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Abstrac t 

In this paper we present a framework for describing cooperative work in informal domains such as an office. We argue that 
standar d model s o f  suc h wor k ar e inadequat e fo r  describin g th e adaptibilit y  an d variabilit y  tha t  i s  observe d i n offices ,  an d ar e 
fiindamentall y misleadin g a s metaphor s fo r  understandin g th e skill s  an d knowledg e neede d b y computer s o r  peopl e t o d o th e work . 
Th e basi c clai m i n ou r  alternativ e framewor k i s tlia t  a n agent' s wor k i s define d i n term s o f  makin g an d fijlfilling  commiunent s t o 
othe r  agents .  Th e task s describe d i n thos e commitment s ar e merel y agree d upo n mean s fo r  fulfillin g th e commitments ,  an d th e 
agent s involve d i n th e agreemen t  decid e i n an y give n situatio n h o w an d whethe r  a  gi\e n commitmen t  ha s bee n ftjlfilled.  W e als o 
clai m tha t  i n informa l  domains ,  description s o f  tasks ,  functions ,  an d procedure s ar e necessaril y  incomplet e an d imprecise .  The y 
resul t  fro m negotiation s amon g th e agent s an d serv e a s agree d upo n specification s o f  wha t  i s  t o b e done .  Th e description s evolv e 
durin g thei r  us e i n continuin g negotiation s a s situation s an d question s aris e i n whic h thei r  meanin g i s unclear .  Thes e claim s impl y 
tha t  fo r  a  give n situatio n a n agen t  usin g suc h description s mus t  b e capabl e o f  interpretin g imprecis e descriptions ,  dctcmiinin g 
effectiv e method s fo r  performin g tasks ,  an d negotiatin g wit h othe r  agent s t o determin e tas k requirements . 

Introductio n 

In Uiis paper we present a framework for describing cooperative work in 
domain s wher e ther e i s n o agree d upo n forma l  mode l  o f  th e task s an d 
function s l o b e done ,  no r  o f  th e procedure s fo r  doin g the m (i.e. ,  i n 
informa l  tas k domains) .  Mos t  o f  th e wor k peopl e d o i s i n suc h informa l 
domain s wher e i t  i s  no t  feasibl e l o creat e precis e statement s o f  th e task s 
t o b e done ,  th e situatiim s i n whic h the y ar c l o b e done ,  th e resource s 
available ,  no r  th e capabilitie s o f  th e processor s doin g them .  Fo r 
example ,  peopl e ,ir c regularl y confronte d wit h tas k description s suc h a s 

writ e a  progres s repor t  o n th e projecl" .  "describ e tJi e item s t o b e 
purchased" ,  "yiel d right  o f  way" ,  "kee p you r  ey e o n th e ball" ,  o r  "slic e 
chicke n breast s ver y thinl y int o julienn e strips " 
Tlic project that produced this framework has been focused on the 
problem s o f  automatin g offic e wor k involvin g th e us e o f  prespccifie d 
prtxredures ,  an d ou r  experience s wit h thos e problem s motivat e an d 
proMd c example s fo r  th e discussion s i n thi s pape r  However ,  th e result s 
reporte d her e ar c intende d t o b e generall y applicabl e i n an y tas k domai n 
wher e task s an d procedure s ar c infomiall y specified ,  an d agent s enlis t 
eac h other' s hel p t o achiev e thei r  individua l  goals . 
We began our office amomation efforts by attempting to develop a 
model  o f  th e wor k bein g automate d tha t  woul d provid e a  basi s fo r  ou r 
syste m desig n efforts .  W e wer e parliculari y intereste d i n describin g th ( 
skill s  an d informatio n neede d t o d o th e work ,  an d i n accountin g fo r  th ( 
iidaplibilil y  an d variabilit y  o f  method s use d b y peopl e i n pcrformin f 
thei r  tasks . 
Our initial thesis was that office prixcdures arc like computer programs 
and the y ar e "executed "  b y a  collectio n o f  offic e worker s i n a  mannc : 
an.ilcigoii s t o a  collectio n o f  computer s executin g a  program .  I t  seeme d ; 
simpl e ni,iltc r  l o aiitomal c offic e procedure s b y  storin g thci n i n ; 
compiucri/e d dat a bas e a s i f  the y wer e programs ,  fhen ,  a t  eac h ste p i i 
th e cvc(uiio n o f  tli e procedure s i n a n offic e th e compute r  coul d d o th ^ 
ste p itself ,  o r  tel l  th e perso n doin g th e ste p wha t  operatio n l o d o a m 
the n monito r  th e results . 
As »c prixccdcd, fundamcnl.il problems arose tliat led us lo questioi 
our  thesi s [like s an d Henderson) .  O n e suc h proble m wa s tha t  o u 
model  di d no t  accoun t  fo r  th e variabilit y i n th e wa y task s a r 
accomplished ,  t-o r  example ,  a n offic e worke r  ha s mor e option s i i 
followin g a  procedur e tha n ou r  mode l  described .  H e ca n choos e I 
Ignor e som e o f  th e requirement s o f  a  tas k (e.g. .  leav e som e fields  o f 

fon n blank) ,  renegotiat e th e requirement s o f  a  Uis k (e.g. ,  reques t 
extensio n o f  a  deadline) ,  o r  us e som e metho d othe r  tha n th e standar d 
procedur e fo r  performin g a  task . 

A second problem was that our model did not account for the 
difficultie s relate d l o workin g wit h informall y specifie d tasks ,  functions , 
an d procedures .  Fo r  example ,  di e infomialil y  o f  offic e wor k make s 
infeasibl c di e spccific.itioi i  o f  precis e algorithm s fo r  performin g tasks . 
Situation s occu r  i n whic h th e availabl e procedure s d o no t  indicat e wha t 
t o d o (eg. ,  a  vendo r  claim s dia l  good s wer e delivered ,  bu t  n o recor d o f 
thei r  arriva l  ca n b e found) ,  wha t  i s indicate d canno t  b e don e (e.g. ,  a 
deadlin e ha s alread y past) ,  o r  wha t  i s indicate d i s no t  th e preferre d 
metho d fo r  perfomiin g di e tas k (e.g. ,  becaus e a n unexpecte d resourc e i s 
available) .  Hence ,  th e wor k involve d i n usin g offic e procedure s i s 
qualitativel y differen t  fro m th e wor k involve d i n executin g a  forma l 
algoridim . 
We concluded, then, that modeling procedural office work as simple 
progra m executio n i s a n inadequat e basi s fo r  automatin g i t  an d i s 
misleadin g a s a  metapho r  fo r  understandin g di e skill s  an d knowledg e 
neede d b y computer s o r  peopl e l o d o th e work .  Tha t  conclusio n le d u s 
t o searc h fo r  alternativ e way s o f  modelin g cooperativ e wor k tha t  woul d 
accoun t  fo r  th e wa y offic e task s ar c actuall y performed ,  an d woul d 
infor m u s regardin g th e require d skill s  an d knowledge .  Thi s pape r 
present s th e initia l  result s o f  tha t  search ,  a n alternativ e base d o n tli e 
agreement s mad e b y agent s performin g di e wor k an d agent s fo r  w h o m 
Di e wor k i s don e (se e j l  lore s an d ludlow )  fo r  anothe r  analysi s o f  orPic e 
wor k base d o n suc h agreements) . 

