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A b s t r a c t 

Knowledg e Acquisitio n i s a  critica l  an d time-consumin g phas e 
i n th e developmen t  o f  Knowledg e Base d Systems .  Th e AC -
Knowledg e projec t  aim s t o improv e th e efficienc y o f  th e knowl -
edge acquisitio n process .  Th e approac h i s  t o analyz e an d eval -
uat e a  variet y o f  existin g knowledg e acquisitio n techniques ,  in -

cludin g machin e learnin g methods .  Takin g int o accoun t  thei r 
complementarities ,  w e integrat e thes e technique s int o a  Knowl -
edge Engineerin g Workbenc h tha t  support s th e Knowledg e En -
ginee r  i n hi s variou s tasks .  Thi s approac h i s teste d o n rea l  lif e 
applications ,  simpl e one s {e.g .  analysi s i n meta l  fractures )  an d 
more comple x one s (e.g .  failure s i n th e Spanis h dat a commu-
nication s network) . 

Key words :  Knowledg e Acquisitio n (KA) ,  Integratio n o f  K A 
techniques .  Knowledg e Engineerin g Workbench ,  Integratio n 
of  Knowledge . 

1 Introduction 

Currently, much work in the AI community is related to the 

developmen t  o f  Knowledg e Base d System s (KBS) .  W e al -

read y k n o w tha t  th e rea l  bottleneck s i n th e developmen t  o f 

suc h system s ar e th e acquisitio n an d modelizatio n o f  th e ex -

pert' s  knowledge .  Knowledg e acquisitio n refer s t o th e initia l 

phas e o f  K B S developmen t  wher e th e Knowledg e Enginee r 

gathers ,  analyze s an d model s th e expert' s  knowledge .  Th e 

efficienc y o f  knowledg e acquisitio n an d th e qualit y o f  th e 

resultin g mode l  o f  expertis e ar e crucia l  fo r  th e subsequen t 

developmen t  phases . 

M u ch wor k aim s a t  supportin g th e knowledg e enginee r  i n thi s 

knowledg e acquisitio n process .  S o m e intervie w technique s 

hav e bee n developed ,  som e o f  the m togethe r  wit h a  softwar e 

support .  Bu t  mos t  o f  the m onl y addres s particula r  problem s 

an d ar e no t  genera l  enoug h t o cove r  th e entir e process . 

Durin g th e Europea n Knowledg e Acquisitio n Worksho p 8 9 

( E K A W ) ,  on e o f  th e conclusion s draw n wa s tha t  th e scientifi c 

communit y shoul d concentrat e mor e o n puttin g thes e tool s 

togethe r  an d studyin g thei r  synerg y rathe r  tha n developin g 

n e w an d mor e sophisticate d tools .  I t  wa s als o mentione d 

tha t  th e tw o fields  o f  "Knowledg e Acquisition "  an d "Machin e 

Learning "  shoul d b e mor e closel y related . 

Thi s i s perfectl y i n lin e wit h th e wor k tha t  wa s goin g o n i n th e 

A C K n o w l e d g e project '  [1] .  W e believ e tha t  th e efficienc y o f 

th e Knowledg e Acquisitio n ( K A )  proces s wil l  b e improve d 

i f  w e tak e advantag e o f  th e complementarit y o f  existin g 

techniques .  W e ar e thu s developin g a  framewor k tha t  allow s 

th e fruitfu l  combinatio n o f  a  larg e rang e o f  existin g K A 

techniques ,  includin g machin e leanun g techniques . 

The mer e inclusio n o f  thes e technique s int o a  singl e syste m 

constitute s th e first  ste p fo r  th e constructio n o f  a  Knowledg e 

Engineerin g Workbenc h ( K E W ) .  Bu t  thi s i s  no t  enough . 

