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P A T C H I NG U P O L D P L A N S 

Kati a Sycar a 

The Robotics Institute 
Camegi e Mello n Universit y 

Pittsburgh ,  P A 15213 ) 

A B S T R A CT 

Recent research has demonstrated the value of re-using old plans rather than creating plans from 
scratch .  Thi s approac h t o plannin g create s th e nee d fo r  efficien t  an d flexibl e pla n adaptatio n method s t o 
transfor m a  pas t  pla n t o fit  th e curren t  problem .  A  characteristi c o f  plan s i s tha t  the y ofte n fail .  Thi s 
create s th e nee d fo r  efficien t  an d flexible  pla n repai r  methods .  W e propos e a  unifor m treatmen t  o f  th e tw o 
issues ,  pla n adaptatio n an d repair ,  base d o n a  combinatio n o f  Case-Bas e Reasonin g an d heuristics .  Pla n 
adaptatio n involve s incrementa l  modificatio n o f  th e ol d plan ,  an d fixing  o f  anticipate d problem s throug h 
similarity-base d retrieva l  o f  case s tha t  suppl y appropriat e modifications .  Pla n repai r  involve s explanation -
base d retrieva l  o f  previou s failure s tha t  suppl y possibl e repairs .  A  selecte d repai r  i s  the n adapte d t o fit  th e 
curren t  failure .  Tli e propose d approac h give s a  planne r  th e flexibility  t o acces s a  broa d rang e o f 
adaptatio n an d repai r  strategie s no t  availabl e t o planner s tha t  us e eithe r  o f  th e tw o method s i n isolafion . 
The approac h ha s bee n implemente d i n th e P E R S U A D E R,  a  case-base d planne r  tha t  generate s an d repair s 
plan s t o resolv e labo r  managemen t  disputes . 

INTRODUCTION 

Recent research has demonstrated the value of re-using old plans rather than generating plans from 
scratc h [Alterma n 87 ,  H a m m o nd 86 ,  Simpso n 85 ,  Kolodne r  e t  al .  85 ,  Turne r  87] .  I f  a  planne r  want s t o 
re-us e plan s effectivel y i t  mus t  hav e way s o f  adaptin g a  previou s pla n t o fit  th e curren t  situafion .  Re -
usin g plan s i s especiall y usefu l  i n domain s tha t  ar e ill-define d an d hav e n o stron g causa l  theorie s o r 
well-understoo d empirica l  regularities .  On e consequenc e o f  thes e characteristic s i s tha t  solution s ma y fai l 
and ma y nee d repair .  Thi s pape r  addresse s th e issue s o f  pla n adaptatio n an d repair .  Th e propose d 
approac h involve s th e integratio n o f  Case-Base d Reasonin g (CBR )  an d heuristics . 

Adaptation in the past has been done using only heuristics (e.g., (Hammond 86]). We are using CBR in 
a nove l  way :  t o sugges t  mean s o f  adaptation .  Th e propose d proces s o f  comin g u p wit h a n initia l  solutio n 
i s a n incrementa l  proces s o f  adjustin g th e previou s pla n usin g C B R an d heuristics ,  an d anticipatin g 
possibl e failure s b y examinin g th e cas e memor y fo r  failure s tha t  hav e th e sam e feature s a s th e feature s i n 
th e curren t  problem .  Usin g C B R fo r  adaptatio n add s flexibility  since ,  a s mor e experieiKe s ar e acquired , 
th e planne r  ha s a n increasingl y large r  repertoir e o f  adaptation s tha t  i t  ca n choos e from .  I n plannin g fo r 
th e satisfactio n o f  multipl e goals ,  th e preceden t  pla n selecte d migh t  no t  mak e provision s fo r  a U inpu t 
goals .  C B R provide s mean s o f  adaptin g a  pla n tha t  sausfie s som e o f  th e goals ,  t o sausf y th e rest.  I n 
addition ,  sinc e case s incorporat e accumulate d expertis e an d changin g circumstances ,  th e propose d 
adaptation s ar e mor e closel y suite d t o a  curren t  problem . 

