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Abstract

The goal of this research is to create general com puta-
tonal m odels of the nterplay betw een affect, cognition
and behavior. These m odels are being designed t© sup-
port characters that act in virtual environm ents, m ake de-
cisions, but w hose behavior also suggests an underlying
em otional curnrent. W e attem pt to capture both the cogni-
tive and behavioral aspects of em otion, circum scribed t©
the wle emotions ply in the perform ance of concrete
physical tasks. W e address how em otions arise fiom an
evaluation of the rwlationship between environmental
events and an agent’s plans and goals, as well as the in -
pactof em otions on behavior, In particular the im pacton
the physical expressions of em otional state through suit-
able choice of gestures and body language. The approach
is iflustrated w ithin a virtual reality training environm ent.

Introduction

Emotions ply a central role in our lives. A wealth of
empirical research has wvealed a complex nnterplay
betw een em otions, cognition and behavior. Em otional
sate may inpact decision-making, actions, mem oy,
attention, volmtary muscles, etc., which, conversely,
may influence emotional sate €g. see Berkow itz,
2000) . Teasing gpart and undersanding these com plex
relationships isnotan easy undertaking.

N ot suyprisingly, given this com plexity, there are also
a wealth of emotional models, wih sarkly differing
view s conceming the relation between cognition and
emotion. W hile som e theories have argued that cogni-
tion has a central wle n evoking em otions Lazaws,
1991), others have argued for a more m nor wle Za-
Jjonc, 1984). W ih regards to the effects of emotions,
theories of em otion have historically posited them asa
problem for cognition, an in pedin ent to effective cog-
nitve fiinction. On the other hand, m ore m odem theo-
res view emotions as more helpfi1l than problem atic,
forexam ple, a m echaniam that faciliates hum an adap-
taton eg.Lazams1991,Simon,1967).

W e come o this conundrmum from a certain perspec-
tive. The focus of our work is on general software
agents thatm odel hum an perform ance i rich sim ulated
worlds. n particular, we focus on virual taining envi-

ronm ents w here intelligent agents interactw ith a hum an
participant o faciliate the taining cbjectives.

Emotions play an inportant ol in such environ-
m ents by enhancing believability end realism , ncreas-
g a sense of empathy and attachm ent to synthetic
characters, and adding to the suspense of the simula-
tion. For exam ple, one of our environm ents, Camen's
Bright DEAS, is designed t teach m others of pediatric
cancer patients better problem solving skills M arsella
et al., 2000). The mother leams by nteracting w ih
agents I a sinulated world that m mors her own. In
particular, emotional models are used t© help the
mother dentify wih a human-lke agent who faces
various social problem s due to her child’s cancer. An-
other example is the M ission Rehearsal Exercise, a
taining envionment designed t© teach decision-
makng skills n highly evocative situations (Sw artout,
etal., 2001). The system provides an Inm ersive leam-
ng environm ent w here participants can experience the
sights, sounds and circum stances they w ill encounter in
real-w orld scenarios w hile perform ng m ission-oriented
taining Figurs 1). Emotonal m odels are used to en-
hance the ntensity of the experience by creating
chamacters that can respond em otionally to the student’s
decisions.

These sin ulations are set apart by the com plexity of
the environm ents and, more inmporantly, the detailed
cognitive, em otional and behavioral m odeling required.
The agents face a varety of social and physical chal-
lenges, requiring the generation and execution of com -
plex mulb-agent plans. O verall, this com plexity distn-
guishes this effort fiom m ore abstract sim ulation envi-
ronm ents designed to study long term ntemactions of
sinpler agents eg., N icholson et al., 1998) or believ-
able, non-hum an agents In gam es NWealReilly, 1996).

