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▶ Multi-region delivery
▶ Better scale (load balancing)
▶ Improved reliability (failover)
▶ Improved QOE (QOS/QOE optimizations)
▶ Lower operating costs (?)

MULTI-CDN MEDIA DELIVERY
Key benefits / utilities BIG TOPIC

Challenges
▶ Not trivial to implement

> Switching delays
> Seamless mid-stream switching problem
> Analytics collection 

▶ Not trivial to deploy and operate
> Manual vs automated models
> Optimization criteria 
> Optimization algorithms
> Operating costs
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ARCHITECTURES FOR MULTI-CDN SWITCHING

DNS-based switching
Manifest updates 
Client-side techniques
Server-side techniques
HLS/DASH content steering
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DNS-BASED CDN SWITCHING
Principle of operation
▶ Uses DNS servers to redirect traffic between different CDNs. 
▶ Decisions about switch are produced based on analytics data collected 

either directly from active players, or from instrumented players (probes) 
running in different regions. 

Pros
▶ Relatively simple to implement. 
▶ No changes in CMS, players, or servers as source video URL always remains 

constant. 

Cons
▶ Switch delay is affected by DNS update propagation statistics. 
▶ Practically it can range from several minutes to 1 hour (or even longer in 

some cases). This may affect QOE or availability of service if switching 
executed as a failover operation. 

▶ Seamless in-stream switching is challenging. One must ensure exactly the 
same copies of content to be available on both CDNs, with identical sizes, 
timestamps, and availability timilines. 

Examples
▶ NS1 (now IBM)
▶ Cedexis (now Citrix)
▶ Akamai GTM
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CLIENT-SIDE SWITCHING
Principle of operation
▶ Streaming client operates extra logic that decides when to switch between 

different CDNs 
▶ Information about performance of alternative CDNs is obtained either by probing 

them occasionally or by pulling QOE statistics reported by other players in the 
same region (cross with P2P streaming). 

Pros
▶ QoS data is accurate as it is fetched based on individual clients’ local and 

real-time performance metrics.
▶ Seamless midstream CDN switching may be possible.

Cons
▶ Requires updates of players. 
▶ May not be feasible on some (“black box”) platforms
▶ Maybe challenging to built in-house due to the code complexity of the algorithms 

that requires detailed planning, experimentation, and testing. 

Examples
▶ StreamRoot / Lumen
▶ System73
▶ DVB-DASH profile
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CLIENT-SIDE SWITCHING: EXAMPLE 1
CDN Load balancer by Lumen (StreamRoot)
▶ Limited (“SVTA Labs”) implementation is available in open source

Limitations of SVTA labs version:
▶ Works only with Shaka player (HLS, DASH), and DASH.js (DASH)
▶ Requires back-end for providing initial QoS and business scores
▶ No longer supported by Lumen
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▶ Defined in DVB A168, Rev 6, 2022
▶ Enables clients to switch dynamically 

between different CDNs defined in the 
manifest

▶ Allows production workflows to define 
different CDN priorities and “weights”

▶ Defines algorithm (shaped random 
number generator) by which clients 
can select CDNs for given “weights” 

CLIENT-SIDE SWITCHING: EXAMPLE 2
DVB-DASH profile

Pros
▶ Standards-based

Cons
▶ Limited to DASH
▶ Limited player support 
▶ Requires manifest updates and logic in the 

delivery chain to define CND weights or 
priority orders
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SERVER-SIDE SWITCHING
Principle of operation
▶ In server-side switching, a specialized server analyzes data from various 

sources, such as the clients, CDN logs and synthetic agents. 
▶ This data is then used to determine which CDNs to utilize for delivery, and 

individual manifests are modified for player sessions and pushed down to the 
appropriate clients.

