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Abstract and in the same time — maximal computational ofétidn
of the code and use of very efficient inferencehuds (e.g.
This paper presents the introduction of emotionetlas  see (Kiryakov et. al., 2005)).
mechanisms in the Triple ECA model. Triple is a fyb In this paper the emotional module of Triple isgeneted
cognitive model consisting of three interacting mled — the and its relations to the other modules. The maitivado
reasoning, the connectionist, and the emotion esgin model emotions in the ECA is that it improves the

running in parallel. The interplay between theseeeh . . . .
modules is discussed in the paper with a focusiendle and interaction with human and make the agent morestatile

implementation of the emotion engine which is basedhe (Bates, 1994). The second reason is the widely phede
FAtIMA agent architecture. The influence of emotom importance of emotions for adaptability and effeeti
Triple is related to the volume of the working mewahe reasoning (Damasio, 1994).

speed of the inference mechanisms, the interadtiween There are different other models of the interplagween

the reasoning and the connectionist engine, and the emotions and the rest of cognitive abilities withitegrated

connectionist engine itself. Emotions will incredbe most " :
important cognitive aspects of the model like camhte cognitive architectures. For example, Cochran, l&e

sensitivity, rich experiential episodic knowledgenda Chown (2006) explored the impact of arousal on nrgmo

anticipatory mechanisms. Apart from higher flesitgiland using ACT-R and suggested that any general cognitiv
richness of the representations a considerableowepnent in architecture should integrate emotions to some néxire
believability is expected from Triple augmentedhaémotion order to be able to account for a number of psyadiohl
mechanisms. findings.
Keywords: ECA’ Cognitive mode”ng, emotions. FAUMA (FeaI’NOt! AffeCtiVe M|nd ArChiteCtUI’e) iS m']t
architecture with major accent in modeling emoti@msl
Introduction personality (Dias & Pavia, 2005; Dias, 2005). FA&M

generates emotions from a subjective appraisalvehts
and is based on the OCC cognitive theory of emetion
(Ortony et al, 1988.). The OCC is commonly usedain
various agent architectures allowing endowing iaréf
agents with emotional behavior (Bartneck, 2002)tiAA
has been successfully applied to modeling artificia
intelligent agents in different domains (Brisson Raiva,
2007; Zoll et. al., 2006). Thats are some of tresoas for
using FAtIMA in the modeling process of the emotibpart
of Triple.

This paper continues the work with emotion modefimg
artificial agents described in (Vankov et al., 2008In

Virtual environments like Internet become more amate
complex and rich and comparable with real enviromme
with respect to the amount of information and its
complexity. As is the case in robotics, human lewél
performance is difficult to achieve especially la¢ tevel of
communication, user perception, etc. The lattersses the
importance of the use of cognitive models as ‘mindshe
Embodied Conversational Agents (ECA) living in wit
environments. The problems related to perceptiod an
action on one hand and the interaction with hunsersion
the other requires context sensitivity, flexibility

believability, and personalization of the ECA bebav (Vankov et al., 2008) the effects of emotion onlagial

From the theoretical point of view, analogouslyrdbotics, reasoning have been investivated based on two. deam
accomplishing tasks in complex environments seems t. Ing hav Investg W 8mp

require novel approaches. Even the huge infereptaler implemented with the DUAL/AMBR cognitive architecéu

. (Kokinov, 1994).
822;?&3:” computers leads to abundance of datewltfto The rest of the paper has the following structuiest

The model Triple, introduced for the first time in there is a brief overview of the Triple model. Seto

(Grinberg & Kostadinov, 2008), is aimed at being afoIIows a detailed description of the emotion ergand its

cognitive model for cognitive systems and partidyldor mteragtion with the other parts qf Triple. Sommsiations
ECA platforms. It includes, on one hand, severalthef are given to show the emotional dynamics based on
necessary mechanisms mentioned above and on theibth different types of events.

tries to achieve maximal computational efficienayorder .

to allow real time functioning of the ECA. Theseotw TheTriple Model

constraints lie at the basis of this model: addatigthe The Triple model is inspired from the DUAL/AMBR
useful cognitive modeling techniques which allowmodel for analogy making (Kokinov, 1994). Triple sha
flexibility, context sensitivity and selectivity ahe agent some important mechanisms which are similar to



DUAL/AMBR but the
considerably different. Triple is based on thrdags which
run in parallel and communicate on an event-drilsasis

underlying mechanisms are the environment and provides fast emotional respdos

some external events. Reactive and deliberativeaigats
generate the emotion base potential (when inteoral

(Figure 1). The Reasoning Engine (RE) part operatesxternal event is perceived) which is used to geeenew

serially on a small amount of knowledge selectedthzy
connectionist mechanisms of Similarity Asessmengif
(SAE) and influenced by the Emotional Engine (EE).

