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YouTube’s DASH implementation analysis
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Abstract—As long as YouTube is one of the most used services
of the World Wide Web, it consumes an enormous quantity of
bandwidth along the network. In order to maintain a high efficiency
in this bandwidth management requirement, YouTube needs to adopt
(and renew) highly efficient video streaming techniques. These
changes produce a deprecated literature about YouTube service traffic
characterization. This work reports an analysis of the recent DASH
adaptive video streaming technique adopted by YouTube. In addition,
this article includes the state of art about the literature with regard to
the YouTube traffic characterization and analyses the DASH
implementation of YouTube, reporting the relationship between
download bandwidth consumption and video quality obtained and its
performance.

Keywords—YouTube, DASH, streaming, bandwidth, video
quality.

I. INTRODUCTION

Y ouTube is one of the most popular services on internet,

being the third most visited web site in the world [1], and its
traffic has a great impact over mobile and fixed networks.
With this great popularity and bandwidth intensive demand,
YouTube presents a challenge for Internet Service Providers
(ISPs) in order to offer a good quality for the consumed
download services by clients. Therefore, the analysis and
characterization pattern of this service traffic is important.
YouTube’s traffic has been studied and documented, such
as in [2] and [3]. YouTube’s videos are transported by HTTP
over TCP. Consequently, YouTube has not to cope with lost
or reordered packets, and the only quality degradation which
may be caused by transmission, is a stalling of the video.
However, using the Dynamic Adaptive Streaming over HTTP
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(DASH) technique, YouTube is able to switch the video
quality based on the link capabilities. The main outcome of
this feature is that if on YouTube’s player quality parameter is
set on “auto”, YouTube can adapt the bitrate of the video
based on the client’s available bandwidth.

The main objective of this work is to find the relationship
among the YouTube’s downloaded video quality level, the
consumed YouTube’s video bandwidth and the available
download bandwidth from the perspective of an access point
to the Internet. This work uses a Home Gateway (HG) as the
access point to the Internet with a YouTube client inside the
Local Area Network (LAN). In addition, the time that
YouTube’s DASH implementation needs to adapt to available
bandwidth fluctuations is characterized.

This paper is organized as follows. Section Il describes the
state of art about DASH and the adaptive streaming. Section
1l focuses on the related work about YouTube
characterization, describing some key points of YouTube’s
behavior. The test-bed deployment for measurements is
depicted in Section V. Results obtained from the
measurements are shown and analyzed in Section V. Finally,
conclusions and future lines are exposed in Section VI.

In the past, streaming services were offered over UDP
(User Datagram Protocol) transport protocol; however,
nowadays, with the increasing bandwidth connection at
households and the popularity of World Wide Web, the media
content can be efficiently delivered now in larger segments
using HTTP (HyperText Transfer Protocol). It is motivated
due to two main reasons. Firstly, HTTP is more firewall
friendly because most of the firewalls are configured to allow
HTTP outgoing connections, and, secondly, with HTTP
streaming, the client manages the streaming without having to
maintain a session state on the server.

However, basic progressive HTTP based streaming is not
suitable for environments which may have a considerable high
bandwidth fluctuations. The video stream has to adapt to the
varying bandwidth capabilities in order to deliver the user a
continuous video stream without any stalls at the best possible
quality for the moment. This is achieved by adaptive
streaming over HTTP.

There are adaptive HTTP-Streaming based proprietary
systems like Smooth Streaming (from Microsoft), HTTP
Dynamic Streaming (from Adobe) or HTTP Live Streaming
(from Apple). Each solution reports its advantages and
drawbacks depending on the circumstances, as it is detailed
in [4]-[6]. DASH [7]-[8], or MPEG-DASH, is an emerging
ISO/IEC MPEG standard that is an extension of the classic
HTTP streaming. Through DASH technology, the video
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quality level can be delivered according to the current network
conditions. Several representations of a video clip are
generated based on quality/bit rate level and each
representation is divided into fragments (usually from 2 to 10
seconds of length) [9]. In order to avoid rebuffering due to
buffer starvation, the video player usually chooses a quality
level that has a lower bit rate than the measured available
bandwidth. In this sense, the video download rate can be
higher than the video playback rate (or at the least the same if
a full video buffer is present). Moreover, the use of DASH
also results in bandwidth consumption saving as it is reported
in [10].

Because of the benefits that HTTP-Streaming based
technology implies and due to the fact that DASH is a
company-independent standard, and it allows saving
bandwidth resources, nowadays, YouTube and other popular
services, such as Netflix, have implemented DASH as the
preferred streaming technology rather than FLV (Flash Video)
streaming.