A lthough complex, these realistic simulation envi-
ronm ents offer a unique opporinity t© explore and
evaluate issues that arise by virtue of the com plexity
and fidelity of the m odeling. For exam ple, the agents
must be able t© genemte com plex plans w ith multple
goals and sub-goals. These plansm ay need to evolve or
be replaced over tim e. Therefore, a key issue arises as
to how the dynam ics of this process and the stucture of



Figure 1:A scene from theM ission R ehearsal Exercise

the resulting plan wlate to overall em otional state and
its dynam ics. Another key issue concems the agents'
behaviors. They must nteract w ith hum an participants
across a range of m odalities In a w ay that appropriately
conveys their underlying em otional state. The wide
repertoire of hum an nonverbal behaviors m ust be m od-
eled, both subtle and extrem e behaviors, consistentw ith
em otional sate. Fundam ental questions arise as to what
behaviors are exhbited and how various cognitive and
em otional factors m ediate between altemative behav-
Jors. Fnally, the realism of these sim ulations affords a
unigue, albeit weak, form of evaluation. The realiam
here supports m ore direct com parison w ith hum an be-
haviorunderm atthing conditions.

Th essence, we are suggesting that it can be usefill to
attack the em otion conundmm head on via com prehen-
sive, realistic sin ulations. Such sim ulations raise inter-
esting research questions for cognitive science. Indeed
the relation is synergistic since research on hum an cog-
nition and em otion drives the design of ourm odels.

In this paper, w e dem onstrate how som e of the daunt-
Ing subtlety n hum an behavior can be m odeled by 1n-
telligent agents, fiom the perception of events in the
world, to the appraisal of their em otional significance,
through to their outw ard in pact on agentbehavior. W e
put forth a dom ain-independent solution that focuses on
the problem of modeling “ask-oriented” em otions -
emotions that arise from performance of a concrete
task. W e then go on to illustate the application of this
m odel to virtual taining environm ents.

Plans,Em otion & Behavior

The agents w e design m ust provide convincing portxay-
als of hum ans facing difficult, dangerous problem s. Tn
partdcular, they must exhibbit emotionally revealing
nonverbal behaviors and expressions consisent w ith

deeply evocativedistutbing situations. These behaviors
mustalso change in concertw ith the em otional state of
the agents; cbviously people express them selves differ-
ently when sad, happy orangry .

O £ course, one cannot realistically convey em otions
w ithout realisticaTly m odeling the genesis of those em o-
tons. B ecause planning is central to our agent’s behav-
ior, we first needed to address how agents’ plansgoals
Jead to their em otions. Then, we needed to address the
In pact of em otion on behavior. The driving force be-
hind our m odeling efforts w as psychological research
on the wlation of cogniton, emotion and behavior.
However, the developm ent of the models also rmaised
significant research issues.

Plansand Em otionalA ppraisal

M any psychological theories of em otion em phasize the
tight rwlhtonshp between emotions and cognition.
Em otdons clearly influence our decision-m aking € lore
etal., 1994 ;Fiedler & Bless, 2000).W hatis less recog-
nized is the srong mfluence cognition has over em o-
ton. Forexam ple, the sam e event could evoke a variety
of em otional responses depending on our m ental sate:
getting a flat tire could evoke angeror oy depending on
if we want to rach or avoid our destination. Such
events derive their em otion charge, not from some In-
tdnsic em otion evoking properties, but from our inter-
pretation of their significance. M uch of the recent theo-
rizing on emotion builds on this observation, arguing
that em otions arise from a cognitive appraisal of how
events In pact our plans and goals O rtony et al, 1988;
Lazams, 1991).

Such psychological findings arr problematic for
building realistic models of human emotion. Just as
fans of different team s w ill regoond differently to the
score of a goal, ntelligent agents m ust respond differ-
ently to events In the simulation, and In a way that ap-
pears coherent o a hum an observer. For an agent de-
veloper, how ever, psychological findings and theories
are seldom castin a way thateasily translates to general
com putationalm odels.

Forumately, there has been a nice convergence be-
tween cognitive appraisal m odels of emotion and the
technologies underlying intelligent agents. Thus, while
appmisal theories are vague on how events wlate t©
goals, artificial ntelligence planning m ethods now pro-
vide elabomate “mental” stuctures and inference tech-
nigques to assess this wlatonship (see W eld, 1999).
W hile cognition cannotbe reduced m erely to planning,
such algorithm s can provide a comerstone for m aking
appraisal theories more concrete. By maht@aning an
explicit representation of an agent’s plans, they can
eagily reason about fiiture possble outtomes - a key
requirem ent for handling em otions lke hope and fear
that nvolve future expectations. Planning techniques
aleo detect nteractions betw een plans, for exam plk, as



when the plans of one agent are ncompatble wih
those of another - a key requirem ent for handling em o-
tions ke anger or reproach which typically nmvolve
m ulbple actors.

