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1 Purpose of Document

In deliverable D4.1 and D4.2 we have proposed atmlirnmemory model focusing on
remembering, forgetting and generalisation mecamizith some implementation proposals
touching on migration, ethical issues and relatédlegical studies. We have also discussed
the hierarchical organisation of the companion’snmogy and made a link between memory
and the affective component of the agent mind.

In this deliverable, we are going to provide manéimation on each of these aspects by
describing the details of implemented mechanisner(iy retrieval mechanisms) and giving
justification/implementation proposals to other sk but yet to be implemented
mechanisms (forgetting and generalisation mechas)isime link between WP4 and WP5 is
more strongly defined through discussion on howréteeval mechanisms are being used by
the cognitive processes in the Agent Mind. Othsueés such as means for data capture and
storage; and ontology as well as database integrate also discussed.

We will first recapitulate our previous proposats Chapter 2. This is followed by a
description of the current state of the memorycttme, ontological design for data in LIREC
showcases and ontology definition and integrationCihapter 3. In respond to Year 1
reviewers’ comments, a memory experiment to evalusers’ preference on absolute
memory versus selective memory with complete dpson of the experimental setting,
results and discussion is presented in Chaptehdpt@r 5 reviews the implementation of the
retrieval mechanisms, particularly the compound ané spreading activation mechanisms
while Chapter 6 describes the role of the implem@metrieval mechanisms in the processes
in the companion’s mind. Chapter 7 lists the faiggtmechanisms that we deem useful to
the companion with justifications on why we thirlley are useful. Chapter 8 discusses the
migration issues in more detail with a proposalhomv it may be implemented. Chapter 9
provides an explanation on how the user profileuisently captured and stored in the LTM,
level 2 memory, grounding issues and integrationaofelational database. Chapter 10

presents our proposed implementation plan befaedhclusion in Chapter 11.



FP7-215554 LIREC Deliverable 4.3

2 Introduction

2.1  Proposed Memory Model - Recapitulation

Figure 1 shows the memory model we proposed dirimgse 1 (month 1-15) of the project
including both level 2 and level 3 memory modul&s. recapitulate, the level 3 memory
which is our main focus consists of a long-term magmand a short-term memory. Long-
term memory (LTM) is the structure that keeps infation for potentially a very long time

while short-term memory (STM) is a kind of internmegd-term memory that utilises

temporary memory structure. A selection processdgqkace in the STM, which determines
what should be retained in the LTM allowing the gamion to remember only significant

and relevant information.
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Long-Term (significant episodes, multimedia content paths) Semantic
Memory ¢ World

(LT™) Knowledg
General Event Representation (WK)
(GER (semantic + episodic)
A
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| v

2 Forgetting
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Figure 1: The proposed memory model

The LTM composes of a semantic world knowledge (WkKinponent, an autobiographic

memory (AM) component and a General Event Repraient(GER) component. The WK
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provides semantic knowledge to support the formatiba complete event. The AM holds
events taking place in the companion’s environmwhile GERs can be perceived as
memory schemata that provide expectations about thikaagent will experience. The STM
on the other hand consists of a STM buffers and akifng Memory (WM). The STM

buffers temporarily hold a limited set of recenertis while the WM holds common facts

about objects, locations, people and so on essémtize event reconstruction process.

On the other hand, in collaboration with WP9, wepmsed a blackboard architecture to
handle level 2 sub-symbolic data. The level 2 WMtyator-dependent WM and sensor-
dependent WM in Figure 1) is a set of knowledgerseal on the blackboard and each
knowledge source is associated with a specific @enry. Each competency can update
new data from sensors or commands for actuataitsetoespective knowledge source on the
blackboard allowing the low-level world model to bwintained separately from the high-

level symbolic representation in the level 3 memory

On top of this model, we proposed remembering angetting mechanisms that might allow
the companion to preserve a long-term relationstigh users by maintaining behaviour
coherency during interaction. A hierarchical orgation of the companion’s memory that
will facilitate remembering, forgetting and gen&sation processes was proposed.
Additionally, in order to address privacy and eghicssues, a link between modelling a
“human-like” memory and the Roboethics disciplinaswmade. Finally, as migration is one
of the key technical innovations in LIREC, we dissed our initial attempt in designing a

memory model for a companion that may supportghisess.

The main objective in Phase 2 (month 16-39) is dalise the proposed concepts and
mechanisms deem useful for the companion. Speltyficae would like to implement a
dynamic memory that

1) incorporates STM and LTM with reminding and esmbering processes; and

2) able to deal with migration between embodimemitsiout loss of consistency and

continuity

Since this document is written in month 27 andt28,main focus will be on our effort thus
far in realising the first aim. We will discuss teecond aim briefly and propose potential

ways to achieve it.
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3  Current State of the Companion’s Memory

3.1  Current State of the Memory Structure

In the current implementation shown in Figure 2 ¢maed view of the LTM and STM
components), the companion’s memory is functionatlyanised into semantic and episodic
memory, each consisting of a LTM and a STM compan&he semantic memory is a
memory about facts and is made up of a long-termaséic world knowledge (WK) and a
working memory (WM). On the other hand, the episotiemory is memory of past
experiences and consists of a long-term autobitigamemory (AM) and a short-term
episodic memory (STEM). The STEM component is tAeViSbuffers in Figure 1 that
temporarily holds actions and events before they lsing transferred to the AM. Only
significant events (events with emotional impact)d ahose related to goal processing

(activation, success and failure) are transferoetie AM.

Short Term Memory Long Term Memory

Episodic memory Significant

events/Goal
New Short Term related

actions/ Episodic events Autobiographic

events Memory Memory (AM)
(STEM)

Semantic memory

New Semantic

properties/ Working Update 1 World
evaluation Memory (WM) Knowledge

Retrieve (WK)

Figure 2: Current implementation of the companion’s memory

The WM temporarily holds information related to mmt goal processing including
properties of objects and people and the compamionternal representations of its
evaluation of potential events that might take @ldt contains limited slot and as the slots

get filled up due to goal processing, the inforim@iin the oldest slot will be updated onto the
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WK continuously. In the current implementation, tBER component of the LTM does not
exist yet as the generalisation mechanism hasew®t bmplemented and will be discussed in
Chapter 7.

3.2 Current Episodic Memory Attributes

As we proceed with the memory implementation, wgeheevised the episodic memory
attributes to support multimedia content storagel dmeory of Mind modelling (in

collaboration with WP5) discussed in Chapter 6.r€nir episodic memory attributes are
listed in Table 1 and illustrated in Figure 3. Thist is not final and may still undergo

revision as we continue the development process.

Table 1: Event attributes in the current AM

Attribute Name Description

ID The ID of the event

Subject The initiator of the event

Action The action performed

Intention The goal being carried out

Target The person/object involved in the event

Status The status of execution — applies to bo#h god action, e.g. activate,

success, failure, cancel

Meaning Speech act meaning for utterance of thgpaomn
Path Multimedia path

Object Other objects/person involved

Desirability Desirability of the event — useful ToM modelling
Praiseworthiness Praiseworthiness of the evenéfulisn ToM modelling
Feeling Emotion resulting from the event

Time Time the event took place

Location Location where the event took place
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Memory Records

Details

D [subject|action Jntention Jrarget [status JMeaning Jpath  Jobject [pesirability Praiseworthin... feeling  frime  JLocation |
0 JzELF Jookat | EELF Jsucceed | | | oo oo Meutra-on |4 [LivingRoom |
i JsELF Jiookat | Porn Jsucceed | | | Jio Joo JLowe-0.30599555 fia JLivingroom |
[z [sELF ] Jorest  Jobn Jactivate | | | Joa [0 [Mewtrakon |4 [Livingroom |

Figure 3: A snapshot of events
3.3  Ontological design

We proposed to organise the companion memory kigclly as in human memory where

single events are nested within larger cognitivecstires (Neisser, 1986; Wright and Nunn,

2000). Hierarchical organisation of data will fétele remembering, f

orgetting and

generalisation processes in the companion’s meniaged on the revised attributes of

episodic memory, we have identified fields that d¢enhierarchically organised — action,

status, time and location. An “action” is a chilideogoal creating goal-actions tree where the

goal is the parent node and actions are the ledds10The “status” field applies to both goals

and actions, thus, we may have the status as @& @hd goal or an action. T

can be hierarchically organised as shown in Figure

he “time” field

Yeal
Month
Weelk Date:
Week Da
Seagment of day (eqa. Morning, No
Hour
|
Minute
|
Seconi

Figure 4: Time hierarchy
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The hierarchy for location on the other hand isvalase-dependent. The tree structure for
location in the Heriot-Watt University showcasergsented in Figure 5. Figure 6 shows the
location hierarchy for University of Hertfordshirghowcase while Figure 7 shows the
location hierarchy for INESC-ID showcase.

