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Pervasive / ubiquitous ?

Pervasive Ubiquitous
everywhere invisible
Pervasive Computing Ubiquitous Computing
technology that adapts to the user technology that is invisible to the user

no cognitive effort for using it
Mark Weiser 1991

human centric view of technology %
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 Some definitions :

— Pervasive computing aims at creating a smart environment with embedded
and networked computing devices, providing human users with seamless
service access [Raychoudhury 2013]

— Pervasive computing promotes the integration of electronic devices in our
living spaces in order to assist us in our daily activities, be they professional
or private [Lallanda 2020]

— Ubiquitous computing is about “seamlessly integrating computers into the
world at large runs” [Weiser 1991]

— “things disappear in this way are we freed to use them without thinking

and so to focus beyond them on new goals”
[Weiser 1991]

* Related concepts
— Ambient Intelligence, Intelligent Environments, Embedded Intelligence...
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[Weiser 1991]

The most profound technologies are those that disappear. They
weave themselves into the fabric of everyday life until they are
indistinguishable from it

Integrating technology without being lost...

NOTHING LIKE A LONG WALK |} THE TREES, THE FERNS...
| IN THE WOOPS, GARFIELD _{i MORE TREES...MORE FERNS..,

e rpa g venig prvies st Ay perepas

I'M GOING TO
SCREAM NOW
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PANTﬁggﬁngﬁlﬁbNNE Pervasive environment
bDEgSjRB"NNE Pervasive devices
e

“Today’s schoolchildren don’t think of TVs and
telephones as technology—they can’t imagine
life without them. Tomorrow’s children will feel

the same way about computers, the networks

connecting them, and the services they

perform.”
[Birnbaum 1997]
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The six technologies that create Embedded Intelligence

1v.P~“SP°RT &SMART Mo, ry
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Technologies and applications

Embedded and Cyber-Physical
Systems

Secure loT and System
of Systems

EdgeComputing &
Embedded Artificial Intelligence

Embedded High-Performance
Computing

System of Systems Integration
platforms for Digitalisation

Embedded Software Technologies
and Software engineering Tools

o 10T ANALYTICS

Number of global active loT connections (installed base) in billions
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Global loT market forecast (in billions of connected loT devices)
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Fig. 4. A taxonomy of different AmI applications by their domain.
[Bimpas 2024]
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More computing power
More data storage

Cloud Data Center
Massive parallel data
processing

BIG DATA management
*  BIG DATA mining
Machine learning

More interactive
More responsive

\. /
: \
» m

Sensors \;‘_\Q/
Perform data pre- .
processing and M Home gateway
i N Fog sites
compression . : ;
Y * Real-time data processing
Mobile device

N * Data caching

Ny * Computation offloading
Serve as human- ~.

computer interfaces

https://www.frontiersin.org/journals/human-
neuroscience/articles/10.3389/fnhum.2014.00370/full

Technologies and applications
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e Edge Edge “
Internet
of things

Edge Public/private
m Cloud cloud

Public/private
cloud

Public/private
cloud

Public/private Edge
cloud

erated environ

[ Villari 2016 ]
FIGURE 1. Edge and cloud computing for the Internet of Things.
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Pervasive devices collect contextual information, run local
computation, and, in some cases, directly act upon the
environment. This allows the implementation of simple,
reactive services like opening an emergency door when a
triggering condition is detected. [Lallanda 2020]
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Pervasive Computing is about... Adaptation

... using such information for

Smart devices... : R ,
adapting application / services

... sensing / observing the environment... J

10
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Variability

Context-aware Systems

Adapting system behavior to the environment

Context-awareness

Context-aware systems are systems able to adapt their
operations to the current context without explicit user
intervention and thus aim at increasing usability and
effectiveness by taking environmental context into
account. [Baldauf 2007]

11
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Application deployment
inspired by [Da 2014]

Dynamically deploying an application
according available surrounding devices

Hall A

Using available resources

[Steffenel 2021]

* Executing tasks according nodes’
capabilities

* Defining constraints for task
(service) execution

I -

node

1 1 1
0 50000 100000 150000 200000
time (ms) 12
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Adapting system behavior to the environment