Environment

Reasoning Engine

Long-term
Memory

Working Memory!

Similarity
Assessment
Engine

Emotion
Engine

The RE is coordinating and synchronizing the atiigiof
the model and relates the agent with the enviromr(eqg.
user, other agents, etc.) and with the tools tlemtagan use
(e.g. tools to communicate with the user, makeoastiike
access ontologies and data bases, search theentexiract
LSA information from documents, etc.) (see (Grirgoé&
Kostadinov, 2008). RE is also responsible for insta

Figure 1 The basic modules in Triple

emotional state. The Emotional State (ES) of thedeho
processes all emotions related to the mood ofysies and
some rules representing the emotional internal ohycs
Considerable changes in the ES reflect in actionshée
avatar to express the strongest emotion. At theestime
emotions and mood at each moment influence thenazs
process in a psychologically plausible way.
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Figure 2 Structure of the emotion engine and mhato the
other modules of the model

Reactive Emotional Processing
Following FAtiMA model (Dias & Pavia, 2005), the

learning — storing of useful episodes in LTM after "€&ctive process in EE consists of:

evaluation.

The SAE is designed to be a connectionist engiasedb
on fast matrix operations and is supposed to ruthaltime
as an independent parallel process. The main mischas
activation spreading in combination with similarityr
correspondence assessment
retrieving knowledge relevant to the task at hand.

The third part is the Emotion Engine (EE) whictb&sed
on FAtIMA. Some mechanisms are directly transfefrech

« Reactive appraisal: handles specific external evantl
emotionally appraise them to produce emotions;

¢« Reactive coping: produces actions based on the
strongest emotion in the moment.

Reactive appraisal

mechanisms which allowThe reactive appraisal process is based on a set of

predefined emotional reaction rules. They providéast
appraisal mechanism to generate most types of OCC
emotions. When an external event is perceived ttasamce

FAtIMA in EE. The others are just based on ideas ofvritten from the user for example) it is sent te #motional

FAtIMA because of the BDI structure of FAtIMA, witids

not presented in Triple. EE, similarly to SAE sispposed
to run in parallel and influence various parametgfrghe

model like the volume of WM, the speed of procegsetc
EE is supposed also to react to external eventowitmuch
cognitive processing. This paper
description and discussion of EE and its role iipl€r

The Emotion Engine

The Emotion Engine (EE) of Triple is a separate oed
which communicates with the ‘body’ of the ageng. .
receives symbolically represented information abthe
environment. On the other hand EE communicates tluith
Reasoning Engine (RE) and through it influence sdve
cognitive mechanisms as discussed below (Figure 1).

The structure of EE is given in Figure 2. It can be

formally divided into two parts: ‘reactive’ and fiigerative’
(see Figure 2). The reactive part communicates Ignaiith

module as a specific emotional event. It generatésmble
values of the appraisal variables (AV). There apenes
different AV in FAtiIMA but the current stage of
implementation of EE uses only the Desirability AV.
Desirability AV indicates generally how good or biadthe

is devoted to theevent for the agent. The set of emotions which ¢dé

generated via the reactive appraisal using the r8tabty
AV in the current implementation is joy and disges

External events that are appraised from the reactiv
module are related to interaction with the agenser. For
example direct feed back from the user or integti@h of
some of her utterances can lead to events like Ut is
sad” and “the user is happy”. Another external ¢visn
when the system is started and the agent is awekditnds
event is appraised as very desirable and thus RASOA
begins its life with joy.



