
Towards High-speed Networking 
in the Post-Moore Era

Vishal Shrivastav

Ph.D. Thesis Defense

Cornell University 2020



Datacenters 101



Datacenters 101



Datacenters 101



Datacenters 101
datacenter serves 2.6 billion active users daily



Datacenters 101
datacenter serves 2.6 billion active users daily

In 2018, 40% of world total data was stored and 
processed inside datacenters



Inside a Typical Datacenter



Inside a Typical Datacenter

Host



Inside a Typical Datacenter

Host



Inside a Typical Datacenter

Host

Network Stack
Applications



Inside a Typical Datacenter

Host

Switch

Network Stack
Applications



Inside a Typical Datacenter

Host

Switch

NIC

Network Stack
Applications



Inside a Typical Datacenter

Host

Switch
Packet 
Switch 

chip

NIC

Network Stack
Applications



Inside a Typical Datacenter

Host

Switch

Distributed

Packet 
Switch 

chip

NIC

Network Stack
Applications



Inside a Typical Datacenter

Host

Switch

Distributed Disaggregated

Packet 
Switch 

chip

NIC

Network Stack
Applications



Inside a Typical Datacenter

[Source: Microsoft]
Link rate increasing 400x / 10 years

[Source: Google]
Bandwidth demand increasing 2x / year

Host

Switch

Distributed Disaggregated

Packet 
Switch 

chip

NIC

Network Stack
Applications



Inside a Typical Datacenter

[Source: Microsoft]
Link rate increasing 400x / 10 years

[Source: Google]
Bandwidth demand increasing 2x / year

Switch chip capacity increasing 2x / 2 years
[Source: Broadcom]

Host

Switch

Distributed Disaggregated

Packet 
Switch 

chip

NIC

Network Stack
Applications



Inside a Typical Datacenter

[Source: Microsoft]
Link rate increasing 400x / 10 years

CPU processing improving 2x / 20 years
[Source: Hennessy & Patterson 6e]

[Source: Google]
Bandwidth demand increasing 2x / year

Switch chip capacity increasing 2x / 2 years
[Source: Broadcom]

Host

Switch

Distributed Disaggregated

Packet 
Switch 

chip

NIC

Network Stack
Applications



Inside a Typical Datacenter

[Source: Microsoft]
Link rate increasing 400x / 10 years

CPU processing improving 2x / 20 years
[Source: Hennessy & Patterson 6e]

[Source: Google]
Bandwidth demand increasing 2x / year

Switch chip capacity increasing 2x / 2 years
[Source: Broadcom]

Slowdown in Moore’s Law

End of Dennard scaling

Host

Switch

Distributed Disaggregated

Packet 
Switch 

chip

NIC

Network Stack
Applications



Inside a Typical Datacenter

[Source: Microsoft]
Link rate increasing 400x / 10 years

CPU processing improving 2x / 20 years
[Source: Hennessy & Patterson 6e]

[Source: Google]
Bandwidth demand increasing 2x / year

Switch chip capacity increasing 2x / 2 years
[Source: Broadcom]

Slowdown in Moore’s Law

End of Dennard scaling

Host

Switch

Distributed Disaggregated

Packet 
Switch 

chip

NIC

Network Stack
Applications



Big Research Question

Host

Switch



Big Research Question

Host

Switch

How to build high-speed networking infrastructure

in the Post-Moore era?



Big Research Question

Host

Switch

How to build high-speed networking infrastructure

in the Post-Moore era?

How to build high-speed end-host network stack?



Big Research Question

Host

Switch

How to build high-speed networking infrastructure

in the Post-Moore era?

How to build high-speed switching fabric?

How to build high-speed end-host network stack?
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when an element becomes

eligible for scheduling?

what order to schedule

amongst eligible elements?

encode using a  valueteligible encode using a  valuerank

whenever the link is idle:

among all elements satisfying the eligibility predicate  :


schedule the smallest ranked element
tcurrent ≥ teligible

PIEO scheduler simply schedules the smallest ranked eligible element 

at any given time

Scheduling Algorithms

PIEO Scheduler Abstraction
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list (of size N) in  time? 
O(N)

O(1)

We present a design that can maintain an (exact) ordered 
list in  time, but only needs to access and compare 

 elements in parallel.
O(1)

O( N)

Key Insight
“All problems in computer science can be solved by 

another level of indirection” 
—David Wheeler
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Implementation

• Implemented PIEO scheduler on a Stratix V FPGA 
- 234K logic modules (ALMs)

- 6.5MB SRAM

- 40Gbps interface bandwidth

• ~1300 LOCs in System Verilog

FPGA code for the implementation of PIEO scheduler is available at:

https://github.com/vishal1303/PIEO-Scheduler

https://github.com/vishal1303/PIEO-Scheduler
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Achieves comparable or better performance than several
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• Fast, de-centralized, and traffic-agnostic circuit scheduling


• Routing with bounded worst-case throughput


• Congestion Control with bounded worst-case queuing


• Worst-case network throughput of 50%
   (compared to an ideal packet-switched network)
‣ Equip each node with 2x bandwidth
‣  (Shoal) <  (packet-switched network with 1/2 bandwidth of Shoal)power power
‣  (Shoal) <  (packet-switched network with 1/2 bandwidth of Shoal)cost cost

Key Properties of Shoal
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e.g., load balancers, firewalls, deep packet inspectors
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Bandwidth Demand

Networking Infrastructure Speed

General-purpose Processor Packet Switch
Domain-specific Processor Fast Circuit Switch

Programmability vs. Performance? Fast Control Plane?

ShoalPIEO
Programmable and high-performance


domain-specific processor for

packet scheduling

High-performance, ns-granularity

control plane for circuit switching

Moore’s Law

Dennard Scaling

end-host switching fabric

Thesis
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Contributions



Thank you!


