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Power Consumption of Switches

• Power consumption of switches accounts for a 
significant portion, and it is not proportional to 
their performance.

• 24/7 working at maximum clock frequency
• Still consumes significant power even at zero 

traffic load.
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• Networks consume 240–340 TWh of electricity globally.
• Account for 1.3% of global electricity demand and is growing 30% annually.



Dynamic Frequency Scaling

• Unpredictable Workload - don't know when will arrive, how much will arrive.
• Severe Consequences of Packet Loss

• Strict Requirements  of Resource and Latency Overhead

Challenges in applying DFS to switches
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• A low-power design technique that dynamically adjusts the clock frequency of 
a chip based on its current workload

• 𝑃 = 𝛼𝑓𝐶𝑉2

• Successfully applied on CPU, GPU and, CGRa



Carbon Aware Routing

• A routing strategy that aims to identify the path with the lowest carbon 
emissions by leveraging carbon intensity

• Path recalculations triggered at intervals of 15–60 minutes
• Deactivation of unused links through carbon-aware traffic engineering (CATE)
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Insight: We can bound the traffic



Architecture

• Based on NetFPGA-PLUS platform

• Leverage carbon-aware routing

• Introduce the concept of freezing pipeline

• Ensure 0 packet loss and sub-ms frequency switching delay
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• Pipeline propagation delay increased by 34ns 
• Unchanged pipeline functionality and throughput
• Negligible Resource Overheads
• 0 packet loss

Performance and Resource Overhead
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Apply to 3 different network switch architectures 
(reference switch, NRG, and Menshen)



Power Saving

• Up to a 78% reduction in power
• Reduce 47% pipeline power consumption 

under the lowest load
• 0.35% additional power consumption to 

the pipeline at maximum throughput
• 127ns frequency switching time

6



Large Scale Simulation

Topology Routing Hardware Power Imp Carbon Imp

GEANT OSPF Standard Switch 59.69 0.00% 15.96 0.00%

GEANT CATE Standard Switch 58.71 1.64% 14.05 11.97%

GEANT CATE NetFridgeS 57.57 3.55% 13.77 13.72%

BT OSPF Standard Switch 1186.72 0.00% 147.99 0.00%

BT CATE Standard Switch 1156.35 2.56% 133.45 9.82%

BT CATE NetFridgeS 924.37 22.11% 106.91 27.76%

• Simulate in 2 real-world network topologies
• Up to a 22% reduction in overall energy consumption
• Up to a 28% reduction in carbon emissions 
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Scalability

9

Name Throughput Port
Bus 

Width
Max 

Frequency
Switching 

Time
Inner Memory 

Overhead
Outer Memory 

Overhead

Tofino 2 12.8Tbps 32 512B 2.50GHz 9.6ns 106KB 47.563KB

BCM 88800 4.8Tbps 12 512B 1.00GHz 24ns 106KB 17.836KB

SPECTRUM-4 51.2Tbps 64 512B 2.00GHz 12ns 106KB 95.125KB

Silicon One 12.8Tbps 16 256B 1.35GHz 40ns 106KB 71.344KB

• Evaluated the "cost" of applying to high-performance commercial switches
• Intel, Broadcom, NVIDIA, Cisco
• Results show the cost < 1% of memory resources (possibly <<1%)
• Still achieving sub-ms level clock-frequency switching

 



• We propose a new architecture that enables efficient DFS on network 
switches through leverage carbon-aware routing

• Achieve sub-microsecond frequency switching
• Reduce power consumption by up to 78% under minimum throughput
• Reduce carbon emissions by 27% in real network topology
• Negligible overheads

Summary
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Power
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  P = 𝛼 f C  V 2