I f  w e wan t  ou r  workbenc h t o b e useful ,  w e als o nee d som e 

knowledg e abou t  th e usabilit y  o f  thes e techniques .  Wit h thi s 

ne w knowledg e abou t  th e natur e an d applicabilit y  o f  th e tech -

niques ,  th e K E W wil l  activel y assis t  knowledg e engineer s i n 

thei r  tasks ,  carryin g ou t  som e part s o f  th e wor k b y itself ,  an d 

providin g th e use r  (knowledg e engineer )  wit h som e advic e 

and guidance . 

I n thi s paper ,  w e first  describ e i n detai l  ou r  visio n o f  th e 

K E W,  th e function s i t  mus t  provid e an d it s genera l  archi -

tecture .  W e the n explai n th e knowledg e integratio n process , 

centra l  them e i n ou r  ̂ proach .  Relatio n t o othe r  wor k i n th e 

domai n i s described .  Finally ,  w e giv e som e informatio n o n 

th e real-lif e application s use d fo r  th e validatio n o f  K E W. 

2 The Knowledge Engineering Workbench 

I n thi s section ,  w e describ e severa l  aspect s o f  th e workbenc h 

tha t  w e ar e developin g i n th e projec t 

2. 1 Th e K E W Visio n 

As w e sai d above ,  th e goa l  o f  ACKnowledg e i s t o construc t 

a workbench ,  tha t  incorporate s differen t  knowledg e ac -

quisitio n tool s withi n a  singl e integrate d system .  N o ne w 

knowledg e acquisitio n tool s wil l  b e develope d withi n A C -

Knowledge .  However ,  ne w implementation s wil l  b e neede d 

t o provid e a  coheren t  integratio n o f  techniques .  Moreover , 

th e workbenc h wil l  hav e a n ope n architectur e whic h wil l 

leav e roo m fo r  th e additio n o f  ne w tool s t o th e system . 

The constructio n o f  suc h a  workbenc h mean t  tha t  th e projec t 

had t o develo p a  conceptua l  framework  adequat e fo r  charac -

terizing ,  i n a  systemati c an d principle d way ,  th e functio n o f 

'  Th e ACKnowledg e (Acquisitio n o f  Knowledge )  Projec t  i s  a  3  yea r  projec t 

partiall y  funde d unde r  th e auspice s o f  th e ESPRI T Programm e o f  th e Com-
missio n o f  th e Europea n Communitie s a s proje a N'"2576 .  Th e projec t  Con -
sortiu m consist s o f  th e followin g institutions ;  Ca p Gemin i  lrmovation(F) , 
Marcon i  Command an d ConUo l  Systems(UK) ,  GEC-Marcon i  Researc h Cen -
ireGJK) ,  Telefonica(E) .  Universida d Politecnic a d e Madhd(E) ,  Computa s 
Exper t  Systems(N) ,  Veriu s Research^ ,  th e Universit y  o f  Amsterdam(NL) , 
Sintef(N) ,  an d th e Universit y  o f  Nottingham(UK) . 
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Figur e 1  Basi c knowledg e icquindo a cycl e 

variou s technique s an d tools .  T h e wo rkbenc h m u s t  b e abl e 

t o dea l  wit h a  w id e rang e o f  tools ,  inpu t  an d outpu t  types , 

an d use r  interactions . 

Ideally ,  th e use r  obtain s a  certai n typ e o f  informatio n wit h 

on e too l  an d othe r  kind s o f  informatio n wit h othe r  tools .  Fur -

thermore ,  w e wante d th e informatio n acquire d b y o n e too l 

t o b e usabl e b y othe r  tools .  Thi s require d researc h int o th e 

maintenanc e o f  k n o w l e d g e bas e coherenc e an d me thod s t o 

effec t  t ransformation s b e t w e e n variou s k n o w l e d g e repre -

sentations .  Par t  o f  thi s researc h i s  presente d i n sectio n 3 . 

