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ABSTRACT 

Design can be modeled as a multi-agent planning task where several agents that possess different 

expertis e an d evaluatio n criteri a cooperat e t o produc e a  design .  T h e difference s m a y resul t  i n conflict s 

tha t  hav e t o b e resolve d durin g design .  Th e proces s b y whic h conflic t  resolutio n i s  achieve d i s 

negotiation .  I n thi s paper ,  w e propos e a  mode l  o f  grou p proble m solvin g a m o n g cooperatin g expert s tha t 

support s negotiation .  Th e mode l  incorporate s accessin g informatio n fro m a  cas e m e m o r y o f  existin g 

designs ,  communicatio n o f  desig n rationale ,  evaluatio n an d critiquin g o f  desig n decisions .  Incrementa l 

desig n modification s ar e performe d base d o n constrain t  relaxatio n an d compariso n o f  utilities . 

INTRODUCTION 

The design task can be described as taking a set of functional specifications and constraints, and 

producin g a n artifac t  representatio n whos e behavior ,  w h e n manufactured ,  conform s t o th e give n 

specificatio n description .  Desig n constraint s involv e no t  onl y physica l  law s an d domai n principle s tha t 

determin e th e behavio r  o f  th e devic e bu t  als o restriction s an d interaction s arisin g fro m concern s suc h a s 

cost ,  eas e o f  manufacturing ,  eas e o f  assembl y an d eas e o f  maintainin g th e artifact .  Takin g thes e concern s 

int o consideratio n i n th e initia l  desig n stage s i s k n o w n a s concurren t  engineerin g [D IC E 89 ,  Srira m 88]^ . 

Concurren t  engineerin g i s a  tea m effor t  tha t  require s th e collaboratio n o f  team s o f  specialist s representin g 

relevan t  perspectives .  Typically ,  eac h specialis t  ha s expertis e i n on e are a pertainin g t o th e design ,  limite d 

knowledg e o f  th e constraint s an d intention s o f  th e othe r  specialist s an d i n genera l  differen t  evaluatio n 

criteri a o f  th e design .  Hence ,  inconsistencie s an d conflictin g view s m a y occur .  T h e speciahst s interac t  i n a 

cooperativ e manne r  i n orde r  t o effec t  tradeoff s an d resolv e inconsistencies .  T h e final  desig n i s a 

compromis e tha t  ha s bee n agree d upo n b y al l  concerne d agents^ .  Existin g approache s t o modelin g 

concurren t  desig n hav e primaril y focuse d o n investigatin g architecture s fo r  communicatio n betwee n 

variou s expen s [DIC E 89 ,  Lande r  88 ,  Talukda r  88] ,  o r  o n conflic t  detectio n [Robinso n 87 ,  Srira m 88] .  I n 

thi s paper ,  w e presen t  a  mode l  o f  th e grou p proble m solvin g proces s o f  a  tea m o f  concurren t  engineerin g 

cooperatin g experts .  Th e propose d tea m desig n mode l  i s inspire d b y ou r  wor k i n a n adversaria l  domain , 

namel y conflic t  resolutio n i n labo r  managemen t  dispute s [Sycar a 87] .  T h e mode l  i s  currentl y bein g 

implemente d i n th e C A D E T syste m tha t  integrate s Case-Base d Reasoning ,  Qualitativ e Reasoning ,  an d 

Constrain t  Propagatio n i n th e domai n o f  mechanica l  desig n [Sycar a 89a ,  Sycar a 89b] . 

'Thi s researc h ha s bee n supporte d b y D A R PA an d AFOSR unde r  contrac t  numbe r  F49620-90-C-0003 . 

^It has been recently recognized that the practice of concurrent engineering is very advantageous in terms of reducing the time 
of  a  produc t  fro m "concep t  t o market" .  Industr y i s rapidl y movin g t o adop t  th e paractice . 