EM
Building
\ Common
Rooms/ Corridors Areas
Offices \
/ Common
Offices Cl Crush Room
Lecture
Area
Rooms
/\ \ Notice
_ board
LR1 EM 2.22 Vendllng
machine
Tables
Mobile \
Docking Chalirs Phones .
station Chairs
/ \ \
= Laptops
obot
Lights (Users)

Central \
location Table 5 MID1 .
Docking
LID1 )
o \ station

Table 4 Printer

(Meiyii)
T:blel 3 Graphical
(Amol) Table 3 character
Table 2 (Michael)
(Rob;

Note:
this means that the collection can be brokemndimto individual object

Figure 5: Hierarchical structure for Heriot-Watbsitase locations
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It can be observed that the hierarchical graphsudec objects attached to the different

locations. This location information would be udefior the companion to determine the

position of the objects.

General
location

RobotHousg | Remote:

Door Table

Table gSofaTV
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Magazmﬁ\lewspape

. _house |
First floor
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- LivingAh
ntrance Kit
roo\m e | Bedroom
Living Dlnlng \ ‘
area area Oven Bed Desk
Worktop
Cupboard
Ch\air Table
_ Utensil
Docking  Dockinc
Station Station
(Pioneer) (AIBO)
_ AIBO
Pioneer

Office

/\

Desk

Laptop
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/N

_ Docking
C7a|rs Station
(Pionier 2)

Pioneer 2

Figure 6: Hierarchical structure for Universityldértfordshire showcase locations
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General
Location
Physical Virtual
World World
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handheld
Offices Demo K. .
Room Graphical iCat Graphical Pleo =
/\ Food ‘
2N7.27 |
Pleo’s
body
Interactive iCat
Surface
ChessBoard Projection
Table wall

Figure 7: Hierarchical structure for INESC-ID sh@se locations

3.4  Ontology Integration

In order to integrate the aforementioned hieraalh@tata structure into the companion’s
semantic memory, an ontological database is negeds@ have investigated some existing
ontology such as OpenCyc, Thought Treasure and ®fiess Common Sense. OpenCys

an open source knowledge base, a smaller versiothefCyc ontology for formal
representation of the universe of discourse. Tholigkasur@is a common sense knowledge
base and architecture for natural language praugsshile Open Mind Common Serise a
common sense knowledge base contributed by marpigpacross the Web. OpenCyc is the

! http://www.cyc.com/opencyc
2 http://xenia.media.mit.edu/~mueller/papers/tt.html
? http://commons.media.mit.edu/en/

12
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most comprehensive of all for our showcases. Howetlae to the specificity of the
showcases, we will still need to define most of toacepts ourselves. Common ontology
languages such as RDF (Resource Description Frarkpwo OWL (Web Ontology
Language) will be employed for this purpose to emstompatibility with existing ontology

databases to allow easier integration later.

13
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4  The Memory Experiment

41 Beyond “eROY”. user preferences and attitudes after

experiencing different companion memories

In previous research in LIREC, user preferencesh witggard to several companion
characteristics have been studied; among them ertesl user preferences regarding
absolute vs. selective companion memory (see DZR¢ main result was that subjects
involved in the experiment preferrextlective(or more precisely, biologically inspiréd

memory over absolute memory in companions. However, the results wermetmw

constricted because subjects had to imagine theawoions they were asked to compare,
based on written descriptions. Thus, the individoelginations of the subjects were likely to
influence their decisions in a manner uncontrodlably the researchers. To extend the
“eROY” experiment, the present study aims to overedhese methodological flaws, while
trying to answer the same research question: winielmory version will be more acceptable

in a conversational agent, absolute or selectivenong?

4.2  Apparatus & Online Questionnaire

Instead of having subjects imagining their companwith various implementations of
memory, we videotaped the interaction of one usih wwwo versions of a companion,
featuring absolute and selective memories (seer&igufor a screenshot of the video and
http://www.mequeon.com{Password mem10vS) for the whole experimentalpdeta this

experiment, the companion is a conversational agxRAH from the HW showcase. In the
absolute memory version, the companion remembeas/eénng being discussed and during
subsequent interactions is able to ‘recite’ theioal conversation. The companion in the
selective memory version on the other hand, remesrdody some events that it learned from
previous user interactions. These events were rdémed through tagging of emotional
responses from the user which allow the compamodetermine the significance of each

event. The scripts of the conversation for botlsigrs can be found in Appendix B.

* Here “biologically inspired” memory refers to thature of human LTM that LTM is not a “warehousé” o
static and unchanged memories and it should bea ofimonstructed based upon new world knowledge and
schemata (Barlett 1932).

14
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The user depicted in the video was engaged in tboesecutive conversations with each
version of the companion, the second was said ¥e baen taking place one week after the
first, and the third two months after the secontle Tonversations were videotaped and

presented to the subjects online (as illustratdeignre 9) and in balanced order.

Figure 8: Screenshot of the video showing the atgon between the user and the

companion

Having watched the three videotaped conversatiehsden the user and the companion with
the first memory version, the participants answeteshographic questions and then provided
their opinions on the usefulness and the likabitifythe companion in the video as well as
their interest in and the perceived naturalnesth®fconversation. The same questions were
asked after the participants watched the videosctlieg the conversations with the second
version of the companion. In the end, questionsewasked regarding the perceived
differences between the two versions and the maamts’ preference on living with a
companion. Questions were open as well as clossésaing not only perceived differences,

but also what these differences were.
The study was conducted with 20 German subject 6bthem female. Their age ranged

from 22-37 years (M=29.6; SD=3.8) and their educatievel was above average (68%

university degree; 14% university-entrance lev8Pclgeneral secondary school level).

15
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Intergdion 2 {Varsion 1] Imeraldion 2 {varsion 2]

Wergloloh Simuation 1 5.2
Hier noch-enmal die beiden Gesprachesiuationsn nach 2wel Monaten m Yerglesich:

II|||||||||||I|||||||||||I|||I|||I|||||||||||||||I|||I|||||||||||||||I|||I|||I|||||||||||I|||Illllllllllllllllllllllﬁl |||I|||||||||||||||||||_I]ll||!||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
[« ][> J[ww] (5] [Foo0rss jomonsz | st ] [w][n ][> v iEa] [Fovonajomonsz | o dimmi]
Interaldian 3 (\Varsion 1] Interadion 2 (\Wearsian 2|

3. Waelche Untersohbede haben Sie zwizchen den beiden Varsionen des Gosprichs bomaerie? ‘

&0, Welche A des Geaprichs winden Sie beveriugen? e 2 oz 3

v m
44, Warum? ‘
[ e——] S i (Fragebogen aboradra (B

Figure 9: A screenshot of the online videos andstjoenaire interface

4.3 Results

1. Manipulation Check: Detection of Differences betwethe two versions of the

companion (see table 2)

Differences between the two versions were detebe®0% of the subjects. The most
frequent differences reported related to the leveletail provided by the two versions of the
agent: 8 participants mentioned that the absolutenany version provided more or more
detailed information, or even repetitive informati¢3 participants), whereas the selective
version was characterised by the use of questrefisction of insecurities and confirmation
seeking behaviour (each mentioned four times). @bsolute memory agent was also
associated with providing more accurate informati@n participants). One participant
perceived the repetitive character of the absolatsion as “feedback, summary, reflection”

16
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for the user and rated this version as “more enigjat@verall, the selective version was

experienced as “more natural” (3 participants) dindore empathic / sensitive” (1
participant).