T h e know ledg e enginee r  m u s t  conside r  th e k n o w l e d g e ac -

quisitio n proces s a s a n incrementa l  proces s [2] .  A t  eac h 

iteratio n o f  th e process ,  informatio n acquire d s o fa r  i s eval -

uated .  Base d o n th e resul t  o f  thi s evaluation ,  a n appropriat e 

techniqu e i s  selecte d a n d applie d t o obtai n n e w informatio n 

from  source s o f  d o m a i n k n o w l e d g e suc h a s h u m a n expert s 

an d documents .  Thi s informatio n i s  intende d t o refin e a n d 

enric h th e curren t  versio n o f  th e integrate d k n o w l e d g e base . 

Furthe r  decomposit io n o f  o n e iteratio n o f  th e K A proces s 

reveal s th e followin g basi c operations : 

• select: identify which part of the acquired knowledge to 

evaluate . 

•  check :  chec k th e selecte d piec e o f  k n o w l e d g e i n orde r  t o 

find  defect s i n quality^ . 
•  p r o b l e m identification :  identif y an d selec t  wh i c h o f  th e 

defect s t o pursu e a t  th e curren t  stag e o f  th e K A process . 

•  techniqu e selection :  find  th e adequat e K A techniqu e fo r 

fixing  th e problem . 

•  techniqu e application :  appl y th e K A techniqu e t o th e 

piec e o f  k n o w l e d g e selecte d i n th e first  step . 

•  resul t  assimilation :  find  ou t  h o w result s o f  th e tech -

niqu e applicatio n ca n b e assimilate d int o th e entir e ex -

istin g knowledge . 

Obviousl y from  th e abov e decomposition ,  th e contro l  o f  th e 

K A proces s i s  mostl y cycli c a s describe d i n figure  1 . 

2. 2 Level s o f  K E W suppor t  i n th e K A proces s 

We envisag e workbenc h suppor t  t o th e K A proces s a t  fou r 

differen t  levels : 

•  Th e first  leve l  provide s th e knowledg e enginee r  wit h a 

suppor t  fo r  hi s clerica l  activities .  Editin g example s fo r 

K A tools ,  reportin g o n th e curren t  statu s o f  th e K A process , 

and al l  thi s kin d o f  activitie s ar e gathere d i n thi s level . 

•  Th e secon d leve l  concern s th e executio n o f  th e variou s 

K A tool s include d i n K E W.  Dat a input s an d presentatio n 

of  output s o f  thes e technique s ar e als o considere d a t  thi s 

level . 

•  Th e thir d leve l  gather s th e suppor t  function s tha t  allo w th e 

use r  t o assimilat e th e result s obtaine d wit h on e particula r 

too l  t o othe r  knowledg e obtaine d previously .  Sectio n 3 

explain s thi s assimilatio n o f  knowledg e i n mor e details . 

•  Th e fourt h leve l  i s  th e contro l  par t  o f  K E W tha t  wil l 

provid e th e use r  wit h advic e an d guidance .  Fo r  instance , 

i t  wil l  giv e informatio n abou t  wha t  techniqu e o r  sequenc e 

of  technique s i s bes t  adapte d t o th e curren t  phas e o f  th e 

K A process . 

Each o f  thes e level s enriche s th e precedin g ones :  I f  on e 

consider s th e environmen t  includin g th e function s o f  th e first 

leve l  only ,  th e knowledg e enginee r  ha s basicall y a  too l  fo r 

hi s projec t  management .  Wit h th e secon d level ,  tool s becom e 

availabl e eithe r  fo r  hi s interview s wit h th e exjier t  o r  fo r  hi s 

analysi s o f  thes e interviews .  B y addin g th e thir d level ,  th e 

synerg y amon g al l  th e tool s appear s an d a  rea l  integratio n o f 

th e knowledg e obtaine d fro m thes e variou s tool s i s possible . 

Finally ,  th e fourt h leve l  give s intelligenc e t o th e workbench . 

Th e knowledg e enginee r  i s no t  i n front  o f  a  rang e o f  tool s 

withou t  reall y knowin g whic h on e t o apply :  instead ,  h e 

receive s advic e o n wha t  th e possibilitie s ar e a t  thi s stage . 

2 3 T h e K E W Architectur e 

Th e abov e analysi s o f  th e KA-proces s ha s bee n use d a s a 

basi s fo r  th e K E W syste m architecture ,  whic h i s show n i n 

figure  2 . 

