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DOWNLOADING MEDIA OBJECTS 

0001. This application is a continuation application and 
claims priority under 35 U.S.C. S 120 to U.S. application Ser. 
No. 14/042,952, filed Oct. 1, 2013, the entire contents of 
which are incorporated here by reference. 

BACKGROUND 

0002 This description relates to downloading media 
objects. 
0003. As shown in FIG. 1, media objects such as files 10, 
for example, can be downloaded 12 by a server 14 through a 
communication channel 13 to a mobile device 16. To facili 
tate this download, an application (app) 18 running on the 
mobile device may use a mobile file download (MFD) func 
tion 20 provided by the device's operating system (OS) 22. 
0004 For example, a news app can request download of a 
10-minute “news update' video once per day. Once the app 
requests the download, a mobile file download (MFD) func 
tion of the OS (for example, the NSUrlSession API in Apple's 
iOS7 operating system) takes responsibility for downloading 
the file from the server. The server may be part of a content 
delivery network (CDN)24 that includes a file storage service 
26 where the file is stored. 
0005. The OS may signal the app when the download is 
finished, so that the app can, e.g., notify the user or update the 
apps internal data store 28. 
0006 Media objects are often packaged as many small 

files expressed in a streaming format. The Small files are often 
called “fragments.” When a mobile device is connected to the 
Internet, the device can download these fragments sequen 
tially and render them (for example, present a video to a user 
of the device) while downloading; this concurrent “down 
load-and-play” process is typically called streaming. Usu 
ally the device discards the downloaded fragment shortly 
after it has been played. Streaming uses an Internet connec 
tion during playout of the media object. To allow a mobile 
device to play out a media object when the device does not 
have an Internet connection, the mobile device can download 
the media object before playout. Doing so may require the 
mobile device to download the fragments comprising the 
media object. However, in some cases, MFD systems are not 
designed to handle the download of many files. 

SUMMARY 

0007 Here, we describe a process and system for using, 
for example, an MFD system to download a media object 
having many constituent files expressed in streaming format 
for later playout on the mobile device. 
0008. In general, in an aspect, two or more files are pro 
cessed that each represent, in a streaming format, a portion of 
a media item. A file download facility at a user device can 
download the two or more processed files as if they were a 
single file. 
0009 Implementations may include one or a combination 
of any two or more of the following features. The content item 
includes a video. The content item includes a TV show. The 
file download facility includes an MFD of an OS. The down 
load is from a facility associated with a CDN. The number of 
files processed is at least 100. The number of files processed 
is at least 1000. The processing includes inserting the stream 
ing-format files into a single file and downloading the single 
file to the user device. The processing includes also delivering 
to the user device information indicative of the beginning of 
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each of the streaming-format files in the single file. The 
indicative information is inserted into the single file. The 
indicative information includes a unique identifier for each of 
the streaming-format files in the single file. All of the files that 
represent the entire content item are processed. Two or more 
files are downloaded as a single file in response to a download 
request from a download facility of the user device. A mani 
fest file is downloaded to the user device that lists the files that 
represent the portion of the content item. The user device 
includes a mobile device. 
0010. In general, in an aspect, an identifier is sent from a 
user device of a streaming-formatted fragment that has been 
received as part of a delivery of multiple streaming-formatted 
fragments that represent portions of a content item. 
0011 Implementations may include one or a combination 
of any two or more of the following features. The identifier 
includes a unique identifier of the streaming-formatted frag 
ment with respect to a set of streaming-formatted fragments 
that together represent the entire content item. The identifier 
includes an identifier of a recently completely received 
streaming-formatted fragment for the content item. The iden 
tifier includes an identifier of the most recently completely 
received streaming-formatted fragment for the content item. 
0012. In general, in an aspect, in connection with an inter 
ruption of a delivery to a user device of streaming-formatted 
fragments that represent portions of a content item, a process 
ing of the streaming-formatted fragments is restarted at a 
server. The fragments are delivered to the user device based 
on an indication of fragments that have been successfully 
received from the user device. 
0013 Implementations may include one or a combination 
of any two or more of the following features. The interruption 
of the delivery includes a deterioration of an Internet connec 
tion between the server and the user device. The interruption 
of the delivery includes a deterioration of the power level 
(e.g., battery charge) of the user device. The interruption of 
the delivery includes a change in an amount of storage space 
of the user device. The interruption of the delivery includes a 
loss of WiFi access of the user device. The interruption of the 
delivery includes reaching a quota in amount of data con 
sumed by the user device over a period of time. The interrup 
tion of the delivery includes execution of a higher-priority 
task on the user device. The processing includes inserting the 
streaming-formatted fragments in a single file for delivery to 
the user device. The indication of fragments that have been 
Successfully received from the user device includes a unique 
identifier of a fragment that has most recently been Success 
fully received by the user device. The server includes a CDN, 
the content item includes a video, and the user device includes 
a mobile device. 
0014. In general, in an aspect, at a device to which stream 
ing-formatted fragments that represent at least some portions 
of a content item have been delivered, the fragments of the 
content item are played out in sequence in a streaming mode 
by using manifest file information to point to the location of 
each of the fragments either locally, if the fragment has been 
stored locally, or remotely if the fragment has not been stored 
locally. 
0015 Implementations may include one or a combination 
of any two or more of the following features. The manifest file 
information is a revised version of an original manifest file 
received at the device. The content item includes a video, the 
streaming-formatted fragments representall of the video, and 
there is a continuous playing out of the all of the video. Each 
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of the fragments stored locally has been reconstituted from a 
file containing more than one of the fragments, the file having 
been received from a server. 
0016. In general, in an aspect, in response to a request from 
a file download facility at a user device, two or more files are 
delivered that each represent, in a streaming format, a portion 
of a content item, the two or more files being delivered as part 
of a single file download to the user device. 
0.017. In general, in an aspect, in connection with an inter 
ruption of a delivery to a user device of streaming-formatted 
fragments that represent portions of a content item, process 
ing of streaming-formatted fragments is restarted. The frag 
ments are delivered to the user device based on an indication 
of fragments that have been successfully received from the 
user device. 
0018. In general, in an aspect, at a device to which stream 
ing-formatted fragments that represent at least some portions 
of a content item have been delivered, the fragments of the 
content item are played out in sequence in a streaming mode 
by using manifest file information to point to the location of 
each of the fragments either locally, if the fragment has been 
stored locally, or remotely if the fragment is not been stored 
locally. 
0019. In general, in an aspect, with respect to play out that 
has occurred at a user device, of streaming-formatted frag 
ments that are stored on the device and that represent at least 
portions of a content item, the play out is continued at the user 
device of streaming-formatted fragments that are delivered 
from a server. 
0020. In general, in an aspect, at a user device and without 
interruption, a series of streaming-formatted fragments is 
played out that represent at least a continuous portion of a 
content item. At least one of the streaming-formatted frag 
ments is played out from streaming-formatted fragments that 
are stored on the user device. At least one of the streaming 
formatted fragments is played out from streaming-formatted 
fragments that are received on the user device from a server. 
0021. In general, in an aspect, a file is downloaded to a user 
device from a server. The file contains information represent 
ing two or more streaming-formatted fragments that corre 
spond to at least a portion of the content item to be played out 
in a streaming mode at the user device. The streaming-for 
matted fragments are reconstituted from the downloaded file 
and stored on the device for play out. 
0022. In general, in an aspect, a number of streaming 
formatted fragments that together represent an entire TV 
show are fetched from a CDN. The streaming-formatted frag 
ments are used to form a number of one or more files to be 
downloaded to a user device in response to a corresponding 
number of download requests from a download facility run 
ning on the user device. The number of the files to be down 
loaded is at least an order of magnitude fewer than the number 
of streaming-formatted fragments that together represent the 
entire TV show. Each of the files to be downloaded is formed 
by inserting two or more of the streaming-formatted frag 
ments and information from which each of the streaming 
formatted fragments can be identified distinctly. A manifestis 
provided to the user device that uniquely identifies each of the 
streaming-formatted fragments. Each of the files is down 
loaded in response to a corresponding download request from 
the download facility running on the user device. 
0023. In general, in an aspect, at a user device, a request is 
received from an app running on the device to download an 
entire TV show from a CDN for play out on the device. A 
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request is made by a download facility of the app to the CDN 
for download of a file representing the entire TV show. The 
file contains streaming-formatted fragments that together 
represent the entire TV show and information that uniquely 
identifies each of the streaming-formatted fragment the file is 
received from the CDN. Each of the streaming-formatted 
fragments is reconstituted and stored using the information 
that uniquely identifies the fragments. The entire TV show is 
played out continuously by streaming each of the stored 
streaming-formatted fragments in turn. 
0024. These and other aspects, features, and implementa 
tions can be expressed as methods, systems, components, 
Software, methods for doing business, means or steps for 
performing functions, and in other ways. 
0025. These and other features, aspects and implementa 
tions will become apparent from the following description, 
and from the claims. 

