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SYSTEM AND METHOD FOR PRE-PROVISIONING ADAPTIVE BITRATE
{ABR} ASSETS IN A CONTENT DELIVERY NETWORK

RETERENCE TO RELATED APPLICATION(S)

This apphoeation discloses subject matter that is related to the subject matter of
the following LS, patent  application{s): (i) "BANDWIDTH POLICY
MAMNAGEMENT IN A SELF-CORRECTEDR CONTENT DELIVERY NETWQRK"
{Ericsson Refl No. PA0UO5-LIST), Application No.: 13/935 381, fifed July 3, 2013, in
the name(s) of Christopher Phillips ot al, (i) “SYSTEM AND METHOD FOR
DELIVERING CONTENT IN A CONTENT DELIVERY NETWORK”™ {Ericsson Ref.
No.o PAOZ70-UST), Application No.o 13/935,326, filed July 3, 2013, in the name{s) of
Christopher  Phillips et al, (H) "DEFRAGMENTATION OF  ADAPTIVE
STREAMING SEGMENT FILES IN A CONTENT DELIVERY NETWORK®
{Ericsson Ref. Noo: PAG235-1I82), Application No.: 13/923,003, filed hune 20, 2013, in
the name(s) of Christopher Phiflips et al, and {iv) “"SYSTEM AND METHOD FOR
QPFTIMIZING DEFRAGMENTATION OF CONTENT IN A CONTENT DELIVERY
METWORKY (Ericssonn Refl No.o P41865-UST), Application Moo 14069565 filed
November 1, 2013, in the name(s) of Christopher Phiflips ¢t al, esch of which i

hereby incorporated by reference in its entivety.

FIFLD OF THE IMSCLOSURE

The present disclosure generally relates 1o communication nstworks. Mo
particularly, and not by way of any limitation, the present discleswre iz directed 1o
systems and methods for optimizing delivery of adaptive bitrate (ABR) assely in a

content delivery network,

BACKGROUND

A content delivery network or CDN (sometimes also referred to as & content
distribution network) typically distribustes content in a “best effort” fashion across the
nodes throughout & setwork using technologies such as adaptive bitrate (ABR)

streaming. It is known, however, that ABR can reselt in unfair and sometimes
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incongruons apportionment of bandwidth in a nebwork based upon the order multiple
clients begin o use a setwork resource.  Since the bandwidth usage is typically
determined by a client requosting the condent, and because the ABR clicats can be
apportoenistic, they may become greedy. For instance, a client device that bas a low
resofution {e.g., & celhday phone) may end up consuming a disproportionate amount of
the bandwidth when compeared fo the bandwidth requived for a higher resolution device
such as, e.g., o hMgh-definition TV (HIDTV). Issues pentaining o such nusappropriation
of bandwidth andfor unoven distribution of bandwidth resources n s CON are expected
to becone even awwe pronounced when higher handwidth options hecome available.
Relatedly., when clients access streaming content via a CDN, there may exist
conditions at the content dedivery nodes (i, serving nodesy of the CDN that result in
fragmented content {&.2., incomyplete copies of the content focally stored at the content

delivery nodes.

SUMMARY

The present patend disclosure is broadly direcied to systems, methods, devices,
apparatuses and associated computer-readable medin for pre-provisioning ARR asseis
in & CDON based on historical delivery trends and wtilizing the historical delivery trends
in efficiently managing the retvieval of content segments that may be missing from the
serving nodes” database caches.

In one aspect, an embodiment of & method operative at a management node
associafed with a CDN is disclosed. The claimed smbodiment comprises, futer alia,
abtaining historical delivery patterns of one or more ABR assets sssovciated with one or
more comtentt detivery nodes of the CODN. For cach content delivery nade, one or more
delivery rufes may be determined based on statistical distributions of the ABR asset
delivered over a perfod of time, When a particular content is determined to become
popudar at a specific confent delivery node, a pre-provisioning policy may e
modulated such that only cerfain representations or adaptation sets of the particular
contoot’s assels are pre-provisioned for the specific content delivery node based on the
one or more defivery rules established for the specific content delivery node. In a
further embodiment of a method. historical network conditions associated with one or

more confeni defivery nodes of the CDN for debivery of one or more ABR assets may
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be monitored.  Based on the historical network conditions. one or more delivery rules
may be determined for each contont delivery node.  Additionally or alternatively, when
a particular content s determined 1o hecome popular at a specific content delivery
node, the CDN's pre-provisioning policies may be modulsted based on the delivery
rules such that only certain representations or adaptation setx of the particniar content’s

sets that pass or otherwise satisfy the delivery rules are pre-provisioned for delivery
ab the specific comtent delivery node,

In another embodiment, 8 management node operative in association with

CDN is disclosed.  The clyimed embodiment may be configured as & computer-
implemented data processing system and comprises, dnfer qlia, OB OF MOIE ProCessors
and a database for storing historicat delivery patterns of one or more ABR assst
downloaded at the CDN's delivery nodes. A delivery node management and contrad
{DNMCY module may be embodied in a persistent memory coupled to the one or more
procassors, the DNMC modide inchuding program instractions executable by the one or
more processors and configured to determine, for cach content delivery node, ong or
more delivery rules bascd on statistical distributions of the ABR assets delivered over a
poriod of thime, Optionsdly, & content pre-provisioning contrel module embodied in a
porsistent memory may be provided, which is coupled to the one or more processors,
the content pre-provisioning control module having program instructions executable by
the one or more processors and configured tor when a particular content is determined
1o become popular at a specific content delivery node, apply the one or more delivery
rules corresponding o the specific comtent delivery node against the particular content;
and select or otherwise identify only certain representations of the particular content™s
agselx for pre-populating delivery at the specific conteni delivery node based on the
application of the delivery rules established for the specific content delivery node. Ina
stili further embodiment, a management node operative with the CDN may include a
database for stowing historical network conditions associated with one or more content
delivery nodes of the CDN, wherein a DNMC moduke embodiad in the persistent
MOMOTY Ay comprise program instructions oxecutable by the one or more processors
and configured to determine, for cach content delivery node, one or more delivery rules
hased on the historical network conditions monitored for the ABR assets defivered over

a period of time. When g particular commtent is determined to become popular &t 8
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speciiic content delivery node, the network condition-based delivery rules may e
applied to seleet or otherwise identify ouly cectain cepresentations of the particular
contoot’s asseis that pass the delivery rules for pre-populating relative 1o the speeific
content delivery node.

In another aspeet, an embodiment of a mothod operative at a content delivery
node for optimizing defragmentation of content is disclosed. The claimed embodiment
comprises, nfer alia, analyzing a manifest available to the confent delivery node with
respect 1o a particular content as well as segment files stored in a database cache of the
content delivery node o determine if any scgment files referenced by the manifest are
absent from the database cache. If so. ove or more delivery rules assaciated with the
conient delivery node may be applied to determine representations of the absent
segment files that satisfy the one or more delivery rules. In one variation, the delivery
rules may be ostablished based on historical delivery patterns of one or more ABR
assely dorwrdorded at the content defivery node. In another variation, the delivery rules
may be established based on historical network conditions of the content delivery node.
After determining the compliant reprosentations of the absent segment files, they may
he pulled from another content delivery node of the CIN {e.g.. a parent node or an
edge server node).

In a further embodbment, a vontent delivery node configured fo optimize content
defragmentation is disclosed. The claimed content delivery node may be embodied as
a computer-implemented data processing system comprising, infer afic, one or more
processors and a database cache for storing segment files of content streamed to the

content delivery node. A content defragmentation module embodied in a persistent

memory is coupled 1o the one or more processors, wherein the content defragmentation
module comprises program instructions exesutable by the one or more processors and

configured 1 analyze a manifost available to the content delivery node with respect to
# particular content and segment fies stored in the database cache i1 order to determine
i any segment files referenced by the manifest are absent from the database: if so,
apply one or niore delivery rudes associated with the content delivery noade o determing
representations of the absent segment files that satisfy the one or mure delivery rules;

and puil from another content defivery node of the CDN only the representations of the
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ghsent sepment files satisfving the one ov more delivery rules and store the pulled
representations in the database cache.

In still further aspects, embodiments of a non-transitory  computer-readable
medium containing instructions stored thereon are disclosed fiw performing one or
more embodiments of the methods set forth above.  Additional features of the various
embadinents are as recited in the dependent claims,

Advantages of the present invention include, but not Hmifed to, providing a
finer-gratn control over pre-provisioning of ABR assets in a CDN, thereby resulting in
more effictent usage of network resources. Not only are the operator handwidth cosis
minimized (since the network operators no longer have to fransmit assets. Le., files, that
are unlikely to be used, regardless of how popular a particular content i) buot a higher
guality of service may also be provided to the end users. Additionally, by optimizing
content defragmentation at 8 CDN's delivery nodes on the basis of asset trend-based
delivery ndes andf/or network condition-based defivery rules, further efficiencies may
he geined.  Additional benefits and advantages of the embodiments will be apparent in

view of the folfowing description and accompanying Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present disclosure are iHustrated by way of example, and
not by way of Himitation, in the Figures of the sccompanying drawings in which fike
references indicate similar elements. 1t should be noted that different references o "an®
or "ope" emmbodiment in this disclosure are not necessarily 1o the sanwe embodiment,
and such reforences may mean at least one,  Further, when a particular feature,
structure, or characteristic is deseribed In connection with an csmbodiment, # is
submitted that it is within the knowledge of one skilled in the art to effect such feature,
structure, or characteristic in conpection with other embodiments whether or not
explicitly deseribed.