M odem planning technigues also support a rich
model of how cogniton mfliences one’s emotional
sate. W e can m odel som e of the dynam ic ebb and flow
of hum an em otion by relating em otional appraisals to
the curent sate of plans n an agent/'s memory. As
plansgrow and change through the planning process, so
too the em otional state will change as a reflection of
this process - n a sense providing a w ndow Into an
agent'sm ental processes.

Fially, by providing an explicit and rich reasoning
hfrastucture, plandased approaches faciliate models
of how em otions inpact decision-m aking. Em otional
Sate can act as search control, focusing cognitive re-
sources on specific goals or threats. Tkcan also alterthe
overall chamacter of problem solving. For example,
negative em otions seem to lead t© narvow focused prob-
lem solving while positive em otions lead to bmader
problem solving that attem pts to achieve m ultple goals
sim ultaneously Sloman, 1987).

Em otbonalState and PhysicalBehavior

Psychological research on em otion reveals its pervasive
In pact on physical behavior such as facial expressions,
gaze and gestures Ayl & Cook, 1976; Ekman &
Friesen, 1969, 1971). These behaviors comm unicate
considerable information about an ndividual's emo-
tional sate. This may be intentional, as In shaking a
fist. On the otherhand, behaviors such as mubbing one's
thigh, averting gaze and raised eyebrow s m ay have no
explicitly mtended wle In communication, but they
suggest congiderable nformation adbout emotional
armusal, atdtiudes and attention. Indeed, cbservers can
rlibly Infer a person’s em otions and attihides fiom
nonverbal behaviors Ekman & Fresen, 1969). For
example, depressed ndividuals may avert gaze and
direct gestures Inw axd tow axds their bodies. An angry
person s nonverbal behavior tends, if unsuppressed, t©
align it=elf with the object of the anger eg., by con-
frontational stares or obvious avoidance of eye contact) .
Such movem ents also serve t© mediate the inform a-
ton available to the individual. For example, if a de-
pressed ndividual’s head is Jow ered, this also regulates
the inform ation availble to the ndividual. O renting on
an obect of fear or anger brings the cbject to the focus
of perceptual mechanism s, which may have indirect
Influences on cognition and cognitive appraisal by in-
fluencing the content of working memory. Even a
soothing behavior ke mibbing an am may sewe to
m anage w hata person attends to Freedm an, 1972).
These findings provide a wealth of data to nform
agent design but such sources are descriptive, not pro-
scriptive, often leaving open many details as to how

altremative behaviors are m ediated . C ontem porary agent
technology allow s one to create rich physical bodies for
Intelligent characters w ith many degrees of physical
movement. This forces one to directly confiont the
problem of emotional consistency. For example, an
“em otionally depressed” agent m ight avert gaze, be
Tattentive, perhaps hug them selves. However, if in
subsequent dialog the agentused strong com m unicative
gestures such asbeats M AN eill, 1992), then the behav-
ior m ight not “read” conrectly. Sim ilarly, people dont
tend to nonchalantly use deictic gesture while smula-
neously averting their gaze due to m ild feelings of an-
ger orguilt. Such behaviorm ay look un-natural, lncon-
gistent, or may convey a different shade of m eaning
depending on context. W hich is not t say that the
overall m x of behaviors should alw ays e m onolithic.
People do say one thing while expressing another. At
the least, the m ix of nonverbal behaviors often shade
the m eaning of what is said or com m unicated nonver-
bally. Retuming to the previous exam ple, if an agent
does com bine deictic gesture w ith gaze aversion, itm ay
shade the Interpretation dram atically, towards an ex-
pression of extrem e em otion and a desire to control that
emotion. For exam ple, the agent is o disgusted w ih
the "listener", they can tbearto look atthem .

Inplicit n these various concems is that the agent
has w hatam ounts t© a resource allocation problem . The
agent has Iim ied physical assets, eg., two hands, one
body, etc. Atany point in tim e, the agentm ust allocate
these assets according to a variety of dem ands, such as
perform ing a task, communicating, or emotionally
soothing them selves. For Instance, the agents dialog
m ay be suggestive of a gpecific gesture for the agents
am s and hands while the em otional sate is suggestive
of another. The agent m ust m ediate between these al-
temative demands In a fashion consistent wih their
goals and theirem otional state.

