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Modelin g Softwar e Desig n 
Withi n a  Problem-Spac e Architectur e 

Bet h Adelso n 

Tuft s Universit y 

Introductio n 

In this paper^ we describe research on modeling software design skills within the Soar problem-solving 

architectur e (Laird ,  Newel l  &  Rosenbloom ,  1987) .  W e focu s o n a n analysi s o f  softwar e designer s designin g 

an electroni c mai l  system .  Th e researc h addresse s th e issue s of :  1 .  Guidin g menta l  simulation s o f  a  design-in -

progres s usin g learne d schemas .  2 .  Th e interactio n o f  genera l  knowledg e o f  desig n wit h domai n knowledg e 

abou t  th e syste m bein g designed .  3 .  Progressiv e deepenin g o f  proble m representation s durin g problem -

solvin g (Newel l  &  Simon ,  1972 ;  deGroot ,  1965) . 

Belo w w e describ e Soar ,  th e theor y whic h underlie s th e theoretica l  perspectiv e o f  th e researc h describe d here . 
We the n discus s ou r  protoco l  dat a o n softwar e design .  Thi s i s followe d b y a  descriptio n o f  th e Soar-base d 

syste m suggeste d b y th e data . 

Soar: A General Architecture for Cognition 

Ultimately, the Soar architecture is intended to embody a unified theory of cognition; capable of accounting 

fo r  a  rang e o f  cognitiv e problem s o r  "tasks" .  Additionally ,  i t  i s  expecte d t o b e abl e t o d o s o b y relyin g o n 

th e mechanism s o f  recursiv e sub-goalin g an d chunking . 

Currently ,  Soa r  ca n solv e a  wid e rang e o f  standar d A I  problems .  I t  ca n solv e mos t  o f  th e "toy "  problem s 

suc h a s eigh t  puzzl e an d towe r  o f  Hano i  (Lair d &  Newell ,  1983 )  whic h requir e goal-oriente d action ,  withou t 
requirin g knowledg e abou t  th e proble m domain .  I t  ca n als o solv e knowledge-intensive ,  exper t  syste m tasks , 

suc h a s thos e solve d b y R l  an d Neomycin .  A  variet y o f  searc h strategie s hav e bee n implemente d a s wel l 

as wea k metho d problem-solvin g strategie s suc h a s generat e an d tes t  an d means-end s analysis .  Soa r  als o 

exhibit s learnin g learnin g wit h practice ,  transfe r  acros s task s an d generalization . 

I n term s o f  accountin g fo r  task s tha t  ar e centra l  fo r  a  theor y o f  cognition ,  researc h i s no w bein g conducte d 
t o loo k a t  learnin g b y analog y an d reasonin g wit h menta l  model s (Golding,1988 ;  Polk ,  1988 ;  Steie r  &  Kant , 

1985 ;  Steie r  fc  Newell ,  1988) .  Th e researc h presente d her e i s intende d t o b e par t  o f  thi s effor t  t o exten d th e 

rang e o f  Soar' s performanc e t o comple x cognitiv e tasks . 

T h e Natur e o f  Problem-Solvin g i n Soa r 

I n Soa r  problem-solvin g i s characterize d a s movemen t  throug h successiv e state s o f  knowledg e i n a  proble m 

spac e i n orde r  t o achiev e a  goa l  (Newell ,  Shaw ,  &  Simon ,  1960 ;  Newel l  &  Simon ,  1972 ;  Card ,  Mora n <k 

Newell ,  1980 ;  Newell ,  1980) .  Th e problem-solve r  start s ou t  i n a n initia l  stat e whic h contain s a n incomplet e 

representatio n o f  th e proble m solutio n an d a  descriptio n o f  wha t  woul d constitut e a  sufficien t  solution . 

The descriptio n o f  th e solutio n coul d be ,  fo r  example ,  th e desire d behavio r  fo r  th e electroni c mai l  syste m 

designe d here ,  wherea s th e solutio n itsel f  woul d b e a  pseudocod e specificatio n o f  th e mechanis m producin g 

th e behavior . 

The proble m solver' s relevan t  knowledg e i s the n brough t  t o bea r  an d th e initia l  representatio n o f  th e proble m 

i s transforme d i n a  wa y tha t  bring s i t  close r  t o th e goa l  stat e representation ;  th e proble m solution .  Relevan t 

knowledg e ma y consis t  o f  specifi c  informatio n abou t  th e proble m domai n a s wel l  a s genera l  problem-solvin g 

strategies . 

