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Abstrac t 

This paper reports on the development of a De-
cisio n Suppor t  Syste m GENI E tha t  aid s partici -
pant s i n crisi s negotiatio n simulations .  G E N I E i s 
an instanc e o f  a  genera l  DS S whic h ca n b e use d 
t o suppor t  a  larg e clcis s o f  decisio n problems .  Th e 
majo r  functio n o f  G E N I E i s t o provid e th e use r 
wit h on-lin e informatio n abou t  a  comple x decisio n 
scenario .  T o thi s end ,  G E N I E utilize s a  combina -
tio n o f  graphi c an d textua l  informatio n presenta -
tio n format s t o creat e a n environmen t  i n whic h 
a use r  ca n develo p a  menta l  pictur e o f  th e deci -
sio n proble m facin g him/he r  an d the n dynamicall y 
formulat e a n effectiv e negotiatin g strategy .  Th e 
desig n an d developmen t  o f  G E N I E ar e describe d 
alon g wit h a n explanatio n o f  th e majo r  feature s o f 
th e system . 

Experimenta l  result s fro m use r  evaluation s an d 
syste m lo g files  ar e als o discussed .  Thes e result s 
allowe d u s t o gai n insigh t  int o th e decisio n pro -
cesse s o f  th e user s an d rat e th e effectivenes s o f  ou r 
DSS desig n strategy .  Experimenta l  result s indi -
cat e tha t  simulatio n participant s wh o ha d acces s 
t o th e syste m performe d o n averag e bette r  tha n 
participant s withou t  acces s t o th e system . 

Introduction 

Decisio n maker s toda y ar e frequentl y overwhelme d b y 
th e vas t  amount s o f  informatio n whic h the y mus t  con -
sider .  Often ,  the y ar e force d t o mak e partiall y  in -
forme d decision s whic h ignor e critica l  issue s becaus e 
of  th e complexit y o f  th e situatio n bein g analyzed .  De -
cisio n suppor t  system s (DSS )  ca n pla y a  crucia l  rol e 

'Th e author s wis h t o acknowledg e th e suppor t  o f  th e 
Universit y o f  Marylan d Institut e fo r  Advance d Compute r 
Studies ,  th e Instructiona l  Computin g Progra m o f  th e Com-
pute r  Scienc e Center ,  an d Projec t  ICONS . 

P̂ar t  o f  thi s wor k wa s don e whil e th e autho r  wa s visit -
in g th e Institut e fo r  Advance d Compute r  Studie s an d th e 
Departmen t  o f  Compute r  Science ,  Universit y o f  Maryland , 
Colleg e Park . 

Sari t  K r a u s ^ 

Graduat e Schoo l  o f  Librar y Studie s an d 

Dept .  o f  C o m p u t e r  Scienc e 

Heb re w Universit y 

Jerusale m 9190 4 Israe l 

e-mail :  sarit@humus.huji.ac.i l 

Elizabeth Blake 

Dept .  o f  Governmen t  an d Politic s 

Universit y o f  Mary lan d 

Colleg e Park ,  M D 2074 2 

e-mail:blake@umd2.umd.ed u 

i n th e decisio n makin g proces s b y allowin g th e deci -
sio n make r  t o navigat e larg e amount s o f  informatio n 
and t o explor e interrelationship s betwee n factor s tha t 
may influenc e his/he r  decision .  A  DS S ca n als o facil -
itat e th e simultaneou s evaluatio n o f  multipl e negoti -
atin g positions .  Thi s ca n pla y a  decisiv e rol e i n rea l 
tim e negotiation s b y allowin g th e supporte d partie s t o 
rapidl y formulat e dynami c strategie s an d quickl y eval -
uat e opponen t  proposals .  DS S systems ,  whe n use d i n 
th e contex t  o f  negotiatio n support ,  ar e calle d negotia -
tio n suppor t  system s (NSS) . 

Thi s pape r  describe s th e desig n an d implementatio n 
of  GENIE ,  a  specifi c  NSS/DS S develope d jointl y b y th e 
Universit y o f  Marylan d Institut e fo r  Advance d Com-
pute r  Studie s an d Projec t  ICON S o f  th e Departmen t 
of  Governmen t  an d Politics .  G E N I E i s a n instanc e 
of  a  genera l  NSS/DS S whic h ca n b e use d t o suppor t 
a larg e clas s o f  decisio n problems .  Th e proble m do -
mai n correspondin g t o th e G E N I E clas s o f  DSS/NS S 
i s formall y describe d i n sectio n 2 .  G E N I E i s specifi -
call y customize d t o suppor t  a  subse t  o f  thi s domain , 
namel y n-playe r  tim e varian t  negotiation s wit h ful l  in -
formation .  Se e [S .  Krau s an d J .  Wilkenfeld ,  1990b , 
S.  Krau s an d J .  Wilkenfeld ,  1991b ,  S .  Krau s an d J . 
Wilkenfeld ,  1991a ]  . 

