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INTRODUCTION

Internet video has experienced tremendous growth over the
last few decades and is still growing at a rapid pace. Internet
video now accounts for 73% of Internet traffic and is expected
to quadruple in the next five years [9, 41]. Augmented reality
and virtual reality streaming, projected to increase twentyfold in five years [9], will also accelerate this trend.
From content delivery networks (CDNs) [35] to HTTP
adaptive streaming [3, 21, 37] and data-driven optimization
for quality of experience [22], the networking community has
brought fundamental advancements in Internet video delivery.
However, video delivery still leaves large room for improvement. First, the video delivery infrastructure has largely been
agnostic to the video content it delivers, treating it as a stream
of bits. Second, the basis of how we represent video has
remained as an unexplored topic within the networking community. In fact, the fundamental basis of video encoding has
largely remain the same. In particular, the practice of video
encoding is to use signal processing techniques (e.g., discrete
cosine transform and inter-frame prediction) to spacial and
temporal redundancies that occur at short time-scales (e.g.,
within a frame or a group of pictures).
This paper shows that advancement in deep neural networks present new opportunities that can fundamentally change
Internet video delivery. In particular, deep neural networks
allow content delivery network to easily capture the content
of video and thus enable content-aware video delivery. Based
on the observation, we explore new design space for contentaware video delivery networks.
First, video contains large amounts of redundancy that occur at large timescales. For example, a basketball game video
shares similar background throughout the video. Moreover,
series of games, episodes, and streams often share common
features. For example, streams of the same game from Twitch
share large amounts of redundancy. While binge-watching—

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are not
made or distributed for profit or commercial advantage and that copies bear
this notice and the full citation on the first page. Copyrights for components
of this work owned by others than the author(s) must be honored. Abstracting
with credit is permitted. To copy otherwise, or republish, to post on servers or
to redistribute to lists, requires prior specific permission and/or a fee. Request
permissions from permissions@acm.org.
HotNets-XVI, November 30–December 1, 2017, Palo Alto, CA, USA
© 2017 Copyright held by the owner/author(s). Publication rights licensed to
Association for Computing Machinery.
ACM ISBN 978-1-4503-5569-8/17/11. . . $15.00
https://doi.org/10.1145/3152434.3152440

practice of watching a series of shows in one sitting—is common [34, 40], tradition video delivery does not take advantage
of redundancy that occur at large timescales. As a result, when
the network is congested, video quality degrades drastically,
even though similar footage is being played. To tackle the
problem, we design a content-aware solution that leverages
redundancy across videos. In particular, our design leverages
image super-resolution using deep neural networks and use
client computation to enhance the video quality. The contentaware delivery network classifies videos and generates a small
super-resolution network (∼ 7.8 MB) using images from similar videos. We show that the content-aware video delivery
achieves better quality using the same amount of bandwidth.
We believe this has far-reaching implications on dynamic
adaptive streaming and quality of experience optimization.
Second, a video frame contains many objects that show
up frequently throughout the video, but traditional streaming
cannot capture this because it cannot capture common features from these objects. Deep neural networks provide an
alternative to encode object representations. To demonstrate
this, we leverage Generative Adversarial Networks (GANs),
known to synthesize images that look authentic to human [17],
for synthesizing objects within a video. We use GAN trained
using similar videos to synthesize a high-quality video from
an alternative form that contains much less information.
To demonstrate the feasibility of the approach, we prototype the system and quantify benefits and costs of the approach. We articulate how different parts of the video delivery
infrastructure should change to accommodate the design. In
summary, this paper takes a first attempt to answer the following question: how will advances in deep neural networks
change Internet video delivery? In answering the question,
we find deep learning opens up large design space and has
far-reaching implications in the video delivery ecosystem. Finally, we call upon the networking community to embrace
recent advances in deep learning and to rethink Internet video
delivery in the context of what the new technology enables.
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MOTIVATION AND INTUITION

Limitations of conventional adaptive streaming: The traditional approach to improving video stream quality includes
designing new bitrate selection algorithms [3, 19, 21], choosing better servers and CDN [2, 26, 48], and utilizing a centralized control plane [27, 33]. These approaches focus on how
we could fully utilize the given network resources. However,
there are two significant limitations.
First, recent devices including mobile devices have significant computational power. Market reports [36] show around

