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Fault-Tolerant Mechanism in Supercomputing Environment
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Abstract: The three layers supercomputing environment of Chinese Academy of Sciences is built to integrate the computing resources
of the head center in Beijing, eight regional centers and several campus-level centers. To enhance the reliability of the supercomputing
environment and provide stable and reliable computing services, the fault-tolerant mechanism research has become a research priority of
the supercomputing environment. In this paper, the fault-tolerant basic concepts and computer fault-tolerant technologies are introduced at
first. Next, a fault-tolerant framework of the supercomputing environment is proposed. Then the fault-tolerant solutions of different levels
based on the framework and the performance test results in Deepcomp 7000 are presented. Finally, the fault-tolerant overheads of
different levels are compared and analyzed to verify the impact on the application.

Key words: supercomputing; fault-tolerant framework; checkpoint/rollback recovery; fault-tolerant overheads
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Fig.1 Three layers supercomputing environment diagram of Chinese Academy of Sciences
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Fig.2 Fault-Tolerance architecture diagram of supercomputing environment
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Fig.3 State diagram for checkpoint/rollback recovery
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Table 1 Checkpoint storage overhead
F 1 KA RSO T Y

Test program  Checkpoint file size (MB+KB)  Checkpoint file size (MB)

u.C.4 182x4+330 728
sp.C.4 346x4+330 1384
lu.C.16 53x16+330 848
sp.C.16 101x16+330 1616
lu.D.16 719.5x16+326 11512
sp.D.16 1396.6x16+330 22 346

o KT i B 5 Wk I ) TN
mE 2 fME 4, B 5 R,

Table 2 Checkpoint and recovery time overhead

T2 R R BCE S I ] T A

Test program  Program running time (s) Checkpoint Recovery
Time overhead (s) Percentage (%) Time overhead (s)  Percentage (%)
lu.C4 868 11 1.3 71 8.2
sp.C.4 1320 19 1.4 72 5.5
lu.C.16 166 15 9.0 11 6.6
sp.C.16 499 43 8.6 13 2.6
lu.D.16 8018 203 2.5 105 1.3
sp.D.16 10 272 366 3.6 192 1.9

D45 R SR 78 A o) RS — 5 O 00 BB AR MY RS A 977 DR, 16 2 0 1] FR) O 89 08 DA A 2 i 8 ) I (1)
T4t i -2 5000 % SRR AN A2 (0 155 D0 A i AU RRASE PR 47 K, "5 A6 7 ST PR T 18 o, e 0 82 5 £ 1)
O the Y S 1. S 2 A 8 s R SRR Ik, 7 T BRI ASE — 5 (K75 0, B AR RS PR 97 K 55 RS, 728 e S
(1 T J5E 2 B DR, DR s 8 e R I TR P80 It ok /5 o A S RASE — S B 5 00 I, i o T RN AR F) 37 K A 28
RSB ISE TR) T8 2 10t e A 8 e i A A AR D ) O IS/ R I I8 AT IR TRI K 10% AN, — e FEJE |
S B N IR P A AT 2803 RIS b, 75 8088 2 W] LA B2 ).
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Table 3 The results of parallel sequence test in Deepcomp 7000
FFAT PP A LR REFAAE VR I 7000 1 AR 45 R

*3
Processor cores 64
Running time(s) 4105
Processing speed (num/min) 0.733
Parallel speedup 1.00
Parallel efficiency (%) 100.00
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1.442

1.97
98.39
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1083
2.777
3.79
94.76
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5.439
7.42
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Fig.7 Comparision diagram for parallel sequence test
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