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I. Context

Cloud computing is now a major foundation of digital infrastructures. Among its
service models, Function-as-a-Service[1] (FaaS) the automatic execution of software
functions in response to events, without requiring the client to manage the alloca-
tion of the necessary hardware and software infrastructure resources. This model
is characterized by the huge number of instances of those functions, the fast rate
they are created, used and destroyed, and their quick individual execution time. In
addition to this scale problem, observing FaaS platforms and measuring metrics to
characterize their execution is a challenge due to the complexity of their software
stacks: function instances are materialized as isolated software environments using
combinations of virtualization techniques.
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Figure 1: Power usage of a function “Mandelbrot” under various environments,
breakdown by FaaS execution phase.

It makes it hard to understand a critical part of their behavior on the systems: their
power usage. Indeed, existing power meter solutions are not fit for the properties
of FaaS[2], [3], [4]. Beyond the most basic meters that only measure the global
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consumption of power of the physical machines, software-defined power meters try
to give meaningful information about applications. Most often, they rely on some
previous training that requires a lot of data and time. This limit makes them largely
impractical, especially in FaaS environments, because the requirement is to under-
stand the power usage behavior of user-provided workloads that is by definition
unknown at first.

The Powerful Serverless project takes place within the nation-wide collaborative
project EVERGREEN, specifically its Work Package of developing tools to precisely
measure and optimize the energy consumption of a FaaS platform. Here, we aim to
(i) measure energy consumption at the granularity of a single function instance to
inform users of their usage, and (ii) manage function execution to minimize energy
consumption at the platform scale. The targeted challenges are:

1. Measuring raw metrics at the platform’s system level;
2. Interpreting this data at scale and within the context of the FaaS platform;
3. Implementing actionable levers for energy efficiency based on this data.

The Powerful Serverless project starts by focusing on the first challenge.

I1. Goals

EVERGREEN and Powerful Serverless build on PowerAPI[5], a state-of-the-art

software wattmeter developed by EVERGREEN contributors. The extensibility of

PowerAPI will provide a solid foundation for modeling, indicators, and analysis of

FaaS platforms. PowerAPI already enables the collection of energy consumption

measurements from hardware sensors. However, its design was not intended for

the scale and execution time characteristics of serverless function instances.
The goals of Powerful Serverless are:

¢ Identify the design constraints of software systems (virtualization, Linux kernel
perf subsystem, etc.) and hardware (RAPL interface) related to energy measure-
ment that pose challenges in a serverless context;

e Propose new designs for software layers (including PowerAPI) and identify their
limitations due to hardware constraints;

e Experimentally validate these solutions.

Further objectives include researching the data interpretation challenge, to model
the power usage of FaaS applications, functions and hosts.

II1. Work environment

The student will integrate into the research team f Benagil of Inria, who studies
how to design more efficient and secure distributed systems by focusing on their
core components.

Technology-wise, the student(s) will gain experience in bleeding-edge cloud in-
frastructures, with FaaS platforms (mainly Apache OpenWhisk), cluster management
(containers, Kubernetes), and hardware virtualization (virtual machines) applied to
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https://team.inria.fr/benagil/

state-of-the-art issues of the cloud. Development can be expected in Python (for
PowerAPI) as well as systems language (C for PowerAPI and work in the Linux kernel,
possibly Go for containerization layers, otherwise left to the students’ preference).
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