•'We use the words "agent", "expert" and "specialist" interchangeably for the purposes of this paper. 
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T h e tea m desig n proble m ha s th e followin g characteristics : 

•  T h e globa l  goa l  i s  t o produc e a  desig n tha t  i s synthesize d fro m contribution s o f  differen t 

expenise ,  concern s an d constraint s 

•  Durin g th e desig n process ,  conflict s i n th e for m o f  constrain t  violation s coul d arise .  I f  thes e 

conflict s ar e no t  resolve d i n a  satisfactor y manner ,  infeasibl c design s wil l  occur . 

•  Disparat e evaluation s o f  (partia l  o r  complete )  design s coul d surfac e a s a  resul t  o f  differen t 

criteri a use d t o evaluat e design s fro m differen t  perspectives .  Typically ,  thes e criteri a canno t 
be simultaneousl y an d optimall y satisfied .  T h e desig n decision s tha t  optimiz e on e se t  o f 

criteri a coul d conflic t  wit h thos e tha t  optimiz e anothe r  set .  I f  thes e conflict s d o no t  ge t 

resolve d i n a  satisfactor y fashion ,  desig n suboptimalitie s occur . 

•  T h e globa l  goa l  i s  achieve d b y mak in g th e bes t  tradeoff s o n conflictin g desig n goal s an d 

constraints . 

•  Becaus e o f  th e presenc e o f  conflictin g constraints ,  goal s an d possibl y evaluatio n criteria ,  i t  i s 

impossibl e fo r  eac h exper t  t o optimiz e th e overal l  desig n usin g onl y loca l  information . 

•  Backtracking ,  resultin g fro m infeasibl e designs ,  ca n b e a  majo r  proble m sinc e i t  m a y resul t  i n 

invalidatin g desig n decision s tha t  othe r  agent s hav e m a d e . 

As a result of the above characteristics, the final successful design can be viewed as a compromise'*, that 

incorporate s tradeoff s suc h a s cost ,  eas e o f  manufacturin g an d assembly ,  reliabilit y  an d maintainability . 

T h e proces s throug h whic h desig n decision s ar e m a d e b y a  tea m o f  expert s i s negotiation .  Typicall y i n 

manufacturin g enterprise s (e.g. ,  [Bon d 89]) ,  afte r  initia l  stud y o f  th e desig n specifications ,  a n initia l 

desig n (calle d a n initia l  cartoon )  i s create d b y th e mai n designer .  Subsequently ,  th e specialist s mee t  t o 

negotiat e propose d change s an d tradeoff s wit h respec t  t o th e initia l  design .  Compromise s ar e suggeste d 

an d discussed .  T h e suggeste d compromise s initiat e furthe r  studie s tha t  necessitat e additiona l  meeting s t o 

reconcil e continuin g proble m areas .  Thi s iterativ e proces s continue s unti l  al l  partie s reac h agreement^ . 

Dependin g o n particula r  decision s concernin g tradeoffs ,  differen t  design s wil l  b e produced .  Fo r  example , 

th e valv e fo r  a  wate r  ta p coul d b e a  metalli c  threade d par t  o r  a  plasti c plu g valv e wit h a  hole .  Ther e i s a 

tradeof f  betwee n th e lo w cos t  o f  th e plasti c valv e an d th e hig h durabilit y  o f  th e meta l  valve .  Despit e th e 

difficult y o f  applyin g negotiatio n techniques ,  recorde d conflict s an d thei r  resolution ,  namel y previou s 

simila r  desig n cases ,  provid e a  foundatio n fo r  rationalizin g designs . 

Negotiation enters the design process at the following points: 

•  W h e n th e resul t  o f  desig n decision s i s a n infeasibl e desig n (i.e .  w h e n constrain t  violation s 
hav e bee n identified) . 

•  W h e n a  desig n i s feasibl e bu t  suboptimal . 

•  W h e n alternat e approache s ca n achiev e simila r  functiona l  results . 

