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Ambient Computing

[Weiser, 1991]

Ubiquitous Computing (ubicomp) [Weiser, 1994]
[Weiser and Brown, 1996]

i3
—Mainframe (one computer, many
it L people)

—PC (one person, one computer)
12 &

—UUbiguitous Computing (one

! person, many computers)
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Ambient Computing

» « autistic » devices
Independent
Heterogeneous

Unaware

» Ubiquitous systems
Accompany without imposing
In periphery of the attention
Invisible

Calm computing
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15 years later...

» Ubiquitous computing is already here [Bell and Dourish, 2007]

It’s not exactly like we expected

“Singapore, the intelligent island”

“U-Korea”
Not seamless but messy
Not invisible but flashy
Characterized by improvisation and appropriation

» Engaging user experiences [Rogers, 2006]
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New directions

» Study habits and ways of living of people and create

technologies based on that (and not the opposite)
[Barton and Pierce, 2006; Pascoe et al., 2007; Taylor et al., 2007; Jose, 2008]

» Redefine smart technologies [Rogers, 2006]

» Our goal:

Provide an Aml application assisting the user
in his everyday activities
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Our goal

» Context-aware computing + Personalization
Situation + user = action

|. Perception

PP 2. Decision

—

(~ )
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Proposed solution

Personalization by
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Outline

Learning in ubiquitous systems

User Study

Ubiquitous system

Reinforcement learning of a context model

Experimentations and results

N S LR SENEN G SIS ¢

Conclusion
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Proposed system

» A virtual assistant embodying the ubiquitous system
» The assistant

Perceives the context using its sensors
Executes actions using its actuators

Receives user feedback for training

Adapts its behavior to this feedback (learning)
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Constraints

Simple training
Fast learning

The system is adapting to environment

and preferences changes

4

4

» Initial behavior consistency
» Life long learning

4

User trust

» Transparence [Bellotti and Edwards, 2001]
Intelligibility
System behavior understood by humans

Accountability

System able to explain itself
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Outline

» User Study

» Ubiquitous system

» Reinforcement learning of a context model
» Experimentations and results

» Conclusion
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User study

» Why a general public user study?

Original Weiser’s vision of calm computing revealed itself to be
unsuited to current user needs

» Obijective

Evaluate the expectations and needs vis-a-vis “ambient
computing” and its usages
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Terms of the study

» 26 interviewed subjects
» Non-experts
» Distributed as follows:

Sex Age group
m |8-25
B women i 26-40
E men I 40-60
I 60+
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Terms of the study

» | hour interviews with open discussion and
support of an interactive model

» Questions about advantages and drawbacks of a
ubiquitous assistant

» User ideas about interesting and useful usages
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Results

» 44 % of subjects interested, 13 % conquered

» Profiles of interested subjects:
Very busy people

Experiencing cognitive overload

» Leaning considered as a plus
More reliable system
Gradual training vs. heavy configuration

Simple and pleasant training (“one click”)
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Results

Short learning phase

Explanations are essential

» Interactions
Depending on the subject
Optional debriefing phase

» Mistakes accepted as long as the consequences are not
critical

» Use control

» Reveals subconscious customs

» Worry of dependence
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Conclusions

» Constraints

Not a black box
[Bellotti and Edwards, 200 1] Intelligibility and accountability

Simple, not intrusive training
Short training period, fast re-adaptation to preference changes

Coherent initial behavior

= Build a ubiquitous assistant based on these constraints

20 PULSAR Research Meeting  17/11/2010



Outline

» Ubiquitous system
» Reinforcement learning of a context model
» Experimentations and results

» Conclusion

21 PULSAR Research Meeting  17/11/2010



Ubiquitous system

Multiplatform system
Distributed system

Communication protocol

Dynamic service discovery

Easily deployable
()

- OMISCID

1 osGi

/ Heterogeneous

» Uses the existing

devices

[Emonet et al., 2006]
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Modules interconnection

Sensors Actuators
I ]

[ APPLICATIONS

KEYBOARD APPLICATIONS J

ACTIVITY

[ EMAILS @ é

EMAILS ]
[LOCALIZATION

TEXTTO
SPEECH

PRESENCE REMOTE

%) CONTROL
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Example of message exchange

protee!

