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Abstract  Iterative calculation is the repeated execution of the same logic and is widely used in
various machine learning and data mining methods. In the field of big data processing and analysis,
distributed iterative computing is one of the current hot research issues. Fault tolerance is a
necessary guarantee for high availability of distributed systems. Although the fault tolerance
mechanism of existing distributed systems performs well in high availability, it ignores the problem

of fault tolerance efficiency for iterative computing. This paper systematically studies the iterative

Wk 3 2019-09-02 7E£L KA H - 2020-02-13. ARG BB H 8 5 BT 42 351 H 25 0 53 RO B % 5000 H (2018 YFB1004402)
FER A AR (61772124) B3 By, 2B 8 B L OF 5828 . EZTFEJ5 1y KA. E-mail: 17628822324 @ qq. com. & F i Gl {5 {F:
FO M O P ETF R LR 2 (CCP) 2 bt s BT U RO A2 3. E-mail: zhaoyuhai@mail. neu. edu. en. EEMZ. [ 4. 22,
HEH AL 2 (CCP) R g e 5 2 W50 G0N B e . 35 0 B A L OF e 28 - 2 BT 58 05 1)y KA



2102

Y,
&

it B il

fault-tolerant efficiency of batch-flow hybrid big data computing system Apache Flink. When
performing stream processing tasks, Flink uses a “distributed snapshot” checkpoint mechanism to
complete fault tolerance. For iterative analysis of massive data, checkpoints add unnecessary
delay. When performing batch processing tasks, Flink uses the task execution method from the
beginning to achieve fault tolerance. Although this method is simple to implement, it brings a lot
of time overhead. In view of the above problems, this paper first proposes an optimistic iterative
fault tolerance mechanism based on compensation functions. This fault-tolerant mechanism uses
optimistic compensation to recover tasks when iterative tasks fail. It does not use any additional
fault-tolerant methods (it does not introduce additional fault-tolerant overhead) during iterative
execution, and uses user-defined compensation functions to collect healthy nodes. Iterative data,
combined with the initial iterative data, recovers the lost partition data on the failed node, and
continues execution to the iterative convergence state, ensuring the efficient and smooth execution
of the iterative task. Because the optimistic iterative fault tolerance mechanism does not guarantee
that the results obtained are completely consistent with the results obtained by fault-free execution,
for the iteration tasks with higher accuracy requirements, this paper combines the iterative data
flow model of the Flink system to further propose a head-to-tail checkpoint. Pessimistic iterative
fault tolerance mechanism. Unlike traditional blocking checkpoints (blocking downstream operators) ,
this fault-tolerant mechanism writes checkpoints in a non-blocking manner, fully combines the
characteristics of Flink iterative data flow, and injects variable data set checkpoints into the
iterative flow itself. By designing iterative awareness, the system architecture is simplified, and
checkpoint costs and failure recovery times are reduced. This paper is based on the Flink system.
On a large number of real data sets and simulated data sets, a comprehensive experimental study
of the two proposed fault tolerance mechanisms from the aspects of incremental iteration and full
iteration is conducted, and the effectiveness of the proposed iterative fault tolerance optimization
technology is verified. Efficiency. The experimental results confirm that the optimistic and
pessimistic fault-tolerant mechanisms proposed in this paper based on the Flink system are
superior to the existing distributed iterative fault-tolerant mechanisms in terms of computational
efficiency. The former can increase the running time by up to 22. 8% in full iterative computing
tasks and up to 33. 8% in incremental iterative computing tasks; the latter can save up to 15. 3%
of the time overhead in full iterative tasks, and in incremental iterative tasks Saves up to 18.5%
of time.

Keywords  distributed iterative calculation; Apache Flink; optimistic fault tolerance; pessimistic

fault tolerance; checkpoint
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Background

Distributed iterative computing is one of the mainstream
technologies in the field of big data processing and analysis.
The fault tolerance mechanism is a necessary guarantee for
high availability of distributed systems. Although the fault
tolerance mechanism of existing distributed systems performs
well in high availability, it ignores the problem of fault
tolerance efficiency for iterative computing. The new generation
of big data computing system Apache Flink mainly uses the
“distributed snapshot” checkpoint mechanism to perform
fault tolerance when performing stream processing tasks. For
iterative analysis of massive data, checkpoints add unnecessary
delay. When executing a batch processing task, when the
computing node fails and the task fails, the task is executed

from the beginning to complete the fault tolerance. This fault

tolerance method brings a lot of overhead.

Based on the characteristics of Flink’s architecture and
iterative processing., this paper proposes an optimistic iterative
fault tolerance mechanism based on compensation functions
and a pessimistic iterative fault tolerance mechanism based on
head-to-end checkpoints, which reduces fault recovery time
and fault tolerance overhead and improves iterative calculation
effectiveness. The experimental results prove the efficiency
of the iterative fault-tolerant optimization technique proposed
in this paper.
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