Aniilyzing Cooperative Iiirormal Work 

the Social Nature of Tasks and Functions 

Tasks 

Wc begin by an.ilyzing a simple work situation in which an agent has a 
tas k tha t  h e want s done .  Fo r  th e purpose s o f  thi s discussio n w e wil l 
conside r  a  tas k t o b e define d a s a  se t  o f  goal s t o b e achieve d whil e 
maini.iimn g a  se t  o f  constraints .  Th e basi c tene t  o f  ou r  mode l  i s tha t 
task s ar e essentiall y  s(x:ia l  i n natur e i n Uia t  the y ar e don e b y on e agen t 
( a contr.ictor )  fo r  som e othe r  agen t  ( a client) .  Th e situatio n wher e a n 
agen t  doe s a  tas k fo r  himsel f  i s  th e specia l  cas e i n whic h di e clien t  an d 
contracto r  ar e Ui e sam e agent . 
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A clicn l  (i.e. ,  a n agen t  w h o w.iiil s  a  tas k done )  ca n choos e l o enlis t  som e 
othe r  agen t  t o b e th e contracto r  fo r  a  task .  M k clien t  accomplishe s tha t 
cnlistinen t  b y establishin g a  "tas k contract "  witl i  th e contracto r  (se c th e 
wor k o n contrac t  net s |l)avi s an d Smith ]  |Siiiith ]  fo r  a  detaile d nmde l  o f 
h o w suc h contract s ar e established )  W c mode l  a  contrac t  a s consistin g 
of  a  collectio n o f  commitmcnLs .  eac h m a d e b y on e o f  th e contractin g 
agent s t o anotlic r  o f  th e contractin g agents .  A  tas k contrac t  i s  a n 
agreemen t  betwee n tw o agent s containin g a  commitmen t  b y on e o f  th e 
agent s (th e contractor )  t o d o a  tas k fo r  a  secon d agen t  (th e clicnl) .  Ch e 
contrac t  m a y als o contai n othe r  commitments ,  suc h a s a  commitmen t  b y 
th e clien t  t o remunerat e ( i  e. .  achiev e som e goa l  for )  th e contracto r  i n 
retur n fo r  accomplishin g ih c task . 
In order for -i task contr.ict to be established, the client and contractor 
must  agre e o n th e tas k tha t  i s t o b e performed .  ITiei r  negotiation s wil l 
produc e a n agree d upo n dcscripiio n o f  th e task ,  an d th e coinmiuncn t  wil l 
be a  statemen t  o f  inten t  t o d o th e describe d task ,  nicrcfore ,  w e conside r 
cooperativ e Uisk s a s bein g define d b y a  soci.i l  process ,  an d a s 
representin g a  negotiate d agreemen t  betwee n th e clien t  an d contractor . 

Note that a task contract establishes a goal for the contractor of fulfilling 
hi s commi tmen t  t o th e client ,  an d pcrfonnin g di e describe d tas k i s onl y 
a mean s fo r  achievin g dia t  goal .  Tha t  obser v Jtio n i s on e o f  th e base s fo r 
ou r  explanation s o f  th e behavio r  variation s observe d i n h u m a n 
cooperativ e wor k situations ,  llia l  is ,  th e agree d upo n tas k descriptio n 
provide s th e contracto r  wit h a  se t  o f  sufficien t  condition s fo r  fulfillin g 
hi s comniitmenl ,  an d therefor e represent s on e metho d o f  achievin g hi s 
goal .  However ,  an y action s b y th e contracto r  tha t  resul t  i n th e clien t 
agreein g tha t  Ih c commitmen t  ha s bee n fulfille d wil l  achiev e Ih c 
contractor' s goal .  Fo r  example .  Di e contracto r  ma y choos e t o achiev e 
some variatio n o f  th e task' s goal ,  ignor e som e o f  tli e constraints , 
convinc e th e clien t  tha t  di e tas k shouldn' t  b e done ,  etc .  H e i s fre e t o 
us e whateve r  metho d h e think s wil l  succee d an d i s mos t  desirabl e fo r 
h i m i n th e contex t  o f  hi s othe r  goal s an d constraints . 
In order for a contractor to make use of the flexibility available to him 
i n fulfillin g hi s commitment ,  h e mus t  k n o w w h o th e clien t  is ,  th e clien t 
must  b e accessibl e t o hi m fo r  negotiation ,  an d th e contracto r  mus t  b e 
capabl e o f  plannin g an d performin g alternativ e course s o f  actio n t o thos e 
describe d i n th e us k contrac t 

Function s 

Often in human work situations, a person will agree to perform a given 
typ e o f  t.is k wheneve r  a  give n se t  o f  condition s occur ;  Uia t  is ,  h e wil l 
agre e t o perfor m a  "function "  Ko r  example ,  a  buye r  i n a  corporat e 
prwurenicn t  departmen t  ma y agre e t o issu e a  purchas e orde r  wheneve r  a 
profKrrl y execute d purch.is c reques t  i s received .  Also ,  procedure s ar e 
typicall y designe d a s method s fo r  performin g function s rathe r  tha n 
individua l  task s an d ar e use d wheneve r  th e function' s tas k i s t o b e don e 
(e.g. .  th e procedur e fo r  issuin g purch.is c orders) .  Hence ,  i n orde r  t o 
describ e Uios e situations ,  w e wil l  gcncrali/ e ou r  discussio n t o includ e 
function s a s wel l  a s tasks . 
As with tasks, one method available to a client for pcrfonning'a function 
i s t o csi.iblis h a n agreemen t  ( a "functio n contract" )  wit h a  contracto r  i n 
whic h th e coniracio r  commit s t o d o th e functio n fo r  di e clien t  ["h e 
contrac t  *il l  cimliii n a n agree d upo n descriptio n o f  Ih c functio n t o b e 
performe d b > th e contractor .  Ko r  ou r  discussion ,  w c wil l  conside r  a 
functio n descriptio n t o consis t  o f  a  parametenze d tas k descriptio n an d 
paraincten/c d se t  o f  prccimdition s suc h tha t  an y give n instanc e o f  Ui c 
precondiiioii s  define s a n instanc e o f  th e task .  Wheneve r  a n instanc e o f 
th e precondition s become s true ,  th e contracto r  agree s t o perfor m th e 
correspondin g instantiate d task . 
As with tasks, the contr^ictnr's goal is to fulfill his commitment and the 
agree d upo n functio n descriptio n provide s hi m wit h a  se t  o f  sufficien t 
condition s fo r  achievin g tha t  goal .  r.ac h tim e th e ftinction's 
precondition s becom e tni c th e contracto r  ca n choos e t o d o whateve r 
action s h e think s wil l  satisf y th e clien t 