After a plan has been created, it is tried out in the world. If the plan fails, it needs to be repaired. Our 
approac h t o repai r  use s a n explanatio n fo r  th e failur e provide d b y environmenta l  feedback .  Thi s 
explanatio n i s use d t o inde x int o th e cas e memor y t o retrieve  an d adap t  th e repair  o f  previou s simila r 
failure s t o th e repair  need s o f  th e curren t  situation .  I n othe r  words ,  Case-Base d Reasonin g i n th e spac e o f 
failure s i s employed . 

T̂hi s researc h wa s funde d i n par t  b y th e Arm y Researc h Offic e unde r  contrac t  No .  DAA G 29-85-K-00230 . 
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The specim m o f  situation s wher e plan s wil l  fai l  canno t  b e anticipated .  Thus ,  us e o f  heuristic s o r 
hardwire d T O P s alon e (Hammon d 86 ,  Turne r  87 ]  d o no t  provid e a  flexibl e enoug h methodolog y fo r 
dealin g wit h faile d plans .  C B R i s mor e flexible ,  since ,  a s memor y i s enriche d wit h ne w experiences ,  ne w 
ways tha t  plan s ca n fai l  an d ne w repairs  becom e available .  Simpso n [Simpso n 85 ]  als o ha s use d C B R fo r 
failur e recover y an d repair.  Hi s approac h differ s fro m our s i n tha t  h e use s similarity-base d retrieval  o f 
faile d cases .  H a m m o nd [Hammon d 86 ]  finds  a n explanatio n o f  a  pla n failur e vi a a  se t  o f  causa l  rule s tha t 
describ e effect s o f  action s unde r  differen t  circumstances .  Th e explanatio n i s the n use d t o find a  plannin g 
T OP wit h repair  strategies .  I n ou r  model ,  th e explanatio n i s provide d vi a environmenta l  feedback .  Thi s i s 
realistic  fo r  proble m domain s wit h incomplet e an d changin g knowledg e an d n o stron g domai n model . 
For  suc h problems ,  automati c failur e explanatio n method s ar e no t  applicable .  Th e feature s o f  th e 
explanatio n ar e use d a s indice s t o retriev e previou s failure s an d acces s th e associate d repairs . 

Our approach is embedded in the computer program PERSUADER, which, acting as a labor mediator, 
resolves  conjunctiv e conflictin g goal s o f  a  uruo n an d compan y b y finding  compromise s acceptabl e t o 
them .  Althoug h th e progra m operate s i n th e domai n o f  labo r  relations ,  th e technique s i t  use s ar e domai n 
independent . 

THE PERSUADER 

The PERSUADER is a planner that integrates Case-Based Reasoning with Preference Analysis (a 
plannin g metho d base d o n multi-attribut e decisio n theor y [Sycar a 87 ,  Sycar a 88] )  t o creat e acceptabl e 
compromise s i n labo r  managemen t  contrac t  negotiations .  Th e P E R S U A D ER act s a s a  labo r  mediator .  It s 
tas k i s t o hel p th e disputant s arriv e a t  a  mutuall y acceptabl e compromis e pla n (contract) .  T o reach  it s 
goal ,  th e P E R S U A D ER mus t  pla n action s t o achiev e instrumenta l  reduction s i n th e differenc e betwee n 
th e parties '  positions .  Plannin g mus t  b e iterativ e an d reactive  becaus e knowledg e i s incomplet e (e.g. , 
model s o f  th e agents '  intention s mus t  b e inferred) ,  an d dynamicall y changin g (succes s i s me t  b y shift s i n 
position s whic h necessitate s furthe r  plarming) . 

