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Abstrac t 

Handling unanticipated events during problem solving is dif-
ficult  enoug h whe n a n agen t  i s operatin g b y itself .  Whe n 
th e agen t  i s par t  o f  a  cooperativ e distribute d proble m solv -
in g (CDPS )  system ,  th e task' s difficult y increase s dramatically . 
Now th e agen t  i s force d t o conside r  th e effec t  o f  th e even t  no t 
onl y o n itself ,  bu t  als o o n other s an d th e grou p a s a  whole . 
It  mus t  als o conside r  wh o shoul d handl e th e even t  an d th e 
likel y impac t  tha t  action s take n t o diagnos e th e even t  o r  re -
spon d t o i t  ma y hav e o n othe r  agents .  I n thi s paper ,  w e discus s 
preliminar y wor k aime d a t  developin g a  proces s fo r  handlin g 
event s durin g multiagen t  cooperativ e proble m solving .  Th e 
domai n i n whic h th e wor k i s bein g don e i s cooperatin g mul -
tipl e autonomou s underwate r  vehicle s (AUVs) .  However ,  th e 
approac h shoul d hav e broade r  applicabilit y  t o almos t  an y real -
worl d cooperativ e proble m solvin g tas k involvin g autonomou s 
or  nearl y autonomou s agents . 

Introduction 

Autonomou s agents ,  whethe r  human s o r  compute r  systems , 
must  cop e wit h th e fac t  tha t  th e worl d i s unpredictable .  Thi s 
has a  variet y o f  causes ,  mos t  o f  whic h ca n b e trace d t o uncer -
taint y o r  incomplet e informatio n abou t  th e environment ,  un -
know n processe s operatin g i n th e world ,  othe r  agents '  actions , 
or  th e action s o f  th e agen t  itself .  Unpredictabiht y manifest s 
itsel f  i n th e for m o f  unanticipate d event s tha t  occu r  durin g 
proble m solving :  unexpecte d state s o r  actio n outcomes ,  in -
cludin g failure s an d unanticipate d interaction s wit h others . 
Unles s a n agen t  ca n recogniz e an d handl e thes e events ,  i t  wil l 
be incapabl e o f  prolonge d usefu l  activit y i n th e rea l  world . 
Us plan s wil l  fa i  beyon d recovery ,  an d i t  wil l  fai l  t o seiz e 
unexpecte d opportunities . 

Handlin g unanticipate d event s i s  difficul t  Meaningfu l 
event s ar e ofte n difficul t  t o pic k ou t  fro m th e backgroun d 
of  change s takin g plac e i n th e worl d an d th e agent ;  eve n 
when detected ,  i t  i s  ofte n har d t o adequatel y diagnos e th e 
event' s caus e an d selec t  a n appropriat e respons e fo r  th e cur -
ren t  problem-solvin g situation .  Th e proble m i s compounde d 
when a n agen t  i s par t  o f  a  large r  problem-solvin g ensemble , 
as i n th e cas e o f  a  grou p o f  agent s participatin g i n coojjera -
tiv e distribute d proble m solvin g (CDPS) .  Here ,  agent s mus t 
disentangl e thos e event s affectin g onl y themselve s fro m thos e 
affectin g th e broade r  group .  I n addition ,  a t  al l  point s dunn g 
th e proces s o f  handUn g a n event ,  a n agen t  mus t  kee p i n min d 
it s rol e i n th e overal l  grou p an d th e fac t  tha t  i t  m a y nee d t o 
coordinat e it s informatio n o r  response s wit h othe r  members . 

I n thi s paper ,  w e discus s even t  handlin g durin g multiagen t 
cooperativ e proble m solving .  Ou r  domai n i s cooperatin g au -

tonomou s underwate r  vehicle s ( A U V s )  (Turne r  e t  aL ,  1991) ; 
however ,  m u c h o f  wha t  w e discus s shoul d b e ̂ plicabl e t o 
any grou p o f  autonomou s agent s collaboratin g t o solv e prob -
lem s i n th e rea l  world .  Th e wor k reporte d i s largel y a  par t  o f 
th e O r c a projec t  Cnimer ,  1994 ;  Turne r  &  Stevenson ,  1991) , 
whos e goa l  i s  th e creatio n o f  a  robust ,  intelligen t  controlle r 
fo r  A U V s fo r  us e i n ocea n scienc e an d C D P S systems . 

