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Edge Computing and IoT

Maintenance
• “Decentralized cloud computing” in small data centers at 

the network edge
• Enabler of IoT, cognitive assistants, tactile internet

• Requires adaptive distributed allocation of computing and 
communication resources



Edge Computing Resource Management

• Task partitioning and assignment
• Local vs. edge vs. cloud execution
• Joint management of wireless and computing resources
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• Task partitioning and assignment
• Local vs. edge vs. cloud execution
• Joint management of wireless and computing resources

Edge Computing Resource Management



MEC System Model
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S. Josilo, G. Dán, ``Joint Management of Wireless and Computing Resources for Computation 
Offloading in Mobile Edge Clouds,'‘ IEEE Trans. on Cloud Computing, accepted for publication



Communication Model
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Communication Model
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Computing Model
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Cost – Task Completion Time
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Local Computing Cost

Cloud Offloading Cost

System Cost



Mobile Edge Computation Offloading Game
(MCOG)  
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Game theory crash course  
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• Best response
• Optimal strategy given the other players’ strategies

• 퐵 푑 = 푎푟푔푚푖푛 퐶 푑 ,푑
• Nash equilibrium

• Strategy profile 푑∗ such that no player wants to deviate
• 푑∗ ∈ 퐵(푑∗ )

• Stackelberg equilibrium (SPE)
• 푑∗ = 푎푟푔푚푖푛 퐶_푖 푑 ,퐵 푑



Game theory crash course  
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• Potential function
• Ψ 푑 ,푑 − Ψ 푑 ,푑 = 푢 푑 ,푑 − u 푑 ,푑

• Generalized ordinal potential function
• 푢 푑 ,푑 − Ψ 푑 ,푑 > 0 → Ψ 푑 ,푑 − Ψ 푑 ,푑 > 0

• (Player specific weighted) Congestion game
• Set of primary resources: Τ
• Set of strategies: 푑 ⊆ 푇
• Cost function: 퐶 풅 = ∑ 푐_푖(푓(푗:∈ 푡 ∈ 푑_푗))



Questions addressed

• Does MCOG admit a SPE?
• Cost minimizing (CM) operator
• Time fair (TF) operator

• Can SPE be computed using a decentralized algorithm?
• What is the complexity of the algorithm?
• How good is the resulting system performance?
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Main result: Polynomial time decentralized algorithm with approximation ratio 
bound for optimizing MU assignment 

S. Josilo, G. Dán, ``Joint Management of Wireless and Computing Resources for Computation 
Offloading in Mobile Edge Clouds,'‘ IEEE Trans. on Cloud Computing, accepted for publication



Optimal policy of the CM operator
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Cost minimization problem



Equivalent Game under the CM operator
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Main Results (CM operator)
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• Initialization results in minimal number of iterations



Main Results (CM operator)
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Price of anarchy (PoA)
• Ratio of worst case NE cost and minimal social cost

푃표퐴 ≤  
• Provides bound on approximation ratio



The Case of a TF operator
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• Γ is not a potential game
• Proof by constructing I-cycle 

S. Josilo, G. Dán, ``A Game Theoretic Analysis of Selfish Mobile Computation Offloading,'' in Proc. of 
IEEE Infocom, May 2017
S. Josilo, G. Dán, ``Selfish Decentralized Computation Offloading for Mobile Cloud Computing in Dense 
Wireless Networks,'' IEEE Trans. on Mobile Computing, vol. 18., no. 1., Jan. 2019, pp. 207-220



Main Results for the TF operator
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Γ admits a pure NE
Constructive proof
• Join and Plan Asynchronous Updates (JPAU)

• Starts from empty system
• Adds WDs one at a time

• Lets them play their best replies – in a 
certain order

Computational complexity 푂(퐴푁 )



More Results for the TF operator
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Price of Anarchy
푃표퐴 ≤ 푁 + 1



Decentralized Implementation
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User Focused Performance Analysis
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Cloud Focused Performance Analysis
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Computational Complexity
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Alternative Model of Computation Offloading
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• Offloading to
• Devices, edge cloud, remote cloud

• Model
• Stochastic arrival process
• Transmission and computing times

• Greedy vs. probabilistic offloading
• Results

• Equilibrium offloading strategy

S. Josilo, G. Dán, ``Decentralized Algorithm for Randomized Task Allocation in Fog Computing 
Systems,'' IEEE/ACM Trans. on Networking, vol. 27., no. 1., Feb. 2019, pp. 85-97



Conclusion
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• Multi-user computation offloading
• Joint management of communication and computing resources
• Multi-user interaction

• Game theoretical approach to resource management
• Polynomial time decentralized algorithm(s)
• Approximation ratio bound

• Significant performance gains
• Compared to uncoordinated behavior

• Many interesting open questions
• Node-edge-cloud continuum 
• More detailed models of computing
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