Note that in the transition from task to fiinction a new subtask has been 
introduced ;  namely ,  recognitio n o f  th e occurrenc e o f  th e preconditions . 
Hence ,  a n agen t  w h o ha s committe d t o perfor m a  functio n mus t 

establis h monitor s tha t  recogni/. c situation s i n whic h a n instanc e o f  th e 
function' s tas k i s t o b e pcrfonncd . 

Tasks and Functions in Infunnal Domains 

An agent performing a function depends on the function description to 
specif y eac h situatio n i n whic h h e i s t o d o somethin g an d i n eac h o f 
thos e situation s Ui c tas k tha i  h e i s l o perfor m I n informa l  domains ,  us e 
of  thos e description s become s problemati c becaus e o f  thei r  inprccisio n 
an d incompletenes s (Wha t  i s a  "pioperl y execute d purchas e request"? ) 
|Suchinan| .  hiencc ,  Ih e contracto r  i s  confronte d wit h th e ne w subtask s i n 
eac h situatio n o f  interpretin g th e functio n descriptio n t o delennin c 
whethe r  a  tas k i s t o b e done ,  wha t  th e tas k woul d be ,  an d the n afte r 
doin g somethin g whethe r  th e las k ha s bee n accomplished . 

We claim in our model that the sole criteria for an acceptable 
intcipretatio n o f  thes e dcscriplion s i s agreeincn t  b y th e contracto r  an d 
clien t  I'ha l  is ,  th e functio n an d tas k description s ar c par t  o f  th e contrac t 
betwee n di e contracto r  an d client ,  an d thos e agent s ar e Ui c final 
audiont y a s l o wha t  thos e description s mea n an d whethe r  the y hav e 
bee n satisfied .  Fo r  example ,  di e meanin g o f  "describ e th e item s t o b e 
purchased "  o n a  purchas e requisitio n for m i s worke d ou t  i n eac h cas e b y 
tli e rcquisitione r  an d th e procuremen t  departmen t  buyer ,  fo r  w h o m th e 
descriptio n i s bein g created . 
The interpretation of task and fiinction dcscriplions in any given 
situatio n i s therefor e a  subjec t  fo r  negotiatio n betwee n clien t  an d 
contractor .  I'ha l  is .  i f  a  commitmen t  descriptio n i s no t  sufficiend y 
precis e o r  complet e fo r  th e contracto r  t o dclemiin e wha t  h e shoul d d o i n 
a give n situation ,  Uic n additiona l  negotialion s wit h di e clien t  ar e 
necessary .  Hence ,  i n infomia l  domains ,  Ui e negotiatio n processe s dia t 
produc e commitmen t  description s continu e durin g th e fulfillincn t  o f 
thos e commiunent s an d becom e a n integra l  par t  o f  di e wor k require d t o 
ftilfill  them . 
Agents performing functions in informal domains must be capable of 
determinin g appropriat e interpretation s o f  imprecis e description s an d o f 
recognizin g whe n th e descriptio n i s sufficientl y inadequat e t o warran t 
renegotiatio n wit h di e clien t  W h e n agent s ar e skille d i n thos e 
capabilities ,  di e difficul t  an d tim e consumin g proces s o f  creatin g 
comprehensiv e functio n an d procedur e description s ca n b e avoided . 
Description s ca n b e allowe d t o buil d u p incrementall y b y generalizin g 
di e experience s gaine d i n particula r  situations . 

Function s a s Operator s fo r  Plannin g 

Functions play the same role as operators in standard Artificial 
Intelligenc e plannin g an d proble m solvin g framework s (fo r  example . 
Il-ikc s an d Nilsson) )  i n tha t  the y ca n b e use d b y agent s t o achiev e goals . 
We sai d earlie r  iha t  a n agen t  w h o want s a  las k don e ca n cnlis i  a  secon d 
agen t  t o d o th e las k b y establishin g a  las k .ngreemcn l  wit h th e secon d 
agent .  I'unction s provid e a n alternativ e metho d o f  enlistin g a  secon d 
agen t  t o d o a  task .  I'ha l  is .  i f  th e secon d agen t  i s a  contracto r  w h o ha s 
m a de a  commituncn t  (i t  doesn' t  matte r  t o w h o m )  t o provid e a  function , 
and di e tas k tha t  di e first  agen t  ("th e consumer" )  want s don e i s a n 
instanc e o f  tha t  function' s lask .  the n Ih c consume r  ca n caus e Ih e 
contracto r  l o d o th e las k b y persuadin g hi m tha t  di e appropriat e insuinc e 
of  th e function' s precondition s ar c true .  I f  th e contracto r  refuse s l o d o 
th e task ,  the n di e consume r  ca n appea l  l o th e function' s client , 
attemptin g t o convinc e hi m dia l  th e precondition s wer e satisfie d an d dia t 
di e contracto r  di d no t  fulfil l  hi s cominilinen t  l o accomplis h th e task . 
For example, if an employee of a small company wants to obtain some 
equipmen t  fo r  us e i n hi s work ,  the n h e ta n achiev e dia l  goa l  b y 
obtainin g Ih e appropriat e audiorization s an d submiuin p di e appropriat e 
form s l o th e company' s procuremen t  dcparutient .  Ili e procuremen t 
departmen t  ha s m a d e a  commitmen t  t o th e compan y presiden t  t o b e th e 
contracto r  fo r  th e functio n o f  purchasin g cquipniciu .  an d receip t  o f  th e 
appropriat e form s an d authorization s i s th e preconditio n fo r  tha t 
function .  Ih e employe e become s a  consume r  o f  tha t  funcdo n b y 
convincin g th e contracto r  dia l  a n instanc e o f  it s  precondition s hav e 
become true .  I f  th e procuremen t  dcparlincn t  refuse s t o provid e th e 
advance ,  th e employe e ca n complai n l o th e compan y presiden t  dia l  the y 
ar e no t  performin g thei r  l\inction . 
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I n decidin g t o us e a  funclion .  th e consume r  li.i s  reprice d hi s orieinn l  las k 
MJi h Ji c nc A tas k o f  persuadin g th e conirjclu r  t o d o Ui e nrigiiwi l  l.isk . 
Notic e th.i l  th e metho d fo r  accomplishin g th e nc » tas k i s t o con\mc c lli c 
conlr.iclo r  tha t  a n instanc e o f  th e precondition s hav e bee n s.ilisned , 
rathe r  tha n simpl y t o mak e a n instanc e o f  th e precondition s inic .  ITi c 
consume r  i s fre e t o negotiat e wit h th e contracto r  a s t o wha t  h e wil l 
accep t  a s satisfactor y evidenc e tha t  th e precondition s ar e true .  Fo r 
example ,  th e employe e requestin g a n equipmen t  purchas e migh t 
convince  th e procuremen t  depanmen l  tha t  a  phon e cal l  fro m th e 
employee' s manage r  i s sufficien t  i n tha i  cas e t o authoriz e th e purchase . 
I f  tli e precondition s ar c informal! )  described ,  the n ther e i s tli e additiona l 
issu e t o h e resolve d i n thos e negotiation s o f  determinin g a n agree d upo n 
interpretatio n o f  th e description s i n th e situation .  Fo r  example ,  th e 
employe e migh t  as k th e procuremen t  departmen t  t o accep t  a  m e m o 
requestin g th e purchas e rathe r  tha n th e standar d form .  ITii s i s anothe r 
cas e wher e negotiation s durin g th e performanc e o f  a  tas k ar c vita l  t o it s 
completio n an d wher e variabilit y  i s  introduce d b y th e one-tim e 
agreement s tha t  resul t  fro m thos e negotiations . 

