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o"ﬁ% IOT ANALYTICS Your Global loT Market Research Partner

. Global loT market forecast (in billions of connected loT devices)
> Introduction

Number of global active loT connections (installed base) in billions
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Global Connected and loT Device Installed Base Forecast

45000
*Includes Audio Systems, BD Players, DMA, Games Consoles, Digital Camera,

°
40000 E-readers, PMP, Portable Games Console, NAS, STB and DVR.
ro u C I O n **The Internet of Things (IoT) s the i f .‘
I I within the existing Interneti Typically loT Enterprise loT **

35000 advamdoonnecﬁvnyofdemas, systems, andwvices thotmbeyond
12M) and coy
30000 promls,domahs,anduppﬁmﬁons. Includes M2M, tPMundLPWA. Notall
 devices will communicate with a WAN, ‘butbe part of Mesh networksetc.

Smart Home Devices

Wearables
ié) - =
5 25000 “ Connected Vehicles
E 20000 | ®Smart TVs
m Smart Speakers and Screens
15000
w Other Internet Media
Devices*
10000 ® Tablets
5000 ® Smartphones
®PCs
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Source — Strategy Analytics research services, May 2019: loT Strategies, Connected Home Devices, Connected Computing
Devices, Wireless Smartphone Strategies, Wearable Device Ecosystem, Smart Home Strategies
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> Introduction SD"—OI} ‘

The principle is one of the
Cloud most outstanding aspects of industry 4.0 as it

ensures that the industry has the best possible
response time to internal and external stimuli.

- Industry 4.0 - What Is It?
| The performance of emergency and health pousty atls
.| monitoring services can be affected in terms of

while transferring data to the cloud or
receiving the instructions back to the application

- Mutlag, A. A., Abd Ghani, M. K., Arunkumar, N. A., Mohammed, M. A,, &
Mohd, 0. (2019). Enabling technologies for fog computing in healthcare loT

wtaomc Cutura Gaonaraticon Canasantaor Cyuctaopmac Q0O £ 70

Sensitive information of patients has the risk of
being sold on the black market, which can lead to

data and potentially threaten the
lives of patients.

Q00

- Guo, X,, Lin, H., Wu, Y., & Peng, M. (2020). A new data clustering strategy for
enhancing mutual privacy in healthcare loT systems. Future Generation Computer

Systems, 113, 407-417
& |
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. e by Quer
> IntrOdUCt|On How are the different

resources managed?

\_
How are these distributed /

applications deployed to
get the required QoS?

What happen with
the QoS if the
context changes?

How are these
distributed applications
developed?
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Cloud Infrastructure

Others
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/We need new or adapted

methodologies and tools guiding
and helping developer, system

~

\operators and stakeholder
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Deployment
planning

Elastic Data
Analytics

Continuous

Adaptation
Emulate the real

environment

22



SPILaR -

> Placing Services on the Continuum

23



> Placing Services on the Continuum »@

25



> Placing Services on the Continuum
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> Placing Services on the Continuum
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> Placing Services on the Continuum
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> Placing Services on the Continuum
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Achieving a specific QoS requires managing different layers, abstractions, dimensions
and objectives for each stakeholder. Tools are needed to facilitate this work. 29



> Placing Services on the Continuum
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Juan Luis Herrera, Jaime Galan-Jiménez, José Garcia-Alonso, Javier Berrocal, Juan Manuel Murillo: Joint Optimization of 30
Response Time and Deployment Cost in Next-Gen loT Applications. IEEE Internet Things J. 10(5): 3968-3981 (2023)
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Juan Luis Herrera, Jaime Galan-Jiménez, José Garcia-Alonso, Javier Berrocal, Juan Manuel Murillo: Joint Optimization of

32
Response Time and Deployment Cost in Next-Gen loT Applications. IEEE Internet Things J. 10(5): 3968-3981 (2023)



> Placing Services on the Continuum

inputs

NioTO | |

Juan Luis Herrera, Jaime Galan-Jiménez, José Garcia-Alonso, Javier Berrocal, Juan Manuel Murillo: Joint Optimization of
Response Time and Deployment Cost in Next-Gen loT Applications. IEEE Internet Things J. 10(5): 3968-3981 (2023)

™

QoS-
specific

Micro-service

—»  RAM

consumption
Micro-service

F———  inputl and

output size

Workflow

requests
Avallable

Basic

Dimension
Application
Computing

~ | Networking

!

