OptiFog: Finding the Right Fog Node
Global-state acquisition and resource prediction for cooperative fog networks
Which fog node can complete a task

within its Iatency and resource requirements? :
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HIGHLIGHTS OF THE PAPER

@

GLOBAL-STATE ARCHITECTURE

Cluster Heads collect and exchange
service, CPU, energy, memory and
storage information across fog clusters.

OPTIMAL FOG-NODE SELECTION

Select a PFN or SFN that satisfies
the task latency limit and has the
strongest available resources.

CTMC-BASED PREDICTION

Predict CPU, memory and storage
availability to reduce frequent
state synchronization.

EXPERIMENTAL FINDINGS

Up to 32% lower latency and 14% lower
network usage. CTMC reduces network
usage by 11-24.6% and energy
consumption by 7-12%.

OptiFog also sends the lowest share of
(b tasks to the cloud compared with
DPTO and FogFL.

. Global awareness helps keep more

b

computation close to loT devices.
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Where Should the Task Run? < IEEE

Local device, Primary Fog Node, Secondary Fog Node, or cloud?

Task creation Local execution Nearest Primary Partial information OptiFog global state Execution and
at terminal decision Fog Node (PFN) (neighbour-only search) (global visibility via CH) result return
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to terminal
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Task stays in

X: latency limit the fog layer

PFN sends CH observes CH identifies Selected SFN
request to CH multiple clusters the best SFN accepts task

Global resource visibility allows direct selection of a suitable SFN.
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Inside OptiFog

Global visibility, local execution.

Cloud is used only
if fog cannot satisfy
the task.

Cloud Data Center
Remote, elastic compute
and storage.
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@ Completed : : In progress

7~ Used only when no

('*? ) suitable fog node is
available.

Global State:

Each CH maintains network-wide
information through local fog-node
updates and status exchange with
other Cluster Heads.

©

Fog-node Status:

[
.0 Service | CPU | Energy |
Memory | Storage

Selection Rule:

First meet the latency limit X.
Then select the node with
maximum resource utility.

—

OptiFog combines state acquisition, node selection, task tracking, failure handling and load balancing.
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@ OptiFog

Predict Availability Instead of Checking Constantly

CTMC estimates future resource states and reduces synchronization overhead

N
/‘/ﬂ' 7

CPU, memory and storage

CTMC RESOURCE STATES

2 DD e ! availability define the CTMC state.
RISING RISING
NETWORK LOAD ENERGY USE
4 N
State 0 State 1 State 2 State 3
0-25% 26-50% 51-75% 76-100%
available available available available
CPU CPU _ CPU _ CPU
i © e © NN ¢ ANENS
Memory L Memory :(_} Memory | | Memory
0 NE N | | BN |
Storage Storage Storage Storage
g J L ] J ( EEE | | | EEEEE
X \ P
< >

Task arrival, A,
— lower availability

Frequent updates consume bandwidth, £

Task completion, U,
— higher availability

processing time and energy. ! E Assumes energy-rich fog nodes. [

WITH PREDICTION

Current state Probability of
attime t future states

Vil

\I 5 008 —» State0

Statel | . .- W 0-25%
26-50% | - 7oy

- — == (032) > Statel

available | | S, 26-50% available I
oy Pl
L =
% B @ —> State 2 Y
~ 51-75% l i =

© 1015, —> State3
s 76-100%

Predicted state
attimet +s

State 2

91-75%

Select high-availability
fog node

N

A

Mean residence time: .y
{ 1 I{{}um + P‘.m) J

Transition probabilities estimate which
node is likely to remain suitable.

@ CTMC maintains useful state awareness with fewer status exchanges.



What the Experiments Show

< IEEE
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Performance comparison of OptiFog, DPTO and FogFL state selection execution and traffic dependence
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Experiments used up to 120 fog nodes. This is an experimental
design choice, not a universal hard limit.

[o 11-24.6% lower network usage] [0 7-12% lower energy cnnsumptlﬁnj

‘ Gruhabstate acquisition cost rises sharply as the fog network grows.

Number of tasks

Sy

Q Exper imental Setup: iFogSim | 5-120 fognodes | 60-300tasks | 420KBtasksize | 500m x 500 m deployment | 100 simulation runs | comparison: DPTO and DPTO and FogFL

Final Conclusion: OptiFog improves load balancing and resource utilisation by ‘ Future Work:

selecting a suitable fog node using network-wide resource awareness.

f

resource-availability prediction.

Machine-learning-based

' @ Key Takeaway: Know the network. Predict availability. Keep more computation in the fog.