Subcontracting to Perform Tasks and Functions 

Consider again the basic situation in which a client wants a task done 
and lia s obtaine d a  commitmen t  fro m a  contracto r  t o d o th e task .  W e 
coul d the n describ e th e comractor s situatio n a s on e i n whic h h e want s a 
las k done ,  an d tha t  h e ha s th e optio n o f  persuadin g ye t  a  thir d agen t  ( a 
"subcontracior" )  t o d o som e o r  al l  o f  th e tas k fo r  him .  ITi e 

subcontracto r  the n i s i n th e sam e situatio n an d ha s a n optio n t o enlis t  a 
fourt h agent ,  etc .  ITi c sam e descriptio n hold s fo r  function s a s wel l  a s 
tasks . 
We are interested here in examining the role that the contractor's client 
play s i n th e wor k o f  a  subcontractor .  Fo r  tha t  purpos e i t  i s  sufficien t  t o 
conside r  di e thre e agen t  cas e wher e a  contracto r  an d clien t  hav e a n 
agrcciiicii l  i n whic h th e contracto r  commit s t o pcrfon n a  function ,  an d 
i)i c  coiuracto r  instea d o f  performin g th e Functio n himsel f  establishe s a n 
agreemen t  witl i  a  subcontracto r  i n whic h th e subcontracto r  commit s t o 
perfori n th e function .  I n iha t  case ,  th e contractor' s clien t  the n become s 
tli c  consume r  fo r  th e subcontractor' s funclion . 
We can augment our purchasing example by considering the funclion 
contrac t  betwee n th e compan y presiden t  an d tli e employee .  I n tha t 
coniract .  th e presiden t  commit s t o purchas e equipmen t  fo r  di e employe e 
wheneve r  h e submit s a n aiidiorize d request .  Instea d o f  doin g th e 
puruhasm g himsel f  tli e presiden t  contract s wit h th e procuremen t 
dcp.iilincn l  t o d o il .  Hence ,  a  subcontractin g relationshi p exist s i n whic h 
tli c  employe e i s th e consumer ,  th e compan y presiden t  i s th e contractor , 
.in d th e pnxrurcmcn i  departmen t  i s tli c  subcontractor .  Figur e 1  indicate s 
tli e structur e o f  th e tw o contract s tha t  establis h thos e relationships . 

Mai n luiiclin n Contract : 

Client: The employee 
Contractor :  T h e compan y presiden t 
Funclio n Description :  Purchas e equipmen t  fo r  th e employe e 

wheneve r  h e submit s a n aulliori/c d reques t 

I'unclion Subcontract: 

( licnl: llie company president 
(  onlraclor :  lli e procuremen t  departmen t 
(  oiisuiiu r  I'h e employe e 
l-uiHiio n Di'scriplion :  Purchas e equipmen t  fo r  th e employe e 

wheneve r  h e subniii s  a n authorize d reques t 

l-i(jurc I: Fxampic subcontracting situation in an oflicc 

Ili e contracto r  want s th e functio n don e i n orde r  t o fulfil l  hi s 
cdinmilnK'M l  t o th e consumer .  Ili c  commiUiien l  o f  th e subcontracto r  t o 
perloiii i  th e functio n ca n therefor e b e considere d a s bein g t o fulfil l  th e 
conlr.icior' s commitmen t  t o th e consumer .  Satisfactio n o f  th e consume r 

i s a  suffKien t  conditio n an d impiman t  metho d fo r  th e siibcoiilracto r  t o 
fulfil l  hi s commiUiien L (h e siilKontniclo r  ca n therefor e d o whateve r  h e 
think s vvil l  convinc e th e consume r  tha t  th e contractor' s commitmen t  t o 
hi m h.i s bee n fulfilled . 

