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Design and implementation of a Fault-Tolerant RPC system: Ninf-C

HIDEMOTO NAKADA ,#ft YOSHIO TANAKA it
SATOSHI MATSUOKA tt.iti and SATOSHI SEKIGUCHI ¥

In this paper, we describe design and implementation of a fault tolerant RPC system, Ninf-
C. Ninf-C is designed for large-scale master-worker programs, that take from a few days to a
few months for its execution. Ninf-C takes Condor, developed by University Wisconsin, as the
base structure of the system. It uses file transmission and checkpointing mechanisms and pro-
vides system-wide robustness for programmers. In Ninf-C, master and workers communicate
each other using file, not the socket, making crash-recovery easy.

To prove robustness of the system, we performed an experiment on a heterogeneous cluster
consists of x86 and SPARC. We ran a simple but long-running master-worker program on the
cluster and rebooted several machines of the cluster to disturb the program execution. As a

result, the program execution finished normally, showing the robustness of Ninf-C.

1. 04000

goobooboooooboobooboooboooo
goboooobooobooboooooooooobon
gobboobboboobooooboooobooooooon
gbobobooboooooooobocoboooboooboboo
goboooooooboobobobobbooobooo
gobooooooobooobooooorooooon
goooboooooboboooooboobooobon
gooooooboooooooooboooboooooon
gooboboooooooooooooooooooo

t+ 000000000 National Institute of Advanced In-
dustrial Science and Technology (AIST)
tt 000000 Tokyo Institute of Technology
11 00000000 National Institute of Information

goooboobooooobooobooooobobobon
goooobooooooboobooobobbooo
goooooooooooooooooboboooo
gboooboboooooooooooon
gobooboooooooboooooooooobo
o0oUu0oooooUuoOooUoOl)oooooo
0000002)00000000000000000
0000000000 03) 000000000 ooo
gbobooooboooooooo
gboboooooooobooobooooboboono
gooooooboobooooooboobooooooo
gboooobooooooooooboooboooooo
goobooooboooboooobboboooooo
gbbooooooooobooooboooobooooooo
gooboooooooobooooooooooooon
gobobooooooobooocooOooooobocboo



00000000000 0000000000000
000000000000000000D000000
000000000000000000000000
ooo

00000 ORPC(Remote Procedure Call) O O
000000000000 000000000000
O0O0O0ORPCOOODOOOOODOOODOOOO
ooV 000000000 00000000000
00000000 0D0000000
00000000 O0O0O0D0O0OO0O0 RPCOOOC
NinfCOOODDOO0DO00O00O00ONnfCO OO0
000000000000000000000000
00000000000 00O00000000000
000000000000000000000000
00O0oO00 Condor®® 000 DDODOOCondor
0000000000 00000000000000
000000o0o0ooooo

Ninf-C OO0 00 000 RPC(Remote Procedure
Cal) 0DODOO APIDOOOOOOOOODOO
00000000000000 IDLOO0D0O0O0
000000000 RPCOOOOODODOOOODO
00000000000 0000000000000
ooo
000000000000000200 CondorO
00D0000003000000000 NinfCOO
000000000000000040000000
000000000 000000000000000
6000000000000000

2. Condor00dQd

Condor0 000000000 DODOOOOOODO
goodooooodoooboboooooooooo
goooobodooooooooobooooooon
dodoooooooooooooooooooog
000D0D00O OGlobus Toolkit? 0 O0O0O0O0O0O0O0
jdoDooooooooooooooooooooo
ogooa

CondorJ OO0 OO0O0O0O0O0DOOODOO Condord O
jo0oo0oooooooooooooooooooo
Condor0 0000000000 OO0OOOOODOOO
JdooooooooOoooooooooooooo
godoooooooooobooooooooooaa
goooooooooooooooouoooooaod
goodooooobooooooooooooooa
0000000000000000 OCondor 00O
oooo

2.1 Condor 000

010 condorO 0000 OO0O0O0OOCondord 0O
godoooooooooooooooboboooon
goobooooboo b3goooooob1bo

2SN
Ty
LA}
3 VaTERATIMNMERE
E e —

Condor Pool

01 Condoron

gooooooboodoooooboboOobooooooo
goboboobooooboooboooono 100000
goboooocooooboobooboooboooobooo
goo
0000 Condor OO OOOOOODOOOOODOO
gobooooboooobbooobobooobooo
goooobooobooobooboooobooooooo
obooooooooooooooboobobooon
goboooooobboboobbobooooooboobo
O0oooooooooOoooOogoOoStartd0 OO
gobobooboooboooobboobobboooog
gboobooooooboooooboooooooooo
oboobooobooooooooboooooboobooo
gooobooboboobobbbboboobobboobo
2.2 JoobooOoooO0obooboooboooboon
Condor 0 OO OOOOOOOODOOOOODOOD
gooboobooooboooobobooobooooobooo
goobooooooooboooobooooooo
00000000 Condor0O00OO0OODOODOOOO
goooobobooobobobbboboobobobo
0000000 ShadowO OODOOOOOODOOO
gbooooooooooobobobooooooboooo
gboodoboooboooobooboooobooboobo
ggooooobooobooboooobooooog
gboooooobooooobbooobobboog
gobooooooobooboobooboboobooo
gooooooboooooobboboobooobooon
oooboobooooooboooobobooooo