I1l. RELATED WORK

There are several studies that have characterized the
YouTube traffic along the past years. However, until the date
when this work was written, there are no so much studies
about the YouTube behavior with DASH streaming standard
[10]. For example, in [3], the YouTube service from the
viewpoint of traffic generation in the server’s application layer
is characterized focused on FLV based video clips. An
analysis of how content distribution in YouTube is realized is
done in [11], conducting a measurement study of YouTube
traffic in a large university campus network.

The article [12], published in 2011, studies the YouTube
streaming characteristics and operation, and it reports for
mobile devices: “In fact, the mobile devices cannot buffer the
entire video so the player progressively requests portions
according to the evolution of the playback”. This reported
issue in 2011 presents the same properties as the DASH
operation detailed in previous section.

In [3] also two phases of YouTube streaming is reported.
Frist occurs an initial phase where there is a significant burst
of data. This phase is called “burst phase”. After this initial
burst, the receiving download data rate at YouTube’s player is
considerably reduced. This second phase is called “throttling
phase”. In addition, from the analysis of FLV YouTube
videos, [13] describes that during the initial burst phase, the
amount of data sent by the YouTube server is related to the
transmission rate during the throttling phase.

This work is focused on the analysis of DASH behaviour of
YouTube video streaming to desktop devices, more precisely
using Google Chrome as web browser software. This article
tries to fill the gap in literature (due to the constant changes in
streaming techniques) about  YouTube’s DASH
implementation characterization providing a data report about
YouTube download bandwidth consumption versus the
YouTube quality level obtained. In addition, this work reports
how YouTube’s DASH implementation behaves in terms of
time response to available bandwidth fluctuations.
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IV. DEPLOYED TEST-BED

In order to carry out this the YouTube’s DASH analysis, the
architecture shown in Fig. 1 is used. A PC is used with
Windows 7 as running operative system and Google Chrome
as web browser. Client machine is connected to the Internet
through the HG. Client — YouTube’s server download
bandwidth measurements are done in the HG. An Additional
Java application is running on the client machine. This Java
application is called Commander and commands Google
Chrome to open a YouTube’s testing web page served from
the HG.

\' Client machine 1
\' YouTube video server ‘

YouTube DASH
streaming

e

_
(1)
J

Test web page
request

o

o
YouTube's player ( 4 )
data sending -

Fig. 1 Test-bed architecture and test steps.

The measurements trend to be as non- invasive as possible.
The following steps are done:
1) Commander on client machine calls the testing web page
from HG with 3 possible arguments:
YouTube’s video id: the YouTube’s video id to invoke
at YouTube’s video player (which video reproduce
from YouTube).
YouTube’s video quality: fix the quality of the video.
Possible values are: tiny (240p), medium (360p), large
(480p), hd720 (720p), hd1080 (1080p) and auto.
HG allowed download bandwidth: the allowed
download bandwidth from Client — YouTube’s server
download connection at HG.
The requested available download bandwidth is applied at
HG.
The served web page contains an embedded YouTube’s
player configured to automatically start to play the
YouTube’s video id requested at configured quality level.
The variables of this YouTube embedded player are
extracted by JavaScript code and sent back to the HG in
order to centralize all the measurements.

2)

3)

4)

Once the test finishes a post process of the monitored data
is done with Excel or Matlab software.

V. TESTING AND RESULTS

This section reports the results obtained from the realization
of 4 different tests. The first test (A), details the YouTube
DASH video streaming phases with no bandwidth limitations
at the HG. The next three tests (B, C, D) study the relationship
between the average download bandwidth consumption of the
requested video and the YouTube quality level obtained. These
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tests are replicated over the same 199 videos, and all of these
videos are requested from YouTube Data Api [14] with
parameters videoEmbeddable (only videos that can be
embedded in a web page) and videoSyndicated (only videos
that can be played outside of youtube.com) set on true. Test B
tries first to obtain the average download bandwidth
consumption of a YouTube’s video for a fixed YouTube’s
quality level. Then, the obtained average bandwidth is used to
set an allowed download rate and it is checked whether the
corresponding quality level is obtained. Test C reports a ratio
out of the 199 test videos of which YouTube streaming video
quality level is obtained restricting the available download
bandwidth at the HG.

Finally, test D depicts the detailed DASH adaptation pattern
for available bandwidth changes, where the time the player
needs to notice the change has been measured. In addition, the
time delay between the quality request and the video quality
change is also quantified.

A. ZeroTest

This test reports the YouTube DASH implementation
behavior with no bandwidth restrictions at HG. The video
quality level is set on auto and YouTube player decides to
request hd1080 because of the high available bandwidth that
sees on the link. This test is shown in Fig. 2 illustrating the
download video rate and the buffer state.
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Fig. 2 ZeroTest result graph. From approximately second 0 to 35 the
first DASH burst phase occurs. After this period, it follows the
throttle phase.

