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Abstract  As the wide application of multi-core processor architecture in the domain of high per-
formance computing, fault tolerance for shared memory parallel programs becomes a hot spot of
research. For years, checkpointing has been the dominant fault tolerance technology in this field.
Recently, a few research works regarding checkpointing for OpenMP programs have been pro-
posed. However, most of the approaches depend on special libraries or hardware platforms. This
paper proposes a compiler-assisted application level checkpointing for OpenMP programs. It is a
platform-independent scheme, and through the extended static data flow analysis, it automatical-
ly chooses those ‘must-be-saved’ variables to save in the checkpoint image, to reduce the over-
head. It also maintains the global coherence of checkpoints by running a non-block protocol. In
this paper, the key issues in the approach are discussed in detail, and the experimental result and

the comparison with similar works show the proposed approach achieves promising performance.
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9 | subroutine sub_1()

1| callsub_20)

13 endm

15 | function func_2()
call sub_30)

endm

21 |subroutine sub_3()

25 | call sub_40)

25 endm

27 | subroutine sub_4()

29 | 1$Potential CKPT

g e e il A b

31 |[end
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program main
goto 5

5 .f::func_Z( )

end
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function func_2()
goto 17

17 call sub_3()

end

. 5

14
15 subroutine sub_3()
16 goto 23
17
18 |23 callsub_4()
19
20 end
21
22 subroutine sub_4()
23 goto 30
24
25 1$Potential CKPT
26 130 ..
27 end
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program main
if restarted goto cs.top

subroutine sub_3()
if restarted
call cs.pop()
call tmp_cs.push('lb_1" goto cs.top
Ib_1 callsub_10) end if

call tmp_cs.push('lb_2")

call s.push('b_5'
b2 x = func 20) call tmp_cs push(’lb_5%

Ib_5 callsub_4()
end call tmp_cs.pop()
. end

subroutine sub_1()

if restarted subroutine sub_4 ()

call es.pop() if restarted
goto cs.top call cs.pop()
end if S
goto cs.top
end if

‘C‘é‘lll tmp_cs.push('1b_3")

1b_3 callsub_2C) .cgll tmp_cs.push('lb_6")

cs(i) = tmp_cs

call tmp_cs.pop() call tmp_cs.pop()

end 1$CheckHere
) Ib_6 ...
function func_2() end

if restarted
call es.pop()
goto cs.top
end if

;:’;111 tmp_cs.push('lb_4")
Ib_4 callsub_3()

call tmp_cs.pop()
end
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Background

This research work is addressing the reliability issue of
large scale parallel computing systems, and focused on
checkpointing, which is widely used in the domain. For long-
time-running scientific programs. periodically saving check-
points and restart from a checkpoint upon a failure induce
considerable time overhead. So far the research works con-
cerning this are majorly done for message passing parallel
programs, trying to lower the overhead for saving and resto-
ring from checkpoints. This work is considering the check-
pointing approach for shared memory parallel programs. The
authors use an extended parallel data flow analysis to reduce
the data amount of checkpoint as possible, to shorten the
time spent for saving and restoring.

This research work is support by the National Natural
Science Foundation of China., with the project # 60621003.
The project is named as ‘ The Key Techniquees for TFLOPS

High Performance Computing’. It’ s focused on processor
architecture for high performance computing, structure-a-
wared internetwork, and scalable parallel algorithm and sys-
tem software. The group has made multiple achievements,
including the programming model and compiler techniques for
streaming processor architecture and for GPU architecture,
and the fast failure recovery scheme based on parallel re-com-
puting. All these works have been published in several top
ranking conferences such as ISCA, PACT, PPoPP, and IC-
DCS.

This research work is dedicated for providing application
level fault tolerance solution for shared memory systems and
OpenMP programs, to improve the reliability of parallel com-
puting systems built on emerging multi-core processors. This
work plays an important role in the project ‘ The Key Tech-

niques for TFLOPS High Performance Computing”.