1 We ar e gratefu l  t o Davi d Steie r  fo r  hi s continuin g generou s help .  Thi s wor k w«i s supporte d b y grant s fro m th e Design , 
Manufacturin g an d Engineerin g Progreu n an d th e Knowledg e an d Dat a Bas e System s Progra m a t  NSF. 
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Figur e 1 :  Startin g Stat e (left) ,  Secon d Stat e (center )  an d Goa l  Stat e (right )  fo r  th e Eigh t  Puzzle .  (Th e "b " 

represent s th e blan k cell. ) 

Elements of the Architecture 

To mode l  problem-solvin g a s i t  i s  frame d abov e w e nee d t o b e abl e t o provid e account s of :  th e representatio n 

of  th e curren t  proble m solutio n a t  varyin g stage s o f  completion ;  th e representatio n o f  whateve r  i s know n 

abou t  th e desire d proble m solution ;  an d knowledg e abou t  ho w t o asses s an d transfor m th e partia l  solutio n 

wit h regar d t o th e desire d solution . 

The abov e ar e realize d usin g th e followin g element s o f  th e Soa r  architecture : 

• Production Memory (PM). This encodes the long-term knowledge that is needed during problem-

solving .  Thi s ca n includ e factua l  knowledg e abou t  th e proble m bein g solved ,  strategi c knowledg e 

abou t  ho w t o procee d i n problem s lik e th e curren t  on e an d operationa l  knowledg e abou t  specifi c 

problem-solvin g move s t o b e mad e i n a  give n situation .  I t  i s  th e us e o f  thi s operationa l  knowledg e 

tha t  transform s th e proble m solutio n fro m a n inita l  versio n int o a  goa l  stat e version .  Th e production s 

tha t  contai n thi s typ e o f  operationa l  knowledg e plac e operator s int o workin g memory .  Whe n thes e 

operator s ar e applie d the y transfor m th e solution-in-progres s (Sectio n ) . 

• Working Memory (WM). This holds the representations of the current and desired problem solution. 
WM als o hold s lon g ter m knowledg e tha t  ha s bee n identifie d a s relevant . 

• The Decision Cycle. This brings the appropriate knowledge in production memory to bear given the 
stat e o f  thing s i n workin g memory .  Th e differenc e betwee n th e startin g an d goa l  state s i s reduce d 
throug h th e decisio n cycle .  Th e decisio n cycl e i s mad e u p o f  tw o phases : 

1. An elaboration phase that causes already known information in production memory to be added to 

workin g memory .  Informatio n i n productio n memor y i s adde d t o workin g memor y i f  i t  i s  relevan t 
t o wha t  presentl y i s i n workin g memory .  Elaboratio n i s acheive d b y a  matchin g process .  Th e 

antecedent s o f  al l  production s i n P M ar e matche d agains t  th e content s o f  W M;  al l  production s 

tha t  d o matc h "fire "  causin g th e object s describe d i n th e productions '  consequent s t o b e place d 
i n W M. 

2.  A  decisio n phas e tha t  make s problem-solvin g decision s base d o n th e informatio n i n workin g mem-

ory .  Th e decisio n proces s begin s onc e th e elaboratio n proces s ha s adde d al l  tha t  i t  currentl y ca n 

t o workin g memory . 

Using the Architecture: An Example of Problem-Solving in Soar 

Belo w w e presen t  a  descriptio n o f  Soa r  solvin g th e eigh t  puzzl e (Figur e 1) .  Th e exampl e illustrate s ho w 

th e element s o f  th e architectur e functio n i n orde r  t o mov e th e problem-solve r  throug h th e proble m spac e 
toward s th e goa l  state .  Th e eigh t  puzzl e i s chose n her e no t  a s a  representativ e cognitiv e task ,  bu t  becaus e 

it s simplicit y allow s u s t o focu s o n th e Soa r  architecture . 

Soar  begin s b y movin g th e 6  dow n int o it s desire d spot .  Thi s occur s becaus e o f  th e elaboratio n an d decisio n 
processe s actin g i n turn .  First ,  durin g elaboration ,  production s fire  an d down ,  righ t  an d lef t  ar e place d 
i n W M an d marke d a s acceptabl e candidat e operators .  Additionally ,  a  means-end s analysi s productio n fire s 
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marking down as best, because it moves the 6 into its desired place. Next, during the decision cycle 6 is 

chose n a s th e bes t  move .  Thi s allow s th e mov e t o actuall y b e mad e durin g th e followin g cycles . 

