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Background: Higher Quality, Higher Pressure

Server and bandwidth costs for Bilibili in 2024: 164 million RMB

Higher Quality: Per-stream demand 

grows ~16× from 480p to 4K.

Dedicated CDN doesn’t scale cheaply.

Rush-Hour Bottlenecks Hurt QoE [1].
[1] Cost-Saving Streaming: Unlocking the Potential of Alternative

Edge Node Resources, IMC24



3

Background: Higher Quality, Higher Pressure

Server and bandwidth costs for Bilibili in 2024: 164 million RMB

Higher Quality: Per-stream demand 

grows ~16× from 480p to 4K.

Need lower-cost bandwidth sources.

Rush-Hour Bottlenecks Hurt QoE.



4

Background: Higher Quality, Higher Pressure

Server and bandwidth costs for Bilibili in 2024: 164 million RMB

Higher Quality: Per-stream demand 

grows ~16× from 480p to 4K.

Need lower-cost bandwidth sources.

Need massive delivery capacity for traffic surges.
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…

~1M

Near User

Best-effort Edge Nodes: Cheap but Unreliable

Limited 

Bandwidth

Capacity

Unstable

Life Span
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Strawman Fails: Single-Source Doesn't Work

higher latency and 

more rebuffering.

< 0.1M additional 

clients.
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Strawman Fails: Single-Source Doesn't Work

higher latency and 

more rebuffering.

< 0.1M additional 

clients.

How to fully exploit all best-effort resources, including the weak ones, while 

delivering CDN-grade QoE?
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Key Insight: Multi-source Multi-Substream Transmission
Source Failure

All subsequent frames are lost

Slow recovery, poor experience

…
1/K lost frames

Fast loss recovery

K sources
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Key Insight: Multi-source Multi-Substream Transmission

CDN

15Mbps

Low Traffic Expansion Rate

𝛾 =
𝑠𝑒𝑟𝑣𝑖𝑛𝑔 𝑡𝑟𝑎𝑓𝑓𝑖𝑐

𝑏𝑎𝑐𝑘𝑤𝑎𝑟𝑑 𝑡𝑟𝑎𝑓𝑓𝑖𝑐

=
45

45
= 1

CDN

5Mbps

𝛾 =
45

15
= 3

High Traffic Expansion Rate

Save bandwidth, better scalability



10

Scalable user-to-

node mapping

Cost-effective loss 

recovery

Design Challenges

Fast frame re-

ordering

Collaborative Control

Distributed Frame 

Sequencing

QoE-driven Loss 

Recovery
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Rlive System Overview
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• Three controllers, three timescales, one coordinated decision.

Node recommendation based on 

global view (second-level updates)

Probing-based real-time node selection 

(millisecond-level observations)

Proactive QoS and cost-

aware feedback

Multi-Granularity Collaborative Control
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Distributed Frame Sequencing

Best-effort node independently 

generates local frame chains

embedded directly into data packets 

combine them into a global frame 

chain for correct playback order
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• Deployed in ByteDance production CDN 
for 14 days, covering billions of views 
daily

• 3× capacity expansion by fully 
leveraging heterogeneous best-effort edge 
nodes

• 15% fewer rebuffering events, 11% 
higher bitrate through robust multi-source 
data transmission

Evaluation: A/B Test

Rebuffering times per hundred seconds.

Video bitrate.
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Lessons Learned

❖Multi-Layer Feedback over Centralized Optimization

▸ Global explore-exploit balancing + local blacklisting of failing nodes outperforms purely 

centralized control.

❖ Embed Control Metadata in the Data Path

▸ Co-locating frame ordering information with data packets eliminates centralized metadata 

bottlenecks and single points of failure.

❖ Favor Resilience over Optimality at Scale

▸ In hyperscale heterogeneous environments, simple and robust strategies consistently 

outperform complex precise optimizations.
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Conclusion

❖ Collaborative Control Plane

▸ Three-layer coordination (global, client, edge) for scalable and responsive user-to-node 

mapping

❖ Redundancy-Free Multi-Source Data Plane

▸ Distributed frame sequencing + QoE-driven loss recovery for robust delivery

❖ Deployed in ByteDance CDN for 3+ years

▸ 3× capacity expansion, 15% fewer rebuffering events, 11% higher bitrate

Unreliable edge resources, when orchestrated properly, can deliver CDN-grade 

live streaming at scale.
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Thanks for listening / Q&A
tianyu21b@ict.ac.cn
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