Pros
▶ Concentrates control in hands of an operator
▶ Relatively simple to implement

Cons
▶ Analytics data maybe delayed (by collection chain) and not specific for 

each client / session. 
▶ Server-side processing also adds decision delays 
▶ Implementing fine-grain accuracy switching comes with extra complexity 

and costs 

Examples 
▶ DLVR
▶ HLS/DASH content steering standard 
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CDN SWITCHING ARCHITECTURES
A bigger picture
Architecture Pros Cons

DNS-based
This is the simplest of all solutions 

since the source video URL 

always remains constant.

Switch delay is more time-consuming, 

ranging from 300 seconds to even five 

minutes in case of CDN failures. This can 

immensely hamper the user QoE.

On-the-fly 

manifest rewrite

Better user experience due to 

midstream switching eliminating 

the need for hard refresh during 

video playback. No matter the 

volume of session resets, this 

method reduces the chances of a 

cascade effect that may hamper 
the video workflow.

Rewriting the manifest can sometimes bring 

about errors. Midstream switching is not 

completely seamless, and takes time for the 

server to understand that a particular CDN is 
unavailable.

Server-side

It is a relatively simple CDN 

switching method to implement 

since changes happen in the 

server itself that is easier for the 

operator to control.

Page loading may take some time, adding to 

delays. Since CDN switching is based on the 

collective data from many clients, it does 

necessarily consider the unique conditions of 
the actual clients.

Client-side

QoS data is almost accurate as it 

is fetched based on individual 

clients’ local and real-time 

performance metrics. Seamless 

midstream CDN switching is 
possible.

It is a complex procedure to implement when 

built in-house due to the code complexity of 

the algorithms that requires detailed planning.

https://www.svta.org/2023/01/03/investigating-approaches-to-multi-cdn-delivery/
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HLS/DASH CONTENT STEERING STANDARD
Principle of operation
Benefits
Deployment architectures
Existing clients, servers, and open-source projects 
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Pros:
▶ Standards based 
▶ The same steering protocol & server is used for both HLS and DASH 
▶ Simple integration – no need to patch players!
▶ Backwards compatible
▶ Complements the existing BaseURL redundancy / failover behavior mechanisms

HLS/DASH CONTENT STEERING
General concept

{

"VERSION": 1,

"TTL": 300,

"RELOAD-URI": "https://steeringserver.com?session=abc"

"SERVICE-LOCATION-PRIORITY": ["beta", "alpha"]

}

CDN priority order 

returned by the server

Steering server

Origin
CDN1

CDN2

Manifest CDN

PlayersPlayersPlayers

alpha

beta

<BaseURL serviceLocation="alpha">https://cdn1.com/</BaseURL>

<BaseURL serviceLocation="beta">https://cdn2.com/</BaseURL>

<ContentSteering defaultServiceLocation=“beta" 

queryBeforeStart="true">https://steeringserver.com>

</ContentSteering>

GET "https://steeringserver.com

?session=abc

&_DASH_pathway=beta

&_DASH_throughput=145000”
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Cloud platform

Analytics engine
Steering state / 

session DB

Business rules / 

logic

CDN Logs, player 

events

QOS/QOE 

data

Business 

rules

Challenges / tradeoffs:
▶ TTL time: 300s default is too long! Suitable for basic CDN load balancing. Not suitable for QOE optimizations.
▶ Scalability: the steering server should be at least as scalable as manifest CDN!
▶ Costs: reducing TTL will increase number of requests and traffic to the steering server!

CONTENT STEERING SERVER
Direct implementation

Steering server

Origin
CDN1

CDN2

Manifest CDN

PlayersPlayersPlayers

alpha

beta

TTL~300s
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Advantages:
▶ TTL can be much smaller – comparable to player buffer delay
▶ Enables QOE optimizations, faster switching / failover, more precise load-balancing. 
▶ Scales well. Multiple CDNs or platforms can be used for redundancy.