Next ,  whil e tryin g t o mak e th e secon d move ,  down ,  righ t  an d lef t  ar e al l  place d i n W M an d al l  marke d a s 

acceptabl e cauididat e operators .  Thi s cause s th e decisio n proces s t o reac h a  "ti e impasse" .  Th e informatio n 

i n productio n memor y abou t  thi s proble m spac e i s incomplete ;  i t  canno t  resolv e th e tie .  However ,  her e i s 

wher e th e notio n o f  sub-goal s an d proble m space s come s int o play . 

Sub-goalin g t o resolv e impasse s 

W h en a n impass e i s reache d th e Soa r  architectur e set s u p a  sub-goa l  t o resolv e th e impasse .  Her e w e se e a 

ti e impasse ,  however ,  no-change ,  conflic t  an d rejectio n impasse s ar e als o possible . 

For  a  ti e impass e i n th e eigh t  puzzl e th e sub-goa l  i s  t o "Select "  a n operato r  fro m th e se t  o f  possibl e ones .  Thi s 

i s achieve d b y movin g int o th e selectio n proble m space .  A  furthe r  sub-goa l  result s i n whic h th e candidat e 

operator s ar e actuall y trie d ou t  an d th e stat e tha t  wil l  resul t  fro m eac h on e i s evaluated .  Fo r  thi s example , 

down i s foun d t o b e bes t  becaus e i t  move s th e 6  int o plac e wherea s lef t  an d righ t  mov e th e 5  an d 7  ou t  o f 

thei r  desire d spots . 

Thre e point s ar e importan t  here :  1 .  Th e detectio n o f  th e impass e an d th e settin g u p o f  th e appropriat e 

typ e o f  sub-goa l  i s  no t  don e b y th e tas k specifi c  eigh t  puzzl e productions ;  i t  i s  don e b y th e architecture .  2 . 

Once a  sub-goa l  i s  establishe d i t  i s  pursue d an d resolve d i n th e sam e wa y a s a  highe r  leve l  goal .  A  proble m 

spac e i s selected ;  a  curren t  an d goa l  stat e ar e defined ;  an d operator s ar e the n applie d t o th e curren t  stat e i n 

orde r  t o transfor m i t  int o th e goa l  state .  3 .  Thi s sub-goalin g ca n occu r  t o a n arbitrar y depth .  Thes e thre e 

point s lea d t o som e o f  th e appea l  tha t  Soa r  ha s a s a  theory .  B y bein g abl e t o detec t  impeisse s an d se t  u p 

appropriat e sub-goals ,  th e architecture ,  th e par t  o f  Soa r  whic h i s specifie d i n advanc e an d remain s constan t 

acros s tasks ,  doe s a  goo d dea l  o f  th e problem-solving .  Additionally ,  th e abilit y  t o solv e problem s i n thi s 

unifor m wa y (b y recursiv e sub-goaling )  allow s Soa r  t o provid e a  parsimoniou s accoun t  o f  comple x proble m 

solving . 

Turnin g t o softwar e desig n w e wil l  se e tha t  organizin g th e problem-solvin g int o proble m space s continue s t o 

be useful .  W e wil l  als o loo k a t  th e wa y i n whic h th e proble m space s ar e relate d an d ho w informatio n fro m 

one proble m spac e ca n furthe r  problem-solvin g i n another . 

Modeling Software Design within Soar 

Method 

Below we present our data on software design. 

Subjects .  Thre e exper t  softwar e designer s serve d a s subjects . 

Procedure .  W e presente d eac h o f  th e designer s wit h th e followin g desig n tas k t o wor k on . 

Design an electronic mail system around the following commands: 

READ,  REPLY.  SEND,  DELETE,  SAVE,  EDIT ,  an d LIST-HEADERS . 

The goa l  i s  t o ge t  t o th e leve l  o f  pseudocod e tha t  coul d b e use d b y professiona l  programmer s t o 

produc e a  runnin g program .  Th e mai l  syste m wil l  ru n o n a  ver y large ,  fas t  machin e s o hardwar e 

consideration s ar e no t  a n issue . 

