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Implementation of DSM Using OpenC++ Reflection

Y UKIHIKO SOHDA,! HIROTAKA OGAWA! and SATOSHI MATSUOKAt

Platform portability is one of the utmost demanded properties of a system today, due to
the diversity of runtime execution environment of wide-area networks, and parallel programs
are no exceptions. However, parallel execution environments are VERY diverse, could change
dynamically, while performance must be portable as well. As a result, techniques for achiev-
ing platform portability are sometimes not appropriate, or could restrict the programming
model, e.g., to simple message passing. Instead, we propose the use of reflection for achiev-
ing platform portability of parallel programs. As a prototype experiment, a software DSM
system was created which utilizes the compile-time metaprogramming features of OpenC+-+
2.5 to generate a message-passing MPC++ code from a SPMD-style, shared-memory C-+
program. The translation creates memory management objects on each node to manage the
consistency protocols for objects arrays residing on different nodes. Read- and write- barriers
are automatically inserted on references to shared objects. We evaluated this system on a PC
cluster linked by the Myrinet gigabit network.
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tcsh> make cg

occ -- -g -o SharedClass SharedClass mc | (1)

./SharedClass ~-v =-- -g *
-0 cg cg.cc problem.o |

[Preprocess... mpc++ 1(2)

-D__opencxx -E -0 cg.occ -X c++ cg.cc]l
compiling c¢g.cc |

[Translate... cg.occ into: cg.iil *
[Compile... mpc++ *

-g -0 cg problem.o cg.ii]|(3)
compiling cg.ii *
[done.]

[GC happened 12 times.]
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¢ = (double*)malloc(sizeof(double) * 10);

al10] = b[1); ... }; // ~..(3)
sdsm_init(){ a[0] = 10.0;

b = (double*)malloc(sizeof(double) * 10); };
sdsm_done(){ ... }; /.2
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sdsm_mainO{ .. }; // EHERE
sdsm_initO){ .. }; // 2—¥ =12 X581k
sdsm_done(){ .. }; // Z—¥—ITLARTHNE
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b, sdsmmain() 1342 PE ETiFhbh 5.
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mpc_main(O{ .. };
InitShare(){ .. };
InitAllO{ .. }; /] SAEROTIME 2
FinalAll1O{ .. }; /1 SEEERORI
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Shared<double> a(100); /] .. (D) Shared<double> a(100);
Shared<double> b; Shared<double> b;
Shared<double> ¢; Shared<double> c;
sdsm_main(){ sdsm_main(){ c.allocate(10); // ..(3)

{ double _symb2501_8 = b[1];//(6)
a.WriteStart(10); // .. (4)
a[10] = _sym52501_8;
a.WriteEnd(10); } };-// ..(&)

sdsm_init (O{{a.WriteStart(0); /7 ..(5)
af0] = 10.0; .
a.WriteEnd(0); }... };// ..(5)
sdsm_done(){ ... };

TnitShareO{ a.allocate(100); }; // ..(1)

InitAl1(0{ b.allocate(10); }; // ..(2)
FinalAll1(O{ a.free();

b.free();

c.free(); };

mpc_main(){
invoke InitShare() on all PEs.
sdsm_init();
invoke InitAl1l() on all PEs.
invoke sdsm_main() on all PEs.
sdsm_done() ;
invoke FinalAll() on all PEs. };
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Ptreex SharedClass::
TranslateAssign(Environment* env,
Ptreex obj, Ptreex op, Ptree* exp){
Ptreex exp0 = ReadExpressionAnalysis(env, exp);
Ptree* objO = WriteExpressionAnalysis(env,obj);
return Ptree::List(objO, op, exp0); 1};
Ptreex SharedClass::
WriteExpressionAnalysis(Environment* env,
Ptreex exp)d{
Ptree *obj = exp->First();
Ptree *index = exp->Nth(2);
if (Yindex->IsLeaf())
index = ReadExpressionAnalysis(env, index);
InsertBeforeStatement (env,
Ptree::qMake("‘obj‘.WriteStart(‘index‘);\n"));
AppendAfterStatement (env,
Ptree::qMake("\n‘obj‘.WriteEnd(‘index‘);\n"));

