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A b s t r a c t 

Classical plan preconditions implicitly play a 
dua l  role ,  bot h documentin g th e fact s neces -
sar y fo r  a  pla n t o b e soun d an d listin g th e 
condition s unde r  whic h i t  shoul d b e used .  A s 
th e closed-worl d assumptio n i s  relaxe d thes e 
tw o role s begi n t o diverge ,  particularl y whe n 
attempt s ar e m a d e t o us e plan s i n situation s 
othe r  tha n thos e fo r  whic h the y wer e origi -
nall y constructed .  Rosenschei n an d Kaelblin g 
exploi t  on e aspec t  o f  th e divergenc e b y sug -
gestin g tha t  som e logicei l  precondition s ca n b e 
considere d i n th e desig n phas e o f  buildin g a n 
agent ,  bu t  "compile d away "  s o tha t  th e agen t 
need no t  explicitl y  conside r  the m [Rosenschei n 
and Kaelbling ,  1986] .  W e sugges t  a n alterna -
tiv e vie w whereb y a n agen t  ca n explicitl y  rea -
son an d lear n abou t  whic h condition s ar e th e 
bes t  cue s fo r  employin g standar d plans ,  an d 
discus s th e ide a i n th e contex t  o f  th e R u n n e r 
project . 

Introduction 

Plan execution and the role of 

precondi t ion s 

The closed-world assumption of classical planning 
allowe d th e assumptio n tha t  plan s coul d hav e a 
smal l  an d explici t  se t  o f  precondition s which ,  i f 
true ,  woul d ensur e tha t  th e pla n worked .  Th e mos t 
straightforwar d applicatio n o f  thi s ide a t o th e exe -
cutio n o f  suc h plan s i s tha t  a n executo r  shoul d kno w 
or  verif y th e trut h o f  th e precondition s befor e start -
in g th e plan .  Thi s i s particularl y unproblemati c if , 
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i n additio n t o a  close d worl d assumption ,  th e pla n 
i s bein g generate d fo r  exactl y th e circumstance s i n 
whic h i t  i s  t o b e used ;  i n tha t  case ,  everythin g tha t 
i s know n abou t  th e stat e o f  th e worl d ca n b e take n 
int o accoun t  durin g th e synthesi s o f  th e plan ,  an d 
th e proces s o f  constructio n ca n (give n th e closed -
worl d assumption )  itsel f  guarante e th e soundnes s 
of  th e plan . 

In recent years, greater awareness of the in-
tractabilit y o f  generativ e plannin g [Chapman , 
1985] ,  couple d wit h greate r  concer n abou t  tim e 
pressur e i n activity ,  ha s le d t o attempt s t o amor -
tiz e th e cos t  o f  plannin g ove r  repeate d instance s 
of  activity ,  eithe r  b y "pre-compiling "  actio n de -
cision s [Rosenschei n an d Kaelbling ,  1986 ,  D rum -
mond,  1989] ,  o r  b y re-usin g th e fruit s o f  previou s 
plannin g attempt s [ H a m m o n d ,  1989] . 

At the same time it has been widely acknowl-
edge d tha t  th e se t  o f  logica l  precondition s fo r  plan s 
i n m a n y real-worl d situation s i s effectivel y inflnite . 
Thi s bee n calle d th e "qualificatio n problem "  (de -
fine d variousl y i n [McCarthy ,  1977 ,  Shoam ,  1986 , 
Ginsber g an d Smith ,  1987]) .  Tha t  is ,  give n an y 
attemp t  a t  enumeratio n o f  logica l  statement s tha t 
need t o b e tru e fo r  a  give n pla n t o b e guarantee d 
t o work ,  i t  i s  usuall y possibl e t o com e u p wit h a n 
additiona l  potentia l  fac t  tha t  woul d rende r  th e pla n 
unworkable . 

Early planning research tried to confront this di-
rectl y usin g larg e number s o f  fram e axioms .  Mos t 
generativ e plannin g system s sinc e [Pike s an d Nils -
son ,  1971 ]  hav e use d th e mor e optimisti c an d 
tractabl e STRIP S assumptio n tha t  primitiv e ac -
tion s ca n hav e associate d list s o f  th e fact s tha t  ar e 
change d b y applyin g them . 