DESCRIPTION 

(0026 FIGS. 1, 2, 5, and 7 are block diagrams. 
(0027 FIG. 3 is a flow diagram. 
0028 FIG. 4 is a schematic diagram of a manifest file. 
0029 FIG. 6 is a front view of a mobile device. 
0030 FIG. 8 is a schematic diagram. 
0031 FIGS. 9, 10, and 11 are screen shots. 
0032. In the following description, we use the term 
“device' broadly to include, for example, any computer, 
workstation, server, handheld device, mobile device, tele 
phone, or other active electronic device. We include in the 
term “mobile device', for example, any device that can be 
easily transported, including a laptop, notebook, tablet, tele 
phone, or other handheld device. 
0033. We use the term “app” or “application” or “mobile 
app” broadly to include, for example, an executable binary 
that is installed and runs on a mobile device, or a web site to 
which the user navigates within a web browser on the mobile 
device, or a combination of them. An “app' may also refer to 
multiple executable binaries that work in conjunction on a 
mobile device to perform one or more functions; for example, 
an Android service and an Android application that commu 
nicate with one another. We use the term “app” in the context 
of video broadly to include, for example, any software, hard 
ware, firmware, or combination of them that is able to access, 
accept, process, or play a video that is downloaded on or 
streamed to the mobile device. 
0034. We use the term “system” broadly to include, for 
example, any set of components or facilities—mobile app, 
streaming video server, content delivery network, and possi 
bly other elements, for example—that together comprise or 
provide or support a service that delivers video to devices and 
plays them for users of the devices. 
0035. We use the term “streaming broadly to include, for 
example, a service that allows a user to view a video on a 
device as the video is being delivered to the device, and in 
which the entire video is typically not stored persistently on 
the device. 
0036 We use the term “mobile device' broadly to include, 
for example, any portable device, such as a cellular-enabled 
phone, a tablet, or a laptop. A mobile device includes, for 
instance, any device that is capable of receiving a video 
stream over a wireless network and playing the video stream 
as it is received. 
0037 We use the term “playing broadly to include, for 
example, presenting the video on the mobile device for view 
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ing by the user. We sometimes use the terms “playback” or 
“playout' or “play out' interchangeably with "playing.” 
0038. We use the term “wireless networks' broadly to 
include, for example, 3G, 4G, LTE, 802.11 (also known as 
“WiFi"), Bluetooth, and other protocols for wireless data 
delivery. We use the term “online' broadly to include, for 
example, having access to a network connection Such as a 
connection to the Internet; and the term "offline' broadly to 
include, for example, not having access to a network connec 
tion or to a Sufficiently robust network connection. 
0039. We use the term “streaming video server” broadly to 
include, for example, any server or other device accessible to 
the mobile device over a network connection and capable of 
delivering streaming video, for example, in conformity with 
Microsoft Smooth, Apple HLS, or other standard video 
streaming protocols. 
0040 We use the term “downloading broadly to include, 
for example, any transfer of a file across a communication 
channel from a remote location to a device so that the result of 
the downloading is that a copy of the file is stored on the 
device. 
0041. We use the term “non-volatile storage' or “persis 
tent storage' broadly to include, for example, any technology 
that retains stored data, for example, even while the device is 
powered off. Such as magnetic disk drive or Solid-state 
memory. We use the term “data repository” broadly to 
include, for example, any storage mechanism from which 
data can be delivered to requesting devices over a network 
connection. 