return Ptree::qMake("‘obj‘[‘index‘]"); }
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write 7 7 £ AZ W BRI ZFRAIL 2. AEUDT
7 & ABEDIRIIL read B, write Brdtic &l PE
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e l, Xoke—=UNUyFYrreay 2RO
BOF =Ny FANEL 2 B720THS. T2,
BlockSize BS—FEL EIC B L, 2y b T — 7 D%
EEORAEMNT, B HI2R->TW5, Block-
Size 64kbytes FF Tl 0.34usec/1dword TH H, Zh
13 22.5Mbytes/sec IZH2 T 5. D MPC++® Re-
moteMemoryRead T D#x%#EE L 36Mbytes/sec 55



continuous read/write

% 2 invalidation %) write 7 7t A0 2 A }
(BlockSize=1kbytes,16kbytes)

18 _'\ -+ Read
16 <&~ Write|
" \\
g N
o
2 N\
-8 \\
6 ‘l\\
4 o
2
0

64 128 256 512 1024 2048 4096 8192 16384 32768 65536
BlockSize [bytes]

7 i read, write 7 7EANDIT A

stride read/write

Time [msec]
o

512 1024 2948 4096 8192 16384 32768 65536
BlockSize [bytes]

8 AbMFAF{E read, write 77EADIT AL

Thsb (He6). COERIIread 77 ABDOTF
VAEREF oy 7 BT BELTWADIDEERLD
ns.

4.2.2 AMTF1K read, write 772X

AN AR T 7EATE, EEE AT A Fig

BlockSize THEIC read, write 77 £ A&7, %1

AROT 72 ABED AE ) OIRPUI BT 7 £ A DY
& LHEL THAHP, BlockSize IZfE->TAMT A NS
BALTBDOTHEAEY 7 7 & A&iE BlockSize 12 & »
TE2 A, TOHFETread, write 77 L A% {To 7
B 1 [\ &7 OFEHEER % FI%IC BlockSize % £ 2.
TEHL 7245 R % B 8 1R T .

read, write & b BlockSize DML > TT7 7+
ZBEEAMEMY 5. Zhid BlockSize 75K EWEE 1
BT 7 A AEVEBEERPKRE (L EDT
5. $72, BlockSize DIEHISEST read 77 £ R
Bl & write 77 C ARHOZEI/NE LR B. Thi

read, write 7 7 L ABROS B, AFVEZOED

LEEHRE (R ol R, TV AERPT Y 772
EMDOMBEAFN BB T BIEE /NS (o ledz
HTH5. ‘

kEH] (usec)
AR BlockSize | BlockSize
(PE %) 1kbytes | 16kbytes
0 4.80 5.26
1 31.27 33.05
2 46.06 48.27
6 76.68 78.24

o
w

CG (Problem size : 16129)

-~ Ultra 60 Seq.
~~PentiumPro Seq.

-+ BlockSize=256
-+ BlockSize=1024
< ize=4096

ize=16384

N
a

o
o

Execution _’time {sec]
&

=)

P

o

1PE 2PE 4PE 8PE

9 [EY 1 X=16129 TO CGQ »—F L OFE

4.2.3 invalidation #f£9 write 77t X

TUy s OFBEEFESTHY, SLIHEED PE
WEDOT Ay 75 OHE, BEAABICHBOOY —
ZFoTw 5 PEICxL T invalidation 28847 & N 5.
T0y 7O —OEREROMIMAE, write T 7
L ACETLRESER S, 22 ThH5 PEHFLT
DEBOFHE TH BT — %55 PE % 0,1,2,6
f#, BlockSize % lkbytes, 16kbytes & /L& C,
invalidation D A M ZFHAIL 726 DR 2 TH .

EEEHINLDOTH - TH, invalidation i3 IEFEA
ERERFTENDLOT, EEHFSIEHENRV. £
7z, T 7t AERIE BlockSize 1213 & A KD v,

-ZhiE, invalidation 25 & ZFAICIE A B RS

b2 WDOT, BlockSize IKFEL 724 ==~y F
BhRwhoTh 5.