Content

(=7
Team work: 7 <Gz

Interface
Interaction

Finding 5 examples
Home/personal,
Company/professional,

Public

Functionalities
Services

Structure

13
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I fonnalinie Context is the key \
Q v

Context information

Any information that can be used to characterize the situation
of entities (i.e., whether a person, place or object) that are
considered relevant to the interaction between a user and an
application, including the user and the application themselves

[Dey, 2001]
Execution Physical Organizational
context context context
Memory, CPU, screen, Location, Role, tasks, teams,
library & data temperature, projects, shared

availability... humidity, noisy... objects...
14
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Context-aware Systems
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e Context information challenges

— Heterogeneity

* Different kinds, formats and representations

 Evolution (new kinds of data, new formats, new representations...)
— Dynamicity

 (Constantly) Evolving data

Context-aware Systems

* F reS h n eSS’ ru nt I m e n at u re A definition of relationships between
o Situation situations (e.g. temporal)
—_ U nce rta | nty level of Relationships
abstraction . .
re-usable semantic interpretation of
[ ) I n CO m p I ete’ u n S u re High-Level Context low-level context information
Low-Level
Context Information sensor-based cues
[ ]
. lit
Qu a I y co n C e r n S Fig. 2. Overview of the different layers of semantic context interpretation and abstraction.
— Quality of Context [Bettini 2010]

16
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Context-aware Systems
Architectural elements

C User Applications )
- Monitor
Programming e
Abstractions
4 Middleware for Pervasive Computing
;|
2
Adaptation Manager ‘ “g-l
" &
Service Manager Context Manager 3 gg,
173 3
: 2|3
Common Service Handoff Context Modeling 58
Systom g2
Services % ® I
q 9 =] Q
( Service Discovery ) Context Collection Bl S
2| <
5
. Processing Communication Storage S
Runtime Support E— Support Support (;.g; Router
Operating Systems
Network Protocols
Hardware Services
Fig. 2. Reference model for PvC middleware.
[Raychoudhury 2013]

[Lin 2022]

il
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Website Apple 10S Android
0 s
»y ok
]
o —
Cloud Database
1 BLE to WIFI
UART
Peripheral ———»
UART ] =
Central
bNode Raspberry Pi Scan/Advert
CC2640R2f UART
Peripheral <«
K
UART Advert
iBeacon
Central =
bNode
v
. . . ) Scan/Advert
Peripheral Peripheral Peripheral Multi Role
— y
"4 -
Detector Cushion Treat Nameplate
17

Fig. 1. The architecture of IoT healthcare system.
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Engineering
context-aware
systems
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* Information Systems are not only about software

What about “Information System”?

— Applications, data, resources and process contributing to
the organization goals

— A complex ecosystem evolving with

the organizations and their needs (Business ]
goals

Business Humain
Process Resources
Software
Applications
.
[IT Resou rcesJ Data

19

Business
Process

Human
Resources

Information
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Gartner Top Strategic
Technology Trends
for 2021
People Location Resilient
centricity independence delivery
r-x OO
= G O O
Internet of Distributed Intelligent
Behaviors cloud composable
business
P ol
. I,QI . 1O
e oo 10
Total experience Anywhere Al engineering
strategy operations
@) & o
Privacy-enhancing Cybe secu ity Hyperautomation

computing

Combinatorial innovation

gartner.com/SmarterWithGartner

2020 ar Gartner.

e IT evolution in the last decade

* Towards a generalization of a
“smart” behavior

Cloud Computing Big Data

Edge Computing Internet of Things

Artificial Intelligence

20



A
UNIVERSITE PARIS 1

PANTHEON SORBONNE

&

Pervasive + Information + Systems

“Pervasive Information”

Systems
* Information everywhere Per.vaswe
e 10T as source of data “Information Systems”

* Information system everywhere
* Extending IS out of organization

“Pervasive” Systems boundaries

* Observing and reacting to
physical environment
» Adaptability

21
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“it is not the technology itself that is pervasive
[...], but the access, delivery, and consumption

of a wide variety of information services.”
[Rao 2009]

Pervasive Information System

Value chain = customer’s point of view ; 3l INFOSTRUCTURES

(Networks, servers,

“pervasiveness can be powered (or delivered) | ) caiabases sateliies
by an infrastructure of networks, databases
and servers, and an outer edge of devices
interfacing the customer.”
[Rao 2009]

Gvi 7"

Customer’s point of view, but not only !

