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Abstract
Cloud-based Web services are shifting to the event-driven,
scripting language-based programming model to achieve
productivity, flexibility, and scalability. Implementations of
this model, however, generally suffer from long tail latencies, which we measure using Node.js as a case study. Unlike
in traditional thread-based systems, reducing long tails is
difficult in event-driven systems due to their inherent asynchronous programming model. We propose a framework to
identify and optimize tail latency sources in scripted eventdriven Web services. We introduce profiling that allows us
to gain deep insights into not only how asynchronous eventdriven execution impacts application tail latency but also
how the managed runtime system overhead exacerbates the
tail latency issue further. Using the profiling framework, we
propose an event-driven execution runtime design that orchestrates the hardware’s boosting capabilities to reduce tail
latency. We achieve higher tail latency reductions with lower
energy overhead than prior techniques that are unaware of
the underlying event-driven program execution model. The
lessons we derive from Node.js apply to other event-driven
services based on scripting language frameworks.
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Introduction

Cloud-based Web services are undergoing a transformation
toward server-side scripting in response to its promises of
increased productivity, flexibility, and scalability. Companies
such as PayPal, eBay, GoDaddy, and LinkedIn have publicly
announced their use of asynchronous event-driven scripting
frameworks, such as Node.js, as part of the backends for their
Web applications [3, 4, 7]. The use of the asynchronous eventdriven execution model coupled with the managed scripting
language leads to better application scalability and higher
throughput, developer productivity, and code portability,
which are essential for Web-scale development [41].
A key challenge facing Web-scale deployment is long tail
latency, and asynchronous event-driven Web services are
no exception. Long tail latency is often the single most important reason for poor user experience in large scale deployments [15]. We use the popular Node.js framework for
our study of tail latency in managed event-driven systems.
Node.js is a JavaScript-based, event-driven framework for
developing responsive, scalable Web applications. We find
that tail latency for requests at the 99.9th percentile is about
10× longer than those at the 50th percentile, indicating that
serious tail latency issues exist in event-driven servers.

