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Abstract 

An automate d agen t  tha t  ha s t o ac t  i n a  multi-agen t  environmen t  need s th e capabil -

it y  t o negotiate .  I n thi s pape r  w e concentrat e o n problem s tha t  aris e whil e evaluatin g 

suggestion s durin g negotiations .  W e distingms h betwee n differen t  kin d o f  suggestion s 

and presen t  method s an d technique s fo r  evaluatin g them .  Th e suggestion s ar e writte n 

usin g a  forma l  Negotiatio n Languag e tha t  w e hav e developed .  W e sho w ho w ou r  ap -

proac h wa s successfull y implemente d i n a  specifi c  environment :  th e Diplomac y game . 

As i n othe r  boax d games ,  playin g Diplomac y involve s a  certai n amoun t  o f  technica l 

ski U bu t  th e capacit y t o negotiate ,  explain ,  convince ,  promise ,  kee p promise s o r  choos e 

not  t o kee p them,  i s a n essentia l  ingredien t  o f  goo d play .  Diploma t  wa s evaluate d an d 

consistentl y playe d bette r  tha n wel l  experience d players ,  an d i n game s tha t  wer e held , 

many player s di d no t  gues s whic h playe r  Diploma t  wa s playing . 

INTRODUCTION 

Negotiations are part of everyday life. Negotiators try to reach an agreement or arrangement 

by discussion .  Therefore ,  a n automate d agen t  actin g i n a  multi-agen t  environmen t  need s a 

capabilit y  t o negotiate .  Th e nee d fo r  negotiation s arise s i n a n environmen t  wher e cooperatio n 

i s beneficia l  an d become s eve n mor e necessar y wher e ther e als o exis t  conflict s betwee n th e 

agents .  Suc h a n environmen t  i s commo n i n th e rea l  world .  Eve n i n distribute d cooperativ e 

systems ,  wher e al l  agent s ar e designe d t o achiev e th e sam e goal ,  conflict s betwee n th e agent s 

can arise ,  sinc e ever y agen t  make s a n effor t  t o perfor m it s missio n i n a  wa y tha t  ma y interfer e 

wit h th e othe r  agents '  activities .  A n agen t  wil l  ge t  eve n mor e benefit s throug h negotiation s 

i f  som e o r  al l  o f  th e followin g condition s exist : 
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1. The cooperation among negotiators requires precise cooperation or division of tcisks be-

twee n th e participants . 

2.  Th e informatio n th e agent s hav e i s incomplet e an d th e negotiation s enabl e th e agent s t o 

gai n mor e information . 

3.  Ther e ax e difficul t  problem s t o analyz e an d a  singl e agen t  i s unabl e t o solv e it s problem s 

cilone ,  bu t  it s proble m solvin g powe r  m a y b e multiplie d b y cooperatio n an d exchang e o f 

ideas . 

4.  Ther e i s a  multi-agen t  environmen t  wher e th e othe r  huma n (o r  automated )  agent s hav e 

th e capabiUt y t o negotiat e an d a n agen t  tha t  doe s no t  hav e th e capabilit y  i s  a t  a  disadvantage . 

In previous work, Rosenschein and Genesereth [Rosenschein & Genesereth, 1985], used 

certai n game-theoreti c technique s t o mode l  communicatio n an d promise s i n mult i  agent s 

interaction .  There ,  th e proces s o f  negotiatio n wa s severel y restricte d (th e agent s coul d onl y 

maJce single ,  simultaneou s offers) ,  an d i t  assume s tha t  eac h agen t  know s th e complet e payof f 

matri x associate d wit h th e interaction .  Also ,  fo r  larg e game s involvin g man y agent s an d 

outcomes ,  th e kin d o f  environment s i n whic h w e ar e interested ,  th e siz e o f  a  payof f  matri x 

m ay quickl y becom e intractable . 

Davis and Smith [Davis & Smith, 1983] proposed an approach to cooperation using a 

contract-bi d metapho r  t o mode l  th e assignmen t  o f  task s t o processors .  The y use d nego -

tiatio n t o matc h idl e proble m solver s t o outstandin g task s a s a  basi s fo r  th e transfe r  o f 

contro l  an d a s a  wa y o f  viewin g invocatio n a s th e matchin g o f  knowledg e source s t o tasks . 