The persuader's input is the set of conflicting goals (e.g., wages, pensions, holidays, seniority 
language ,  managemen t  rights )  o f  th e compan y an d it s loca l  union ,  an d th e contex t  o f  th e disput e (e.g. , 
economi c condition s i n th e industry ,  genera l  economi c condirions ,  informatio n abou t  th e disputants) .  It s 
final  outpu t  i s  eithe r  a n agree d upo n compromise ,  o r  a n indicatio n o f  inabilit y  t o solv e th e proble m i f  th e 
partie s t o th e disput e di d no t  reach  agreemen t  withi n a  particula r  numbe r  o f  proposal s (t o simulat e th e 
inabilit y  o f  th e partie s i n th e real  worl d t o reach  agreemen t  befor e a  strik e deadline) .  T o perfor m it s tasks , 
th e P E R S U A D ER use s knowledg e o f  pas t  negotiation s an d settlement s (cases) ,  knowledg e o f  th e labo r 
domain ,  an d commonsens e knowledg e o f  huma n goal s an d behavior .  Case s ar e indexe d i n memor y vi a 
salien t  domai n features ,  suc h a s th e industr y t o whic h th e compan y belongs ,  th e internationa l  unio n t o 
whic h th e loca l  belongs ,  th e geographica l  locatio n o f  th e company ,  th e unio n members '  jo b classification , 

and th e final  contracL^I n labo r  mediation ,  th e mos t  importan t  featur e i s th e industr y t o whic h th e 
company belongs .  Hence ,  i f  a  curren t  cas e involvin g a  competito r  i s  i n th e se t  o f  retrieved  cases ,  i t  i s  th e 
one use d a s a  basi s fo r  reasoning.  Th e concep t  o f  a  negotiatio n failur e i s a n impasse ,  a  situatio n wher e th e 
planne r  ha s propose d a  compromis e tha t  ha s bee n rejected  b y a t  leas t  on e agent .  A  lis t  o f  impasse s 
represent  th e negotiatio n process .  I n additio n t o salien t  domai n features ,  impasse s ar e indexe d b y th e 
failur e reaso n an d objectionabl e negotiatio n issue .  Associate d wit h impasse s ar e plan s use d t o repai r 
them . 

To construct an initial compromise, the PERSUADER (a) retrieves appropriate precedent cases from 
memory usin g th e feature s a s memor y probes ,  (b )  select s th e mos t  appropriat e case(s )  fro m thos e 
retrieved  usin g a n evaluatio n funcrio n base d o n a  prioritizatio n o f  th e features ,  (c )  accesse s th e pla n use d 
i n th e selecte d case ,  an d (d )  adapt s th e preceden t  pla n t o fit  th e curren t  situation . 

Once a proposal has been generated, the PERSUADER proposes it to the parties. If the parties agree, 
th e cas e memor y i s update d wit h a  successfu l  episode .  I f  a t  leas t  on e part y disagrees ,  th e P E R S U A D ER 
iterativel y perform s th e followin g tasks :  i t  generat e persuasiv e argument s t o chang e th e evaluatio n o f  th e 

^The PERSUADER'S memor y i s base d o n generalize d episode s [Kolodne r  e t  al .  85] . 

406 



SYCARA 

objectin g part y wit h respec t  t o th e propose d compromise ,  o r  incrementall y repair s th e rejected 
compromis e t o increas e it s acceptability . 

The PERSUADER also stores failures along with the reason for failure (if one can be found) as well as 
dependencie s amon g decision s take n a t  differen t  lime s o f  th e negotiation .  Failure s ar e store d s o tha t  the y 
can b e recalle d i n situation s wit h simila r  feature s t o th e on e wher e th e failur e occurred ,  thu s warnin g th e 
proble m solve r  abou t  potentia l  problems ,  a s wel l  a s providin g appropriat e repairs.  Unlik e othe r  case -
base d planner s (e.g .  [Hammon d 86] )  tha t  onl y avoi d problem s tha t  the y ca n anticipat e a t  th e beginnin g o f 
planning ,  i n th e P E R S U A D E R,  warning/avoidanc e o f  problem s occur s a t  eac h decisio n point . 

PLAN ADAPTATION 

The plan adaptation process consists of the following steps: 

•  Adjus t  th e accesse d preceden t  pla n t o compensat e fo r  it s  dissimilaritie s fro m th e "ideal " 

preceden t  fo r  th e curren t  proble m 

• Modify the adjusted plan to take into account detailed information about the current problem 

• Anticipate failures of the modified plan and fix it appropriately 

Although we present the steps involved in plan adaptation as sequential, a reasoner may go through 
many iteration s o f  th e loo p i n orde r  t o construc t  a  suitabl e plan .  Thi s happen s becaus e a  contemplate d 
modificatio n ma y interac t  wit h th e alread y existin g par t  o f  th e plan .  I f  thi s interactio n canno t  b e fixed , 
anothe r  cas e ma y nee d t o b e retrieve d t o sugges t  a  mor e suitabl e modification . 