Table 2: Absolute frequencies of perceived diffeemnbetween the two versions of the

companion SARAH.

Absolute version Selective version

more detailed information bmore questions al
more information 3 more insecurities / checking
more repetition 3 more human / natural 3
more accurate information dess perfect/accurate 2
feedback, summary, reflectigrl | uses set phrases 1
less human 1 more empathic / sensitive 1
more empathy 1

2. Preference

The primary outcome variable was the question “Whiompanion would you prefer?”
Regarding this direct measure of preference, thecthee version was clearly preferred over
the absolute version (13 vs. 7 subje€68=2.9; p=0.000. Looking for reasons, answers to
the open questions provide some insights (see 8bléenerally, more participants tend to
like the companion with the absolute memory, mavantl it useful and slightly more
reported their interest in the respective convesahs opposed to the selective memory
companion although these differences were not fiegnit. However, significantly more
participants indicated that the conversation betwbe selective memory companion and the
user was natural as compared to the absolute mernarganion.

17
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Table 3: Differences between the subjective evalnatof the two versions of the companion

SARAH.
Abs | Sel | Wilcoxon test
Liking of companion 20% | 18% n.s.
Usefulness of companion | 10% | 4% n.s.
Interest in conversation | 50% | 45% n.s.
Naturalness of conversatigorb% | 23% .08

4.4 Discussion

In summary, while the participants of this studgacly preferred the selective memory in a

conversational agent over the absolute memory,pteference seems to be rooted at least

partly in the subjective experience of a naturapezience, at least when it comes to

interaction with conversational agents.

The generalisation of the results seems to bedohnsiomehow due to the small sample size

and biased sample composition resulting from oVemling and well-schooled subjects.

Also, characteristics of the videos and their anlpresentation may have influenced the

evaluations as opposed to evaluating real intenaatxperiences with companions. These

limitations can be overcome in evaluative studieatdring real companions and larger

samples.

18
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5 Retrieval mechanisms

Our memory is essential not only to almost evesk tave perform in various contexts, it
could also allow us to quickly retrieve personalgnificant events which enable us to re-
experience the past for purely social reasons.ciyi® memory retrieval plays a crucial role
in helping us to manage and make use of our rearataecent events from our own personal
past. Studies in personal information managemegt T&n, 2007 and the Memories for Life
project) have attempted to create augmented digital merioorsehabilitative purpose using
specific wearable devices (e.g. SenseCam) thatsampearries around to extend the richness
of data-capture. While the memory stores a hugeuainof audio and video data given that
storage is plentiful and affordable nowadays, teesgnal information management can be a
burden without well-designed and flexible retriemaéchanisms that can make sensible use
of the data. As discussed by Tan and colleague@7(28age 103), “even with convenient
classification and labels to apply, we are stilkiag the user to become a filing clerk —

manually annotating every document, e-mail, phota@onversation”.

The same situation applies to a companion agem.tyijres of memory retrieval mechanism
it employs may have strong impact on the percepifats intelligence, quality of interaction

and more importantly user engagement. In the pusvimplementation of the companion,

only the same exact event can be retrieved to psoite current situation. If no exact event
exists, retrieval will return a failure. To overcerthis restriction and achieve a plausible and
effective memory recall, we opt for biologicallysipired memory retrieval mechanisms. We
pursue our goal not by trying to mimic faithfullymman memory but by adopting the theories

in technologically plausible ways.

We looked at two major competing theories on thecess of memory retrievaBpreading
ActivationandCompound Cuédetail in D4.2) Spreading Activation (SAyfates that when an
item is presented, activation spreads from theesspitation of that item to other nearby
items in LTM (Anderson 1983a, Anderson, 1983b; Bfl1992; McNamara and Diwadkar,
1996).Compound Cu€CC) theory states that items presented are combinecampounds
in STM and then matched against information in LByl a global and passive matching
(Ratcliff and McKoon 1994). These retrieval meclsams are applied to the recall of episodic

® http://www.memoriesforlife.org/

19
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memory (EM). A rule engine, Droofsis employed to perform the association and

comparison processes during retrieval.

5.1 Memory Representation

In order to allow retrieval through th€C and SA mechanisms, the companion's
autobiographic memory events are assumed to besribdeare associated to one another via
attributes that encompass information about theatpjocation, time and so on forming a
network as shown in Figure 8 (based on simplifiegneple events in Table 4, only the nodes
for the subject “John" is presented). The higher namber of commonly shared attributes
between two nodes, the more related are those riedgsnode 1 and 5 in the diagram are
more related to each other than node 1 and 2). eThekations between nodes form

associative pathways between them.

Table 4: Some simplified events in the companiéivs

ID Subject Action Target Time Location
1 John Watch TV Afternoon LivingRoom
2 John Read Book Afternoon StudyRoom
3 Jane Watch TV Evening LivingRoom
4 Jane Read Book Morning StudyRoom
5 John Watch TV Morning LivingRoom
6 John Play Game Afternoon StudyRoom

Similarly, associative paths are also formed amattgbutes in each node. Each attribute
have a strength associated to each link, whiclencurrent implementation is a function of

its frequency of occurrence. These values aregitniened through use. Figure 11 illustrates
the relation between attributes for the nodes gufe 10 (the numbers refer to frequency of
appearance). Again, only one subject, “John" isesgnted and connections between action

and target to time and place have been omittetlaw aeadability of the graph.

® http://www.jboss.org/drools/

20
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5.2 Compound Cue

With the implementation of thCC mechanism, the companiom&trieval capability has bes
extended to theecall of similar but not the same evs. This enables the companion
retrieve relevant even{based on degree of similari that may help it to predict and respc

to the current situation more accurat

Each evenin the companion’s memc is a compound itenThe similarity between events is
proportional to the number of attributes they shThus, theCC techniqu: works through
comparison of an evefaisually a new incoming eventp existing events in the companiol
EM. For example, using ¢hmemory snapshot in Tab4 again, if an eventJohn Watch
Movie Afternoon LivingRoc” occurs, theCC will match this eventagains all events in its
memory and found that Node 1 has the highest giityildt can then use this event to prec
what will happen next in thateraction

Technically,an evaluation is performed on each attri of an evenais the matching proce
is being carried ouby the Drocs rule engineThe initial evaluation value is A match of an
attributewill result in multiplication ofthe existing evaluatiomalue with a factor of 1 and
mismatch with a factor of less than 1 (current§)0At the end of the matching process,
highest evaluation value indicates the highestlanty between the ent being matcheto
and event(s) in memor{xample rules for a match and mismi of the attribute “subjec is

presented below.

Rule for a Matct
For eachLE & EM
When subject(NE)= subject (LE)
evaluation(LE) = 1.0 xevaluation(LE)
Rule for aMismatch
For eachLE & EM
When subject(NE) subject (LE)

evaluation(LE) = 0.8 xevaluationLE)

The same format applies to other attributes in the ENthe complete list of rules can
found on the LIREC's svn under the rules folder -
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https://svn.lirec.eu/AgentMind/trunk/AgentMind/Memy®rocesses/src/main/rules). In the
rules, the event being matched to is representeditbywhile an event from the EM is
represented biE. Each time a match or mismatch occurs betweenetvemts, the phase is
increased by 1. The matching stops when the plsasgual to the number of attributes in an
EM event. The evaluation results are then returthéoagent mind for further processing
(described in Chapter 6).