Unanticipated Events and Multiagent Systems 

Elsewhere ,  w e hav e define d unanticipate d event s a s al l  un -
predictabl e change s t o th e agent' s problem-solvin g situatio n 
(Turner ,  1994) .  W e d o no t  necessaril y  m e a n onl y thos e thmg s 
tha t  ar e nove l  o r  completel y unexpected ,  hotveve r  (thoug h w e 
d o no t  rul e thos e out) .  Instead ,  w e m e a n "unpredictable "  i n 
th e sens e tha t  a  perso n steppin g i n fron t  o f  a  ca r  i s unpre -
dictable :  althoug h i t  i s likel y that ,  i f  asked ,  th e drive r  woul d 
hav e bee n abl e t o predic t  tha t  a t  som e tim e som e perso n coul d 
ste p i n fron t  o f  hi s o r  he r  ca r  a t  som e place ,  th e exac t  combi -
natio n o f  tim e an d perso n an d plac e wa s utterl y unpredictabl e 
i n advance . 

Unanticipate d event s i n th e contex t  o f  multipl e agent s forc e 
us t o conside r  no t  onl y event s tha t  impac t  a  singl e agent' s 
problem-solvin g activities ,  bu t  als o thos e tha t  impac t  on e o r 
mor e othe r  member s o f  th e grou p o r  th e grou p a s a  whole .  Thi s 
i s hampere d b y th e essentiall y  loca l  vie w tha t  an y particula r 
agen t  ha s o f  it s world .  Agent s buil d thei r  vie w o f  th e worl d 
base d o n inpu t  fro m sensors ,  thei r  understandin g o f  th e effect s 
of  action s i n th e world ,  knowledg e o f  th e w a y agent s inter -
act  (includin g th e overal l  organizationa l  structur e an d agents ' 
role s i n it) ,  an d knowledg e abou t  wha t  othe r  agent s m a y be -
liev e concernin g a  particula r  situation .  Unfortunately ,  thi s lo -
cal  vie w i s inherentl y incomplet e an d uncertain. *  I n addition , 
th e agen t  canno t  ignor e th e effect s o f  it s action s an d change s 
i n it s bebef s o n othe r  agent s wit h whic h i t  cooperating .  Thes e 
tw o things ,  a  loca l  worl d vie w an d interdependenc e o f  agents ' 
action s an d beliefs ,  impac t  al l  phase s o f  even t  handling . 

Handling Events in Multiagent Systems 

Our  overal l  proces s fo r  handlui g event s durin g collaborativ e 
proble m solvin g i s show n i n Figur e 1 .  I n m a n y ways ,  i t  i s 
simila r  t o th e proces s describe d b y Turne r  (1994 )  fo r  even t 
handUn g w h e n ther e i s onl y a  singl e agen t  involved :  even t 
detecuon ,  followe d b y diagnosis ,  importanc e assessment ,  an d 

'Perhap s thi s i s jus t  a s well ,  a s bound s o n th e agent' s processin g 
abiUtie s woul d mos t  likel y preclud e usin g th e knowledg e eve n i f  i t 
wer e complet e an d certain . 
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Figur e 1 :  Proces s o f  handlin g event s i n a  multiagen t  system . 

respons e selection .  Ther e are ,  however ,  som e notabl e differ -
ences ,  a s w e discus s below . 

Even t  detection .  Detectin g a n even t  fundamentall y relie s 
on comparin g th e agent' s senso r  stream—tha t  is ,  th e informa -
tio n comin g fro m it s sensor s (possibl y afte r  bein g processe d 
by othe r  software ,  i n th e cas e o f  softwar e agents)—wit h wha t 
th e agen t  believe s abou t  th e world ,  othe r  agents ,  an d th e likel y 
result s o f  it s o w n actions .  Message s fro m other s ca n als o serv e 
as a  sourc e o f  informatio n t o us e i n even t  detection ;  fo r  exam -
ple ,  anothe r  A U V migh t  tel l  a n agen t  "Yo u hav e ru n aground. " 

Th e knowledg e necessar y fo r  even t  detectio n include s a 
goo d mode l  o f  th e environmen t  aroun d th e agent ,  s o tha t 
difference s betwee n wha t  th e sensor s repor t  an d wha t  th e agen t 
believe s ca n b e meaningful .  A n agen t  als o need s t o k n o w di e 
organizatio n o f  th e grou p o f  whic h i t  i s  a  part ,  includin g it s 
o wn an d others '  responsibilitie s an d commitment s t o action s 
(i.e. ,  thei r  intention s {e.g. ,  Durfe e &  Lesser ,  1987 ;  Georgef f  & 
Ingrand ,  1988)) .  Thi s allow s i t  t o predic t  th e likel y impac t  o f 
feature s o f  th e environmen t  (o r  itself ,  o r  others )  tha t  i t  detect s 
on it s an d others '  action s an d plans .  Fo r  even t  notificatio n 
messages ,  th e agen t  need s t o k n o w h o w reliabl e th e othe r 
agen t  is ,  no t  onl y wit h resjiec t  t o th e sender' s processin g an d 
senso r  abilities ,  bu t  als o it s belief s an d knowledg e abou t  th e 
agen t  an d th e group .  Th e agen t  als o need s t o maintai n ahislor y 
of  pas t  senso r  informabon ,  beliefs ,  an d s o forth ,  s o tha t  trend s 
and intermitten t  event s ca n b e detecte d (e.g. ,  powe r  slowl y 
failing) . 