Centra l  t o th e architectur e i s th e C o m m on Informatio n 

Repositor y (CIR )  whic h store s al l  informatio n neede d dur -

in g th e Knowledg e Acquisitio n process :  partia l  o r  inter -

mediat e piec e o f  knowledge ,  suc h a s protoco l  transcrip t  o r 

strucuu-e d cases ;  projec t  managemen t  documents ;  an d th e 
Integrate d Knowledg e Bas e (1KB )  whic h i s th e final  an d 

complet e knowledg e bas e tha t  th e K A proces s aim s t o pro -

duce .  Differen t  Knowledg e Acquisitio n tool s (KA-tools) ' 

suppor t  th e K E W use r  durin g hi s basi c KA-tasks .  O n e suc h 

tas k yield s a  Too l  Specifi c  Knowledg e Bas e ( T S K B )  whos e 

conten t  i s t o b e assimilate d late r  o n int o th e 1 K B usin g ap -

propriat e Knowledg e Assimilatio n (K-assimil )  mechanisms . 

'Too l  Specific "  mean s tha t  th e knowledg e i s represente d us -

in g a  languag e tha t  i s specifi c  t o th e KA-tool .  Knowledg e 

assimilatio n mechanism s wil l  b e detaile d furthe r  i n sectio n 

3.  Th e reasonin g componen t  embodie s a n interprete r  o f  th e 
1 KB knowledg e representation  an d allow s th e use r  t o per -

for m reasonin g o n th e knowledg e currentl y containe d i n th e 

1 KB fo r  testin g o r  simulatio n purposes . 

The Use r  Interfac e (UI )  allow s th e use r  t o brows e throug h 

th e CI R an d acces s it s constituent s (vi a th e C I R server) ,  t o 
^  B y qualitie s w e mea n propertie s lik e completeness ,  correctness ,  compre -
hensibility ,  modularity ,  etc. . '  Th e lis t  o f  th e tool s include d i n K E W i s give n i n figure  4 . 
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us e th e KA-tool s (possibl y unde r  th e contro l  o f  th e Advic e 

an d Guidanc e module) ,  an d t o reaso n o n th e knowledg e 
acquire d s o far . 

A n Adv ic e &  G u i d a n c e ( A & G )  modu l e provide s assistanc e 

i n decomposin g th e overal l  KA-proces s int o KA-activitie s 

an d furthe r  o n int o basi c K A tasks ,  i n selectin g th e appropri -

at e KA-too l  fo r  th e curren t  K A task .  Thi s modu l e include s a 

planne r  componen t  whic h instantiate s th e generi c KA-cycl e 

presente d i n sectio n 2. 1 an d whic h feed s a n agend a contain -

in g remainin g operation s o f  th e curren t  KA-cycl e plan ,  an d 

activatabl e operation s ordere d wit h respec t  t o thei r  relevance . 

T h e agend a conten t  i s derive d b y usin g knowledg e abou t  th e 

K A proces s ( K A activit y breakdown ,  constraint s du e t o do -

main/appUcatio n characteristics) ,  knowledg e o f  generi c m o d -

el s (model s o f  proble m solvin g methods ,  domai n structure s 

an d content,...) ,  knowledg e o f  th e KA-tool s themselve s (func -

tionalities ,  inpu t  constraints... )  an d knowledg e o n th e result s 

o f  K A activit y (evaluativ e knowledge :  consistency ,  cover -

age ,  generalization) .  Thi s knowledg e i s store d i n th e K n o w l -

edg e Engineerin g K n o w l e d g e Bas e ( K E K B ) .  M o r e detail s 

abou t  thi s componen t  ca n b e foun d i n [3] . 

KA-too l  I  KA-tDo l  KA-too l 

A&G 

CIR 

TSKB 
TSKB TSKB 

K-asimi l CIRicrvc r 

RcaMKLing 

UI 

Figur e 2  K £ W aicfaitectur e 

3 Knowledge Assimilation 

Knowledge assimilaticm is a key issue addressed in the 

projec t  [4] ,  [5] . 