Severa l  system s hav e previousl y bee n develope d t o 
ai d decisio n maker s i n negotiatio n scenarios .  Some ex -
ample s o f  thes e system s ar e N E G O [Kersten ,  1985] , 
M E D I A T OR [M .  Jark e e i  al. ,  1987] ,  an d N E G O P L AN 
[S .  Matwi n e i  a/. ,  1989 ]  ̂  O f  th e thre e system s men -
tioned ,  G E N I E i s mos t  simila r  t o N E G O P L AN i n tha t 
i t  allow s a  use r  t o explor e variou s negotiatio n position s 
withou t  makin g "judgments "  abou t  th e utilit y  o f  th e 
positions . 

When describin g GENIE ,  majo r  emphasi s wil l  b e 
place d o n GENIE' s mode l  visualizatio n capabilities , 
user  interface ,  an d negotiatio n suppor t  tools .  We wil l 
als o discus s th e simulatio n experiment s whic h teste d 
th e efi'ectivenes s o f  GENIE . 

'Th e followin g wor k i s als o relevant :  [B .  Shneiderman , 
1987,  Andriole ,  1989 ,  Heyman n an d Bloom ,  1988 ,  Tufte , 
1983,  Bui ,  1987 ,  Mittra ,  1986] . 
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G E N I E :  ( A Simulatio n E n v i r o n m e n t ) 

GENIE was developed as part of a simulation environ-
ment  o f  a  rea l  worl d situatio n i n whic h negotiator s ca n 
be traine d an d wher e experiment s ca n b e conducted. ^ 
GENIE i s designe d t o b e use d a s a n ai d t o player s i n 
a hostag e crisi s simulation .  Thi s simulatio n i s a  hy -
pothetica l  mode l  o f  a n internationa l  crisi s [S .  Krau s 
and J .  Wilkenfeld ,  1990b ,  S .  Krau s an d J .  Wilkenfeld , 
1990a ,  S .  Krau s an d J .  Wilkenfeld ,  1990c] .  Eac h part y 
has a  lis t  o f  objective s wit h associate d payoffs .  A n 
objectiv e o f  on e part y ma y o r  ma y no t  conflic t  wit h 
th e objective s o f  eithe r  o f  th e othe r  tw o parties .  Eac h 
part y know s th e objective s an d associate d payoff s o f 
th e othe r  player s (i.e. ,  th e mode l  assume s ful l  infor -
mation. )  Durin g th e simulatio n player s hav e acces s t o 
informatio n abou t  thei r  situation .  Thi s informatio n 
change s ove r  time .  Base d o n thi s information ,  player s 
ar e abl e t o negotiat e wit h othe r  player s o r  tak e ac -
tion s whic h the y believ e wil l  resul t  i n thei r  ow n payof f 
maximization .  A  successfu l  playe r  mus t  conside r  infor -
matio n abou t  his/he r  ow n objective s a s wel l  a s thos e 
of  th e othe r  players .  Ther e ar e 3 5 possibl e outcome s 
t o th e simulatio n i n eac h o f  5 0 tim e period s (1,75 0 to -
ta l  possibl e outcomes) .  I f  a  playe r  wer e t o conside r 
each o f  thes e outcome s fro m hi s ow n poin t  o f  vie w an d 
fro m thos e o f  th e othe r  tw o player s h e woul d hav e t o 
conside r  5,25 0 differen t  poin t  values .  Clearly ,  thi s i s 
an overwhelmin g amoun t  o f  information .  W e hop e t o 
sho w tha t  ou r  NSS/DS S bot h help s simulatio n partici -
pant s t o develo p clea r  menta l  picture s o f  th e situatio n 
facin g the m a s wel l  a s helpin g the m t o creat e logica l 
and well-informe d plan s o f  action . 

By studyin g th e action s o f  undergraduat e politica l 
scienc e student s a t  th e Universit y o f  Marylan d usin g 
th e DSS,  w e wer e abl e t o gai n insigh t  int o th e decisio n 
processe s o f  th e student s an d rat e th e effectivenes s o f 
th e DS S desig n strategy .  Preliminar y experimenta l  re -
sult s ar e fro m a  grou p o f  simulatio n run s o f  a  hostag e 
crisi s scenari o involving ,  Israel ,  Egypt ,  an d hijackers . 
Testin g o f  th e interfac e i s underwa y usin g a n India , 
Pakistan ,  Sik h scenario . 