Checkin g fo r  simultaneou s even t  detection .  Afte r  a n 
even t  i s detecte d b y a n agent ,  i t  mus t  decid e i f  other s ar e 
likel y t o hav e als o detecte d (o r  wi U soo n detect )  th e even t  I t 
woul d no t  d o t o hav e severa l  agent s simultaneousl y handhn g 
a singl e event ,  unawar e o f  others '  actions .  No t  onl y ar e "rac e 
conditions "  likely ,  bu t  th e duphcate d wor k woul d probabl y b e 
unproductiv e o r  eve n counter-productive . 

To d o this ,  a n agen t  mus t  hav e a  goo d mode l  o f  th e othe r 
agent' s activities ,  position ,  senso r  capabilities ,  an d o f  thei r 
interna l  model s o f  th e world .  Th e forme r  thre e ar e neede d 
so tha t  th e agen t  ca n determin e whethe r  th e other s ar e a t 
vantag e point s t o wimes s th e even t  an d whethe r  the y hav e 
th e necessar y sensor y an d attentiona l  resource s t o detec t  th e 
even t  whe n i t  occurred .  Th e latte r  i s neede d s o tha t  th e agen t 
ca n predic t  whethe r  th e even t  looke d Uk e a n even t  t o th e 
othe r  agents .  Fo r  example ,  suppos e durin g a  cooperativ e 
underwate r  photograph y tas k (e.g. ,  th e mavi s tas k (Turne r 
et  al. ,  1991)) ,  A U V A  notice s tha t  A U V B' s ligh t  turne d of f 
when,  fro m A' s standpoint ,  i t  shoul d no t  have .  A U V A  shoul d 
predic t  tha t  B  likel y (bu t  no t  necessarily )  als o detecte d th e 
event ;  i t  shoul d als o predic t  tha t  anothe r  o f  th e group' s A U V s , 
C,  tha t  i s  no t  involve d i n th e curren t  task ,  woul d likel y no t 
hav e noticed—t o it ,  seein g B' s ligh t  g o of f  woul d no t  mea n tha t 
somethin g unexpecte d ha d happened .  Consequently ,  A  need s 
onl y b e concerne d wit h B  havin g simultaneousl y notice d th e 
even t 

I f  a n agen t  beheve s tha t  other s hav e als o notice d a n even t 
the n i t  need s t o ente r  int o negotiatio n (see ,  e.g. ,  Sycara ,  1989 ) 
t o decid e whic h o f  the m wil l  handle  th e even t  Th e possibili -
tie s  are :  th e agen t  th e agen t  an d other s (possibl y includin g th e 
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one bein g negotiate d with) ,  o r  other s an d no t  th e agent .  I f  th e 
agen t  ha s n o responsibilit y  fo r  ib e event ,  the n it s processin g 
of  i t  ca n terminate. ^ 

Assessing the scope of the event. When an agent decides 
tha t  n o othe r  agent s ar e bkel y t o hav e notice d a n event ,  the n 
i t  ha s d e fact o responsibilit y  fo r  it .  Par t  o f  thi s responsibilit y 
entail s decidin g whethe r  o r  no t  t o notif y other s and/o r  t o ge t 
help .  Thi s relie s o n a n assessmen t  o f  th e scop e o f  th e event : 
Does th e even t  impac t  onl y m e ,  o r  doe s i t  impac t  other s i n th e 
grou p (o r  th e grou p a s a  whole) ? 

I f  th e agen t  determine s tha t  th e even t  impact s onl y itself , 
the n i t  ca n procee d wit h handlin g it .  I f  i t  decide s tha t  th e even t 
affect s n o one ,  the n i t  ca n terminat e processin g th e event .  (Fo r 
example ,  i f  a n agen t  notice s a  rockslide ,  bu t  neithe r  i t  no r  an y 
othe r  agen t  i s  predicte d t o g o nea r  th e rubble ,  the n i t  m a y b e 
saf e t o ignor e th e event )  I f  th e even t  i s  predicte d t o impac t 
others ,  the n th e agen t  mus t  decid e w h o i s bes t  abl e t o handl e 
th e even t 

The knowledg e necessar y t o suppor t  assessmen t  o f  a n 
event' s scop e agai n relie s o n environmenta l  knowledg e a s 
wel l  a s a  mode l  o f  th e group' s organizatio n an d model s o f 
others '  actions ,  plans ,  an d beliefs . 