Precondition sets for classical plans implicitly 
pla y a  dua l  role .  The y 

1. describe the initial conditions under which the 
pla n a s describe d ca n b e expecte d t o b e soun d 
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(unde r  certai n assumptions ,  an d becaus e th e 
fact s wer e use d i n th e plan' s construction) ,  an d 

2.  describ e th e fact s tha t  a n executo r  shoul d kno w 
t o b e tru e befor e beginnin g executio n o f  th e plan . 

Let us keep the existing term of precondition for 
th e firs t  sor t  o f  fac t  above ,  an d us e th e ter m appro -
priatenes s conditio n fo r  th e secon d sort . 

Appropriateness conditions 

Under assumptions of perfect knowledge and a 
close d world ,  ther e i s littl e divergenc e betwee n pre -
condition s an d appropriatenes s conditions .  W h e n 
thes e assumption s ar e relaxed ,  however ,  ther e ar e 
severa l  differen t  way s i n whic h th e divergenc e ca n 
become importan t  i n pla n executio n an d reuse : 

• A precondition can effectively be "always true". 
Thi s mean s tha t  th e pla n m a y depen d upo n i t  fo r 
correctness ,  bu t  a n executo r  wil l  neve r  ru n int o 
troubl e b y no t  worryin g abou t  it s trut h value . 
Thi s sor t  o f  fac t  shoul d no t  b e a n "appropriate -
nes s condition" ,  sinc e consideratio n o f  i t  canno t 
hel p i n th e decisio n whethe r  t o us e th e plan . 

•  A  preconditio n m a y b e almos t  alway s true ,  an d i t 
m ay b e difficul t  t o kno w o r  chec k i n advance .  I f 
th e consequence s o f  a n abortiv e attemp t  a t  per -
formin g th e pla n ar e no t  to o severe ,  the n thi s sor t 
of  fac t  shoul d no t  b e a n appropriatenes s condi -
tion ,  sinc e th e utilit y  o f  knowin g it s trut h i s out -
weighe d b y th e cos t  o f  acquirin g th e knowledge . 

•  A  preconditio n m a y b e intermittentl y true ,  bu t 
m ay b e easil y ''subgoale d on "  i n execution , 
an d achieve d i f  false .  (Thi s o f  cours e depend s 
strongl y o n representatio n o f  plans ,  an d ho w flex-
ibl e th e executio n is. )  T o th e exten t  thi s ca n b e 
handle d i n "execution" ,  th e conditio n shoul d no t 
be a n appropriatenes s condition ,  sinc e whethe r 
or  no t  th e conditio n hold s th e pla n i s likel y t o 
succeed . 

•  A  particula r  conditio n m a y no t  b e a  preconditio n 
per  se ,  bu t  m a y b e evidenc e tha t  th e pla n wil l 
be particularl y eas y t o perform ,  o r  wil l  produc e 
result s tha t  ar e preferabl e t o th e usua l  defaul t 
pla n fo r  th e relevan t  goals .  Thi s shoul d b e a n 
appropriatenes s condition ,  eve n thoug h i t  i s  no t 
a precondition . 

Action nets and appropriateness 

condi t ion s 

Rosenschein and Kaelbling noted the first possibil-
it y  i n th e abov e list ,  tha t  som e precondition s migh t 
be "alway s true" ,  an d realize d that ,  whil e suc h fact s 
m ay nee d t o b e explicitl y  considere d i n th e desig n 
of  a n agen t  fo r  som e domai n an d task ,  ther e i s 
no rejiso n w h y th e agen t  itsel f  nee d conside r  them . 

[Rosenschei n an d Kaelbling ,  1986] .  Suc h fact s ca n 
essentiall y  b e "compile d away "  i n th e desig n o f  a n 
agen t  tha t  wil l  behav e appropriately . 

To summarize the argument so far: 

• The set of facts that an agent should consider 
befor e embarkin g o n a  give n pla n i s interest -
ingl y differen t  fro m bot h th e (possibl y infinite ) 
set  o f  fact s tha t  nee d t o b e tru e fo r  th e pla n 
t o work ,  an d th e se t  o f  fact s explicitl y  use d i n 
th e plan' s construction .  Thi s i s tru e particularl y 
when d e nov o pla n constructio n i s impossibl e o r 
to o costly ,  an d plan s mus t  b e reused . 