Sathi ,  Morton ,  an d Roth ,  ([Sathi ,  Morto n &  Rot h 1986]) ,  considere d th e proble m o f  projec t 

management .  I n thei r  approac h th e agent s negotiat e b y relaxation s s o a s t o achiev e a  com -

promise .  Th e constraint s an d thei r  relaxation s ar e staticall y known .  N o attemp t  i s mad e t o 

influenc e othe r  agents '  relaxation .  Sycar a [Sycara ,  1987 ]  presente d a  mode l  o f  negotiatio n 

tha t  combine s case-base d reasonin g an d optimizatio n o f  th e multi-attribut e utihtie s o f  th e 

agents .  Sh e implemente d he r  idea s i n a  compute r  progra m calle d th e P E R S U A D ER tha t 

resolve d adversaria l  conflict s i n th e domai n o f  labo r  relation s an d teste d he r  syste m usin g 

simulation s o f  suc h domains . 

Comparing this to our work, we examine negotiations in a more complex environment where 

a mediato r  i s no t  available ,  wher e th e agent s ma y brea k thei r  promises ,  wher e clos e cooper -

atio n betwee n differen t  agent s i s needed ,  an d wher e possibl e coalition s betwee n othe r  agent s 

must  b e take n int o account .  W e hav e implemente d ou r  idea s b y buildin g a  syste m tha t 

negotiate s successfull y wit h huma n partners . 

ENVIRONMENTS AND CONCEPTS 

Sending a suggestion is the way to propose a plan for acceptance or rejection. Actually, it is 

th e mai n metho d use d t o tr y t o an d convinc e anothe r  agen t  i n th e environmen t  t o perfor m 
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actions, and it is the way to promise to the other agent, which actions sender will perform. 

Therefor e a  negotiator-agen t  mus t  hav e th e capabilit y  t o evaluat e suggestion s an d decid e 

whethe r  t o accep t  o r  rejec t  th e suggestions . 

Before we get into the details of the evaluation of suggestions, we will briefly describe, 

th e environmen t  an d defin e som e concept s tha t  wil l  b e use d later .  I n general ,  th e negoti -

ation s ar e performe d amon g a  se t  o f  agents .  Eac h agen t  ha s it s ow n goal s an d task s an d 

searche s fo r  th e bes t  pla n t o achiev e thos e goals .  Eac h on e o f  th e agent s negotiate s i n orde r 

t o influenc e th e behavio r  o f  th e othe r  agents '  activities ,  i n orde r  t o convinc e the m t o hel p 

him ,  or ,  a t  least ,  no t  t o interfer e wit h hi s plans . 

We assume that a set S of strategies is given. The negotiations are performed on the basis of 

th e strategie s fo r  commo n activitie s o f  th e partie s tha t  negotiate .  A  strateg y include s a  lis t 

of  activities ,  th e purpos e o f  eac h activity ,  an d th e expecte d profi t  o r  los s fo r  th e agent s fro m 

thos e activities .  S  ma y b e finite  o r  infinite ,  bu t  i n th e environment s w e ar e considering ,  S 

i s usuall y infinit e (o r  a t  leas t  ver y large) . 

In order to negotiate eff^ectively, the negotiator-agent must keep and maintain general infor-

matio n abou t  th e environmen t  an d th e curren t  situation .  I t  als o ha s t o kee p informatio n 

abou t  th e othe r  agents ,  thei r  personalit y an d thei r  relation s an d t o kee p th e detail s o f  it s 

agreement s wit h th e others .  W e wil l  denot e th e negotiator-agen t  knowledg e an d belief s bas e 

by K B B . 

The personahty of the human agents influences their behavior while bargaining. Especially, 

thei r  wilhngnes s t o tak e chance s mus t  b e take n int o consideratio n whil e evaluatin g thei r  pos -

sibl e act s (  [Buen o d e Mesquita ,  1981]) .  Thei r  loyalt y ha s t o b e considere d whe n decidin g 

whethe r  th e othe r  agen t  wi U kee p a  signe d agreement .  Therefor e th e negotiator-agen t  ha s 

t o tr y t o estimat e th e personalit y o f  th e othe r  agent s b y examinin g thei r  activitie s an d b y 

exchangin g message s wit h th e others .  W e allo w th e behavio r  o f  th e negotiator-agen t  t o b e 

influence d b y som e "personality "  trait s suc h a s aggressiveness ,  willingnes s t o tak e chance s 

and loyalty ,  tha t  wil l  b e give n t o i t  a t  startu p tim e o r  durin g th e negotiations ,  an d the y wil l 

allo w th e negotiator-agen t  t o chang e "personality "  fro m tim e t o time . 