Determining the best agent to handle the event. De-
terminin g wha t  agen t  ca n bes t  handl e a n even t  ca n b e don e 
i n a  numbe r  o f  ways ,  th e on e selecte d dependin g bot h o n th e 
organizatio n o f  th e C D P S grou p a s wel l  a s o n th e agent' s 
knowledge .  I f  th e group' s organizatio n i s hierarchical ,  fo r  ex -
ample ,  the n i t  m a y b e a  standin g pohc y tha t  a n agen t  noticin g 
an even t  mus t  notif y it s superior ,  whic h wil l  the n (possibl y 
afte r  notifyin g it s superior ,  etc. )  selec t  th e agent(s )  tha t  wil l 
handl e th e event .  I n othe r  situations ,  fo r  example ,  whe n ther e 
i s a  "flat "  agen t  organizatio n (e.g. ,  i n P G P system s (Durfe e & 
Lesser ,  1987)) ,  agent s m a y negotiat e amon g themselve s a s t o 
who shoul d handl e th e even t 

The agent' s o w n knowledg e impact s th e determinatio n a s 
well .  I f  i t  ha s sufficien t  knowledge ,  i t  m a y b e abl e t o predic t 
whic h o f  it s  fello w agent s i s i n th e bes t  position ,  fro m th e 
standpoin t  o f  bot h knowledg e an d ability ,  t o handl e th e even t 
To d o this ,  i t  need s knowledg e o f  othe r  agents '  abiUties ,  inten -
tions ,  knowledge ,  an d curren t  workload .  Th e latte r  i s  neede d 
becaus e a n agen t  m a y b e i n th e bes t  positio n t o handl e a n 
even t  ye t  b e to o busy . 

Diagnosing the event. Event diagnosis is a difficult task. 
A m o ng othe r  things ,  i t  i s  difficul t  t o kno w whe n t o stop : 
Shoul d th e even t  b e diagnose d t o th e ultimat e caus e o r  jus t  t o 
th e leve l  a t  whic h a  respons e ca n b e m a d e t o it ? Elsewhere ,  w e 
hav e argue d tha t  th e latte r  i s  mos t  appropriat e (Turner ,  1994) ; 
Rubi n (1975 )  m a d e a  simila r  argumen t  fo r  th e diagnosi s o f  th e 
surfac e for m o f  medica l  "events "  (i.e. ,  sign s an d symptoms) . 

I t  m a y b e tha t  a n agen t  i n a  multiagen t  syste m need s t o 
contac t  othe r  agent s t o perfor m even t  diagnosis .  O n e reaso n 
fo r  thi s m a y b e t o obtai n informatio n tha t  i t  doe s no t  have . 
For  example ,  a n A U V m a y notic e tha t  i t  i s  driftin g of f  course ; 
one reaso n fo r  thi s m a y b e tha t  i t  i s  i n a  current .  I f  anothe r 

A UV ha s recentl y travele d throug h th e sam e region ,  i t  ca n as k 
i t  i f  it ,  loo ,  experience d difficult y maintainin g it s heading—i f 
so ,  the n it' s  Ukely  tha t  ther e i s a  curren t  present . 

Even t  diagnosi s m a y als o involv e takin g actions ;  thi s i s 
true ,  fo r  example ,  i n medica l  diagnosi s (e.g. ,  perfor m a  la b 
test )  a s wel l  i n th e A U V domai n (e.g. ,  attemp t  t o bac k u p t o 
see i f  th e vehicl e i s tr^pe d i n a  net) .  A n agen t  m a y nee d t o 
as k other s t o tak e action s o n it s behal f  t o hel p i t  diagnos e a n 
even t  i t  ha s noticed .  Fo r  example ,  a n A U V m a y as k anothe r 
t o visuall y inspec t  it s thnister s t o loo k fo r  damag e afte r  i t 
notice s tha t  it s  motio n ha s stopped .  W h e n suc h coordinatio n 
i s necessary ,  th e agen t  face s th e usua l  quandar y o f  h o w m u c h 
t o tel l  it s  partner(s )  abou t  w h y i t  ha s requeste d th e actions : 
Shoul d i t  simpl y as k fo r  a n actio n t o b e performed ,  o r  shoul d 
i t  giv e a  rational e fo r  th e action ,  s o th e othe r  agen t  ca n us e it s 
o wn knowledg e an d initiativ e t o bette r  hel p it ? 