Im plem entation

In plem entations dem and com prom ise. n ourwork we
Iim it the scope of models by what agent technology
currently does w ell, rather than trying to develop com -
prehensive but less general solutions. Thus, w e focus on
em otions arising from plan generation and execution,
and ignore a num ber of potential sources of em otion,
such as ego conflict. Sim flarly we focus on physical
behavior, expressing emotion through body gestures
and facial expressions, ignoring the m yriad w ays people
comm unicate em otion through speech @nd hstead rely
on pre-recorded voice clips forverbal com m unication) .

An agent consists of three main components. The
plamnerexecutor mant@ains a rmEpresentation of the
world sate, and develops, executes and repairs plans
that achieve the agent's goals. STEVE Rickel& John-
son, 1998) plays the wle of the plannerfexecutor n the



application described below , but variety of A I planning
m ethods could serve this role. The other com ponents
Inplement the cognitve appmisal of emotions and
m anage theirphysicalm anifestation.

C ognitive Appraisal
Aswe alluded above, we focus on cognitive appraisals
as they rlate t an agent’s plans and dmw on the
strengths of modem artdficial mtelligence planning
techniques. Specifically, w e build on Em ile, a com puta-
tional realization of O rtony et al.’s cognitive appraisal
theory G mtch, 2000). The approach assesses the rela-
tonship betw een events and an agent’s digposition de-
scribed by its goals, social standards). Unlke most
com putational accounts, Em ile explicitly considers the
wle plans play In mediating the r=lationship betw een
events and the agent’s disposition . R ather than apprais-
ing events directly, Em ile appraises the sate of plans in
memory, as mfened and elborated by a geneml-
purpose planning algorithm . This allow s Em ile to avoid
the large number of dom amn-gpecific appraisal miles
needed by prior com putational approaches e g., E1liott,
1992). D om ain-specific nform ation, for the m ost part,
is resricted o the operator descriptions (the dom ain
theory) from which plans are built, and which an intel-
Tigent agent needs anyway to nform planning and ac-
ton selection.

Em ile also draw s heavily on the explicit plan 1epre-
sentation t© derive the ntensity of em otional response.
Em ile incorporates the view of Oatley and Johnson-
Laid (1987) and NealReilly (1996) that em otions are
rlated o changes In the perceived probability of goal
attainm ent. Intensity is broken down o the probabil-
ity of the event In question (€g. the probability of goal
achievem ent or the probability of a threat) and the im -
porance (utdliy) of the event to the agent, both of
which are derived from the cunent plan stucture. As
Tntensity isbased on the cunentplans, the assessm ent is
a reflection of their cunent state and changes w ith fiir-
ther planning. Individual assesam ents are aggregated
nto a sstof “leaky buckets” associated w ith each em o-
ton, where these buckets represent the curent mtensity
of different em otions.

Physical Focus

The key challenge of the behavior component is to
m anage the flexibility 1 an agent’s physical presence in
a way that conveys a consistent em otional state. A gents
are represented by rich bodies with fully articulated
Iimbs, facial expressions, and sensory apparatus. The
Inplem entation must contol the degrees of fieedom
provided by the agent’s body In a way that satisfies the
constramts in posed by psychological findings

To address this problem we rely on the Physical Fo-
cusmodel M arsella etal. 2000), a com putational tech-

nique nspired by work on nonverbal behavior in clini-
cal settings Freedman, 1972) and Lazams's (1991)
delineation of emotiondirected versus problem -
directed coping strategies. The Physical Focus m odel
bases an agent’s physical behavior in term s of what the
character attends to, how they rlate © them selves and
the world around them , specifically whether they are
focusing on them selves and thereby w ithdraw Ing from

the world or whether they are focusing on the world,
engaging i.

The m odel organizes possible behaviors around a sst
of m odes. Behaviors can be nitated via requests fiom
the plannergexecutor or started spontaneously when the
body is nototherw ise engaged . A tany pointin tim e, the
agent w ill be In a unique m ode based on the cunent
em otional sate. This m ode predisposes the agent to use
particular nonverbal behavior I a particular fashion.
Each behavior available to an agent is categorized ac-
cording t© which subset of these m odes it is consistent
w ith. Any specific nonverbal behavior, such as a par-
toular nod of the head, may exist m more than one
mode and conversely a type of behavior, such as head
nods In general, m ay be realized differently in different
m odes. Transitons betw een m odes are based on em o-
tonal state.