Afte r  eac h simulation ,  participant s ar e give n a  ques -
tionnair e askin g the m t o ran k th e relativ e importanc e 
of  eac h o f  th e feature s o f  th e system .  Th e DS S keep s 
lo g files  o n eac h playe r  t o determin e th e frequenc y an d 
duratio n o f  us e o f  eac h o f  th e DS S features . 

Althoug h G E N I E wa s customize d t o wor k wit h th e 
hostag e crisi s model ,  i t  ca n b e easil y modifie d t o sup -
por t  man y othe r  type s o f  models .  Th e followin g sec -
tio n describe s th e genera l  clas s o f  model s whic h ca n b e 
handle d b y a  GENIE-typ e system . 

M o d el  Descriptio n 

Formally ,  w e describ e th e clas s o f  situation s o r  prob -
lem s tha t  ca n b e handle d b y G E N I E a s follows :  Le t 
V =  {Pi ,  ...,Pfj )  b e th e se t  o f  agent s involve d i n th e 

situation .  Le t  W j  = < /i,/2 ,  ••••,/ m >  defin e a  stat e 

of  th e world ,  wher e / ,  i s  th e i" *  facto r  tha t  influence s 
thi s state .  W e assum e tha t  ther e i s a  finite  numbe r  o f 
factor s an d tha t  eac h o f  thes e factor s ca n rang e ove r  a 
finite  se t  o f  values .  Therefor e w e assum e a  finite  num -
ber  o f  worl d state s Wi .  W e denot e th e se t  o f  worl d 
state s b y W .  Note ,  a s th e complexit y o f  th e mode l 
increases ,  W ca n becom e ver y large .  Le t  A i  b e th e se t 
of  possibl e action s availabl e t o agen t  t .  Als o i f  X  i s a 
state ,  the n le t  Pr(X )  b e th e probabilit y  tha t  stat e X 
wil l  occur .  U  a  £  A i  the n le t  g{a ,  Wj )  =  Wj  o  a  wher e 
o i s a n operato r  tha t  ha s th e effec t  o f  applyin g actio n 
a t o th e stat e o f  th e worl d Wj  t o produc e a  lotter y 

{{Wt:,PriWk)) ,  {W, ,  Pr{W,)) ,  iWm,Pr{Wrr,)),... ) 
wher e Pr{Wk )  - f  Pr{Wi )  - h P r { W m )  +  .. .  =  1 .  I n th e 
simples t  cas e g{a ,  Wj )  =  {{Wt ,  1)) ,  i.e. ,  applicatio n o f 
actio n a  t o th e stat e Wj  produce s th e stat e Wt -

The clas s o f  model s tha t  ca n b e handle d b y G E N I E 
assumes tha t  eac h agen t  i  place s a  numerica l  payof f 
valu e o n eac h worl d stat e W j .  Le t  Vi(W ĵ )  b e th e payof f 
valu e tha t  agen t  i  place s o n th e worl d stat e W j . 

Thes e payoff s ca n b e ordere d t o represen t  th e prefer -
ence s ove r  worl d state s o f  playe r  i .  The n withou t  los s 
of  generalit y w e ca n assum e tha t  fo r  a  fixed  agen t  i  w e 
have th e ordering :  Vi{Wi )  >  V;(H^2 )  •  •  •  >  ViiWp) .  I n 
a mode l  wit h ful l  information ,  i t  i s  assume d tha t  a n 
arbitrar y agen t  i  know s th e preferenc e ordering s o f  al l 
of  th e agent s i  =  I  . .  .N .  ̂  

Even thoug h w e ar e assumin g tha t  a n agen t  ha s 
ful l  informatio n abou t  th e othe r  agents '  preference s 
over  differen t  states ,  w e canno t  assum e tha t  th e agen t 
knows th e othe r  agents '  preference s ove r  th e se t  o f  pos -
sibl e action s give n a n arbitrar y stat e Wk .  I t  i s  ofte n th e 
cas e tha t  whil e th e worl d i s i n som e stat e Wk agen t  t 
want s t o predic t  th e action s o f  agen t  j  b y studyin g th e 
set  o f  possibl e outcome s g{a,Wk )  fo r  al l  a  e  Aj .  Fo r 
example ,  suppos e tha t  {01,02 }  C  A j  an d tha t  ther e 
exis t  worl d state s W;,H^m,M r̂ » suc h tha t  g{ai,Wk )  = 
iiW,,Pr{W,)),iWm,PriWrr,)) )  an d tha t  gia2,Wk )  = 
((iy„,l)) .  Als o assum e tha t  Vj{W, )  >  Vj{W„ )  an d 
tha t  VjiWm )  <  VjiW„ )  an d Pr{W, )  -\ -  Pr{Wm )  =  1 . 