•  O n e possibl e approac h tha t  recognize s thi s i s t o 
explicitl y  desig n a n agen t  s o tha t  i t  onl y con -
sider s th e condition s tha t  ar e actuall y relevan t 
fo r  action ,  eithe r  b y hand-craftin g it s decisio n 
procedure ,  o r  b y a  mixtur e o f  hand-craftin g an d 
cleve r  compilatio n o f  declarativ e specifications , 
as i n Rosenschei n an d Kaelbling' s work . 

And the point we want to make (which will oc-
cup y u s fo r  th e res t  o f  th e paper) : 

There is a large potential middle ground between 
an approac h tha t  require s explici t  reasonin g abou t 
al l  precondition s o n th e on e hand ,  an d approache s 
tha t  compil e i n an y neede d reasonin g o f  tha t  sor t 
i n advance .  I n particular ,  eve n i f  a n agen t  i s as -
sumed t o hav e a  largel y immutabl e librar y o f  plan s 
an d behavior s tha t  wil l  determin e it s competence , 
ther e i s stil l  roo m fo r  learnin g th e particula r  appro -
priatenes s condition s tha t  gover n whe n t o invok e 
particula r  plans . 

An example 

To make these distinctions clearer, let's look at a 
c o m m on sens e example :  th e tas k o f  makin g but -
tere d toast ,  i n a  well-equippe d kitchen ,  wit h a n 
electri c toaster . 

If we start to enumerate the preconditions that 
we ca n thin k o f  tha t  ar e associate d wit h thi s task , 
th e mos t  availabl e one s hav e t o d o wit h th e re -
source s w e woul d normall y worr y abou t  i t  conjunc -
tio n wit h it :  possessin g bread ,  possessin g butter . 
Other s tha t  com e t o min d migh t  hav e t o d o wit h 
availabl e time ,  instrument s (th e toaster ,  a  knife) ,  o r 
knowledg e abou t  thes e thing s (d o w e kno w wher e t o 
find  a  knife?) .  A s w e strai n t o thin k o f  thing s tha t 
ar e no t  par t  o f  th e concern s eissociate d wit h th e 
plan ,  w e migh t  thin k o f  possibl e "external "  prob -
lem s lik e a n interruptio n i n electri c service .  Finally , 
imaginabl e "preconditions "  star t  t o b e explicitl y 
counterfactual ;  wha t  i f  gravit y n o longe r  operated , 
or  hea t  conductio n worke d i n a  differen t  way ? 

I n practice ,  whe n decidin g whethe r  t o mak e 
toast ,  on e i s probabl y awar e o f  onl y th e first  fe w 
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considerations ,  an d possibl y non e ar e a  concern . 
The technica l  proposa l  w e woul d lik e t o mak e her e 
i s tha t  w e shoul d trus t  th e introspectiv e availabil -
it y  o f  thes e conditions :  ther e i s a  smal l  se t  o f  fact s 
tha t  shoul d b e explicitl y  considere d whe n decidin g 
whethe r  t o embar k o n a  give n plan .  I n addition ,  w e 
argu e tha t  thes e appropriatenes s condition s shoul d 
be store d i n associatio n wit h th e pla n itself ,  an d 
tha t  learnin g t o refin e the m i s a  significan t  par t  o f 
th e developmen t  o f  expertis e i n pla n use . 

The utility of partial plan completion 

Agre and Chapman [Agre and Chapman, 1988] 
hav e argue d agains t  th e nee d b y actio n system s 
fo r  "plans "  i n th e classica l  sense ,  an d hav e pointe d 
out  th e danger s o f  confusin g th e technica l  an d com -
monsense meaning s o f  th e term .  Th e Peng i  syste m 
[Agr e an d Chapman ,  1987 ]  demonstrate d a  surpris -
in g capacit y t o exhibi t  "planful "  behavio r  withou t 
explici t  representatio n o f  plans .  Wha t  thi s mean s 
i s tha t  sequence s o f  action s tha t  wer e particularl y 
beneficia l  coul d b e triggere d b y successiv e percep -
tua l  conditions ,  withou t  th e sequenc e itsel f  bein g 
represente d internall y i n an y way . 

