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This Is the Hyper-Scale Cloud 

• 

• 

A scale we have never seen before, and we are just at the beginning… 



Example: The Scale and Growth of Microsoft Cloud 

Azure Components 2010 2014 

Azure Compute Instances 100K Millions 

Azure Storage 10s of PBs Exabytes 

Azure DC Network Capacity 10s of Tbps Pbps 

Microsoft Cloud Quantity 

Data Centers 100+ 

Global Regions 19 

Servers 1,000,000+ 

Microsoft Azure Numbers 

Huge Infrastructure Scale  Azure Cloud Growth 



Underlay Network Challenges 

• 
• 

• 
• 

• 
• 

• 
• 

This is a whole new game, no existing solutions for such a scale 



Choice of Technologies: MPLS + SDN 

• 
• 

• 

• 

• 

• 
• 

• 

• 

• 



Hierarchical SDN (HSDN) 

• 

• 

… SDN provides the discipline to extract simplicity... Abstractions are key… 

SDN is all in decomposing problems into basic components…  
      SCOTT SHENKER 

Control OAM Forwarding TE Overlay 



HSDN – One Fundamental Abstraction for Both Forwarding and Control 

HIERARCHICAL UNDERLAY PARTITION (UP) HIERARCHICAL CONTROL 

•  Keep number of destinations in 
all domains small 

•  Locally, hide destination 
explosion using hierarchical 
partitioning 

•  Keep number of paths per 
domain manageable 

•  Keep computational complexity 
per domain small 
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Forwarding Plane Control Plane 

One Consistent Abstraction Paradigm 

 
 

à “Infinite” Horizontal Scaling 

•  Divide and conquer 
•  Keep all domains balanced and small 
•  Locally minimize network state 
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HSDN Forwarding Plane 

• 

• 

• 

• 



Typical Clos-Based DC Topology, Spine and Leaf Architecture 
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HSDN: Hierarchical Underlay Partitioning 
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HSDN: Assign UPBNs and UPBGs 
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HSDN Label Stack 

• 

• 

Outer Label 

UP0 Destination ID (DID) UP0 Path ID (PID) 

MSB LSB d0 bits 20-d0 bits 

UP1 Destination ID (DID) UP1 Path ID (PID) 

MSB LSB d1 bits 20-d1 bits 

UP2 Destination ID (DID) UP2 Path ID (PID) 

MSB LSB d2 bits 20-d2 bits 

Path Label 0 (PL0) Path Label 1 (PL1) Path Label 2 (PL2) VN Label (VL0) 



HSDN Forwarding: Life of a Packet 
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HSDN Control Plane 

• 
• 

• 

• 

• 
• 

• 

• 



HSDN Scaling Examples 

• 
• 

• 

• 
• 

• 

• 

HSDN scales to tens of millions of underlay network endpoints with small LFIBs 

Number of Server endpoints Max LFIB size  
ECMP only (No TE)  

Max LFIB size 
ECMP and TE Concurrently  

3 M ~ 1K < 14K 

10 M < 2K < 24K 

40 M < 3K < 36K 



Conclusions 

• 

• 

• 

• 

• 

• 

• 

• 