''Pruil t  [Pniii t  81 ]  ha s identifie d tw o type s o f  negotiatio n whic h ar e use d b y expe n huma n negotiator s t o see k acceptabl e 
solution s an d whic h ma y b e applicabl e t o machin e agents :  (a )  compromis e negotiatio n wher e eac h part y make s concession s o n it s 
demands t o facilitat e agreement ,  an d (b )  integrativ e negotiatio n wher e th e mos t  importan t  goal s o f  eac h part y ar e use d t o for m 
innovativ e solutions ,  relinquishing ,  i f  necessary ,  secondar y goals .  I n ou r  view ,  bot h thes e negotiatio n type s resul t  i n compromis e 
solutions ,  i n othe r  word s i n partia l  goa l  satisfaction .  Moreover ,  i n typica l  negotiation s a  goa l  o f  secondar y importanc e t o on e 
agent  coul d b e o f  primar y importanc e t o anothe r  becaus e o f  differen t  loca l  evaluatio n functions .  M y us e o f  th e wor d 
"compromise "  encompasse s bot h thes e negotiatio n ij'pcs . 

Throughout this process, time and cost determine the number of iterations allowed. 
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Negotiatio n i s a  proces s i n whic h th e partie s iterativel y exchang e proposal s an d proposa l  justification s 

unti l  a n agreemen t  i s reached .  Durin g th e negotiatio n process ,  th e feasibilit y  an d desirabilit y  o f  propose d 

tradeoff s i s evaluate d an d m a y resul t  i n incrementa l  desig n adaptations .  Thus ,  a  negotiatio n mode l  mus t 

be (a )  iterative ,  (b )  includ e mechanism s t o incorporat e feedbac k o f  th e partie s concernin g evaluatio n o f  a 

proposa l  (partia l  design )  fro m thei r  poin t  o f  view ,  (c )  includ e criteri a fo r  judgin g whethe r  progres s i n th e 

negotiatio n i s bein g made ,  an d (d )  incorporat e negotiatio n protocol s fo r  th e exchang e o f  proposals , 

argument s an d justification s o f  th e propose d desig n decisions .  Th e propose d mode l  incorporate s th e 

abov e characteristics . 

AN EXAMPLE OF EXPERT INTERACTION 

Consider the process of designing a turbine blade. Some of the dominant specialties are aerodynamics. 

structura l  engineering ,  manufacturin g an d marketing .  Th e blad e desig n tea m operate s withi n constrain t 

range s specifie d b y th e desig n tea m fo r  th e aircraf t  engine .  T h e blad e desig n tea m incorporate s variou s 

concerns .  Th e concer n o f  aerodynamic s i s aerodynami c efficiency ;  fo r  structura l  engineerin g i t  i s 

reliabilit y  an d safety ;  fo r  manufacturing ,  i t  i s  eas e an d cos t  o f  manufacturin g an d testing ;  fo r  marketin g i t 

i s  overal l  cos t  an d custome r  satisfaction .  Th e tw o variable s o f  concer n i n a  turbin e blad e tha t  w e conside r 

are :  (a )  roo t  radius ,  an d (b )  blad e length .  F ro m th e perspectiv e o f  structura l  design ,  th e bigge r  th e roo t 

radius ,  th e bette r  sinc e i t  decrease s stres s concentration .  Fro m th e perspectiv e o f  aerodynamics ,  th e 

smalle r  th e roo t  radius ,  th e better ,  sinc e i t  increase s aerodynami c efficiency .  Concernin g th e lengt h o f  th e 

blade ,  fro m th e poin t  o f  vie w o f  structura l  design ,  th e shorte r  th e blade ,  th e lowe r  th e tensil e stresses ; 

fro m th e poin t  o f  vie w o f  aerodynamic s th e longe r  th e blade ,  th e bette r  th e aerodynamics .  O n th e othe r 

hand ,  i f  th e blad e i s shorter ,  i t  make s fo r  a  lighte r  engin e whic h i s a  desirabl e characteristi c fo r 