Now agen t  i  want s t o decid e whic h actio n agen t  j 
wil l  take .  Th e proble m i s tha t  agen t  i  doesn' t  kno w 
agent  j' s  attitud e toward s risk .  ' '  Late r  i n thi s pape r 

^Anothe r  aspec t  o f  th e projec t  i s  th e creatio n o f  a  pro -
totyp e automate d negotiato r  tha t  wil l  tak e role s i n suc h 
simulation s [S .  Krau s an d J .  Wilkenfeld ,  1990c] . 

^Note ,  w e canno t  assum e tha t  i f  V;(VVfc )  >  Vj{Wk )  the n 
worl d stat e Wk i s mor e preferabl e t o agen t  i  tha n i t  i s  t o 
agent  j . 

*T o clarif y th e ide a o f  ris k attitude ,  conside r  th e follow -
in g shor t  example .  Conside r  th e CEOs o f  tw o competin g 
tir e manufacturin g companie s tryin g t o formulat e produc -
tio n strategie s fo r  th e nex t  fisca l  year .  Assum e tha t  CEOi 
i s tryin g t o predic t  th e productio n pla n o f  CEO2.  Assum e 
furthe r  tha t  CEOi  know s tha t  Y  unit s o f  rubbe r  ar e wort h 
Z dollar s o n th e ope n market .  However ,  CEOi  doe s no t 
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Figur e 1 :  Schemati c o f  th e G E N I E M e n u Sys te m 

we discus s a  m e t h o d t o assis t  th e use r  i n formin g a 
m o d el  o f  his/he r  opponents '  preference s ove r  actions . 

G E N I E :  ( A Functiona l  Description ) 

GENIE is composed of three main components: the 
interface ,  th e knowledg e base ,  an d suppor t  tools .  Th e 
interfac e an d tool s platfor m provid e a n environmen t 
fo r  th e decisio n make r  t o access ,  view ,  manipulate , 
and ac t  base d o n informatio n containe d i n th e knowl -
edge base .  Th e knowledg e bas e consist s o f  informatio n 
whic h model s th e decisio n proble m scenario .  Detaile d 
informatio n abou t  th e specifi c  mode l  use d i n G E N I E 
can b e foun d i n [S .  Krau s an d J .  Wilkenfeld ,  1990b] . 
Figur e 1  i s a  schemati c o f  GENIE' s men u system . 

Furna s [Furnas ,  1987 ]  state s tha t  futur e DSSs shoul d 
hav e th e followin g characteristics :  modularity ,  inter -
faces ,  graphics ,  eas e o f  use ,  an d availabilit y  o n mini -
computers .  Fro m th e discussio n belo w i t  ca n b e show n 
tha t  G E N I E meet s al l  o f  thes e criteria . 

Ghiaseddi n [Ghiaseddin ,  1987 ]  give s a n i n dept h de -
scriptio n o f  th e characteristic s o f  a  successfu l  DSS.  H e 
state s tha t  a  successfu l  DS S shoul d hav e th e followin g 
functiona l  capabilities :  modeling ,  dat a management , 
and suppor t  o f  al l  decisio n makin g activities .  I n ad -
ditio n h e state s tha t  a  DS S implementatio n shoul d 
provid e personalize d support ,  securit y an d integrity , 
transferability ,  an d evolvin g capabilitie s fo r  th e sup -
por t  o f  increasingl y comple x demands .  ̂  Withi n thi s 
framewor k w e wil l  describ e th e majo r  feature s o f  GE) -
NIE . 

kno w whethe r  C E O2 woul d rathe r  hav e th e Y  unit s  o f  rub -
ber  an d ris k goin g int o productio n o r  pla y i t  saf e an d kee p 
th e Z  dollars . 

^Ghiaseddi n als o include s abilit y  t o lear n a s a  non -
essentia l  feature .  Currently ,  ou r  syste m doe s no t  hav e thi s 
capability . 

Modelin g an d Dat a Managemen t 

GENIE i s designe d t o provid e th e use r  wit h a  clea r 
menta l  pictur e o f  th e mode l  containe d i n th e knowl -
edg e base .  Thi s i s a  difficul t  tas k sinc e ofte n th e mode l 
of  th e scenari o bein g analyze d i s comple x wit h numer -
ou s interdependencie s a m o n g dat a objects .  T h e tas k 
i s furthe r  complicate d w h e n th e mode l  contain s larg e 
amoun t s o f  numeri c information .  A s state d i n [Pracht , 