Streaming Video 
0042 Streaming video to mobile devices has become a 
mature and popular technology. Pay-TV distributors (e.g., 
Comcast, Time Warner Cable, Charter, Cox), TV networks 
(e.g., HBO, ABC, AMC), and various Internet-based services 
(e.g., Amazon, Netflix, YouTube) each offer services that 
stream video over IP (Internet protocol) networks to mobile 
devices. 
0043. Typically, so-called video streaming over IP relies 
on one of two common Internet communication standards: 
TCP (transmission control protocol) and UDP (user datagram 
protocol), each a protocol for delivering data on the Internet 
from one machine to another machine. Video streaming over 
IP can be performed in a unicast mode, i.e., one source deliv 
ering video to one receiver. In some cases, video streaming 
over IP can be performed in a broadcast or multicast mode, 
i.e., one source transmitting to multiple receivers. 
0044. In conjunction with TCP or UDP streaming video 
services typically rely on enabling technologies such as 
Video-encoding protocols (e.g., Apple's HLS format and 
Microsoft's Smooth format) that are designed for streaming 
video. These protocols allow the user to experience smooth 
playout of the video even as network conditions deteriorate or 
improve during playout. These protocols also allow for a 
minimal delay between the user's request for the video and 
the start of video playout. From a mobile device, a user may 
view streaming video that has been encoded by one of the 
protocols, using a web browser like Safari or Chrome running 
on the mobile device. A user may also view streaming video 
using an application installed and running on the mobile 
device, such as Hulu Plus, Netflix, HBOGO, or SkyGo. 
0045. In some cases, the streamed videos may be “pre 
mium content (e.g., HBO), access to which requires, for 
example, a monthly Subscription fee. Such premium content 
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typically includes few or no commercials (we typically use 
the terms ads, advertisements, and commercials interchange 
ably). In some cases, the streamed videos may originate from 
ad-supported networks (e.g., ABC, AMC, Fox), in which case 
the video may include commercials before, during, and after 
playout, or any combination of two or more of those. 
0046. A streaming video service may offer VOD (video 
on-demand) or live TV, or both. By VOD, we mean, for 
example, a video service that offers a catalog of videos from 
which the user may select and view an item. Each of the 
Videos in a VOD catalog was created at Some time in the past; 
therefore at the time when a video is being played, the entire 
video is already in existence. In contrast, a live TV service 
offers a group of video streams each of which is being created 
in real time during streaming. Therefore, at the time when a 
current portion of a live video stream is being played, later 
portions of the same video stream are being created. In that 
sense, a live TV video is incomplete during the time when it 
is being played. 

Video Download 

0047 Recently, some companies have introduced a video 
download feature in their streaming products. Some compa 
nies have introduced exclusively video-download products, 
i.e., products that offer download but not streaming. In either 
case, video-download is a feature that allows users to down 
load a video from a network data repository to a mobile 
device. Some examples of download-enabled services are 
Comcast's Xfinity Player and YouTube (reference: http://al 
lithingsd.com/20130918/no-internet-no-problem-youtube 
getting-ready-to-let-you-watch-videos-offline-on-your 
phone?) 
0048. In download, the recipient device stores the video 
and can, for example, play out the video long after (e.g., 
minutes, days, weeks or longer) the delivery. The video item 
may consist of one file or of multiple files. The video item that 
is downloaded may be a VOD item or a live stream. In some 
cases, the mobile device may initiate the download process 
by, for example, transmitting an HTTP GET request to a 
remote server that stores the object to be downloaded. In some 
cases, the mobile device may use a protocol. Such as FTP, to 
fetch the video item from the remote source. 
0049 Among the advantages of a video-download feature 
are that a user can download a video from, for example, a 
VOD catalog when the user has access to a network connec 
tion, and the user is able to play the video later, when he or she 
does not have (or adequate) access to any network connec 
tion. For example, a user can download a TV show or movie 
to her mobile device while she is at home, before leaving for 
the airport. Later, while she is in an airplane, she can play out 
the downloaded video, even though she has limited or no 
Internet connectivity in the airplane. 
0050. An advantage of a video-download feature is that a 
user can consume high-quality videos from a VOD catalog 
even if the user only has access to a low-quality network 
connection. For example, imagine the user wants to view on 
her mobile device a 10-minute video, which has been 
encoded in three formats: low quality (0.3 Mb/s), medium 
quality (0.8 Mb/s) and high-quality (1.8 Mb/s). Say the user 
has a 0.6 Mb/s network connection. Over this network con 
nection, she can only stream the low-quality (0.3 Mb/s) ver 
sion of the video. Attempting to stream the medium- or high 
quality version of the video would fail, since the network 
connection cannot support the required data throughput. 
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However, she can download the high-quality version of the 
video, even over the 0.6 Mb/s network connection. Over this 
network connection, the download would require about 30 
minutes. Once downloaded, the high-quality video is avail 
able at the mobile device for the user to play out. Thus, using 
download, a user can play out a high-quality video, even 
lacking a corresponding high-throughput network connec 
tion. 

