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Representation from Europe and Asia has grown, with 40%

] of authors coming from Europe in 2020
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Africa and South America are still heavily underrepresented,

] with only 0.5% of authors coming from either continent in 2020
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ABSTRACT

Protocol standards, defined by the Internet Engineering Task Force
(IETF), are crucial to the successful operation of the Internet. This
paper presents a large-scale empirical study of IETF activities, with
a focus on understanding collaborative activities, and how these
underpin the publication of standards documents (RFCs). Using a
unique dataset of 2.4 million emails, 8,711 RFCs and 4,512 authors,
we examine the shifts and trends within the standards development
process, showing how protocol complexity and time to produce
standards has increased. With these observations in mind, we de-
velop statistical models to understand the factors that lead to suc-
cessful uptake and deployment of protocols, deriving insights to
improve the standardisation process.
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works — Network protocol design.
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1 INTRODUCTION

Protocol standards are crucial to the successful operation of the
Internet. A successful standard provides a basis for interoperability
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between systems developed by competing vendors, and supports the
growth of an open ecosystem of products and services. Further, the
process by which network protocol standards are developed, com-
prising multiple rounds of open feedback and review, has proven
remarkably effective in designing high-quality and robust protocols,
many of which see widespread deployment and use. Understanding
the Internet standards development process, and how it produces
successful protocols is, therefore, important if we are to understand
the Internet and how it has evolved.

One of the main organisations that develops protocol standards
is the Internet Engineering Task Force (IETF). The IETF was foun-
ded in 1986, following on from the US Government-funded effort
that developed the early Internet. It has since grown to become
a global community of network protocol designers, vendors, net-
work operators, and researchers that develop and publish open
network protocol standards and operational guidelines. The IETF
publishes its standards, and other documents, in the RFC series
(https://www.rfc-editor.org). This series comprises around
9,000 documents, authored over 50 years, and provides a rich history
of the development of the Internet and its protocols [9].

While the standardisation process, taken as a whole, has clearly
been successful, there are many RFCs that do not see widespread
deployment. Understanding the reasons for this is complex. The
success or failure of a protocol specified in a particular RFC may
depend on factors beyond its technical quality. Standardisation is
an inherently social and political process [5, 15], requiring cooper-
ation and consensus among a growing number of stakeholders. For
example, in 2020, IETF contributors submitted 7,547 draft docu-
ments, sent 118,537 emails to 335 mailing lists, participated in 3
plenary meetings, 256 interim meetings, and produced 309 RFCs.
However, while the process has evolved and scaled, it has also
slowed, with each RFC taking on average 1,170 days from its first
draft to publication in 2020, an increase from 469 days in 2001.

With this growing complexity in-mind, we argue that it is vital
to gain a coherent understanding of the activities that take place
within the IETF, as well as the key factors that may predict the
success of a protocol standard.
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Abstract

The Internet Engineering Task Force (IETF) has developed
many of the technical standards that underpin the Internet.
The standards development process followed by the IETF is
open and consensus-driven, but is inherently both a social and
political activity, and latent influential structures might ex-
ist within the community. Exploring and understanding these
structures is essential to ensuring the IETF’s resilience and
openness. We use network analysis to explore the social graph
of IETF participants, based on public email discussions and
co-author relationships, and the influence of key contributors.
‘We show that a small core of participants dominates: the top
10% contribute almost half (43.75%) of the emails and come
from a relatively small group of organisations. On the other
hand, we also find that influence has become relatively more
decentralised with time. IETF participants also propose and
work on drafts that are either adopted by a working group for
further refinement or get rejected at an early stage. Using the
social graph features combined with email text features, we
perform regression analysis to understand the effect of user
influence on the success of new work being adopted by the
IETF. Our findings shed useful insights into the behavior of
participants across time, correlation between influence and
success in draft adoption, and the significance of affiliated
organisations in the authorship of drafts.

1 Introduction

The global success of the Internet owes much to its open
development process, a focus on permissionless innovation,
and the ready interoperability enabled by its underpinning
technical protocol standards. These standards support inter-
working between a diverse range of systems implemented
by different vendors, and encourage the development of a
vibrant, open, ecosystem. Given how crucial the Internet has
become, it is, however, vital to understand who develops and
maintains these standards, as they, and the companies they
are affiliated with, have the power to fundamentally shape
the Internet.

The technical standards that define the Internet are largely
developed and maintained by the Internet Engineering Task
Force (IETF). The IETF develops and maintains Internet
protocols, including those for internetworking and transport

Copyright © 2022, Association for the Advancement of Artificial
Intelligence (www.aaai.org). All rights reserved.

(TCP/TP and QUIC), routing (BGP, MPLS), security (TLS),
and application protocols such as HTTP and WebRTC. The
IETF follows an open, consensus-driven process and does
not have a formal membership, thereby posing few barriers
to entry. The standards it develops are publicly available at
no cost and, more importantly for our purposes, the IETF
also makes available its email archives, working documents,
meeting minutes, etc., providing transparent access to rich
datasets that document decades of activities. This allows us
to study the process by which the Internet protocols where
developed in unprecedented detail. The IETF data provides a
representative use case of large-scale, long-lived, distributed
online collaboration, and since the dataset long pre-dates the
COVID-19 pandemic by several decades, lets us to generate
longitudinal insights and patterns pertaining to our research
questions.

Protocol standardisation is an inherently social process.
Most day-to-day work happens on public mailing lists, aided
by meetings, video conference calls, and open document and
code repositories. We are specifically interested in better un-
derstanding how influence is distributed across stakeholders
and how it might affect the standardisation process. This is
of critical societal importance: the IETF has a major impact
on global Internet technologies, and understanding the social
processes involved would give us insight into not only the
driving forces behind standardisation, but also its resilience
to the loss of major participants. Thus, we ask the following
research questions:

(i) How centralised is the active IETF community, and to
what extent is it reliant on a small core of participants?

(i) How do the most influential participants behave?

(iii) How does influence (determined by mailing list partic-
ipation) relate to wider impacts throughout the IETF?

(iv) Does the organisational affiliation of participants also
influence the innovation (adoption of new work) within
IETF?

To answer these questions, we collect public mailing list
archives (2000-2019) containing more than 2.1M messages
from almost 45K senders. We then generate a social inter-
action graph from these public mailing lists (§2). We find
that, akin to many prior social graph studies (Kourtellis et al.
2013; Weitzel, Quaresma, and de Oliveira 2012), influence
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