M odes also influence an agent's sensitivity to exter-
nal samuli, cunently in a sinplisdc fashion. Rather
than modeling the filll flexibiliy of how people can
focus their perception and attention W ells & M at-
thew s, 1994), we provide a dom amn specific m echanism
for ranking stim uli by their mtensity and filtlering cer-
tain stim uli depending on if the focus m ode is mer or
outerdirected.

G rouping behaviors into m odes attem pts to m ediate
com peting dem ands on an agents physical resources,
especially gesturing and gaze, In a fashion consistent
w ith em otional state. This grouping m odel is designed
w ith the Intent that it be genemal across agents. How -
ever, ralian alo requires that specific behaviors
w ithin each m ode ncorporate Individual differences, as
T hum an behavior. For exam ple, we would not expect
a m others repertoire of gestures t© be identical to that
of an amm y sergeant.

I the current w ork, w e m odel three m odes of physi-
cal focus: body-focus, transitional and com m unicative

(@s opposad to the five m odes discussed 1 M arsella et
al., 2000). Body focus is m arked by a self-focused at-
tention, away from the conversation and the problem -
olving behavior. Emotionally, it is associated with
congiderable depression or guilt. Physically, it is asso-
ciated w ith the tendencies of gaze aversion, paused or
Inhibited verbal activity and hand to body stm ulation
that is either soothing (e g., thythm ic stoking of fore-
am ) or selfpunitive (g., squeezing or scratching of
foreamm ). The agent exhibits m inin al comm unicative
gestures such as deictic orbeatgestures M AN eil 1992,
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Figure 2:An exam ple of the m other’'splan

Casell & Stone 1999) when In this m ode. Transitional
Indicates an even less divided attention, less depression,
a burgeoning w illingness to take part in the conversa-
tion, m ider conflicts w ith the problem solving and a
closer relation to the listener. Physically, it is m arked
by hand to hand gestures (such as mibbing hands or
hand fidgetiness) and hand t© object gestures, such as
plying w ith a pen. There are m ore com m unicative ges-
tures In this mode but they are sdll muted or stdlted.
Fially, comm unicative indicates a filll w illingness t©
engage In the dialog and problem solving. Physically, it
is m arked by the agent’s full range of comm unicative
gestures, use of gaze In tum taking, etc.

TTustration

W e fllustrate the m odel by w alking through an exam ple
of the system 'sbehavior i the contextof a virtual envi-
ronm ent for fam iliarizing soldiers w ith the dem ands of
peacekesping operations. The M ission R ehearsal Exer-
cise attem pts t© create an Inm ersive leaming environ-
m ent through the ntegration of high-fidelity real-tine
gphics, ntelligent agents, 3D audio and an nteractive
story whose outcom e depends on the decisions and ac-
tons thatparticipants take during the sim ulation.

Th our working scenarpo, the system modelsam ix of
three Iteractive and about forty pre-scripted virtual
hum ans that play the parts of characters in the peace-
keeping exercise. A hum an traee comm ands a platoon
of soldiers that have becom e Involved 1 an autom obile
accident w hile driving to m eet another platoon In need
of remforcem ent. The studentm ustdecide how bestto
allocate his foroes between the conflicting goals of
assisting an injured child and com pleting his m ission,
allunderthe w atthfuleyesof a “ZNN ” cam eram an.

Cunently, only the character portaying the mjured
child’s m other Incorporates our em otional m odel. Fig-
ure 2 ilstates a sinplified representation of the
m other’s plan at the opening scene In the scenaric. The
m other is w aiting for the lieutenant (the student) t© ar-
rive, which she view s as a precondition forher child t©
be treated. She is som ew hat angry w ith the lieutenant,

perceiving hin as responsble for the accident (the do-
m ain-theory hard-codes an atiribution that the lLieuten-
ant is responsible for Yaccident” ask) . This appraisal is
m oderated by the In portance of the goal high) and the
Tikelihood of the threat cannotbe overcom e m oderate) .
Thitiall she believes the m edical facilites are adequate
o treat the child on scene, m eaning she has the simple
plan n m em ory that the lieutenant should arrive and her
child w i1l be treated, neither task being under her direct
control. Smce herchild is hurt, a threat to an in portant
goal, she has high levels of distzess. The likelihood the
treatm entw ill be successfirl even if applied is relatively
ow (nplying that there are m any non-gpecific threats
to is success) =0 che is aleo extrem ely anxious. The
sense of hopelessness (@nd anxiety) leads her to have an
Tnnerditected Physical Focus. Her body gestures are
directed 1w ard and she w illnotattend to m oststm uli.