The consumer therefore plays an important role in the subcontaclor's 
wor k an d i s a n additiona l  agen t  wii h w h o m th e subcontracto r  ca n 
negotiat e t o determin e wha t  i s require d o f  hi m i n a  give n situation .  A s 
before ,  i f  th e wor k i s bein g don e i n a n infonna l  domain ,  the n 
determinin g agree d upo n inicrpreution s o f  th e description s i n particula r 
silualion s i s a n additiona l  issu e fo r  negotiation .  I f  th e subcontracto r  an d 
th e consume r  agre e i m wha t  i s l o b e dime ,  the n th e contracto r  nee d no t 
ente r  int o th e negotiation s o r  eve n kno w wha t  wa s agree d o n becaus e hi s 
commitmen t  t o th e consume r  i s bein g fulfille d an d di e commitmen t  t o 
hi m b y th e subcontracui r  i s  bein g fulfilled . 
If i:i a given situation, the suhconiracior and consumer cannot agree on 
di e tas k t o b e done ,  dic n die y bot h ca n appea l  t o th e contracto r  fo r  help . 
Th e subcontracto r  ca n argu e tha t  hi s commitmen t  l o th e contracto r  doe s 
not  includ e wha t  th e consume r  i s askin g for .  an d di e consume r  ca n 
argu e tha t  di e contractor' s commitmen t  t o hi m i s no t  bein g fulfilled . 
Hence ,  th e contracto r  need s l o ente r  int o di e negotiation s onl y whe n th e 
subcontracto r  an d th e consume r  canno t  agree . 
For example, when die employee requests the equipment purchase, die 
procuremen t  departmen t  buye r  ma y atieinp t  t o satisf y di e employe e b y 
convincin g hi m Uia t  h e shoul d us e previousl y purchase d equipmen t  o r 
Uia t  h e shoul d ren t  equipmen t  H e m a y persuad e th e employe e t o hel p 
find  a n appropriat e vendor ,  an d i n retur n agre e t o obtai n di e 
authorization s fiir  di e purchas e tha t  ar e normall y par t  o f  di e employee' s 
responsibility .  Suc h localize d one-tim e agreement s betwee n agent s occu r 
regularl y i n offic e settings ,  an d ar e a n importan t  aspec t  o f  th e variabilit y 
an d adaptibilit y  tha t  characteriz e offic e work .  Standar d compute r 
progra m descriptio n technique s (e.g. ,  flo w charts )  ar e hopelessl y 
inadequat e fo r  describin g suc h activity . 
So, we see diat the consumer is a source of information for the 
subcontracto r  abou t  wha t  i s l o b e don e an d a n audiorit y o n whe n th e 
las k ha s bee n completed .  Also ,  di e consume r  act s a s a  monito r  fo r  di e 
contracto r  a s t o whethe r  th e subcontracto r  ha s don e hi s job ,  sinc e i t  i s 
th e consume r  w h o care s whethe r  o r  no t  ih e tas k i s accomplished .  Ili e 
interdepcndcncie s a m o n g th e consumer ,  contractor ,  an d subcontracto r 
discusse d i n dii s secuo n ar c summari7.c d i n Figur e 2 . 

For  th e consumer : 

The subcontractor: 
Perform s th e desire d lask . 

I'h e contractor : 
Settle s dispute s wid i  th e subcontractor . 

For the contractor: 

I'he subcontractor: 
Fulfill s  th e commitmen t  t o th e consumer . 

ITi e consumer : 
Provide s remuneratio n fo r  doin g di e usk ,  an d monitor s th e 
subcontractor' s work . 

For the subcontractor: 

The consumer. 
Help s interpre t  di e tas k description ,  an d Indicate s whe n di e tas k 
i s completed . 

Ih e contractor : 
Pro v ide s remuneratio n fo r  doin g th e task ,  an d help s settl e 
dispute s wit h th e consumer . 

Figure 2: Summary of the Consumer, Contractor, Subcontractor 
Kclationship s 

19 



Ih c Socia l  Nalur c o f  I'roccilurc s 

Now cunsidcr a <;ilualion in which an agent has a runction he wants 
don e ,in d a  procedur e describin g h o w t o d o it .  W c wil l  cal l  Ih c agen t 
w ho h.i s th e luMctio n "th e procedure' s in.uiiger "  an d th e functio n "th e 
procedure' s function "  A  prcKCdur c describe s a  metho d fo r  doin g a 
functio n i n tenn s o f  a  collectio n o f  step s t o b e don e i n . 1 specifie d order , 
an d Iheicb y provide s a  mean s fo r  tli c  procedure' s inanage i  t o organis e a 
collectio n o f  agent s t o perfor m tli c  procedure' s fiinction.  Mia t  is .  th e 
procedure' s manage r  ha s th e optio n fo r  eac h ste p o f  th e procedur e o f 
obtainin g a  coinmitincn i  fro m som e oUu- r  agen t  t o d o Ih c ste p (i.e .  o f 
"installin g th e step") .  I f  h e oht.iln s suc h a  coinmilmcn i  fo r  eac h ste p o f 
th e procedur e (i.e. .  i f  h e "install s th e procedure") ,  the n th e agent s w h o 
agree d t o d o th e step s (i.e. .  th e "ste p contr.ictors" )  wil l  d o th e functio n 
fo r  him .  l-'o r  example ,  i f  >  piocurcmen l  departmen t  manage r  i s assigne d 
(h e functio n o f  purchasin g equipmen t  fo r  employees ,  the n h e ca n eithe r 
find  o r  creat e a  priKcdur c fo r  performin g tlia t  functio n an d instal l  th e 
procedur e b y obtainin g commitment s fron i  th e peopl e i n hi s departmen t 
10 b e ste p contractor s fo r  eac h o f  tli e procedure' s steps . 
In formal domains, operation descriptions can be provided for each step 
i n a  procedur e tha t  ar e guarantee d t o satisf y th e designer' s intentio n fo r 
th e ste p (e.g. .  ad d x  t o y) .  Ilie n tli e comruitmen t  o f  a  ste p contracto r  i s 
t o perfor m th e step' s operatio n i n a  manne r  tha t  satisfie s di e forma l 
description .  I"h e contracto r  nee d no t  hav e an y mode l  o f  th e result s 
expecte d fro m hi s ste p o r  o f  th e rol e ihe y pla y i n performin g th e 
procedure s task .  Hi s tota l  spher e o f  concer n i s t o perfor m th e operatio n 
as specified .  Tha t  i s th e styl e o f  procedur e executio n done ,  fo r  example , 
by a  typica l  programmin g languag e interpreter . 
In informal domains, there are no guarantees that a procedure will 
successfull y accomplis h it s task .  Thos e guarantee s ar e los t  becaus e Ui c 
procedure ,  it s  task ,  an d tli e situation s i n whic h i t  wil l  b e use d ar e 
\mprcc\sc\ v described .  Hence .  prtKCdurc s i n informa l  domain s ar c onl y 
provoiypc s o t  mcvViods ,  to r  pcrfomVing ,  lasVis .  TVic y sugges t  a  wa y o f 
dccomposvTvg ,  a  vas k inv o svcps ,  an d perhap s indical c h o w ih c tas k i s 
typicall y perfonned ,  bu t  the y d o no t  alleviat e di e nee d fo r  proble m 
solvin g i n eac h specifi c  situatio n t o detennin c ho w t o perfor m a  task . 
Tli e use r  o f  a n infomia l  procedur e i s confronte d wit h th e subproblcm s 
of  determinin g th e meanin g o f  th e procedur e i n th e specifi c  situatio n 
an d whedie r  i t  wil l  b e applicabl e o r  effective . 