Precedent Adjustment 

The ideal precedent plan is one that was used in a case whose indices have the same values as in the 
curren t  case .  I n labo r  mediation ,  fo r  constructio n o f  a n initia l  proposal ,  th e idea l  preceden t  i s a  cas e 
wher e th e disputan t  compan y i s a  competito r  o f  th e curren t  disputan t  company ,  th e geographica l  locatio n 
of  th e companie s i s th e same ,  th e loca l  union s belon g t o th e sam e internationa l  imion ,  th e jo b 
classificatio n o f  th e unio n member s i s th e same ,  an d th e tw o companie s hav e th e sam e siz e an d 
organizationa l  structure .  Sinc e a  retrieved  preceden t  cas e usuall y differ s fro m th e ideal ,  th e pla n use d ha s 
t o b e adjusted .  Fo r  example ,  i f  a  preceden t  cas e fro m a  simila r  industr y (no t  a  competitor )  i s  available , 
the n a n adjustmen t  o f  th e value s o f  wage s ha s t o b e mad e t o comjiensat e fo r  dissimilaritie s alon g th e 
industr y dimension .  I n labo r  mediation ,  thi s adjustmen t  i s calle d th e industr y differential .  I f  th e compan y 
i n th e preceden t  cas e i s i n a  differen t  geographica l  locatio n tha n th e compan y involve d i n th e curren t 
dispute ,  the n th e propose d wage s hav e t o b e adjuste d b y th e differenc e i n th e cos t  o f  livin g i n th e tw o 
locations .  Thi s i s calle d th e are a differential . 

Precedent adjustment is done using a library of heuristics. The difference between the current precedent 
and th e idea l  alon g th e importan t  proble m dimension s (e.g. ,  industry ,  geographica l  location )  i s use d t o 
inde x int o th e librar y o f  heuristic s t o find  th e on e t o apply . 

Consider, for example, the PERSUADER trying to find a compromise for Thompson Inc, a company 
producin g airplan e frame s an d it s union .  Th e unio n want s 1 5 % wag e increase ,  7 % increas e i n pensions , 
no subcontracting ,  an d stric t  seniorit y governin g promotion s an d layoffs .  Th e compan y want s n o wag e 
increase ,  n o pensio n increase ,  unlimite d subcontracting ,  an d n o seniorit y  (i.e. ,  promotion s an d layoff s t o 
be determine d b y criteri a chose n b y th e company) .  Th e P E R S U A D ER searche s memor y fo r  simila r  pas t 
contracts .  I t  canno t  find  contract s o f  competitor s bu t  finds  contract s o f  simila r  industries .  Ou t  o f  those ,  i t 
select s th e contrac t  o f  Bake r  Inc .  compan y sinc e it s produc t  (ca r  chassis )  i s  mos t  simila r  t o th e product s o f 
Thompson Inc. ,  an d sinc e it s locatio n (Oregon ,  a  northwester n state )  i s simila r  t o Thompson' s (Norther n 
California) .  Th e Bake r  Inc .  contrac t  provide d 1 0 % wag e increase ,  4 % pensio n increas e an d 
subcontractin g fo r  limite d tim e periods .  Sinc e th e Bake r  Inc .  contrac t  make s n o provision s fo r 
promotion s an d layoffs ,  anothe r  contrac t  makin g suc h provision s i s sought .  Th e contrac t  o f  Schmid t  Inc. , 
a compan y tha t  make s stee l  case s i s selecte d ou t  o f  thos e retrieved .  I t  stipulate s tha t  i n layoff s an d 
promotion s th e compan y shoul d observ e th e principl e o f  seniorit y i n conjunctio n wit h th e worker' s abilit y 
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t o perfor m th e work . 