The accompanying drawings are iscorporsied into and form a part of the
specification to illustzate one or more exemplary embodiments of the presem
disclosure, Varlous advantages and features of the disclosure will be anderstood from
the following Detailed Description faken in connection with the appended claims and

with reference to the atached dramwing Figures in which:
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FItr 1 depicts an example content dehivery setwork wherein one or mare
embodiments of the present patent application nray be practicad;

FIG. 2 depiets an example manifost including refercoces o one or niore content
representations or adaptatinns sets relative o video, sudio snd subtitle components of a
particular content;

FIG. 3 depicts an example Media Presentation Description (MPD) model of a
manifest illostrative of further details relative to different medis segments of a
particular content;

FIG. 4 depiets an example content delivery network wherein content is pre-
provisioned based on historical delivery trends according 1o an embodiment of the
prosent patent application;

FIGS. 3A and 3B depict flowcharts with blocks relative to various steps and
acts that may take place according to one or more embodiments of the present patest
application;

FIG. 6 depicts a block diagram of a computer systent adapted to operate as a
management node according 0 an embodiment of the present patent application:

FItr 7 is s flowchart with blocks relative o various steps and acts that may take
place for monitoring bistorical delivery trends of ABR assets according 1o an
embodinent of the present patent apphostion;

FIG. 8 is 2 flowchart with blocks relative to various steps and acts that may take
place for pre-provisioning of costent based on delivery rules ascording to an
embodiment of the present patent application;

FIG. 9 is & flowehart with blocks relative to various steps and acts that may take
place for updating historical delivery trend data for one or more coptent delivery nodes
of a CON according to an embodiment of the present patent application;

FIGS. 18A-10C depict floweharts with blocks relative 10 various steps and acts
that may take place for defragmentation of medin segments in a content delivery node
of according to one or more embodiments of the present patent application;

FIiE 11 depicts a block diagram of a computer system adapied to operate as a
content delivery node that may bhe configured to effectuate optimized content

defragmentation sceording to an embodiment of the preseot patent applivation: and
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FIG. 12 depicts an example content delivery network wherein fragmented
content is replenished at a confent delivery node based on historical delivery trends

aceording to an embodiment of the preseot patent application.

DETAILED DESCRIPHION OF THE DRAWINGS

In the following description, numerous specific details are set forth with respect
to one or more embodiments of the present patent disclosure. However, it should be
understond that one or more embodiments may be practiced without such specific
detnils,  In other instances, well-known circuits, subsystems, components, structures
and techoigues have not been shown in detail in order not to obscure the anderstanding
of the example embodiments. Accordingly, it will be appreciated by one skilled in the
art that the embodiments of the present disclosure may be practiced without such
specific components-based details, It should be further recognired that those of
ordipary skill i the art, with the aid of the Detailed Description set forth herein and
taking reference 1o the accompanving drawings, will be able to make and use ong or
more cmbodiments without undue experimentation,

Additionally, terms such as “coupled”™ and “connected,” slong with their
derivatives, may be used in the following description, claims, or both. it should be
anderstond that these terms are not necessarily intended as synonyms for each other,
“Coupled™ may be used to Indicate that fwo or more elements, which may or may aot
be in divect physical or electrical contact with each other, co-operate or interact with
each other. “Connected”™ may be used to indicate the establishment of comnumnication,
t.e., & communicative relationship, between two or more clements that are coupled with
cach other, Further, in one or maere example embodiments set forth berein, generally
speaking, an element, component or madule may be configured to perform a function if
the element is capable of performing or otherwise structurally wrranged o perform that
function,

As used herein, a setwork element or node may be comprised of one wr more
picces of service network equipment, including bardware and  software that
communicatively interconnects other equipment on a netwark {e.g., other network
elements, end stations, etc.), and is adapted to host ong or more applications or services

with respect to a plurality of subscribers.  Some network elements may comprise
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“multiple services network elements” that provide support for maltiple network-based
functions (2., content popularity policy management, sossion control, (oS policy
enforcement, bandwidth scheduling management, subscriber/device policy and profile
management, content  provider priority policy management, streaming  poliey
management, and the like), in addition to providing support for multiple application
services (e.g., data and multimedia spplications).  Subscriber end stations or client
deviges may coinprise any device coofigured to execute, imer adie, m least ong
streaming client application {(e.z., an ABR streaming cliont application} for reegiving
content from a streaming server or content provider. Accordingly, such chiont devices
may include set-top boxes, FVR/DVRs, workstations, laptops, nethooks, palm fops,
mobile phongs, smartphones, multimedia phones, Voice Over linternet Protocol (VOIF)
phanes, mebtlefwireless vser equipment, high deflnition TV terminals, portable media
plavers, location-aware subscriber equipment, gaming systems or consoles (such as the

Wit

. Play Station 38, Xbox 360, ete., that moay access or consume content/services
provided over a content delivery actwork in accordance with one or mare embodiments
sei forth hercin,  Further, the client devices may alse access or consumg
contentiservices provided over broadeast networks {e.g., cable and satellite networks)
as well @8 a packet-switched wide arca public network such as the Toternet via suitable
service provider aceess networks., In g still further variation, the client devices or
subscriber end stations may also access or consume content/services provided on
virtaal private networks (VPNs) overlaid on {e.g., tunueled through) the Internet.

One or more eobodiments of the present patent disclosure pray be mplemented
using different combinations of software, finmware, and/or hardware.  Thas, one or
more of the technigues and blocks shown in the Figuwes (e.g.. flowcharts) may be
implemented using code and data stored and excented on one or more electronic
dovices or nodes {e.g., a subscriber chiont dovice or end station, @ netwark element,
efe.). Such electronic devices may store and commuanicate (iernally anddor with other
clectimuic devices over & setwork) code and data using computer-readable media, such
as non-transitory computer-readable storage media (e.g., magnetic disks, optical disks,
random access memory, read-only memory, flash memory devices, phase-change
memory, eic.}, transitory compuier-readable transmission media {e.g., clsctrical,

aptical, acoustical or other form of propagated signals ~ such as carrier waves, infrared
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signals, digital signals), ete. In addition, such network clements may typieally include
# set of one or more processors coupled {0 oue or more other components, such as one
or more storage devices (£.2.. non-transitory machine-readable storaze media) as well
as storage database(s), user inputioutput devices {e.g.. 8 keyboard, a touch screen, g
pointing device, anddor a display}, and network connections for effectuating signaling
andfor bearer media transmisston.  The coupling of the set of processors and other
components may be typivally through pie or more buses and bridges {alse termed ag
bus controliers), arranged in any known {o.g., symnwtric/shared multiprocessing) or
heretofore unknown srchitectures.  Thus, the storage device or component of a given
electronic device or network clement may be configured 1o store code andfor data for
execution on one or more processars of that clement, node or clectronic device for
purposes of implententing one or more techniques of the present disclosure,

Referring now to the drawings and more particularly to FIG. 1, depicied therein
is an example content delivery network or CON 10 wherein one or more eotbodimends
of the present patent application may be practiced.  For purposes of the present patent
application, CDN 100 may comprise an overlay nehwork architected for high-
porformance streaming of a variety of digital assets or program assets as well as
services {hereinafier referred o as “media content™) o subscribers using one or more
Internet-based  infrastructwres, private/dedicated  infrastractures or a combination
thercof. In general, the terms “media content™ or “eontent file™ (or, simply "content™)
as used in reference fo at feast some embodiments of the present patent disclosure may
include streaming digital sssets and program assefs such as any type of audiofvideo
content of program segment, live or static {e.g., recorded over-the-air free network
television (TV) shows or programs, pay TV broadeast programs via cable networks or
satelite networks, free-to-air sateliite TV shows, IPTV programs, ote, Over-The-Top
(OFT) and video-on~demand {VOD} or movie-on-demand (MQD) shows or programs,
vme~shifted TV {TSTV) content, a8 well as other content assets provided by content
publishers, owners or providers, including but not imited to software files, oxecutable
computer code of programs, onling elecironic games, foternet radio shows/prograns,
entertainment programs, educational programs, movies, music video programs, and the
tike, that may be deliversd using any knowa or hevetofore unknown adaptive streaming

technologies. Further, various programs or content files provided via streaming may be
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mranged as a collection or assembly of channels that e specific 1o different
subscribers, wherein different channels nway comprise media contont from ong or mare
conicnt SOUTCSs oF originators.

By way of illostration, content may be delivered via CIIN 100 using adaptive
hit rate {ABR) streaming fechnologies and may be encoded to support known
implementations such as Microsoft® Silverlight® Smwoth Streaming, HTTP streaming
{for nstance, Dyvnmnic Adaptive Streaming over HTTE or DASH, HTTP Liwve
Streaming or HLS, HUTP Dyvnamie Streaming or HDS, efe.), lcecast, and so on. In
general, the overlay architecture of CON 100 may inclade a mubi-level, hierarchically-
organized interconnecied assembly of network servers for providing media pathways or
“pipes™ from one or more central distribution nodes to one or more levels of regional
distribution nodes that are connected to ong or more local edge servers configured to
serve a plurality of end users or subsoribers in respective serving location arcas, It
should thersfore be appreciated that a regional distzibution node may operste as a
parent node to one or more child edge servars and a central or national distribution
node may 19 wm operate as 8 parent node to one or more child regional distribution
nodes. Fuorther, in addition to such “distribution servers”™ {sometimes also reforred to as

Y,

"coptent delivery nodes™), CDN 100 may also include andior interopemte with varfous
network clements configured to effectuaie request redivection or rerouting mechanisius
as well as related back office systems such as subscriber management systems,
bandwidith scheduling systems, account/billing svstems and the ke, that may be
deployed as part of a streaming network back office (not spectiically shown).