A basic problem in informal domains with installing procedures to 
perfon n function s i s tha t  on e mus t  commi t  a t  th e lim e o f  installatio n t o 
th e decompositio n specifie d b y di e procedure .  I f  indee d a s w e argue d 
above ,  tha t  decompositio n i s onl y suggestiv e an d need s 1 0 b e reexamine d 
eac h tim e th e procedur e i s used ,  the n th e strateg y o f  installin g a 
procedur e i s a n inetTectiv e mean s o f  transfcrin g tli e wor k fro m th e 
procedure s manage r  t o tli e ste p contractor s Ih c ihalleng e the n i s t o 
describ e an d instal l  prixedurc s i n a  manne r  tha t  maximise s Uiei r 
adaptibillt y  an d flexibility . 

Procedure Steps as i'unclions 

An important way of meeting the challenge of compensating for the 
inadequacie s o f  inforin.ill v  specifie d procedure s i s t o ad d t o th e 
descnpiiii n o f  eac h ste p a  descriptio n o f  th e finKiion  t o b e accomplishe d 
by tha t  ste p (le. .  th e goal s t o b e aLliicic d an d constraint s 1 0 b e 
maintaine d eac h tim e th e ste p i s performed) ,  lo r  example ,  ad d t o a  ste p 
describe d a s "Submi t  t o procuremen t  a n aiithnri/c d purchas e request " 
th e functio n descriptio n "Wheneve r  a n employe e want s eqiiipmen l 
purch.iscd .  achiev e th e goal :  Procuremen t  know s th e employe e want s 
equipmen t  purchase d an d ha s th e informatio n an d authorization s 
necessar y t o m a k e th e purchase" . 

A function description spcciTies the requirements of a step without 
referenc e t o hu w thos e requirement s ar e t o b e performe d an d therefor e 
provide s th e optio n o f  usin g whateve r  metho d i s appropriat e i n a 
particula r  situatio n t o accomplis h th e function' s task .  Th e agen t 
performin g a  ste p ca n us e th e functio n descriptio n t o evaluat e whellie r 
th e actio n describe d fo r  th e ste p i s a n appropriat e metho d i n a  give n 
situation ,  t o pla n alternativ e method s fo r  performin g th e step ,  an d t o 
evaluat e whethe r  hi s action s accomplishe d th e step . 

Adding function descriptions to steps results in procedures applicable to 
a widc i  r-ing e ct f  situation s bec.ius c i t  allo\\ s di e agent s performin g th e 
step s t o lak e int o considcialio n propertie s o f  th e situatio n suc h a s 
resourc e limit.iiion s an d inler.icuon s wit h othe r  Lisk s tha t  m a y no t  hav e 

bee n know n a t  th e tim e Ui e procedur e wa s designed ,  ih e wor k involve d 
i n usin g thos e functio n description s i s significantl y differen t  fro m th e 
wor k o f  pcrfomiin g step s describe d a s operations .  I n particular .  I t 
iiuolve s subtask s o f  planiiiii n t o delennin e . 1 metho d t o use ,  an d 
inoiiiinrini ;  t o determin e whethe r  th e nietlio d accomplishe d th e function . 
However ,  a n agen t  c.ipabl e o f  effectivel y pcrfoimin g thos e subtask s ca n 
belte r  dctennin e th e appropriaicnes s o f  hi s result s an d ca n successfull y 
perfor m hi s ste p i n unexpecte d situation s li'ikcs) . 

SuhcDiilrdcliiig l\'iiliin Procedures 

Our description of procedure insiallaiion thus far would predict that each 
tun c a  procedur e ste p i s activate d an d th e ste p contracto r  doc s somethin g 
othe r  tha n di e tas k describe d i n hi s agreemen t  wit h th e procedure' s 
manager ,  tha t  th e contracto r  mus t  obtai n a n .icknowledgcmen l  fro m th e 
managei  tha t  wha t  h e di d s-ilisfic s hi s commitineni .  I n .ictua l  practic e i n 
offices ,  ther e i s a  broa d v.ui.ihilu y o f  behavio r  i n ih e performanc e o f 
procedur e steps ,  an d onl y rarel y i s dia t  behavio r  accompanie d b y 
iiitcraclio n wnl i  th e procedure' s manage r  (typicall y th e ste p contractor' s 
supervisor) .  Instead ,  ther e ar e frequen t  negotiation s a m o n g th e agent s 
doin g di e step s o f  th e procedure .  I'hos c agent s ar c no t  generall y 
workin g fo r  eac h othe r  an d hav e m a d e n o apparen t  commitment s t o 
e.n h odier .  H o w d o w c explai n Uiei r  negotiation s an d th e rol e thos e 
interaction s pla y i n thei r  work ? I n thi s sectio n w e mode l  Uios c 
inleraction s b y extendin g ou r  descriptio n o f  procedur e insUillatio n t o 
includ e tli c  subcontractin g relationship s tha t  ar e establishe d a m o n g th e 
ste p contractors . 
Wc can apply our analysis of subcontracting to die performance of 
procedur e step s b y idenufying  th e comniilment s m a d e durin g a 
procedur e installatio n an d considerin g th e "functiona l  role "  playe d b y 
procedur e step s A  step' s functiona l  rol e i s th e rational e use d b y th e 
priKcdur c designe r  fo r  includin g th e ste p i n lli c  procedur e (e.g. .  achiev e 
a goa l  o f  ih e procedure' s task ,  salisf y a  preconditio n o f  som e oUie r  ste p 
i n th e prwedure) .  Tha t  rational e i s therefor e th e definin g basi s fo r  th « 
functio n t o b e performe d a t  tha t  ste p jVani^h n an d Orown) . 

Ilie funclion to be performed at e.ich step of -i procedure has a set of 
precondition s a s pa n o f  iu s description .  Ih c designe r  o f  a  procedur e 
must  assur e dia t  whe n a  give n ste p i s t o b e perfonned .  it s precondition s 
ar e satisfied .  I  ha t  desig n goa l  i s  satisfie d b y includin g othe r  step s earlie r 
i n th e procedur e tha t  wil l  caus e thos e precondition s t o b e satisfied .  'I'h c 
fiinctioiial  rol e o f  thos e earlie r  steps ,  therefore ,  i s  t o satisf y di e 
precondition s o f  Ui e late r  step . 