4.3 CG

WHEET TV r—arofie L CHRELRL
CG #—F NV TOMREFMZ RT. I TIEEEY A
X, PE¥%EEZ CHEREZNEL . $2A%0
BREFOTUT S 5% PC 75 A%, Sun Ultrab0
(UltraSPARC 11 300MHz, *&!) 256Mbytes, Sun
CC4.2) ECEHAL 7. FIREY 1 Xid 16129 (RUE ML
197 1), 261121 (IEEI% 806 |) 22, Block-
Size i 256, 1k, 4k, 16kbytes, PE$ud 1, 2, 4, 8
THEILZ:, IO ORI, K10 DEN TH .
B9 DR LY, 2PE Tt 1PE 1L T 20%12 &
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fa)

CG (Problem Size = 261121)
1600

— Ultra 60 Seq. -
== PentiumPro Seq.

« BlockSize=266
-« BlockSize=1024 |

1400

1200

1=}
1=
o

@
S
S

Execution time [sec]

s
3
S

)
=3
=3

0

1PE 2PE 4PE 8PE

10 MY 1 X=261121 TH CG 7 —FVORKR

LoHEESm EL TWiwnwds, 2PE %5 4PE, 4PE
5 8PE TidiZiZfEoMim trsdAons. hid
1PE 721F DA 21T EE% R Write BF @ invalidate 7%

Thhpwizo, FINBICHELR->TBY, 2PEDY

AT DORIRE ZN S DMBED F — N -~y F
PHKT 570 TH5B. T72, SPET4A.0~49EDA
B RESRONS. SPEETYH Sun Ultra60 THE
REREICIE RIE R VA, 75 2% PC (PentiumPro)
TOBRETICHARTR 2 FOUEN R TS, T2
BlockSize 7° 16kbytes T SPE TEATL 7285412,
BEAMETL TV AO899 5, JHIZEERICERIC
WBERT— % O L U BlockSize 2%k X Wz o [ ZMEEK
BRAEVEEPEL DI EICLDF—N—AYFTH
%, COBESIRMEY 1 IAREVES (K10) @
FREX TV,

B 10 TRIEY £ A0SR E 2o TH B ER
BIEEREE Tl 22T 8PE T 4.6~5.0
BOBHHESRONS, ELEBITEY 1 X505
SWIEAERL D, BlockSize 2 A ThH T Y =SS
BRI ETHD. THBEHERCERICLERT -
D EHS BlockSize £ ¥+ K& W92, BlockSize
PRECLTCHERZERNSEL T, FeHERME
Ao H B L, BlockSize 75/ & VEHIZEELL AT E
BAYE=IUNYF Y TOF ==~y FNERT
EBIELENECDOTHD.

RS0+ AL v F % Enter-
prise4000 (UltraSPARC 10CPU) TEFTT 5L 8 A
T 6 fFikE, ZIZREOHRIEO N, BRRIC
NCEESIESERODIINY 7R S OBHIC L 5,

4.4 FFT

BRI, DEEEE AE ) VAT A OMEREEHEZ L < H
WHNTWA SPLASH2? @9 b, FFT /1 —F W2 X
B VeREEFMZ RS (K 11). RIS 1 X1k 64Kpoints
& L, BlockSize # 2 CHIE:R T 72,

SPLASH2 FFT (Excecution Time)

60 N -+ BlockSize=258 |-
R % BlockSize=1024
—~ 1 - BlockSize=4088
350 N - BlockSize=16384;
g % BlockSize=85536
g ) /==
E40
c
2
Sa0
a
£
3
Q20
1.0
0.0

1PE 2PE 4PE 8PE
SPLASH2 FFT(Speedup)

7 BlockSize=256
~#~BlockSize=1024
. - BlockSize=4096
5 - - - -Linear
Q
S
@
Q
2]
3

B 11 SPLASH2 FFT (B#¥ 1 X 64K points)

5 7B HREIE CG I — ALV DBE & EIE,
BlockSize I213 & A LKS§, BB LM b L
TWwWh, F72, V—Aa—FOEE 1008 475 70 17
BETHY, KBNS HZONTWDS,

