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A b s t r a c t 

The tie between linguistic entities (e.g., words) 
and thei r  meaning s (e.g. ,  object s i n th e world )  i s 
one tha t  a  reasonin g agen t  ha d bette r  kno w abou t 
and b e abl e t o alte r  whe n occasio n demands .  Thi s 
has a  numbe r  o f  importan t  commonsens e uses . 
Th e forma l  point ,  though ,  i s tha t  a  ne w treatmen t 
i s calle d fo r  s o tha t  rationa l  behavio r  vi a a  logi c 
can measur e u p t o th e constrain t  tha t  i t  b e abl e 
t o chang e usage ,  emplo y ne w words ,  chang e mean -
ing s o f  ol d words ,  an d s o on .  Her e w e d o no t  offe r 
a ne w logi c pe r  se ;  rathe r  w e borro w a n existin g 
one (ste p logic )  an d appl y i t  t o th e specifi c  issu e 
of  languag e change . 

I n t r o d u c t i o n 

"Did you hear that John broke his leg?" 
"No ,  really ? That' s a  shame! " 
"Yes ,  an d hi s wif e no w ha s t o d o 

everythin g fo r  him. " 
"Wife ? Joh n isn' t  married .  Whic h 

Joh n ar e yo u talkin g about? " 
"I' m talkin g abou t  Joh n Jones. " 
"Oh ,  I  though t  yo u mean t  Joh n Smith. " 

The abov e apparentl y mundan e conversatio n 
hide s som e ver y trick y feature s facin g an y for -
mal  representationa l  an d inferentia l  mechanism , 
whether  fo r  us e i n natura l  languag e processing , 
planning ,  o r  problem-solving .  Fo r  her e occur s a n 
implici t  cas e o f  languag e control .  A s i t  dawn s o n 
th e tw o speaker s abov e tha t  the y ar e usin g th e 
name "John "  differentl y the y nee d t o reaso n abou t 
usag e an d adop t  a  strateg y t o sor t  ou t  th e confu -
sion ,  e.g. ,  b y usin g las t  name s too . 

Th e abilit y  o f  a  reasonin g agen t  t o exercis e con -
tro l  o f  it s ow n reasonin g process ,  an d i n particu -
la r  ove r  it s language ,  ha s bee n hinte d a t  a  numbe r 
of  time s i n th e literature .  Riege r  seem s t o hav e 
been th e first  t o enunciat e this ,  i n hi s  notio n o f 
referenceabilit y  [Rieger ,  1974] ,  followe d b y other s 
[Perlis ,  1985] ,  [McCarth y an d Lifschitz ,  1987] ,  etc . 

Th e underlyin g idea ,  a s w e conceiv e i t  here ,  i s tha t 
th e ti e betwee n linguisti c entitie s (e.g. ,  words )  an d 
thei r  meaning s (e.g. ,  object s i n th e world )  i s a  ti e 
tha t  th e agen t  ha d bette r  kno w abou t  an d b e abl e 
t o alte r  whe n occasio n demands .  Thi s ha s a  num -
ber  o f  importan t  commonsens e uses ,  whic h hav e 
bee n liste d elsewher e [Perlis ,  1991] . 

Th e forma l  point ,  though ,  i s tha t  a  ne w treat -
ment  i s calle d fo r  s o tha t  rationa l  behavio r  vi a a 
logi c ca n measur e u p t o th e constrain t  tha t  i t  b e 
abl e t o chang e usage ,  emplo y ne w words ,  chang e 
meaning s o f  ol d words ,  an d s o on .  Th e usua l  fixed 
languag e wit h a  fixed  semantic s tha t  i s  th e stock -
in-trad e o f  A I  seem s inappropriat e t o thi s task . 

Her e w e d o no t  offe r  a  ne w logi c pe r  se ;  rathe r 
we borro w a n existin g on e (step-logi c [Elgot-Drap -
ki n an d Perlis ,  1990] ,  [Elgot-Drapkin ,  1991] )  an d 
appl y i t  t o th e specifi c  issu e o f  languag e change . 
Referenceability ,  t o stic k wit h Rieger' s terminol -
ogy ,  demand s tha t  th e agen t  -  an d therefor e th e 
agent' s languag e -  hav e expression s availabl e t o 
denot e expression s themselve s (e.g. ,  vi a quotation ) 
and als o t o denot e th e ti e betwee n a n expressio n 
an d wha t  i t  stand s for .  Th e for m tha t  thi s word -
objec t  ti e take s seem s t o var y accordin g t o context, ^ 
an d tha t  i s wha t  thi s pape r  wil l  focu s on ,  b y ex -
aminin g severa l  specifi c  corrmionsens e settings . 

