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A numbe r  o f  protoco l  studie s comparin g th e perfor -
mance o f  expert s an d novice s hav e conclude d tha t  dif -
ference s exis t  no t  jus t  betwee n th e amoun t  o f  knowledg e 
possesse d b y novice s an d expert s bu t  als o i n th e wa y 
expert s an d novice s organize ,  retriev e an d us e knowl -
edge t o solv e problems .  Activ e apprenticeshi p ha s bee n 
suggeste d a s a n effectiv e techniqu e t o teac h novice s t o 
becme experts .  Recentl y machin e learnin g a s wel l  a s 
knowledg e acquisitio n researcher s hav e turne d t o ap -
prenticeshi p learnin g a s a n effectiv e wa y o f  acquirin g 
proble m solvin g knowledge . 

A larg e numbe r  o f  A I  apprenticeshi p system s hav e 
been develope d t o appl y t o a  variet y o f  proble m solvin g 
tasks .  However ,  thes e system s assum e tha t  onl y on e 
user  interact s wit h th e syste m an d tha t  tha t  use r  i s in -
fallible .  H u m a n apprentice s ar e abl e t o lear n fro m mul -
tipl e mentor s (wh o m a y a t  time s b e wrong )  b y learnin g 
fro m onl y thos e experience s i n whic h the y ca n explai n 
t o themselve s tha t  th e teacher' s wa y o f  solvin g th e prob -
le m i s better .  T o addres s thes e limitations ,  w e emplo y 
PIPP ,  a  multi-strateg y learnin g an d plannin g syste m 
tha t  learn s t o produc e improv e th e efficienc y a s wel l 
as qualit y o f  th e solution s produce d b y a  partia l  orde r 
planner .  PIP P remember s th e goo d plannin g episode s 
alon g wit h th e justificatio n a s t o wh y the y ar e good .  I t 
als o learn s loca l  contro l  rule s tha t  sugges t  a  preferre d 
alternative s a t  a  particula r  decisio n point . 

Previou s case-base d plannin g system s suc h a s 
P R O D I G Y / A N A L O GY an d D e r S N L P tha t  onl y lear n 
t o improv e plannin g efficienc y inde x thei r  solution s b y 
relevan t  initia l  conditions .  Thes e ar e th e initia l  con -
dition s tha t  ar e neede d a s precondition s fo r  ziction s i n 
th e final  plan .  Presenc e o f  thes e condition s i n th e ne w 
proble m specificatio n guarantee s tha t  th e pla n create d 
unde r  th e guidanc e o f  th e previou s cjis e wil l  satisf y th e 
currentl y activ e goal s bu t  no t  tha t  i t  wil l  lea d t o a  hig h 
qualit y plan .  T o ensur e tha t  th e retrieve d case' s guid -
anc e wil l  lea d t o a  hig h qualit y solutio n w e als o nee d t o 
remember  th e condition s unde r  whic h th e previou s pla n 
was bette r  (w e cal l  thes e condition s th e betternes s condi -
tion s o f  a  plan) .  Betternes s condition s ar e th e rang e o f 
th e value s o f  variable s (provide d i n th e proble m specifi -
cations )  unde r  whic h a  pla n i s better .  Togethe r  wit h th e 
releven t  initia l  condition s the y for m th e distinguishin g 

feature s o f  th e pla n tha t  P IP P use s t o stor e an d retreiv e 
plans . 

Give n a  proble m description ,  P IP P searche s fo r  a 
simila r  cas e i n it s cas e m e m o r y an d use s th e retrieve d 
cas e t o guid e pla n construction .  I f  n o suc h cas e i s found , 
i t  use s th e contro l  rule s (i f  an y ar e applicable )  tha t  i t 
has learne d t o guid e pla n construction .  A  generativ e 
planne r  i s onl y use d whe n n o guidin g knowledg e i s avail -
able .  Th e inpu t  t o P IP P i s a  proble m statemen t  an d 
user' s pla n i n th e for m o f  a n ordere d se t  o f  actions .  Fol -
lowin g i s a  brie f  outlin e o f  PIPP' s learnin g algorithm . 

1.  Give n a  proble m descriptio n generat e th e system' s 
solutio n t o th e problem .  Generat e a  trac e fo r  th e 
user' s solutio n identifyin g th e difference s i n selection s 
fro m th e system' s solutio n a t  variou s choic e points . 

2.  Compar e th e user' s an d th e system' s solutio n fo r 
qualit y an d identif y th e bette r  solutio n an d th e wors e 
solution .  Determin e th e distinguishin g feature s o f  th e 
bette r  an d th e wors e plan .  Inde x (re-index )  eac h cas e 
wit h th e distinguishin g features . 

3.  Compar e th e plannin g trace s o f  bot h plan s an d for m 
preferenc e rule s tha t  indicat e 'prefe r  th e choice s m a d e 
durin g th e "better "  plannin g episod e i f  th e partia l 
pla n unde r  refinemen t  ha s th e distinguishin g feature s 
tha t  th e "better "  partia l  pla n possesse d a t  thi s poin t 
i n th e refinement. ' 

We hav e teste d th e performanc e improvement s ob -
taine d b y storin g an d retrievin g th e case s wit h 
betterness-conditions .  W e randoml y generate d 10 0 
problem s fro m th e modifie d logistic s transportation , 
traine d PIP P o n first  1 0 o f  the m an d compare d it s 
performanc e o n th e remainin g 9 0 problem s wit h Der -
S N L P.  Problem s containe d tw o truck s an d on e plan e 
whic h wer e distribute d amon g tw o cities .  W e varie d 
th e numbe r  o f  package s fro m on e t o tw o an d ra n five 
trial s fo r  eac h case .  Th e result s ar e quit e encouragin g i n 
tha t  the y indicat e tha t  thi s relativel y smal l  amoun t  o f 
trainin g provide d substantia l  improvement s i n plannin g 
performanc e (10-1 5 % ) .  P IP P doe s no t  produc e wors e 
solution s o n an y o f  th e tes t  examples .  Preliminar y re -
sult s ar e encouragin g bu t  mor e extensiv e testin g wil l 
hav e t o b e don e t o se e tha t  whethe r  th e improvement s 
i n pla n qualit y com e a t  th e cos t  o f  planne r  efficiency . 
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