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Abstract: Many-core architectures are gathering attention toward Exa-scale computing. In many-core envi-
ronments, intra-node parallelization is an important issue. In this paper, Partitioned Virtual Address Space
(PVAS) that is a new process model for many-core architectures is proposed. PVAS provides the scheme for
efficient inter-process communication to multi-process applications so that they can achieve high performance
intra-node parallelization. The MPI communication library, which leverages the inter-process communication
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of PVAS, outperforms the original MPI in the evaluation of the intra-node communication.
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#define PROCESS_NUM 32
int main(int argc, char *argv[]) {
int pvd,i;
int pid[PROCESS_NUM];
char *const arg[];

- <f£m§> —

pvd = pvas_create(); (1)

for(i = 0; i < PROCESS_NUM; i++) {

pid[i] = pid_fork(pvd, i); (2)
if(pid[i] == 0) {
pvas_execve("./parallel", arg, NULL); ———— (3)

} else if(pid[i] > 0) {
printf("fork pvas process %d\n", pid[i]);
}
}

— <—’é‘|ﬂ§> -

pvas_destroy(pvd); (4)
return 0;

}
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M7 FLRAZEMEZHEET 2. MICD X9 % x86 7—F 7
7F v LTEESE S ERET S L, IGBOEET FL A
ey 7T 5DIBERR=Y T = 7LDV A XF

(© 2012 Information Processing Society of Japan

Vol.2012-HPC-135 No.3
2012/8/1

2MB DT, 200MB DX E Y RR—LF—7 )V k>
T, WBINTLE), X=—a77—%77F % TlZ
Bz eV EBBRonTuE720, R=Y57—7)
DY A ZDPERIT 2 Z EFAFFE L L,
SMARTMAP[8] iX, XPMEM & [lfk, fhod 71t 253
FHLTUAPHERAE)DR—C2ZHEGDO 7 F L A%
ey EV 7ol E 7o AICRET 5. v Tg
7 ESZWFEFT T D A — 2 VT H % Kitten[l] B L O
Catamount[4] ICHEEINTEY, x86 7—F 77 F v Z i
RICEIET 2, 1B-HOR—Y 57 —70 (PML4) @ 512
IV MVDOWN, ROV FY R, BT uk APMHAT
27 FLAZEMETS. Bhos511 =y M) 2fho 7vk
ADT FVA%EMEZ2y 7T 50IfEALTWS, fho
7Hut ADPML4 DRYIOTY MY %, DD 511 v
FPYicaE—932¢T, AHGD7 FLAZERIcfio 70
L ADT7 FLVAZERZ~>y 795, koT, 511 7ut A
DT FLRZER LD, =y EVITERLEWVIHIEESH
5. 2BHMBEOR=Y T =70k, o7 ur R LA
270, XPMEM D X )iz, =2 F—7A2MKLT
2 kiEm, Lel, 7rAMTR=Y5F—7 V%[
W 22w, 7ax 2B, PR £
YV DAR—L ZRRNC 70 ZE D YT NN B, il
mﬁécaﬁ&w%@X%u%ﬂb%ffti57¥ﬁﬁ
HH7H, AT OFHEAMEIEL & 2 ME»H

6. EXR

PVAS Tl&, WHIL TEIET 2 72 2237 P L A 22
EHEL VL0, BEO7av 2 TIIHERET2 7ok
AMDT =Y IREVERE L 2\, Ko T, H5 70w AN
NAZEY, o 7a ADOEHL TWE 7 —% ZfHEL
TLEIZEBDHNES,

WA 7 7V =2 a v, 570 AN T
FRhEEZEI LGE, ELVIHEEREZESAR NS
EDS\, ZY) Vol —ATIE, ZONTHMbO ok
ADT—=F#WHET 5D TH-oTH L TH, [EL WL
REBONZ W LD IER WD T, PVASICE-T
7t ARDT— 5 RHESERE L 72 { Th, KE2MEIC
FhokwbkEZS, LarL, 570k A0NTTTH
FREEZEI LTH, ELWilE#EREZROND X%
72 ANE—=T7 REFIT R T T LD RS> T0 5
PVAS IZ k> T 7 at AMD T — FIREIBEREL e\ 2 &
i, 77— a VOIiEEEERET IS 2 LItk 5,

Tar gk, WHT ) r— a v oMb kRS
DEFL—FA7%EZE LT, PVAS #{HHT 2068035 5.