As illustrated, CDN 100 is exemplified with a New York-based national server
102 coupled fo regional distribution servers 14-1 o 1(4-3 based in San Antonio {TX),
Jackson (MS}) and Chwrlotte {NC), respectively, Reglonal distribution server 104-1
adapted to serve a plurality of edge servers 106-1 to 106-N, exemplified by edge server
106-1 in Corpus Christi {TX) and edge server 106-N in Galveston (TX). Likewise,
regional distribation server 104-2 s adapted 1o serve edge servers TO-1 {in Vicksburg,
MS) to TH-K {in Biloxi, MS) and regioval distribution server 104-3 is adapted to

server edge servers 188-1 (i Ashyidle, NCU) to 188-M (in Favetteville, NC3.
Each local edge server is operable to serve a plurality of subscribers in a serving

area for delivering content to associated end stattons or client devices, as tllustrated by
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an examphe client device or user equipment (UL} device 1035 that may for consume or

o

socess streaming content deliversd via TDN 100 in any type or sumber of acoess
techoologies  including  broadband  access via wired andior  wireless  (radio)
communications.  For purpnses of the present patent application, the terms “subscriher
end station™ and “cliend device™ may be used synonymously and may comprise any UE
deviee or appliance that in one implementation not only receives digital content assets
for live viewing, plavback andfor decoding the content, but also operates as a conunand
console or erminal that can acoept user inputs, conmnands or requests fo interact with a
network element disposed in UDN 100 and/or associated stresuning sevver systems for
requesting condent that may be selectively rendered at an internal display screen andfor
one or morve external andio/visual (A/V) devices (not specifically shows). As such, the
example client device 105 may inclade one or move streamiug client modules {e.g., an
ABR streaming client) and associated decoding functionalities depending on the
streaming technologios mplemenied, cach operating i association with a processor
module and suitable memory and program code (not shown) for effectuating
acquisition, decoding and rendering of the streamed media content.

As alluded to previcasty, CDN 100 may be configured to deliver content from
Hve sources andéor static file sources vsing adaptive streaming wherein the content may
comprise video components, audio track components as well as subtithe anguage
components. Farther, the video components of 8 particular content may be transcoded
or otherwise encoded with different bit rates {e.g., multi-rate transcoding) using
applicable encoder{s} (e.g. 3 particular program content may by franseoded imto five

video files using variable bit rates, ranging from low o high bit rates {380 Kbs to 12

Mbs, by way of illastration). The particular comtent’s video component is therefore
encoded ay five different “versions™ or “formats™, wherein cach bit rate may be referred

10 as a profile or representation.  Also, the audio tracks associated with particular
confeni may include different languages and cncodings to support oudti-lingual
programming snd different levelsdtypes of awdio quality experience.  For bnstance,
confcot may be available in multiple laogusges {e.g., English, French, Spasnish,
German, Chinese, ete.), cach with several types of audio encoding: single channel
{mono}, two-chamnel {steven), 3.1 swrround sound, 7.1 swround sound, 7.2 swrround

sound, ste. Likewise, regardless of the languages of the main audie track of a content,
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various language choices for subtitles may also be provided with the content (e.g.,
English, Spanish, Japanese, Chinese, Korean, French, ete ).

For purposes of the present patent application, video, audio and subtitle

components of the cortent that is distributed through CDN 108 may be reforred o as
"ABR assets”. As the content is accessed, downloaded or otherwise consumed by the
subscribers via the network of content delivery nodes of CDN 100, different
consumption’downloading patterns may emerge with respect to the ABR assets. A
detivery node management and control {(DNMC) systers 112 may be provided in
ssovigtion with CDN 100 as a mansgement node sdapted to monitor historical
delivery trends and patterns of the ABR assets as well as network conditions associated
with one or more content delivery nodes of TN 100, As client devices 105 access
various content via assoctated content delivery nodes over a configurable period of
time, a historical delivery patters fearning and updating process is operative to obtain
delivery statistics for cach content delivery node on a componeni-hy-comaponent basis,
te., viden, andio or subtitles.  In similwr fashion, historical network conditions
associated with cach content deliver node may be oblained over a peried (e.g.,
download rate distributions. bandwidth wtilization and other performance metries,
refative performance comparisons against the performance of other content delivery
nodes anddor predetermined performance thresholds, ete)), which may be atilized by
DINMC system or node 112 for controlling content distribution through the network.

In certain embodiments, statistics associated with the edge server nodes may be
directly provided to DNMC system 112, or indirsctly via respective regional server
nodes, which in tern may provide cumulative or aggregate statistics of the edge server
nodes o DNMO system 112, By way of illostration, reference numeral 114-1 refers to
& communication pathway for apdating andfor otherwise providing delivery trends and
other statistics to DNMC system 112 by a regional server node {e.g., San Antonio
server 104-1). Likewise, & conumusication pathway 114-2 may be provided for
apdating and/ov otherwise providing delivery trends and other statistics to DINMU
system 112 by an edge server node (¢.g., Galveston server 106-NY. Based on the
delivery statistics, a node-by-node delivery pattern may be established for cach ABR
assel component, which may isvolve determining statistical distributions, likelihood

ranges, porcontages, oxpectation values, ete,  For example, an ABR asset delivery
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pattern 116 associated with the Galveston edge server HO-N includes a video
component delivery pattern 118-1 that shows a distribution of various video bit rates
{(sometimes also referred 1o as bitvates) delivered from that server over a certain period
of time (e.g.. 35% of downloaded content being high definition, 1080p vides encoded
at B-10 Mbs: 438 of downloaded content being high definition, 720p videa encoded at
3-8 Mbs, and so on). An andio component delivery pattern 118-2 associated with the
Cialveston edge server 106-N Hikewise indicates g distribution of various languages and
encadings used for alf the andio tracks dehivered from that server over a period of e
(e, 10% of downloaded content heing in English with 5.1 surround sound; 30% of
divwnloaded content being in English with 2.0 steren; and 40% of downloaded content
being in Spanish with 2.0 stereo).  As fo subiitles, a corresponding delivery pattern
118-3 associated with the Galveston edge server 106-N shows a distribution wherein
99% of downloaded subtitles being in English and the remaining 1% of downloaded
subtitles being in Spanish.

In comparison, an AHR asset delivery pattern 120 associated with the Ashvilke
edge server [O8-1 i fllustrated with a different set of video, audio and subtitle
distributions.  As shown in FIGL L, the ABR asset delivery pattern 120 includes a video
component delivery pattern 122-1 that exemplifies a distribution of various video bit
rates delivered from that server over a certain period of thme, with g relatively fow
percentage (4%} of downloaded content being high definition, 108{p video encoded at
8-16 Mbs, for instance.  Likewise, an audio component delivery pattern 122-2
associzted with the Ashville edge server 108-1 indicates an asdio track language
distribution having a significantly fower percentage of Spanish language (e.g., 2% of
downloaded content). A subtitle delivery pattern 120-3 15 indicative of a distribution of
the subtitle selections downloaded from the Ashville edge server 108-1 aver a period of
time that is substantially similar t© the subtitle delivery pattern 118-3 associated with
the Galveston edge server 130-N.

In sceordance with teschings of the present patent application, DNMC system
112 15 operative to determine or othorwise establish one or more delivery rules that may
be based on the differential statistical distributions of various ABR asset delivery
pattemns  andfor historical network conditions  associated with respective  cotent

delivery nodes of CON 100, Additionally, such delivery rules may be advantageously
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applied for modulating or otherwise controlling content pre-provisioning techniques
{e.z.. based on popularity deternvinations), defragmentation methodologies, push-based
gontent delivery policies, efc. that may be implemented within CDN 100 for purposes
of efficient resource utilization, optimized user experience, bandwidth muanagement,
and the Uke, ax will be set forth in additional detail hereinbelow,

FIGi. 2 depicts an example ABR asset package 200 relative to a particular
content {e.g., Movie X that may he available for distribution throughout a CDN such
as CDN 100, wherein the delivery of one or more portions of the ABR asset package
may be modulated or otherwise controlled sceording to an embondiment of the present
patent application. A maunifest file 202 (also Rnown as Media Presentation Description
ar MPD maodel in MPEG-DASH standard ISOARC 23009-1) is operative to describe
gvailable content components, including veferenves to one or more content
representations or adaptations sets relative to video, audio and subtitle components of
the particular content.  In respect of video asset components, the meanifest 202 may
dogeribe segment information such as timing, Universal Resource Loentors (URLs)
pointing to segments as well as media characteristios such as video resolution and bit
rates. In an embodiment where the manifest 202 is provided as a master manifest, #
may nclude a plursiity of child manifests 204-1 to 204-K, cach referencing a particular
combination of video, audio and subtitle asset components of Movie X, By way of
lustration, a video component portion 206 of the ABR asset package 200 includes
media segments encoded at & mumber of bit rates, cach having certain video quality.
For example, reference numeral 206-1 refers to high definifion 1080p media segnends
encoded at 12Mbs, Likewise, reference numerals 206-2 to 206-9 refor to media
segnents whose video s encoded at rates all the way down to 450Kbs, An audio
compenent portion 208 of the ABR asset package 200 includes multiple languages of
Movie X, cach being encoded for different andio quality experiences.  Reference
nwnerals 208-1 {0 208-6 refer to six asset components, English 3.1 {surround sound),
English 2.0 (basic stereo), Spasish 2.0, French 2.0, Chinese 2.0 and German 2.4,
respectively. A subtitles component portion 210 includes a plurality of subtitle
language selections provided fir Movie X, with Enghish 210-1 to Russian 210-9 being

iHlustrative.
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FIG. 3 depicts an example Media Presentation Description model of a manifest,
g2, MPD 300 that is illustrative of further details refative to difforcot media seoments
of a particular content. & plurality of arbitrarily spliced coutent portions 302-1 1o 302-
3 deseribe the sphiced portions’ respective timing and base URL parameters, each
including one or more adapiation sets for different asset components. As tllustrated,
reference numerals 304-1 and 304-2 respectively refer to a video adaptation set and an
sudio adaptation set of segment 302-2. The video adaptation set 304-1 in turn includes
twor representations 306-1 and 306-2, each having respective bit rates, display
resolutions, efe, in addition to the segment information 3100 By way of fwther
lustration, segment information 316 includes an initialization segment 312 as well as
URLs to a plurality of media segments 314-1 to 314-L, sach segment having a suitable
timing parameter. Those skilked in the art should vecognize that the ABR asset package
200 shown in FIG. 2 may be described in a sutiable MPD model representation similay
to MPD 300 shown in FIG. 3 i a particular implementation that s compliant with the
MPEG-DASH standard.