1990 ]  researc h ha s show n tha t  image s an d symboli c 
representation s ar e m u c h m o r e easil y assimilate d b y 
h u m a ns a s compare d wit h textua l  information .  Thi s 
woul d sugges t  representin g th e structur e an d conten t 
of  th e mode l  i n s o m e symboli c form .  T h e proble m i s 
the n transforme d t o finding  a  concis e symboli c repre -
sentatio n fo r  th e model .  ̂  

G E N I E combine s it s dat a m a n a g e m e n t  an d model -
in g capabilit y  i n on e mouse-supporte d scree n whic h en -
able s a  use r  t o quickl y se t  parameter s fo r  informatio n 
viewing .  Thi s scree n no t  onl y provide s quic k acces s 
t o informatio n item s i n th e knowledg e base ,  bu t  als o 
allow s th e use r  t o for m a  menta l  pictur e o f  th e entir e 
simulation .  Thi s scree n serve s t o organiz e th e comple x 
detail s o f  th e scenari o int o on e easy-to-diges t  outline . 
W i t h thi s outline ,  th e use r  ca n tha n brainstor m an d 
pla y "wha t  i f  t o for m a  personalize d strateg y fo r  out -
c o me maximization . 

O ne dat a m a n a g e m e n t  featur e o f  G E N I E whic h i s 
critica l  t o an y successfu l  D S S i s th e abilit y  o f  th e use r 
t o contro l  th e complexit y o f  th e querie s an d response s 

® A  previou s approac h t o thi s proble m i s take n b y Prach t 
[Pracht ,  1990 ]  w h o use s a  fram e base d knowledg e repre -
sentation .  Thi s schem e partition s knowledg e int o discret e 
structure s calle d frames .  Eac h fram e ha s a  se t  o f  slot s fo r 
holdin g cluster s o f  relate d knowledge .  Hierarchica l  relation -
ship s amon g frame s ar e expresse d a s arc s betwee n node s i n 
a tree .  Ou r  approac h differ s fro m tha t  o f  Prach t  i n tha t  w e 
ar e exclusivel y concerne d wit h aidin g th e decisio n make r 
i n mode l  visualization .  Pract' s syste m devote s substantia l 
resource s t o assistin g th e mode l  developer . 
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fro m th e D S S .  Novic e user s w h o as k th e D S S simpl e 
question s shoul d no t  b e flooded  wit h screen s o f  com -

ple x chart s an d graphs .  A t  th e sam e time ,  advance d 
user s shoul d hav e th e facilitie s t o develo p sophisticate d 
strategi c models .  GENIE ' s interfac e allow s a  use r  t o 

defin e on e o r  mor e hypothetica l  state(s )  o f  th e worl d 
and the n investigat e possibl e futur e action s base d o n 
thes e states .  T h e use r  ca n explor e outcome s resultin g 
fro m his/he r  o w n action s a s wel l  a s thos e o f  his/he r 
opponents .  Also ,  a  use r  ca n switc h viewpoint s t o se e 
thing s fro m th e poin t  o f  vie w o f  on e o r  mor e o f  his/he r 
opponents .  Thi s i s possible ,  sinc e th e mode l  assume s 
ful l  information .  A  simultaneou s displa y o f  thes e view -
point s allow s th e use r  t o formulat e a  strateg y whic h 
take s int o accoun t  possibl e opponen t  actions . 

Th e syste m employ s a  mode l  specifi c  interactiv e out -
lin e wit h informatio n categorie s whic h a  use r  ca n selec t 
t o se e graphi c informatio n abou t  th e scenario .  Thi s 
outlin e give s th e use r  acces s t o th e majo r  mode l  vi -
sualizatio n an d dat a managemen t  feature s o f  th e sys -
te m whic h include :  multipl e frame s o f  reference ,  tim e 
varian t  outcom e projections ,  an d multipl e worl d stat e 
definitions .  T h e followin g sectio n give s a  detaile d de -
scriptio n o f  th e interactiv e outline . 

T h e Interactiv e Outl in e T h e interactiv e outlin e i s 
organize d int o thre e mai n categories :  viewpoints ,  deci -
sions ,  an d worl d states .  B y selectin g item s an d definin g 
parameter s i n eac h o f  thes e categories ,  a  use r  i s abl e t o 
vie w th e piece s o f  th e mode l  tha t  ar e directl y relevan t 
t o formulatio n o f  his/he r  negotiatio n strategies .  ̂  T h e 
outlin e no t  onl y allow s user s t o defin e choice s an d pa -
rameters ,  bu t  als o use s heuristic s t o determin e whethe r 
th e choice s ar e reasonabl e i n term s o f  th e complexit y 
of  th e graphi c outpu t  produced .  A  powerfu l  featur e o f 
th e syste m i s tha t  a  use r  ca n selec t  t o vie w multipl e 
frame s o f  reference ,  decisions ,  an d worl d state s simul -
taneously .  Thi s allow s a  use r  t o compar e numerou s 
negotiatin g position s concurrently .  * 