PVAS T, % 70t AR FHER@EE2ILI LT,
ﬁUiﬂTfU#—?aV&LTEW?%fﬂkZVt
T, WELEZ L 0D, REBROF— & i
TETWVELEELD,



BIRLBEZARHRE
IPSJ SIG Technical Report

7. R

ARgEClE, < F 7S 2ABNH| 7 7Y r— a Vi
BV, KaA e 7ur AMEE2FEHET 0 7 0x
AETIE LT, PVAS Z#2% L7, PVAS Tix, WFIL
TEIET 2 70X ADE—7 F L AEFTEHET %70,
HEXEYZNHEPIC, 70 AECEHET— 8 O%ZE
ZITH 2 EDTE, XK R M7 u X ARLEEHIAIEE
%, XoT, PVAS Z#H L 72 =L F 7 a & A HNi 4
T7Vr—varyTiE, ko 7ax 2TV CEHIET %
2T 7R AR T ) r—vav kb, A=—2
TEREICBWT, XN — FNoWsIE EB§
L EMNTE S,

PVAS @ 7'm+ A[Mhl{E % MPLBfE A L, G2 €
V& MPLEE L L7 24, SKBELED X v
=YY A RIEWT, Ping-pong BfEOL A T &R
V=T FHIKRIBIZSGET 2 2 E 2R T 5 2 ETE,

PVAS ZFIH$ 2% MPI 74 77 V) Ofu#ft, <LvF 7
0t ZHNGH 7 7 r— a v OFRESIETH S PGAS IS
PVAS #i#/H U CHHli$ 2 2 L5528, SBOHBETH 3.

R AR —I8IE, BEAEHRBEERS (JST) ok
MALGEHFZEHEE RS TCREST, (2B 2 ifF7emHEK TR 2 +
RY A7 — )VEERETRICE T A2 AT LAY 7 b7 2 T8
Mo, k3D TH3,

SEXH

[1]  Kitten Lightwaight Kernel. https://software.sandia.
gov/trac/kitten.

[2] Many Integrated Core (MIC) Architecture - Ad-
vanced. http://www.intel.com/content/www/us/en/

architecture-and-technology/many-integrated-core/

intel-many-integrated-core-architecture.html.

[3] MPICH2. http://www.mcs.anl.gov/research/
projects/mpich2/.

[4 Open  Catamount.  http://www.cs.sandia.gov/
~rbbrigh/OpenCatamount/.

[5]  Open MPI: Open Source High Performance Computing.
http://www.open-mpi.org/.

[6] The UPC Language. http://upc.1bl.gov/.

[7]  Ron Brightwell and Kevin Pedretti. An Intra-Node Im-
plementation of OpenSHMEM Using Virtual Address
Space Mapping. In PGAS 2011: Fifth Conference on
Partitioned Global Address Space Programming Mod-
els, PGAS ’11, 2011

[8]  Ron Brightwell, Kevin Pedretti, and Trammell Hud-
son. SMARTMAP: operating system support for efficient
data sharing among processes on a multi-core processor.
In Proceedings of the 2008 ACM/IEEE conference on
Supercomputing, SC 08, pp. 25:1-25:12, Piscataway, N.J,
USA, 2008. IEEE Press.

[9] Darius Buntinas, Guillaume Mercier, and William
Gropp. Design and Evaluation of Nemesis, a Scalable,
Low-Latency, Message-Passing Communication Subsys-
tem. In Proceedings of the Sixth IEEE International

(© 2012 Information Processing Society of Japan

[13]

Vol.2012-HPC-135 No.3
2012/8/1

Symposium on Cluster Computing and the Grid, CC-
GRID 06, pp. 521-530, Washington, DC, USA, 2006.
IEEE Computer Society.

Mike Giles. Runners and Riders in GPU Steeplechase.
Technical report, Oxford University Mathematical Insti-
tute Oxford e-Research Centre, 2010. NAG Technical Fo-
rum.

Intel Corporation. Intel MPI Benchmarks
http://software.intel.com/en-us/articles/
intel-mpi-benchmarks/.

3.2.3.

Lee Jinpil and Sato Mitsuhisa. Implementation and Per-
formance Evaluation of XcalableMP: A Parallel Pro-
gramming Language for Distributed Memory Systems.
In The 39th international Conference on Parallel Pro-
cessing Workshops, ICPPW10, 2010.

Toshiyuki Takahashi, Francis O’Carroll, Hiroshi Tezuka,
Atsushi Hori, Shinji Sumimoto, Hiroshi Harada, Yutaka
Ishikawa, and Peter H. Beckman. Implementation and
evaluation of mpi on an smp cluster. In IPPS/SPDP
Workshops, pp. 1178-1192, 1999.