0051. An advantage of a video-download feature is time 
shifting from a time when a live TV show is being shown, for 
example, a rugby game scheduled for noon GMT, which is 4 
AM Pacific Time, to a later time that is convenient for a rugby 
fan living in California. To do this, the fan can set his mobile 
device to record the show at 4 AM, and then the fan can watch 
the saved show at, e.g., 10 AM local time. 
0052 An advantage of a video-download feature is in 
reducing the use of expensive network connections. Typi 
cally, wireless operators like Verizon Wireless impose a 
monthly limit on cellular data usage, e.g., 2 GB per billing 
cycle, and impose an "overage' charge for data usage exceed 
ing that limit in a given billing cycle. For instance, in mid 
2013, the network operator Verizon Wireless assesses a S15 
overage fee per GB used above the subscriber's limit in any 
one billing cycle. A Verizon Wireless subscriber with a 2 GB 
quota can stream about 5.5 hours of 800 Kb/s video in a given 
billing cycle over the Verizon network, before overage 
charges apply. In other words, this Verizon Wireless sub 
scriber is limited to about 5.5 hours of streaming video over 
the Verizon Wireless network until overage charges apply. A 
benefit of download is that Verizon Wireless subscribers who 
can plan ahead (and who have access to a download product) 
can download one or more videos in advance using a WiFi 
connection (e.g., at home or in their office), and Subsequently 
watch these videos at a time and place where WiFi connec 
tivity isn't available, thus avoid the risk of an expensive 
overage charge. In other words, download enables "wireless 
mode shifting that reduces one’s cellular data consumption 
without reducing one’s overall video consumption. 
0053 A system that supports the downloading of videos to 
a mobile device may have one or any combination of two or 
more of the following features: 

0054 Using a mobile app or another tool (e.g., a web 
site, email, text messaging, or a TV set top box), the user 
may select a movie, an episode of a TV show, a live TV 
channel, or another video item and request that the video 
item be downloaded to the user's mobile device. 

0055. Using a mobile app or another tool (e.g., a web 
site, email, text messaging, or a TV set top box), the user 
may select an episodic program (e.g., a weekly TV 
series, podcast, or radio program) and request that some 
or all new episodes of the series be automatically down 
loaded to the device as they become available. 

0056. Using a mobile app or another tool (e.g., a web 
site, email, text messaging, or a TV set top box), the user 
may select an episodic program (e.g., a weekly TV 
series, podcast, or radio program) and request that some 
or all old episodes of the series be automatically down 
loaded to the device. 

0057 The user may delete downloaded video items, one 
at a time or several at a time, from the mobile device. 

0058. The system may automatically delete certain 
Video items (e.g., older items, or items already viewed) 
to make room for new ones. 
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0059. The mobile app may transmit information related 
to its past activity (e.g. which Video items it downloaded 
and when) to an analytics server. 

0060. The system may employ a recommendation 
engine to identify videos that are of likely interest to the 
user, based on other videos the user has played and/or 
websites the user has visited, or other actions the users 
has taken. The recommendation engine may also rely on 
known behaviors of the user's friends (on social net 
works such as Facebook) to identify videos of likely 
interest. The system may automatically download these 
videos to the user's device. 

0061 The mobile device may query a remote server 
automatically, recurrently, for the existence of one or 
more new videos that the user has subscribed to, or that 
the recommendation engine has selected for delivery to 
the device. Instead or in conjunction with Such queries, 
a remote server may trigger the mobile device to initiate 
the download by transmitting a signal to the mobile 
device. Server-initiated signaling protocols include, for 
instance, APN (Apple Push Notification) for Apple 
mobile devices and GCM (Google Cloud Messaging) 
for Android devices. 

0062. The user may view the status of currently-down 
loading videos and videos that are queued for download. 
The status may include, for example, the number of 
bytes downloaded and the number of bytes pending 
download, the percentage completed, the estimated time 
until download completion, and the number of videos to 
be downloaded in advance of a given video. We use the 
phrase “queued for downloading to include, for 
example, scheduled to be downloaded to the mobile 
device but not yet completely downloaded to the device. 

0.063. The system may download to the mobile device 
metadata along with the video item. 

0064 Metadata may include, for example, a title, descrip 
tion, parental rating, closed-captioning, and an image corre 
sponding to the video item. 