We can characterize a function's preconditions as consisting of 
"activatio n conditions" ,  th e (xrcurrcnc e o f  whic h signal s th e contracto r 

tlia t  a n instanc e o f  th e function' s Uis k i s t o b e done ,  an d "enablin g 
conditions" ,  th e satisfactio n o f  whic h provide s ih c contex t  neede d b y th e 
contr.icio r  t o perfor m di e task .  I'o r  example ,  th e functio n performe d b y 
a buye r  i n a  procuremen t  departmen t  i s activate d whe n h e receive s a 
purchas e reques t  an d i s enable d whe n h e receive s audioriẑ atio n t o mak e 
Ui c purchase .  W e distinguish ,  dierefore .  betwee n step s whos e fiinctiona l 
rol e i s t o activat e othe r  step s an d thos e whos e rol e i s t o enabl e odie r 
steps . 

Wc make use of that distinction in describing the contract that installs a 
pr(Kcdur e step .  Tha t  contrac t  contain s a  commitmen t  b y th e ste p 
contracto r  t o perfor m di e step' s functio n wheneve r  th e step' s activatio n 
condition s occu r  an d a  commitmen t  b y th e procedure' s manage r  t o 
satisf y th e step' s enablin g condition s wheneve r  th e activatio n condition s 
occur .  I'o r  example ,  a n accountin g departmen t  cler k (th e ste p 
contractor )  m a y mak e a  c o m m i i m c m t o hi s manage r  (di e procedure' s 
manager )  t o respon d t o vendors '  invoice s wheneve r  on e i s received .  Th e 
manager  would ,  i n turn ,  agre e t o provid e di e cler k wit h th e puixhas c 
order ,  packin g slips ,  an d othe r  supportin g document s neede d t o respon d 
appropriatel y t o di e vendor . 

The procedure's manager satisfies his commitment to salisfy a step's 
enablin g condition s b y installin g ihos c procedur e step s whos e functiona l 
rol e i s t o enabl e tha t  step .  Hence ,  a n agen t  w h o i s performin g a  ste p 
whose functiona l  rol e i s t o enabl e som e othe r  ste p i s i n efTec t  a 
subcontracto r  whos e consume r  i s th e agen t  peifoiinin g th e ste p h e i s 
enabling .  I n di e accounun g departmen t  exampl e above ,  th e agent s w h o 
suppl y Ih e tler k wid i  th e supportin g dixrument s ar e subcontractor s whos e 
consume r  i s th e clerk . 
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O ur  earlie r  comment s abou l  th e rol e tha t  a  consume r  play s i n Ui e wor k 
of  a  suhconiracio r  therefor e apply  here .  T h e agen t  doin g th e slo p hcin g 
enable d an d th e agen t  satisfyin g th e enablin g conditio n negotiat e wit h 
eac h othe r  t o determin e wha t  th e enabler' s tas k i s i n problemati c 
situations ,  an d th e procedure' s manage r  i s brough t  Int o th e negotiation s 
onl y whe n the y canno t  agree .  Also ,  th e agen t  bein g enable d act s a s a 
monito r  o n th e enable r  fo r  th e procedure' s manager . 

The analysis of subcontracting applies to any procedure step whose 
functiona l  rol e involve s providin g a  resul t  t o som e agen t  othe r  tha n 
directl y t o Ih c procedure' s manager .  I n thos e ca.se s th e agen t  providin g 
th e resul t  i s  fulfillin g a  commitmen t  m a d e b y th e procedure' s manage r  t o 
th e consume r  o f  tha t  resul t  (o r  t o a  clien t  o f  tha t  consumer) .  Hence ,  th e 
consume r  an d produce r  ca n wor k ou t  togethe r  wha t  i s t o b e provided . 

We conclude from this discussion that an important way of increasing 
th e adapiibilil y  o f  a  procedur e i s t o includ e i n th e descriptio n o f  eac h 
ste p th e functiona l  rol e o f  th e step .  I f  tha t  functiona l  rol e involve s 
fulfillin g a  commitmen t  o f  th e procedure' s manage r  t o som e thir d agent , 
the n th e descriptio n shoul d includ e th e identit y o f  tha t  agent ,  an d tli e 
ste p contracto r  shoul d hav e acces s t o hi m fo r  ongoin g negotiations . 

Summary and Conclusions 

In this analysis we have described a framework that identifies the sources 
of  variabilit y  an d adaptibilit y  observe d i n h u m a n cooperativ e wor k 
silualions .  O u r  basi c clai m i s tha t  a n agent' s wor k i s define d i n term s o f 
makin g an d fulfillin g commiuncnt s t o otiic r  agents .  Ili c  task s describe d 
i n thos e commiuneni s ar e merel y agree d upo n mean s fo r  fulfillin g tli e 
commitments .  Th e agent s involve d i n th e agreemen t  ar c fre e i n an y 
give n siiuaiio n t o decid e h o w an d whethe r  a  give n commitmen t  ha s bee n 
fulfille d Hence ,  nonstandar d method s an d outcome s ma y b e considere d 
acceptabl e eve n thoug h the y d o no t  correspon d t o th e describe d tasks , 
functions ,  an d procedures . 

We claimed thai descriptions of tasks and functions result from 
negotiation s betwee n client s an d contractors ,  an d serv e a s agree d upo n 
specification s o f  wha t  th e contracto r  i s t o do .  I n infonna l  domains , 
thos e description s ar e necessaril y  incomplet e an d imprecise . 
Determinin g thei r  intende d meanin g i n specifi c  situation s i s a n importan t 
componen t  o f  th e work .  ITia t  determinatio n involve s continuin g 
negotiation s a s situation s an d question s aris e i n whic h t)) e meanin g o f 
Ui e dccription s i s unclear . 

Procedures provide a means for organising a collection of agents to 
pcrfon n a  function .  I n informa l  domains ,  procedure s represen t  onl y 
prototype s o f  method s whos e meanin g an d applicabilit y  i n specifi c 
situation s i s unclear .  Thei r  us e require s proble m solvin g an d 
negotiatio n t o determin e a n effectiv e metho d i n a  give n situation . 

Information Needed To Do Cooperative Procedural Work 

This framework characterizes the information needed by agents doing 
cooperativ e wor k an d th e rol e tha t  th e informatio n play s i n thei r  work . 
I n general ,  i t  indicate s tha t  a n agen t  need s description s o f  tli e tas k an d 
functio n contract s l o whic h h e ha s agreed ,  an d th e fiinclion s availabl e t o 
him . 