As mentione d i n sectio n 2.3 ,  th e K A proces s generate s a 

collectio n o f  Too l  Specifi c  Knowledg e Bases ,  resultin g from 

th e differen t  K A techniqu e sessions .  D u e t o th e multiplic -

it y o f  K A technique s thos e T S K B s wil l  hav e heterogeneou s 

knowledg e representation .  I n orde r  t o assimilat e th e content s 

of  thos e knowledg e bases ,  w e nee d function s whic h trans -

for m expression s writte n i n th e techniqu e specifi c  knowledg e 

representatio n formalis m int o a  c o m m o n knowledg e repre -

sentatio n formalism .  Thi s first  transformatio n ste p produce s 

Temporar y Knowledg e Base s (Tem p K B )  tha t  ar e image s 

of  T S K B represente d i n th e c o m m o n formalism .  Function s 

ar e als o require d whic h integrat e Tem p K B int o th e centra l 

Integrate d Knowledg e Base . 

The contributio n o f  bot h knowledg e transformatio n (K -

trans O an d knowledg e integratio n (K-integr )  function s wit h 

regar d t o th e knowledg e acquisitio n proces s i s show n i n 
figure  3 : 

TSKB TSKB 

(  K  I I 

Temp TMraT l  f 
K « J I  I  K B 

K. inLC|{r 

iKu : 

i"J,l|,!.!A!JlJ,WuJ<inli*'-' 

TSKB 

Figur e 3  Rol e o f  knowledg e atsimilatia n mechaniiit u 

T h e c o m m o n in fo rmat io n repositor y h a s b e e n partitione d i n 

tw o areas : 

•  T h e no n shade d are a contain s heterogeneou s knowledg e 

base s tha t  contai n dat a use d an d produce d b y knowledg e 

acquisitio n tools . 

•  T h e shade d are a i s  calle d Co r e K n o w l e d g e Bas e ( C K B ) 

an d contain s knowledg e base s expresse d usin g th e com -

m on knowledg e representatio n language . 

Transformatio n function s produc e temporar y knowledg e 

base s a s par t  o f  th e Cor e Know ledg e Base ,  b y transformin g 

th e content s o f  too l  specifi c  knowledg e base s int o c o m m o n 

knowledg e representatio n structures .  Integratio n function s 

the n merg e th e differen t  temporar y knowledg e base s int o tiie 

integrate d knowledg e base . 

I n th e followin g section s w e analyz e th e mai n issue s involve d 

i n knowledg e transformatio n an d knowledg e integration . 

3. 1 K n o w l e d g e transformatio n 

We hav e base d ou r  analysi s o f  knowledg e transformatio n o n 

th e typ e o f  dat a use d an d produce d b y th e K A tool s tiiat 

ar e t o b e integrate d withi n K E W .  Figur e 4  enumerate s thos e 

technique s an d thei r  correspondin g dat a types . 

T h e diversit y o f  knowledg e representation s i s  quit e strik -

ing .  A s on e m a y guess ,  s o m e knowledg e transformatio n 

ar e straightforward ,  du e t o th e similarit y (formall y an d func -

tionally)  o f  th e expressions .  Fo r  example ,  entailmen t  rule s 

produce d b y Ui e repertor y gri d ar e easil y transforme d int o 

C K B productio n rules .  Transformatio n mechanism s mainl y 

involv e syntacti c manipulation . 

On tiie  oUie r  hand ,  w h e n knowledg e representation s ar e ver y 

differen t  from  on e anothe r  (mappin g betwee n entitie s define d 

withi n th e tw o representatio n formalism s i s no t  trivial) ,  ad -

ditiona l  knowledg e i s  require d t o bridg e th e semanti c gap . 

Usually ,  thi s implie s use r  interaction . 