A goo d analysi s o f  th e source s o f  domai n sup -
por t  fo r  Pengi' s behavio r  ca n b e foun d i n [Chap -
man,  1990] .  A n additiona l  on e w e woul d lik e t o 
sugges t  i s  that ,  althoug h th e domai n reward s suc -
cessfu l  completio n o f  certai n sequence s o f  actions , 
i t  doe s no t  particularl y penaliz e partia l  completion . 
The domai n w e ar e investigatin g i n th e RUNNER 
projec t  [Hammon d e t  ai ,  1990 ]  (performin g simpl e 
task s i n a  simulate d kitchen )  ha s th e characteristi c 
tha t  man y task s wil l  leav e th e agen t  i n wors e shap e 
i f  partiall y  complete d tha n i f  th e tas k ha d neve r 
been started .  Fo r  example ,  man y task s requir e tha t 
mil k b e take n ou t  o f  th e refrigerator ,  bu t  i f  tha t  i s 
al l  tha t  i s  done ,  th e onl y resul t  wil l  b e sou r  milk . 
Not e tha t  thi s contras t  i s  a t  th e leve l  o f  domai n 
analysis ,  an d i s orthogona l  t o th e questio n o f  ho w 
"planful "  behavio r  i s generated .  W e suspec t  tha t 
domain s tha t  hav e thi s sor t  o f  non-additivenes s o f 
utilit y  ove r  th e cours e o f  actio n sequence s ma y re -
quir e som e sor t  o f  explici t  pla n representatio n fro m 
thei r  agents . 

So fa r  w e hav e use d th e ter m "plan "  i n a  com -
mon sens e way .  Wha t  w e woul d lik e t o mea n b y 
i t  i s  this :  th e collectio n o f  explicitl y  represente d 
knowledg e tha t  i s  specificall y relevan t  t o repeate d 
satisfactio n o f  a  give n se t  o f  goals ,  an d whic h influ -
ence s actio n onl y whe n a  decisio n ha s bee n mad e 
t o us e th e plan .  I n th e Runne r  projec t  thi s ex -
plicitl y  represente d pla n serve s bot h a s a  memor y 
organizatio n poin t  fo r  annotation s abou t  th e cur -
ren t  progres s an d problem s o f  th e us e o f  th e plan , 
and a s a  hoo k o n whic h t o han g pas t  experience s 
of  it s  use .  It s appropriatenes s condition s determin e 

whethe r  i t  shoul d b e "active "  an d henc e mak e sug -
gestion s abou t  actions ,  bu t  i t  i s  no t  th e sol e deter -
minan t  o f  behavior . 

A t a x o n o m y o f  attitude s t o w a r d 

precondit ion s 

Given a plan that requires that certain propositions 
be tru e fo r  i t  t o work ,  ther e ar e a  limite d numbe r 
of  attitude s tha t  a n agen t  ca n tak e towar d thos e 
proposition s whe n decidin g o n whethe r  t o emplo y 
th e plan .  Whethe r  explicitl y  o r  implicitly ,  give n a 
certai n precondition ,  th e agen t  ca n 

1. Assume it is always true (because it is always 
true) . 

For  example ,  th e assumptio n o f  continue d gravit y 
i n th e toas t  example . 

2.  Assum e i t  i s  alway s tru e (becaus e th e agen t  en -
force s it) . 

For  example ,  th e toaste r  wil l  no t  wor k i f  th e 
power  i s no t  on ,  an d th e powe r  ma y no t  b e o n i f 
th e electri c bil l  i s  neve r  paid .  Nonetheless ,  mos t 
peopl e ar e probabl y no t  awar e o f  thinkin g o f  thei r 
electri c bil l  whe n considerin g makin g toast .  Thi s 
i s becaus e othe r  plan s an d habit s ensur e tha t 
i t  i s  alway s paid ,  an d therefor e electricit y doe s 
not  figure  int o th e appropriatenes s condition s fo r 
makin g toast .  Dependin g o n th e exten t  t o whic h 
larder-stockin g i s take n car e o f  b y othe r  plan s 
and policies ,  possessio n o f  brea d an d butte r  ma y 
als o b e omitted .  (Fo r  mor e discussio n o f  th e us e 
of  enforcemen t  t o simplif y pla n use ,  se e [Ham -
mond an d Converse ,  1991]. ) 

3.  Verif y i t  befor e pla n execution . 

I f  unbuttere d toas t  i s  wors e tha n n o toas t  a t  all , 
and ther e i s doub t  a s t o th e presenc e o f  but -
te r  i n th e refrigerator ,  the n a  goo d toeist-makin g 
pla n include s lookin g i n th e refrigerato r  first,  an d 
abortin g th e pla n i f  non e i s found . 