Eve n i f  th e agen t  need s n o hel p fro m others ,  i f  i t  mus t  tak e 
action s t o diagnos e a n even t  i t  mus t  first  asses s th e actions ' 
impac t  o n others .  I t  may ,  dependin g o n th e action s t o b e taken , 
nee d t o infor m o r  eve n negotiat e wit h others . 

Th e knowledg e neede d fo r  diagnosi s i n a  sens e goe s some -
what  beyon d th e knowledg e o f  other s an d thei r  actions ,  etc. , 
necessar y fo r  th e othe r  phase s o f  even t  handling .  Even t  diag -
nosi s als o require s th e kind s o f  associational/causa l  o r  model -
base d knowledg e neede d fo r  othe r  diagnosti c tasks . 

Assessing the event's importance. Once an event has 
bee n diagnose d t o a  treatabl e cause ,  the n th e agen t  need s t o 
determin e i f  i t  i s  importan t  enoug h t o respon d to. '  A s w e 
discus s belo w an d elsewher e (Turner ,  1993 ;  Turner ,  1994) , 
an event' s importanc e depend s t o a  ver y larg e exten t  o n th e 
curren t  problem-solvin g context ;  whethe r  o r  no t  a  respons e 
i s selecte d depend s no t  onl y o n th e event' s importance ,  bu t 
h o w reactiv e th e reasone r  choose s t o b e i n th e curren t  situation . 
Bot h o f  thes e factor s ca n depen d o n othe r  agent s o r  th e overal l 
problem-solvin g group .  Fo r  example ,  th e failur e o f  a n A U V ' s 
ligh t  m a y hav e litU e importanc e fo r  th e A U V o r  it s  plans ; 
however ,  i f  i t  know s tha t  a  camera-bearin g A U V i s likel y t o 
as k i t  t o illuminat e target s a t  som e poin t  durin g th e mission , 
th e even t  become s mor e important . 

I f  a n agen t  predict s tha t  a n even t  m a y hav e importanc e t o th e 
broade r  problem-solvin g system ,  i t  m a y nee d t o infor m other s 
of  th e even t  as k fo r  informatio n t o hel p wit h th e assessmen t 
or  eve n negotiat e wit h othe r  agent s t o setd e o n a  mutually -
agreeabl e importanc e estimate .  Th e knowledg e neede d fo r 
thi s i s  simila r  t o tha t  fo r  th e othe r  phase s o f  even t  handling . 

Selecting a response. The appropriate response for an 
even t  m a y b e differen t  i n a  multiagen t  contex t  tha n i n a  situa -
tio n involvin g a  singl e agent .  Fo r  example ,  whe n encounterin g 
a curren t  a n agen t  operatin g b y itsel f  woul d likel y maneuve r 
out  o f  th e curren t  an d updat e it s interna l  mode l  o f  th e envi -
ronmen t  s o i t  woul d no t  stra y int o th e curren t  i n future ;  i n a 
multiagen t  situation ,  however ,  i t  shoul d als o conside r  broad -
castin g informatio n abou t  th e curren t  t o it s  co-worker s s o tha t 
the y ca n avoi d i t 

T̂hi s i s  no t  strictl y  true ;  th e agen t  shoul d monito r  th e handlin g 
of  th e even t  s o tha t  a t  som e late r  tim e i t  ca n help ,  i f  necessary . 

'Thi s phas e occur s afte r  diagnosi s becaus e importanc e ofte n de -
pend s mor e o n th e caus e (e.g. ,  a  disease )  tha n th e surfac e even t  (e.g. , 
a symptom) . 
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I n a  multiagen t  situation ,  a n agen t  m a y als o b e abl e t o as k 
othe r  agent s t o tak e action s o n it s behal f  t o respon d t o a n 
even t  Fo r  example ,  a n A U V tha t  ha s lande d o n a  sof t  botto m 
an d ha s subsequentl y becom e stuc k m a y as k anothe r  agen t  t o 
tr y t o pul l  i t  off . 

Eve n whe n a n agent' s respons e doe s no t  directl y involv e 
others ,  i t  m a y stil l  nee d t o coordinat e wit h the m i f  th e respons e 
impact s thei r  curren t  o r  futur e intentions .  Fo r  example ,  i f  th e 
onl y A U V wit h a  ligh t  begin s t o los e power ,  i t  m a y decid e t o 
retur n t o th e suppor t  vessel ;  i t  shoul d tel l  it s peers ,  however , 
as the y m a y nee d t o us e th e Ugh t  late r  i n th e group' s mission . 

I n additio n t o needin g a  mode l  o f  th e domai n an d o f  others ' 
action s an d beliefs ,  th e agen t  mus t  b e abl e t o projec t  th e hkel y 
effect s o f  it s respons e o n th e environmen t  an d th e others . 