5.3  Spreading Activation

While the CC mechanism allows retrieval of the most relevantnéyetheSA mechanism
allows retrieval of related events. This mechanismseful when the companion is trying to
find an answer to a query or in storytelling comnteXpplying the Spreading Activation
mechanism, when an attribute in the memory netvumikctivated, activation spreads along
the associative pathways to related attributes reodtes. The activation spreads based on
attributes known to the companion (when the congais searching for answer to a query)
or predefined rules (when the companion wants tideke related information for narrative
purposes, e.g. subject-object link, cause-effetf)liCurrently, only the spreading based on

known information is implemented.

For example, let's say it is afternoon now and Jeisnlooking for John. She asks the
companion if it knows where John is. The compantan “spread activate” through its
memory to find an appropriate answer. The knownbaiies areJohn and Afternoonwhile
the query idocation So, it starts withlohn,activating node 1,2,5 and 6 in Table 4. It then
continues toAfternoon,deactivating node 5 as it does not satisfy the yquequirements.
Thus, only nodes that satisfy a preceding phaseeprb to the next phase, reducing the
amount of memory events that need to be processadichlly as the spreading continues
from one phase to another. The next step is totfitbcationof John and sinceivingRoom

is returned with frequency 1 ar8tudyRoonwith frequency 2, the companion will chose
StudyRoonas the answer to Jenny’s question as shown inré-it21
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Figure 12: Spreading in memory

Technically, when the companion receives a quewynfthe user, it will gather all know
information from thequestiol. It then “spread activatesits memory using this set !
attributes to find the required answUsing the above example, the rulapplied for the
spreading ar@s below wher«Q represents the querkE represents aEM entry andCE
represents a temporary structuassociated toLE that holds intermediate inferen

information.

For eachLE & EM

When known(Q) contains subject

And subject(LE) = subject(Q)

And not CE contains extensiorsubject
Increasephase(CE)
Set extensiornCE subject

When known(Q) containstime

And time(LE) = time(Q)

And not CE contains extensiortime
Increasephase(CE)
Set extensiorCE time

When query(Q) is location

And phase(CE) = numKnown(Q)

Return location(LE)
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Similar rules exist for all attributes in EM everfcomplete list is available on the LIREC’s
svn). So, depending on incoming queries and itsvknattributes, the companion can spread
using different attributes and retrieves answersrdspective queries accordingly. The
spreading stops when all the known attributes atevated and satisfied. The order of
spreading does not follow a fixed sequence. Hellocghe example above, the spreading can

also start with the attribuifternoonfollowed by the attributdohn.

5.4  Implicit SA operator

Besides finding answers to explicit queries frora tiser, the companion can also use the
same mechanism to perform implicit spreading. Fatance, if the companion needs to
remind the user to take his/her medicine and tlez issnot in its current location, it can

implicitly spread activate in its memory to findetimost likely user’s current location. Based

on this information, it may then proceed to looktloe user.

This functionality has been implemented through 8% operator which allows implicit
performance of spreading activation to find anyinfation necessary for the companion to
achieve a current intention. The SA operator isdadlg an internal action that can be part of
a goal. For example, the pseudocode for the SAatgeto find a target’s location will look

as below:

Action:
SA([target],location)
Preconditions:
[AGENT](time) = [time]
[target](knowPossibleLocation,[time]) != True
SAQuery:
location = [possibleLocation]
SAKnown:
target = [target]
time = [time]
Effects:
[target](possibleLocation,[time]) = [possibleLocati]
[target](knowPossibleLocation,[time]) = True

In the above pseudocode, the parameters in squeckebs are variables while those in round
brackets are properties. This SA operator is execiftthe companion does not have any
prior memory about the target's possible location the current time. The companion

assumes that the known attributes for the SA mesimare the target and the current time
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while the query is the location of the target. Whhis SA operator is activated, the SA
mechanism is performed and the location with thghést frequency of occurrence in its
memory taking into consideration all events thaisgaboth target and time values will be
returned. When the possible location of the targdbund, the companion will update its
memory with this value, associated with the currime (detail on how the memory is
updated is provided in Section 6.1). The reasontli® is to save the companion from
performing the whole process again if it needsind the target’'s possible location for the

same time value in the near future.
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6 Integration of Memory in the Agent Mind (WP5)

This chapter describes the integration of the mgnmmmmponent in the Agent Mind,
explaining how new perceived events and knowledge stéored into memory, how the
memory is used in the creation of the ToM, and heswmnory retrieval processes can be used
by the agent cognitive processes. The compound(C@) process, which searches the
memory for similar events, is used to provide apegience-based quick emotional appraisal.
Spread activation (SA) is used to search for eventsiemory with positive or negative

desirability, which is of crucial importance to sea about emotions in others.

6.1 Updating the Memory Component

In order to explain how the memory components adated and later used, it is important to
first point out that there is one independent mgnstructure for the companion, and one for
each other agent in the companion’s ToM. Figureldf@cts an example of three independent
memory structures created when the companion cteerath two other agents: Agent B and

C.

ToM
Companion’s memory Agent B’'s memory Agent C's memory
ST LT ST LT ST LT
|Sem | |Sem | |Sem |
|Epi. | |Epi. | |Epi. |

Figure 13: Memory structures created inside thepaorions’s mind

There are three main types of updates in the mestangture: updates caused by changes in
the environment’s properties, updates caused bgrmeadt events, and updates caused by
internal events. Whenever a new entity (with neapprties) is added to the simulation, or a

property changes, this is perceived by the comparkior instance, in a simulation where the

companion puts a coin in a box, it will receive argeption stating that property

BoxA(contains,coinis now true. In the first stage of the update psscthis property is added
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to the companion’s semantic memory, and afterwargsadded to the semantic memory of
other agents in the ToM. The rationale is thatagiénts that are close by will receive the

same perception, and so the ToM should be updatzddingly.

However, there is an important exception to thidaip mechanism. In order to model actions
with effects that are visible only to some agénssdistinction between global effects and
local effects was createBoxA(contains,coinis an example of a global effect and represents
an effect that is perceived by all agents thatchwee by when the change happens. On the
other handcompanion:BoxA(contains,coicprresponds to a local effect that represents that
the effectBoxA(Contains,coin)s only perceived by the companion. In contrasglabal
effects, the perception of a local effect will onlgdate the memory component of the agent
indicated in the effect.

External events correspond to all actions that éapp the virtual environment and are
perceived by the agents. Whenever an external asgugrceived, the event information is
directly stored in the agent's own EM structure aotdsequently it is also used to update the
EM of any agent that is nearby. Similarly to thelaie of properties, it is assumed that agents
that are close by will perceive the same event. difference is that there is no exception at
the moment for the update of external events. Alereal event is always used to update

other agents’ memory structure.

Updating the EM requires more than just informatatrout the event. According to table 1
(described in chapter 3), an event in memory atsoes information about the emotion
caused by the event, together with values for p@asal variables: praiseworthiness and
desirability. Storing these two new variables isgssary in order for the companion to be
able to reason about emotions of others and perfotenpersonal emotion regulation (see
Deliverable 5.2). The argument is that to undecstaow others react emotionally to events,
one needs to reason about the complete emotiooe¢gs. Thus, it is important to remember
how others appraised events in order to be abknalate their future appraisals. Storing
only the strongest resulting emotion (as was dagferb) is not enough since information

about the appraisal process is lost.

" For example, if one wants to create an action e/ktez companion hides the coin in one of two hareténd
his back.
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Associating emotional information to the event iemory is straightforward if we consider
only the companion’s perspective. Once the evepeiseived and added to EM, it is also
used to trigger the companion’s appraisal procése appraisal variables and resulting

strongest emotion are then stored with the cormedipg event in memory.

Unfortunately, doing the same to update the meraasfeothers is not as simple. The first
step corresponds to simulating the appraisal aératising the existing ToM model and using
the variables from the simulation to update the wmmNevertheless, there are situations
where this does not suffice. As an example, ifdeent model predicted that another agent
would be sad after an event, but the agent smilstead, it means that the prediction was
wrong and the memory must be updated accordingbydd so, whenever another agent
displays an emotional expression, an inverse psooésppraisal (see Deliverable 5.2 for
more information about the inverse appraisal) isfogpmed. This process returns the
emotional state and appraisal variables that whalee generated such emotional expression.
This information is then compared with the predictalues, and if there is a mismatch, the
new information about praiseworthiness and deditalig used to replace the old values and

build up a more correct model of others.