aerodynami c efficiency .  Thus ,  w e se e tha t  th e aerodynamic s exper t  need s t o m a k e tradeoff s interna l  t o it s 

perspective .  Fro m th e poin t  o f  vie w o f  marketing ,  aerodynami c efficienc y lower s th e cos t  o f  operatio n o f 

th e aircraft ,  thu s makin g i t  mor e attractiv e t o customers .  F ro m th e poin t  o f  vie w o f  manufacturing ,  i t  i s 

easie r  t o manufactur e shorte r  blade s wit h bigge r  roo t  radii . 

The following is a simplified example dialogue of the various concerned perspectives in an attempt to 

arriv e a t  a  mutuall y satisfactor y turbin e blad e design : 

Aerodynamics (using case based reasoning) suggests particular values x and y for length and root radius 

of  th e blade .  Th e suggeste d x  an d y  value s ar c withi n acceptabl e constrain t  ranges . 

Structural engineering evaluates these values from its point of view and suggests values x' and y' where 

x'<x  an d y'> y (i.e. ,  shortenin g th e lengt h an d increasin g th e roo t  radius )  t o increas e safety . 

Aerodynamics counters by saying that the values structural engineering suggested would considerably 

decreas e aerodynami c efficiency . 

Structural engineering counters that shorter blade makes engine lighter, thus also increasing efficiency. 

Marketing says aerodynamic efficiency sells the product since it is less cosily to operate. 

Manufacturing supports structural by saying it is easier to manufacture short blades with big root radius. 

Aerodynamics suggests that the materials engineering expert could try to investigate new materials that 

make th e blad e lighter ,  thu s alleviatin g weigh t  considerations . 
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Manufacturin g say s tha t  n e w material s tak e lot s o f  tim e t o tes t  an d debug . 

Structural engineering adds that new materials may introduce safety hazards that could go undetected. 

This example illustrates the exchange of proposals for values of length and radius of the blade as well as 

th e exchang e o f  argument s an d justification s i n critiquin g th e propose d values .  Th e natur e o f  th e 

resultin g desig n wil l  depen d o n (a )  th e range s o f  variou s artifac t  constraints ,  (b )  whic h constraint s ca n b e 

relaxe d an d i n wha t  ways ,  (c )  th e relativ e importanc e o f  variou s artifact-dependen t  goal s (e.g. , 

aerodynami c efficiency) ,  (d )  relativ e importanc e o f  variou s artifact-independen t  goal s (e.g. ,  safety) ,  an d 

(e )  th e w a y i n whic h particula r  variabl e value s contribut e t o th e achievemen t  o f  th e goals . 

THE MODEL 

At the start of the team design process, an initial design is generated and presented to each expert, who 

evaluate s i t  fro m it s o w n poin t  o f  vie w an d register s it s reaction s (evaluations ,  objection s an d 

suggestions) .  A t  eac h negotiatio n iteration ,  th e inpu t  i s th e se t  o f  conflictin g concerns ,  violate d 

constraint s o f  th e variou s desig n agent s an d th e contex t  o f  th e desig n (e.g. ,  constraint s tha t  hav e bee n 

hande d t o th e desig n tea m fro m others) .  Th e fina l  outpu t  i s eithe r  a  singl e agree d upo n desig n o r  a n 

indicatio n o f  failur e i f  th e negotiatin g agent s di d no t  reac h agreemen t  withi n a  particula r  numbe r  o f 

iterations .  Th e final  outpu t  i s reache d throug h iteration s o f  th e followin g tasks :  (a )  proposa l  o f  a n initia l 

design ,  (b )  argument s t o suppor t  justificatio n an d critiquin g o f  th e desig n an d (c )  incrementa l 

modificatio n an d improvement .  Thes e task s ar e performe d usin g knowledg e o f  existin g design s an d thei r 

characteristics ,  knowledg e o f  physica l  law s an d constraints ,  trace s o f  desig n decision s m a d e s o far ,  an d 

model s o f  th e expertis e an d concern s o f  th e participatin g agents .  Th e agent s hav e acces s t o a  c o m m o n 

cas e bas e o f  previou s design s bu t  becaus e o f  thei r  specialize d knowledg e eac h on e accesse s an d evaluate s 

a desig n fro m a  particula r  view . 