M o r e generally ,  w e distinguis h tw o aspect s o f  knowledg e 

transformation :  T h e syntacti c aspec t  an d th e semanti c aspec t 

T h e syntacti c aspec t  o f  knowledg e transformatio n refer s t o 

h o w term s an d construct s from  on e languag e ar e transforme d 
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protoco i  edito r 

concep t  edito r 

laddere d gri d 

repertor y gri d 

similarit y base d learnin g too l 

cas e base d reasonin g too l 

cas e sor t  too l 

cor e knowledg e bas e edito r 

Knowtadg a repnsontatlon a 

fragment s o f  tex t 
conceptua l  mode l 

fiiearchie s o f  concept s 

hierarchie s o f  concept s 

case s 
grid s 
rating s 
entailmen t  rule s 
structure d case s 
fram e hierarchie s 
classificatio n rule s 

case s 
attribute s 
relation s 
causa l  ne t 
hierarchie s o f  concept s 
identifier s 

frame s 
productio n rule s 
relation s 

Figur e 4  Vanou s K A technique s an d thei T specifi c  knowledg e r̂ iesoiutio n 

i n th e othe r  language .  A t  thi s leve l  o n e i s concerne d mainl y 

wit h s y m b o l  manipulation .  Fo r  language s base d o n th e 

s a me paradigms ,  k n o w l e d g e transformatio n consist s mainl y 

o f  syntacti c transformation . 

T h e semant i c aspec t  o f  k n o w l e d g e transformatio n refer s t o 

what  primitive s from  o n e representatio n m e a n s wit h regar d 

t o th e othe r  representation .  I n a  m o r e practica l  v iew ,  se -

mantica l  aspec t  o f  th e transformatio n concern s th e w a y basi c 

primitive s o f  th e origina l  representatio n s c h e m e wil l  b e in -

terprete d b y th e targe t  representatio n s c h e m e .  Fo r  examp le , 

wil l  a  k n o w l e d g e sourc e b e transforme d int o a  se t  o f  rule s 

or  int o a  procedur e withi n th e c o m m o n k n o w l e d g e represen -

tatio n language ? 

Purel y syntacti c transformatio n i s  automati c an d doe s no t 

requir e th e interactio n o f  th e user ,  wherea s semantica l  con -

sideration s ofte n requir e use r  interactio n t o guid e th e tt^s-

formation . 

O n c e a  piec e o f  k n o w l e d g e resultin g from  a  K A techniqu e 

sessio n ha s bee n expresse d i n th e c o m m o n k n o w l e d g e rep -
resentatio n languag e (vi a th e appropriat e k n o w l e d g e trans -

fomiatio n application) ,  i t  i s  read y fo r  integratio n int o th e 

integrate d k n o w l e d g e base . 

3 J K n o w l e d g e integratio n 

We defin e k n o w l e d g e integratio n a s th e operatio n o f  merg in g 

t w o differen t  piece s o f  k n o w l e d g e t o fo r m a  uniqu e an d 

coheren t  k n o w l e d g e base . 

T h e m a i n requirement s fo r  k n o w l e d g e integratio n ar e tha t 

th e semantic s o f  piece s o f  k n o w l e d g e t o b e integrate d b e 

preserve d a n d tha t  s o m e qualit y criteri a b e fulfilled .  Thi s 

requiremen t  m e a n s tha t  i f  t w o K A tool s ar e t o us e th e s a m e 

piec e o f  k n o w l e d g e (refe r  t o a n uniqu e objec t  i n th e rea l 

world) ,  i t  shoul d hav e Ui e s a m e m e a n i n g withi n eac h too l 

framework. 

y/ithi n K E W ,  w e hav e tackle d thi s requiremen t  b y designin g 

a n algorith m fo r  integratio n [4] .  T h e algorith m involve s fou r 

steps : 

• Ordering: Ordering the knowledge pieces into an inte-

gratio n order ; 

•  Recognit ion :  Identificatio n o f  th e k n o w l e d g e i n th e initia l 

bas e relevan t  t o th e k n o w l e d g e t o b e integrated : 

•  Elaborat ion :  Modificatio n o f  th e n e w k n o w l e d g e accord -

in g t o expectation s provide d b y relevan t  k n o w l e d g e i n th e 

KB; 

•  Adaptation :  Modificatio n o f  di e knowledg e bas e t o ac -

commodate th e elaborate d information . 