FIG. 4 depicts an examyple confent delivery network 400 whersin content may
he pre-provisioned based on historical delivery trends sccording to an embodiment of
the present patent application.  For parposes of ilustration. CON 400 is identical to
CDN 100 shown in FIG. | except that a popularity policy masagement systern 402 is
provvided for determining or otherwise estimating or predicting where a particular
content nught become popular. As described in the commondy assigned patent
applications (1) "BANDWIDTH POLICY MANAGEMENT IN A SELF-
CORRECTED CONTENT DELIVERY NETWORK" (Ericsson Refl No.o P40%03-
LiST), Application Noo 137935381, filed July 3, 2013, and (i1} “SYSTEM AND
METHOD FOR  DELIVERING CONTENT IN A CONTENT DELIVERY
NETWORK™ (Ericsson Refl, No.o P4OZ70-UST) Application No.o 13/935,326, filed

July 3, 2013, meorporated by refereoce hercinabove, the popularity policy management
system 402 ds operstive {0 sstimate or determine a particufar content’s popularity by
location and subscriber demogpraphios based on 2 plurality of information sourees, e.g.,
search trend data relative to a particular content to be distributed in @ geographical
region serviced by CON 400 (for instance, Infernet search cngine fread data using

search cogines offered by Goople®, Bing®, Yahoo®, and the like, as well as social
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media scarch trend data, e.g., searches on Faccbook®, Twitter®, Instagramy®,
Puderest®, and the Hke)), in addition to wends relating to content/movie details, phat
Kevword search data, marketing data (e.2.. box office revenue data. stored media {(e.g.,
Blu-Ray, DVD, HD, and CD discs) sales data and related content sales data
{collectively, “revemie information™).  Further, the popularity policy management
system 402 may be configured to interface with a content policy management node (not
explicitly shown} for receiving applicable licensing information anfor content-based
priovity lovels and weights. Lipon determining popularity estimations for a particulay
content, the popularity policy management system 402 is operative to provide pre-
provisioning and distribution policies to & contral distribution node and/or regional
server nodes, as oxemplified by a communication path 406, Additional details
regarding the establishment of content-specific pre-provisioning and  distribution
policies may be found in one or more of the foregoing commondy assigned patent
applications, referenced hereinabove,

Further, DNMU system 112 is operative 1o provide one or more delivery rules
established or otherwise determined for the respective content delivery nodes (e.g.,
regional server nodes and/or edge server nodes) based on the nodes™ ABR asset
dehivery/distribution patterns.  In one embodinment, DNMC system 112 s Ruther
operative 1o apply sueh delivery rules (which may comprise upperflower thresholds
and/or ranges for video bit rates, Hmits based on language/subtitle selection
porcentages, and the like) in conjuaction with the pre-provisioning and distribution
policies for a particufar ABR asset package such that only certaln representations or
versions of the content which satisfy or otherwise pass the delivery rules may be pre-
provisioned, i another embodiment, applicable delivery rules may be fransmitted 1o 8
central distribution node andior regional distribution nodes, as exemplified by a
comnunication path 404, which distribution node may then apply the delivery rules in
order 1o select & subset of the video/sudio/subiitle assets for pre-provisioning relative to
a plurality of the edge server nodes where the content has been determined to be
popular. I a stifl further embodiment, both the popularity-based pre-provisioning
policies as well as node-specific asset trend delivery rules may be provided to mnother
network  element o management node that s adapted o apply suitable

selection/filtering logic in order for establishing filtered or otherwise moduaiated pre-
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provisioning policies with respect 8 particular content’s ABR assets. In such a
scenario,  modulated  pre-provistoning policies may  bhe  tansmitted  to the
gentraliregional distribution nodes of CDN 400 and & subset of the ABR assets may he
appropriately pre-provisioned in accordance therewith.

Additionally or alicraatively, DNMC system 112 may also provide one or mare
delivery rules establishbed or otherwise determined for the respective content delivery
nodes based on the nodes’ the historical network conditions. Stmilar o the application
of the asset trend-based delivery vules, network condition-based delivery roles may he
applied for modulating or otherwise controlling the pre-provisioning policies
established by the popularity policy management system 402, 11 should be appreciated
by one skilled in the art that the network condition-based dc‘:iivmy rules nwy be applisd
in various implementations simitar 0 the embodiments described above, in addition to
being applied in conjunction with the asset trend-based delivery rules for fiwther
refinement of a CDNs pre~provisioning policies.

Continuing o refer o FIG. 4, the modulated pre-provisioning of ABR asseis
with respect to edge server nodes 106-N anid 108-1 based on respective node’s deliy
patterns may be finther exemplified.  As described previously, the ABR asset deiivery
pattern 116 assoctated with the Galveston edge server 106-N shows a video component
distribution wherein more than 80% of the content is of higher bitrate category (i.e.,
T2ip content at 3-8Mbs or 1080p content at 8-12Mbps).  Accordingly, a delivery rule
may be established wherein only bigher bitrate representations of & particular content
{e.2. Movie Y} may be pre-provisioned for the Galveston node 116-N. When such &
rule is applied with respect to a particular confent that has been estimated to become
poputar at this node, a pre-provisionsd ABR asset package 408 for the node will
include omidy 720p and 1080p representations of the vontent (encoded at, for example,
375 Mbs and 10/12Mbs, respectively), as llustrated by a video asset compongnt 410-1,
Likewise, given that the bistorical audio assel delivery pattern for the Galveston node
116-N is where only 10% of the content has been in Enghish with surround sound (5.1,
a delivery ruke may be such that 5.1 English language representations of a content’s
audin assets are exciuded from pre-provisioning. In similar fashion, consistent with the
distribution of historical subtitle fanguages downloaded at the Galveston node 106-N, 8

delivery rude for the subtitles asay be one where any subtitles having a least likelhood
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of being downloaded from that node {e.g., less than 3%%) are excluded from pre-
provisioniag. By applying such delivery rules, it can be scen that the pre-provisiongd
ABR asset package 408 relative to Movie Y for the Galveston node 106-N will include
an sudio asset compenent 410-2 comprising only English 2.0 and Spanish 2.0
representations (or adapiation seis) and a subtitle asset componeut 410-3 comprising
only Fnglish language subtitles of Movie Y, which bas been estimated fo beconme
popudar in the area serviced by the Galveston node 106-M.

In similar fashion, one or more delivery rules based on the lesned ABR asset
delivery pattern 120 associated with the Ashville edge server 108-1 may be applied to
modulate the pre-provisioning of a content, e.g., Movie Y, that is estimated to become
popular in the Ashville service area. As the historical video asset delivery patters 122-
i has established that only 4% of the content delivered in that service area comprises
1080p content at 8-12Mbps, an example delivery rule may be such that 1080p
representations of a contert are excluded.  Likewise, suitable thresholds may be
established for the andio and subtitle asset components based on their respective
Hkelibood estimates. Upon applying such delivery pules, it can be seen that the pre-
provisioned ABR asset package 412 relative 1o Movie Y for the Ashville node 108-1
will include a video asset component 414-1 comprising only 720p and 480p
representations of the content {encoded at, for exmmple, 3/3 Mbs and 2/1 Mbs,
respectively), an audio assel component 414-2 comprising only English 2.0
representations and & subtitle asset component 414-3 comprising only English language
subtitles of Movie Y.

Accordingly, instead of pre-provisioniag all the adaptation sets of an ABR asset
package relative to a particular content that bhas been determined to be popular at
certain nodes, the embodiments set forth herein provide finer-grain pre-provisioning of
the ABR assets, resulting in more efficient deplovment of network rosources, Not only
are the operator bandwidth costs minimized (since the network operators no losger
have to transmit assets, e, fes, that are unbikely to be used, regardless of how
popular a particular content is) but a higher quality of service may also be provided 1o
the end users. Furthermore, although the example pre-provisioning modulations

deseribed sbove are ilustrstive of application of asset #read-based delivery rules,
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similar pre-provisioning modulations may be equally achieved on the basis of network
condition-based delivery rules, mulabls mutancis.

In a further example scenario, a DNMUO system may be made aware of fanguage
preferences in the area serviced by cach of the CION edge nodes, as such awareness can
be informed by bistorical trends within the CDN itself {e.g., users in a particular serviee
arest slways or most often watch the Spanish language version), or based on wider
trends supplied from third parties {e.p., the particudar service area has a large Spanish
speaking populationy if the edge vode has ne historical data yet. Should a particular
piece of content beconme popular in an area serviced by that edge node, the systent only
pre-populates the popular audio or subtitle data {which may cven be different
fanguages), rather than all andio or sulttitle options normally incloded with sach piece
of content as part of the entire ABR asset package. Should a user want aceess (0 g
language other than the prevailing one (Le., cutside the fillered pre-provisioned assets),
the audiodssubtitle data can be sent over m the normad fashion, on demamd. In a sull
further example, the DNMC systemy nay be made awme of historical network
conditions for cach of its cdge servers. Should a particular cdge server experience or
exhibit consistently below average edge server conditions {as may be defined for a
suitable performance metvic), the DNMC system s made aware of such a condition. 1
# particular piece of confent become popular in an area serviced by that edge node, the
system only pre-populates lower biteate content, as the higher bitrates are less likely 1o
be wsed {andfor less likely to be downloaded). 11 the network conditions improve and
atypical bitrates {outside the filtered pre-provisioned assets) are requested by the
subsciibers, such hifrates can be sent sver in the normal fashion, on demand,

Turning now to FIGS. 3A and 3B, depicted thereln are flowcharts with blocks
refative fo various steps and acty that may take place according to one or more
embodiments of the present patend application for modalating pre-provisioning of ABR
assels.  Flowchart 5004 is represeniative of a collection of processes that may be
practived either udependently or in one or more combinations.  In one example
process, blocks 302, 504 and 510 Hlustrate an application of asset trend-hased delivery
rules with respect to pre-provisioning of popular content. In another example process,
blocks 506, 508 and 310 Hllustrate an application of network condition-based delivery

rules with respect #0 pre-provisioning, In g still further exanyple process, blocks 542-
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310 may be combined in a number of ways where both asset-based delivery rules as
well as network condition-based delivery rules may be applied for purposes of pre-
provisioning policy modulation.

