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Introduction

● 5G

Fig: Features of 5G
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Revolutionary Applications of 5G

4

Entertainment & Media Smart City

Modern Agriculture Broadband experience

And many more!
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Mobile Cloud Computing

● Integrated with 5G

● Uses Virtual Network Function (VNF)

● Offers high computational power

Fig 1. Mobile Cloud Computing
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Problem Definition

6Fig. 2: User Services Architecture in 5G

Relocating VNF to Data Center 2

Decreses response time

Continue taking service from Data Center 1 
through  DC to DC communication

Increased response time but

Reduced VNF relocation

Two Conflicting Objectives!

▪ Minimizing  VNF relocation

▪ Minimizing response time
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Objective & Contribution

● Optimal placement of Virtual Network Functions (VNFs) in DCs 

● Maximizing QoE or decreasing the cost of operation

● Trade-off between minimizing VNF relocation and response time

● To study comprehensive performance of the proposed solution with 

the state-of-the-art works
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Related Works

User mobility-aware  virtual  network function placement for virtual 5g 

network infrastructure [1]

Contribution:

● Solution for minimizing VNF relocation

● Solution for minimizing communication delay

Limitation:

● Provide two individual solutions

● Didn’t bring trade-off among them
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Related Works

Dynamic resource allocation exploiting mobility prediction in mobile edge 

computing [2]

Contribution:

● Proposed VM migration algorithm

● Reducing total delay compared to other algorithms

Limitation:

● Didn’t consider capacity of VM (Virtual Machines)
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System Architecture

12Fig 3: System Architecture of VNF services in 5G 
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Optimal Placement of VNFs

13

For placing VNF f o Vj of eNB j   N to DC k   D:

● Relocation time:

where,

● Communication Time:

D = The set of data centers

N = The set of eNBs

Vj = The set of VNFs of eNB j    N

bf
k, j = Whether VNF f of eNB j    N is      

placed to DC k    D or not.

pf
k =   Whether VNF f was previously    

running on DC k    D or not

nf
k =   Whether DC k   D contains

VNF f or not

tj =     Communication time between

enB j and own DC

tk =    Communication time between

DC k and own DC

=   Transfer time of VNF f
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Optimal Placement of VNFs

Objective Function:

14

D = The set of data centers

N = The set of eNBs

Vj = The set of VNFs of eNB j    N

γ  = Priority Factor

= Cost to relocate a VNF to

DC k   D

= Cost of taking service from

DC k   D

Relocation Time

Communication Time
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Optimal Placement of VNFs

15

……

Constraints:

D = The set of data centers

N = The set of eNBs

Vj = The set of VNFs of eNB j     N

bf
k, j = Whether VNF f of eNB j is placed 

to   DC k    D or not.

= Maximum response time  

tolerated by the application

= Execution time of VNF f     Vj

= VNF holding capacity of DC k   D

C1:

C2:

C3:

C4:

C5:



Computation Time for Optimal Placement of VNFs

● Can be reduced to Generalized Assignment Problem (GAP)

Fig. 4: Impacts of number of VNFs movement

per eNB on running time

NEOS Server

2 x Intel Xeon e5-

2698 @2.3 GHz

92 GB RAM

NP-Hard
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a) Ant Colony Optimization (ACO) 

Based VNF Allocation

b) Greedy Based First-Fit VNF 

(FF-VNF) Allocation Problem
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First-Fit (FF) Initial Solution 
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Ant Colony Optimization (ACO) 

Based VNF Allocation

● Initial Pheromone Calculation

● Local Heuristic Calculation

● DC selection

● Update Local Pheromone

● Update Global Pheromone
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ACO based VNF Allocation (1/3)

● Initial Pheromone Calculation

● Performance Evaluation

………………… (3.20)

…………………....(3.21)



ACO based VNF Allocation (2/3) 

● Local Heuristic Calculation

● Selection of Data Center

……… (3.23)

……… (3.22)
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ACO based VNF Allocation (3/3)

● Local Pheromone Update

● Global Pheromone Update

………….. (3.25)

…. (3.26)
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Ant Colony Optimization based VNF Allocation 
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Simulation Environment
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CloudSim Environment



Performance Metrics

● Quality-of-Experience (QoE)

● Number of relocations of the VNFs

● User Satisfaction

● VNF Relocation Overhead

23



Simulation Result

● Impact of varying number of VNFs movement

● Impact of varying number of eNB per DC

● Impact of varying number of VNF holding capacity of DC

23

Number of Data Centers: 12

Number of eNB per DC: 20

VNFs holding capacity of DC: 600



Impact of varying number of VNFs movement(1/2)

(a) (b)

Fig 5: Impacts of varying number of VNFs movement on (a) QoE (b) Number of relocations

24



Impact of varying number of VNFs movement(2/2)

(c)                                                                                     (d)

Fig 6: Impacts of varying number of VNFs movement on (a) User Satisfaction (b) Relocation Overhead
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Simulation Result

● Impact of varying number of VNFs movement

● Impact of varying number of eNB per DC

● Impact of varying number of VNF holding capacity of DC

23

Number of Data Centers: 12

Number of VNFs movement per eNB: 250

VNFs holding capacity of DC: 600



Impact of varying number of eNBs per DC(1/2)

(a)                                                                                     (b)

Fig 7: Impacts of varying number of BS per DC on (a) QoE (b) Number of relocations
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Impact of varying number of eNBs per DC(2/2)

(c)                                                                                     (d)

Fig 8: Impacts of varying number of BS per DC on (a) User Satisfaction (b) Relocation Overhead
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Simulation Result

● Impact of varying number of VNFs movement

● Impact of varying number of eNB per DC

● Impact of varying number of VNF holding capacity of DC

23

Number of Data Centers: 12

Number of eNB per DC: 20

Number of VNFs movement per eNB: 250



Impact of varying number of VNF holding capacity of DC(1/2)

(a)                                                                                     (b)

Fig 9: Impacts of of VNF holding capacity of DC on (a) QoE (b) Number of Relocations
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Impact of varying number of VNF holding capacity of DC(2/2)

(c)                                                                                     (d)

Fig 10: Impacts of VNF holding capacity of DC on (a) User Satisfaction (b) Relocation Overhead
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Conclusion

● Optimal Placement of VNF

● Trading off between VNF relocation and QoE

● NP-hard problem

● Ant Colony Optimization (ACO) based VNF placement 

● Maximizes user satisfaction (as high as 25%)

● Minimizes VNF relocations overhead (as high as 15%)
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Future Research Scope

● Mathematical modeling & analysis

● Load balance among the DCs
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Any Question ? 
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Thank You 



Proof of NP-Hardness

● Generalized Assignment Problem (GAP):

T  =  Set of tasks

M =  Set of agents

= Cost of assigning task j to                                                                   

agent i

= Capacity of agent i used to

assign task j   

= Whether task j is assigned

to agent i  

13

Minimize:

Subject to,



Proof of NP-Hardness
● Optimal VNF Placement Problem Reduced to GAP:

D = The set of data centers

Vj = The set of VNFs of eNB j

= Whether VNF f is placed to 

DC k or not

13

Minimize:

Subject to,