Traditiona l  description s o f  nonmonotoni c rea -
sonin g envisio n nonmonotonicit y a s a  relationshi p 
betwee n theories :  fro m on e theor y certai n the -
orem s follo w tha t  d o no t  follo w whe n tha t  the -
or y i s augmente d wit h additiona l  informatio n (ax -
ioms) .  However ,  thi s relationshi p i s expresse d only : 
i n th e meta-theory ;  th e usua l  logic s pa y attentio n 
t o behavio r  onl y withi n a  give n theory .  O n th e 
othe r  hand ,  "theor y change "  i s th e centra l  fea -
tur e o f  th e step-logi c formalism .  I n brief ,  a  step -
logi c model s belie f  reasonin g b y sanctionin g in -
ferenc e one-step-at-a-time ,  wher e th e tim e o f  rea -
sonin g i s  integra l  t o th e logic .  Complicate d rea -
sonin g mad e o f  m a n y successiv e inference s i n se -
quenc e tak e a s m a n y step s a s th e sequenc e con -
tains .  Error ,  chang e o f  mind ,  chang e o f  language , 
and chang e o f  languag e usag e al l  ar e time-tempere d 

^Thi s researc h wa s partiall y  supporte d b y NS F 
gran t  IRI-9109755 . 

^Recently ,  McCarth y an d other s hav e bee n investigat -
in g formsi l  theorie s o f  contex t  ([McC2irthy ,  1993] ,  [Guha , 
1991]) .  Th e implication s thi s nia y hav e fo r  ou r  wor k ase , 
at  thi s point ,  unclear . 
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i n tha t  the y ar e appropriatel y characterize d onl y 
wit h regar d t o a  historice d accoun t  o f  beliefs ,  lan -
guage ,  an d it s usage .  T h e one-step-at-artim e ap -
proac h offer s a  natura l  accoun t  o f  suc h histories . 

A ke y informa l  ide a fo r  u s wil l  b e tha t  o f  a 
presentation ,  whic h mean s roughl y a  situatio n o r 
contex t  i n whic h attentio n ha s bee n calle d t o a  pre -
sumed entity ,  bu t  no t  necessaril y  a n entit y w e hav e 
a ver y clea r  determinatio n o f  a t  first. ^  This ,  w e ar -
gue ,  i s  th e cas e i n virtuall y al l  situation s initially , 
unti l  w e ge t  ou r  bearings .  Bu t  befor e w e actuall y 
make a n identificatio n w e determin e (perhap s un -
consciously )  tha t  ther e i s somethin g fo r  u s t o dea l 
with .  Thi s i s a  smal l  poin t  a s fa r  a s initia l  mat -
ter s go ,  bu t  become s importan t  i f  late r  w e decid e 
t o chang e ou r  usages .  Som e example s wil l  help . 
We hav e devise d a  formalis m tha t  "solves "  thes e 
examipl e problem s an d hav e implemente d ou r  so -
lutio n t o som e o f  th e problenfis .  Spac e allow s onl y 
a brie f  sketc h o f  certai n underlyin g mechanisms.' * 

Rosa l ie ' s C a r 

A car flashes by us, amd we quickly identify it as 
Rx)salie' s ca r  (whic h fo r  simplicit y w e denot e re) . 
We m a y b e unawar e o f  an y recognitio n process , 
thinkin g simpl y tha t  w e se e r e flash  by .  The n w e 
notic e tha t  th e licens e plat e o n th e ca r  i s no t  wha t 
we woul d expec t  t o se e o n re ,  an d w e re-asses s 
our  belie f  tha t  w e ar e seein g re .  Something ,  w e 
tel l  ourselves ,  mad e u s thin k thi s (th e ca r  w e se e 
drivin g away )  i s tha t  (th e ca r  r e w e alread y kne w 
of  fro m earlie r  times) .  Onc e w e hav e produce d 
appropriat e interna l  tokens ,  w e ca n the n sa y tha t 
we mistoo k thi s fo r  that .  Th e something-or-othe r 
tha t  brough t  abou t  ou r  mistak e i s wha t  w e cal l  a 
presentation .  I t  wil l  no t  pla y a  forma l  rol e fo r  us , 
bu t  simpl y a  motivationa l  on e i n leadin g u s t o ou r 
forma l  devices . 

H ow ca n w e formaliz e th e notio n o f  takin g thi s 
fo r  that ? W e begi n b y lookin g int o th e relation -
shi p betwee n th e tw o -  no t  a  physica l  relationship , 
as i n feature s tha t  th e tw o car s m a y shar e (thoug h 
thi s m a y ultimatel y hav e a  bearin g o n belie f  revi -
sion )  bu t  rathe r  a  cognitiv e relationshi p betwee n 
th e entities .  Thi s relationshi p i s suggeste d i n th e 
cas e o f  th e mistake n ca r  b y th e Englis h statement , 
" I  mistoo k thi s ca r  t o b e tha t  (Rosalie's). "  Th e 
thi s her e ca n b e viewe d a s a  demonstrativ e whic h 

•'Th e vaguenes s i n ou r  notio n o f  presentatio n doe s not , 
at  thi s stage ,  hinde r  ou r  forma l  treatment .  However ,  w e 
believ e i t  wil l  b e necess2u- y t o clarif y thi s notion .  Thi s i s 
th e focu s o f  ongoin g work .  Amon g othe r  things ,  i t  wil l 
involv e a  focu s o f  attention ,  a s hinte d a t  b y ou r  informa l 
"this "  an d "that "  descriptio n below . 