[ Text2Speech on OMISCID

(—"-’ OSGi'ﬂ

o @1 Text2Speech
B4
text < =

o #1 PersonalAgent

sendMessage =
shellCmd ==

o @4 remoteShell

——

command == ]
= J

Install and start
Text2Speech

hyperion
protee

. E

J109 1120

24 PULSAR Research Meeting  17/11/2010



Database

» Contains
Static knowledge
History of events and actions

To provide explanations

» Centralized
Queried

Fed
Simplifies queries

1' by all modules on all devices

25 PULSAR Research Meeting  17/11/2010



Outline

» Reinforcement learning of a context model
Reinforcement learning

Applying reinforcement learning
» Experimentations and results

» Conclusion
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Reminder: our constraints

» Simple training Supervised

» Fast learning [Brdiczka et al., 2007]
» Initial behavior consistency

» Life long learning
» Explanations
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Reinforcement learning (RL)

Q(state, action)

» Markov property

» The state at time
t depends only
on the state at
time ¢-1
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Standard algorithm
» Q-Learning [Watkins, 1989]

Updates Q-values on a new experience
[state, action, next state, reward}

Slow because evolution only when something happens

Needs a lot of examples to learn a behavior
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DYNA architecture [Sutton, 1991]

DYNA
Switch World model
( World
y /
State Reward Action
Agent
Y
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DYNA architecture

A Real Update
& interactions
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World model

cy

Real Update
interactions

Global system

~ State ~ Perception
Policy ) A )
S Action Action
Reward?
Example Example
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Modeling of the problem

» Components: Components:
States Transition model
Actions Reward model

World model
Real Update
interactions
Use
Policy
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State space

» States defined by predicates

» Understandable by humans (explanations)

» Examples :

newEmail ( from = Marc, to = Bob )
isInOffice ( John )

System
] redicates
» State-action: P
} entrance(l(a:lsl) Environment
- Pause music predicates

Update

Predicates

PULSAR Research Meeting
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State space

» State split

newEmail( from= directeur, to= <+>)

Notify

newEmail(from = newsletter, to= <+>)

Do not notify
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Action space

» Possible actions combine
Forwarding a reminder to the user
Notify of a new email
Lock a computer screen
Unlock a computer screen
Pause the music playing on a computer
Un-pause the music playing on a computer
Do nothing

World model

&)

Update
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Reward

» Explicit reward

Through a non-intrusive user interface

» Problems with user rewards

Implicit reward

Gathered from clues
(numerical value of lower amplitude)

Smoothing of the model

World model

&)

Update
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World model
» Built using supervised learning ( Trersiiien )

From real examples model
Reward
» Initialized using common sense model

Functional system from the beginning
Initial model vs. initial Q-values [Kaelbling, 2004]
Extensibility

Real Update
interactions

Politique
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Transition
model

Reward
model

Transition model

Action or event

52
+
Starting states @ e/ Probability
Modlflcatlons
\V .
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Real Update
interactions

Supervised learning of
the transition model

» Database of examples
{previous state, action, next state}

a b
- 7. G m OF
L a
T -
:
[Sn+1§ a Gt @ [ I
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World model

cy

Real Update
interactions

Global system

~ State ~ Perception
Policy ) A )
S Action Action
Reward?
Example Example
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Episode

» Episode steps have 2 stages:
Select an event that modifies the state
Select an action to react to that event

World model

Real Update
interactions
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World model

Real Update
interactions

Q-Learning Experience
updates £, .,
World model
(s'@
(5’”}'3")
(s.e)

or
\ Learned from real
interactions
‘Database
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Outline

» Experimentations and results

» Conclusion
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Experimentations

» General public survey = qualitative evaluation

» Quantitative evaluations in 2 steps:
Evaluation of the initial phase

Evaluation of the system during normal functioning
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Evaluation 1
« about initial learning »

» 48 PULSAR Research Meeting  17/11/2010



Grade

60

50

40

30

20

10

Evaluation 1
« about initial learning »

Initial episodes with events and initial states
randomly chosen from the database

Number of
iterations
per episode

e 0]

25
==50
=>¢=100

1 11 21 31 41 51 61 71 81 91

Episodes
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Evaluation 2
« interactions and learning »

Grade
o
\

I 21 41 6l 8l 0]
Episodes
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Evaluation 2
« interactions and learning »

96 Pfffﬂ____,g
95

94 /-J -
o3 1~ \ /'/

92

9l [

90

Grades

89

60 70 80 90 100 110 120 130 140 150 160 170 180
Episodes
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Outhne

Problem statement

Learning in ublqwtous systems

User Study

Ublqwtous system

Reinforcement learning of a context modeI
Experlmentatlons and results

» Conclusion
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Contributions

» Personalization of a ubiquitous system
Without explicit specification

Easy to evolve

» Adaptation of indirect reinforcement learning
to a real-world problem

Construction of a world model

Injection of initial knowledge

» Deployment of a prototype
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Perspectives

» Non-interactive analyze of data

» User interactions

Debriefing
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Conclusion

» The assistant is a means of creating
an ambient intelligence application

The user is the one making it smart
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Thanks for your attention

Questions?
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Interconnexion des modules

65

Capteurs

A

S Actionneurs
N ]

< f} bipServerTraceX [533cda00]
outputtraceX

startTime 8

peerld &y

name fp

owner iy

lock Ry

dass fip

~ &3 mailservice [f2897100]
sendMail 3+

listener

newMessages .

