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Data Center Networks

Storage Area Networks (SAN)
Deterministic, in-order, guaranteed delivery to be 
sent to/from storage devices.

Local Area Networks (LAN)
Traditional TCP/IP based Ethernet network for best 
effort data communications.

Inter-process Communication Networks (IPC)
High performance computing (HPC) clusters for 
high speed, low latency messages.
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‒ Recommended in standard draft of DCB.
‒ Implemented in devices.
‒ Extended as DCQCN to support RoCEv2

‒ Configuration-sensitive issue of QCN 
‒ Slide mode motion to be robust to the changes of system 

parameters and network configurations. 



NIC

Switch

Switch

NIC

NIC

NIC



NIC

Switch

Switch

NIC

NIC

NIC

Congestion



NIC

Switch

Switch

NIC

NIC

NIC

Congestion

Congestion Notification (CN)  
Message is generated and send to source 
end when a switch experience congestion.
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Congestion Notification (CN)  
Message is generated and send to source 
end when a switch experience congestion.

Rate Limiter (RL)
In response to CN, source end rate-limits 
the flow that causes the congestion.



‒Heterogeneous for different sources.
‒Time-varying for dynamic traffic.
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‒Error rate adjustment  Overflow or Underflow
‒Heterogeneous and time-varying delays  Complex
‒High speed Ethernet link More serious

1Gbps 10Gbps 100Gbps



The 𝑘𝑡ℎ feedback is sent to source 𝑖

• Backward delay: 𝑚𝑖
𝑏 𝑘 = 𝜏𝑖

𝑏 𝑘 /𝑇

• Forward delay: 𝑚𝑖
𝑓
𝑘 = 𝜏𝑖

𝑓
𝑘 /𝑇

• Total delay: 𝑚𝑖 𝑘 = 𝑚𝑖
𝑏 𝑘 + 𝑚𝑖

𝑓
𝑘

The congested switch samples the packets
 Take the sample period 𝑇 as slot



𝐹𝑏 𝑘 = 𝑓 𝑄𝑓 𝑘 , 𝑄𝑣 𝑘 ,⋯
𝑘

𝑘 +𝑚𝑖
𝑏 𝑘

∆𝑟𝑖 𝑘 +𝑚𝑖
𝑏 𝑘 = 𝑢 𝐹𝑏 𝑘

𝑘 +𝑚𝑗
𝑏 𝑘

∆𝑟𝑗 𝑘 +𝑚𝑗
𝑏 𝑘 = 0

𝑘 +𝑚
∆𝑅 𝑘 +𝑚 = σ∆𝑟𝑗 𝑘 +𝑚 −𝑚𝑗

𝑓
𝑘

= σ∆𝑟𝑗 𝑘 + 𝑚𝑗
𝑏 𝑘 + ε 𝑘

= 𝑢 𝐹𝑏 𝑘 + 휀(𝑘)

Time/T
휀 𝑘 = σ∆𝑟𝑗 𝑘 +𝑚 −𝑚𝑗

𝑓
𝑘 − σ∆𝑟𝑗 𝑘 + 𝑚𝑗

𝑏 𝑘



•𝑄𝑓: Queue length offset to the target value 𝑞0
•𝑄𝑣: Queue length variance

൝
∆𝑄𝑓 𝑘 +𝑚 = 𝑄𝑣(𝑘 + 𝑚)

∆𝑄𝑣 𝑘 +𝑚 = 𝑇 𝑢 𝑘 + 휀 𝑘

൝
𝑄𝑓 𝑘 +𝑚 = 𝑄𝑓 𝑘 +𝑚𝑄𝑣 𝑘 + 𝑇σ𝑖=1

𝑚 𝑖 𝑢 𝑘 − 𝑖 + 휀 𝑘 − 𝑖

𝑄𝑣 𝑘 +𝑚 = 𝑄𝑣 𝑘 + 𝑇σ𝑖=1
𝑚 𝑢 𝑘 − 𝑖 + 휀 𝑘 − 𝑖

൝
𝑄𝑓 𝑘 = 𝑄𝑓 𝑘 +𝑚𝑄𝑣 𝑘 + 𝑇σ𝑖=1

𝑚 𝑖𝑢 𝑘 − 𝑖

𝑄𝑣 𝑘 = 𝑄𝑣 𝑘 + 𝑇σ𝑖=1
𝑚 𝑢 𝑘 − 𝑖

ቐ
∆𝑄𝑓 𝑘 = Q𝑣 𝑘 +𝑚𝑇휀 𝑘 −𝑚

∆𝑄𝑣 𝑘 = 𝑇 𝑢 𝑘 + 𝑇휀 𝑘 −𝑚



• 𝑄𝑓 𝑘 , 𝑄𝑣 𝑘 estimates the real evolution of the 
switch queue length with the impact of delays.

• 𝑄𝑓 𝑘 , 𝑄𝑣 𝑘 can be calculated at time 𝑘.

• 𝑄𝑓 𝑘 , 𝑄𝑣 𝑘 = 0,0 is the stable state.