CONTENT STEERING @ EDGE
Edge-based implementation

Origin
CDN1

CDN2

PlayersPlayersPlayers

alpha

beta

Cloud platform

Advanced CDN or 

edge platform

Analytics engineBusiness rules / 

logic

CDN Logs, player 

events

QOS/QOE data

Business 

rules

Manifest CDN

GET <URL> ?state=<session state>

&_DASH_pathway=beta

&_DASH_throughput=145000”

TTL~10-30s

Business 

rules
Players

PlayersSteering  servers 

@ edge

Cloud platform

Steering master

Steering DB

Stateless 

functions

Manifest updater
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TECHNOLOGY DEMONSTRATION
www.content -steering.com
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▶ Players:

▶ Packagers & servers:
> Brightcove,  Synamedia, Einbliq.io
> Shaka packager, SVTA open-source projects

▶ Standards & guidelines
▶ IETF RFC 8216bis (HLS)
▶ ISO/IEC 23009-1   (DASH)
▶ ETSI TS 103 998    (DASH-IF Content Steering)

INDUSTRY ADOPTION
Significant momentum

▶ Open-source tools

https://github.com/streaming-video-technology-

alliance/content-steering-prototype

https://github.com/streaming-video-technology-

alliance/content_steering_at_edge
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STEERING ALGORITHMS
Distribution of traffic
Managing CDN costs and commits
QOS- and QOE-driven optimizations
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▶ A system with K CDNs
▶ Target CDN load distribution:

‚ ‚ȟȣȟ‚ ȟ ‚ᶰπȟρȟ ‚ ρȢ

▶ CDN selector = a generator of indices ὼɴ ρȟȣȟὑ , 
such that relative frequencies of occurrence:

Ὢὼᴼ‚

▶ NB: all known science. Knuth V2. 

DISTRIBUTION OF TRAFFIC
Conceptual model

▶ Let ὼᶰρȟȣȟὑ be first CDN index retrieved by a generator for distribution ‚ ‚
▶ To retrieve 2nd index, we can use a modified distribution produced by excluding ὼ from ρȟȣȟὑ

‚ ‚ ‚ ρ ‚ ȟὭɴ ρȟȣȟὯ ὼʌ

▶ The process is repeated recursively, until we generate a list of K CDN indices. 

Realizations

Generating priority lists:

▶ CDN choices can be implemented at different level of granularity when delivering the content
> Per asset
> Per session, or per manifest update period in live streaming 
> Per TTL interval during the session. 

▶ For long-tail content, per-asset allocation may be adequate
▶ Per-session or per-manifest update period methods are realizable with manifest rewrites
▶ For finer granularity updates one needs Content Steering standard!
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MANAGING CDN COSTS AND COMMITS
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Example system:

▶ ὠ, ὠ = edge traffic [GB/m]
▶ Ὑ ὠ ȟὙ ὠ = CDN edge traffic rates [$/GB/m]
▶ ὅὠȟὠ ὠẗὙ ὠ ὠẗὙ ὠ = total CDN delivery cost

MOTIVATIONAL EXAMPLE
CDN 1

CDN 2

Origin Players

ὠȟὙὠ

ὠ, Ὑὠ

CDN 2 is less 

expensive at high 

volume

Ὑ ὠ

πȢπρψȟ ὠ ςπ
πȢπρυȟςπ ὠ χπȟ
πȢπρπȟ ὠ χπ

Ὑ ὠ
πȢπρφȟ ὠ υπ
πȢπρςȟυπ ὠ ρππȢ
πȢππωȟ ὠ ρππ

CDN rates: Total delivery cost when ╥ ╥ [PB]:
▶ ὠȟ π -- best solution when ὠ π

▶ ὠȟ χπ-- best solution with commitment: ὠ ρυὖὄ

Best solution when ὠ ρυȢ
Much less trivial to find! 