0065. The system may enforce time windowing on the 
downloaded video item. We use the term “time window 
ing broadly to include, for example, any controlling of 
the times or time period during which a downloaded 
video item may or may not be played, e.g., a date after 
which (or before which or both) the video item is auto 
matically made unplayable. At the time of forced expiry 
(the end of the time window), for example, the stored 
video item may be rendered unplayable or may be 
deleted from the device. Digital rights management 
(DRM) technologies, such as available from Adobe, 
Microsoft, SecureMedia, and Widevine, are one mecha 
nism for enforcing the unplayability of a video based on 
the time windowing. 

0.066. The system may perform downloading in the 
background. We use the term “in the background to 
include, for example, any process that begins without 
requiring intervention by a user and/or that proceeds 
without notifying the user of the downloads start, 
progress, or completion. For example, a user can specify 
that they want to download all new episodes of a TV 
show. The app can then download to the device all new 
episodes of the TV show, as the episodes become avail 
able. The user need not explicitly initiate or even be 
aware that a particular item is downloading. As another 
example, the app may automatically select video items 
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that are likely to be of interest to the user (based, for 
instance, on other video items the user has recently 
viewed) and automatically download these items to the 
user's device; again in this case, the user need not explic 
itly initiate or request for a specific video item to down 
load. 

0067. The user may receive an alert or “notification” by 
email, text message, or a visual or audible indicator on 
the mobile device, to indicate, for example, that the 
video has been successfully downloaded in full to the 
device and is now available for playout. (We sometimes 
use the word video interchangeably with the phrase 
video item.) 

0068. The system may perform downloading according 
to a set of rules that govern when downloading is per 
mitted. For example, only when the device has more 
than 500 MB of free space, only when the device has 
more than 75% battery charge, or only when the device 
has a WiFi connection, or some combination of any two 
of these and other rules. 

0069. The system may download video items from a 
remote server on the public Internet, using standard pro 
tocols such as HTTP, TCP, and/or UDP. 

0070 The system may download video items from 
another device. Such as a Smartphone, tablet, PC, game 
console, or conventional digital video recorder (DVR). 
In each case, the source device (from which the video 
items are downloaded) contains a magnetic disk drive, 
solid-state memory, or other persistent storage device 
where video items are stored. 

0071. The system may download video items from a 
network or “Cloud' digital video recorder, which is a 
DVR in which the video items are stored not on the DVR 
itself, but on a remote network server. 

0072 The downloading may occur through some com 
bination of broadband networks, WiFi, and Bluetooth. In 
Some cases, the downloading may occur through a cable 
that attaches the source device to the target device. 

0073. The system may allow the user to configure some 
or all aspects of the behavior listed above. 

0074 FIG. 9 illustrates a mobile device screen shot for an 
example VOD download system. The app presents the user a 
list or gallery 290 of videos that can be selected for down 
loading. The gallery may be grouped into broad categories 
298, such as Classic TV. Listed items may display the title's 
name 300, cover art 302, and genre 304. Selecting an item 
may bring up an additional screen, FIG. 10, with further 
description of the title 306, runtime and video size informa 
tion 308, and the option to stream the video now 310 (“Watch 
Now”) or download the video for later viewing 312. 
0075. As shown in FIG. 11, the app can also present to the 
user a view of videos 384 that have been downloaded 386, or 
are in the process of being downloading 388, or are queued for 
download or may present any combination of those. These are 
Videos that the user has explicitly requested to download, 
episodes of a series that the user has subscribed to, or videos 
that some other system element (for example, a recommen 
dation engine) has elected to deliver to the device, for 
example. This view may be interactive: the user can see the 
progress 292 of pending downloads, and play 294 or delete 
296 any of the fully-downloaded videos. The user may be able 
to pause, resume, and cancel a single or two or more queued 
downloads, or all queued downloads. Invoking the edit button 
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in the upper right-hand corner of the screen brings up a menu 
that enables the user to delete downloaded items. 
(0076 Apple(R) in its developers conference (WWDC) 
2013 described operating steps of an app that could offer 
access at a device to episodic TV content by downloading a 
file stored on a server: 
0077. 1. The app displays on the device a catalog of avail 
able episodic TV shows. 

0078 2. From the catalog, a user subscribes to one or more 
episodic shows. 

(0079. 3. When a new episode of one of the subscribed TV 
shows is available, the server delivers a signal to the device 
to alert the app to the existence of the new episode. Alter 
natively, the app itself may regularly poll the server to see 
if a new episode is available. 

0080. 4. When a new episode is found to be available, the 
app signals the MFD system of the OS of the device to 
queue the new episode for download. 

I0081 5. The MFD system downloads the new TV episode 
from the CDN. The MFD system may continue to down 
load the episode even if the app exits or is terminated. 

I0082 6. When the MFD finishes, it signals the app. 
I0083 7. The app may display a notice to the user that the 
new episode is ready to view. 