• The disturbance ξ(k − m) is limited

൝
𝑄𝑓 𝑘 = 𝑄𝑓 𝑘 +𝑚𝑄𝑣 𝑘 + 𝑇σ𝑖=1

𝑚 𝑖𝑢 𝑘 − 𝑖

𝑄𝑣 𝑘 = 𝑄𝑣 𝑘 + 𝑇σ𝑖=1
𝑚 𝑢 𝑘 − 𝑖

ቐ
∆𝑄𝑓 𝑘 = Q𝑣 𝑘 +𝑚𝑇휀 𝑘 −𝑚

∆𝑄𝑣 𝑘 = 𝑇 𝑢 𝑘 + 𝑇휀 𝑘 −𝑚



• Quadrant I  Overflow
• Quadrant III  Underflow
• Quadrant II/IV

• 𝛿 > 0 Overflow
• 𝛿 < 0 Underflow

• 𝑢 𝑘 = ൝
−𝑎𝑄𝑓 𝑘 , 𝑖𝑛 𝑠𝑡𝑎𝑡𝑒 𝐴

−𝑏𝑄𝑣 𝑘 , 𝑖𝑛 𝑠𝑡𝑎𝑡𝑒 𝐵

• Satisfy 𝛿 𝑘 ∗ Δ𝛿 𝑘 < 0

• 𝑢 𝑘 = −𝑐𝑄𝑓 𝑘 , 𝑖𝑛 𝑠𝑡𝑎𝑡𝑒 𝐶
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• 𝐹𝑏 𝑘 =

−𝑎𝑄𝑣 𝑘 , 𝑖𝑓 𝑄𝑣 𝑘 ∗ 𝑄𝑓 𝑘 + 𝜔𝑄𝑣 𝑘 < 0

−𝑏𝑄𝑣 𝑘 , 𝑖𝑓 𝑄𝑓 𝑘 ∗ 𝑄𝑓 𝑘 + 𝜔𝑄𝑣 𝑘 < 0

−𝑐𝑄𝑓 𝑘 , 𝑖𝑓 𝑄𝑓 𝑘 ∗ 𝑄𝑣 𝑘 > 0

• ൝
𝑄𝑓 𝑘 = 𝑄𝑓 𝑘 + 𝑚𝑄𝑣 𝑘 + 𝑇σ𝑖=1

𝑚 𝑖𝐹𝑏 𝑘 − 𝑖

𝑄𝑣 𝑘 = 𝑄𝑣 𝑘 + 𝑇σ𝑖=1
𝑚 𝐹𝑏 𝑘 − 𝑖

•

𝑚 = inf 𝑚 ∈ 𝑁+: 𝑚𝑖 𝑘 ≤ 𝑚, ∀𝑖, 𝑘

𝑎 →
1

𝑝 max 𝑄𝑓+𝜔𝑄𝑣 +
𝑚 𝑚+1

2

1

𝑇

−

𝑏 →
1

𝑝 max 𝑄𝑣 +𝑚

1

𝑇

−

𝑐 → min
1

𝑝 max 𝑄𝑣

1

𝑇
,
2

𝑇

−

𝜔 > 𝑚 + 𝑝max 𝑄𝑣 − 1



• 𝐹𝑏 𝑘 =
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𝑚 = inf 𝑚 ∈ 𝑁+: 𝑚𝑖 𝑘 ≤ 𝑚, ∀𝑖, 𝑘

𝑎 →
1

𝑝 max 𝑄𝑓+𝜔𝑄𝑣 +
𝑚 𝑚+1

2

1

𝑇

−
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𝑝 max 𝑄𝑣 +𝑚

1

𝑇

−
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,
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−

𝜔 > 𝑚 + 𝑝max 𝑄𝑣 − 1 • 𝑟 ← 𝑟 + 𝐹𝑏



• Spatial complexity: 𝑂(𝑀)
‒ Memorize the last 𝑚 feedbacks

• Computing complexity: 𝑂(1)
‒ Iteration Method

൝
𝑆1 𝑘 = σ𝑖=1

𝑚 𝐹𝑏 𝑘 − 𝑖

𝑆2 𝑘 = σ𝑖=1
𝑚 𝑖𝐹𝑏 𝑘 − 𝑖



𝑄𝑓 𝑘 = 𝑄𝑓 𝑘 +𝑚𝑄𝑣 𝑘 + 𝑇𝑆2 𝑘

𝑄𝑣 𝑘 = 𝑄𝑣 𝑘 + 𝑇𝑆2(𝑘)

𝑆1 𝑘 + 1 = 𝑆1 𝑘 + 𝐹𝑏 𝑘 −𝑚

𝑆2 𝑘 + 1 = 𝑆1 𝑘 + 1 + 𝑆2 𝑘 −𝑚𝐹𝑏(𝑘 − 𝑚)

•Complexity: 𝑂(1)
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• Dumbbell topology
• 10Gbps links
• Random delays 
• 100 times
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Mixed Flows
• 5 long-lived flows
• Short flows

• Poisson arrival
• Heavy-tailed flow size[SIGCOMM’09]



‒ Estimate the real congestion status with historical information.
‒ Regard heterogeneous and time-varying feature as disturbances.

‒ New congestion detector  Delay-tolerant
‒ Sliding mode control method  Robust to disturbances

‒ Complexity  — Stability 
‒ Responsiveness — Adaptability 
‒ Heterogeneous and time-varying delays 
‒ Multiple bottlenecks scenarios 