Additionally to external events, internal eventg aitso stored in EM. Internal events are
events associated to the status of intentions/goiakhe agent. These are called internal
because they are generated by the companion’snahteeliberative processes. At the
moment, the internal events stored in EM are: ttivation of an intention; success in
achieving an intention; failure in achieving aremtion; cancellation of an intention. Storing
these events is very important in order for thenage remember whether he was able to
achieve the goal in the past or not. At the moméet,ToM component does not handle goals

and intentions of othetsso internal events are only stored in the congrésiown memory.

6.2  Application of the Compound Cue Mechanism

The CC mechanism provides us with a way to searemany for past related events, and
retrieve information about them. Since appraisé&brimation is stored for each event, this
mechanism is used to implement a form of classomalditioning. The idea is that by

8 This requires intention recognition, which is bseif a complex research issue.
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associating emotional information with events, \@a provide the companion with a type of
emotional expectations triggered by events. If a@ne has triggered negative (or positive)
emotions in the past, re-experiencing the evernit automatically generate the experienced
emotion. Notice that this happens even if whatioally justified the emotion is no longer

present. For instance, if an event caused a thmead goal, generating distress, re-
experiencing it will automatically generate distremven if the event no longer presents a

threat (e.g. the goal is not active anymore).

This automatic appraisal process is performedenctimpanion’s reactive layer. When a new
event is perceived, the information about the eysuabject, action, target, parameters and
location) is used to activate the CC process. @@ tieturns the most similar event stored in
memory (as is described Chapter 5) together with fihal CC evaluation value. The

evaluation value returned represents how simildhasreturned event to the original one. A
value of 1.0 means that the returned event is Bxdat same, while a low value indicates
that the closest event found is only slightly rethtto the original one. As such, it is

reasonable to use this value to influence the aaticnmappraisal process. The appraisal
information (desirability, praiseworthiness) stoiiedide the returned event is multiplied by
the evaluation value in order to determine thelfappraisal values. Finally, these appraisal
values are used to generate emotions. If a retuexedt has a high evaluation, the resulting
emotion will be as strong as the original emotigpezienced, but if the evaluation is small,

the resulting emotion will be much less intense.

Having the CC mechanism returning similar eventsgvan exact match is not found) has
some interesting effects on the automatic appramedhanism. Suppose that the companion
perceives an action A towards a target B. If theganion only remembers action A towards
target C, this event will be retrieved and the campn will experience a similar emotion
(albeit slightly less intense). Nonetheless, thé® &reates a potential problem. If the agent
never experienced action A before, CC may retutistinct action but with the same subject,
target, parameters, and location with a relatiegh evaluation (e.g. 0.8). This may cause
awkward situations, such as the companion apprpisim insult as something positive
(because the companion remembers a positive actionyder to solve this problem, we are
currently analyzing and testing the assignmentiféérént weights to different attributes in

the CC process (currently all attributes have #raes weight). For instance, it makes sense
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for the action attribute to have a very strong ftgria the evaluation value when there is no

match, while a mismatch of the location attributeldd not require a strong penalty.

6.3  Application of the Spreading Activation Mechan ism

The SA mechanism can be used to query the EM femtsuelated to a given attribute (or set
of attributes). For instance, if we specify thedten attribute, we can query the memory
searching for past events that are related togheifsed location (events that happened in the
specified location). Since it is possible to spreatvate on any attribute, SA provides us
with a very flexible mechanism to search for infatran stored in EM, which can be used
either in a goal or action’s conditions or evendasa plan being developed. One relevant use
of this mechanism, already mentioned in chaptas Shrough the use of a special internal

operator (the SA operator) in the companion’s plagprocess.

Whenever a plan requires an educated guess orcpoedabout an attribute, it can use one of
several predefined SA operators that map a setrdfges into another attribute. Figure 14

shows two simplified examples of SA operalofEhe first one receives a time and a target
and returns the most likely location where the @argight be at the given time. The second
one receives an action and returns the subjectgimore strongly related to the action, or in

other words the subject that is more likely to parf the given action.

SAl: Time x Target Location

SA2: Action  Subject

Figure 14: Simplified examples of two SA Operators

Once the SA operator is added to a plan, it is @eecinternally (no action is executed in the
environment), and will trigger the SA mechanism hwihe input variables as Known

Attributes, and the desired return value as the @#ery. The value returned by the SA
mechanism is directly used as the return valuenefSA Operator (please refer to section
5.4).

°® The examples provided are grossly simplified. Tredinition of an SA operator is actually much more
complex, but the main idea is exactly the one gledihere.
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Another important use of the SA mechanism is wihencompanion’s performs interperso

emotion regulation in order to explicitly changersmne else’s emotional staSuppose that

the companion has the goal of mal the user happy. In this cagke goalcan be to make

the user smileFigure 15 shows the development of the plan toeaehithis goal irthe

deliberative componentUsing the ToM model (in particular the Action Tendies

component) about the user, the companion knowsthieatiser will smile if it is in a state

joy. After this step, the planner adds an operator Hpacifie: that joy is caused by

desirable eventThis operator has a special condition, named &ppalConditio, which in

this case is responsible to find all actions tmata@nsidered desirable by the u

p— - E—— O E—e E—n E— EEe e Es e e Es Ees

Companions’s social plan in the deliberative layer

4 Companion’s estimation
/ of actions and processes
of the User

”

Appraisal Condition that searches episodic
memory for desirable events for the user
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I
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|
|
|
|
|
| Appraisal(User,[s].[a].[t], Desirable), Event([s],[a],[t])
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|
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|
|
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OCC Joy Rule

EmotionalState(User,Joy)

|
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(the agent building the
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\ User: Smile() /

Figure 15: Building up a plan to make the user ly
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More generally, an appraisal condition links anrévi®@ an appraisal variable. It works by
searching in EM for events that satisfy a definggraisal variable (e.g. Desirability or
Praiseworthiness or both) for a given target. Afterappraisal condition is added to a plan, it
will be selected and executed in the next planmyge. Executing an appraisal condition
involves two steps. The first one is to simply stlan the ToM the EM of the target.
Remember that the ToM has one independent memutste for each agent known, so the
search has to be done in the corresponding EMhédnekample depicted above, since we
want to search for events desirable for the uker,ToM’s memory structure that represents
the user's memory is selected. Once this is saleetespecial type of SA will be performed

on that memory, searching for actions that weresictemed desirable by the user in the past.

This SA is done by selecting the desired apprarsailables as Known Attributes (since
desirability and praiseworthiness are memory atteb, they can be used to trigger the SA
mechanism) and by defining the query as the ac#tinbute. Unlike other attributes,
desirability or praiseworthiness do not requireeaact match in the spreading process. For
instance, if we search memory for a desirability34f, any event that has a desirability of 3.0
or higher has a positive match. There are other taelevant differences between this
spreading mechanism and the conventional one, Eiistone returns the entire event and not
just one of the attributes. The second differesabat the SA returns not one, but a list of all
events found. The rationale is that the companeeda to consider all possibilities that may

satisfy the appraisal variables. If one of thensfdie can always try another.

Using the list of events resulting from the Spréativation, the Appraisal Condition creates
several alternative bindings for the event variglsigecified in the plan, one for each returned
event. This will lead to the creation of severa¢dative plans. For instance, if an CheerUp
action towards the user was remembered as desirathle past, the Appraisal Condition will
apply the following substitutions to the plan: {il@dheerUp,[t]/User}. Finally, the planner will
add the corresponding action to the plan as shavigure 16.
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7  Forgetting mechanisms

In D4.2, we reviewed many forgetting mechanismanfrpsychology and neuroscience
viewpoints. We argued that forgetting is importémt a long-term companion not just for

improved performance through reduced informatiorocessing but also to increase
believability and naturalness of the companion. &ime is to develop companion agent with
certain features of human-like memory that suppatural and social interactions. Most
humans routinely forget details of their experien¢Ebbinghaus, 1885/1913) although the
real reason for this — whether it is due to aclosé of information or inability to retrieve it —

is unclear.

