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Paper: RRC: Responsive Replicated Containers

General Topic: Fault tolerance in multithreaded application through container replication.

Specific Behavior or Activity Studied: The specific focus is on minimizing latency overhead
during normal operation for replicated multithreaded services, by effectively managing
checkpointing frequency and minimizing pause time for checkpointing through innovative use of
container replication.

Research Questions: Given the paper does not explicitly list specific research questions, we
can infer one of the questions it studies as: "Can RRC effectively reduce latency overhead over
state-of-the-art replication mechanisms?"

Challenges:
● Minimizing pause time during checkpointing
● Handling untracked nondeterministic events
● Integration of asynchronous checkpointing and recording of nondeterministic events
● Minimizing the overhead for collection and transfer of nondeterministic event logs

Paradigm: The paper adopts a paradigm focused on the systematic development and
evaluation of the RRC system, aimed at enhancing server application performance and
reliability through improved fault tolerance and reduced latency. It supports its claims through
empirical testing and analysis in a controlled environment.

Problem: Existing replication mechanisms do not adequately address the need for low latency
overhead in fault tolerance mechanisms for multithreaded services.

Importance: Ensuring high reliability and fault tolerance with low latency overhead is critical for
the performance of server applications in data centers.

Claim: The authors claim that RRC "minimizes the latency overhead during normal operation"
and is "inherently less vulnerable to data races than active replication."

State of Knowledge: The paper builds on existing knowledge of replication mechanisms by
combining periodic checkpointing and deterministic replay, addressing limitations of existing
approaches such as high latency or vulnerability to data races.

Evidence: The paper presents experimental results from eight real-world applications,
comparing RRC with the state-of-the-art NiLiCon, to support its claims.

https://www.usenix.org/system/files/atc22-zhou-diyu.pdf


Key highlights include:
1. The average latency overhead with RRC ranges from 144µs to 290µs, compared to

NiLiCon's 37ms to 50ms, as shown in Table 4.
2. Performance overhead with RRC is between 4% and 85%, while for NiLiCon, it ranges

from 18% to 139% as shown in Figure 3.

Story Structure: The paper is structured to first introduce the problem and the limitations of
existing solutions, followed by a detailed presentation of the RRC mechanism, its
implementation, and an evaluation of its performance, reliability, and overheads.