At bloek 302, historical delivery pasterns and trends of one or more ABR asseis
may be obtained for one or more content delivery nodes of a CON, for example, over a
period of fime such as a configurable moving/sliding time window, For cach content
delivery node, appropriate statistical distributions of the ABR assets may be
determined, e.g., porcentage distributions, likelihood estimates, multi-level ranking
distributions, etc., over the relevant sample time base. Based on the ABR distributions,
one or mare delivery nsles may be established or otherwise determined, which may he
provided gs part of an adaptive learning process, e.g., a knowledge-based or rules-based
expert systemn (block 304).  When g particular content & determined or otherwise
estimated  to  become  popular at differemt nodes in the CDN, only certain
representations or adaptation sets of the particulwr content’s video/mudio/subittle
components that satisfy or otherwise meet the delivery rules may be pre-provisioned
for delivery with respect o the nodes where the content hes been determined to be
poputar (hlock 510).

Alternatively or additionally, historical network conditions {e.g.. download
rates, bandwidth usage, ofe.) associated with respective content delivery nodes of the
CDN may be monitored (block 506}, which may then be used fior determining suitable
delivery rules,  Again, such delivery rules sy be static/determuinistic or varied
responsive 1o pre-configured control fnpuds from CDN management nodes {i.e., self-
adaptive learning). Accordingly, the network condition-based rules may be established
in & number of ways, depending on a specific implementation (block 508}, As with the
ssset trend-based delivery rules, the network condition-based delivery rufes may he
psed for filtering only certain adaptation sets of popular comient for pre-provisioning
{block S16).

Additional steps or aets relative to block 310 are Hlustrated as a separate
flowechart 3008 in FIG. 38, At block 512, an application of the delivery rules may
comprise comparisons of ABR assets against a range of video bitrates, thresholds,
fanpuage/subtitle Hkelihood estimates, network comnection performance/vonditions,

ghe., as well as other metrics relating thereto. Rosponsive 1o the comparisons,
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video/audio adaptation seis and subtithes of a particular content may be selected or
otherwise identified for pre-provisioning as sef forth at block 514

FIG. & depicts a bloek diagram of a computer-implemented data processing
system adapted to opergie as a management node 600 according to an erabodiment of
the present patent spplication. Taking refercoce 1o FIGS. 4 and 6, the management
node 600 may be configured as an example implementation of DNMUC system 112 that
may inter-operate with one or more CDON management systems such ax a bandwidth
allocation'scheduling system, a distribution pipe policy management and optimization
system, a  confent  policy  and QoS  management  system, or a  request
rerouting/redivecting system, or any combination thercof. in addition w the popularity
policy management system 402 associated with CDN 400 as well as the CDN nodes.
Qng or MOre Processors or processer boards 602-1 1o 602-N coupled to a bus structuse
464 provide for the oversll control of the node 600, inchuding execnting one or more
functiopalities set forth in the preseont patent discloswre. Bus 604 may be coupled to
ane of more bus bridges or bus controliers 606-1, 606-2 for exdending to or coupling to
additionsl or peripheral buses 608, 610, which in tern may support a plurality of
interfaces {(I'FY. By way of example, one or nrore of such imterfaces 612-1, 612-2 may
effectuate iterfacing with various CDN nodes such as the national server node(sy 102,
regiomal server nodes 104-1 o 104-3, and edge server nodes, 106-1 to 106-N; 108-1 1o
108-M; 110-1 10 THO-K. Additionad interfaces 614-1, 614-2 may effectuate inderfaces
1o one of more CDN management systems mentioned above.

A memory subsystest 619 provided with the management sods 600 may
include one or more memaory controflers 616 for coptrolling memory operations relative
to 7 plurality of memory modules 618-1 to 618-M as well as nonvolatile memory
modules such as persistent memory module 617, Program instructions or logle, which
may be organized and/or executed as one or more software processes, madules, blocks,
routines, threads, ete. may be stored 1o or uploadedddownloaded inte the persistent
memory 617 for effectuating one or more smbodiments of the prosent disclosure. For
example, a delivery node and management control module 621 may be configurad to
effectuate or otherwise establish delivery rules based on historical ABR asset delivery
trends andéor historical network comnection conditioms, which may be arranged in a

node-by-node basis and stored in non-volatile databases 623, 627, respectively. In one
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inplementation, the delivery rules may be cstablished pursuant o statistical and
mathematical modeling fechniques  involving, e.g., cluster asalysis. wultivariate
analysis, principal component analysis, factor analysts, correlation analysis, adaptive
neural networks, regression analysis, ete. to not only learn bat alse forecast ABR asset
distributions on a node-by-pode basis.  As poiated out previously, the defivery rules
may bhe distributed to appropriate CDN nodes {e.g., the national server 102) for
modulating content pre-provisioning policies. Alternatively or additiomally, vet another
module 625 may be provided for applyving the delivery rules in conjunction with
content pre-provizioning policies ss determined by the popularity policy sansgement
system 402, whereby modulated pre-provisioning policies may be provided to the CIIN
nodes. I a still further variation, the delivery roles may also be applied in corgunction
with a roguest redirector system that is operative to redirect subscribers” requests to
appropriate edge server nodes based on popularity, network bandwidth conditions, efe.
for purposes of the present patent disclosure.

FIG. 7 is a flowchart of an example process 700 with blocks relative to various

stops and acts that may take place for monitoring histovical delivery trends of ABR

fnd

ssels according to an embodiment of the preseit patent application. When a client
requests to wateh ABR content {block 702), appropriate data such as subtitleflanguage
selegtion, ofc. may be saved for the delivery session (hlocks 704, 7063 Depending on
whether the ABR content s in separate adaptation sets or in interleaved content stream
{i.c., multiplexed or muxed content siream provided in certain fegacy streaming
implementations} as set forth in decision block 708, further data relative to the delivery

session may be stored, saved or otherwise monitored.  For the content in separate
adaptation sets, a loop sub-process 710 may be effectuated with respect to cach aundio
and video segment of the ABR asset package, wherein segment video bitrate(s), audio
hitrate{s) and delivery format {e.g., audio formats such as MP3, AAC, AACH cAATH,
FLAC WMA, WAV, AMR, OGG, DTS, AC3, LPCM and MIDI as well as video
formats such as, e.g., MPEG4, H.263, H.264, DivX, XviD, WMV, AVIL, 36O, Flash
Video}, may be stored, as set forth at blocks 712, 714, For muxed content, a loop sub-
process 716 is operative fo store the segment bitratefs} for each interleaved segment
{block 7i%). Thereafler, when the client delivery session is terminated {block 724,

724}, suitable data updating procedures may take place refative to the delivery statistios

<
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of video/audio/subtitle assets {block 728} or the muxed set bitrate(s) and subiitle
selection (block 726} In one implementation, the foregoing sub-provesses 710, 716
and subsequent opdating procedures may fake place relative to cach content delivery
nade of a CON over a respective period of time, which nodes may be configured to
provide {block 728) the delivery statistics to & management node such as DNMO
system 102 shown in FIGL 1, for example. Further, transmission of delivery statistics
hetween the DNMO system and CDN nodes may be effectusted by means of
requestiresponse query mechanisms, push mechanisms, pull mechanisms, in addition
heing friggered based on tmers, user/network settings, and other conditionalities.

FIG. 8 is a flowchart an example process 800 with blocks relative to various
steps and acts that may take place for modulating pre-provisioning policies of content
based on delivery rules according to an embodiment of the present patent application,
When pre-provisioning of contert in a CDN is conwnenced (block 802), a loop sub-
process 803 may be effectuated with respect to each conient delivery node, which is
initiated at a decision block 803 by determining whether a particular content is
estimated or other determined to be popular it a service ocation of the delivery node.
if the content is not determined to be popular in a delivery node’s arey, that delivery
node may be skipped (block 804) and the content’s popudarity relative to 8 next
delivery node may be analyzed. If the content is determined to be popular with respect
0 a specific confent defivery node, appropriate historical videosaudiofsubtitle delivery
statistics and associated asset delivery rules for that node may be obtained andior
utilized {block 806} The particuiar popular content’s manifest may be analyzed
refative to the ABR package assets available, including the corresponding adaptation

215 if applicable (block 8083 For cach asset in the ABR package, a Toop sub-process
810 is effectuated that commences with a determination as to whether the ABR asset
{and its adaptation set{s}) meets the corresponding delivery rule(s) based on the
chstribution statistics (decision block 814} H so, that ABR asset (and iy adaptation
set{s)) may be identified for pre-provisioning (block 816) with respect to the specific
confent delivery node identified in decision block 803, Othorwise, the ABR asset is
skipped and the next asset in the ABR package of the particular popular content s
analvzed (bloek 818). After applying the delivery rules 1o all the ABR assets refative fo

cach delivery node where the particular content has been determiined to be popular,
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appropriate ABR assets {and corresponding adaptation sei(s)) are pre-provisioned for
the “popular’” nodes (hlock 820), whereupon the process is completed {block 822). Asx
ilustrated in FIGS. 1 and 4, not all popadar nodes may be pre-provisioned with the
same ABR sssels/ndaptation sets because of the varving histovical delivery trends,
5 network conditions, aad the tike

FIG. 9 is a flowchart of an example process 900 with blocks relative to varions
steps and sots that may take place for updating historical delivery trends andfor
network conditions data for one ar more content delivery nodes of a CDN according to
an embodiment of the present patent application.  Puorsuant fo invoking an updating

1 routing {block 903}, a timer-related determination may be wade as to whether it s
appropriate to updte trend/conditions statistics in the CDN (decision block 904), 1f s,
# complete list of content delivery nodes may be obtained {e.g., by the DNMC system)
from a natgonal origin server of the CDN (block 908). For each delivery node of the
fist, a loop sub-process 910 may be cffectuated for obtaining video/audio/subtitle