Downloading Streaming Media Objects 
I0084 As shown in FIG. 2, we describe downloading 40 a 
number (potentially a very large number, Such as hundreds or 
thousands or more) of files 42 (such as TV show files or video 
files or other media files or other content files) from a server 
44 to a device 46, for example, a mobile device. In some 
implementations, the files can be downloaded using a down 
load facility 48 available at the device, for example, from its 
OS 50, such as an MFD facility of an OS running on the 
device. 
I0085. The downloading of a large number of files can be 
useful, for example, when a content item or media item or 
video item 52 (e.g., a TV show or movie) has been trans 
formed into many small, individual files 54, often called 
“fragments' (each typically a few megabytes (MB)). The 
fragments are formed using an encoding protocol 56 Such as 
HTTP Live Streaming (HLS), Microsoft Smooth, or HTTP 
Dynamic Streaming (HDS) that formats each of the frag 
ments so that it is suitable for streaming to a user device. A 
60-minute TV show may be encoded in about 2000 individual 
HLS fragments, for example. 
I0086. Many media companies 58 such as TV networks and 
TV distributors store their online content 60 in one of these 
streaming formats. 
I0087 Although we use, as an example, the downloading 
of a very large number of relatively small fragments, our 
description also applies when there are relatively fewer frag 
ments of larger size. 
I0088 Although we discuss our techniques and systems 
primarily using examples of pre-recorded media objects (the 
delivery of which we sometimes refer to as VOD or “video on 
demand”), the techniques and systems apply broadly to a 
wide variety of contexts, for example, to the downloading of 
a live show or event, e.g. a football game. In the case of a live 
event, the content object is stored on the CDN as it is created. 
A mobile device may download the content object as quickly 
as it is created. 
I0089. Typically an MFD facility downloads only one file 
at a time in response to a request to download a file. If a user 
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of a device wishes to view a 60-minute video that has been 
stored in the server as thousands of individual streaming 
formatted fragments, each of which is a file, a corresponding 
number of requests would have to be made to the MFD by an 
app running on the device and in turn by the MFD to the 
server. Making thousands of requests to a typical MFD 
degrades its performance or may cause it to fail. 
0090 Another example arises when an app on the mobile 
device detects that a new episode of a TV show is available. 
The user may want to download all new episodes of the TV 
show to the mobile device, and the TV episode may not be a 
single file, but hundreds or thousands of fragment files. In this 
case, step 5 above will not be effective because the MFD will 
download only one of the files and then stop until another 
request is received by the MFD from the app. The app may 
attempt to request that the MFD download all fragments 
comprising the media object, but an MFD system is typically 
incapable of managing the download of hundreds or thou 
sands of individual files. 
0091. By using the download facility available on a device 
to download multiple files (in some cases, a very large num 
ber of files) in response to a single request from an app 
running on the device, it becomes possible to download effec 
tively the hundreds or thousands of individual streaming 
formatted fragment files that are stored on a server and rep 
resent a full video such as a TV show. 
0092. In some implementations, a media file that has been 
stored at a CDN as hundreds or thousands of individual frag 
ment files can be processed to enable all (or groups of large 
numbers) of the fragments to be downloaded by the MFD to 
a user device. At the user device, the downloaded information 
can be reconstituted as the original streaming-formatted frag 
ments for play out on the user device. 
0093. We sometimes use the term “packager to refer to 
software 80 (running, for example, at the server) that pro 
cesses the TV show to enable the fragments to be downloaded 
efficiently in a way that we describe later, and we sometimes 
use the term “defragmenter to refer to software 82 running 
on the mobile device that processes the downloaded informa 
tion to reconstitute the original fragments for play out. The 
packager and the defragmenter work cooperatively. 
0094 Typically, when a single video file is encoded as a 
large number of fragments using one of the streaming-format 
protocols, the Software that creates the fragments also creates 
a single manifest file 84 that lists the locations 86 of all of the 
constituent fragments 88 on the server. (We use the term 
“manifest' broadly to include, for example, any kind of list of 
files or other items; a manifest sometimes includes informa 
tion about each of the items, such as its location.) 
0095 Traditionally, when an app running on a user device, 
for example, an Internet-connected mobile device, is to play 
out the video on the user device, the app fetches and reads the 
stored manifest file from the server. It can then use the list 
contained in the manifest file to locate on the server and then 
stream to the user device each of the streaming-formatted 
fragments, one by one in sequence, for play out of the entire 
video. 
0096. For a variety of reasons, however, the user device 
may not be able (or for a variety of reasons it may be unde 
sirable, unsuitable, inconvenient, unwise, or inappropriate; 
we sometimes refer to any of these reasons as being a reason 
why it is “unsuitable' to stream or download information) to 
stream the Succession of fragments for play out to the user at 
the time when the user wants to view the video. For example, 
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the user may want to view the video at a time later than when 
the video becomes stale and no longer available from the 
server. Or the user may want to view the video at a time when 
she is located in a place where there is no connection available 
to the server, for example when she is flying on an airplane. 
Even at the time when a connection is available, the connec 
tion may be of a low quality or may be expensive under the 
terms of the users agreement, the remaining battery life at the 
device may be short, storage on the device may below, or any 
combination of two or more of these factors may come into 
play. 
0097. Therefore, in some circumstances, it is desirable to 
be able to download the video at one time, or piecemeal at a 
small number of times, to the device and store it there for play 
out. As explained earlier, a typical MFD facility is notable to 
efficiently or effectively download all of (or large groups of) 
the fragments to the device. 
0098. In some cases, by using the following techniques 
and systems, for example, a media file or content file that has 
been broken into a large number (e.g., a very large number) of 
fragments (such as streaming-formatted fragments) can be 
downloaded effectively to a device for later play out. 
0099 For example, as shown in FIG. 3, to download to a 
user device an entire TV show that has been encoded and 
stored at a server in streaming-format fragments (together 
with a manifest file), rather than streaming the individual 
fragments one after the other, an app running on a device 
could perform the following steps: 
01.00) 1. Download (102) the manifest file 101. 
(0.101) 2. Parse the manifest file to determine URLs (or 

other pointers 103) to the fragments (104). 
0102. 3. Download the fragments 105 from the CDN, one 
by one, and store them on the device (106). 