*Se e (MiUer ,  1993 ]  an d [MiUe r  an d Perlis ,  1993 ]  fo r  mor e 
complet e details . 

(togethe r  wit h a n appropriat e demonstration )  i s 
use d t o pic k ou t  th e mistake n car ,  th e on e whic h 
passe d by .  T h e tha t  ca n b e viewe d a s anothe r 
demonstrativ e whic h i s  use d t o pic k ou t  re .  T h e 
statement ,  " I  mistoo k thi s ca r  t o b e Rxjsalie's" , 
indicate s a  cognitiv e ti e betwee n tw o objects ,  au -
tomobile s i n thi s case ,  tha t  ar e i n a  sens e linke d 
i n a  (former )  belie f  b y th e ter m re . 

Essentiall y  wha t  ha s happene d i s  this :  Ini -
tially ,  w e ar e awar e o f  a n interes t  i n on e ca r  only : 
Rosalie's ;  the n later ,  i n two :  Rosalie' s an d th e ca r 
tha t  flashed  b y (i.e. ,  th e ca r  mistakenl y identifie d 
t o b e Rosalie^s) .  I n a  sense ,  th e ter m 're '  i n th e 
origina l  belie f  'r e jus t  wen t  by '  refer s t o bot h o f 
thes e cars. ^  Tha t  is ,  w e ha d r e i n min d bu t  con -
necte d a  "menta l  image "  o f  i t  t o th e wron g car , 
th e on e tha t  flashed  by .  A s such ,  belief s abou t 
th e inciden t  reflec t  a n unfortunat e menta l  confla -
tio n o r  compressio n o f  thes e tw o car s tha t  mus t  b e 
tor n apar t  i n th e reasonin g process. ^ 

We us e th e 4-or y predicat e symbo l  F I T B t o 
stat e tha t  a n objec t  o f  perceptio n (presente d a t 
some tim e o r  step )  i s a t  first  identifie d t o b e som e 
(other )  object ,  thereb y producin g a  (se t  of )  be -
lief(s) ,  i.e. ,  F ITB(x ,y ,S, i )  say s tha t  objec t  o f 
perception ,  x ,  whic h wa s presente d a t  ste p t ,  i s 
at  first  identifie d t o b e y  producin g th e belief s 
i n th e se t  S .  The n w e us e Russell' s  i-operato r 
a l a Russel l  t o pic k ou t  th e thi s tha t  wa s mistake n 
fo r  that ,  e.g. ,  ixFITB{x,rc,{FlashedBy{re)},t ) 
-  "th e uniqu e objec t  o f  presentation ,  presente d a t 
ste p t ,  whic h wa s a t  first  identifie d t o b e r e whic h 
produce d th e belie f  FlashedBy{re). "  Thi s realit y 
ter m i s use d t o denot e wha t  a  reasone r  currentl y 
take s t o b e som e entity ,  possibl y filling  i n fo r  a 
previousl y held ,  bu t  incorrec t  descriptio n o f  th e 
same entity .  (A s a  shorthan d conventio n w e us e 
tfitb{y,S,i) ,  "th e thin g (objec t  o f  presentation ) 
whic h wa s a t  first  identifie d t o b e ..." ,  i n plac e 
of  l {x)FITB{x ,  y ,  S ,  i). )  B y incorporatin g realit y 
term s w e ar e abl e t o expres s certai n error s o f  ob -
jec t  misidentificatio n reflecte d i n one' s forme r  be -
liefs ,  fo r  instance :  tfitb(rc,{FlashedBy{re)],t )  / 
r e -  "th e uniqu e objec t  o f  presentatio n whic h wa s 
at  first  identifie d t o b e r e a t  ste p t ,  whic h produce d 
th e belie f  FlashedBy{re) ,  i s  no t  re .  ( W e abbrevi -
at e assertion s o f  th e for m tfitb{t ,  S ,  i )  /  < ,  (whic h 
we cal l  tutorials )  b y MISID{t,S,i) . )  Assertin g 
th e erro r  set s i n motio n a  belie f  revisio n proces s 
whic h i s  characterized ,  i n part ,  b y th e following : 
T h e earlie r  belie f  FlashedBy{re )  i s  disinherited / 

*We £«sume that beliefs are symbolicjdly represented 
insid e th e hea d i n som e menta l  language .  [Fodor ,  1979 ] 

®The ter m compressio n i s borrowe d from  [Maida ,  199l] . 
^Disinheritanc e i s a  fundamente d featur e o f  step-logic . 

