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Remote Process Management for the Heterogeneous System
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and AKINORI YONEZAWA 2

In this paper we propose a remote process management architecture for execution of parallel
programs on a large heterogeneous system without requiring consideration of the large num-
ber of nodes or of the different processor architectures used in the nodes of the heterogeneous
system. In the field of Petascale supercomputing, to satisfy the demand for performance and
limitation, it is necessary for the best suited processor to execute the best function, but the
problem is how to manage the many nodes and processor architectures in a uniform way. This
paper describes a single system architecture that enables distribute OS function and remote
process management between the Linux OSes running on each of the heterogeneous nodes,
and describes implementation and evaluation on a cluster system of one IA-32 node and three
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SH-4 nodes.
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Fig.1 Heterogeneous cluster system.
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Fig.2 Software overview of the heterogeneous system.
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Table 1 Configuration of the heterogeneous system.
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Fig.4 Selection of execution node.

gooboooobooboobobooboboboobobogo
goboooboob4@bOo0obOo0oobbooon
goboooobooooobooobobooobobooog
goboooobooooobooobobooobobooog
00ooo0oo0ooooooooooooooooon
0ooo0o0oooooooOooOooooooooo
0oooO0o0ooooooOooOooooooooon
gooboooboooboboooboobooobbobogoo
goboob0mmtdooooooobobo
gooboooooboboobooboboonboo s
00000000 O00DOO0O0O00OO0Od pseudo OO
gooboooooobobooboooboboboobobogoo
0000 delegate kernel threadODO0 00000000
goobooooboobooobobooooooboobooo
ooo
ooo0oo0oOoUooooOoOoOoOoUooooooo



14 goooOoOoooOo0oooooooooboboOoooo

HiEg/—F

HE/—F

AFORE
4 F1O—

remote
process

pseudo
process

delegate kernel
kemel

thread

05 pseudo00O0O0O0O0O0OOO0OOO
Fig.5 Relationship of pseudo process and remote process.

F#E/ —F HE/—F
1A-32 Linux SH-4 Linux

iod master slave iod slave
daemon daemon pseudo remote )| daemon || daemon || master
PR . P daemon
user
- -
kernel (e \y nengm = :u
- oy

AT
YE-+1/0 N AH)
HAE 2l -4

i |

YE-b7 DEAE
b

06 DOOODOOOO
Fig.6 Software configuration on management node and

processing node.
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Table 2 Difference with BProc source code.

BProc ~FaEhG ) 'B— b
Tak Ay

T —IVIST P .

) ~;w§§;~w 905217 14467
VMADump 152517 —

~F Ik - 284017

S FYr—g

UE—L10 — 934717

F—F 408817 14517

it 1466517 13778 1 FGEIZESD)

000 1/o000000o0000o0uo0UBProed
000000oooooooooooo 20000
(1)ooooo
000000o0oooooooooooo
e master daemon
0000000 slave daemon DO 000000
Oooooooooooooooooooooo
oooog
e pseudo 0000
gooooOooooooooooooooooo
0010 1000000psendo0 000000
gooooooooooOoOoooooooooo
Joo0oooooooooooooooooon
oooog
e iod daemon
Ooooooooobobooboooooooooo
000000 pseudo 00000000 OOO0O
ooooooooo
e 000 UUOIOOIOIUODOOOODODD
pseudo 00000 CPUOOOOOOOOOOO
0000o0oooooooooooooooooog
e JOODDDDOUODOOOO
0000000000o00oooooooooooo
00000 slavedaemon OO0 00000 OOO
ooo
e DO0ODI/O0DDODOODOO
o0oo0ooooooooooooo/oooo
gooooooooooooooooooooo
gooooooooooooooooooooo
gooooooooooDooooooooooo
ooooooooooo
(2)0o0O0oOo
000000o0oooooooooooo
e slave master daemon
000D0000000d slavedaemon 0O 000

0 daemon(



Vol. 49 No. SIG 2(ACS 21) oooooooooooboooooooooooOoboo 15

slave daemon

OO0O0D0000 masterdaemon 00000000
J0oDoO0o00oO0ooooooooooooooo
oood

goooooog
Jo00oooo0oooooooogoooooo
Jo0oooooooooooooooooooo
O0D0O0000O000 pseudoO0OOOODOO
gobooooOoOooooOoOoOooDbobooOoooDo
gooooo

iod daemon
go0oboOoOoo0oOoooooooogoooooo
0000000 pseudo00O00OO0OOOOODOO
gooooooooo
Jgooo0oooOoooooooooooog
Joooooo0oooooooooooooon
Jooooooooooooooood
goooI/oooooooooo
oooooooooooooooooI/oooo
gobooOooOoOoOoooooOoOooooooobo
gooobOoOOoOoooobooooobooooogo
gobooOooO0o0oOoOooooobooooooobo
Joo0ooo0o0gdooooooooooooo
joo000oooO0oooooooooooooooo

