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Graham: Synchronizing Clocks by Leveraging Local Clock Properties

Summary

The paper proposes a framework called Graham to improve the reliability of a clock in a system with synchronization
requirements. Unlike prior works that focus on minimizing clock drift! through higher synchronization frequency
or accuracy, Graham increases the holdover time? of the local clock to tolerate synchronization failures. The
authors first identify sources of local clock drift errors and point out the over-exaggeration of the local clock's
instability in prior works. They model frequency error with the system's operating temperature and implement an
error correction framework using inherent temperature sensors and synchronization protocols like NTP or PTP.
Graham can rectify local clock drift effectively under reasonable temperature ranges and operate on various systems
and protocols without additional hardware, as demonstrated by experimental results.

Strength and Weakness

Strength:

1. The paper presents a clear and innovative idea to enhance the stability of local clocks through software
correction.

2. The framework’s flexibility is demonstrated by its ability to be implemented on existing hardware and seam-
lessly combined with other synchronization work.

3. The author provides a detailed analysis of the possible source of oscillator error, supporting the argument
that many existing works have inaccurate assumptions about highly unstable local clocks.

4. The experiments are both thorough and comprehensive, resulting in a convincing demonstration of the frame-
work's effectiveness.

Weakness:

1. The effectiveness of the framework is solely supported by empirical studies. Without theoretical analysis
of holdover time, the stability of Graham is not guaranteed, necessitating additional failure detection and
handling to ensure reliability.

2. In practice, the framework's requirement for a long period of historical data collection can be challenging to
meet. For instance, measuring numerous servers in a large-scale system is costly. Additionally, due to server
aging, periodical measurement is necessary, resulting in higher implementation costs.

Questions

1. Is it necessary to collect such a large amount of data to fit a polynomial in the experiments?

2. What is the minimum number of data points required for accurate polynomial fitting, and what does the
tradeoff look like?

3. What are the possible approaches to reducing the duration of historical data collection?

Conclusion

The paper presents a practical and effective method for solving the synchronization problem by challenging previously
established myths about unstable local clocks and approaching the problem from a different perspective, showcasing
an excellent example of thinking outside the box. Additionally, the paper’s structure is well-designed, succinctly
conveying the challenges of the problem and the core concept of the approach, while each argument is bolstered
by either experiments or in-depth analysis.

1The amount of time by which the local clock deviates from the expected time, which is typically based on a global reference clock.
2The maximum duration for which a local clock can maintain its drift error within an acceptable range without synchronization.