For each Wsk or function commitment llial an agent has made, he needs 
t o kno w th e agree d upo n tas k o r  functio n descriptio n (becaus e i t 
provide s a  se t  o f  sufficien t  condition s fo r  fulfillin g th e commiunent) ,  th e 
agen t  t o w h o m th e commiunen t  wa s m a d e (s o iJia l  th e contracto r  know s 
whose satisfactio n h e i s tryin g t o obtain) ,  an d tli e consume r  o f  th e result s 
of  th e tas k o r  functio n i n th e cas e wher e th e commitmen t  i s a 
subcontr.ic i  (becaus e salislyin g th e consume r  i s a  sufficien t  conditio n fo r 
fulfillin g th e comniiimcnt) . 

An apcnl needs lo know the functions .n.iil.iblc to him so that he can 
use thci n a s step s i n plan s h e form s t o accomplis h hi s tasks .  I n orde r  t o 
use a  fiinclion ,  h e need s a  descriptio n o f  it s  tas k (s o tha t  h e ca n 
deterinin c whcllie r  th e functio n ca n b e use d t o accomplis h hi s task) ,  it s 
precondition s (becaus e the y describ e a  mcin s fo r  iniii.ilin g performanc e 
of  th e lask) ,  Ih c identit y o f  th e contracto r  (s o h e wil l  kno w w h o h e mus t 
persuad e t o perfor m th e task) ,  an d th e identit y o f  th e clien t  (s o h e wil l 
kno w wlu i  t o appea l  l o i f  h e feel s tha t  th e contracto r  i s no t  adequatel y 
pcrroiiiiin g Ih c fiinction). 

Informatio n Neede d Fro m a  Procedur e Descriptio n 

We have also indicated information that is needed from the description 
of  a n informa l  procedur e i n orde r  fo r  th e procedur e t o b e use d 
adaptivcl y an d fiexibly.  Th e descriptio n shoul d identif y th e procedure' s 
manager  (s o tha t  eac h ste p contracto r  know s whos e satisfactio n h e i s 
tryin g t o obtain) ,  an d eac h ste p o f  th e procedur e shoul d b e describe d a s 
a functio n (s o tha t  th e ste p contracto r  ca n choos e hi s o w n metho d o f 
performin g th e step) .  I f  satisfactio n o f  a n enablin g conditio n o f  a  ste p i s 
subcontracte d t o anothe r  step ,  the n Ui e descriptio n o f  th e ste p bein g 
enable d shoul d identif y th e enablin g ste p an d w h o i s performin g i t  (s o 
tha t  th e contracto r  fo r  th e enable d ste p ca n negotiat e wit h th e enable r 
an d monito r  hi s performance) .  Finally ,  a s note d abov e abou t  al l 
functions ,  i f  a  ste p i s a  subcontract ,  the n it s descriptio n shoul d identif y 
th e consume r  o f  th e subcontrac t  (becaus e satisfyin g h i m i s a  sufficien t 
conditio n fo r  fulfillin g th e commitment) . 
Implications for Office Automation 

ITiis framework is serving as a basis for our exploration of how 
computer-base d system s ca n effectivel y participat e i n procedura l  wor k i n 
offices .  W e hav e reporte d i n earlie r  paper s ou r  preliminar y result s i n 
thi s regar d (|l-'ikcs ]  an d jfike s an d Henderson) )  an d wil l  no t  attemp t  l o 
describ e ou r  curren t  effort s i n detai l  here .  Instead ,  w e wil l  conclud e thi s 
pape r  wit h som e genera l  remark s o n offic e automatio n t o sugges t  th e 
use s w e ar e makin g o f  th e commitment-base d framework . 
Our discussion indicates Uiat in infonnal domains, "intelligent" 
capabilitie s suc h a s planning ,  pla n monitoring ,  an d negotiatio n ar e 
require d t o d o eve n simpl e cooperativ e work .  Curren t  computer-base d 
system s tha t  clai m t o automat e suc h wor k i n office s d o no t  hav e thos e 
capabilities .  The y requir e precis e description s o f  thei r  functio n an d h o w 
t o perfor m it .  'l"herefore .  the y ca n "commit "  t o doin g onl y a 
foinializabl c approximatio n o f  th e functio n desire d b y th e client .  The y 
ar c incapabl e o f  performin g th e functio n i n siuiation s tlia t  d o no t  matc h 
tli e assumption s o f  th e formalization ,  an d ca n no t  adap t  thei r  method s t o 
accoun t  fo r  unexpecte d feature s o f  a  particula r  situatio n suc h a s resourc e 
limitatio n change s o r  interaction s wit h othe r  tasks .  I n addition ,  the y 
requir e mor e effor t  b y th e clien t  t o establis h thei r  tas k o r  functio n 
contrac t  sinc e the y hav e n o capabilit y  o f  interpretin g vagu e description s 
an d onl y ver y limite d capabilitie s fo r  recognizin g situation s wher e a 
descriptio n i s inapplicable . 
All t(X) often, designers and installers of office automation equipment do 
not  realiz e th e unformalizabl e subtletie s o f  th e wor k bein g automated , 
an d therefor e d o no t  anticipat e th e difference s betwee n wha t  Ui c 
equipmen t  i s goin g t o d o an d wha t  th e peopl e di d w h o m i t  i s  replacing . 
Tlios e difference s ofte n caus e majo r  upheaval s i n a n organizatio n 

becaus e ihc y chang e th e wor k requirement s o f  al l  th e agent s w h o 
interac t  witl i  th e equipmen t  A  majo r  goa l  o f  tli e analysi s describe d i n 
thi s pape r  ha s bee n t o provid e a  mode l  o f  th e unrormali7.abl e aspect s o f 
offic e function s bein g overiooke d b y curren t  automatio n effort s s o tha t 
th e difference s i n functionalit y introduce d b y th e automatio n ca n b e 
predicte d an d compensate d for . 
Automation can increase productivity in an office by supporting, as well 
as replacing ,  peopl e i n thei r  performanc e o f  offic e functions .  Fo r 
example ,  th e framewor k w e hav e describe d suggest s way s o f  supportin g 
offic e wor k b y providin g agent s wit h th e informatio n the y nee d w h e n 
the y nee d it .  I t  als o suggest s a  facilitato r  rol e fo r  a  computer-base d 
syste m usin g knowledg e o f  w h o th e clients ,  contractors ,  an d consumer s 
ar c fo r  eac h tas k bein g performed .  H y knowin g w h o mus t  b e satisfie d 
by eac h result ,  a  syste m woul d b e abl e t o monito r  an d trac k th e 
performanc e o f  a  tas k withou t  needin g l o understan d th e mediod s bein g 
use d o r  th e semantic s o f  th e tas k itself . 
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