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• Evolution of the global Internet of Things users, 2010-2020

Key points:
o The number of IoT devices has been growing since 2003.
o Reaching 2020 there will be more than 50 billion devices with Internet access.

Internet of  Things
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Cloud Computing Systems

Year End-use
Energy 

(B kWh)

Elec. Bills 
(US, $B)

Power plants
( 500 MW)

CO2 (US)
(million

MT)

2013 91 $9.0 34 97

2020 139 $13.7 51 147

2013 – 2020 
Increase 

47 $4.7 17 50

(Source: Natural Resources Defense Council (NRDC))

• Energy consumption for data centres 1.1% 1.5% of global electricity usage (2005-
2010 ) [1].

[1] Corcoran, P. and A. Andrae (2013). "Emerging trends in electricity consumption for consumer ICT.
" National University of Ireland, Galway, Connacht, Ireland, Tech. Rep.    
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Cloud Computing Systems

[2] Piraghaj, S. F. (2016). "Energy-Efficient Management of Resources in Enterprise and Container-based Clouds.“

• Where is the power being used in DCs? 

Servers are still the main power consumers in a data centre [2]

[1] Source: James Hamilton http://perspectives.mvdirona.com/2010/09/18/OverallDataCenterCosts.aspx

Figure 3. Data Center Power Consumption Breakdown[1]
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Fog Computing Systems
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Motivation

How we can efficiently allocate fog resources to latency-sensitive IoT application users 

while reducing the energy consumption? 

o Improper or absence of proper placement of service requests can result in a 

server that is either overloaded or not operating under “optimal” load 

conditions.

o Allocation of resources to appropriate user is therefore, important as it directly 

affects user experience and performance, and has an immediate impact as far 

as SLA objectives are concerned. 
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Research Questions in the literature

[RQ1] How can we efficiently find appropriate metrics to measure the performance of a Fog-Cloud 
system? 

[RQ2] How can we efficiently allocate resources on a suitable fog server to reduce the energy 

consumption? 

oThe resource usage behavior of end-users of an IoT applications are not static in the 

environment. It is dynamic, meaning it keeping change from time to time [1][2].

o The improper usage of computing resources can negatively affect efficiency  and 

optimal use of resources [3].
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Research Questions in the literature
[RQ3] How can we efficiently implement virtual machines in the fog to make 

“optimum” use of resources and reduce energy consumption?

o Under dynamic workload conditions, VMs can experience “hot spots” 

(inadequate resources to meet performance demands) and “cold spots” 

(over-provisioned resources with low utilization) [1][2].

o Resource requirements of VMs not locally fulfilled. 

[1] Rapone, D., Quasso, R., Chundrigar, S. B., Talat, S. T., Cominardi, L., & De la Oliva, A., A. Z. (2018, June). An Integrated, Virtualized Joint Edge and Fog Computing

System with Multi-RAT Convergence. In 2018 IEEE International Symposium on Broadband Multimedia Systems and Broadcasting (BMSB) (pp. 1-5). IEEE.. 

[2] Parwez, M. S., & Rawat, D. B. (2018, May). Resource Allocation in Adaptive Virtualized Wireless Networks with Mobile Edge Computing. In 2018 IEEE International 

Conference on Communications (ICC) (pp. 1-7). IEEE.
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Our contributions in this work are summarized as follows:

o We propose a model to measure the performance of a Fog-Cloud system, where we 
define a model for the two metrics (energy consumption and delay), when serving a 
request located in the fog or in the cloud.

o We transform the energy consumption and latency trade-off problem to a best 
assignment Fog-IoT Object problem.

o We present an optimal Algorithm (Improved Genetic Algorithm IGA) to find the best 
assignment fog-object for an efficient energy consumption and an optimal QoS.

o We compare the performance of our solution to a traditional cloud solution, using 
the metrics modeled before.

Contributions
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• Schematic of networks connecting users to a Fog-Cloud architecture.

o Total energy consumption of IoT device demands provided by fog node is studied which 
includes energy consumed in the transport network and fog nodes and the cloud DC.

o These models are used to construct energy consumption estimation for a diverse range 
of network scenarios.

o The energy consumption profile of Fog nodes must be optimized.

Measuring the performance of  Fog-

Cloud System-1 
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• Simplified network model

The type of energy/delay model depends upon how “shared” the equipment is:
o For access network equipment shared amongst relatively few users, a “time-based” 

model is typically adopted.
o For edge and core equipment shared over many users, a “flow-based” or “capacity-

based” model is typically adopted.

Measuring the performance of  Fog-

Cloud System-2 
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The total probability condition is as follows:

subject to the following constraints:

Best Assignment Problem Formulation
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Best Assignment Problem Solver
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- Matlab tool is the platform used for conducting evaluation simulation on IGA.

- We also simulated a workload trace inspired from a real cloud system, namely PlanetLab (see

http://comon.cs.princeton.edu).

- We performed 5 simulations scenarios (varying the rate of the requests served in the fog).

- We compare, each time, the performance of our Fog-Cloud architecture with the performance of the

traditional cloud computing architecture.

- Performance metrics
- Energy consumption 

- Latency

- Percentage of requests forwarded to be processed in the cloud (β)

IGA-Evaluation

http://comon.cs.princeton.edu/
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IGA-Evaluation

The results depicted in Figure 1 clearly demonstrate
that the IGA scheme leads to a minimum

consumption of energy in comparison to Cloud-
only.

The results shown in Figure 2 represent the latency 
of the proposed IGA scheme compared to other 
schemes. IGA shows the low value of latency when 
increasing the number of objects in association 
with the Cloud-Only scheme.



We will take into account a number of parameters such as fog node collaboration, proactive fog node 

with a cache memory, and network bandwidth.

Future work

Référence de la contribution : Mebrek, A., Merghem-Boulahia, L., & Esseghir, M. (2017, October). Efficient green 
solution for a balanced energy consumption and delay in the IoT-Fog-Cloud computing. In Network Computing and 
Applications (NCA), 2017 IEEE 16th International Symposium on (pp. 1-4). IEEE.
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