Th e viewpoint s sectio n o f  th e outlin e give s th e use r 
a lis t  o f  th e parties ^  involve d i n th e negotiations .  T h e 
user  ca n interactivel y selec t  on e o r  mor e o f  thes e par -
tie s t o defin e a  se t  o f  viewpoints .  Onc e selected , 
thes e viewpoint(s )  becom e th e frame(s )  o f  referenc e fo r 
al l  subsequen t  querie s t o th e knowledg e base .  W h e n 
mor e tha n on e viewpoin t  i s  selected ,  informatio n cor -
respondin g t o eac h viewpoin t  i s  displaye d simultane -
ously .  Thi s facilitate s th e developmen t  o f  strategie s 
whic h incorporat e th e goal s o f  al l  involve d parties . 
Havin g fixed  th e viewpoint(s) ,  th e use r  ca n the n mov e 
t o th e decision s sectio n o f  th e outline . 

Th e decision s sectio n list s al l  possibl e type s o f  deci -

sion s tha t  a  playe r  ca n mak e durin g th e cours e o f  th e 
negotiations .  T h e use r  select s th e type s o f  decision s 

t o investigat e b y movin g th e mous e curso r  t o th e ap -
propriat e positio n o n th e outlin e an d clickin g o n th e 
desire d choices .  Obviously ,  th e syste m mus t  provid e 
a metho d fo r  th e use r  t o specif y parameter s tha t  wil l 
uniquel y identif y th e exac t  decision(s )  t o b e investi -
gated .  Not e tha t  sinc e th e mode l  contain s informatio n 
abou t  decision s tha t  ca n b e m a d e b y an y o f  th e par -
ties ,  eac h part y tha t  i s  supporte d b y th e syste m shoul d 
be abl e t o as k fo r  informatio n abou t  al l  decisions ,  no t 
jus t  thos e tha t  he/sh e ca n personall y make .  Onc e th e 
frame(s )  o f  referenc e an d decision(s )  ar e fixed,  th e use r 
ca n the n mov e t o th e worl d state s section . 

I n th e worl d state s sectio n a  use r  fills  i n parame -
ter s tha t  defin e th e hypothesize d stat e o f  th e worl d a t 
th e tim e th e decision(s )  i n th e previou s sectio n tak e ef -
fect .  Thi s organizatio n o f  th e outlin e reveal s th e mai n 
structur e o f  th e mode l  b y emphasizin g th e dependenc e 
of  th e decision(s )  o n th e stat e o f  th e worl d a t  th e tim e 
the y ar e made .  Parameter s o f  th e worl d stat e m a y b e 
position s hel d b y othe r  negotiatin g parties ,  economi c 
conditions ,  time ,  etc . 

O ne o f  th e powerfu l  feature s o f  thi s syste m i s tha t 
i t  allow s a  use r  t o projec t  th e outcome s resultin g fro m 
one o r  mor e decision s ove r  a  rang e o f  tim e periods . 
Usin g thi s feature ,  user s ar e give n informatio n tha t 
help s the m t o decid e no t  onl y wha t  decisio n t o make , 
bu t  whe n t o m a k e it . 

Anothe r  featur e whic h i s helpfu l  fo r  developin g ne -
gotiatin g strateg y i s tha t  o f  varyin g worl d stat e pa -
rameters .  Ofte n decisio n maker s hav e som e influenc e 
ove r  th e stat e o f  th e worl d (i.e. ,  the y hav e influenc e 
ove r  som e o f  th e parameter s i n th e worl d stat e defini -
tion) .  Durin g strateg y formulation ,  a  decisio n make r 
m ay wan t  t o find  ou t  whethe r  i t  i s  wort h i t  fo r  him/he r 
t o expen d energ y t o chang e th e worl d state .  ̂ °  G E N I E 
let s a  use r  selec t  multipl e value s fo r  a  give n parame -
te r  an d the n simultaneousl y vie w th e selecte d decisio n 
outcome s base d o n th e differen t  worl d states . 

Figur e 2  show s th e outlin e develope d fo r  th e Israel -
Egypt-hijacke r  hostag e crisi s model .  Her e th e use r  ha s 
fixed  th e frame s o f  referenc e t o b e Israe l  an d Egypt . 
T h e decision s t o b e investigate d ar e se t  t o Israel i  op -
eration ,  terrorist s givin g up ,  a  dea l  whic h involve s th e 
exchang e o f  40 0 prisoner s i n Israel i  jail s  fo r  th e releas e 
by th e terrorist s o f  al l  hostages ,  an d a  dea l  whic h in -
volve s th e exchang e o f  50 0 prisoners . 