Best solution 
when ὠ π
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System architecture
▶ Content steering server tells players 

which CND to use

▶ Dynamically assigns load factors
‚ ‚ȟȢȢȟ‚ ȟ‚ᶰπȟρȟВ‚ ρȢ

▶ Uses CDN statistics and contractual 
data as inputs to the optimization 
problem

MODEL OF A DELIVERY SYSTEM

CDN edge volume statistics:
▶ K = the number of the CDNs
▶ ὠὸ = observed traffic volume at CDN i
▶ ὠ ὸ В ὠὸ= combined volume on all CDNs
▶ ὸ ȟὸ = commit period
▶ ὠ = minimum volume committed for CDN i
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Commit period
▶ ὸɴ ὸ ȟὸ = the entire period
▶ ὸɴ ὸ ȟὸ = processed
▶ ὸɴ ὸ ȟὸ = remainder in the future

Future traffic (ὸ ὸ ):
▶ ὠ ὸ ὖὶὩὨὠ ὸȟὸ ὸ ȟὸ = predicted traffic for all CDNs
▶ ‚ ‚ȟȢȢȟ‚ ȟВ‚ ρ = load factors assigned to CDNs for the remainder of the period
▶ ὠὸ ‚ẗὠ ὸ = predicted traffic for i-th CDN

Total traffic in commit period
▶ ὠ ὠ ὸɴ ὸ ȟὸ ᷿ ὠὸὨὸ = traffic delivered by i-th CDN in the past

▶ ὠ ὠ ὸɴ ὸ ȟὸ ᷿ ὠ ὸὨὸ = predicted total traffic for all CDNs till the end of commit period

▶ ὠ ὠ ‚ẗὠ = predicted total traffic for i-th CDN in the commit period

CDN volume commitments:

▶ ὠ ὠ ᵼ ὠ ὠ ᵼ ‚

MANAGING CDN VOLUME COMMITS

Expressed as limits 

for CDN load factors



©2025 Brightcove Inc. All Rights Reserved.

CDN edge traffic rates:

Ὑ ὠ

Ὑ ὭὪ ὠ ὠ

Ὑ
ể

ὭὪ
ể
ὠ ὠ ὠ

ể
Ὑ ὭὪ ὠ ὠ

, Ὥ ρȟȣȟὑ

Overall delivery cost:

ὅ ‚ ὠ Ὑ ὠ ὠ ‚ẗὠ ẗὙ ὠ ‚ẗὠ Ȣ

Optimization problem:
ὅ ‚ᶻ ÍÉÎ

ᶰ ȟȢȢȟ

ȟ ȟȣȟ

Ễ

ȟ ȟȣȟ

ὅ ‚Ȣ

The challenge
▶ ὅ ‚ is discontinuous! Not clear if this problem is solvable by the existing techniques. 

CDN DELIVERY COSTS

Conditions due 

to CDN volume 

commitments

Space of all 

feasible load 

factors
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Let’s introduce a space of CDN pricing tiers:
ὐ ὮȟȣὮȟὮᶰρȟȣȟὝ ρȟὭ ρȟȣὑȟ ȿὐȿ Ὕ

If we know Ὦɴ ὐ, then:

ὅ ‚ ὠ ‚ẗὠ ẗὙ ὠ ‚ẗὠ ὠ ‚ẗὠ ẗὙ

ὠ ὠ ὠ ᵼ ὠ ὠ ‚ẗὠ ὠ ᵼ
ὠ ὠ

ὠ
‚

ὠ ὠ

ὠ
ȟ Ὥ ρȟȣȟὑ

Consequently, the entire problem reduces to:

ὅ ‚ ÍÉÎ
ᶰ

ÍÉÎ
ᶰ ȟȢȢȟ

Ễ

ὠ ‚ẗὠ ẗὙ

Now the problem is clear:
▶ Superposition or combinatorial enumeration and linear programming problems!
▶ Solvable by using the existing methods. 