0103 4. Generate a new manifest file 107 that points to the 
downloaded fragments in their locations on the device 
(108). 

0104. As shown in FIG.4, the original manifest file 110 as 
originally copied from the server and stored on the device 
includes a list of entries 112 each of which identifies a frag 
ment 114 by a unique identifier 116 and provides a pointer (in 
this case a URL) 118 indicating the Internet location of the 
fragment. The manifest file may also contain, as indicated by 
the parenthetical (for example (on CDN)) a flag that indicates 
whether the file is located on the CDN (that is, not located on 
the local device) or is located on the local device. The middle 
version of the manifest file 120, which is an updated version 
of the original manifest file, indicates a situation in which all 
fragments have been downloaded. The bottom version of the 
manifest file 122, which is also a different updated version of 
the original manifest file, indicates a situation in which half of 
the fragments have been successfully downloaded to the local 
device and the other halfremain at the CDN and have not been 
successfully downloaded. In FIG.4, when a fragment is indi 
cated as being on the CDN, the URL is a pointer to the 
network address of the fragment on the CDN. When a frag 
ment is indicated as being on the local device, the URL is a 
pointer to the address of the fragment on the local device. 
0105. As shown in FIG. 3, in the process of downloading 
the fragments, after the original manifest file has been parsed, 
if no more fragments remain to be downloaded 130, the 
download process exits 132. Otherwise, if conditions are not 
acceptable for downloading 134, the process waits 136 until 
conditions are acceptable. Then the next fragment is down 



US 2016/0234293 A1 

loaded 106 and the URL for the downloaded fragment is 
rewritten in the updated manifest file on the device. 
0106. As shown in FIG. 5, once the fragments have been 
stored on the device, and the local version of the manifest file 
has been updated, any app 150 (Such as a media player) on the 
device can read the new (or as we sometimes say, updated) 
locally stored manifest file 152 just as it would have read the 
original manifest file at the server, and can then stream and 
play out the video 154 (fragment by fragment, in sequence) 
from the local file store 156 on the device, just as it would 
have streamed the video fragments from the CDN, even if the 
device lacks network connectivity or the fragments could not 
be effectively streamed from the server at the time of play out. 
0107 The steps 1 through 4 listed above can be enhanced, 
optimized, Supplemented, and improved to make the process 
faster, more efficient, more reliable, or more useful in a wide 
variety of ways. For example, step 3 could be enhanced by 
downloading the fragments in parallel, up to five or more at a 
time. For example, the application may create multiple tasks 
(sometimes called “threads') each of which is responsible for 
the download of a Succession of fragments as indicated in the 
example shown in the table below in which there are 30 
fragments divided among 5 tasks. Each of these download 
tasks runs independently of the others. For instance: 

TASK FRAGMENTS 

A. 1, 6, 11, 16, 21, 26 
B 2, 7, 12, 17, 22, 27 
C 3, 8, 13, 18, 23, 28 
D 4, 9, 14, 19, 24, 29 
E 5, 10, 15, 20, 25, 30 

0108 Because of the way in which the operating system 
allocates resources to the tasks A though E and the way in 
which each tasks can execute successive downloads of frag 
ments when the Successive fragments are divided among 
tasks in this way, this approach is faster than if a single thread 
were to execute all of the downloads of all of the fragments. 
0109. This approach increases the effective throughput 
during download, and thus decreases the total amount of time 
the download requires. This optimization applies in the case 
of a media object that is pre-recorded and stored in its entirety 
on the remote server at the time of access. For live content, 
downloading can only occuras fast as fragments of the media 
object are being written to the remote server. 
0110. In some implementations, a process running on the 
device may rewrite the original manifest to form and store the 
new manifest, as shown in FIG.4, during the same period of 
time when the fragments are being downloaded. 
0111. In some cases, the play out of the video being down 
loaded can begin after Some of the fragments have been 
downloaded (if some or all of the new manifest file has been 
generated), by streaming those fragments from the local Stor 
age, even though the rest of the fragments have not yet been 
received from the CDN. The streaming and play out can 
continue (fragment by fragment) from the local file store on 
the device up to and including the very last downloaded 
fragment, even if the device lacks network connectivity. If the 
mobile device does have network connectivity, it can con 
tinue to play the video past this point by streaming the remain 
der of the fragments from the remote server in the typical way. 
As shown in FIG. 6, in this case, the app on the mobile device 

Aug. 11, 2016 

may prompt 200 the user to confirm she wishes to stream the 
non-downloaded part of the show. 
0112 In some implementations, the packager can deliver 
the video file to the MFD in response to the MFD request, 
even while the packager is engaged in fetching the original 
fragments from the remote server and preparing them for 
download. 

0113. In some cases, the defragmenter can reconstitute 
and store the fragments at the device, even while the down 
loading of other fragments is in process. 
0114. In some instances, the packager can start at any 
arbitrary fragment in the original group of fragments (as 
opposed to starting always at the first fragment). This means 
that in case the network connection between the packager and 
the MFD is terminated, or the MFD stops the download, the 
MFD and packager can pick up where they left off in the 
download process, without starting at the beginning and 
unnecessarily again downloading fragments that already 
been downloaded. 
0.115. In an example implementation, discussed below, we 
use the following terms: 
0116 TOTAL FRAGMENTS: the total number of frag 
ment files that represent the complete TV show (e.g., 1744 
fragments). 