7.1 Implemented Mechanisms

Currently, a few of the proposed mechanisms of dtingg have been implemented —
motivated forgetting, forgetting due to low relegan intentional forgetting, time-based
decay and displacement. Motivated forgetting (Frel@i37) occurs when the companion
blocks sensitive information that might jeoparditse relationship with a user from other
users of whom the information is sensitive to (dechi the First Experiment during year 1
review, described in Chapter 3 of D4.2). It enaliles companion to recognise and tag
sensitive information — information that is private the user so as to form more socially

acceptable interactions.

Forgetting due to low relevance takes place wheentsvwithout emotional impact are
deleted from the STEM. The deletion of unemotioea¢nts from STEM is also due to
displacement. It happens when the STEM is full endlearing up space to accommodate
new incoming events. Intentional forgetting, whisha type of interference (Baddeley, 1997,
Baddeley, 1999) occurs when the companion updéesemantic memory with the most
recent information, e.g. when the user relocatepetmits the companion to adapt to its
environment continuously by replacing obsolete mgmdems with new incoming

information. Additionally, time-based decay whichbased on trace decay theory (Brown,
1958) gives focus to the most recent events allgwiie companion to keep track of its goals

and actions, hence preventing it from performirgggame goal continuously.
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7.2  Other Proposed Mechanisms and Justification

In future, we aim to give the companion the follogiforgetting capabilities: activation-
based forgetting (Nuxoll et al 2010), functionatdg theory, forgetting on change of beliefs

(interference) and generalisation (discussed iti@ec.3).

Activation-based forgetting operates based on faqy of access. The more frequent a
particular item in memory is accessed, the higtseactivation value and the more active an
item, the more accurately and quickly it can beigeed from memory. These activation

values reflect the importance of items in memorthecompanion’s tasks in general.

On the other hand, the core idea of functional gélcaory (Altmann and Gray, 2000) is that
the most recent information must be the most adtivememory to allow reliable and fast

retrieval. Forgetting of unrelated information issential to allow situational awareness,
hence, enabling the companion to concentrate onufrent task. As the current task finishes

and decays with time, retrieval becomes more diffic

By combining the activation-based forgetting andctional decay theory, the companion
will be able to determine a set of information theimportant to its tasks in general and
information that is particularly relevant to therant task. Hence, it will be able to extract
the subset of information for migration that may@e its behavioural continuity when it

moves from one platform to another (see Secticor 8iétails).

Forgetting on change of beliefs is a type of rattiva interference where information
encoded later interferes with information that wasoded at an earlier stage. We think this
mechanism will be useful in the companion’s appiamocesses, particularly in Theory of
Mind modelling because it will allow the companitmupdate its belief about the user as it
gets to know him/her better. For example, aftegva interactions with user A, it might learn
that action X which makes user B happy does notyajgpuser A. It can then update its

memory with this new belief about user A.
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7.3 Generalisation

Generalisation describes abstraction processesemany. The ability to form abstraction
from details is important because it will allow tbempanion to pay attention to only high
level information rather than details with prolodgeteraction. It enables the companion to
regulate the amount of data in its memory. Thiscephis consistent with the reconstructive
nature of memory (Schank, 1982; Barlett, 1932; Adipal Hasher, 1983) and is part of the
learning process. Through generalisation, the comopawill be able to create basic
categories to represent its complex, ever-changimgronment. When necessary it can
combine this abstraction with its semantic worldwiedge to reconstruct complete events.

We proposed the application of a novel data mirapgroach — hierarchical classification
(HC) (Freitas and Carvalho, 2007) for generalisatmf the companion’s memory. A
description of hierarchical classification can barfd in Appendix A. We are considering the
top-down approach for HC. Our problem is more caxghan a conventional hierarchical
problem for in our case not only the class attelheas a hierarchical structure, some predictor
attributes also have hierarchically-structured galuGiven the complexity of the target
problem and the lack of previous work in the areagems sensible to start with a relatively

simple approach before trying more complicated ones

7.3.1 Generalisation example

Let's take a look at an example on how we propasenplement the HC using a set of
simplified data presented in Table 5. In orderéfiree our target HC problem, we must first
define instances, class attributes and predictoibates. Instances are the input to the
machine learning scheme and are events in the coorps memory. Class attribute refers to
the attribute to be predicted while predictor htites refer to all other attributes that defines
an instance. Since this is a HC problem, we aerésted only in prediction/classification of
class attribute which is hierarchically-structureging instances in Table 5, suppose that the
attributelocationis chosen as the class attribute. Assuming thgaaian is moving inside a
house, the first data instance shows that the eveniirred in the general locatidining

room, and more specifically at thable
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Table 5: Some simplified AM instances with hieracahattribute

ID Subject Action Target Location Time

1 Amy Eat Apple LivingRoom.Table| 2010.05.18.Mornin
2 Claire Play Game LivingRoom.Sofa| 2010.05.18.Evenir
3 Amy Play Game LivingRoom.Sofa| 2010.05.19.Evenir
4 John Read Book StudyRoom.Desk| 2010.05.20.Afternoc
5 John Chat Andy StudyRoom.Chair| 2010.05.21.Evenir
6 John Watch TV StudyRoom.Desk| 2010.05.22.Evenir

In order to implement th@roposed to-down HC approach, we would need to tra
classifier for the root node that will discrimindietwee classediving roomandstudy room
a classifier for théiving roomnode thawill discriminate between subclasstable andsofa
and a classifier for thetudy roomnode that will discriminate betweeubclassedeskand

chair. In the testing phase, each test inst is first assigned to the root classif

We will show howthe generic method can be impleme by using a simple Naive Bay
classifier (Witten and Frar 2005) as the base classifier. Naive Bayes is a-known

classification algorithm. We are using it hereiterconceptu: simplicity.

Here, we show a sultsef probability calculatior associated with the training of Nai
Bayes at the root node, @nceptually similar set of probability calculatoornvould b
performed for the Naive Bayes trained at the crastesliving room and study room Let
location be the class attribute to predicted and let Xi = 1,.,,4 denote the predictc
attributessubject, action, targeandtime respectively. Naive Bayes has to compute, for
class, thevalue of its posterior probabilitas shown in Equation (WhereP(class) is the
class’s prior probabilitylt then assigns to an instance to be classifiedctass with the

largest posterior probability valt

P(class|attributes) = P(attributes|class) x P(class)
= [IiP(Xi|class) x P(class) (1)

Using the verysmall dataset in Tabl3, the prior clasprobabilities for the classifier at tl
root node would be: R{ing room) = 3/6 = 1/2, P{tudy room = 3/6 = 1/2. The condition
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probabilities of the form P(class), for example, would be computed asuBject =
Amylliving room) = 2/3, P§ubject = Clairdliving room) = 1/3, P§ubject = Johftiving room)
= 0/3 = 0, Pgubject = Amjstudy room = 0/3 = 0, Pgubject = Clairg¢ study room = 0/3 = 0,
P(subject = Johpstudy room = 3/3 = 1. The conditional probabilities of theerh P(X|class)

fori =2,...4 can be computed in an analogous way.

Suppose now that a given test instance is subntittéicle Naive Bayes classifier trained for
the root node. Afterconsidering the values computed by Equation (I)efch classas a
function of the attribute values observed in thet tastancethe classifier would assign the
classliving roomor study roomto the instance. Note that, if the test instance hasvalue
Johnfor the attributesubject this fact by itself would suggest (ignoriregher attributes for
now) that the most likely location for agvent involvingJohn (at the first level of the class
hierarchy)would be thestudy roomsince Pgubject = Johhstudy room = 1 and P$§ubject =
Johrlliving room) = 0 and the two classes have geme prior probability (1/2). Of course,
the prediction of thdocation of an event involving John will also consider #ie other
predictor attributes. So, if the user wants to jotetthe location of an eventvolving John,
the user will have to provide all the contextugbrmation for the event, such as with whom
John would beanteracting, what John would be doing and so osindilar prediction process
would be performed for the most specifevel of the location class hierarchy, as per the

above-describetbp-down approach.