The informaiion from the Baker Inc. and Schmidt Inc. contracts is combined to form a candidate 
contrac t  fo r  Thompso n Inc .  Thi s contrac t  i s  adjuste d b y applyin g t o i t  industr y an d are a differential s 
betwee n Orego n an d California .  Thes e adjustment s result  i n 1 2 % wag e increase ,  5 % pensio n increase , 
subcontractin g fo r  limite d tim e periods ,  an d seniorit y an d abilit y  a s co-dclenminant s fo r  promotion s an d 
layoffs . 

The result of precedent adjustment is a base-line plan, called the "ballparic" plan. A ballpark plan is the 
bes t  tha t  ca n b e constructe d withou t  takin g detail s int o account .  Th e ballpar k pla n i s modifie d furthe r 
takin g int o consideratio n importan t  particular s o f  th e curren t  problem . 

Modification of the Ballpark Plan 

After constructing a ballpark plan, it has to be evaluated for appropriateness to the current case. There 
ar e thre e categorie s o f  knowledg e tha t  th e P E R S U A D ER take s int o consideratio n whe n criticizin g a 
ballpar k plan : 

•  Knowledg e o f  unacceptabilit y  condition s 

• More detailed knowledge of the situation of the disputants 

• Knowledge of the dispute context and its effects on the situation 

During evaluation, critics associated with these knowledge sources are activated. These critics are 
prioritize d an d considere d i n orde r  o f  importance .  A  criti c  i s  mos t  importan t  i f  failur e t o appl y i t  woul d 
result  wit h greate r  probabilit y  i n pla n unacceptability .  Fo r  example ,  a  chec k i s alway s mad e t o se e 
whethe r  th e compan y wil l  b e abl e t o affor d th e ballpar k economi c package .  Thi s chec k i s importan t 
since ,  i f  a  compan y canno t  affor d th e economi c package ,  i t  mos t  probabl y wil l  rejec t  th e propose d 
settlemen t  I f  i t  i s  foun d tha t  th e compan y ca n affor d th e economi c package ,  the n critic s associate d wit h 
possibl e state s o f  th e compan y finances  ar e applied .  Suc h financia l  consideration s includ e whethe r  th e 
company ha s suffere d losse s i n th e recent  past ,  an d whethe r  th e compan y ha s traditionall y pai d above , 
below ,  o r  industr y average .  A  se t  o f  critic s associate d wit h th e contex t  o f  th e disput e i s the n applied .  I n 
labo r  mediatio n contex t  knowledg e i s almos t  entirel y economic .  Suc h knowledg e include s consideration s 
fo r  th e whol e econom y (recession ,  inflatio n etc) ,  economi c condition s o f  th e industr y t o whic h th e 
disputan t  compan y belongs ,  economi c condition s o f  th e geographica l  locatio n o f  th e company ,  an d labo r 
suppl y i n th e area . 

If the application of a critic suggests that the plan needs further modification, salient features associated 
wit h th e critic s ar e use d t o searc h memory .  Th e evaluatio n functio n i s use d t o selec t  th e bes t  ou t  o f  th e 
retrieved  cases .  Th e pla n use d i n tha t  cas e i s checke d fo r  applicability .  I f  th e considere d plan' s 
precondition s matc h th e curren t  situation ,  the n th e pla n i s applied .  I f  not ,  eithe r  th e pla n i s modifie d usin g 
heuristics ,  o r  th e nex t  bes t  cas e fro m thos e retrieve d i s considered . 

Case-Based Reasoning is the preferred modification method in the PERSUADER. The rationale is that 
a previou s cas e bes t  reflects  th e interaction s presen t  i n th e situation .  Moreover ,  th e fac t  tha t  th e suggeste d 
modificatio n ha s worke d i n a  simila r  situatio n ca n b e use d a s justificatio n mor e convincin g t o th e agent s 
tha n invocatio n o f  a  rule .  I f  previou s case s ar e no t  available ,  the n rule s associate d wit h th e critic s ar e 
use d fo r  modification . 