3. NinfCOOOODOO

3.1 ODO00OO0oOobOoOooooboobo

goboobobooobooobboooooobo

goboooobooooooobooboobooo

(1) DoOOUODOODOUODOoOOOOOOOOO
goboooobboboboooooooboo
goboobbooboooooooboo

(2) 0DOO0DDODODOODOODOODOOOOOOOOOO
gooboooobooooooooobooooo



gooooooooooooooobooooo

ogooooooooobooooo
(3) ODOOUOOOUOODUOUOOOOOOOOOO

ooooooooo
oooboooobol1oooooooboooooon
Condor 00 O0O0OOOOOOOCOODODODOODOO
O0oo0ooooooooooo rRPCcOOOODO
goboboooooooooooobooooboobooon
Ninf-COOOOOOOO Condor DO OOODOOO
goboobooooooocoobooooobooboob 100
goooogooooooo
3.2 JObODOOOOOoD
ooboooobooooobooobooooboooooo
gooboboobooooooooboooobooooooo
obooooooobooboobooooooooooo
goboobooooboooboooboooooboboooobooo
goooobobooooooobooooooboobon
goobooooboooobooooooooboobooo
gboooooooooooooboooboooooao
O0000000000Condor 000000 OODO
goooooooooooboo
000 Nimf-COOOOQOCOOOOOOOOOOO
gooooooooboboooooobooobobooo
0000000000 ooooooog (Condor) O
gobooboboooooobooboobooooooobo
gobobooooooboobbboooooooooo
gooobobooboobobooooooubooboono
gobooooooobooobooooboooboo
ooooocoboboooo
obOobooboobooooobocoOoboooooooon
goooooooooooobooobooboboboo
goooobooooooooboooooooooon
goodoooboooooooboooooboboon
oboooo 3eunoooooon
3.3 Joooooo
Ninf-CO RPCO OCondor 00O OOOOOODO
gooboooobooobooooobooobooo
goboogooooboooouooooooboooooo
oooooooooobooobbooooooooo
gobbboooooooooooobbobooooon
00000000000 O0o0oooO Condor 00O
O0o0oooooDOoOoOo RPCOOCOOO 20000
ooooo
0000000000 RPCOODOOOODO ONinf-
coooUooOoOoOooooOooOoOooOOoOoooOo
ooboboooooobooboooobooobobooooo
gooobobobooboobooobooobooboooo
goobooooooooooooooooobooon
ooooooooboobooooooooooooon
OO0 RPCOOODOOOOODOOOOOOOOOO
O0oUOoOoOoORPCOOOOOOOODOODOOCODO

YIIURTTAIL

HIIyk

—T executable log

— input  outpul

NinfCall(
“funcname”, ) E— 34T

R4FY

input_data,

output_data));

iy
N
Ninf-C
TXE FOTS L oy Hﬂ
74

0 2 Ninf-COOO

odooobooooooobooooooooooon
O00O0OCondor D0 OO O0ODODOOODOOODOODO
condor_submit 0000 OO0OO0OOOOODOOO
ooo

00 Condor OO ODODOODOODOOODOOO
gooobooooooooooooooboooooo
0000 Condor 00O 0O IDOOOODOO

Condor0 00 O00D0OOO0OCDOOO OCondord O
odddodoooooobooooooooooood
godoooooooooobooooobooooD
gododooobooooooobobooooooooo
0o0oooooooooooooooooooooo
doooooooooDOoooooooooooOooon
00000 cobooooboooooooooo
goddooooooooooooobooooooa
godooooboooooooboooooooobooo
00000doooooooddCondorO 0O OO0
ooooooooooooooooooooooog
ogoooooooooooooobooooooooo
ooobooooboooooooooooaoa

odboooodobooooooboooooooo
00000000 Osleep 00000000 OODOO
od0odoooooooooooooooooog
Joooooooooooooooooooooon
ooooooobooooooobooooooooon
Jgoo00o0ObO00oO0o0oOOoO0O0OoO0oOoRrRPCOOO
0o00oooooooooooOooooooooog
oooag

3.4 Ninf-CO API

Ninf-COO000 APIDOO00OOOO ONinf?
00000 APIO00O0O0O0O0OO0OOODOODOOOO
000000000000 o0o0oOoOog 10 Ninf-C
O APIODOOO0O0ODOOO

0000000000 NinfCall O NinfCallAsync



[ Module pi;
Define pi_trial(
IN int seed, IN
OUT double #*ratio)
"tries n random points"
Required "pi_trial.o"

int n,

extern double pi_trial(int seed, int n)
* ratio = pi_trial(seed, n);
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double * ratios = new double[n];

int * ids = new int[n];
for (int i = 0; i < n; i++){
int id;

NinfCallAsync("pi/pi_trial", &(ids[il,
i, m, &(ratios[il));
}

NinfWaitAl1l();

double ratioSum = 0.0;
for (int i = 0; 1 < n; i++);
ratioSum += ratios[i];
printf ("pi = %f\n", (ratioSum / n) * 4.0)
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