Coordination between agents. At several points during 
th e even t  handlin g process ,  agent s nee d t o communicat e wit h 
on e another .  Thi s m a y involv e informin g agent s o f  event s o r 
responses ,  askin g fo r  hel p o r  information ,  o r  negotiatin g t o 
iro n ou t  inconsistencie s  i n informatio n o r  t o agre e o n a  cours e 
of  action . 

I n man y domains ,  includin g th e A U V domain ,  communica -
tio n i s no t  a s straightforwar d a s  i t  migh t  seem .  Fo r  example , 
i n th e A U V domai n communicatio n mos t  ofte n take s plac e 
by broadcastin g message s ove r  a n acousti c link .  Issue s aris e 
of  Umite d communicatio n channe l  bandwidt h an d overhear d 
message s givin g ris e t o unintende d event-handUn g behavio r 
on th e par t  o f  th e "eavesdroppers" .  I n addition ,  communi -
catio n need s t o b e incorporate d int o th e broade r  contex t  o f 
grou p proble m solvin g i n a  coheren t  manner .  Turne r  an d 
Turne r  (1991 )  describ e on e mechanis m fo r  this .  I n general , 
m u ch wor k remain s t o b e done . 

Role of context In all of the preceding discussion of 
knowledg e require d fo r  multiagen t  even t  handUng ,  m u c h o f 
what  w e hav e bee n talkin g abou t  ca n b e describe d a s contex -
tua l  knowledge :  knowledg e o f  th e environmental ,  problem -
solving ,  an d social/cooperativ e contex t  th e agen t  i s in .  Con -
textua l  knowledg e i s crucia l  i n appropriatel y conditionin g a n 
agent' s behavio r  t o th e curren t  problem-solvin g contex t  Con -
textua l  knowledge ,  however ,  come s no t  onl y fro m th e agent' s 
senso r  strea m an d message s received .  I t  als o come s from  th e 
agent' s knowledg e abou t  problem-solvin g situation s i n gen -
eral ,  whic h m a y b e th e produc t  o f  it s pas t  experiences . 

Elsewhere ,  w e hav e discusse d a  mechanis m fo r  context -
sensitiv e reasonin g i n real-worl d domain s (e.g. .  Turner ,  1989 ; 
Turner ,  1993 ;  Turner ,  1994) ,  includin g handlin g unanticipate d 
events .  W e beUev e tha t  thi s mechanism ,  whic h relie s o n 
retrievin g an d mergin g contextua l  schema s int o a  coheren t 
pictur e o f  th e curren t  contex t  ca n b e extende d t o faciUtat e 
multiagen t  even t  handlin g a s well . 

Complications Arising from Time-Consuming Actions. 
Above ,  w e hav e discusse d th e proces s o f  even t  handlin g a s 
i f  actions ,  includin g conmiunicatio n actions ,  tak e negligibl e 
time .  Thi s i s no t  th e cas e i n rea l  worl d domains ,  an d espe -
ciall y no t  i n relativel y slo w domain s suc h a s A U V control . 
For  example ,  suppos e th e agen t  mus t  mov e i n orde r  t o diag -
nos e a n even t  thi s coul d tak e second s t o minutes .  Similarly , 

communicatio n i s slo w underwater ;  th e curren t  generatio n o f 
availabl e acousti c m o d e m s hav e a  bi t  rat e o f  abou t  120 0 baud , 
and ther e i s a  significan t  tim e la g arisin g fro m th e spee d o f 
soun d i n water . 

Durin g th e tim e th e agen t  i s carryin g ou t  action s i n suppor t 
of  even t  handling ,  th e worl d doe s no t  stan d still .  Informatio n 
continue s t o strea m int o th e agen t  fro m outside ,  th e worl d 
continue s t o change ,  an d other s continu e thei r  tasks .  Th e 
agen t  canno t  then ,  suspen d even t  handlin g whil e waitin g fo r 
action s t o complete ;  ne w event s wil l  deman d attention ,  an d 
shoul d b e handled . 