15 delivery staistics and updating a database record or storags associated with the node
based thercon (block 912}  Additionally or alternatively. appropriate netweork
conditions may also be monitored on a node-by-node basis.  1f the timer-related (o,
ather trigger-based) determination indicates that U 5 not approgeiate to update the
statistics vetl, the updating process 900 may wait fiw & pre-configured amount of time to

¢ eclapse (block 906). 1t should be appreciated that although a single timing
determination is ithestrated (Le., decision block 904) with respect updating the statistics
for all CDN aodes, multiple timing determinations andior other trigger-based
thresholds may also be implomented for initiating separate updating processes
corresponding to the respective CDN nodes,

13 In addition to facilitating modulation of content pre-provisioning policies i a
CDN, the historical delivery trends and network conditions deseribed hereinabove may
afso be utilized for optimizing defragmentation of comtent in the CDN in a fwither
aspect. As pointed oud previously, whes clients sceess ABR content via a CDN, it is
possible that servers at the cdge may become fragmented because of the inhevent

oe server nodes of the CDN

=

30 features of adaptive streaming architecture. Typically, ed
may serve ons or maey individual segment files of 3 particolar ABR asset package to 8

client and when the clisnt requests condent from a second edge server {e.g., dus to



WO 2015/063732 PCT/IB2014/065742

1

20

redirection), both the first edge servar and the second edge server may end up holding
an incoraplete collection of the segment files referenced by the associated manifest.
When edge servers do not hold a copy of a requested segment file, they may be
required to retvieve or pull the requested segment file from a parent node such as a
regional server. While this generally causes the parent node to hold a complete copy of
the requested segrpont files, there Is no guaraniee that & complete segment collection
referenced in a manifest will reside on the parent node for all advertised hitrates,
Accordingly, fragmeontation may occur when clients request some, but not all, of the
segment files for a manifest from the same edge server resulting it an incomplete copy
of the entire manifest segment collection. Clients changing bitrates within an adaptive
streaming architscture can compound this fragmentation oo an odge server oven
further.  As a solution, particulsr embodiments deseribed in the commonly assigned
patent application entitled “DEFRAGMENTATION OF ADAPTIVE STREAMING
SEGMENT FILES IN A CONTENT DELIVERY NETWORK™ (Ericsson Ref. Nou
PAG2R5-UISE), Application Moo 13/923,005, filed June 20, 2013, in the name(s) of
Christopher Phillips et al, incorporated by reference  hercinabove, provide a

& SeTVIrs dre ensured

s

“defragmentation™ system and method within a CDN wherehy ed
0 hold a complete copy of the entire segment collection referenced in a manifest. Tna
further enhancement, embodiments of the present disclosure described below provide
an optimized defragmentation system and method wherein the fragmented content at

dge server nodes is replenished based on historical delivery treads andior network

114

conditions assoeiated with the nodes. Furthermore, the disclosed embodiments may be
controfled to ccour at times of low network ulilization such that conditions of
bandwidth congestion may be avoided or otherwise ameliorated.

FIGS. 10A-10C depict floweharts with blocks relative to various steps and acts
that may take place for optimizing defragmentation of media segments in a content
delivery sode of according o one or more ombodiments of the presest patest
spplicstiont. Turning first to FIGL 100, an embodiment of optimized defragmentation
process 10000 may take place at a CDN node with respect to a particular content. At
hlock 1080, the UDN node is configured to analyze the content’s manifest as well as
the ABR segment fes that are stored in a database cache of the CDN node in order to

determine if any segment files refercnced by/in the manifest are absent thereat, I so,
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ong o more ABR asset delivery rufes associated with the CDN node may be applied to
determine representations or adaptation sets of the absent'oissing segment files that
satisfy the delivery rulkes {block 1082).  Responsive thoreto, only compliant
representatinns/adaptation sets of the absent segments e pulled or retrieved from
another CON node (2.g., another edge server node or a parent node such as a regionsl
server node), which are then stored locally in the database cache of the CDN node
{block 1084}

FIG. 10A depicts a flowehart of an optimized defragmentation process HI00A
in further detail, which may be performed by a child node or edge node such as edge
server nodes 106-N. 108-1 of UDN 100, Similar to the flowcharts described
hereinabove, blocks enclosiné a partion of steps of the process indicate a loop sub-
process wherein the eaclosed operations may be deratively/tepeatedly performed vuti
the list of oeatities for which the loop is cffectusted is oxhausted.  In one
inplementation, each node within the CDN may determine at various time intervals
whether a corrent time falls within & pericd that is characterized by the node’s low

notwork etilization {o.g., during laftc aight), which may be configured as the node's
Mingnum Usage Timeframe parameter.  Nodes that do not prowvide selfeealculating
timeframes may send a request (o a parent node, a redirector server, or another server to
determine i#ts Mindmun Usage Tuneframe. Thas, st block 1802, the edge node checks
a defragmentation wakeup timer, which causes the edge node to determing at decision
block 1004 whether the current time is within the period of minimum usage of network
resources within the CDN. The edge node may self-caleulate the period of ninhmum
asage of network resources if able, and if not able, the edge node receives information
identifying the period of minimum vsage of network resources within the CDN from its
parent node. the redirector server, or another server in the CDNL 1f the corrent time s
not within the period of mintmum usage of network resources within the CDN, the
process moves to block 1008 where defragmentation s skipped for that particular edge
node, with control returning 1o block 1002, When it is determined sf block 1004 that
the current time is within the poriod of minimum asage of netwaork resources within the
CDN, the process moves to black 1006 where the edge node retrieves all content
popularity timeframe windows, e.g., from the redirector server operating in conjunction

with a popularity policy management server. Process 1000A thersafter enters a loop
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sub-process 1010 that encompasses a collection of actions performed for each adaptive
streaming manifest associated with segment files stored in the edge node’s local cache
memory. At bloek 1012 of loop 1014, the edge node determines whether the current
time i within the popularity time window threshold for a particulsr manifest/package
boing analyzed. It should be appreciated that such s determination may be made in
order to ensure the complete piece of electronic content is available (and potentially
within a licensing window) when clients are Hkely to request the segmend files. I the
current tinwe 18 not within the popularity time window threshold, the process moves to
block 1014 where the edpe node skips that particalar manifest/package. When @t i
determined at block N2 that the corrent time is within the popularity time window
threshold for the particular package being analyzed, the process moves to block 1016
where the edge node reads the master manifest file(s) associated therewith,  The
process thereafier enters another loop sub-process 1018 that encompasses a series of
actions performed for cach child manifest in the master manidest. At block 1020, the
edge node reads the URLs of the scgment files from a particelar child mantfest (such
as, o, the URLs illustrated in MPD model 300 shown in FIG, 3). A determination is
made as o whether the ABR asset segment referenced by the URL satisfies the
applicable delivery rudes associated with the node {decision block 1022). 1t not, the
LIRL is skipped and the next URL referenced in the child manifest s analyvzed. For the
LRLs that refer to ABR asset segmends complying with applicable delivery rules, yet
another loop sob-process 1026 is entered for determining if the respective asset
segpents oxist bt the edge node’s cache memory (decision block 1028), 1 so, the edge
node skips the URL for that segment file at block 1030 and moves to the next segment
file. This sub-loop process continues for cach of the scgment filex referenced by the
child manifest, and when a referenced segment file is determined to be absent from the
edge node’s local cache memeory, the process moves to block 1032 where the edge node
utifizes the URL of the absent segment file to pull the absent segment file from another
CIN node such as the edge node’s parent node or smother edge node. Subsequently,
the edge node caches the segment file pulled from the other CON vode. When all the
foops have been performed for each adaptive streaming manifest in cache, for gach
child manifest fn the master manifest, and for cach URL in cach child manifest, all

segnent files should exist in the edge nede’s local cache memory, Upon verification
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that ali segment files for all manifests exist in the edge node’s local cache memory at
hlock 1034, the process moves to block 1036 where the edge node reports to s parent
node that defragmentation is complete. Tt will be apparcot to one skilled in the art that
the sequence of the loops and sub-loops iHustrated in FIG. 10A may be interchanged in
some implementations, and some of the operations from onre loop may be moved to a
sub-loop within.

FIG. 108 depicts a flowchart of another embodiment of an optimized
defragmentation process 1300 in further detail, which may be performed by a coment
delivery node of the CDN. Similar to the flowcharts deseribed hercinabove, blocks
enclosing a portion of steps of the process indicate a loop sub-process wherein the
enclosed actions may by iterativelyfrepeatedly performed until the list of entities for
which the loep is effectuated is exhausted. When asset defragmentation is conmmenced
in the CDN, eg., respousive fo a defragmentation timer mechanism or some other
trigger-based mechanisar (block 1032), a loop sub-process 1054 may be effectuated
with respect to cach ABR package within the content delivery node, which is initiated
at 8 deeision block 1836 by determining whether a particular ABR package is within g
popularity time window or threshold., 1 not, the particular ABR package is skipped
and a next ABR package is analyzed (block 1058). I the ABR package is within the
popudarity time window, the manifest of the ABR package is analyzed (block 10603,
wherenpon a foop sub-process 1062 is entered that i3 performed for each asset
compenent of the ABR package. A determinmation ix made as to whether the asset
contains fragnwented segments (block 1064} 1 so, a further determination is made as
to whether the fragmented segments are within the historical sudiodvideossubtitle
delivery trend rules and thresholds {decision block 1068). I the missing andio, video,
md/or subtitle asset segments are within the historical delivery trendsithresholds, such
segments may be pulled from a regional or national server node or another edge server
node {block 1072). If the ABR asset does not comtain any fragmented segments, the
sesel is skipped and & sext asset of the ABR package is analyzed (block 1066).
Fuarther, if the fragmented sogments are not compliant with the applied delivery rules,
they are skipped from segment retrieval (block 1670). When all the loops have been
petformed for each delivery node, cach ABR package within a delivery node, ste, the

optimized defragmentation process 10008 is completed (block 1074).
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With respect to the optimized defragmeentation embodiments  desceribed
hereinaberve, it should be appreciated that the historical trend-based delivery rules
and/or network condition-based delivery rules may be provided by the DNMC system
to each CDN node as it commences #s defragmendstion process relative to the eondents
cached thereat. o another variaBion, becasse sach CDN node may also be configured
to maintain its own trends (af least for a short term), there would be no need 1o retrieve
the trend data from a management node in such 4 scenarto. In a still further variation,
fecally maintained shori-termm based trends as well as long-term trends maintained at
the DINMO system may be applied for purposes of defermining which of the missing
segments should be pulled from another node in the CON. Additionally, the foregoing
optimized defragmentation embodiments may be practiced with respeet to parent nodes
gs well as child nodes of a CDN.