5. BEME
Tar g nERY L CDSM B Amtsd ok

. LT Shasta® %% 5. Shasta 21> 7%4 1% SPMD 2

FANDTOT T LETUT T LEHRTHIETDSM
HEREE SRS 5. fHinEh b DSM #EETIE miss check
DF—=N—Ay FE 2RLBEICHATBY, REL
HBIIEEL WA, RV A7 ALV BETHLLED
nas. ’
ZOMDODSM DFEHEEL T, 7V xy bR—2
® Midway®, CRL® %% %. Midway TiZ AE 1 O
—EM#7 o b aik LT entry consistency % Fiv,
miss check 2E DI —FiZa v 4 T2 L > TR
dM 5. CRL Tid miss check ® 72— F iz —
PP RCELSLEFH S, 2% Y, Midway T
XTI —FORWAN I V814 512 L > THBWICITTbI
TLEW, 2—HF—-ELETHATER Y. CRL
TRPETI—FVFRRT 57207075 AH 8
WD RTWV, Ky AF AT =N ERKIZEEINIC
TONBH, 2—HF—DPH AT L AL 2VEAIT £
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Y5 AOTRELEET LT THRTE LD, &

NOICHRTREREITBNEERS.

F72, 5 AT BBHIETEE I
725 @ L LT OpenMP!® #E#fb s h 205 Y, B
FED L Z 5 Fortran binding DANHRE > TS, T
itz — ¥ —7% annotation ZFBT A L2k, O
YL Sh YR a—- R e ERT A, UL, MER
RO BRI D EHE R ETRRIEIKDS 2 W E R
CRERT AT — F ORRAEL Wk ORBEESD .

K= YT 1 DENS DSM OEEE LD L,

o WERDR=IR—ZADLH7% DSM ¥ AT Alk 0S8
CRASHDEENMABLENRD B0, 0SK
FezoTLED.

o [T~z Shasta D & 7% Y ¥~ Z7EEIC miss check
REEANBY AT ATIRT TS A (binary) -
BEKETH 5.

¢ I19AFGAT I DREBNTHE=F T IVIZEH
THIEDTERETH LY, AFEOT S T—F0
£ I XY EE LA G D THY) % EHTICHEY)
HOy I RWBATHIEWTEY, SIS
25,

o Y UREDT YTty DAKRIZL HEREIL
R—FV YT 4 OE TRV EESEHL L, 7
My P OEEOEELTR— M EETH .

KV AT LATHENZ LD 2 AR 2 FEE, 7Y

FUEyFTIF) L YVEIPIEHTHY, K- Y

U754+ HRETEL, S, V9A54T75UD

HERBOS L DFHENB ., &5, DSM ZEIZBN

TTFOaVEEET LA, A5 7T A%EEXERR

BT THEG ORI B,

6. 2EHESHRORE

A BRA R EFIEATREETT T v b 74— LR —
FECYT 4 RERTHEF 70T T I SRETER
%, WEROBROFMALT Y 7¥14F & Open Compiler
DAL TRAT.

RRTIE, ZOFHERKEL T, C++FFED Open
Compiler T# % OpenC++2.5 DV 7V 7T a
fE% FVC, OpenC++® Compile-time MOP % H
WCRDT OS5 0% 7075 AERTAIEIZLD,
SPMD A% £ )V TEPNI CH4+OBFIT BT T KT
MUT, HETERAE U BERE AINT 58505 50
FEEHL .

¥/, TOY AT L% Myrinet TEFR SN 8 A
B Pentium Pro 7 9 A ¥ ECHREFM%E TV, V
TV oy ar e HCERLE, Footdte ey

EHOFHMEE L.

SHOBEL LTI, TTREROTHEE HTEHZ
&ETH B, HIZIE, MPC++9 RemoteMemoryRead
THOAN—7 v MIFKK 38MByte/sec Th 525, &K
AT ATIERK 28MByte/sec Th b, ZhIETF
VABRRTF—TNF 2o 7 DF ==~y FiZLb
bOTHY, EBIFa—=V I TIUERD 5.

DSM OEETH 5 HEFE 7 7 A TIREF O
BRELTIIAFT T V27 M oERHHI T EHNER
BICIETTEETH S, KLV FITRASNTHAT L
RN EE LT TR T—AIV AR Y TH DY
ELHVEILD, FOF vy 7RU—HNVTFL A
NORA VI ThHo B EOMNNRE & EET HLE
BH5b.

¥ 72, OpenC++D7 v 7L — b+ DHFE— b5
ThWied, YATAOFREO—HBFEICR>T
W5, TOHEIZDWTIE OpenCH+ IR BN &0 %
19 ZETHIGHRETH L EER 5.

SEITHEEFMmEEELL T, CC #—%nk
SPLASH2 @ FFT % H\v/27%, FFT D4t SPLASH2
2 & HHEREHE D STROFEETH 5.
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