Her e unde r  th e Egyptia n behavio r  sectio n o f  th e out -
lin e th e use r  ha s define d a  stat e o f  th e worl d tha t  as -
sumes tha t  Egyp t  ha s no t  give n th e pres s acces s t o 

Înteractiv e outline s als o hav e applicatio n t o scenario s 
outsid e th e real m o f  negotiatio n support . 

The reade r  ca n refe r  t o figure  2  fo r  a  concret e exampl e 
of  th e concept s explaine d i n th e followin g discussion . 

'O r  stakeholder s i n th e languag e o f  managemen t  deci -
sio n support . 

'  Fo r  example ,  i n th e hostag e crisi s scenario ,  th e hijack -
er s coul d decid e tha t  the y wil l  blo w u p th e plan e an d kil l 
al l  o f  th e hostages .  I n thi s cas e the y shoul d tr y t o influenc e 
th e stat e o f  th e worl d s o tha t  a t  th e tim e o f  th e action ,  the y 
(o r  thei r  cause )  receiv e max imu m benefit .  Influencin g th e 
stat e o f  th e worl d coul d mea n waitin g a  certai n amoun t  o f 
tim e o r  convincin g Egyp t  t o allo w pres s coverage . 
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Figur e 2 :  Interactiv e Outline :  Middl e Eas t  Scenari o 
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th e terrorists '  an d tha t  Egyp t  wil l  fight  Israe l  i n th e 
even t  o f  a n Israel i  operation .  T w o option s hav e bee n 
selecte d unde r  th e "Informatio n t o Israel "  category ,  0 % 
an d 7 5 % .  Thes e number s correspon d t o percentag e o f 
informatio n provide d b y Egyp t  t o Israe l  tha t  migh t 
ai d i n a n Israel i  operation .  T w o worl d state s ar e de -
fined  b y th e specifie d parameters ,  on e tha t  assume s 
tha t  Egyp t  provide s n o informatio n an d on e tha t  as -
sumes tha t  Egyp t  provide s 7 5 % information .  Figur e 
3 show s th e syste m outpu t  fro m th e poin t  o f  vie w o f 

Egypt .  " 

At t i tud e T o w a r d s R is k Attitud e toward s ris k be -
comes a n importan t  consideratio n whe n a  playe r  i s try -
in g t o predic t  th e action s o f  a n opponent .  Seein g a n 
opponent' s payof f  fo r  th e outcom e o f  a  give n decisio n 
or  actio n doe s no t  giv e th e use r  an y ide a abou t  ho w 
th e opponen t  view s o r  interpret s thes e poin t  values . 
G E N I E ha s a  featur e whic h help s th e use r  for m a n ap -
proximatio n o f  a n opponent' s vie w o f  th e world .  I t 
allow s a  use r  t o fix  a n attitud e toward s ris k fo r  eac h 
opponen t  i n th e negotiations .  T h e value s fo r  ris k atti -
tud e are :  ris k neutral ,  ris k averse ,  an d ris k prone .  A 
playe r  i s ris k avers e i f  h e alway s prefer s payoff s equa l 
t o th e expecte d payof f  valu e o f  a  lottery .  H e i s  ris k 
p r o n e i f  h e alway s prefer s enterin g a  lotter y t o receiv -
in g a  payof f  equa l  t o th e expecte d payof f  valu e o f  th e 
lottery .  H e i s ris k neutra l  i f  h e i s indifferen t  betwee n 
enterin g a  lotter y an d receivin g a  payof f  equivalen t  t o 
th e expecte d payof f  o f  th e lottery . 

W h en a n opponent' s ris k attitud e i s se t  t o ris k prone , 
we appl y a  conve x functio n t o hi s  payoffs ,  t o generat e 
appropriat e preferences .  W h e n a n opponen t  ris k atti -
tud e i s se t  t o ris k averse ,  w e appl y a  concav e functio n 
on hi s payoff s [French ,  1986] . 

"Number s o n th e bar s correspon d t o payof f  value s t o 
Egyp t  fo r  variou s outcomes .  Fro m th e figur e i t  i s  apparen t 
tha t  fo r  th e option s considere d i t  i s  mos t  advantageou s fo r 
Egyp t  t o tr y t o encourag e som e typ e o f  dea l  betwee n th e 
Israe l  an d th e hijackers . 

Figur e 3 :  Geni e outpu t  fro m th e viewpoin t  o f  Egypt . 