Response |

me-specific

> computing
resources

Location in
the network
Topology
graph
Link
capacities

Cycles per
micro-service

CPU clock
[ >
speed

Cost-
specific

Link
latencies

_, Cycles per
micro-service

— CAPEX

_|, OPEX per

cycle
— CAPEX ‘

OPEX per
Ly
second

Service Placement
Framework

Deployment Plan

D Lab.H



> Placing Services on the Continuum
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> Continuous Deployment on the Continuum

Continuous Deployment
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> Continuous Deployment on the Continuum
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Deployer

Sergio Laso, Javier Berrocal, Pablo Ferndndez, Antonio Ruiz-Cortés, Juan Manu€eTTm smework for the continuous

evaluation of the QoS of distributed mobile applications. Pervasive Mob. Comput. 84: 101627 (2022) 40



> Continuous Deployment on the Continuum
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Are these emulated
environments
' realistic?
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> Elastic Computing Continuum
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> Elastic Computing Continuum
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> Elastic Computing Continuum

Data analytics allow companies to process large volumes of information in order to:
control the procedures, find trends, problems, etc.

Resource
Consumption

|
|
|
Long-Term |  Big Data
Analytics : Analytics
Data Quality g [
|
SP--=--====-- $mmmm———-
8 I
<| SmallData | Short-Term
Analytics : Analytics
|
N '
Computational I—
Cost Freshness

Sergio Laso, Javier Berrocal, Pablo Fernandez, José Maria Garcia, José Garcia-Alonso, Juan Manuel Murillo, Antonio Ruiz-Cortés,
Schahram Dustdar: Elastic Data Analytics for the Cloud-to-Things Continuum. IEEE Internet Comput. 26(6): 42-49 (2022)
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> Elastic Computing Continuum
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> Elastic Computing Continuum
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> Elastic Computing Continuum
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> Elastic Computing Continuum
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> Elastic Computing Continuum

Smart-city case study
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Sergio Laso, Javier Berrocal, Pablo Fernandez, José Maria Garcia, José Garcia-Alonso, Juan Manuel Murillo, Antonio Ruiz-Cortés,

Schahram Dustdar: Elastic Data Analytics for the Cloud-to-Things Continuum. IEEE Internet Comput. 26(6): 42-49 (2022) 29
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Smart orchestration Smart Choreography
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Morozov, M., Smorkalov, A., & Fominykh, M. (2014, July). Sticky Notes--A Tool for Supporting Collaborative Activities in a 3D
Virtual World. In 2014 IEEE 14th International Conference on Advanced Learning Technologies (pp. 683-687). IEEE.

Sun Java System Application. Deployment Planning Guide 62
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Herrera, J. L., Berrocal, J., Forti, S., Brogi, A., & Murillo, J. M. (2023). Continuous QoS-aware adaptation of Cloud-loT application

placements. Computing, 1-23 o4
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> Continuous Adaptation

» Broken deployments are situations in which the existing application
placement cannot be used successfully after a change in the environment.

* QoS violations are subtler than broken deployments and represent
dependability issues.

Once detected, the application placement needs to be adapted to the new
environment.

Continuous reasoning is aimed at finding which microservices of the application
placement need to be migrated (i.e., moved between nodes) after a change.

Herrera, J. L., Berrocal, J., Forti, S., Brogi, A., & Murillo, J. M. (2023). Continuous QoS-aware adaptation of Cloud-loT application
placements. Computing, 1-23 65
Peter W. O’Hearn, Facebook and University College London. Continuous Reasoning: Scaling the Impact of Formal Methods
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Herrera, J. L., Berrocal, J., Forti, S., Brogi, A., & Murillo, J. M. (2023). Continuous QoS-aware adaptation of Cloud-loT application
placements. Computing, 1-23.

66



OILak-
> Continuous Adaptation S ILC]b

Current
e Scenario
P s = CI—

Maximum response time (ms)
d
-

T T I I I r T T T I I rF I rFN T T T I III OFIrTrTr T T r T T rTrT I

Lh
=

Ia
<o

[}
=

[—
L]

[}
[}
[l
[l
1
L}
[}
[}
[}
[}
[l
[l
I
L}
[}
[}
[}
[l
[l
I
[}
[}
[}
[}
[}
[l
[}
t

0 | . | . . . . | | . . . . | . i

t-9 t-8 t-7 t-6 t-5 t-4 t-3 t-2 t-1 t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9
- Time (min)

—
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> Conlusion

QO

It is a complex
infrastructure that
requires highly skilled
workers

-

Computing
continuum allows
developers to better
control de QoS

G,

New methodologies
and tools are required
to improve how
developers and
operators interact
with it.

Al can be used by
these tools to
automate part of the
process and reduce
the required skills

JlLab-
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> Thank you very much
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