In this article, the authors introduce us to the problem called Performance Debugging. This problem is elusive and
difficult because it does not have clear-cut symptoms such as crashing or runtime exceptions. Instead, performance
problems are only discovered through cumulative effects such as increased latency or resource leaks. There are
many tools that help detect performance problems, but they do not explain the anomaly or pinpoint the root causes.
Moreover, existing performance diagnostic techniques are limited and only target specific types of root causes. Thus,

performance problems become even more complex and challenging.

Performance debugging is a critical challenge in system development because many performance
issues don’t manifest as obvious failures like crashes or exceptions. Instead, they appear as gradual slowdowns or
increased resource usage, which can go unnoticed until they cause major bottlenecks. Traditional tools like profilers
or causality analyzers may point to symptoms but often fail to identify the underlying root causes. This makes
debugging both time-consuming and frustrating. Solving this problem is essential for building efficient, reliable
systems, especially as applications grow more complex.

A new technique called "relational debugging" for automatically diagnosing and pinpointing the root
causes of complex performance problems in software systems. Unlike traditional debugging approaches that rely on
absolute measures or clear-cut failures, relational debugging captures and analyzes the relations between
fine-grained runtime events and how these relations change between a "good" run and a "bad" run of a program. The
authors implement this technique in a practical tool called Perspect that:

1. Automatically identifies instructions causally related to performance symptoms

2. Computes relations between these instructions across different executions

3. Filters and refines these relations to identify those that represent root causes

4. Ranks candidate root causes by their impact on observed symptoms

The key innovation is the recognition that performance is inherently relative, similar to motion in
physics, and that by analyzing how relationships between events change, developers can more effectively locate

performance bugs that traditional techniques miss.

In order to test Perspect the authors used it to evaluate 12 bugs from Golang, MongoDB, Redis, and
Coreutils. Of the 12 bugs that were tested, Perspect successfully identified the root cause in 10 of them and excluded
the other 2. In the two that it was not successful in finding the root cause, one issue was in the kernel where Perspect
excluded the root cause from being in the target code, and the other was excluded because the code was changing
too much. Of the 10 that Perspect successfully solved, 2 of the MongoDB bugs were open, meaning developers had
not solved them yet. The authors also conducted user studies where they tested the time it took participants to find
the root cause of bugs. Participants were given 2 bug cases to solve, one while using traditional debugging methods
and the other using Perspect. When using Perspect, developers were found to be 10.87 times faster than their

counterparts. The authors also found that on average, Perspect took 8 minutes to run.