An£ilysis of the Protocol Data 

Generally protocol data can be seen as a series of episodes, with each episode reflecting the single, current 

focu s o f  th e subject' s attention . 

Pair s o f  episode s 

One strikin g asp̂ 'c t  o f  th e protoco l  discusse d her e i s tha t  th e episode s forme d relate d pairs .  Th e first  episod e 
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Episode 1. View the system as a set of functions. 
Episod e 2 .  Simulat e th e behavio r  o f  th e system' s functions .  Th e command s prepare ,  sen d receiv e an d stor e mus t  b e include d i n speci -
fyin g th e mailer' s functionality .  Discove r  tha t  erro r  recover y mus t  b e handle d gracefull y throughou t  th e system . 

Episode 3. View the system as a set of data objects. 
Episod e 4 .  Elaborat e th e feature s o f  th e dat a object s .  I n th e maile r  message s ar e th e dat a objects .  Message s hav e destination s o f 
sender s an d receivers .  Additionally ,  message s ar e groupe d togethe r  i n stores .  Th e store s ca n hav e variou s function s Fo r  exampl e th e 
mai l  syste m need s a  stor e fo r  message s tha t  th e use r  ha s receive d bu t  no t  ye t  read ,  a a wel l  a s a  stor e fo r  message s tha t  hav e bee n resi d 
but  no t  ye t  save d o r  deleted . 

Episode 5. View the system aa a set of concurrent functions 
Episod e 6 .  Simulat e th e behavio r  o f  a  syste m i n whic h ther e ar e concurren t  sender s an d receiver s Discove r  tha t  th e desig n need s t o 
specif y whe n user s shoul d b e notifie d tha t  ne w mai l  ha s arrive d (a s i t  arrives ,  onl y a t  lo g on ,  etc) .  Als o discove r  that ,  sinc e mai l  i s 
bot h bein g sen t  an d received ,  mor e tha n on e typ e o f  processin g mus t  b e handle d an d therefor e a  "dispatc h demon "  i s neede d t o handl e 
th e flow  o f  messages . 

Episode 7. View the system as a state meichine for the states of a user. 
Episod e 8 .  Simulat e th e behavio r  o f  th e syste m a s a  scenari o i n whic h th e use r  log s o n an d issue s a  sequenc e o f  mai l  commands .  H e i s 
notifie d tha t  h e ha s mail ,  h e list s th e headers ,  h e read s a  message ,  h e make s som e dispositio n o f  th e messag e an d the n i s abl e t o begi n 
agai n (listin g headers ,  etc.) .  Th e designe r  discover s tha t  th e post-condition s o f  th e command s nee d t o b e enumerate d bot h t o refin e 
th e comman d definition s an d t o understan d th e potentia l  interaction s betwee n commands .  Fo r  example ,  i f  R E A D include s a n implici t 
and immediat e D E L E T E i t  wil l  preven t  th e use r  fro m bein g abl e t o sav e o r  forwar d th e message . 
Episode 9. View the system as a state machine for the states of messages. 
Episod e 10 .  Simulat e th e behavio r  o f  th e syste m i n term s o f  th e state s o f  th e messages .  A  messag e i s created ,  sent ,  received ,  rea d an d 
dispose d of .  Thes e action s describe d a t  th e leve l  o f  file s an d location s withi n file s ar e sufficien t  t o generat e pseudocode . 

Table 1: Description of Episodes 1 through 10. 

in a pair appears to take place in a general design space and the second episode appears to take place in 

a spac e containin g knowledg e abou t  mai l  systems .  T h e first  tw o episode s f ro m S I  illustrat e thi s p h e n o m e n o n . 

Episode 1: S: "....I'm going to start working here, functions of an electronic mail." 

{write s 'Functions '  an d 'Data '  i n tw o separat e co lumns } 

Episod e 2 :  " W e m u s t  b e abl e to :  Prepare ,  Send ,  Receive.. . 

{write s prepare ,  send ,  receiv e unde r  th e headin g 'Functions' } 
...th e syste m m u s t  b e abl e t o stor e them , 
th e syste m mus t  b e abl e t o handl e abnormalitie s throughou t  it. " 

In episode 1 SI decides to view the system as a set of functions. In episode 2 he goes on to enumerate what 
thos e function s woul d be . 