In trying to modify the ballpark plan for Thompson Inc., the PERSUADER finds out that the company 
caiuio t  affor d th e contemplate d economi c package .  Th e cas e memor y i s no w searche d fo r  case s wher e 
th e sam e situatio n (inabilit y  o f  th e compan y t o affor d th e economi c package )  ha d occurre d fo r  simila r 
companies .  Th e cas e o f  Ironsid e Inc. ,  a  compan y makin g truc k frames ,  i s selecte d ou t  o f  th e se t  o f 
retrieved  case s a s mos t  simila r  becaus e o f  similarit y o f  th e product ,  sam e geographica l  area ,  an d 
similarit y o f  th e issue s involve d i n th e negotiation .  I n tha t  case ,  th e pla n "pas s th e extr a cos t  t o th e 
consumer "  ha d bee n applied .  A  preconditio n o f  thi s pla n i s tha t  th e marke t  fo r  th e produc t  i s no t  sensitiv e 
t o pric e increases .  Sinc e th e preconditio n i s satisfie d i n th e cas e o f  airplan e frames ,  th e pla n i s applie d (i.e . 
th e contemplate d contrac t  i s  no t  changed) . 
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Searchin g memor y wii h inde x INABILIT Y TO-PA Y an d ECON-PKGE 
3 case s found.. .  Selec t  case3 , 
sinc e i t  i s  simila r  piroduct ,  sam e area ,  sam e issue s i n ocomimi c packag e 
Lookin g a t  th e pla n "pas s th e extr a cos t  t o th e consumer "  from  casc 3 
Check precondition s o f  pla n use d i n thi s cas e 

Since the market is insensitive to product price change 
fo r  airplan e frames ,  pla n applicabl e 
Appl y pla n use d i n case 3 t o economi c packag e 

The PERSUADER now finds that Thompson Inc. has had losses of 3% in recent years. The case 
m e m o ry i s n o w searche d fo r  simila r  situations .  Sinc e n o pertinen t  case s ar e found ,  th e P E R S U A D ER 
use s a  heuristi c associate d wit h th e conditio n o f  recen t  losse s tha t  supplie s th e advic e t o reduce  th e 
contemplate d increase s fo r  wage s an d pension s b y hal f  o f  th e percentag e losses .  Thi s results  i n 10 .5 % 
wage increas e an d 3.5 % increas e i n pensions . 

Failure Anticipation 

Before proposing the generated compromise, the PERSUADER checks to see whether the solution 
migh t  engende r  s o m e unforesee n problems .  T h e knowledg e tha t  a  pla n ha s faile d i n th e pas t  ca n sugges t 
t o th e planne r  th e potentia l  fo r  failur e i f  th e pla n i s adopte d i n th e curren t  situatio a I n contras t  t o othe r 
case-base d system s (e.g. ,  [ H a m m o n d 86] )  tha t  anticipat e problem s befor e constructin g a  plan ,  th e 
P E R S U A D ER anticipate s failure s a s th e fina l  ste p i n pla n construction .  Thi s i s  appropriat e i n domain s 
wher e th e sough t  afte r  pla n i s a  compromis e pla n an d thus ,  i t  i s no t  apparen t  a t  th e beginnin g o f  plannin g 
what  exac t  for m thi s compromis e wil l  take . 

Failure anticipation is done through intentional reminding [Schank 82] of failures. This is appropriate 
sinc e th e P E R S U A D ER doe s no t  assum e a  stron g domai n mode l  tha t  coul d b e use d t o inde x failure s onl y 
vi a th e feature s tha t  contribute d t o th e failure .  Th e conjunctio n o f  th e plan' s feature s an d th e inde x 
" F A I L U R E "  ar e use d a s a  memor y probe .  Thi s prob e return s case s wher e th e contemplate d pla n ha s 
failed .  T h e mos t  simila r  cas e i s  selecte d an d th e repair  use d i n tha t  cas e (i f  present )  i s  accessed .  T h e 
proces s (knowledg e extraction ,  evaluation )  i s  applie d t o th e selecte d repai r  t o yiel d a n appropriat e 
adaptatio n t o avoi d th e potentia l  problem . 