I n particular ,  whe n tw o simultaneousl y hel d belief s ar e 
i n direc t  contradiction ,  neithe r  i s  inherite d t o th e nex t 
step ,  althoug h eithe r  ma y late r  b e re-prove n b y othe r 
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i.e. ,  th e step-logi c cease s t o hav e tha t  belief ,  al -
thoug h i t  doe s retai n (a s a  belief )  th e historica l 
fac t  tha t  i t  onc e ha d tha t  belief ,  an d 

FlashedBy{tfitbirc, {FlashedBy{rc)},t)) 

is produced. 
Jus t  h o w doe s on e com e t o suspec t  an d detec t 

erroneou s beliefs ? W e hav e alread y allude d t o on e 
answer ,  namel y tha t  w e c o m e t o suspec t  a n er -
ro r  upo n notin g competin g o r  incoheren t  beliefs . 
We m a y suspen d th e us e o f  potentiall y  problem -
ati c beliefs ,  perhap s speculatin g an d hypothesiz -
in g abou t  alternativ e view s o f  th e world ,  i n a n ef -
for t  t o has h ou t  th e difficulty .  H o w doe s on e decid e 
jus t  whic h alternativ e t o hav e fait h in ? I n som e 
case s on e m a y us e a  hypothesize-and-tes t  proces s 
t o ferre t  ou t  th e proble m fro m th e se t  o f  possibl e 
error s tha t  migh t  hav e bee n m a d e .  A  complet e 
principle d accoun t  o f  h o w on e speculate s an d the n 
confirm s o r  denie s he r  suspicion s i s beyon d th e 
scop e o f  thi s paper. *  Instead ,  a  simplifyin g as -
sumptio n i s t o postulat e a  tuto r  o r  a n adviso r  tha t 
ca n tel l  u s abou t  ou r  errors. ® T h e tuto r  play s th e 
rol e o f  a  frien d w h o says ,  "Hey ,  that' s no t  Rosalie' s 
car" .  H o w th e agen t  come s t o represen t  an d us e 
th e friend' s advic e i s th e issu e w e ar e addressing . 

One an d T w o John s 

Our One John example is very similar to that of 
r e above ,  bu t  wil l  hel p u s i n movin g towar d th e 
thir d exampl e below .  Her e w e imagin e tha t  w e 
ar e talkin g t o Sall y abou t  a  thir d person ,  w h o m 
we initiall y  c o m e t o identif y a s ou r  frien d John , 
merel y i n virtu e o f  matchin g Joh n t o Sally' s de -
scriptio n o f  th e person ,  o r  th e contex t  o f  th e con -
versation ,  etc. ,  bu t  no t  i n virtu e o f  hearin g Sall y 
use th e n a m e "John" .  Late r  w e fin d ou t  i t  i s  no t 
John ,  bu t  someon e else . 

Ther e i s n o appropriat e entit y befor e u s i n per -
ceptio n whic h ha s bee n misidentiRe d a s i n th e cas e 
of  th e mistake n car ;  rathe r  i t  i s  a n abstrac t  entity , 
a someone-or-other ,  stil l  a n objec t  o f  presentation , 
th e perso n tha t  Sall y ha d i n mind .  Ther e i s thi s 
someone tha t  ha s bee n take n t o b e that ,  John . 
Our  formalis m treat s abstrac t  (object s of )  presen -
tation(s )  o f  thi s sor t  m u c h lik e th e cas e o f  re . 

means.  Anothe r  wa y disinheritanc e allow s th e agen t  t o 
ceas e believin g a  wff ,  tha t  w e introduc e here ,  i s  base d o n a 
misidentification . 

*  I t  i s  likel y tha t  defaul t  reasonin g i s involve d a s i s knowl -
edge abou t  th e likelihoo d o f  error s (e.g. ,  a  cii r  i s  likel y t o b e 
misidentifie d sinc e ther e ar e typicall y man y simila r  lookin g 
cars) . 

'Se e [McCiu-thy ,  1958 ]  fo r  a  discussio n abou t  program s 
and advic e taking . 

N ow le t  u s exten d thi s t o th e T w o J o h n s case : 
We ar e i n a  situatio n i n whic h w e ar e presente d 
wit h a  notio n o f  a  person ,  w h o m w e (com e to ) 
thin k i s ou r  frien d John .  T h e n w e ar e le d t o be -
liev e tha t  h e ha s a  broke n le g an d hi s wif e ha s t o 
d o everythin g fo r  him .  Late r  w e suspec t  tha t  ther e 
i s a  confusion ,  tha t  no t  everythin g w e ar e hearin g 
makes sense .  (John ,  ou r  friend ,  i s no t  married. ) 
I s Sall y wrong ? O r  hav e w e go t  th e wron g perso n 
i n mind ? N o w her e i s th e twist :  Sall y start s em -
ployin g th e n a m e "John "  t o refe r  t o thi s person.^ " 
Perhap s sh e i s talkin g abou t  a  differen t  John .  T o 
eve n conside r  thi s optio n w e nee d t o b e abl e t o "re -
\ax "  ou r  usag e s o tha t  "John "  i s no t  firml y tie d t o 
jus t  on e referent .  A n d late r  w h e n Sall y say s tha t 
sh e i s talkin g abou t  Joh n Jones ,  no t  ou r  friend , 
Joh n Smith ,  w e nee d a  wa y t o refe r  t o th e tw o 
entitie s withou t  usin g th e ter m John .  W e m a y 
continu e t o mentio n th e n a m e ,  bu t  judiciously ,  a s 
i t  i s  ambiguous . 