T wo possibilitie s sugges t  themselves .  O n e solutio n i s t o 
make th e stat e o f  even t  bandUn g explici t  s o tha t  th e agen t  ca n 
interrup t  th e handlin g o f  on e even t  the n late r  resum e wher e 
i t  lef t  of f  afte r  th e necessar y action s hav e bee n taken .  A 
proble m wit h thi s  i s tha t  unti l  th e action s complete ,  th e agen t 
has actuall y don e nothin g abou t  th e even t  whic h coul d b e 
catastrophic :  conside r  a n even t  tha t  suggest s a n A U V ma y b e 
driftin g belo w it s crus h depth .  Th e secon d solutio n i s t o allo w 
even t  handlin g t o finish  withou t  waitin g fo r  actions ,  com -
munication ,  and/o r  negotiatio n t o finish—but  t o mak e onl y a 
provisiona l  diagnosis ,  assessmen t  an d actio n recommenda -
tion .  Later ,  whe n additiona l  informatio n arrive s a s a  resul t  o f 
th e action s o r  communication ,  th e agen t  woul d reevaluat e th e 
even t  i n fight  o f  th e ne w information .  W e wil l  investigat e th e 
latte r  solutio n a s thi s wor k progresses . 

Multiagent Event Handling in Orca 

Figur e 2  show s th e interna l  structur e o f  th e curren t  versio n 
of  O r c a .  I t  i s  divide d int o severa l  modules ,  includin g a 
Connmunication s Modul e tha t  i s no t  shown . 

Orca f -
CumalCMilMt t 

y-- C [ } - . . 

Annd,Win>a > 

,  cŝ n--. . 
rSniitH.i>ll. r 

W.,bn<UaiiMf r 

'adi.n.Afpl..r ) 

Inpv U (m a L«wW' 
Umui m fr<n>  Uur .  OII» r  AUVi 
•ln«l  9«Awar« 

Ummrm to  UMr .  OtiM r  AUVi 

Figur e 2 :  Interna l  structur e o f  Orca . 

Event Handler accepts all incoming sensor information and 
(parsed )  message s from  othe r  agents ,  includin g th e AUV ' s 
users .  I t  i s responsibl e fo r  detectin g i f  th e inpu t  togethe r  wit h 
pas t  inpu t  signal s a n event .  I f  no t  i t  route s th e inpu t  appro -
priatel y (e.g. ,  t o th e workin g memory ,  i n th e cas e o f  data ,  o r 
Agend a Manager ,  i n th e cas e o f  goals) .  I f  so ,  i t  diagnose s th e 
even t  assesse s it s importance ,  an d select s a  respons e ( a goal) , 
whic h i t  the n send s t o Agend a Manager .  Agend a Manage r  i s 
responsibl e fo r  maintainin g Orca' s focu s o f  attention ,  ensur -
in g tha t  i t  i s alway s workin g o n a n appropriat e se t  o f  goal s fo r 
th e curren t  problem-solvin g situation .  Schem a Appfie r  use s 
Orca' s librar y oiprocedura l  schema s t o achiev e th e goal s o n 
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th e agenda ,  a s describe d elsewher e (e.g. .  Turner ,  1994) .  Con -
tex t  Manage r  watche s th e evolvin g problem-solvin g situatio n 
and decide s wha t  th e curren t  contex t  is ;  i t  doe s thi s b y build -
in g a  curren t  contextua l  schem a fro m it s librar y o f  contextua l 
schemas ,  eac h o f  whic h represen t  on e clas s o f  situations .  Th e 
curren t  contextua l  schem a represent s bot h a  commitmen t  t o 
what  th e contex t  i s  an d a  repositor y fo r  a  grea t  dea l  o f  context -
specifi c  problem-solvin g knowledg e th e othe r  module s us e t o 
guid e Orca' s actions . 

The multiagen t  event-handlin g proces s show n i n Figur e 1 
does no t  cleanl y fit  int o an y o f  th e module s shown ;  no r  shoul d 
it ,  necessarily ,  a s th e proces s o f  multiagen t  even t  handUn g i s 
quit e differen t  tha n fo r  a  singl e agent .  Rather ,  i t  wil l  hav e t o b e 
distribute d ove r  th e piece s o f  Orca ,  wit h mos t  o f  i t  residin g 
i n Even t  Handler .  Othe r  piece s o f  th e proces s ar e don e b y 
Schema Applie r  an d Agend a Manager .  Fo r  example ,  bot h wil l 
be involve d whe n action s ar e necessar y t o commuicat e wit h 
othe r  agent s t o carr y ou t  negotiation ;  bot h wil l  b e involve d 
when even t  diagnosi s require s action s t o b e take n tha t  impac t 
Orca' s othe r  actions .  Al l  th e module s wil l  continu e t o rel y 
on informatio n supplie d b y Contex t  Manager . 

