C"'
EC
e
=



L3 R E (s B > % 0T 2 Activity Diagram X 5 it SKTDTIVM )¢t B g > &

~
[?ﬂf‘ﬂ AVA Apphcatlonj\

[*U%EHMPJVM%EW%L» > BRPAEAAZ O DAEE EE)

1=

[Z]
B GARCOLM T Ef%‘%ﬁ?i]/
SRS B 5? PR EEEER?

[F5)

] ]

{ FFHMCSOT offline ﬁ%ﬁﬂ’\j?\é%}

JEFH FINAtive library?
\ [75]

B] 6 : Activity Diagram
51 kg 21
S*EtH

OpenMP #2:* % % 8B @ OpenCL 24 2 HH3E B e &3 - L3 * g1 B OpenMP
Ferh ] OpenCL R4efh » Rpds B3 B 5 g2 Az i & - @aREAey kg it g £33
BB 2R R I?B"”‘ 3 %g FoE B 5 o

FERDERME AR A AP ERDERBEE-H R BB B A hEH
{ 48 feen OpenMP #2358 > 4o @ OpenMP-based H.264 decoder -

ﬁﬁg%Wm@ﬁ%ﬁ#u’_ﬁ*zﬁﬁﬂﬁ Fo T RSB T DR
Mg s oo A SRR AR FRF n Tk e

SERERMERITB K ,?fbﬁvggay m O ERGEREE - H R BB
S KRR IRLAFRPOSERRE] 0 NP E E D G orF T o

54

[1] Seyong Lee, Seung-Jai Min, and Rudolf Eigenmann. OpenMP to GPGPU: A Compiler Framework
for Automatic Translation and Optimization. In PPoPP’09, 20009.

[2] Uday Bondhugula, A. Hartono, J. Ramanujan, P. Sadayappan. A Practical Automatic Polyhedral
Parallelizer and Locality Optimizer. In ACM SIGPLAN PLDI, 2008.

[3] Rangan, Krishna K. and Wei, Gu-Yeon and Brooks, David . Thread motion: fine-grained power
management for multi-core systems, SIGARCH Comput. Archit. News, 2009

[4] Fedorova, Alexandra and Saez, Juan Carlos and Shelepov, Daniel and Prieto, Manuel. Maximizing
power efficiency with asymmetric multicore systems Commun. ACM ,2009

[5] R. Kumar, D. M. Tullsen, P. Ranganathan, N. P. Jouppi, and K. I. Farkas. Single-ISA heterogeneous
multi-core architectures: the potential for processor power reduction. In Proceedings of the 36th
Annual IEEE?ACM International Symposium on Microarchitecture, pages 81-92, Dec. 2003

5