To make automated negotiations a bit easier, the negotiations need to be performed using a 

forma l  language .  W e hav e develope d a  Negotiatio n Languag e tha t  include s fou r  kind s o f  mes -

sages :  declarations ,  questions ,  suggestion s an d answer s ([Kraus ,  1988] ,  [Krau s &  Lehmann , 

1988a]) .  Th e buildin g block s fo r  th e message s ar e simpl e sentence s tha t  ar e specifi c  t o th e 

subjec t  o f  th e negotiations . 
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Diplomacy 

Th e environmen t  w e choos e t o dea l  wit h i s a  gam e name d Diplomacy ,  markete d b y Avalo n 

Hil l  Company .  Diplomac y i s a n environmen t  o f  intens e negotiatin g situatio n wher e w e coul d 

reall y fit  a n automate d agen t  agains t  human s withou t  th e late r  knowing .  W e implemente d 

and teste d ou r  idea s b y buildin g a n automate d Diplomac y playe r  calle d Diploma t  (  genera l 

descriptio n i n [Kraus ,  1988] ,  [Krau s &  Lehmann ,  1988a] ,  an d [Krau s &  Lehmann ,  1988b]) . 

Diplomacy is a board game played on a map of Europe during the years just prior to World 

W ax I .  Eac h playe r  play s on e o f  seve n Europea n powers .  Th e move s o f  th e gam e ar e figured 

as tw o move s eac h year :  a  Sprin g mov e an d a  Fal l  move ,  beginnin g i n yea r  1901 .  Afte r  negoti -

ation ,  eac h playe r  privatel y write s dow n th e order s fo r  al l  o f  hi s units .  A  uni t  m a y b e ordere d 

t o d o onl y on e thin g o n eac h seaison :  t o hold ,  move ,  o r  t o giv e support .  A  fleet  m a y b e als o 

ordere d t o convo y anothe r  arm y fro m on e coas t  t o th e other .  Th e powe r  tha t  gain s contro l 

ove r  Europ e win s th e game .  T o b e a  goo d playe r  on e need s som e technica l  skill s  i n movin g 

militar y unit s o n th e boar d accordin g t o th e reasonabl e bu t  comple x rule s o f  th e game ,  bu t 

abov e all ,  on e need s th e abilit y  t o communicat e an d negotiat e wit h th e othe r  players ,  t o 

make agreement s wit h th e other s an d possibl y t o decid e t o brea k thes e agreements ,  sinc e th e 

rule s d o no t  bin d a  playe r  t o anythin g h e says .  Decidin g w h o m t o trus t  a s situation s aris e i s 

par t  o f  th e game .  Detail s o f  th e rule s o f  th e gam e ca n b e foun d i n [Rule s fo r  Diplomacy ,  198 4 

Diplomacy satisfies the conditions that increase the need for negotiations that were men-

tione d i n th e introduction :  i t  i s  a  repeate d gam e o f  incomplet e information ,  certai n move s 

requir e clos e cooperatio n betwee n differen t  alhe d power s (th e unit s o f  a  powe r  ma y hel p th e 

moves o f  anothe r  powe r  bu t  the y mus t  b e explicitl y  ordere d t o d o so) ,  i t  i s  a  ver y compli -

cate d gam e (averag e o f  34 *  possibl e order s fo r  a  season) ,  an d th e othe r  player s negotiate ,  sinc e 

experienc e show s tha t  a  powe r  ca n no t  las t  lon g withou t  takin g par t  i n extensiv e negotiation . 

Diplomat is implemented in Ylisp ([Levy & Dimitrovski 1982]) ( a dialect of Franz-Lisp) 

on a  Va x 11/78 5 runnin g Unix ,  Berkele y 4.3 .  Th e curren t  versio n i s th e produc t  o f  thre e 

year s wor k b y thre e programmers .  I t  include s ove r  10,00 0 line s o f  Ylis p code . 