peerld R

name fi

owner By

lock My

class @y

= 3 UserLocalizationService [ff3d8700]
localize 3

shellcmd ==

peerld 8y

name @y

owner &y

lock @y

class iy

o 3} BluetoothTracker [f5dc4300]
event =
presEvent
devPresState S
shellCmd S
peerid By
name R
owner fp

lock iy

class iy
devicesList iy

room iy

 §d KdeEventsDaemon [f39e3500]

event e
queryDcop ==
peerld Ay 4 h
name k
owner iy - #34 DcopService [f6102600] [/
lock iy deopCommand 3= o
class @y peerid 4%
name g I
owner By O
lock By N
class fp s
1} MessageService [f2efb000]
text 3 @
= §) PersonalAgent [fd5c7e00] peerld iy M
xEvents name 4 /
btPresEvent owner &9 (
kdeEvents lock Ry s
getNearestDev 3 class R
newMail %
alarmForward D &
e B y
sendMessage 3= -~ @3 Text2Speech [fa8fee00] y IV%
localize stop o ‘ ~
getDevPresState == ext Q @
shellCmd 3= peerld 4

dcopCommand 3 name iy ( s@
peerld owner i @

name . lock By
owner b class
lock fp © O
class iy =

—_—

;m%:nr:r;teshell [f9db6600] ‘“o
peerld By “
= c© p&“

-~ ‘3\%‘
17/11/2010



Service OMiISCID

< &4 KdeEventsDaemon [f5e51800]

<. @9 DcopService [f5cf1100] event
dcopCommand == = »# queryDcop =%
peerld g peerid iy
name fip name fip
owner i owner iy
lock iy lock

class iy class
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Définition dun état

67

alarm title, hour, minute

xActivity machine, isActive

inOffice user, office

absent user

hasUnreadMail from, to, subject, body

entrance isAlone, friendlyName, btAddress
exit isAlone, friendlyName, btAddress
task taskName

user login

userOffice office, login

userMachine machine, login

computerState machine, isScreenLocked, isMusicPaused
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Modele de 'environnement

Action Evénement

Etat - Modele - E[état suivant]

Vv

E[renforcement]
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Réduction de 'espace d’états

» Accélération de I'apprentissage Jokers

» Factorisation d’etats <*>et <+>

..entrance (isAlone=true, pauseMusic 125.3
friendlyName=<+>, btAddress=<+>)..

» Division d’etats

..hasUnreadMail (from=boss, to=<+>, inform 144 .02
subject=<+>, body=<+>)..

..hasUnreadMail (from=newsletter, notInform 105
to=<+>, subject=<+>, body=<+>)..
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Le simulateur de 'environnement

o 54 PersonalAgent [f5139c200]

xEvents 4=
reward

btPresEvent =~
gethlearestDev
kdeEvents ==
newMail =
alarmForward -
currentState

VNC o

sendMessage 3=
localize ==
getDevPresState =&
shellCmd =&
dcopCommand ==

peerld ‘
name h
owner g
lock g
class iy

70

& ﬂ} EnvironmentSimulator [f2517e00]

connect
currentState =4~
play &
sendMail
close 4
reward o
event
presEvent

listener

outputtraceX —
devPresState ==

text ==
localize 2

command ==
dcopCommand =
startTime ‘

peerld h
name Mg
owner iy
lock gy
class g
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Critere d’évaluation : la note

» Resultat de ’AR :une Q-table
» Comment savoir si elle est « bonne » ?

» Apprentissage reussi si
Comportement correspond aux souhaits de l'utilisateur

Et c’est mieux si on a beaucoup explore et si on a une
estimation du comportement dans beaucoup d’états

1
note = E (10 X Neorrect T 2 X Pnonnul T nmtai)
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« Le tableau de bord »

» Permet d’envoyer par un clic les mémes événements que
les capteurs

Control Panel for Ubiquitous Environments
File Help
xEvents | Bluetooth |/Mail |/Alarm |/ ComputerState

known Devices In Office

hyperion

Whi_wvaufreyd

Pocket_PC # Enter
Jerome tel

ES840 Sonia

carime

cepheid
PRIMA Group Leave
bubblegum

Cahani=
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Modele de récompense

» Ensemble d’entrees specifiant
Des contraintes sur certains arguments de |’état
Une action

La réecompense
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Modele de
transition

Modele de récompense C N )

récompense

Action

/ o 'T’ ]

Récompense

Etats de départ
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Modele du monde

Interactions Mise-a-jour

réelles

Apprentissage supervise
du modele de récompense

Politique

» La base de données contient des exemples
[état précédent, action, recompense}

[s\ a <>
@ a €1 .
[s\
5\
@ d Ch+1 @
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