Negotiation, as seen in Figure 1, is performed through integration of Case-Based Reasoning (CBR) 

[Kolodne r  e t  al .  85 ,  Sycar a 87] ,  us e o f  multi-attribut e utilities ,  calle d Preferenc e Analysis ,  an d constrain t 

relaxation .  Thes e method s ar e employe d i n al l  negotiatio n tasks ,  namel y i n generatio n o f  a n initia l 

proposal ,  repai r  o f  a  rejecte d proposa l  t o formulat e a  counterproposal ,  an d communicatio n o f 

justification s an d objections .  Th e proces s interleave s loca l  computatio n an d communicatio n o f 

computatio n result s t o othe r  agents .  O n e o f  th e importan t  concern s i n distribute d proble m solvin g i s 

minimizatio n o f  communicatio n overhead . 

Use of previous design cases offers a reasoncr (a) suggestions of how tradeoffs and resolutions have been 

m a de i n th e past ,  (b )  failur e avoidanc e advic e (sinc e failure s ar e recorde d i n th e desig n case) ,  an d (c ) 

possibl e modification s an d repair s t o desig n suboptimalities .  I n addition ,  fo r  grou p proble m solving , 

havin g a  m e m o r y o f  pas t  proble m solvin g experience s (successe s an d failures )  ha s th e followin g 

advantage s [Sycar a 89c] : 

•  Case-base d inferenc e minimize s th e nee d fo r  informatio n exchange ,  thu s minimizin g 

communicatio n overhead . 

•  Anticipatin g an d avoidin g problem s throug h reasonin g fro m pas t  failure s help s th e agent s 

minimiz e th e exchang e o f  proposal s tha t  wil l  b e rejected ,  iJiu s minimizin g backtracking . 

•  Reasonin g fro m previou s case s help s i n recognizin g problem s o r  opportunitie s i n a  propose d 
design . 

•  I f  th e repai r  o f  a  pas t  failur e i s als o store d i n memory ,  computatio n b y eac h agen t  i s 
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minimized . 

A n integra l  par t  o f  th e negotiatio n proces s i s th e abilit y  o f  th e agent s t o communicat e thei r  view s an d 

preference s a s w e U a s influenc e th e decision s o f  othe r  agents .  Thus ,  a  grou p proble m solvin g mode l  mus t 

hav e th e abilit y  t o suppor t  (a )  representin g an d maintainin g belie f  models ,  (b )  reasonin g abou t  agents ' 

beliefs ,  an d (c )  influencin g othe r  agents '  beliefs .  Th e knowledg e neede d t o perfor m thes e task s i s a n 

agent' s belie f  an d preferenc e structure .  T h e belie f  structur e o f  a n agent ,  represente d i n a  goa l  graph , 

consist s o f  a  collectio n o f  goals ,  goa l  imponanc e an d relationship s a m o n g goals .  T h e preferenc e structur e 

of  a n agen t  record s it s utilitie s associate d wit h variou s potentia l  decisions .  T h e value s i n th e goa l  grap h 

ar e base d o n th e constraint s o n th e desig n an d compan y policy .  Fo r  example ,  afte r  a n airplan e cras h 

whos e caus e i s trace d t o a  defectiv e engine ,  th e importanc e o f  th e safet y goa l  increase s fo r  th e marketin g 
agcni^ . 