goooooooooobobbboOoO0o0onooooo

3.3 ODUO0OOO0OO00oooooboobo
3.3.1 0O DODOODO

O

Oo0O0ooO00000000local HDD OO

oSO000d0O0oooooooooooooooooo
oooooOooooooOoooUuooooI/oon
00000000 0OD00OC0Omaster daemon[ slave
master daemon[] slave daemon iod daemon 0 0 O
000 ready 00OO0OOOOOO Netboot OO

od

00000000000 nfsroot 000000

3.3.2 ODO0OODOODOO

g
go

(1)

O00000ready0O0O0O0O0O00O0O0ODOOOO
Oo0o0O 70000
0000000 DOO0OO00D00O slave master

daemon O slave daemon O fork 0O OO0

00 slave daemon OO0 O00O0OOOODOOOO
oooo

slave daeemon 00 000 O000OOOODO0O
0000O0OoOoO0 versionOOOOOOOOO
0o0oooooooo

000000 master daemon O socket 0 0
000000 versionOOODOOOOOODOO

HH/—F

L

naster slave
daemon daemon daemon
H—FNET21— H=RLEV2I-L
E® O meEm O oEl
(1)7° 0z
socket #Erze. O d“>$'ﬂ“; O—0upm
laemon (2)version
L fork i @version

(@) version
A{E

(2) socket g QO
(2) socket
/Jﬁm&mﬁ

@3)version @3)version

B8 e (8
(3)version HR2

S>—H or WAL
i

07 0DO0O0O0OOO0O0OOOOOO0O0OO0
Fig.7 Connection flow of management node with

processing node.

HEs —F

n
A-FNESA—N h—FNES2—N
BRI L O®YRTLEM
Aot—TitlE oE
OO
FEYEAED
© mEmR e
Aot~V BE
© PgEE, et YEE o)
AR EAEE )00 g A,

H—FRIRE AEVERAED
L =3

08 O00DOOOOO0ODOOOOOODOOO
Fig.8 Exchange node status.

version 100 0O0000000O00COOO0OO
000000 master daemon 0000000
slave daemon 00000000 15sec 000
gboooboooboooooobooboooobooo
oooooocpUOOOOOOOOOOOO
gobooooboooobo soooooboooo
gboobooboooboobooobooobooo
gooo

(4) 000000 master daemon 0000000
slave daemon 0 00000000 OCOCCOOO
gooood

(5) slavedaemon 0000000000 ODOODO
0o cpuUOOOOOOODOOOOOOOoOO
gboboooooooooboboboon

(6) master deemon 0000000000 0O00O
O00ooooo cepiODOOOOOOOOOnO
gooooo

3.3.3 DOO0OOOOOOOOO

gobooooooooooobooooeonnonon

(1) DOO0DO0ODOOOshelODOODOOOOODO
0000 forkOexec OO O OO OOOOOOQ
goboboobooboobooboboboobooo



16 goooOoOoooOo0oooooooooboboOoooo

EE/—F

s —F

master slave remote
rocess

daemon daemon P
, Delegate

kernel
thread

U+ 1/0
b
1

(1) shell

ASEE () AT+

U~y SRR
o———0

o () ®AT/SR,
OREED | pa
L]

OO aEtEs
DB
O@#+7o—FK
FRA S — K
/R
CESE
O—02 ’;;;7\ C—UBE
@ RRR O—‘H (6)Delegate
BIMtHE, kernel thread
BALHIH -+

(7) 3532 1 8 A
5 exec ERT

by 7WO——’O"OL 2ovER
(5) pseudo EREHE i
7 o
Q1—O(5)use
process &
pseudo 7 Berdt {Dmep WE (mmap Bk
L rarsa
ESh
Oreabagey | | O
]2< D E—— (9) Veadpage

04—0 PLVEIN 3¢

FLEEN
RrT

09 0DO0O0O0O0OO0OOOOOOOOO
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Fig.10 Execution on processing node.

[shmz]# file /home/shmz/pi_test /usr/bin/tail

/home/shmz/pi_test: ELF 32-bit LSB executable, Hitachi SH, version
1, for GNU/Linux 2.3.99, dynamically linked (uses shared libs), not
stripped

Jusr/bin/tail: ELF 32-bit LSB executable, Intel 80386, version
1 (SYSV), for GNU/Linux 2.2.5, dynamically linked (uses shared libs),
stripped

[shmz]# /home/shmz/pi_test 10 | tail
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Fig.11 Binding heterogeneous processes with pipe.
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Table 3 Comparison of the time of process creation to

exit.
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