Fig. 1. The pervasive information systems value chain.

[Rao 2009]

22
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& Centre “emerging class of Information Systems where Information
o “j"*‘ S ioue Technology is gradually embedded in the physical environment,
capable of accommodating user needs and wants when desired.”

“they encompass a complex, dynamic environment composed of
. multiple artefacts instead of Personal Computers only, capable of
Mobile perceiving contextual information instead of simple user input,
Information Systems and supporting mobility instead of stationary services”

. oy . K h . 2
Spatial mobility, multi-channel [Kourouthanassis 2006]

support, user orientation and

personalization ] .
[Krogstie 2004] Pervasive Information

Systems
“To become truly pervasive, information technology [...] must become

intuitively accessible to ordinary people and deliver sufficient value to
Information Systems justify the large investment needed in the supporting infrastructure.”

Timeline

“people could pay for their computing by usage, modulated by
guaranteed response requirements. This is an enormous paradigm shift,
changing what is now a capital investment into a competitive service,
like electricity and water.”

[Birman 1997]

23
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* Pervasive IS is an “Information system” in which pervasive
environments are integrated :

Defining Pervasive IS

— to improve business processes with IT devices

— to improve interactions of users with IT devices & physical
environments

— to adapt the IS support to the user’s situation
— to capture data on its physical environments

— to capture data on the IT infrastructure
[Kirsch Pinheiro 2022]

24
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Managing heterogeneity Transparency
* Supporting a wide variety of technical * Hide the complexity and heterogeneity of
devices and services its environment from the users
* Heterogenous IT devices & technologies * Easiness of use
* Managing heterogeneity is complex but * Reaching Ubiquitous Computing view
essential * Invisible computing = low cognitive effort

Fulfillment of Requirements
* Meting business and users’ needs
* Making users more productive, focusing
on her/his own tasks

Adaptation
*  PIS should manage variability on services
and infrastructures

Context awareness
e PIS must perceive the evolution of its execution
environment and adapt itself accordingly

[Kirsch Pinheiro 2022] 25
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Opportunist Determinism

* Dynamic environment = new resources, *  PISremains an IS = under business control

services... *  Satisfying business needs in a predictable

*  Opportunistic strategies to use resources, and controlled manner
data & services

* Exploring all available items (resources, -
data, and services) in order to fulfill Autonomic

business goals e Automatically collect and processing
heterogeneous data

Interactive * (loT) Data management

*  Exploring new interaction modes

[Kirsch Pinheiro 2022] 26
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Pervasive Information Systems

PIS
0g
Management =
Machine Learning N § a
-% Application 5 ;’ —
Cloud Computing E.. 'i 5 %
s Services S ® g
Edge Computing § ‘i’-
Infrastructure ?

[Kirsch Pinheiro 2022]

IoT & Devices

Information Systems extending beyond the physical (and logical)
boundaries of the organization, integrating new technologies and a
pervasive environment (in the technologically charged sense) in a
transparent way, and from which users expect an intelligent behavior,

both reactive and proactive [Kirsch Pinheiro 2021]

27
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Holistic view

Pervasive Information Systems

[

Sc,a\ab\\\*\s
Application driven ] [ > System driven 1

approach approach

Multiple Applications
Current & Future applications and context sources

(Storage & distribution Multi-modeling
Making context data Supporting multiple
_ available everywhere context models

Reasoning & Smartness

. Privacy & Security _ Extracting knowledge from context data
Assuring stakeholders' privacy, data security Allowing a smart behavior based on reasoning
L and legal issues capabilities

28
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Multiple concerns...

Technical concerns Business concerns Societal concerns

Architectural
Software architecture
Enterprise architecture

Risk management

- Energy consumption
Hyper automation ergy P

Sustainability

Data management Reasoning
Data quality Art/f/cm( Intelligence . User’s responsibility
Context management Regulations & conformity

Scalability

29
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