FIG. 11 depiets a block diagram of a computer-implemented data processing
system adapted to operate as a content delivery node 1104 that may be configured 1o
effectunde optimized content defragmentation according o an embodiment of the
present patent application. The funetions of the CDN node 1100 may be controlled, for
example, by one or miwe processors 1102 executing compuler program instructions
stored on a memory 1110 including a porsistent module 1111 A defragmentation
wakeup timer 1104 provides the current time (o 8 comparison unit 1112, which
compares the current time with a Minimum Usage Timeframe parameter 1106, i the
current time is within the Minimom Usage Timeframe, the comparison unit 1112
further compares the current time with the manifest popularity tine window/threshold

TOB. If the current time s within the manifest popularity time window threshald, the
comparison unit 1112 notifies a sopment fike reader 1114 that it & appropriate to stant
the defragmentation process. The segment file reader 1114 is operative to read the
ABR asset segment files from a local database cache 1118, A URL reader 11106 s

operative o read the URLs of each of the segment fikes referenced by the associated

&

Ny

manifest and provide them to an abseat file identifier 1122, The absent file identifier
1122 is operative to dentity one or more referenced segment files that comply with
applicable ABR asset delivery rules 1120 but are absent from the local cache memory
1118, URL information relative {o the compliant missing segments files iy provided 1o

i3

a commuaication wnit 1124 dhat is operative to send one or nuwe reqaests for the
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seganent files by sending the requested URL{s) to another CIN node 1126, which may
be, for exanyple, a parent node.  In response, the other CDN nade 1126 retorns the
requested segment file{sy 1o the communication anit 1124, which seads them o the
cache 1118 for storage. Subsequently, the segment file resder 14 and 8le identifier
122 are operative fo determing that all segment files reforenced by the associated
manifest document now exist in the cache 1118, The file identifier 1122 may thereafter
notify the compumication wmit 1124 that the defragmentation process is complete,
which in turn may notily the other CON node 1126 that the defragmentation process is
complete, Tt should he appreciated that dashed lines in FIG. 11 indicate additional
functionality whea the CDN node 11008 s also a parent node. As set forth in additional
detail in the commonly assigned patent application (Appl Nou 13/923.005, filed June
240, 2013} incorporated by reference hereinabove, the parent node functionality may
involve determining whether all of its child node(sy 1128 have reported that their
defragmentation process is complete. Onee all the child node(s) have reported that
their defragmentation is complete, the comparison unit 1112 may continue by
dotermining whether the current fime is within the manifess popularity time window
threshold 1108, H so, the defragmentation process for the parent node may be initisted.
FIi 12 depicts an example content delivery notwork 1200 wherein fragmented
confent is replenished at a content delivery node (e.g., edge server nodes 106-N, 108-1)
based on historical delivery trends according 2 an embodiment of the present patent
application. For purposes of illustration, CION 1200 is identical to CDN 100 shown in
FIG. | except that a CDN redirector node 1202 i shown to imterface with DNMC
system 112 for receiving suitable delivery rules as discussed hereinabove., Further, the
CON redirector node 1202 may also receive content popularity windows from a content
popularity policy management node {not specifically shown) for distributing the data to
the various nodes of CDN 1200, as illustrated by example requestiresponse paths 1204-
1, 1204-2 and 1204-3 relative to nodes 10423, 106-N and 108-1, respectively.  As
deseribed in detail in the foregoing sections with respect 1o FIGS. T0A-10C and 11, an
gdge server node is operative to apply the delivery niles in order to identify a subset of
representations of the missing sepments of a fragmented content file. By way of
example, the Galveston edge server 106-N is operative to apply suitable delivery rules

based on ifs ABR asset delivery patiern 116, whereby only certain representations of
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the missing segments that satisfy the rules may be retrieved from another CDN node, as
shown by a missing segments identifier 1208 that comprises a video asset component
210-1 (for pulling ondy 720p and 1080p represcuiations of the content encoded at, for
examiple, 378 Mbs and 10/12Mbs, respectively), an andio asset conmponent 1210-2 (for
pulling only English 2.0 and Spanish 2.0 representations), and a subtitle asset
component 1210-3 {for pulling only English language subtitles of the content).

In similar fashion, one or more debivery rules based on the lesrned ABR. asset
detivery pattern 120 assoctated with the Ashville edge scrver 108-1 may be applied to
aptimize the server’s missing segment retrieval.  Reference numeral 1212 refors to the
Ashyille server’s missing segments identificr that illustrates a video asset component
1214-1 (for pulling only 720p and 484p representations of the content encoded at, for
example, 3/5 Mbs and 271 Mbs, respectively), an audio asset component 1214-2 (for
pulling only English 2.0 representations), and a subtitle asset component {214-3 (for

pulling only English language subtitles of the congent).

One skilled in the art will recognize upon reference hercto that if an eatire file
beeomes necessary (for example, additional languages are needed), the defragmentation

system is aware of which files are already transferred 1o the edge of the network and
anly transfers those sections of the file which are additiovally needed.  Simularly,
should an edge node decide to delete files due to meomory constrainis, the system will
be aware of which fragments of the file are no longer needed (for example, due to the
fanguage{s) or bitrate(s) being no longer required}.

Based upon the foregaing Detatled Description, it should be appreciated that the
embodiments of the present disclosure can be advamtageounsly implemanted that allow
CIDNs to funation more efficiently, by making available what is needed where #t is
needed before it is needed. I addition to savings in operator bandwidth costs, the
disclosed embodiments also provide higher QoS levels with respect o end user
experience.

In the above-description of various embodiments of the present disclosure, it is
t¢ be understond that the terminciogy used berein is for the purpose of describing
particular embodiments onfy and i3 not intended to be Hmiting of the invention. Unfess
otherwigse defined. all terms (inchuding fechnical and scientific terms) used hergin have

the same meaning as conunoaly understood by one of ordinary skill in the art to which
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this invention belongs. It will be farther understood that ferms, such as those defined in
covvnonly used dictionaries, should be interpreted as baving a meandog that ix

gousistent with their meaning in the context of this specification and the relevant an

and may not be fnterpreted in an idealized or overly formal sense expressiy so defined
heredn,

At least some example embodiments are described herein with reference to
block diagrams sndfor flowchart ilhstrations of computer-implemented  methods,
apparatus {systems andfor devices) and/or computer program products. It is understood
that a hlock of the block diagrams andfor flowcehart tHlustrations, and combinagtions of
blocks in the block diagrams and/or flowchart Ulustrations. can be implemented by
computter program instructions that are performed by one or more computer Circuits.
Such computer program instructions may be provided to a processor circuit of a general
purpose compuier cirat, special purpose compuier cirat, andior other programmable
data processing circuit o produce a machine, so that the instructions, which execute via
the processor of the computer and/or other progranumable data provessing apparatus,
transform anpd control transistors, values stored i memory locations, and other
hardware components within such circaitry to tmplement the functions/acts specified in
the block diagrams andfor flowchart block or blocks, and thereby create means
{functionality) andfor stracture for implementing the functions/acts spectfied in the
hlock diagrams andfor flowchart block{s).  Additionally, the computer program
instructions may also be stored in a tangible computer-readable medium that can direct
& computer or other programmable data processing apparatus to function in a particular
manner, such that the instructions stored in the computer-readable medium produce an
article of manofacture including  instructions which tmplenent the functions/acts
specified in the block diagrams andfor flowchart block or blocks.

As alluded o previously, tangible, nop-fransitory computer-readable medium
may include an electrosic, magnetic, optical, slectromagnetic, or semiconductr data
storage system, apparatus, or devive, More specific examples of the computer-roadable
medium would include the following: a portable computer disketie, a randomt access
memory (RAM) circuit, a read-only memory (ROM) circait, an erasable programmable
read-omly memory (EPROM or Flash memory) circuit, a portable compact disce read-

ondy memory (CD-ROM), and a portable digital video disc read-only memory
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{(DVI¥Blu-ray). The computer program instractions may also be loaded onto or
otherwise downloaded 1o a computer andior other programmable data processing
apparaius to cause a series of operational steps o be performed on the computer andfor
other programmable apparatus 1o produce a computer-implemented process such that
the instructions which oxecufe on the computer or other programmable apparatus
provide steps for implementing the fanctions/nots specified i the block diagrams
and/or flowehart block or blocks. Accordingly, embodiments of the present invention
may be cmbodied in hardware andior in software {including firmware, resident
software, micro-cide, ete.} that runs on g processiw such ag a digital signal processor,

bl

which may collectively be referved to as "circuitty,” "a moduie” or vartants thereof.

Further, in &t least some additional or abersative implementations, the
functionsfacts described in the blocks may oceur owt of the order shown in the
flowecharts,  For example, two blocks shown in succession may in fact be executed
substantially concurrently or the blocks may sometimes be executed in the reverse
order, depending upon the functionality/acts involved. Moreover, the functionality of a
given block of the flowcharts andior block diagrams may be separated into multiple
blocks anddor the functionadity of fwo or more blocks of the flowceharts andfor block
diagrams may be at least partially wtegrated. Movcover, the acts, steps, functions,
components or bloeks illustrated in 8 particular flowchart may be inter-mixed or
otherwise inter-arranged with the acts, steps, functions, components or blacks
tHustrated  in  another flowchart in order 1o effectuate  additional  variations,
modifications and configurations with respect to one or more mmplementations of pre-
provvisioning policy modulation and/or optimiized content defragmentation techaigues,
cither in combination or separately, for pwrposes of the present patent disclosure.
Finallv, other blocks may be added/inserted between the blocks that are iltustrated.
Morcover, although some of the diagrams include arrows on communication paths to
show a primary direction of communication, # is o be uoderstood that conununication
may ocenr in the opposite direction relative to the depicted arrows.

