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• Propose new delivery approach using distributed clouds 

• Request routing periodically updated 

• Cache content updated dynamically 

• Formulate optimization problem 

• Non-convex, so standard techniques not directly applicable 

• Identify and prove properties of optimal solution 

• Leverage properties to find optimal solution 

• Comparison with optimal static placement and routing, as 

well as with baseline policies 

• Present a lower-cost approximation solution that achieve 

within 2.5% of optimum 
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Cost tradeoff example 

• Rates of incurring cache miss and storage costs 

• Miss cost function has infliction point (red curves) 

• Storage cost function concave (green curves) 

 

 

(a) Miss cost dominates          (b) Equal peak costs              (c) Storage cost dominates 
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Summary of optimal request routing results 

• Special cases 

• R  0 [Theorem 1: single server] 

• R   [Theorem 2: always local] 

• Ignoring miss cost [Theorem 3: all remote to single server] 

• General case 

• Either all request local or all request remote [Theorem 4] 

• Optimal to split servers in four sets, each with properties that 

allow solution to be found at calculation cost O(N3) [Theorem 5] 

• Optimal static placement  

• Optimal static routing with heterogeneous Ti thresholds results 

in static placement with calculation cost O(N2) [Theorem 6]  

 

 

 

 

 

 

 



Request rate rank of location 

R
e
q
u
e
s
t 
ra

te
 a

t 
lo

c
a
ti
o
n

 

Properties of optimal request routing 

For Theorem 5 [sets and properties], first … 

   Order server location based on request rate 

Either all request served locally or all request served remotely 

                                                                               [Theorem 4] 
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Properties of optimal request routing 

Four (4) potentially empty sets of server locations 
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Finding the optimal request routing 

O(N2) candidate solution to consider; 

each at a computational cost O(N) 
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O(N2) candidate solution to consider; 

each at a computational cost O(N) 

     

 Note: Size of S1 and S2 decides the rest  
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T=0.1: 1 active 

T=1/e: 4 active 

T=2:    6 active 
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R=0.9: 8 active 
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Cost Breakdown 

• Characterization when 

varying  

• request rate 

• load skew 

• number of servers 

• TTL threshold 

• remote routing cost  
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Lower-complexity heuristics 

• Two candidate policies 

• Top skewed: Optimal if ignoring miss cost [Theorem 3] 

• Balanced policy: Always assume set S2 is empty (only three 

sets to consider) 

• Both only need to consider O(N) candidate solutions 

 

 

 

 



Cost increase comparison 

• Calculate increase in costs for 

• Top skewed 

• Balanced 

• compared with optimal 

dynamic policy under different 

workload settings 
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• Propose new delivery approach using distributed clouds 

• Request routing periodically updated 

• Cache content updated dynamically 

• Formulate optimization problem 

• Non-convex, so standard techniques not directly applicable 

• Identify and prove properties of optimal solution 

• Leverage properties to find optimal solution 

• Comparison with optimal static placement and routing, as 

well as with baseline policies 

• Present a lower-cost approximation solution that achieve 

within 2.5% of optimum 
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Thank you! 

Niklas Carlsson, Derek Eager, Ajay Gopinathan, and Zongpeng Li  
www.ida.liu.se/~nikca/papers/iperformance14.pdf 
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