We ca n tr y t o emplo y th e s a m e forma l  strat -
egy tha t  th e agen t  use d above .  Namely ,  w e m a y 
initiall y  com e t o suspec t  tha t 

tfitb{john, BrokenLeg{john)) / John 

which has the English reading: "the unique object 
of  presentatio n whic h wa s a t  firs t  identifie d t o b e 
John ,  producin g th e belie f  BrokenLeg{ john) ,  i s 
no t  John. "  Bu t  the n onc e w e hea r  Sall y us e th e 
th e n a m e "John "  t o refe r  t o th e perso n wit h th e 
broke n leg ,  w h o m w e n o w believ e i s no t  ou r  frien d 
John ,  mor e mus t  b e don e -  th e n a m e "John "  mus t 
be disambiguated . 

Thi s i s wher e w e mus t  exhibi t  contro l  ove r  ou r 
languag e an d languag e usage .  Firs t  th e ambiguit y 
must  b e recognized .  Tha t  is ,  w e mus t  c o m e t o 
see tha t  thi s an d tha t  shar e th e s a m e n a m e .  O n c e 
tha t  i s  done ,  n e w term s shoul d b e created ,  eac h t o 
unambiguousl y denot e on e o f  th e tw o Johns . 

Prope r  namin g an d th e us e o f  name s i s m a d e 
explici t  wit h th e th e predicat e symbo l  N a m e s . 
We writ e Names{x ,y , i )  t o stat e tha t  x  n a m e s 
objec t  y  whic h first  c a m e t o b e k n o w n (b y th e 
reasoner )  a t  tim e o r  ste p i ;  thi s coul d b e weak -
ene d t o tim e <  i ,  o r  tim e >  i ,  etc. ,  i f  th e exac t 
tim e i s no t  known .  Includin g th e thir d argumen t 
i s somewha t  non-standard ,  thoug h no t  withou t  a 
commonsens e basis .  W e usuall y hav e a t  leas t  a 
vagu e ide a o f  w h e n w e c o m e t o k n o w abou t  some -
one .  W e ca n thin k o f  N a m e s ( x ,  y ,  i )  a s collaps -
in g I sNamed{x , y )  A  Firs t  Learne d About{I,y,i) , 
wher e /  i s  intende d t o b e th e first  perso n pronoun . 

^''The sequence of events here is different than that re-
flected  i n th e dialogu e a t  th e beginnin g o f  thi s abstract . 
Specifically ,  Sedl y use s th e nam e "John "  her e onl y afte r  w e 
come t o thin k tha t  sh e i s talkin g abou t  ou r  frien d John . 
I n th e ful l  pape r  w e als o discus s anothe r  version ,  i n whic h 
Sall y use s th e nam e "John "  a t  th e outset . 
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T o mak e zunbiguit y precis e th e binar y predi -
cat e symbo l  A m b i s use d t o stat e tha t  a  nam e 
does no t  refe r  uniquel y beyon d a  certai n step .  Ax -
io m A M expresse s this : 

AM : (^x){3yzij){{Names{x,y,i) A 
Names{x,z,j )  A y ^ z A  t  <  j )  - ^ 
Amh{x,j) } 

It says that if two different objects share a name, 
the n th e n a m e i s ambiguou s fo r  th e reasone r  onc e 
he becam e awjur e o f  bot h objects . 

Once a n ambiguit y arises ,  ou r  reasone r  wil l 
need t o disaunbiguat e an y belie f  usin g th e ambigu -
ous term .  W e us e R T A { x ,  y ,  i )  t o stat e tha t  objec t 
X i s referre d t o a s y  prio r  t o ste p i .  I n particu -
la r  i f  Names{x ,  y,j )  the n R T A { x ,  y ,  k )  fo r  i b >  j , 
irta{y,i )  i s  use d a n abbreviatio n for : 

ixRTA{x,y,i) 

"the unique thing referred to as y prior to step f, 
itsel f  a  non-cimbiguou s realit y term . 