I n Tabl e 1  w e presen t  a  s u m m a r y o f  episod e pair s fo r  th e first  1 0 episode s o f  Si' s  protocol .  T h e first  episod e 

i n eac h pai r  establishe s th e goa l  o f  viewin g th e sy te m f ro m a  particula r  perspective .  T h e secon d episod e 
instantiate s th e vie w a s a  simulation . 

S c h e m as 

T h e desig n proces s seem s drive n b y a n experience-base d schem a fo r  tw o reasons :  First ,  successiv e episode s 
d o no t  appea r  t o aris e f ro m th e contex t  tha t  immediatel y precede s them ;  i n episode s 3  an d 4  th e syste m 

i s viewe d a s a  se t  o f  dat a object s an d the n i n episode s 5  an d 6  a s a  se t  o f  concurren t  processes .  Second , 

th e particula r  view s chosen ,  suc h a s dealin g wit h concurrenc y issues ,  woul d b e one s t o develo p give n thes e 

designers '  experienc e wit h communicat ion s systems . 

T h e structur e o f  th e s c h e m a i s als o interesting ;  take n i n orde r  th e five  view s compris e a  se t  tha t  woul d 

b e effectiv e i n uncoverin g mos t  o f  th e aspect s o f  th e syste m tha t  nee d refinement .  T h e first  vie w look s a t 
th e c o m m a n d s o f  th e mailer ,  th e secon d vie w a t  th e message s themselves .  O n c e th e c o m m a n d s hav e bee n 
specifie d i t  become s possibl e t o loo k a t  th e interaction s produce d w h e n the y ar e use d i n sequence .  Thi s i s 
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uncovered by the fourth view which looks at the system as a state machine from the user's perspective. It 

als o become s possibl e t o loo k a t  thei r  concurren t  functionin g (vie w 3) .  Th e fifth  vie w look s a t  th e interactio n 

of  command s an d messages ;  i t  therefore ,  i s  dependen t  upo n havin g specifie d th e command s an d message s i n 

th e first  an d secon d views .  Bot h th e pairin g an d th e orderin g o f  th e episode s i s explaine d b y th e us e o f  a n 

underlyin g schema . 

Interactio n o f  Domai n an d Genera l  Knowledg e 

I n designin g a  larg e softwar e syste m th e designer s emplo y thre e type s o f  knowledge ;  genera l  knowledg e o f 

design ,  knowledg e fo r  representin g system s a s piece s o f  pseudocod e an d domai n specifi c  knowledg e o f  ho w a 

mai l  syste m behaves .  Fro m ou r  perspective ,  thes e bodie s o f  knowledg e ca n b e see n a s thre e proble m spaces ; 

a desig n space ,  a  pseudocod e spac e an d a  mat/space .  I n simulatin g view s o f  th e system' s behavio r  ther e ha s 

t o b e a  mappin g betwee n th e designer' s high-leve l  proble m spac e fo r  design ,  i n whic h th e schem a reside s an d 

th e domai n spac e wher e knowledg e abou t  th e behavio r  o f  mailer s resides ;  i t  i s  i n thi s domai n spac e tha t  th e 

vie w i s instantiated ,  run ,  an d evaluated .  Fo r  example ,  i n episod e 7  th e designe r  choose s t o vie w th e syste m 

as a  stat e machin e i n whic h th e use r  goe s throug h a  sequenc e o f  stat e transitions .  Thi s give s ris e t o episod e 

8,  i n whic h th e designe r  instantiate s thi s stat e machin e b y constructin g a  simulatio n i n whic h th e use r  log s 

on,  i s  notifie d tha t  h e ha s mail ,  list s th e headers ,  read s an d save s a  messag e an d the n begin s again .  Thi s 

means tha t  th e user' s stat e transition s nee d t o b e pu t  int o correspondenc e wit h th e issuin g o f  command s 

suc h a s READ o r  SAVE.  Additonally ,  dat a object s mus t  b e understoo d t o correspon d wit h messages . 

I n th e domai n spac e ther e need s t o b e enoug h knowledg e abou t  th e behavio r  o f  th e mai l  command s t o propos e 

and simulat e candidat e version s o f  them .  Th e candidat e version s the n hav e t o b e evaluate d b y comparin g 

thei r  behavio r  t o som e representatio n o f  th e idea l  behavior .  Th e candidate s ca n the n b e modifie d i n accor d 

wit h th e result s o f  th e evaluation .  Th e abilit y  t o modif y a  representatio n o f  a  comman d i n pseudocod e spac e 

base d o n th e result s o f  a  simulatio n i n mai l  spac e implie s a  mappin g betwee n mai l  spac e an d pseudocod e 

space . 