Thus, this mechanism will allow the companion teate abstraction from data in its
memory, reducing the amount of data that it needprbcess in future. The resulting
abstractions are stored as GERs. This process & wé called “dreaming” process that

“cleans up” the companion’s AM when it is not penfing other tasks, e.g. in the evening.
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8  Migration

8.1 Overview

Migration is one of the key technical innovationslWlIREC. When considering migration of
the companion between different embodiments inolydrobots, mobile phones and
graphical screens, maintenance of identity isaaitto sustain the user’s belief that they are
still interacting with the same companion despite tdifferences in appearance and
capabilities. In order to achieve this, the mindtw companion will be migrated and only
one copy of it will be active at a particular insta of time to ensure consistency. However,
due to the limited resources on platforms such abile phones, it would be infeasible to
migrate the complete memory of the companion. Thhe memory model has to be

designed in a way that supports this process.

8.2  Migration of STM

We propose to migrate only the STM of the companibien it moves from the robot or the
graphical screen to the mobile phone platform. ddgeacity of the STM will be extended for
this purpose to ensure that the companion has alalbshe necessary data it needs to

maintain continuity in its behaviour.

As discussed in Section 7.2, the subset of mentatywill be migrated will be determined

by activation values. These activation values Wl generated continuously throughout the
companion’s interaction with users and while perfimg tasks by the activation-based
forgetting mechanism and the functional decay thedrhe SA and CC mechanisms can be
applied to retrieve relevant and related memorgnelds for migration based on these active
elements. In the case of task-dependent migratiogréting to achieve a certain task), SA

and CC mechanisms will help to determine the sutfseiemory necessary for the task.

By migrating only a small subset of the memory, ¢benpanion will be better able to cope

with various data transfer bandwidth as well aspgbdormance of the mobile phone CPU
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and memory size. In conjunction with this aim, 8% and CC processes might also be made

unavailable to the companion when it is on the hegbiatform.
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9  Other Memory-Related Issues

9.1 LTM and user preferences

One of the important goals of the artificial comjpemnis to remember and support individual
user’s activities; therefore to certain extent eiser-companion interaction can be tailored to
meet one’s personal requirements. The first ste@itds achieving this is to allow a user to
initialise the companion’s long-term semantic wokdowledge (WK) with some basic

preferences and daily routine activities.

Collecting the user's personal informatidrin the companion’s initialisation process is
essential to facilitate the social interaction kedw a user and the companion. There are
several important psychological implications widgards to Social Motives (see Deliverable
2.1 for details):

Belonging: The companion is able to obtain information abookpmics, attention level and

the user’s preferences to increase the feelinglwinging in the user.

Understanding: The user’s preferences are remembered in the caoompsriTM WK to

show a better understanding of the user’s dailyimeuand habits

Controlling: As the companion should carry out the user’s agpditasks with high priority,
the companion’s autonomy is regulated to a ceratent by the user's requirements. This
allows the user to have more control over the congues behaviour.

Trust: A companion initialised with the user’s persondbmmation can perform its tasks in a
consistent manner, thus can gain the user’s tAdditionally, better predictability of the

companion’s behaviours can increase the user’stousrds it.

10 Given the fact that ethical concerns may arise withcollection and storage of user’s personalrmédion,
the future development of this research directidhtake into account the ethical issues regardiompanion’s
memory control. Details can be found in Deliverabl2, Section 8.
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Therefore, the initialisation process can be seetha first step for a user to personalise the
artificial companion. By allowing the companion learn about the user's routine activities
and personal preferences, the reaction time ofctmapanion can be minimised when a
request is received or a goal is initiated. Inthé Robot House Showcase, the companion’s
WK is currently initialised with the following: usenformation, routines and preferences,

and properties of objects in the house.

The following picture and screenshots show the gbype of Companion Initialisation
Interface used in the UH Robot House Showcase. AsBag Q1 Ultra tablet PC with a 7
inch touch screen was used and placed on top d®itireeer robot for the implementation of

the interface.

UMPC with touch
screen interface

43



FP7-215554 LIREC Deliverable 4.3

9.2 Level 2 Memory and Grounding Problem

The problem of symbol grounding has been a hug#ecigge in Al research for decades. In
LIREC, the input from different sensors is transthto symbolic information by Level 2

competencies in CMION (refer D9.3). A blackboardtthcts as the Level 2 working memory
(refer Figure 1) has been implemented for this psepto allow competencies to write on.

The blackboard stores sub-symbolic information tuahpetencies share between each other.

For example, there could be different user idesdtion competencies such as face
recognition competency, voice recognition competeaied so on. All these competencies
can be used to identify users with a degree ofac#st (probability). These probabilities
information which is sub-symbolic can be writtertathe blackboard for further processing
by an overarching user identification competendye Tiser identification competency will
take all probabilities from the blackboard as inpotl perform necessary analysis. It can then
update the world model (Level 3) with the symbdaligput it generates. This example is on
sensor-dependent working memory in Figure 1. Thmesdlackboard can be used as

actuator-dependent working memory.

9.3 Database

The main goal of LIREC — to establish long-termatieinships between artificial companions
and humans — entails the maintenance of the companmnemory for a long period of time.
As the interactions with users are prolonged, the sf the memory will grow substantially
and quickly. In order to systematically store tlaigge amount of data, we plan to integrate a
relational database such as MySQL in future.
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Implementation Plan

LIREC Deliverable 4.3

10.1 Proposed Experimental Schedule

Table 4: Proposed Design and Implementation Sckeedul

Tasks

Time Scale

Detailed design:

Forgetting mechanisms

Hierarchical classification

3 months
Start: month 28
End: month 30

Implementation and testing:

Forgetting mechanisms

Memory migration

Ontology definition and integration

Hierarchical classification

Integration with WP5 on modelling ToM

Application of forgetting based o
change of belief

9 months
Start: month 31
End: month 39

45




FP7-215554 LIREC Deliverable 4.3

11 Conclusion

In this document, we presented our progress thusnfahe design, experimentation and

implementation of the companion’s memory. Briefiye

recapitulated on our proposed memory model andepted the current state of the

memory implementation

- presented an experiment on users’ preference obrnapanion with an absolute

memory versus one with a selective memory (WP2)

- provided technical descriptions of the differentrieval mechanisms, specifically
compound cue and spreading activation mechanisthsexample applications in the

agent mind’s processes (WP5)

- provided justification and proposal on how we apeng to implement the forgetting

mechanisms including generalisation

- discussed migration issues and other memory relaseigs such as users' preferences
initialisation, level 2 memory, grounding problearsd database integration issue

So, the next step is to complete the detailed desighe forgetting mechanisms proposed
before we proceed with the implementation and nigstif these mechanisms. An ontology
database will also be integrated to allow the cangrato perform common sense reasoning
and hierarchical organisation of its memory. Inevrtb store the increasing amount of data

systematically, a database will be employed inritu
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Appendix A Hierarchical Classification

Classification is one of the most important proldem data mining (Witten and Frank,
2005). Basically, it can be defined as (Freitas @advalho, 2007): given a set of training
instances (examples) composed of paxisyi}, find a functionf(x) that

maps each attribute vectsr to its associated class, i = 1, 2, ...,n, wheren is the total

number of training instances.

After training, the predictive accuracy of the slfisation function induced is evaluated by
using it to classify a set of unlabeled (unknowass) instances, unseen during training. This
evaluation measures the generalisation ability diptive accuracy) of the classification

function induced.