SUGGESTIONS EVALUATION 

One of the main technical problem in evaluating suggestions by a negotiator-agent is the 

larg e numbe r  o f  possibl e suggestion s an d th e fac t  tha t  differen t  kind s o f  suggestion s nee d t o 

be evaluate d i n differen t  ways .  I n orde r  t o b e abl e t o solv e thi s proble m an d t o maic e th e 

negotiation s mor e modula r  a  negotiator-agen t  ca n distinguis h mainl y betwee n tw o kind s o f 

suggestions :  genera l  suggestion s an d detaile d suggestions .  A  genera l  suggestio n discusse s th e 

genera l  purpos e o f  th e negotiations ,  a s wher e a  detaile d suggestio n discusse s th e specifi c  com -

m on activitie s an d th e way s t o achiev e thos e c o m m o n activities .  A  genera l  suggestio n ca n 

includ e th e kin d o f  agreemen t  t o b e achieve d (i n Diplomacy ,  a  cooperatio n o r  non-aggressio n 
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< M E S S A GE 1  F R O M Englan d T O Franc o : 

I  woul d lik e t o sugges t  t o yo u a  Cooperatio n Agreemen t 

betwee n Englan d an d Franc e agains t  German y now . 

E ND O F M E S S A G E. 

Figur e 1 :  Sprin g 1901 :  Genera l  Suggestio n 

< MESSAGE 2 FROM Turkey TO Russia > : 

I  woul d lik e yo u t o kno w th e followin g facts : 

Russi a seem s t o b e strong ,  (1 ) 

and Turke y wil l  attac k Serbi a now ,  (2 ) 

and Russi a wil l  hel p Turkey' s attemp t  t o ente r  Serbia ,  (3 ) 

and Russi a wil l  mov e fro m Warsa w (inland )  t o Galici a (inland) .  (4 ) 

E ND O F M E S S A G E. 

Figure 2: Spring 1902: Detailed Suggestion 

agreement), relations with other agents (in Diplomacy, possible common enemies), or general 

direction s o f  possibl e commo n activitie s (i n Diplomacy ,  th e direction s o f  possibl e c o m m o n 

attacks) .  Fo r  a n exampl e se e th e messag e i n Figur e 1  whic h provide s a n exampl e o f  a  genera l 

suggestion .  Th e detaile d suggestion s ca n als o b e divide d a s follows : 

1.  Suggestion s concernin g genera l  purpose s o f  a n agreemen t  (I n Diplomacy :  space s o n th e 

boar d t o attack ,  space s t o defend ,  area s t o leav e o r  t o enter. ) 

For  example ,  se e sentence s (2 )  an d (3 )  i n Figur e 2 . 

2.  Suggestion s abou t  th e specifi c  movement s i n orde r  t o achiev e th e purpose s o f  1 .  (i n 

Diplomac y whic h uni t  ha s t o attac k o r  t o giv e support ,  whic h flee t  ca n convoy ,  an d whic h 

uni t  ha s t o mov e i n orde r  t o cu t  support) .  Fo r  example ,  se e sentenc e (4 )  i n Figur e 2 .  W e 

hav e develope d differen t  method s fo r  evaluatin g differen t  kin d o f  suggestions .  Th e Genera l 

Suggestio n Evaluato r  (GSE )  (se e Figur e 3 )  evaluate s genera l  suggestion s usin g ver y fas t 

heuristics ,  becaus e i t  i s  no t  worthwhil e t o spen d a  lo t  o f  tim e searchin g fo r  goo d detaile d 

strategie s i n thi s ste p o f  th e negotiations .  Th e principl e directin g th e G S E i s tha t  i f  ther e i s 

some hop e o f  profitin g fro m th e suggeste d agreement ,  i t  i s  wort h continuin g th e negotiations . 

The Detailed Suggestion Evaluator (DSE) (see Figure 3) evaluates detailed suggestions by 

findin g fitted  strategie s t o them .  Befor e sendin g th e suggestio n t o on e o f  th e abov e modules , 

we mov e i t  throug h a  Pr e Analyze r  (PA )  tha t  wil l  fill  i n gap s o f  missin g information . 
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Suppose a negotiator-agent gets a message which includes a detailed suggestion and must 

decid e ho w t o respond .  Afte r  passin g th e messag e throug h th e P A an d filling  i n th e gaps , 

th e nex t  step ,  whic h i s don e b y th e D S E ,  i s t o tr y t o evaluat e th e expecte d profi t  (o r  losses ) 

