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\  Nol o Cuiiccmin g 
Qujilirativ c IVoccs s Theor y 

Ken Korhu s 
M i l  A l  La b 

54 5 I'cchiioloiB '  Squar e 
C;iiiil.ri(li;c .  Mass .  0213 9 U S A 

I .  Iiitroductlo o 
M a ny kind s o f  change s occu r  i n physica l  situations .  Hiing s 

move,  collide ,  tlow .  bend ,  hea t  up .  cixi l  down ,  stretch ,  break ,  ;in d boil . 
Hics c an d th e oihe r  thing s tha t  happe n t o caus e change s i n object s ove r 
lim e .ir e intuitivel y characterize d a s processes .  M u c h o f  forma l  physic s 
consist s o f  charucterizaiiun s o f  processe s b y dilTcrcntia l  equation s 
whic h describ e ho w th e piiramctcr s o f  object s chang e ove r  time .  Ru t 
tli e notio n o f  proces s i s richer  an d mor e structure d tlin n this .  W e ofte n 
reac h conclusion s abou t  physica l  proccss.' s base d o n ver y littl e 
infomiauon .  Fo r  example ,  w c kno w dia t  i f  w e hea t  wate r  i n a  scale d 
containe r  th e wate r  ca n eventuall y  boil ,  an d i f  w c continu e t o d o s o th e 
containe r  ca n explode .  T o undcrsun d c o m m o n sens e physica l 
rcasonm g w e mus t  undcistan d h o w t o reaso n qualitativel y abou t 
priK-csscs .  thei r  effects ,  an d thei r  limits .  I  hav e bee n developin g a 
theory ,  calle d Ou.ilit.iiiv e Proccx s ihet̂ rv .  to r  thi s purposcfKorbus ,  1981 , 
1982] .  I  expec t  thi s dicory ,  whe n ftilly  developed ,  t o provid e a 
reprcscnt.niiona l  Iramcwor k fo r  understandin g h u m a n c o m m o n sens e 
physica l  reasoning .  I t  shoul d als o b e usefti l  fo r  constructin g compute r 
program s tha t  reaso n abou t  comple x physica l  system s a s wel l  a s 
c o m m on sens e reasoning .  Program s tlia t  explain ,  repai r  an d operat e 
comple x sŷ iciii N bucl i  a s nuclea r  powe r  plant s an d stcai n machiner y 
wil l  nee d t o dra w th e kind s o f  conclusion s thi s theor y sanctions . 

QualilatiN C rc.nsonin g abou t  quantitie s i s a  proble m tha t  ha s 
!oi! g plague d Art̂ 'icia l  Intelligenc e an d Cognitiv e Science .  M.in y 
scheme s liav c bee n tned .  includin g simpl e symboli c vocabularie s 
( T A I L V K R Y T A L L etc.) ,  real  numbers ,  intervals ,  fuzz y logi c an d s o 
fonh .  N o n e ar c ver y satisfying .  Ph c reaso n i s tha t  non e o f  Ui e abov e 
scheme s make s distinction s tha t  ar c relevan t  t o physica l  reasoning . 
Reasonin g abou t  processe s provide s a  stron g constrain t  o n th e choic e o f 
rcprescnudo n fo r  quantities .  Processe s usuall y star t  an d sto p whe n 
ordcr:ng s betwee n quantitie s change .  Fo r  example ,  whe n tw o object s 
wit h unequa l  temperature s ar e brough t  int o contac t  ther e wil l  b e a  hea t 
flo w fro m on e t o th e othe r  uhic h wil l  sto p whe n th e temperature s ar e 
cqua L I n Qualitativ e Proces s theor y th e valu e o f  quantitie s ar e 
represente d b y a  partia l  orderin g o f  othe r  quanutie s detcnnine d b y th e 
domai n physics .  Th e representation  appear s bot h usefu l  an d natura L 

OP theor y i s mainl y concerne d wit h di e for m o f  physica l 
theorie s an d onl y indirectl y abou t  Uici r  specifi c  conten t  Fo r  example , 
hea t  flo w processe s whic h don' t  conserv e energ y an d transfe r  "calori c 
fluid "  ca n b e wnttc n a s wel l  a s th e classica l  physica l  dcscriptioi L 
Newtonian .  Aristotelian ,  an d Impetu s theorie s o f  motio n ca n al l  b e 
encoded .  Thu s Q P theor y provide s a  languag e fo r  writin g physica l 
theories .  I n panicular .  th e primiuvc s ar e simpl e processe s (suc h a s 
flows ,  stat e changes ,  an d mr.-ion) ,  di e mean s o f  combinatio n ar e 
scquentialit y  an d share d parameters ,  an d di e mean s o f  abstractio n ar e 
namin g thes e combinations ,  includin g encapsulatin g a  piec e o f  th e 
proces s histor y l a k m d o f  beha\iora l  description ,  se e (Hayes .  19791 )  fo r 
th e situatio n a s a  ne w process . 