In Hierarchical Classification (HC) problems (SundaLim, 2001; Freitas and Carvalho,
2007; Vens et al., 2008), the classes are disposadierarchical structure, such as a tree or
a direct acyclic graph. In these structures, theeesaepresent classes, and the edges typically
represent a “is-a” relationship between classeanlfnstance is assigned to a given class
that instance should also be assigned to all oatteestral classes of We emphasise that in
general what defines a HC task is the fact thatthgs attribute has hierarchically-structured
values, regardless of whether the other attribfitespredictor attributes) have hierarchically-

structured values or not.

There are two major types of HC approaches, nathelytop-down” approach and the “big-
bang” approach (Witten and Frank, 2005). In essemcé¢he top-down approach a set of
classification models is built from the training aad their predictions are combined in a top-
down fashion. The classifier predicts, for the eatrinstance, one of classifier’s child classes
at level 1. The instance is further passed dowthéoclassifier whose child class was just
predicted, and so on until the instance cannouliedr classified (e.g. when a leaf class node

is reached).
In the big-bang approach, a single classificatioodeh is induced which is in principle

capable of predicting any class, at any level & therarchy, for a test instance. HC

algorithms following the big-bang approach in geheare more difficult to design and
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implement than algorithms following the top-dowrpegach, since in the latter each of the
classifiers can be induced in a modular fashioryirsp a simpler problem, therefore

implementing a kind of “divide and conquer” approac
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Appendix B Scripts for the Memory Experiment

Narrator: Asad is a Phd student at Heriot-Watt @rsity. He enjoys watching movies and
hanging out with friends. Asad has a companion whermsually talks to and gets help in his
daily tasks. The name of his companion is Sarairfaal character on a screen. You are now

going to see a few snapshots of Asad’s interaatitim Sarah.

B.1  First Interaction (Same script for both absolut e and selective
memory versions)
: Hello Asad, how are you today?
: | am good, how are you?
: I am fine, thank you. Did you watch Avatar tbatne on screen yesterday?
: Not yet. But | really want to watch it eventuall am so curious.

. | saw on the internet that it is a very good raolt has a very good score from reviewers.

C

A

C

A

C

A: I know. | am going to watch it soon.
C: When are you going to watch it?
A: This Wednesday evening.

C: Who are you going to watch it with?

A: With my girlfriend, Jenny.

C: | see, with your girlfriend Jenny. That's grelatyould recommend you to watch it in 3D
for a better experience

A: T will.

C: Are you doing something before the movie?

A: Hmm... | think some of my friends are plannioghave a game of bowling at a Bowling
Centre called Ten Pins or something, but | don'é¢ao much for bowling.

. | see. Anyway - have fun!

: What's the time now? | have an important meethg.15pm.

- Itis 2 o’clock. Is it a regular meeting?

: Yes, once a week.

: Who are you meeting?

: | am meeting my supervisor in her office.

. Is it to discuss about your Ph.D work?

: Yes, about the literature review. | have spelataf time and energy on that lately.

O >» O >» O » O 2 0O

: I hope your work is going well
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A: Yes, | hope so too.

C: Good luck in your meeting. Good bye.

B.2 Second and Third Interaction (Absolute memoryv  ersion)

Second interaction: a week later on Monday

C: Hi Asad, nice to see you again.

A: Hi.

C: Did you know that Avatar is now the number onzvia in the box office?

A: No, but | am glad to hear that.

C: Last week, you told me that you are going toclat in 3D on Wednesday evening with
your girlfriend, Jenny. Did you enjoy it?

A: Yes. Although it was quite a long movie, | rgadinjoyed it. The animation was brilliant.
C: | see.

A: James Cameron is the director of Avatar. Heigreat. He also directed the movie
Titanic, an Oscar winning movie.

C: Yes, that's right. By the way, how was the gashbowling with your friends at Ten Pins
Bowling Centre?

A: It was ok.

C: It is quarter to 2 now. Last week, you told rhattyou have an important meeting every
Monday at 2.15pm with your supervisor in her offiocaliscuss about your Ph.D work

A: Yes. Do you remember about the meeting last week

C: Yes. You discussed the literature review lagtkv®id it go well?

A: Yes, this week | will start with the system dgsil need to draw the UML diagrams for
my system.

C: System design sounds like an interesting tdpseh help you to find some information
from the internet.

A: Don’t worry. | will get some books from the ldy and | will be working with Steve.

A: | have to go now. Bye!

C: Good bye!

52



FP7-215554 LIREC Deliverable 4.3

Third interaction: two months later

C: Good morning Asad.

A: Good morning. What is on the news today?

C: Do you know that James Cameron has been nordif@t¢he Best Director 2010 Golden
Globe award?

A: Oh... that's good news. Do you remember our elbaiut Avatar?

C: Yes, | remember that you went to watch it twonthg ago on a Wednesday evening with
your girlfriend, Jenny and before that you had @lbw game with your friends at Ten Pins
Bowling Centre.

A: Yes, | did.

C: You mentioned that although the movie was doitg, you enjoyed it and the animation
was brilliant.

A: Yes.

C: You also mentioned that he is a great direatordirected the movie Titanic, an Oscar
winning movie, so | guess you are pleased for dimination.

A: Indeed.

C: Are you having a meeting at 2.15pm with youresusor in her office to discuss about
your Ph.D work today?

A: Yes.

C: Everything is going well | hope. You mentionédt the regular discussions went well
over the last weeks, since you started to meet gpervisor two months ago to discuss the
literature review.

A: Not really.

C: I am sorry to hear that. | remember that youenggring to get some books from the library
and working with Steve to draw some UML diagramil Ebmething go wrong?

A: No. | just need to refine some of the diagrams.

A: I should go now. Bye!

C: Good bye! Asad

53



FP7-215554 LIREC Deliverable 4.3

B.2 Second and Third Interaction (Selective memory version)

Second interaction: a week later on Monday

C: Hi, Asad, nice to see you again.

A: Hi.

C: Did you know that Avatar is now the number onzvia in the box office?

A: No but | am glad to hear that.

C: Did you enjoy it? You said that you were goingmatch it last week.

A: Yes, absolutely. Although it was quite a longvig | really enjoyed it. The animation
was brilliant.

C: | see.

A: James Cameron is the director of Avatar. Heigreat. He also directed the movie
Titanic, an Oscar winning movie.

C: Yes, that's right. By the way, | think you hateéd me that you wanted to do something
else before the movie... what was it? Was it bowling?

A: Oh yes, that’s right. Yes, | went bowling withyrfriends.

C: How was the game of bowling?

A: It was ok.

C: It's nearly time for your regular Ph.D meetinghwyour supervisor.

A: Yes. Do you remember about the meeting last ®eek

C: Yes. How did the discussion go? Did it go well?

A: Yes, this week | will start with the system dgsil need to draw the UML diagrams for
my system.

C: System design sounds like an interesting tdpseh help you to find some information for
you from the internet.

A: Don't worry. | will get some books from the ldmy and | will be working with Steve.

A: | have to go now. Bye!

C: Good bye!
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Third interaction: two months later

C: Good morning, Asad.

A: Good morning. What is on the news today?

C: Do you know that James Cameron has been nordif@t¢he Best Director 2010 Golden
Globe award?

A: Oh... that's good news. Do you remember our elhaiut Avatar?

C: I remember that you went to watch it a while.dgoust be some weeks ago, am I right?
A: Yes, | did.

C: I remember you saying that although the movis lwag, you enjoyed it and | think you
said you really liked the animation. Do | rememttes correctly?

A: Yes, absolutely.

C: I think you told me that he is a great direcsmr, | guess you are pleased for his
nomination.

A: Indeed.

C: Who did you watch the movie with again?

A: With my girlfriend, Jenny. She also enjoyed thevie very much.

C: That’s great!.

C: Are you having your regular Ph.D meeting todag.a5 pm?

A: Yes.

C: Everything is going well | hope. As far as | ember, you mentioned that the regular
discussions went well over the last weeks.

A: Not really.

C: I am sorry to hear that. Did something go wruaritlp your system design?

A: No. | just need to refine some of the diagrams.

A: I should go now. Bye!

C: Good bye! Asad.
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