Although various cmbodiments have been shown and described in detail, the
claims are not fimited to any particular embodiment or example. None of the above
Detalled Description should be read as implying that any particular component,

clement, step, act, or function is essential such that # must be included in the scope of
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the claims. Refercoce o an clement in the singular is pot intended to mean "one and
ondy one” onjess explicitly so stated. but radher "one or more™ Al structural and
functional cquivalents to the clemeunts of the above-described embodiments that are
knsvwn 1o those of ordinary skill in the art are expressly incorporated berein by
5 refercoce sad arve mtended to be encompassed by the present claims. Accordingly,
those skilled in the art will recognize that the exemplary embodiments deseribed hevein
can be practiced with various modifications and alterations within the spirit and scope

of the clavos appended below.
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“35.
WHAT IS CLAIMED 18
i. A method operative at & managemsnt node (112) associated with a content

delivery network {(CDN) (100, 400} configured to defiver adaptive streaming conteat,
the method comprising:

obtaining (502} historical delivery patterns of one or more adaptive bitrate
{(ABR) ssscts associated with one or more content delivery nodes of the CDN (104,
400y,

determining (304), for each content delivery node, one or more delivery rules
based on statistical distributions of the ABR assets delivered over a period of time: and

when a particular content s determined to become popular at a speeific content
debivery node (106-N), pre-provisioning (310} only certain representations of the
particular content fr delivery at the specific comtent delivery node (106-N) based on
the one o more dedivery rules established for the specific content delivery node (106-

N},

2. The method as recited in claim 1, whereln the ABR assets comprise at least one
of video components, audio track components and one or more subtitle languages.

3. The method as recited in claim 2, wherein the historical delivery patterns are
abtained for all the video compoenents, all the audio track compenents, and all subtitle
lanpuages downlnaded over a periad of time af respective comtert delivery nodes of the

CONA{T00, 480).

4, The method as recited in claim 3, wherein the one or more delivery rules for a
respective content delivery node (106N} comyprise at least one of a video delivery rule
based on bit rates of video compenents downloaded from the respective content
delivery node {(106-N), an asdio delivery rule based on asudiv language fracks
downloaded from the respective comtent delivery node {106-N), and a subtitle delivery
rule based on subtitle language selections downloaded from the respective content

delivery node (106-N),
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S The method as recited in clabm 1, wherein the particular content is estimated to

beeome popular at a specific content delivery pode {106-N) based oo at least ong of
revenue data, search trend data, subscriber demographic data, and social media data

abtained for the particular content,

4. The method as recited in clatm 1, wherein the content delivery nodes comprise
ong or more sdge server nodes (106-1 to 106N, 108-1 1o 108-M, 110-1 to 11I0-K) and
ang or more regional server nodes {104-1 o 104-3) coupled to a national server node
{100,
7. A management node (6003 operative with a content delivery network {CDN)
{104, 400} configured to deliver adaptive streaming content, the management node
{600} comprising:

One &4F Mmore provessors (602-1 1o 682-Nx

a database (623} for storing historical delivery patterns of one or more adaptive
hitrate {ABR) assets associated with one or more comtent delivery nodes of the CIN
(106, 400

a delivery node management and control {DNMO) module {621 enbodied in a
persistent memory {(617) coupled 0 the one or more processors (602-1 to 602-N3}, the
DNMC modafe (6213 having instructions executable by the one of more processors
{(602-1 to 602-N) and configured to determine (3043, for each content delivery node,
ane or more delivery rules based on statistical distributions of the ABR assets delivered
over a period of time: and

a confent pro-provisioning contrel module {623) embodied i a persistent
memory {617} coupled to the one or more processors {602-1 1o 602-N}, the content pre-
provisioning control module {623} having instryctions executable by the one or mose
processors (602-1 to 602-N) and configured to

when a particular content is detvrmined to become popular at a specific
content delivery node {106-N), apply (512} the one or move delivery rules
corresponding o the specific content delivery node {(106-N) against the

particular content; and
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select (S14) only certain representations of the particular content for pre-
popuiating delivery at the specific content delivery node (106-N) based on the
application of the delivery rules established for the specifie content delivery

node (100-N}.

8. The management node (604} as recited in claim 7, wherein the ABR assets
compwise st least ome of video components, audio track components and one or more

subtitle languages.

9, The management pode (600) as recited in claim 8, wherein the historical
delivery patterns asre obtained and storsd i the database (623) for all the video
compoenents, all the aadio track components, and all subtitke languages downloaded

over a period of time at respective content delivery nodes of the CDN (100, 400).

Q. The management node (600} 38 recited in elaim 9, whergin the DNMO module
(621} 1s operative to determine the one or more delivery rules for a respective content
detivery node (106-N) comprising at Jeast one of a vides delivery rule hased on bit
rates of video components downloaded from the respective content delivery node (106-
Ny, an sudio delivery rule based on audiv language tracks downloaded from the
respective content delivery node (106-N), and a subtitle delivery rufe based on subtitle

language selections downloaded frons the respective content delivery node (106-N).

il The management node (600} as recited in claim 7, wherein the particular
content is estimated to beomme popuiar at a specific countent delivery node (106-M)
based on at least one of revenue data, search trend data, subseriber demographic data,

and social media data obtained for the particular content.

12 A method operative at a management node {112y associated with a content
detivery network (CDN) (100, 400} counfigured to deliver adaptive streaming content,

the method comprising:
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monitoring {306) historical actwork conditions associated with one or mom
gontent defivery nodes of the CON (100, 400) for delivery of one or more adaptive
bitrate (ABR) asseis;

detersining (308), for cach content delivery nade, one or more delivery rules
based on the historical network conditions monitored for the ADR assets delivered over
a pariod of time; and

when a particular content s determined to become popular at a specific content
detivery node (106-N), pre-provisioning (310) only certain reprosentations of the
particolar content for delivery at the specific comtent delivery node (106-N} based on

the one or more delivery rules established for the specific content delivery node (106~

13, The moethod as recited in claim 12, wherein the ABR assets comprise at feast

one of video components, audio track components and one or move subiitle languages.

id. The mothod as recited in claim 12, wherein the historical network conditions
comprise at least one of content downlond rates sustained by respective content
detivery nodes over a periad of time, temporal porformance variations of respeetive
confent delivery nodes compared against a threshold level, and relative performance of
respective confent delivery nodes in relation to an average performance level of a

sample of the content delivery nodes monitored over a period of time.

15, The method as recited in claim 14, wherein the one or more delivery rules for a
respective content delivery node {(106-N) comprise allowing for delivery of high bitrate
eontent only if the respective content delivery node (106-N) has sustained a high

content download rate over a perind of time,

16, The method as recited in claim 14, wherein the one or more delivery ndes fora
respective content delivery node (106-N) comprise allowing for delivery of high bitrate
content only if the respective content delivery node {106-N} has sustained a relative
porformance that is higher than the average performance level of a sample of the

content delivery nodes monitored over g peried of tinwe,
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17, The method as recited in claim 12, wherein the coontent delivery nodes comprise

ong or mose edge server nodes (106-1 o 106-N, 108-1 1o 108-M, 110-1 to 110K} and
ane or more reglonal server nodes {104-1 1o 104-3) coupled to a national server node

{102y,

i8. A management node (600) operative with a content delivery network (CDN)
(104, 400} configured to deliver adaptive streaming covtout, the management bode
comprising:

ONE F MOre provessors {6023-1 to HO2-N)

a database {627) for storing historical network conditions associated with one
or more content delivery nodes of the CON (100, 400) for delivery of one or more
adaptive bitrate (ABR) assets;

a delivery node management and control {DNMC) module (621) embodied in a
parsistent memory (617 couplad to the one or more processors (602-1 to 602-N3, the
DNMCO modale (6213 having instructions exceutable by the one or more processors
{(G02-1 o 602-N) and configured to deternuane (506}, for cach content delivery node,
ang o more delivery rudes based on the historical network conditions moniiored for the
ARR assets delivered over a period of time; and

a content pre-provisioning control module {623) embodied in a persistent
memory {617} coupled to the one or more processors {602-1 to 602-N}, the content pre-
provisioniag control mwedule (623) having instructions executable by the obe or more
processors (602-1 to 602-N) and configured to

when a particular content is determined to become popular at a speeilic
content delivery node (106-N), apply (512} the one or more delivery rules
corresponding 1o the specific content delivery node {106-N) apainst the
particular content; and

seloct (514) omly certsin vepresentations of the particular content R pre-
popadating delivery at the specific coutont delivery node (106-N) hased on the
apphication of the one or more delivery rules established for the specific content

defivery node (106-N).
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19, The management node {600) as recited in claim 14, wherein the ABR asseis
comprize =1 least one of video components. audio frack components and one i more

subtitle languages.

20, The management node {60} as recited in claim 12, wherein the historicsl
network conditions comprise at least one of content download rates sustained by
respective  content delivery nodes over a period of time, temporal performance
variations of respective content delivery nodes compared agaiost a threshold fevel, and
relative performance of respective content dielivery nodes in relation o an average

performance level of a sample of the content delivery nodes maonitored over a period of

time,

21, The management node (600 as recited in claim 14, wherein the DNMC modude
{631} is operative to determine the one or more delivery rules for a respective content
dotivery node (106-NY that allow for delivery of high bitrate content only if the
respective comtent delivery node {106-X) has sustained a high content download rate

aver a period of time.

22, The management node (600} as recited in claim 14, wherein the DNMU modude
{621} is operative to determine the one or more defivery rules for a respeetive content
delivery node {106-N) that allow for delivery of high bitrate content only if the
respective comtent delivery node {106-N) has sustained a relative porformance that is
higher than the average performance level of a sample of the content delivery nodes

monitored over a period of time.
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