4.  Kno w i t  t o b e true . 

"Worl d models "  shoul d no t  b e invoke d withou t 
recognitio n o f  th e cos t  o f  thei r  constructio n an d 
maintenance ,  an d th e cos t  o f  memor y retrieva l  o f 
a give n fac t  (eve n i f  explicitl y  represented )  ma y 
ofte n outweig h th e cos t  o f  activ e perceptua l  ver -
ification .  Still ,  i n ou r  example ,  th e questio n o f 
brea d an d butte r  coul d b e raise d an d the n an -
swered ,  fo r  example ,  b y memor y o f  a  recen t  shop -
pin g trip . 

5.  Subgoa l  o n i t  i f  necessary . 

I f  th e toaste r  i s foun d t o b e unplugged ,  the n i t 
may b e eas y t o plu g bac k i n an d continue .  I f 
thi s particula r  stat e i s unpredictable ,  ther e stil l 
may b e n o nee d t o includ e mentio n o f  i t  i n th e 
appropriatenes s condition s fo r  makin g toast . 
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We wan t  t o includ e condition s covere d b y item s 
(3 )  an d (4 )  abov e unde r  ou r  rubri c o f  appropriate -
ness conditions ;  the y ar e th e fact s tha t  shoul d con -
cer n th e agen t  i n decidin g o n th e viabilit y  o f  a  plan . 

Appropriateness Conditions in 

R u n n e r 

Our work in the Runner project centers around 
pla n us e i n a  commonsens e domain .  Startin g fro m a 
case-base d plannin g framewor k [Hammond ,  1989] , 
we believ e tha t  a n appropriat e vie w o f  expertis e de -
velopmen t  i n man y domain s i s th e acquisitio n an d 
refinemen t  o f  a  librar y o f  pleui s whic h hav e bee n in -
crementall y debugge d an d optimize d fo r  th e set s o f 
conjunctiv e goal s tha t  typicall y recur . 

One of the gocds of the resejirch is to use plans 
flexibly,  wher e flexibilit y  mean s tha t 

• Step orderings can be suggested by environmen-
ta l  cues .  Wher e no t  explicitl y  constrained ,  mul -
tipl e step s ca n simultaneousl y sugges t  actions . 

•  Particula r  specialization s o f  plan s ar e environ -
mentall y cued . 

•  Multipl e "top-level "  plan s ca n b e activ e an d eac h 
sugges t  actions ,  resultin g i n (unrepresented )  in -
terleaving . 

The representation structure for Runner 's 
memory,  a s wel l  a s th e bul k o f  th e algorith m fo r 
marker-passin g an d activation ,  i s base d o n Charle s 
Martin' s wor k o n th e D M A P parse r  (se e [Martin , 
1989]) .  Th e memor y o f  Runne r  ' s  agen t  i s  encode d 
i n semanti c net s representin g it s  plans ,  goals ,  an d 
curren t  beliefs .  Eac h nod e i n Runne r  ' s pla n ne t 
has associate d wit h i t  a  (disjunctive )  se t  o f  concep t 
sequences ,  whic h ar e a  (conjunctive )  listin g o f  state s 
tha t  shoul d b e detecte d befor e tha t  pla n nod e ca n 
be suggested . 

Nodes in the plan net become activated in the 
followin g ways : 

• "Top-level" plans become activated when the 
goal  the y subserv e i s activated ,  an d a  concep t  se -
quenc e indicatin g appropriat e condition s i s com -
pleted . 

•  Specialization s o f  plan s ar e activate d b y receivin g 
a permissio n marke r  fro m th e abstrac t  plan ,  i n 
additio n t o th e activatio n o f  a  concep t  sequence . 

•  Part s (o r  steps )  o f  plan s ar e als o activate d b y 
completio n o f  a  concep t  sequence ,  an d b y receiv -
in g a  permissio n marke r  fro m thei r  parent . 

Once activated, many plans have early explicit 
verificatio n step s whic h chec k i f  othe r  condition s 
necessar y fo r  succes s ar e fulfilled ,  an d abor t  th e 
pla n i f  not . 