Figur e 1  give s a  brie f  sketc h o f  th e evolutio n o f 
reasonin g w e hav e i n mind .  I n th e figure  w e us e M , 
B L ,  j ,  an d ' j  t o abbreviat e Married ,  BrokenLeg , 
John ,  an d 'Joh n respectively .  Als o j l  i s  use d t o 
abbreviat e th e expressio n trta{'j ,  2) ,  i.e. , 

jl = ixRTAix,'j,2) 

namely " the unique thing referred to as 'John' 
prio r  t o ste p 2" ,  an d j 2 i s use d t o abbreviat e th e 
expressio n tfitb{trtaQj,2) ,  { M O ) ,  B{j)},2) ,  i.e. , 

j2 = ixFITBix, lyRTAiy, 'j,2), {MO), B{j)},2) 

namely "the unique thing which was first iden-
tifie d t o b e th e th e uniqu e thin g referre d t o a s 
'John '  prio r  t o ste p 2 ,  whic h produce d th e belief s 
Married{john )  an d BrokenLeg{john )  a t  ste p 2. " 
Th e predicat e symbo l  Contr a indicate s a  contra -
dictio n betwee n it s arguments ,  a  signa l  t o th e rea -
sone r  tha t  somethin g i s amis s thereb y initiatin g a 
belie f  revisio n process.̂ ^ 

We ca n vie w eac h ste p a s a  discret e moment  i n 
th e reasonin g process .  Formula e associate d wit h 
eaic h ste p ar e intende d t o b e (som e of )  thos e rel -
evan t  t o th e stor y a s tim e passes .  A t  eac h step , 
underline d wflG s reflec t  beliefi s newl y acquire d a t 
tha t  step .  Others ,  i n step-logi c terminology ,  ar e 
inherite d fro m th e previou s step .  Ellipse s indicat e 
tha t  al l  belief s show n i n th e previou s ste p ar e in -
herite d t o th e curren t  step . 

Belief s a t  ste p 1  ar e thos e hel d befor e th e agent' s 
conversatio n wit h Sall y an d thos e a t  ste p 9  reflec t 

^̂ E.g. ,  suspendin g th e us e o f  potentiall y  problemati c 
beliefs ,  i n particula r  th e contradictand s an d thei r  conse -
quences .  Se e {Elgot-Drapki n an d Perils ,  1990 ]  fo r  details . 

Ste p 1 :  - . M Q ) ,  Namea{'j,j ,  -oo) ,  A M 

Step 2: ...,BLU),M{j) 

(Sally :  "...hi s le g i s broke n an d hi s wife..." ) 

Step 3: AM, Names{'j,j, -oo), Contra(-iM(», M{j) 

(Agent :  "Impossible !  H e isn' t  married." ) 

Ste p 4:  ...,MISID{3,{M{j),B{j)},2 ) 

(Sally :  "Yo u misidentiiie d wh o I' m talkin g about." ) 

Steps: AM,M{ifitb{j,{M{j),BL(j)),2)), 

BLitfitb{j,{M(j),BL{j)},2) ) 

(Agent :  "S o that' s what' s wrong." ) 

Step 6: ... -•Af(i) 
(<Reinstat e Marita l  Belief> ) 

Step 7: ..., Namesj^j, tfitbjj, {Mjj), BLU)},2), 2) 

(Sally :  "I' m talkin g abou t  John." ) 

Step 8: ...,Amb{'j,2) 

(Agent :  "Oh ,  the y hav e th e sam e name!" ) 

Step 9: AM,^M{jl),M{j2),BLiJ2), 

Names{'j,jl) ,  Namea{'j,j2) , 

J2 / J l , 
(Agent :  "No w I'v e go t  it." ) 

Figur e 1 :  Sketc h o f  stepped-reasonin g i n th e Tw o 

John s story . 

an unambiguou s accoun t  o f  th e tw o Johns ,  on e 
no w denote d b y j l  an d th e othe r  b y j2 ,  onc e th e 
proble m i s sorte d out .  I n betwee n ar e step s whos e 
belief s reflec t  informatio n acquire d vi a th e conver -
satio n wit h Sall y (step s 2  an d 7 )  an d vi a he r  advic e 
(ste p 4) ;  step s whos e belief s reflec t  tha t  problem s 
hav e bee n note d ( a contradictio n i s note d i n ste p 
3 an d th e ambiguit y i s  note d i n ste p 8) ;  an d step s 
reflectin g disinheritanc e (goin g fro m ste p 2  t o 3 , 
and fro m ste p 5  t o 6) . 

Th e indicate d step s hav e th e followin g intuitiv e 
gloss :  (1 )  th e agen t  believe s tha t  Joh n i s no t  mar -
ried ,  an d i s name d "John" .  The n (2 )  come s t o be -
liev e hi s le g i s broke n an d h e i s married .  Thi s pro -
duce s a  contrjwliction ,  note d i n (3) ,  s o neithe r  mar -
ita l  belie f  i s  retained .  Advic e i s the n take n tha t 
Joh n ha s bee n misidentifie d (4 )  whic h lead s t o th e 
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retractio n (disinheritance )  o f  th e belie f  tha t  J o h n 
ha s a  broke n le g (6) .  T h e agen t  learn s tha t  th e 
'othe r  person '  i s  n a m e d "John "  (7) ,  note s th e a m -
biguit y  (8) ,  an d take s correctiv e actio n (9 )  b y cre -
atin g an d incorporatin g th e u n a m b i g u o u s term s 
j l  an d j2 ,  on e fo r  eac h John . 