Progressiv e deepenin g 

Progressiv e deepenin g i s th e retracin g o f  step s alon g a  previousl y take n problem-solvin g pat h (Newel l  k 

Simon ,  1972 ;  deGroot ,  1965) .  Th e retracin g i s don e becaus e th e first  tri p dow n th e pat h wa s no t  sufficient ; 

and new ,  relevan t  informatio n ha s bee n acquired . 

I n episode s 2  throug h 1 0 (Tabl e 1 )  w e se e th e progressiv e deepenin g o f  th e mailer' s commands .  I n episod e 2 

th e command s ar e jus t  liste d a s a  se t  o f  function s t o b e specified .  I n episod e 8  th e designe r  simulate s thes e 

same command s usin g eac h one' s outpu t  a s inpu t  t o th e nex t  an d discoverin g tha t  th e side-efl!"ect s o f  eac h 

hav e t o b e elaborated .  Fo r  example ,  h e decide s tha t  a  use r  shoul d b e abl e t o lis t  al l  th e messag e header s 

withou t  bein g committe d t o the n readin g them .  I n episod e 1 0 th e designe r  finally  simulate s th e command s 

at  a  leve l  sufficien t  t o generat e pseudocode .  Her e h e use s languag e tha t  refer s t o readin g fro m an d writin g 

t o files. 

Simulatio n an d progressiv e deepenin g aris e naturall y withi n a  Soa r  architecture .  Ther e ar e tw o reason s wh y 

simulatio n occur s withi n Soar .  Th e first  reaso n ha s t o d o wit h seein g comple x proble m solvin g a s occurin g 

i n a  se t  o f  relate d proble m spaces .  Problem-solver s hav e differen t  type s o f  representation s o f  th e proble m 

solutio n i n differen t  proble m spaces .  Additionally ,  th e informatio n containe d i n on e typ e o f  representatio n 

may contribut e t o th e developmen t  o f  another .  I n design ,  simulation s aris e becaus e detaile d informatio n 
abou t  th e behavio r  o f  a  mai l  command ,  obtaine d fro m a  simulatio n i n mai l  space ,  ca n hel p i n developin g 

th e representatio n o f  th e comman d i n pseudocod e space . 

The secon d reaso n fo r  simulatio n ha s t o d o wit h comparin g curren t  an d goa l  states .  I n designin g th e mai l 

system ,  th e goa l  stat e i s describe d i n term s o f  th e desire d behavio r  o i  th e mai l  system .  However ,  th e proble m 

solutio n i s a  pseudocod e descriptio n o f  th e mailer .  I n orde r  t o compar e thi s pseudocod e representatio n t o 
th e goa l  th e pseudocod e mus t  b e simulated . 

The simulation s don e b y th e designer s nee d t o g o throug h progressiv e deepening ;  a t  th e beginnin g o f  th e 

desig n sessio n th e designers '  representatio n o f  th e maile r  i s  i n term s o f  th e hig h leve l  behavio r  o f  th e system . 
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Design Space Operators: 
The operator s causin g differin g view s o f  th e syste m t o b e taken . 

1. Design the system as a set of functions. 

2.  Desig n th e syste m a s a  se t  o f  dat a objects . 

3.  Desig n th e syste m a s set s o f  concurren t  functions . 

4 Desig n a  stat e machin e o f  th e state s a  use r  goe s through . 
(Resultin g i n a  focu s o f  attentio n o n interaction s betwee n functions. ) 

5 Desig n a  stat e machin e o f  th e state s a  messag e goe s through . 
(Resultin g i n a  focu s o f  attentio n o n interaction s betwee n functio n an d data. ) 

Pseudocode & Mail Space Operators: 
The operator s t o generate ,  ru n an d evaluat e candidat e version s o f  th e functions '  mechanism s i n pseudocod e spac e an d th e functions ' 
behavio r  i n mai l  space . 