Having the repair stored in memory is best This is not always possible. Often, it may be known that a 
pla n wa s inadequat e bu t  n o explanatio n o r  repai r  wa s found .  I n thi s case ,  th e knowledg e o f  a  pas t  failur e 
ca n stil l  war n th e planne r  o f  th e presenc e o f  a  potentia l  failure . 

Before proposing the updated compromise to the Thompson Inc. labor dispute, the PERSUADER 
searche s m e m o r y t o discove r  potentia l  problems .  I t  finds  problem s wit h th e contemplate d subcontractin g 
language .  I t  retrieves  a  cas e wher e th e unio n ha d file d a  grievanc e protestin g tha t  th e c o m p a n y resorted  t o 
subcontractin g instea d o f  recallin g lai d of f  workers .  T h e arbitrato r  i n tha t  cas e di d no t  vindicat e th e unio n 
sinc e th e subcontractin g claus e restricted  th e compan y onl y a s t o th e duratio n o f  subcontracting .  Th e 
arbitrator ,  however ,  mentione d i n th e awar d th e languag e neede d t o safeguar d th e unio n agains t  suc h 
practice .  T h e languag e wa s "Th e compan y ha s th e right  t o subcontrac t  fo r  limite d period s o f  time ,  an d 
when i t  i s  clea r  tha t  n o woii c wil l  b e los t  t o unio n members" . 

Searchin g memor y wit h inde x FAILURE ,  SUBCONT-LANG,  UMFTED-TIM E 
1 cas e found.. . 
Lookin g a t  th e modificatio n "n o wor k los t  t o imio n members "  from  ease l 

No precondition to check 
Appl y modificatio n use d i n ease l  t o subcontrac t  languag e 

P L AN R E P A I R 

It is a known fact of life that plans fail and need repair. In labor mediation, failure of a proposed 
compromis e mean s tha t  a n agen t  ha s rejecte d it .  Repai r  i s  neede d t o improv e th e acceptabilit y o f  th e 
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rejected  plan .  Th e P E R S U A D ER ha s tw o way s o f  reacting  t o pla n failure/rejection :  changin g th e 
rejecting  agent' s evaluatio n o f  th e pla n throug h persuasiv e argumentation ,  an d modifying/repairin g th e 
pla n s o tha t  i t  wil l  b e mor e acceptable .  Persuasiv e argumentatio n i s trie d first,  since ,  i f  th e objectin g 
agent s ca n b e convince d t o chang e thei r  utilitie s an d accep t  th e compromise ,  the n a  successfu l  resolution 
has bee n found .  If .  o n th e othe r  hand ,  a  rejected  compromis e i s modified/repaired ,  th e repair  ma y mak e i t 
objectionabl e t o agent s tha t  ha d agree d before .  Thus ,  onl y afte r  persuasiv e argumentatio n i s n o longe r 
judge d effectiv e b y th e planne r  (i.e .  al l  applicabl e argument s tha t  th e planne r  coul d generat e hav e bee n 
trie d an d rejected),  i s repair  tried .  Fo r  detail s o f  generatin g persuasiv e argument s se e [Sycar a 87 ,  Sycar a 
85a ,  Sycar a 85b] . 

When a failed compromise plan needs to be improved, the PERSUADER ascertains from the rejecting 
agent' s feedbac k th e objectionabl e goals ,  th e reason  fo r  th e rejectio n an d th e importanc e th e agen t 
attache s t o th e goals .  Eac h objectionabl e goal/issu e an d reaso n ar e use d a s probe s t o selec t  impasse s wit h 
th e sam e state d impass e goa l  an d impass e caus e a s i n th e presen t  failure .  I n othe r  words ,  C B R i s 
employe d i n th e spac e o f  impasses .  Th e selecte d impass e supplie s repairs  tha t  wil l  hopefull y improv e th e 
rejected  solution .  I f  n o appropriat e impasse s ca n b e found ,  th e P E R S U A D ER use s standar d heuristic s 
tha t  i t  know s about . 