We represent an agent's belief structure as a directed acyclic graph where each node represents an agent's 

goal .  Edge s o f  th e grap h linkin g tw o goal s represen t  th e relationshi p betwee n goal s i n term s o f  h o w on e 

affect s (positivel y o r  negatively )  th e achievemen t  o f  th e other .  Fo r  example ,  aerodynami c efficienc y 

positivel y affect s lowe r  operatio n costs .  Associate d wit h eac h nod e is : 

^ i s ha s bee n observe d i n rea l  situations ,  suc h a s on e o f  las t  year' s airplan e accident s involvin g a n engin e mad e b y GE .  Th e 
company gav e increase d importan t  t o testin g procedure s an d desig n practice s t o increas e engin e reliability . 
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•  a  sig n ( + o r  - )  tha t  denote s th e desirabilit y  o f  a n increas e o r  decreas e i n tha t  goa l 

•  th e value s b y whic h th e attribute/goa l  shoul d b e increase d o r  decrease d 

•  th e importanc e tha t  th e agen t  attache s t o th e goa l 

•  \h e feasibilit y  a s perceive d b y th e agen t  o f  achievin g th e goa l 

Directed edges connect subgoals to the higher level goals to which they contribute. A contribution value 

i s associate d wit h eac h directe d edg e denotin g th e contributio n o f  th e subgoa l  t o th e highe r  leve l  goal . 

Contributio n value s rang e fro m - 1 0 0 % t o + 1 0 0 % .  A  positiv e valu e mean s tha t  th e subgoa l  support s th e 

achievemen t  o f  th e highe r  leve l  goa l  b y th e denote d percentage .  A  negativ e contributio n valu e ha s th e 

interpretatio n tha t  th e subgoa l  i s  detrimenta l  t o th e highe r  leve l  goal .  Sin k nodes ^  ar e th e highes t  leve l 

goal s o f  a n agent . 

A path from node X to node Y in a goal graph constitutes a causal/justification chain that provides an 

explanatio n o f  th e chang e i n Y  i n term s o f  th e chang e i n X ,  assumin g n o othe r  chang e ha s ocurre d i n th e 

res t  o f  th e graph .  Fo r  example ,  lengthenin g a  turbin e blad e result s i n increasin g aerodynami c efficiency , 

whic h i n tur n result s i n lowe r  operatin g costs ,  thu s resultin g i n increase d marketabilit y  o f  th e blade .  B y 

traversin g goa l  graph s a  reasone r  ca n answe r  th e followin g queries : 

•  Wh ic h goal s ar c supporte d b y a  se t  o f  desig n decisions ? 

•  W h i c h desig n decision s ar e justifie d b y a  se t  o f  goals ? 

In addition to an agent's beliefs, the representation includes an estimate of its utilities for each attribute in 

th e goa l  graph .  Utilitie s expres s th e preferenc e structur e o f  a n agen t  [Sycar a 88] .  Moreover ,  utilitie s 

expres s th e tradeof f  structur e amon g variou s attribut e value s associate d wit h alternativ e designs .  Th e 

(possibl y nonlinear )  utilitie s o f  individua l  attribute s ar e combine d t o giv e a n overal l  utility ,  th e payoff ,  o f 

an alternative .  Bein g abl e t o compar e differen t  alternative s enable s a  reasone r  t o choos e th e alternativ e 

tha t  afford s th e m a x i m u m payof f  A n integratio n algorith m traverse s th e belie f  structur e t o determin e 

whic h w a y goa l  value s shoul d b e move d t o increas e payof f  an d thu s th e acceptabilit y  o f  a  resolution . 

Moreover ,  goa l  grap h traversa l  allow s a n agen t  t o discove r  alternativ e desig n decision s tha t  suppor t 

importan t  goal s thu s leadin g t o innovativ e designs . 

THE NEGOTIATION PROTOCOL 

The agents interact through message passing. The messages that the negotiating agents exchange contain 

th e followin g information : 

•  T h e propose d desig n 

•  Justification s o f  desig n decision s 

•  Agreemen t  o r  disagreemen t  wit h th e proposa l 

•  Request s fo r  additiona l  information ,  suc h a s wit h whic h issu e i n th e propose d desig n th e 

agen t  disagrees . 

