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Fog Computing and Cloud -Computing

Cloud computing is akind of Internetbased computing that provides
shared processing resources and data to computers and other devices
demand.

Fog computingis a new paradigmeferringto a platform for local
computing, distribution and storage in emsker devices rather than
centralized data centers (DCs).

NDCs. nanodata centeran@noservers)which are locateth enduser
premises for hosting and distributing content and applications in dgeer
peer (P2P) fashion.

Motivation: there has been little analysis, in the literature, of the energy
consumption of Fog computing.




Main Contribution of This Paper

In this work,the authors aino identify scenarios for whichunning
applicationdrom nanoservers are morenergyefficient thanrunning the
same applications from centralizB&s. Measuremeriiasednodelsare
used fometwork energgonsumption thaire more accurate than used in

previous work
A Endto-end network topology

A Energyconsumption models
A Measurement forenergy models
A Energyconsumption comparison

A Nanoserversfor improving energy efficienayf applications




Endto-End Network Modelor Centralized Data Centers
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Fig. 1. Network model of centrallzed data centers.

One or a few centralized D@se attachetb the core of the network. Data center
content is transported through large core routers and optical links to the edge n
The content passes throug accesaetwork which might be an Ethern@tjFi,
PON, 3Gor 4Gconnection, or a combination of these to reacletiteuser terminal.
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Endto-EndNetwork Model for NanoData Centers
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* Firé. 2. Network model of distributathnoservers.

The requestsare either sentfrom (i) 1 h o Me& e wis are userslocatedin the
premisesof the nanoserver(suchasuserA anduserB), (i) N | ow & d who are
userslocatedin the samelSP of the nanoserver(suchasuserA anduserC), or (iii)

A n donal p e e whe areuserslocatedin a different geographicategionawayfrom
thenanoserver(suchasuserA anduserD).
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EnergyConsumption'Model

The network equipment are categorized into two types:

1) Equipment that are shared by manyusers

2) Customerpremises equipment (CPE) dedicated to a single use
(or few users).

Forthe highlyshared equipmentwhich deal with a large amount of
traffic, afflow-based e n e r gsypresentet ¢hfroportionally
all ocates the equi pment 0s powt
through the equipment.

Forthe equipment iiend-user premiseswhich are not shared by mar
users and serviceaftime-based ener gy consump
constructedased upon the amount of time that equipment spends
dealing with a cloud service.
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Flow-BasedEnergy Consumption Model

Themeasure of the energy
consumption of a cloud service is
based upon proportional allocatiot
of the equi pmen
consumption over all the flows
through the equipment.
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Fig. 3. Power consumption trend versus load

for a network equipment (i.ene routey
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P(C) = Py + C—= e — idle + CEp (1)
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The idle powerR,.) can be a significant proportion Bf ., (up to
more than 90%), therefore we cannot igrigge when calculating
the energy consumption of a service.
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Flow-BasedEnergy Consumption Model

A Samemodel for all the equipme
In the network which are sharec
multiple users and services.

A Each stegorresponds tthe
deployment of additional netwo
equipment oncéhe capacityper
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Fig. 4. Power consumption of a set of shared network
equipment (i.erouters) inone node located in a single location.
Theincremental energy per bit The additional energy consumption
of a service
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Ny« IS the number of exchanged bits of serk¢leroughthe node by the service

under consideration amdis theaverage number of network nodes in the service |
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Time-BasedEnergy Consumption Model
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Fig. 5. Power consumption of a home equipment unit for serving/accessing services.

The energy consumption of the customer premises equipgaent(
Including thenanoservers for servinqultiple servicess given by:

Ecpe = Pigle Tiot +f (P(t) — Pidle)dt (4)

lact

P4 IS power consumption of the device in tdke mode
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Time-BasedEnergy Consumption Model
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Fig. 5. Power consumption of a home equipment unit for serving/accessing services.

To determineenergy consumption of one specific servigening onthe
device such as serviggthe hatched area in Figubsetwoparts are considere
1) incremental energgonsumption du& running this specific servic& ,);
2) idle power allocatedo running the service(, ).
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Time-BasedEnergy Consumption Model
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Fig. 5. Power consumption of a home equipment unit for serving/accessing services.

Ek—time — Pi+:1le(“j'-r + ]}ract,k ‘|'f (P(I) — Piclle)dr (8)

J1Iﬂr:t_lr.

Coefficient( Us)the ratio of the idle time of the device to the active time
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CentralizedData Centers and Nano Data Centers

The total energy consumed by senkgarovided from a centralized DC

(E,_40 Can be expressed as:
O OO

The total energy consumed by senkgarovided fromnDCscanbe

expressed as:
(10)
O %

Thedifferences between energgnsumption of service provided from a
centralized D@&ompared tenDCsis primarily determined by the following:
I The number of bits exchanged between the useDanh(,,;);

I The number of hops for the two cases (p);

I The value ok, . ,compared t0 E,..ccsst Ex nanc
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