SOLVING THE OPTIMIZATION PROBLEM

Combinatorial 

search

Linear 

programming 

problem
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CDN rates: 

> Ὦὠ

ρȟὠ ὠ 6

ςȟ6 ὠ 6

σȟ6 ὠ ὠ

τȟὠ ὠ ὠ

υȟὠ ὠ ὠ

Ὑ Ὦ

πȢπρψȟὮ ρ
πȢπρυȟὮ ς
πȢπρυȟὮ σ
πȢπρπȟὮ τ
πȢπρπȟὮ υ

Ὑ Ὦ

πȢπρφȟὮ ρ
πȢπρφȟὮ ς
πȢπρςȟὮ σ
πȢπρςȟὮ τ
πȢππωȟὮ υ

> Volume limits: ὠ πȟςπȟυπȟχπȟρππȟЊ]

Predicted total traffic and commits:
> ὠ ςππ[PB]

> ὠ ὠ ρυὖὄ

> ὠ ‚ẗὠ ȟὠ ‚ẗὠ ,  ‚= load factor for 1st CDN,  ‚ ρ ‚= load factor for 2nd CDN.

Combinatorial space:
> υ ςυcombinations of pairs: ὮȟὮ .  E.g., Ὦ τȟὮ υᵼ

χπ ὠ ρππ

ρππὠ Њ

LP problems:
ὅ ‚ȿὮȟὮ ÍÉÎ

ᶰ ȟ

ȟ

ȟ

ὠ ẗ‚ẗὙ Ὦ ρ ‚ ẗὙ Ὦ

Example solution:
ὅ ‚ȿὮ τȟὮ υ ÍÉÎ

Ȣ ȢȟȢ

Ȣ ȟ Ȣ

ςππẗ‚ẗπȢπρ ρ ‚ ẗπȢππωᵼ ‚ πȢσυȟ ὠ χπȟ # ρȢψχȢ

EXAMPLE SOLUTION

CDN 1

CDN 2

Origin Players

ὠ

ὠ
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MULTI-REGIONAL QOE-BASED OPTIMIZATIONS
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System architecture
▶ System with K CDNs, delivering content to R regions
▶ Content steering server maintains a matrix of 

distribution of CDN loads across the regions:

‚
‚ Ễ ‚
ể Ệ ể
‚ Ễ ‚

ȟ ‚ ᶰπȟρȟ ‚ ρ

▶ Performs per-asset/session/TTL-level CDN selection to 
shape CDN edge volume ᴼ‚

▶ Uses volume and QOS/QOE statistics and business 
rules as inputs to optimize ɧfor a particular objective 

CONCEPTUAL MODEL

QOE and edge volume statistics:
▶ ὗ ὸ = observed quality for CDN i in region j

▶ ὠ ὸ = edge volume at CDN i in region j

▶ ὠȟὸ В ὠ ὸ= combined volume in region j

▶ ὠȟ ὸ В ὠ ὸ= global volume delivered by CDN i

▶ ὸ ȟὸ = commit period

▶ ὠ = minimum volume committed for CDN i

QOE and Volume statistics in region j:
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Optimization problems
▶ Best quality under fixed global CDN load allocation:

ὗ‚ᶻ ÍÉÎ
ᶰ

В ȟȟ ȟȣȟ

ὗ‚Ȣ

▶ Best quality under constrained global CDN load allocation:

ὗ‚z ÍÉÎ
ᶰ

В ȟȟ ȟȣȟ

ὗ‚Ȣ

Variables
▶ ὗ ὸ = observed quality for CDN i in region j
▶ Average quality 

ὗ‚ȟὸ ‚ὗ ὸ

▶ Average quality during the next TTL interval:

ὗ‚
ρ

ὝὝὒ
ὗ‚ȟὸὨὸȢ

▶ CDN load factors:

‚ɴ ɧ
‚ Ễ ‚
ể Ệ ể
‚ Ễ ‚

ȟ‚ ᶰπȟρȟɫ‚ ρ

▶ ‒ В ‚ = load on CDN i

MULTI-REGIONAL QOE OPTIMIZATION

Classic linear programming 

problem!