0117 MANIFEST URL: the Internet location of the 
manifest for the TV show to be downloaded. For instance, 
http://www.cdn.com/video1.m3u8 

0118 PACKAGER URL: Location of Packager, for 
instance www.packager.com 

0119 UUID: A universally unique identifier of a frag 
ment. 

0.120. As shown in FIGS. 7 and 8, an app 210 running on a 
mobile device 212 can download a fragmented video item 
213 from the CDN 216, using the MFD 218 available on the 
mobile device as follows. 

I0121 1. The app requests 220 the MFD to queue a down 
load using the address URL: PACKAGER URL/ 
?file=MANIFEST URL&fragment start=1 

0.122 2. The MFD initiates 222a download at that address. 
I0123. 3. The packager 224 receives the download request 
226 from the MFD. 

0.124. 4. The packager downloads the manifest file 228 at 
MANIFEST URL from the CDN. 

0.125 5. The packager parses the manifest file; begins 
downloading fragments 230 beginning with the fragment 
that corresponds to a fragment offset requested by MFD (in 
this case, 1; in other cases, the MFD can indicate a higher 
offset to avoid having previously downloaded fragments 
unnecessarily downloaded again). 

0.126 6. The packager begins sending 240 concatenated 
fragments 243 to the MFD as (if they are) part of a single 
file 245; the packager inserts a fixed-length delimiter 247 
before each Subsequent fragment; the delimiter specifies a 
fragment ID (that is, the number of the fragment, for 
example, 1113) and an expected size 249 of the fragment 
(for example, 1.2M). 

(O127 7. The MFD at the local device then writes 250 (to a 
single file 252 that has been opened in the OS's file system) 
all bytes as they are received from packager in the concat 
enated sequence of fragments. 

0128 
son) 

8. The MFD stops downloading (for whatever rea 
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0129. 9. The MFD sends a signal to the app that the MFD 
has stopped downloading and provides a pointer to the 
downloaded file on the disk. 

0130 10. The app applies a DEFRAGMENT algorithm 
254 to parse the concatenated file and re-form the original 
fragments 256. The algorithm returns to the app the value 
LAST FRAGMENT ID=fragment number of last suc 
cessfully-downloaded fragment. 

0131) 11. If the value LAST UUID<TOTAL FRAG 
MENTS, then the app requests the MFD to queue down 
load from the location 

(0132 http://www.proxy.com/?file=MANIFEST 
URL&fragment start=LAST UUID+1, which indicates to 
the packager the ID of the next fragment to be downloaded to 
the device. 

0133. Once the concatenated downloaded file has been 
stored on the device, the fragments can be reconstructed and 
the UUID of the most recently successfully downloaded frag 
ment can be determined, as follows. 
0134) 1. The defragmenter parses the first delimiter in the 
downloaded file, which contains UUID and N-expected 
size of the first fragment. 
0.135 The defragmenter scans ahead N bytes in the 
downloaded file. 

0.136. If a new delimiter is found in these N bytes, or if 
fewer than N bytes remain to be read in the downloaded 
file then this fragment is discarded and the value LAST 
UUID=UUID-1 is returned to the app. 

I0137 The defragmenter writes the N bytes to the local 
storage as the next fragment. 

0138. In some cases, the packager runs on machines that 
are as close as possible, in a network sense, to the files to be 
downloaded, which reduces the number of network “hops' 
(through intermediate Switches, routers, hubs, and so on) that 
are required each time the packager is to fetch one of the 
fragments for processing. 
0.139. In large-scale deployments, the number of mobile 
devices concurrently accessing the packager may be a large. 
In some implementations, the packager can be running on 
multiple servers, and a set of load-balancer machines (e.g. F5) 
will distribute the computational load across those servers. 
0140. Other implementations are also within the scope of 
the following claims. 
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1. A method comprising 
downloading two or more files from a server, the files each 

being expressed in a video streaming format and 
together comprising all or part of a video, 

packaging at least Some of the downloaded files in a single 
file, 

the single file containing (a) two or more of the streaming 
format files downloaded from the server, and (b) infor 
mation from which each of the streaming-format files 
can be identified distinctly, and 

delivering the single larger file to a mobile device over the 
Internet. 

2. The method of claim 1 in which the information from 
which each of the streaming-format files can be identified 
distinctly comprises a unique identifier for each of the stream 
ing-format files. 

3. The method of claim 2 in which the unique identifier is 
contained in the single file. 

4. The method of claim 1 in which the packaging occurs at 
a SWC. 

5. The method of claim 1 in which the packaging is done by 
a facility associated with a CDN. 

6. The method of claim 1 in which the number of files 
downloaded from the server is at least 100. 

7. The method of claim 1 in which the number of files 
downloaded from the server is at least 1000. 

8. The method of claim 1 in which the packaging comprises 
also delivering to the mobile device information indicative of 
a beginning of each of the streaming-format files in the single 
file. 

9. The method of claim 1 comprising 
delivering to the mobile device a manifest file that lists the 

streaming-format files packaged in the single file. 
10. A method comprising 
downloading at least 1000 files from a server, the files each 

being expressed in a video streaming format and 
together comprising all or part of a video, 

at a server associated with a CDN, packaging at least some 
of the downloaded files in a single file, 

the single file containing (a) two or more of the streaming 
format files downloaded from the server, and (b) a 
unique identifier for each of the streaming-format files, 

delivering the single larger file to a mobile device over the 
Internet, and 

delivering to the mobile device a manifest file that lists the 
streaming-format files packaged in the single file. 

k k k k k 