From second 0O to approximately second 35 occurs the
DASH burst phase and the download rate of video reaches
4400 kbps as maximum value. At this phase the YouTube’s
player buffer is being filled through a high request of video
fragments. When the buffer is full, in this case storing about
45 seconds of video playback, a second throttle phase follows.
At this stage the amount of received data is significantly
reduced (about an average of 1300kbps), maintaining the
download rate (and the player buffer state) according to the
video playback rate.
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B. avgBW@fixedYTquality(4min)

This test is intended to report the average download
bandwidth consumption of YouTube’s videos given a fixed
YouTube’s requested quality. The test is done over the
reproduction of the first four minutes of each one of the 199
videos. For five different quality levels (small, medium, large,
hd720 and hd1080) the average bandwidth consumption per
video is shown in Fig. 3. It can be appreciated that values
show an increasing average bandwidth consumption when
requested quality level is increased also.
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Fig. 3 Average bandwidth consumption (kbps) in first 4 minutes of
YouTube video playback.

Table | summarizes the measures obtained and depicted in
Fig. 3. The average bandwidth consumption per YouTube’s
quality level of the 199 videos and the standard deviation per
YouTube’s quality level measurements are shown. It is
relevant to remark that the dispersion of the data measured
increases with the quality level.

Table | Average bandwidth (kbps) and std. deviation per YouTube’s
quality level (199 videos). 4 minutes of each video playback.

: Avg. BW Avg. BW std.
Quellty (kbps) dev.

small (240p) 1485.11 225.04

medium (360p) | 2061.22 348.46

large (480p) 2446.99 485.66

hd720 (720p) 2737.27 632.22

hd1080 (1080p) 3541.30 951.19

Then, the maximum available download bandwidth is fixed
in the HG with the average bandwidth acquired from Table I.
The result obtained is that most of the YouTube’s videos take
a superior quality level than it is expected from Table I,
especially for lower intended qualities.

As a second approach, the average bandwidth consumption
of the throttle phase has been calculated for the same set of
videos. Fig. 4 depicts the results obtained discarding the data
of the first two minutes of the previous test. As it is expected,
the average bandwidth consumption of throttling phase per
quality level also increases when the video quality level
increases. Since the throttle phase maintains the player buffer
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with an approximately constant buffer length, the download
bandwidth consumption depends on video playback bit rate.
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Fig. 4 Average bandwidth consumption (kbps) in minute 2 to 4 of
YouTube video playback (throttle phase).

Table Il summarizes the measurements obtained and
depicted in Fig. 4. The average bandwidth consumption per
YouTube’s quality level of the 199 videos and the standard
deviation per YouTube’s quality level measurements are
shown. Again the dispersion of the average bandwidth
consumed per video increases with the quality level, although
this dispersion is sensibly lower. The average bandwidth
consumption at throttle phase is nearly reduced by a
percentage of 60%.

Table 11 Average bandwidth (kbps) and std. deviation per YouTube’s
quality level (199 videos). 2 minutes of each video playback.

0,
Quality (IR B AV 1) lfdoljcltsi\év
(kbps) std. dev. n
small (240p) 668.38 103.17 54.99
medium (360p) 922.04 157.14 55.27
large (480p) 1052.77 211.05 56.98
hd720 (720p) 1065.22 240.72 61.08
hd1080 (1080p) | 1252.65 318.61 64.63

Again, the same proof is done. If the maximum available
download bandwidth is fixed with the average bandwidth
obtained in Table Il the result obtained this time is that most
of the YouTube’s videos trend to take an inferior quality level
than it is expected from Table Il, this time especially if the
high definition qualities (hd720 and hd1080) are tested.

C. YTQuality@fixedAvailBW(4min)

This test is intended to report the quality level that the
YouTube‘s DASH implementation finally choses when a fixed
available downstream bandwidth is applied at HG and auto
quality if configured. As the previous case, the test is done
over the first four minutes of video playback.

Fig. 5 it shows the percentage of the tested videos that take
a determined YouTube’s quality level with a fixed available
download bandwidth (tiny quality stands for 144p resolution).
The figure shows, once more, the increasing bandwidth
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consumption with the quality level. Whereas the small and
medium qualities present high percentage of videos
concentered around a determined value of available
bandwidth, hd720 presents the most entropy in finding a
corresponding available bandwidth value.

100 % of
videos
90

hd720  hd1080

Available BW (Kbps)

tiny small  medium  large

Quality

Fig. 5 Percentage of YouTube’s tested videos that finally take a
determined quality (Xaxis) with a fixed available download
bandwidth (Yaxis).