Forma l  Treatmen t 

There are several notable features of the stepped 
approac h t o reasonin g illustrate d i n th e previou s 
sectio n whic h wil l  nee d t o b e preserve d i n a  for -
mal  devic e applie d t o th e specifi c  issu e o f  reasonin g 
abou t  forme r  beliefs .  Mos t  conspicuou s i s tha t  th e 
reasonin g b e situate d i n a  tempora l  context .  A s 
tim e progresses ,  a  reasoner' s se t  o f  currentl y ac -
cepte d belief s evolves .  Belief s becom e forme r  be -
lief s b y bein g situate d i n a n eve r  changin g "now" , 
of  whic h th e reasone r  i s aware . 

Secondly ,  inconsistenc y m a y aris e an d whe n i t 
does it s effec t  shoul d no t  b e disastrous ;  rathe r  i t 
shoul d b e controllabl e an d remedial ,  settin g i n m o -
tio n a  fairl y broa d belie f  revisio n process ,  whic h 
include s belie f  retraction . 

Finally ,  th e logi c itsel f  mus t  b e speciall y  tai -
lore d t o b e flexible  o r  "active "  enoug h t o allow , 
eve n encourage ,  languag e chang e an d usag e chang e 
when necessary .  A s a  theoretica l  too l  th e genera l 
step-logi c framewor k develope d i n [Elgot-Drapki n 
and Perlis ,  1990 ]  an d [Elgot-Drapkin ,  1991 ]  i s wel l 
suite d t o thes e desiderata . 

A step-logi c model s reasonin g b y describin g 
and producin g inference s (beliefs )  on e ste p a t  a 
time ,  wher e th e tim e o f  reasonin g i s integra l  t o th e 
logic .  Complicate d reasonin g m a d e o f  m a n y suc -
cessiv e inference s i n sequenc e take ,  a s m a n y step s 
as tha t  sequenc e contains .  A  particula r  step-logi c 
i s a  member  o f  a  clas s o f  step-logi c formalisms ; 
eac h particula r  step-logi c i s  characterize d b y it s 
own inferenc e an d observatio n function s (illus -
trate d below) . 

One distinguishin g featur e o f  step-logic s i s tha t 
onl y a  finite  numbe r  o f  belief s (i.e. ,  theorems )  ar e 
hel d a t  an y give n discret e time ,  o r  step ,  o f  th e 
reasonin g process .  Thu s w e ca n vie w eac h ste p a s 
a discret e moment  i n a  reasonin g process . 

Let  a ,  /? ,  an d 7  (wit h o r  withou t  subscripts )  b e 
wff s o f  a  first-order  languag e C  an d le t  i  G  N .  Th e 
followin g illustrate s wha t  a  ste p i n th e modele d 
reasonin g proces s o f  a  step-logi c look s like . 

1:  a 0,1 , 

represent s th e belie f  se t  o f  th e agen t  bein g modele d 
at  ste p J ,  i.e. ,  i f  i t  i s no w ste p (o r  time )  i  the n a , 
13,  an d 7  ar e currentl y believed . 

A wf f  become s a n i-theore m (roughly ,  a  belie f 
a ste p i )  i n virtu e o f  bein g prove n (inferred )  a t 

ste p i .  Proof s ar e base d o n a  step-logic' s inferenc e 
function ,  whic h extend s th e historica l  sequenc e o f 
belief s on e ste p a t  a  time .  A n inferenc e functio n 
ca n b e viewe d a s a  collectio n o f  inferenc e rule s 
whic h fire  i n paralle l  a t  eac h ste p i n th e reason -
in g proces s t o produc e th e nex t  step' s theorems . 
For  ever y i  G  N ,  th e se t  o f  i-theorem s ar e jus t 
thos e wff s whic h ca n b e deduce d fro m th e previ -
ous 8tep(s) ,  eac h usin g onl y on e applicatio n o f  a n 
applicabl e rul e o f  inference . 

Inferenc e rules ,  i n thei r  mos t  genera l  form ,  ad -
her e t o th e structur e suggeste d b y rul e schem a R S 
below . 

RS: i- j :a<-; i •  .  O'i-i r 

1 : "ti ,  • •  • ,  Q'l, , 

i - H :  I3i,...,l3 p 

wher e i ,  j  G  N  an d ( i  -  j )  >  0 .  T h e ide a behin d 
schema R S i s this :  a t  an y ste p o f  th e reasonin g 
proces s th e inferenc e o f  /? i  throug h 0 p a s ( i  - f  1) -
theorem s i s mandate d whe n al l  o f  a»-; i  throug h 
ai_j „  ar e ( i  — j)-theorems ,  an d al l  o f  a,_j+i , 
throug h ai-j+i ^  ar e { i  — j  +  l)-theorems ,  ... ,  an d 
al l  o f  a, j  throug h q;, „  ar e i-theorems . 