fo r  th e negotiator-agen t  an d it s partner s fro m thi s suggestion .  Th e D S E translate s an y sug -

gestio n int o a  se t  o f  strategie s tha t  fit  th e give n suggestion ,  takin g int o accoun t  th e curren t 

situatio n an d th e belief s o f  th e agen t  abou t  th e othe r  agent s an d th e environment .  Thi s 

translatio n change s eac h suggestio n receive d o r  sen t  b y th e negotiator-agen t  int o a  uniqu e 

strateg y format ,  whic h allow s i t  t o b e compare d wit h othe r  suggestion s o r  strategies .  Th e 

translatio n i s don e usin g th e Strategie s Finde r  o f  th e negotiator-agent ,  an d th e strateg y 

foun d i s use d a s a  basi s fo r  furthe r  negotiation s whe n needed .  Th e nex t  ste p i s t o examin e 

th e expecte d profi t  fro m th e fitted  strateg y an d compar e i t  wit h th e expecte d profit s fro m 

othe r  possibl e strategies . 

A strategy ^^5 a suggestion when all the specific activities that are precisely mentioned 

i n th e suggestio n appea r  i n th e strateg y an d th e strateg y doe s no t  includ e activitie s whos e 

negation s appea r  i n th e suggestion .  I f  genera l  activitie s ar e mentione d i n th e suggestion ,  th e 

strateg y mus t  includ e a t  leas t  on e orde r  tha t  implement s ever y suc h genera l  activity .  I f  th e 

partie s ha d agree d upo n som e detail s durin g th e previou s step s o f  th e negotiations ,  wher e 

message s wer e exchange d betwee n th e parties ,  an d th e curren t  suggestio n doe s no t  contradic t 

thos e details ,  the n th e fitted  strateg y ha s t o fit  thos e detail s too .  S o th e negotiator-agen t 

assumes tha t  a  detai l  o f  a n agreemen t  i s vah d unti l  th e othe r  part y say s th e opposit e o r 

does somethin g tha t  contradict s thi s assumption .  W e foun d ou t  fro m huma n negotiator s 

tha t  the y mak e th e sam e assumption ,  an d a n automate d agen t  tha t  negotiate s wit h human s 

shoul d mak e it ,  too . 

When the set of strategies, 5, is finite and small the implementation of the DSE is easy. The 

agen t  ma y chec k al l  th e strategie s an d find  whic h o f  the m fit  th e suggestion .  However ,  i n 

th e environment s o n whic h w e concentrat e S  i s usuall y to o bi g t o b e compute d an d stored , 

so th e negotiator-agen t  mus t  us e heuristi c method s t o find  strategie s tha t  fit  a  suggestion . 

CONCLUSION 

We have proposed methods for an automated negotiator to evaluate suggestions in a complex 

environment ,  wher e th e se t  o f  possibl e strategie s i s ver y large ,  a  mediato r  i s no t  available , 

th e agent s m a y brea k thei r  promises ,  clos e cooperatio n betwee n differen t  agent s i s neede d 

and possibl e coalition s betwee n othe r  agent s mus t  b e take n int o account . 

We used our methods to develop the system Diplomat, which plays Diplomacy as one of 

th e players .  Diploma t  successfull y evaluate s mor e tha n 7 0 % o f  th e suggestion s i t  gets ,  an d 

answer s it s partne r  properly .  I n th e res t  o f  th e case s i t  ask s fo r  mor e details .  Also ,  i n it s 

othe r  missions .  Diploma t  perform s well .  Fo r  example ,  w e examine d 6 3 agreement s tha t  wer e 
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Figur e 3 :  Genera l  Descriptio n o f  th e Suggestion' s Evaluat io n 
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signed between Diplomat and another power, and Diplomat predicted successfully the ally's 

intentio n t o kee p a n agreemen t  i n 9 2 % o f  al l  th e agreement s i t  ha d signed .  W e actuall y 

teste d Diploma t  i n 10 0 Diplomac y season s and ,  determine d tha t  Diploma t  play s bette r  tha n 

a wel l  experience d playe r  i n a  wa y tha t  i s  difficul t  t o distinguis h fro m a  huma n player .  Thi s 

i s becaus e Diploma t  negotiate s Uk e huma n players ,  brea k agreement s a s the y d o an d show s 

goo d strategi c skills . 

Further work will be to extend the used of the tools and the ideas of this paper to other 

domains . 
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