•  Reason s fo r  disagreement . 

•  Utilities/preference s o f  th e agent s associate d wit h disagree d upo n issues . 

'sin k node s hav e n o out-goin g edge s 
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We presen t  i n detai l  th e communicatio n protoco l  use d i n ou r  system^ . 

1.  Agentl communicates to agent2 a design proposal, as well as arguments and justifications in support 

of  th e proposal . 

2. Agent2 uses the arguments and justifications communicated by agentl to possibly modify its goal 

grap h (e.g. ,  chang e importanc e o f  goals ,  includin g possibl y abandonin g goals) . 

3. Agentl evaluates the proposal from its point of view (using its constraints and utilities). 

4. If the proposal satisfies agent2's local constraints and gives it payoff above a threshold, it 

communicate s A C C E PT t o agentl . 

5. If not, agentl generates a counterproposal by whatever problem solving means it has at its disposal 

(e.g. ,  CBR,  constrain t  relaxation) . 

6. Agentl evaluates the counterproposal. If the counterproposal gives agentl payoff above the threshold, 

agent l  communicate s t o agentl : 

•  Th e PORTION/ISSUE S o f  th e proposa l  tha t  hav e bee n modifie d 

•  Th e R E A S ON fo r  modifyin g th e previou s proposa l  (e.g. ,  valu e 1  violate s som e o f  th e 

agentl' s  har d constraints ,  a  se t  o f  propose d value s doe s no t  contribut e enoug h t o highe r  leve l 

goal s o f  agentl) . 

•  Th e C O U N T E R P R O P O S AL an d it s P A Y O F F. 

•  A R G U M E N TS an d J U S T I H C A T I O N S i n favo r  o f  th e counterproposal . 

7. If the counterproposal does not give agentl payoff above the threshold, agentl goes to step 5. 

8. If agentl has exhausted aU counterproposals it can generate through the methods of step 5, it traverses 

it s goa l  grap h t o se e whethe r  ther e i s anothe r  wa y t o satisf y  it s highe r  leve l  goals . 

•  I f  ther e is ,  i t  generate s a  counterproposa l  an d goe s t o ste p 6 . 

•  I f  ther e i s not ,  i t  communicate s F A I L U R E t o agent l  (wh o no w ha s t o generat e a  modificatio n 
and/o r  loo k fo r  alternativ e way s i n it s goa l  graph) . 

CONCLUDING REMARKS 

Design can be viewed as a multi-agent planning process involving multiple conjunctive and potentially 

conflictin g goals .  T h e agent s hav e differen t  expertis e (e.g. ,  mechanisms ,  hydrauhcs ,  assembly ,  testing ) 

whic h result s i n viewin g an d evaluatin g design s usin g different ,  possibl y conflictin g criteria .  T h e proces s 

of  negotiatio n i s use d t o propos e an d examin e desig n decision s involvin g variou s tradeoffs .  Negotiatio n i s 

performe d recursivel y a t  al l  stage s o f  desig n an d involve s differen t  desig n teams .  W e hav e propose d a 

model  o f  grou p proble m solvin g b y cooperatin g expert s tha t  support s negotiation .  T h e mode l  i s base d o n 

(a )  knowledg e o f  previou s designs ,  (b )  communicatio n o f  desig n rationale ,  justification s an d objection s t o 

propose d desig n decisions ,  (c )  constrain t  propagatio n an d relaxation ,  an d (d )  traversa l  o f  goa l  graphs . 

For  simplicity ,  th e protoco l  i s  presente d fo r  tw o agents ,  agentl ,  wh o initiate s a n initia l  desig n an d agcnt2 ,  wh o evaluate s th e 
desig n an d possibl y generate s a  counterproposal .  Th e protoco l  generalize s t o mor e tha n on e agen t  tha t  evaluate s an d suggest s 
modifications . 
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