Classic linear programming 

problem!

ὗ ὸ = any suitable QOE metric of 

fused combination of such metrics as 

reported by the system. 

E.g. it can be a function of (a) startup 

time, (b) buffering rate, (c) average 

delivered resolution, (d) average 

delivered encoding quality, etc.

ὗ ὸ = predicted QOE metrics in the future. Such 

prediction is necessary to make best decisions in 

the next steering period (TTL interval)

Predictions can be computed using linear predictors 

with a combination of both short term (last hour) 

and long term (past day, week, same day last year) 

samples. 
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EXPERIMENTAL FRAMEWORK
System architecture                                                              Control panel:

Playback sessions:

Computes and updates the matrix 

of regional CDN load factors ‚ɴ ɧ

Adds content 

steering server 

parameters in 

the manifests. 

Defines initial 

CDN order for 

each session.

www.testbed.content -steering.com
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▶ Systems compared:
> CDN A/B/C – single-CDN systems
> CDN A+B+C – multi-CDN system with content steering

▶ Testing orchestration
> Over 150 proxies utilized
> Broad set of geo locations
> Using K6, and several VPN networks

▶ Volumes
> 0ver 15000 sessions
> Over 2000 of playback hours
> Over 2.1TB of media data delivered

▶ Protocols & clients:
> DASH, DASH.js client
> HLS, HLS.js client

▶ Steering servers, analytics processing
> Brightcove 

PERFORMANCE STUDY
Methodology www.testbed.content -steering.com
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Observations
▶ Performance of CDNs can be very 

different across different regions
▶ In some regions the differences 

between CDN performance can be 
significant. 
> E.g. in India, we see that CDN B is 

struggling (much lower bandwidth and 
higher latency). 

> In such cases, we note that our optimizer 
moves traffic away from underperforming 
CDNs.

▶ In some other regions, we see that 
performance of all CDNs maybe 
good enough
> E.g. in France (in our sample), all CDNs 

delivered over 140Mbps in bandwidth 

> In such regions, we move more traffic to 
CDNs underperforming in other locations 
(we move 96% of traffic to CDN-B in this 
region). 

▶ This exercise proves that as a 
concept, multi-regional load 
allocation works! 

PERFORMANCE STUDY
Per-regional load adaptations

India France
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▶ Global-scale CDN loads are nearly uniform – as 
was the optimization constraint in the optimizer

▶ In our tests sample of 5.4K sessions, the system 
executed 130 in-session switches – the cases when 
CDN performance was dropping significantly, 
warranting in-session switch

▶ The system with adaptive CDN switching has also 
achieved some notable improvements in overall 
QOE metrics:
> Lower buffering ratio
> Lower number of buffering events
> Fewer rendition switches

▶ The befits of adaptive CDN switching are evident!

PERFORMANCE STUDY 
Overall effects
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CONCLUSIONS
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▶ The design of multi-CDN systems is not trivial, but, fundamentally, it is 
tractable by using the existing methods and techniques. It is definitely not a 
“black art”. 

▶ The HLS/DASH content steering standard reduces the complexity of 
implementing seamless switching. It does it in a backward-compatible 
fashion, enabling incremental roll out of services based on this standard. 

▶ There are already many clients and content publishing tools supporting this 
standard. 

▶ Increasing support of CMCD metadata closes the gap on the analytics 
gathering methods. 

▶ The design of steering servers is more fun, but such technologies are now 
being actively developed by many vendors. Some vendors will offer them as 
part of turn-key solutions. Some others may offer them as open-source.

▶ Overall, considering all the recent progress, the use multi-CDN solutions for 
streaming is now poised to become more common. Powered by content 
steering and CMCD standards, as well as proven optimization methods and 
strategies, such solutions are promising to be simpler, more reliable, and 
easier to operate and deploy. 

CONCLUSIONS

Linear 

programming 

problem
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