In Fig. 6 it is shown the percentage of YouTube’s tested
videos that take a determined quality level or superior given a
fixed allowed download bandwidth. For example, for the case
of hd720, it is needed to set an available download bandwidth
of 4000kbps to estimate with around 80% of probability that
the video quality level is going to be set as hd720 when the
auto quality is selected.
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Fig. 6 Percentage of YouTube’s tested videos that finally take a
determined quality or superior (Xaxis) with a fixed available
download bandwidth (Yaxis).

Fig. 6 can be used to obtain an estimation of the probability
of watch YouTube’s videos at a determined quality level or
superior with an allowed maximum download rate. It provides
valuable information for bandwidth management in the HG
settings.
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Table 111 Summary of results.

Allowed BW Quality requested Player quality Video quality Delay for quality Delay quality Player buffer state
change (seconds) request change request change (seconds)
(seconds) (seconds) (seconds) (seconds) (seconds)
0 small (240p) 0 Not applicable Not applicable Not applicable Not applicable
35,83 medium (360p) 58,05 104,46 22,22 46,42 45,23
120,83 large (480p) 137,70 244,47 16,86 106,78 105,58
262,82 hd720 (720p) 275,82 464,41 13,00 188,59 187,84
493,83 hd1080 (1080p) 532,77 619,51 38,94 86,74 85,97

D. YTQuality@BWScale

This last test is intended to report the time that YouTube
player lasts to show a requested player quality operating in
auto mode. A monotonically increasing scale of maximum
available download bandwidth steps at HG is used for this
test, which have been selected based on the knowledge
acquired in the previous tests. This test is applied over a
selected YouTube’s video as an example, and it is depicted in
Fig. 7. The figure shows the download bandwidth
consumption of the YouTube’s player in kbps, the available
download bandwidth set in the HG in kbps, YouTube’s player
buffer in seconds and the marks representing the instant of
YouTube quality request (triangle marks) and effective quality
change in the played video (diamond marks).

hd 1080 190
— = — = .

4250 1 hed720

Bandwidth [kbps)
seconds

Time (secends)

Download BW (kbps) — - Aliowed BW (kbpa] &  Player QualityRequested  +  Pisyer quality changs Buffer |seconds)

Fig. 7 Monotonically increasing scale of maximum available
download bandwidth test.

Results obtained in Fig. 7 are summarized in Table I1l. The
table shows that the time delay for the player to detect
network bandwidth fluctuations goes in the range from 13 to
40 seconds. Then, the player requests the new quality but this
is not immediately shown to the user. In fact, the time delay
for the quality change measured in the test and shown in the
table (column delay quality change) is approximately the
same as the amount of seconds of video that embedded
player’s video stores. Due to this fact, when the request is
made with a high amount of video stored in buffer the
expected quality is shown with a relative high delay of time
(approximately 3 minutes for hd720 quality request at the
depicted test).
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The use of a large buffer involves a lack of response in
showing the quality requested with regard to a decision of
change the quality requested by the player due to an available
bandwidth fluctuation. However, a large buffer prevent video
stalling and rebuffering events, and it also allows the user to
instantly seek and play any part of the video that is inside the
buffer range without the stalling of the rebuffering event. This
presents a trade-off analysis in order to obtain an optimum
quality of experience by the end user.

VI. CONCLUSION

This article has exposed the state of the art about DASH
standard and adaptive video streaming and also has made a
review of the related work on YouTube‘s traffic analysis.
From this review can be concluded that changes in
technology, and more precisely in streaming techniques,
occurs frequently, deprecating the analysis and reports of a
determined service made by researches along the recent years.
Due to this constantly changing world, this work tries to fill
the gap about the characterization of the recent use of DASH
implementation as the preferred streaming technique by
YouTube.

This article has reported the results obtained from the
analysis of the YouTube’s DASH implementation download
traffic patterns. The relationship between the average
download rate of YouTube’s video streaming and the quality
that YouTube’s player operating in auto mode finally decides
to request from server. In addition, the YouTube’s DASH
quality adaptation performance with regard to a bandwidth
fluctuation test is also reported. From this last analysis, it is
concluded that the use of a large video buffer involves a lack
of response in showing the quality requested with regard to
available bandwidth fluctuations. However, a large video
buffer prevent video stalling and rebuffering events and also
allows the end user to instantly seek and play any part of the
video that is inside the buffer range without the stalling of the
rebuffering event.

Future lines of this work involve to expand the bandwidth
fluctuation test analyzing the buffer filling and varying some
network conditions, such as the latency to the server. Also a
comparison analysis between YouTube’s video streaming to
PCs and mobile devices could be done.
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