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● Recent designs achieve significant throughput gains and 
microsecond-scale tail latencies.

Host Network Stacks are Receiving Attention
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● Modifying the kernel is hard, fragile, and requires expertise.
○ Existing mechanisms for extensibility, such as eBPF are insufficient. 

But They Largely Fail in Finding Adoption in Practice 
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● Modifying the kernel is hard, fragile, and requires expertise.
○ Existing mechanisms for extensibility, such as eBPF are insufficient. 

● Developers rebuild in user space or maintain kernel forks.
○ Both options fragment the ecosystem and hinder adoption.

But They Largely Fail in Finding Adoption in Practice 
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Can we make host network stacks 
sufficiently extensible to support new 

designs incrementally?
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Can We Make Network Stacks Sufficiently Extensible?

6

● What are the missing pieces today that recent designs need?



Can We Make Network Stacks Sufficiently Extensible?
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● What are the missing pieces today that recent designs need?
● How can we allow developers to make these changes safely?



Example: NetChannel

● Send-side processing happens on application cores, i.e. tightly 
integrated with the application.
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Example: NetChannel

● Send-side processing happens on application cores, i.e. tightly 
integrated with the application.

● When co-located latency-critical and batch applications 
contend for CPUs, tail latency suffers dramatically.

9Figure 4, (a), NetChannel



Solution: NetChannel

● Identify the portion of send-side processing that is co-located.
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Encapsulation of work.
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Encapsulation of work.

Scheduling within the network stack.
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Solution: NetChannel

● Identify the portion of send-side processing that is co-located.
● Decouple this unit of packet processing from application cores.
● Run on dedicated CPUs and arbitrate resources based on load.
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Encapsulation of work

Scheduling within the network stack

Scheduling  outside the network stack

The same three-pronged approach also applies to
Snap, Shenango, Shinjuku.



Network Stacks Need to Be “Structurally Extensible”
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● Current extension mechanisms (eBPF) insufficient, only focus 
on “functional” changes.



Network Stacks Need to Be “Structurally Extensible”
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● Current extension mechanisms (eBPF) insufficient, only focus 
on “functional” changes.

● We need to change “structural” aspects, i.e. controlling what 
work gets executed, and where and when it gets scheduled.



FlexNet
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FlexNet

Encapsulate packet 
processing logic into a 
coroutine...
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FlexNet

Encapsulate packet 
processing logic into a 
coroutine, and enqueue.

21

1



FlexNet
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Encapsulate packet 
processing logic into a 
coroutine, and enqueue.
Dequeue and drive coroutines 
to completion to process 
packets.



FlexNet
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Encapsulate packet 
processing logic into a 
coroutine, and enqueue.
Dequeue and drive coroutines 
to completion to process 
packets.

Scale and compact cores for 
executors based on load.



1: Encapsulate a Packet on Transmission
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1: Encapsulate a Packet on Transmission

25

Coroutine

Socket Layer

TCP Layer

IP Layer

Ethernet Layer

Enqueue and Suspend
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2: Dequeue and Resume in Executors
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3: Scale CPUs Dedicated to Executors Based on Load
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Takeaways
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● Host network stacks should be structurally extensible.
○ Must give developers control over work encapsulation and scheduling.
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● Host network stacks should be structurally extensible.
○ Must give developers control over work encapsulation and scheduling

● FlexNet enables such structural extensibility via coroutines.
○ Allows fine-grained encapsulation of work and programmable scheduling.