Reactive coping Appraisal of goal achievement anticipation

The reactive coping process is a simplified versibrthe  Triple EE uses an internal heuristics to generdte t

one impelemented in FAtIMA. EE checks continuously  emotions hope and fear related to a desired futwent.

significant changes in the emotional state of then& If  Once generated these emotions are added to théoealot

such a change is intercepted, a corresponding eient state and start participating in the emotional dyica.

triggered and the emotional expression of the agpdated. These heuristics allows specifying:

The current implementation of Triple is using Rascalli « the importance of the agent's goal (value in the

multiagent platform (Krenn, 2008) and Radon’s eleter interval [0,1], ‘O’ meaning completely unimportaevent

(http://www.radonlabs.de/technologynebula2.htmlyipple and ‘1’ a very important one);

control the avatar by chaging the parameters ofutmo « the success probability to achieve the goal @aiu

eyebrows, body posture, etc. The avatar could alsothe interval [0,1]).

pronounce some utterance to emphasize the emotion.. The success probability is continuously recalcalatethe
Reactive coping stands for the character’'s impalsiv relevant moments of the reasoning process and hoge

actions performed by the agent without reasonirggida  fear for the excepted event are changing over tirfiée

tendencies). Said otherwise action tendenciesianiéas to goal achievement success probability is calculased

the innate biological impulses of the human. Thecitiag  follows. When an expectation of a future desiredngvs

process is triggered only when a considerable ahamghe  triggered it receives a basic probability of susceased on
emotional state occurs. the formula:

Screenshots of the male and female agent expressing

. RS D success rating,
emotions are given in Figure 3.

P .sc(SUCCesp= - N )

where, N is the number of past episodes in whits t
goal was anticipated, success_rating_i is the gafior
successful achievement of the goal in episodeis. dtvalue
in the interval [0,1] and shows how much the resatisfied
the agents expectation (‘O' means a complete fjlit’
means that the result was completely congruent with
agent expectation).The above equation is basedhen t
assumption that the assignment of the probabifity future
event is based on past experience with same orasimi
events. Events that have occurred in the past are tikely
to be expected in the future and vice versa.

That basic probability is continuously updated dgrthe
run of the system until Triple receives informatiimout the
goal achievement success or failure. That updadtassd on
the formula:

Figure 3 RASCALLO expressing disappointment and P (succesp= aP,_ (succesp+ (1-a)P, _ (success  (2)
RASCALLA expressing joy asic current

a parameter here represents how much the agenbmest

Deliber ative emotional processing its past experience comparing the current one. cthreent
he deliberati ional L e probability of success is some estimation how theent
The deliberative emotional processing is inspiredt events relate to the expectation for the anticipaeent.

deliberative part of FAUMA model. In Triple, theame i narameter could depend on the personal difée® of
p_ro§pect base_d emotions like in FAMA are used and_ the agent as well as on the current emotional.state
similar appraisal process. But there are some major Using the probability of success and the importasfdie

differences. The main reason is that the delibezali o\ ent fear and hope emotions are generated with the
appraisal in Fatima is dealing with plans of adtio®s 5mulas:

FAtLMA is a BDI ltypg model.hTripIe dobes not _implgme BaseHopePotential = P(success) ImportanceOfSuces$3)
such BDI type planning mechanisms but retrievesoact BaseFearPotential = P(failure) mimportanceOfFailure @)

plans and respective outcomes from memory based on, yhe present implementation of Triple, the oniyaly
analogy like mechanisms. This retrieved informat®nsed | hich is emotionally relevant is ‘user is satisfiedhe

in the deliberative appraisal process. As in FAIMNe i orance of that goal is a fixed value in anyss@s The
deliberative appraisal consists of emotional apataiof oo probability of success is calculated when abent

expected future evens related to the agent's gmadshas | o.aives a new task from the user. That probabikity

basically two parts: _ S changed over time during the reasoning process when
*  Appraisal of goal achievement anticipation; events such as transfer of correspondence hypatitesae
*  Appraisal of goal achievement success/failure. result of a search in the database are triggeradeample

if the DB search tool returns no answer to a quéng,



corresponding event will decrease the base prabalof
success and the agent may start feeling fear.
Appraisal of goal achievement success/failure
The success rating of the event is calculated basethe
user evaluation of the information provided by #gent. In

the value of Intensity(em,t) reaches a definedsthoil near
zero, the emotion (em) must be removed from the ES
The emotions created by the reactive and deliberati
appraisals are sent to the ES to be processed. WWbeaS
receives an emotion (even if later it is not adtiethe ES),

the current ECA implementation this can be done byis mood level will change according to the emotion

pressing two buttons — the ‘praise’ and the ‘sawdi
buttons. If the user presses the ‘praise’ buttds theans
full success to the agent. Pressing the ‘scoldimgfton
means the opposite — zero success rating. In tlieeutback
condition, a value of 0.7 is assumed, which mehasit is
more likely that the user is satisfied.