G r a p h i c O u t p u t  Afte r  th e use r  ha s selecte d th e 
frame(s )  o f  reference ,  decision(s) ,  an d worl d state(s) , 
th e syste m send s th e reques t  t o th e evaluatio n an d dis -

pla y routines .  Thes e routine s determin e th e format , 
content ,  an d emphasi s o f  th e graphi c outpu t  o f  th e 
system .  Poin t  value s ar e displaye d i n graphi c form . 
Histogram s ar e use d t o displa y value s tha t  ar e no t  pro -
jecte d ove r  multipl e tim e periods .  W h e n value s ar e 
projected ,  piecewis e linea r  graph s ar e used . 

I f  th e resul t  o f  a  decisio n i s a  lotter y o f  worl d states , 
the n th e use r  mus t  b e informe d bot h o f  th e payof f  o f 
eac h o f  thes e state s an d th e probabilit y  tha t  eac h stat e 
wil l  occur . 

W h en th e outcome s ar e no t  projecte d ove r  time , 
thes e probabilitie s ar e simpl y presente d i n numeri c 
for m nex t  t o th e associate d labe l  i n th e displa y key . 
T h e use r  als o ha s th e optio n o f  seein g expecte d pay -
offs .  Thes e value s ar e calculate d b y takin g th e produc t 
of  th e probabilit y  tha t  a  give n stat e wil l  occu r  wit h th e 
payof f  valu e fro m thi s state . 

W h en objective s ar e projecte d ove r  time ,  th e prob -
abilit y  value s ca n n o longe r  b e easil y presente d t o th e 
user .  I n thi s cas e w e decide d t o facto r  th e probabilitie s 
int o th e payof f  value s t o giv e th e use r  a  displa y o f  th e 
expecte d payoff s fro m a n outcome . 

Figur e 3  i s a n exampl e o f  outpu t  fro m a  typica l 
quer y t o th e knowledg e base . 

Experimental Results 

The simulatio n experiment s wer e ru n wit h undergradu -
at e student s i n th e politica l  scienc e department .  Man y 
of  th e student s ha d littl e o r  n o experienc e usin g com -
puters . 

Our  preliminar y result s ar e fro m eigh t  simulatio n 
runs ,  eac h involvin g thre e students .  T w o o f  thes e run s 
involve d player s w h o wer e participatin g i n th e simula -
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tion s fo r  a  secon d time . 
I n th e si x run s involvin g ne w students ,  w e gav e a 

thirt y t o fort y five  minut e ora l  introductio n t o th e sys -
tem.  Th e student s wer e the n allowe d abou t  fiftee n 
minute s t o experimen t  befor e th e simulation s began . 

The result s o f  th e simulatio n run s indicate d tha t 
multipl e frame s o f  reference ,  projectio n int o th e fu -
ture ,  an d multipl e worl d stat e definitio n ar e th e mos t 
importan t  feature s o f  ou r  system . 

Currently ,  w e ar e runnin g mor e extensiv e an d con -
trolle d experiment s whic h involv e comparin g th e out -
comes fro m simulation s ru n o n participant s wh o hav e 
acces s t o G E N I E versu s simulation s wher e participant s 
do no t  hav e suc h access .  ̂ ^  Amon g th e control s tha t 
we hav e introduce d ar e a  modificatio n i n settin g fro m 
th e Middl e Eas t  t o India/Pakistan ,  an d a  compariso n 
of  participant s wit h acces s t o th e interfac e wit h stu -
dent s wit h n o access .  Thi s secon d roun d o f  experi -
ment s involve s tw o set s o f  run s wit h approximatel y 1 3 
simulation s pe r  set .  Preliminar y analysi s o f  tota l  pay -
off s earne d b y syste m user s versu s tota l  payoff s earne d 
by user s withou t  acces s t o th e syste m indicat e tha t 
th e syste m user s ha d o n averag e highe r  payoffs .  FVo m 
furthe r  analysi s o f  thes e result s w e hop e t o b e abl e t o 
dra w conclusion s no t  onl y abou t  th e succes s o f  ou r  de -
sig n strategy ,  bu t  als o gai n insigh t  int o th e decisio n 
processe s o f  th e simulatio n participants . 

Future Work 
I n th e futur e w e pla n t o ad d a  featur e tha t  wil l  allo w 
th e use r  t o vie w multipl e outcome s i n a  tre e structure . 
The leave s o f  th e tre e wil l  contai n numeri c value s tha t 
represen t  th e payof f  t o th e use r  fro m a  certai n outcome . 
Interio r  node s wil l  represen t  parameter s i n th e worl d 
stat e o n whic h thes e payoff s depend .  I n thi s way ,  a 
user  wil l  hav e acces s t o a  symboli c representatio n tha t 
summarize s al l  o f  th e dependencie s o f  a  specifie d out -
come o r  grou p o f  outcomes . 
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