Passin g o f  permissio n marker s i s no t  recursive , 
so tha t  th e stat e informatio n indicatin g a n oppor -
tunit y t o perfor m a  sub-pla n mus t  b e recognize d fo r 
executio n t o procee d further .  Thi s mean s tha t  in -
dividua l  subplan s mus t  hav e associate d wit h the m 
concep t  sequence s tha t  indicat e opportunitie s t o b e 
performed .  (Fo r  a  fulle r  explication ,  se e [Hammon d 
et  o/. ,  1990] . 

Appropriateness conditions in RUNNER, then are 
th e unio n o f  th e concep t  sequence s o f  pla n node s 
and th e initia l  verificatio n step s (i f  any) .  Sinc e ac -
tivatio n o f  a  pla n nod e i s sufficien t  t o sen d activa -
tio n t o it s part s an d specializations ,  whic h ca n i n 
tur n eventuall y botto m ou t  i n primitiv e actions ,  i t 
i s importan t  tha t  thes e condition s b e well-matche d 
t o th e condition s unde r  whic h i t  i s  appropriat e t o 
invok e th e plan . 

Implications for Learning 

On our view, a large component of expertise in com-
ple x domain s i s th e resul t  o f  th e developmen t  o f  a 
librar y o f  conjunctiv e goa l  plans ,  wit h th e simul -
taneou s tunin g o f  th e plans ,  thei r  appropriatenes s 
conditions ,  an d th e environmen t  itsel f  t o maximiz e 
th e effectivenes s o f  th e plans . 

Our position is that the state an agent should 
striv e fo r  i s on e i n whic h 

1. its plan library has optimized plans for the dif-
feren t  set s o f  goal s tha t  typicall y recur . 

2.  eac h pla n (an d subplan )  ha s a n associate d se t  o f 
appropriatenes s conditions ,  whic h ar e easil y de -
tectabl e an d indicat e th e condition s unde r  whic h 
th e pla n i s appropriat e t o invoke . 

3.  whe n possible ,  standar d precondition s fo r  stan -
dar d plan s ar e enforced ,  s o tha t  the y ca n b e eis -
sumed true ,  an d d o no t  nee d t o b e include d a s 
as appropriatenes s conditions . 

Part of the process of refining appropriateness 
condition s ca n b e take n car e o f  b y relativel y sim -
pl e "recategorization "  o f  variou s condition s i n th e 
taxonom y w e sketche d above ,  i n respons e t o bot h 
failur e an d unexpecte d success .  Her e som e way s i n 
whic h thi s sor t  o f  recategorizatio n ca n b e applied . 

• Drop appropriateness conditions that turn out to 
be alway s true .  A t  it s simplest ,  thi s i s merel y a 
matte r  o f  keepin g statistic s o n verificatio n step s 
at  th e beginnin g o f  plans . 

•  I f  a  pla n fail s becaus e som e subpla n o f  i t  fails , 
and tha t  subpla n faile d becaus e som e appropri -
atenes s conditio n didn' t  hold ,  the n promot e tha t 
conditio n t o th e statu s o f  a n appropriatenes s con -
ditio n fo r  th e superordinat e plan .  Tha t  is ,  mak e 
use o f  th e large r  pla n contingen t  o n finding  th e 
conditio n t o b e true . 
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•  I f  a  pla n i s frequentl y foun d t o hav e fals e ap -
propriatenes s condition s i n situation s wher e i t  i s 
needed ,  an d th e condition s ar e unde r  th e agent' s 
control ,  conside r  includin g i t  i n a n enforcemen t 
pla n tha t  maintain s it ,  s o tha t  i t  ca n a«8uiiie d 
tru e b y th e pla n tha t  wa s failing . 

Conclusion 

The imphcit dual role of classical preconditions 
shoul d b e separate d out ,  int o th e precondition s tha t 
underli e th e pla n structur e an d th e condition s tha t 
signa l  appropriat e us e o f  th e plans .  Thi s separatio n 
opens th e doo r  fo r  tunin g o f  th e condition s unde r 
whic h a n agen t  wil l  us e a  give n plan .  Thi s sor t  o f 
learning ,  i n conjunctio n wit h othe r  method s fo r  im -
provin g th e matc h betwee n a n environmen t  an d a 
pla n library ,  i s  a  promisin g metho d fo r  improvin g 
th e us e an d reus e o f  plans . 
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