After Triple receives information about an expectednt

potential multiplied by a constant:
Positive emotion, Potential = Potential + Mood*K5)
Negative emotion, Potential = Potential — Moodt&)
where 0<k<1.
A negative mood (bad mood) increases the potenfial
every negative emotion and decreases the poteafial
positive emotions. A positive mood acts in the oo

and based on the dominant emotion at this moméet, t way. But on the other hand, emotions also influemoc®d.

following prospect based emotions
satisfaction, relief, disappointment, and fear coméd (see
Table 1). For example if the agent was very hoptfat the
user will be satisfied but it is scolded
disappointment is generated.

Table 1 Prospect based emotions

Dominant emotion during the goal
anticipation
Goal result Hope Fear
Success Disappointment Fears confirmed
Failure Satisfaction Relief

The elicited emotions are added to the emotioré stnd
expressed by the agent character. At the same ttiaie
result of the event is used to determine the ssccasng,
which will be used in future appraising of the sagwent.

Emotional State

OCC theory specifies for each emotion type an ewnati
threshold and decay rate. An emotional threshottifps a
character’s resistance towards an emotion type, thed
decay rate assess how fast does the emotion deways
time. When an event is appraised, the created enmtre
not necessarily "felt” by the character. The apgabprocess
described so far determines the potential of emstio

are generatedSood emotions raise the character’'s mood and badi@ms

make him feel worst thus lowering his mood. Depegdin
the emotion potential, this change will be greatesmaller.

insteadEmpirical tests determined this value as 10 % of th

potential.
Mood = Mood+Potential(Emotion)*0,1  (7)
for positive emotions and
Mood = Mood — Potential(Emotion)* 0.1, (8)
for negative emotions
Mood slowly decays linearly to the neutral value O.
Characters tend to maintain mood for large perafdsne.
Finally an emotion is added to the character ematio
state only if the emotion potential surpasses théndd
threshold for that emotion. Final intensity of #maotion is:
Intensity = Potential — EmotionThreshold ) (9

Impact of Emotions on the Reasoning Process

Some additional mechanisms have been implemented in

Triple, which complement the ones taken from FAtIMA
They are based on the integration of emotions i@ th
DUAL/ABMR model for robotic applications and the
simulations reported in (Vankov et al., 2008). Tihew
mechanisms could be formally divided two basic $ype

1. Adding emotional nodes to long term memory

However such emotions are added to the character's 2. Modifying internal parameters in RE and SAE

emotional state (ES) only if their potential suigEs the
defined threshold (the threshold is specific forctea
emotion). And even if they do overcome the threghtile
final emotion intensity is given by the differenbetween
the threshold and the initial potential.

Every emotion has an associated Intensity valuet to
which is related how strong that emotion is. Eaciotonal

based on the current emotional state
Adding emotion nodesto LTM
Adding emotional nodes in the memory of the agent i
related to the explicit representation of emotion3riple’s
LTM. First of all, emotion concept nodes for eadhtloe
implemented emotions have been added to LTM (Figdire
Instances of the emotion concepts are then usethdn

event can update that value. When nothing happeas t€episodic part of LTM so that each episode hasraatien

emotion decays naturally. The model uses a deaagtitun
for emotions proposed by Picard (1997) which cheraes
intensity as a function of time. At any time (fetvalue for
the intensity of an emotion (em) is given by therfala:
Intensity(em,t) = Intensity(em, tOf'e (5)
The value b determines how fast the intensity a$ th
particular emotion will decrease over time. The ueal
Intensity(em, t0), refers to the value of the isign
parameter of the emotion (em) when it was generatéaen

node attached to it related to the dominant emdieinby
the agent in that episode. This node is encodethgltine
learning process (storing of relevant episodesydipg the
most active emotion in the emotional state. Contjzosof
emotions is an option to be considered in the &jtas the
episode (or parts of it) may point to a number wibgons
with different intensity. Interesting are the etfeexpected
from the addition of emotion nodes to episodic mgnfor
analogy making as suggested by the simulationgamkov
et al., 2008). Past episodes experienced with cemgrto



the current emotion will be more likely to be retred and
used for the analogy-making which could lead tdedint
action plans and outcomes. That is consistent wime
psychological research that most of the time petgie to
retrieve memories related to a mood similar to rthoein
current mood (Teasdale & Fogarty, 1979).

Positive Negative

the goal importance of the and fear for the godl
achievement | event and its — “the user is
success is failure/success satisfied” —are
calculated probability. generated. The
potential of fear is
stronger because of
the previous failures
of the system.
A goal is New prospect based| The user “praises”
achieved or emotion is generated the agent which wa
not based on the doming fearful about the

emotion when the
goal is anticipated

1)

result. Then relief i
achieved.