T h e basi c Qualitativ e Proces s dieor y i s no t  intende d t o captur e 
di e fiil l  rang e o f  qualitauv e reasonin g abou t  th e physica l  world .  Instea d 
i t  i s  concerne d wit h describin g di e weakes t  kin d o f  informatio n dia t  stil l 
allow s usclii l  conclusion s t o b e dniwn .  llier e ar e tw o reason s wh y dii s 
weak leve l  o f  descriptio n i s interesting .  First ,  conclusion s fro m wea k 
informatio n ar c ofte n require d t o driv e di e searc h fo r  conclusion s fro m 
mor e deuiilc d informatio n (a n il'iustratio n i s (dcKlecr .  197S)) .  M o r e 
importantly .  I  believ e dia l  di e ba:.i c dieor y ca n b e use d t o writ e wha t 
correspond s t o people' s c o m m o n sens e physica l  knowledge .  T o captur e 
mor e sophisticate d kind s o f  phy s ca l  reasonin g (fo r  example ,  h o w a n 
enginee r  make s estimate s o f  circu. t  parameter s o r  stresse s o n a  bridge ) 
extensio n theorie s containin g mor e dcuile d reprcsentiition s o f  quantity , 
functions ,  an d processe s wil l  b< ;  needed .  Kxainplc s o f  extensio n 
dieorie s coul d includ e orde r  o f  i n igiiitud e estimate s an d numbers .  B y 
providin g a  share d b;isi c theory ,  futur e studie s o f  mor e sophisticate d 
domain s m.n y yiel d a  wa y t o classif y kind s o f  physica l  reasonin g 
accordin g t o di e extensio n dieori o Uie y require . 

1 A n Exampl e 
Ilicr e ar c severa l  kind s o f  reasonin g Uia t  ca n b e performe d 

usin g Qualitativ e Proces s dieory ,  includin g reasoning  abou t  di e limit s o f 
processe s ("Wha t  migh t  happe n i f  dii s  valv e i s lef l  open?" )  an d 
consequence s o f  alternat e siluation s ("Ho w woul d di e turnin g u p di e 
stov e affec t  di e heaun g o f  di e ketde?" )  a s wel l  a s explainin g som e 
problem s involve d i n causa l  reasoning .  Severa l  example s o f  c o m m o n 
sens e phenomen a hav e bee n examine d i n Uii s context ,  includin g 
modellin g a  boiler ,  motion ,  material s (sayin g dia t  yo u ca n pus h wit h a 
strin g bu t  no t  pul l  wit h it) ,  an d a n oscillator .  A n informa l  exampl e wil l 
illusu-at e it s flavor.  Her e i s a  simpl e proble m involvin g physica l  system s 
dia t  w e solv e easily : 
Imagin e lookin g a l  a  larg e lank ,  partiall y  fille d wit h water ,  io u ca n se e 
iw o pipe s leadin g int o it .  an d yo u not e tha t  th e leve l  i n th e lan k i t 
dropping .  You r  goa l  i s  l o figur e ou t  wh y thi s i s happening . 

I n Q P theor y terms ,  wh y dii s  i s happening "  mean s findin g a 
set  o f  processe s whic h ar e causin g di e change s i n di e situation .  (I n th e 
complicate d physica l  system s whic h compris e m u c h o f  ou r  technology , 
dii s  i s  m u c h harde r  dia n di e simpl e exampl e depicte d here ,  becaus e di e 
reladonship  betwee n wha t  w e ca n observ e (throug h instruments )  an d 
di e processe s whic h serv e a s a n explanatio n i s m u c h les s direct) .  ITi e 
reasonin g goe s a s follows : 
PI No process affects level directly, but level is qualitatively 
proportiona l  l o Amount-o f  fluid . 
[2] The only processes which affect Amount-of a contained fluid are 
boiling ,  evaporation ,  an d fluid  flow . 
[3] No heat source is visible, so boiling can be luied ouL 

[4] The time scale is sbon. so evaporation can be ruled out 

[5] By exclusion, fluid flow must be die source of die influence. 

[6] Fluid flow requires a fluid padL 

[7] Only two pipes are visible, so assume diose are die only fluid 
connection s t o di e tank . 

[8] Only two fluid flows arc possible, one dirough each pipe. Fluid flow 
ca n b e measured :  i n dii s cas e bot h flows  ar e int o di e tank . 

[9| Therefore die influence of die fluid flows is posiuve. 

[in] Tlicreforc die level of die tank should be increasing, not 
dixrcasing . 

[11] liiiher (1) Other processes affecting amount-of exist 
(2 )  F.vaporatio n o r  lloilin g ar e occurin g 
(3 )  Measurement s ar c wron g 
(4 )  Odic r  fluid  padi s exis t 

\\2]  Pragmatically, (4) is die most likely - e,g., a large leak in die tank. 

Knowing what can be measured .nnd die pragmatic 
informatio n use d i n rulin g ou t  cvaporado n an d i n occcpun g th e lea k a s 
di e bes t  prospec t  ar c no t  par t  o f  Q P dieory ,  bu t  instea d illustrat e di e 
interactio n o f  di e dieor y wit h othe r  kind s o f  worl d knowledge .  Not e 
tha t  di e ke y t o di e dcducuo n i s di e assumptio n o f  a  finit e vocabular y o f 
processe s liia t  coul d caus e th e observe d change .  Haye s (Hayes .  Liquids ) 
suggest s rcTSonin g b y eliminatio n i s a  powerfu l  techniqu e i n c o m m o n 
sens e reasoning ;  organizin g physica l  knowledg e aroun d a  v(x:abular y o f 
priKcssc s provide s funhc r  oppununit y t o d o so . 
3. Current State of the llicory 

Th e curren t  stat e o f  di e dieor y i s describe d i n [Forbus .  1982J . 
Furdic r  dieoretica l  development s ar e bein g carrie d ou t  i n di e contex t  o f 
reasonin g abou t  simpl e fluid  an d mechanica l  systems .  A n 
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implcmcntauo n i s underway . 
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