Related Work 

Many planning systems meant for single-agent problem solv-
in g hav e ha d t o dea l  wit h unanticipate d events .  Fo r  exam -
ple ,  PRS (Georgef f  &  Ingrand ,  1988 ;  Georgef f  &  Lansky , 
1987 )  an d medi c (Turner ,  1989 ;  Turner ,  1994 )  hav e bot h ex -
plore d th e proble m o f  event s occurrin g durin g th e executio n 
of  a  singl e agent' s plan .  PRS,  fo r  example ,  use s malfunctio n 
procedure s an d meta-knowledg e t o handl e failure s tha t  hav e 
been anticipate d an d domai n specifi c  meta-knowledg e t o rea -
son abou t  multipl e unrelate d failures ;  th e developmen t  o f  a 
genera l  solutio n fo r  reasonin g abou t  unexpecte d (unrelated ) 
failure s i s lef t  fo r  futur e work ,  medi c use s contextua l  schema s 
t o provid e informatio n abou t  a n unanticipate d event' s impor -
tanc e i n a  particula r  situatio n an d abou t  ho w t o handl e th e 
even t  appropriately .  O r c a (Turner ,  1994 ;  Turne r  &  Steven -
son ,  1991),  whic h i s base d partl y o n MEDIC,  i s extendin g 
medic' s event-handUn g mechanis m t o cop e wit h real-worl d 
domains ;  th e wor k reporte d her e wil l  ultimatel y b e folde d int o 
Orca . 

Other s hav e looke d a t  th e proble m o f  handlin g event s i n 
multiagen t  situations .  Fo r  example ,  Phoeni x (Cohe n e t  ai , 
1989) ,  a  multiagen t  syste m operatin g i n th e firefighting  do -
main ,  ha s agent s tha t  interleav e plannin g an d execution ,  ar e 
capabl e o f  reactiv e response s t o anticipate d events ,  an d ca n 
perfor m deliberativ e planning .  However ,  unanticipate d event s 
ar e no t  handle d b y individua l  agents ,  whic h hav e onl y a  loca l 
vie w o f  th e problem-solvin g situation ,  bu t  rathe r  b y a  cen -
tra l  fire-boss  wit h a  globa l  vie w o f  th e situation .  Individua l 
agent s d o no t  reaso n abou t  th e effec t  thei r  action s ma y hav e 
on others ,  an d th e syste m use s a  se t  o f  predefine d event s a 
singl e agen t  ma y encounter .  Wor k o n Partia l  Globa l  Plannin g 
(PGP)  (e.g. ,  Durfe e &  Lesser ,  1987 )  als o deal s wit h event s i n 
a distribute d A I  environment .  However ,  th e agent s w e ar e in -
tereste d i n ar e mor e autonomou s tha n th e typica l  P G P agents ; 
consequently ,  the y hav e mor e flexibiUty  t o handl e event s o n 
thei r  own .  Cammarat a e t  al .  (1983 )  wer e concerne d wit h 
agent s tha t  ar e semi-autonomou s (airplanes )  i n thei r  ai r  traffi c 
contro l  system .  However ,  the y deal t  wit h a  relativel y impov -

erishe d se t  o f  even t  types ,  an d rehe d o n plannin g b y a  singl e 
agen t  i n mos t  case s t o handl e th e even t 

Conclusion 

Handlin g event s durin g multiagen t  cooperativ e proble m solv -
in g i s a  ver y difficul t  task .  Event s ca n aris e du e t o a  singl e 
agen t  o r  a  grou p o f  agents ;  a n even t  ca n b e detecte d b y th e 
agen t  tha t  gav e rise  t o i t  o r  b y others .  Decidin g wh o shoul d 
handl e th e event ,  a s wel l  a s th e proces s o f  diagnosin g it ,  as -
sessin g it s importance ,  an d selectin g a  respons e ma y al l  nee d 
t o b e don e cooperatively . 

I n thi s paper ,  w e hav e sketche d a n approac h t o handhn g 
event s i n multiagen t  cooperativ e systems .  Th e proces s relie s 
on knowledg e abou t  th e world ,  onesel f  an d one' s intentions , 
and others '  beUef s an d intentions ,  a s wel l  a s o n additiona l  a 
prior i  contextua l  knowledge ,  possibl y buil t  fro m pas t  expe -
riences  i n simila r  situations .  Th e proces s als o depend s o n 
knowin g whe n an d wha t  t o conmiunicat e wit h others ,  base d 
on wha t  a n agen t  know s abou t  thei r  curren t  belief s an d in -
tentions ,  t o infor m the m o f  pertinen t  information ,  t o as k fo r 
informatio n o r  assistance ,  an d t o negotiat e abou t  handlin g th e 
even t 

The wor k reporte d her e i s prehminary .  Thoug h w e wil l  b e 
developin g an d evaluatin g th e approac h i n th e A U V domai n 
as par t  o f  th e O r c a projec t  w e believ e i t  i s  applicabl e fo r 
handhn g unanticipate d event s i n mos t  cooperativ e problem -
solvin g situation s i n th e rea l  worid . 
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