In multivariate planning there are many ways a plan could be modified/repaired. A planner seeks not 
onl y a  plausibl e repair  bu t  on e tha t  wit h som e confidenc e improve s th e rejected  plan .  Afte r  a  repair  i s 

applied ,  th e resulting  compromis e i s evaluate d usin g th e parties '  satisfactio n wit h th e compromise.^Th e 
criterio n o f  pla n improvemen t  tha t  th e P E R S U A D ER use s i s whethe r  th e contemplate d repair  increase s 
th e rejecting  agent' s satisfactio n mor e tha n i t  migh t  decreas e th e satisfactio n o f  th e agent(s )  wh o hav e 
agree d t o th e compromise .  Withou t  a n abilit y  t o predic t  whic h repair  ha s a  chanc e o f  bein g accepted ,  th e 
planne r  coul d propos e repairs  tha t  d o no t  converg e t o a  mutuall y acceptabl e compromise . 

The PERSUADER'S strategy for repair is explanation-based where the explanation (reason for 
rejection)  i s supplie d b y th e rejecting  agent .  Thi s i s  realistic  fo r  comple x domain s wher e ther e i s n o 
stron g domai n model ,  an d pla n failur e depend s i n par t  o n idiosyncrati c behavio r  o f  th e agents .  I n suc h 
domains ,  automati c failur e explanatio n method s ar e no t  applicable . 

When presented with the compromise resulting from the adaptation process, Thompson Inc. objects to 
th e seniorit y languag e sayin g that ,  sinc e m a n y o f  it s ke y employee s ar e junior ,  the y wil l  b e th e first  t o b e 
lai d off .  Havin g thi s explanatio n th e P E R S U A D ER retrieves  a  cas e wher e th e sam e objectio n w a s raised . 
T h e seniorit y languag e i n tha t  cas e wa s amende d t o read :  "Ke y employee s wil l  b e excepte d fro m th e 
seniorit y rul e fo r  layoffs ;  th e compan y wil l  designat e w h o m i t  consider s ke y employees" . 

Searchin g memor y wit h inde x FAILURE ,  SENIORTTY,  K E Y - E M P L O Y E ES 
2 impasse s found.. .  Selec t  impassel , 
sinc e i t  i s  sam e industry ,  sam e area ,  sam e jo b classificatio n 
Lookin g a t  th e repai r  "excep t  ke y employees "  from  impasse l 

No precondition to check 
Appl y repai r  use d i n impasse l  t o seniorit y languag e 

S U M M A RY A N D C O N C L U S I O NS 

We have advocated the integration of CBR and heuristics for plan adaptation and repair. Such 
integratio n give s a  planne r  th e flexibilit y t o conside r  a  broa d rang e o f  adaptatio n an d repair  strategie s tha t 
planner s tha t  us e eithe r  o f  th e tw o method s i n isolatio n carmo t  hav e acces s to .  T h e us e o f  C B R allow s th e 
planne r  t o chec k an d selec t  strategie s tha t  d o no t  introduc e additiona l  problems .  Sinc e case s incorporat e 
accumulate d expertis e an d changin g circumstances ,  th e propose d adaptation s an d repair s ar e closel y 
suite d t o a  curren t  problem .  Repairin g plan s usin g C B R i s particularl y suitabl e fo r  domain s wit h 
incomplet e an d changin g knowledg e an d n o stron g domai n model .  Thes e characteristic s typif y mos t  "rea l 

^An agent' s satbfactio n wit h a  compromise ,  calle d hi s payoff ,  i s  calculate d usm g a  metho d base d o n multi-attribut e utilit y 
theory .  Fo r  detai k o f  this ,  se e (Sycar a 87 ,  Sycar a 88] . 
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world "  domains .  I n addition ,  a  planne r  ha s th e flexibilit y  t o tr y multipl e strategie s suggeste d b y case s an d 
choos e th e mos t  appropriate .  Integratio n o f  C B R an d heuristic s fo r  adaptatio n an d repai r  give s a  planne r 
th e choic e o f  usin g knowledg e i n cithe r  form :  generalize d (inferentia l  rules )  o r  specifi c  (cases) . 

[Alterma n 87 ] 

[Hammond 86 ] 
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