N ow w e appl y thi s t o T w o Johns .  W e wil l  dis -
cus s severa l  o f  th e importan t  step-logi c inferenc e 
rule s whic h com e int o pla y i n step s 1  throug h 9 
of  figure  1 .  (Other s ar e treate d full y i n [Miller , 
1993J).i 2 

"Observations "  ca n b e though t  o f  a s non -
logica l  axiom s o r  fact s whic h th e agen t  acquire s 
ove r  time .  Observation s ar e prove n i n accordanc e 
wit h rul e O : 

Rul e O :  i : 

i  -I- 1 :  a  I F a  G  Obs{ i  +  1 ) 

wher e th e functio n Ob s i s tailore d t o correspon d 
t o th e particula r  proble m t o b e solved .  Fo r  T w o 
John s Ob s i s define d b y 

Obs{i) = 
- .M( i ) ,  Names{' j , j ,  - 0 0 ) ,  A M i f  i  =  1 
M{ j ) ,B{} )  i f i  =  2 
MISID( j , {MiJ ) ,B iJ ) } ,2 )  i f i  =  A 
Namesi^ j ,  tfttb{j ,  {M { j ) ,  B(j)} ,  2) ,  2 )  i f i  =  7 
0 otherwis e 

^^  A m o n g thos e no t  discusse d her e ar e rule s fo r  inheri -
tjinc e (o f  belief s fro m on e ste p t o th e next) ,  modu s ponens , 
contradictio n handlin g sm d othe r  belie f  disinheritance ,  an d 
negativ e introspection . 
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whic h indicate s belief s whic h th e agen t  hel d prio r 
t o "talkin g wit h Sally "  (thos e i n Obs{l) )  an d thos e 
acquire d whil e "talkin g wit h Sally "  (thos e i n Obs{2) , 
065(4) ,  an d 06«(7)) .  Thu s th e us e o f  rul e O  add s 
ne w belief s a t  step s 1 ,  2 ,  4  an d 7  i n i n th e solutio n 
t o T w o John s (a s depicte d i n figure  1) . 

Th e "Misidentificatio n R e n a m i n g "  rul e (M ) 
take s car e o f  th e renamin g o f  a  misidentifie d objec t 
i n th e belief s produce d b y th e presentation .  I t  say s 
this :  I f  a ,  contadnin g th e ter m t ,  wa s produce d b y 
a presentatio n a t  ste p k  an d a  misidentificatio n o f 
t  come s t o th e reasoner' s attentio n a t  a  late r  ste p i , 
the n a t  1 + 1  th e reasone r  wil l  believ e tha t  a  hold s 
of  th e misidentifie d objec t  (o f  presentation) ,  i.e. , 
tfitb{t,S ,  k )  wher e 5  i s a  se t  o f  wff s an d a  6  5 . 

RuleM : I  : MISID{t,S,k ) 

i  +  1  :  a{t/tfitb{t ,  S ,  k) )  WHERE a  €  S 

I n figure  1  rul e M applie s a t  ste p 4  t o pro -
duc e th e belief s M{tfitb{j ,  {M{ j ) ,  BL{j)},2) )  an d 
BL{tfitb{j ,  {M{ j ) ,  BL(j)},2) )  whic h appea r  a t  ste p 
5. 

Th e "Ambigui t y R e n a m i n g "  rul e (A )  dis -
ambiguate s neim e clashes : 

Rule A: i: Amb{'x,k),a(x) 

\  +  l :  a(x/<rta('i,Jfc) ) 

Thi s rul e take s a n anteceden t  wf f  a{x )  whic h 
use s th e ambiguou s ter m x  an d eliminate s th e of -
fendin g ter m replacin g i t  wit h trtaQx,k) ,  whic h 
mention s bu t  doe s no t  us e x .  I n figure  1  rul e A 
applie s a t  ste p 8  t o produc e th e belief s ->M{jl) , 
M ( j 2 ) ,  B L U 2 ) ,  Namesi ' j j l ) ,  Names{'j,j2 )  an d 
j 2 ̂  j l  whic h appea r  a t  ste p 9 .  (Recal l  tha t  bot h 
j l  an d j 2 abbreviat e term s whic h contai n th e sub -
ter m trta{'j,2) ,  whic h i s create d b y rul e A. ) 

Our  ful l  syste m ha s seve n jwiditiona l  inferenc e 
rules ,  includin g a  "Name-use "  rul e tha t  ca n ap -
propriatel y lea d th e reasone r  int o contradictio n i f 
names ar e no t  disambiguated . 

Concludin g R e m a r k s 

A formal "active" logic based on step-logic has 
bee n illustrated .  Thi s ha s bee n applie d t o th e 
proble m o f  languag e change ,  whereb y a n agen t  ca n 
alte r  he r  usag e o f  expression s an d creat e ne w ex -
pressions ,  a s demande d b y ne w observations . 
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