1. Prepare. 

2.  Send . 

3.  Receive . 

4.  List-Headers . 

5.  Read . 

6.  Store . 

7.  Delete . 

Table 2: Operators in the Design and Mail Spaces 

This is the representation that would be likely for a person who had used, but not actually designed such 
a system .  T h e representatio n o f  th e behavio r  need s t o b e refine d t o a  degre e tha t  allow s tha t  behavio r 

t o b e expresse d a s pseudocode .  Bu t  i n a  tas k tha t  ha s a  comple x solutio n ther e ar e m a n y aspect s t o th e 
refinement .  T h e us e o f  repeate d simulations ,  fro m differen t  perspectives ,  allow s th e designe r  t o atten d t o 

differen t  aspect s o f  th e refinemen t  i n a  systemati c way .  Thi s allow s th e designe r  t o brin g hi s understandin g 

t o th e require d degre e o f  specificit y withou t  overloadin g workin g memory . 

Sketch of the Mail Designer-Soar System 

In the context of Soar, problem solving is characterized as movement through successive states of knowledge 
i n orde r  t o achiev e a  goal .  Th e state s o f  knowledg e contai n representation s o f  th e proble m a t  variou s point s 
i n th e problem-solvin g process .  Additionally ,  th e differen t  aspect s o f  th e proble m ar e regarde d a s differen t 

proble m space s i n whic h different ,  appropriate ,  kind s o f  knowledg e ar e brough t  t o bear . 

I n orde r  t o mode l  th e desig n proces s withi n th e Soa r  framewor k w e nee d t o provid e account s of :  1 .  Th e 

initia l  an d goa l  stat e representation s whic h for m th e system' s inpu t  an d output :  I n th e initia l  stat e ther e 
i s a  descriptio n o f  th e desire d behavio r  o f  th e mailer .  Th e goa l  stat e woul d b e a  pseudocod e representatio n 
of  th e mailer' s commands .  2 .  Th e proble m space s wit h thei r  appropriat e operator s (Tabl e 2) :  Th e proble m 

solvin g consist s o f  tryin g first  t o appl y existin g knowledg e relevan t  t o a  pseudocod e proble m spac e i n orde r 

t o represen t  th e desig n a s piece s o f  pseudocode .  I f  existin g knowledg e i s no t  sufficien t  t o directl y represen t 
th e desig n i n term s o f  pseudocod e th e behavio r  o f  th e maile r  i s  simulate d i n mai l  space .  Th e simulation s 
ar e repeated ,  fro m varyin g perspective s an d i n increasin g detai l  unti l  th e designe r  understand s th e system' s 
behavio r  a t  a  leve l  tha t  allow s i t  t o b e expresse d a s pseudocode .  Th e se t  o f  perspective s use d i n th e 

simulation s i n pseudocod e an d mai l  spac e ar e generate d b y th e strategi c knowledg e i n th e desig n proble m 

space .  Tabl e 2  list s th e operator s tha t  appl y i n th e "design" ,  th e "pseudocode "  an d th e "mail "  proble m 
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spaces. 

Conclusions 

We have described modeling software design within a Soar framework. Using this framework we are able to 

provid e account s for : 

1.  T h e rol e o f  schema s i n bringin g genera l  knowledg e t o bea r  o n knowledg e abou t  a  domain :  I n th e dat a 

presente d th e designe r  use s a  high-leve l  schem a i n orde r  t o creat e a n ordere d se t  o f  pair s o f  episode s i n whic h 

a variet y o f  inter-dependen t  aspect s o f  th e maile r  ar e considere d an d refined . 

2.  T h e rol e o f  simulation :  Simulatio n support s th e desig n proces s i n tw o ways .  I t  allow s th e compariso n o f 

curren t  an d goa l  state s whe n th e curren t  stat e i s represente d a s a  mechanis m an d th e goa l  stat e i s represente d 

as behavior .  Additionally ,  simulatio n support s th e developmen t  o f  a  representatio n o f  th e mechanis m o f  th e 

syste m bein g designe d whe n th e system' s behavior s ar e simulate d a t  a  leve l  o f  detai l  tha t  allow s th e behavior s 

t o b e expresse d a s mechanisms . 

3.  T h e rol e o f  progressiv e deepening :  Becaus e a  se t  o f  simulation s fro m a  variet y o f  perspective s ar e neede d 

t o complet e th e desig n w e find  tha t  th e sam e se t  o f  command s i s simulate d repeatedl y a t  increasin g level s 

of  refinement . 

We ar e optimisti c tha t  a  Soa r  framewor k wil l  continu e t o suppor t  detaile d account s o f  th e mechanism s tha t 

underli e cognitv e problem-solvin g skills . 
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