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Implementation of Fault-Tolerant Ninf-G Application

YUSUKE TANIMURA,! TSUTOMU IKEGAMI,* HIDEMOTO NAKADA, "t
YOSHIO TANAKAt and SATOSHI SEKIGUCHIt

Recently, fault-tolerance is one of the big issues for the Grid application. In this paper, a
task parallel application is implemented with Ninf-G which is a GridRPC system, and ex-
perimented on, using the Asia-Pacific Grid testbed, for three months. Through tens of long
executions, typical fault patterns were gathered, and costs of fault detection and recovery
were measured in order to discuss a better fault-tolereant mechanism. Then, an important
point for application developers is stressed, reminding them to avoid decline of task through-
put by fault-tolerant controlled operations, such as timeout minimization for fault detection,
background recovery and duplicate task assignments. This paper also issues a steer for design
of the automated fault-tolerant mechanism in a higher layer of the GridRPC framework.
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Table 1 Major APIs and the corresponding error codes in faults.

API Possible fault detected Error code

grpc_function_handle_init()

DNS query failure

Server machine is down.

Network to server is down.
Globus-gatekeeper is not running.
GRAM invocation fails at authentication.

GRPC_SERVER_NOT_FOUND
GRPC_SERVER_NOT_FOUND
GRPC_SERVER_NOT_FOUND
GRPC_SERVER_NOT_FOUND
GRPC_OTHER_ERROR_CODE

grpc_function_handle_destruct()

grpc_call()

TCP disconnection during data transfer
RPC failure to disconnected server

GRPC_COMMUNICATION_FAILED
GRPC_OTHER_ERROR_CODE

grpc_call_async()

TCP disconnection during data transfer
RPC failure to disconnected server

GRPC_COMMUNICATION_FAILED
GRPC_OTHER_ERROR_CODE

grpc_cancel()

grpc_wait_any()

TCP disconnection (for nonblocking
data transfer)
Hearbeat has timed out.

GRPC_SESSION_FAILED

GRPC_SESSION_FAILED
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Fig.2 Implementation of TDDFT using Ninf-G.
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Fig.3 Status graph for the server management.
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Table 2 Ninf-G server environment at the longest
execution.

Site #CPU | System Throughput
AIST 28 PentiumlIII 1.4 GHz | 116 MB/s
Spsct 12 Xeon 2.4 GHz 0.044 MB/s
KISTI? 16 Pentium4 1.7GHz | 0.28 MB/s
KU3 2 Athlon 1 GHz 0.050 MB/s
NCHC* 1 Athlon 1.67 GHz 0.23 MB/s
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Fig.4 Transition of live servers.
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Fig.5 Transition of task throughput.
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Fig.6 Transition of network throughput.
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Table 3 Heartbeat receiving interval and data

transmission cost [sec].

Heartbeat interval Data transfer time
Site Ave. Max. Ave. Max.
AIST 30.3 60.0 0.396 0.476
SDSC 30.6 81.0 19.4 25.7
KU 65.1 203 96.7 159
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Table 4 Costs of the recovery operation [sec].
AIST SDSC KU
0.00709 | 0.00465 0.854

1) Server halt

2) Server check 0.556 2.37 1.67
3) Server restart 4.83 10.6 2.80
4) Initialization 6.74 3.67 48.1
Total time 12.1 16.6 53.5

05 0000000000000000000000 [sec]
Table 5 Costs of the background recovery [sec].

No fault
Background recovery
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216.26
263.35
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