W hen the lieutenant amdves, the mother perceives
that the sub-goal that som eone is In charge is now at-
taned and all non-gpecific threats associted with is
attainm ent dissppear. The probability that the child will
be treated grow s, and the m other’s distress dim nishes
enough t transition her nto tansitional focus. Her
gestures becom e m ore outw ard directed and she attends
o m ore perceptual stim uliand herchild.

Later In the scenario, the lisutenant orders one ortwo
gquads fomward to rehforce the platoon downtown.
The m other mterprets this as disabling her sub-goal that
the troops help her child . The strength of this interpreta-
ton is mfluenced by the num ber of squads the student
orers forward (Inplem ented by dom ain-goecific mules
that infer the probability of the disablem ent based on
the number of moving units). The appraisal model
treats this as a blam ew orthy event, causing the m other
to becom e angrier at the troops. This anger is sufficient
o transition her into com m unicative m ode. The planner
1epairs the m other's cunent plan, deciding that im plor-
ng the troops to stay is a way of redirecting their be-
havior. Herbody language 1 perform ng this action is
colored by her body focus and anger lkevel, either re-
maning seated and gesturing m idly or mising © a
sanding position and gesturing stongly (see Figure 1).

D iscussion
This project is sl n its early stages (the mitial proto-
type was completed at the end of September 2000).
From a research pergpective the biggest lim itation is the
lack of evaluation. Is ita viable leaming environm ent?
Does the additon of emotional models ncrease the
realiam of the scenario? Do people find the character's
reactions plusible? How do em otionalm odels inpact
the leaming experience? Our pln is to begn formal
evaluations m the com Ing year In conjunction w ih
other research groups In the psychology and com m uni-
cations departm ents at the University of Southem Cali-
fomia. Ouranecdotal feedback has been encouraging.



W e have dem onstrated the system t© a num ber of m ili-
tary personal and those who served In Bosnia or Kos-
ova seem ed stongly affected by the experience. One
U S.Amy Cobnel began rlating a wlhted incident
after seeing the demo, became quie emotional, and
conclided by saying, “this system makes people feel,
and we need that” T anotheranecdote, som eone play-
g the ol of the lieutenant becam e agitated when the
m other character began yelling at hin and when she
wouldn’t respond t© his reassurances (she cannot be
m ollified w hen her anger exceeds som e threshold) .

Fmally, there are a num ber of 1m iations n how the
system Infers emotional sate that need adjustm ent or
re-thinking In light of this application. A s m entioned,
cognitive appraisal only addresses em otions that arise
from a concrete representation of plans of goals. W e
only weakly address the influence of em otion on per-
ception and com pletely ignore the nfluence em otions
hold over beliefs. Another key issue is the notion of
responsibility . For example, whom should the mother
blam e for the accident? The troops? H erself? O ur sense
is she should have a shared sense of responsibility and
that this sense should change dynam ically, lmfluenced
by her em otional sate and subsequent actions of the
troops. O ur teatm ent of anger is also too sinplistc.
Anger seem s Influenced by the extent to which we de-
cide someone mtended the offending action and the
extent to which they show rem orse orattem ptto redress
the offence. W e suspect the explicit use of plans can
assist in form Ing such assesam ents, butw e are sdll sort-
ng outhow .

These 1im imtions notw ithstanding, the ntegration of
plan-based appraisal of em otional sate w ith the Physi-
cal Focus m odel provides a great deal of archiectural
support for em otbonal m odeling. Furtherm ore, anecdo-
tal evidence suggests that people find the agent’s em o-
tons to be plausible, and, to our surprise, people occa-
sionally regponded em otionally to curagents.
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