Figure 4 Part of the emotional conceptual structure

Joy

Emotion influence to the internal parameters of the
model
It is well known that emotions influence reasoniiry
various ways. Most of the important mechanisms riiplé&
are influenced by the emotional state of the systome of
the mechanism and parameters affected are theviatijo
e Parameters which influence what kind of similarity
should be preferred in SAE in the analogy makiracpss
— structural or taxonomical

The emotiona
state changed
‘considerably’

Reactive coping is
triggered and the
agent expresses the
emotion

The emotion ‘joy’ is|
added in the
emotional state with
an intensity
surpassing the
threshold. The agent
smiles and displays
happy fac

If the strongest
emotion in the ES
changed then a new
node corresponding
that emotion is adde
to in the description ¢
the target episode

» Parameters of the constraint satisfaction mechanism The

which control how much different solutions will cesito
mind for a particular task
e« The time of waiting for the searching tools before
producing — “I don’t know” answer
* etc.
That influence of the parameters of Triple basedhan
current emotional state is based on psychological
plausibility as well as pragmatic reasons. Thesfatbuld be

mechanisms
involved in th¢
reasoning
process are
influenced by
the emotional
state

The emotional state
evaluated by the
reasoning engine an
the relevant
parameters changed
leading to different
behavior

S

d

The agent is in
positive mood.
When SAE is calleg
the mood paramete
is such that the
module will producg
deeper analogies a
probably come to
more creative
solutions .

=

the interaction between a human user and the amettite
effectiveness and efficiency of the model.

Simulations

Some series of simulations were performed. The iemait
dynamics based one typical series of events is stmmhow.
Before each event the time when it has happede@orels
after the start of the system) is shown. The dontina
emotion each time is put in bold. After each praspmsed
event its importance for the agent and the estidnate

Communication of EE with the other Triple
Modules

The connection of the emotion module and the réshe
architecture are presented in the next table. T2aldbows
how different events inside or outside of the gyste

influence the emotional dynamics.

Table 2 External and internal events’ effect onflie

probability of success are shown.

m 00s: RASCALLA is awaken

Event Emotional Example current mood = 1.80

processing Joy @ 6.0
Emotionally | Reactive appraisali§ The user uttered RASCALLA starts its life with a smile
significant called. It updates thg something assessed  m 05s: The user gives a task to RASCALLA

external even
is processed

ES based on the
appraisal rules and t
current value of the
mood variable

as positive. Triple
appraises that ever
as desirable and
reactive appraisal
adds ‘joy’ in the
emotional stal

—

goal importance=1.0, success probability=0.9

current mood = 4.27

Hope @ 8.51

Joy @ 2.59

After some time the user gave her a task. She pgftb
based on the predominant success in the previdals tr

érzoﬁleiz set :gg: datrc])dt;eeaégrgas ed \r/g(r:]eeir\]/e-rsnglﬁew tash m 07s: The tool for searching in the DB returns some answer.
evaluation of | on heuristics forth | from the user hop goal importance =1.0,success probability=0.95




current mood = 4.20

Hope @9.76

Joy @2.26

Database returned answer, which increase the esticha
success probability of the goal to satisfy userjctvhis
appraised from the EE as increasing hope potential

m 15s : The user presses the SCOLD button

goal importance =1.0 goal result = failure

current mood = 3.52

Disappointment @ 1.19

Joy @ 0.73

After reading the RASCALLA'’s answer the user preste
scold button expressing that she is not satisfredh fthe
results. RASCALLA is disappointment

m 190s: no emotions in the ES

Each emotion has decayed below the threshold ajread
m 272s: neutral mood

The positive mood also decayed to the neutral value

Conclusion

In this paper the implementation of the emotionieagn
the model Triple based on FAtIMA model was presgnte
and discussed. The relation and influence of EEherother
modules were described. EE allows for the encodihg

emotions in episodic memory and subsequent retrieva in Proc.

based on the emotion state or mood of the agentedder
the agent based on Triple can feel emotions anéh ke
specific mood which can be reflected by the expoessf
the virtual character and be changed by exterrdirgernal
events. Conversely, the emotional state can infleethe
cognitive processing of the agent making it morapaable
and believable.

Future work will try to investigate what are the
advantages and disadvantages of the emotion eimithe
context of realistic tasks and what is its effect the
performance of Triple in a ECA platform.
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