4 Relation to other work 

The KBS development process can be looked at from three 

viewpoints :  activity-oriented ,  result-oriente d an d interna l 

view .  Thes e view s enlighte n particula r  aspect s o f  th e proces s 

tha t  mus t  b e considere d fo r  buildin g a  suppor t  too l  [2] . 

The activity-oriente d vie w i s simila r  t o th e K B S life-cycl e 

view .  Th e KB S developmen t  proces s appear s a s a  se t  o f  ac -

tivities  ordere d i n time .  Example s o f  suc h activitie s  are :  tas k 

analysis ,  stati c domai n analysis ,  expertis e modelin g o r  targe t 

knowledg e bas e construction .  Activitie s giv e a  macroscopi c 

vie w o f  th e knowledg e engineerin g process . 

Activit y suppor t  tool s ar e dedicate d t o on e o r  mor e activi -

ties.  Exper t  syste m buildin g tool s suc h a s KEE ,  A R T [6 ]  o r 

Knowledge-Craf t  [7 ]  belon g t o thi s clas s o f  tools .  Obviously , 

al l  th e tool s supportin g a  K B S developmen t  methodolog y ar e 

als o activit y suppor t  tool s  (e.g .  K P T [8 ]  an d mor e recentl y 

Shelle y [9 ]  boti i  supportin g th e K A D S metiiodolog y [10]) . 

K EW cover s di e activity-oriente d vie w becaus e i t  give s 

globa l  guideline s fo r  stiiicturin g th e K B S developmen t 

process .  I t  provide s tiie  knowledg e enginee r  witi i  advic e o n 

whic h activitie s ar e t o b e performe d an d i n whic h order .  I t 

als o indicate s whic h technique s ar e availabl e fo r  achievin g 

a particula r  activity . 

The result-oriente d vie w i s concerne d wit h th e result s t o b e 

achieve d durin g th e developmen t  process .  Lexicon ,  concep -

tua l  mode l  o r  knowledg e bas e ar e example s o f  suc h results . 

I n thi s view ,  w e ar e mainl y concer n wid i  th e content s an d 
representatio n o f  thes e results .  Indeed ,  th e sam e resul t  ca n 

be represente d i n differen t  ways .  Fo r  instance ,  a  knowledg e 

base ma y b e represente d witi i  rules ,  classificatio n ti-ees  o r 

logica l  expressions . 

Model/resul t  drive n tool s guid e th e use r  wid i  model s o f  di e 

result s t o b e obtaine d i n th e K B S development .  Teiresia s 

[11] ,  Roge t  [12] ,  Opa l  [13 ]  o x Mol e [14 ]  belon g t o Uii s clas s 

of  tools .  Fo r  instance ,  th e mode l  o f  rule s t o b e obtaine d a t 

di e implementatio n leve l  i s  know n i n Teiresias . 

I n K E W,  di e result-oriente d vie w i s use d a s th e basi s fo r 

representation s tha t  K E W ha s t o maintai n durin g th e K A 

process .  I n particular ,  K E W i s equippe d witi i  model s o f 

result s tha t  shoul d b e achieve d durin g certai n stage s o f  th e 

K BS developmen t 
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The internal view is a microscopic view of the process in 

th e sens e tha t  i t  s h o w s it s  interna l  structure .  I t  highlight s 

th e elementar y task s tha t  compos e th e globa l  proces s an d 

h o w the y interac t  i n orde r  t o achiev e activitie s an d results . 

Example s o f  suc h task s ar e vocabular y construction ,  concep t 

editin g irrferenc e modeling . 

Intelligen t  suppor t  tool s us e som e knowledg e abou t  th e 

knowledg e engineerin g intana l  proces s itsel f  an d ar e abl e 

t o perfor m part s o f  tha t  proces s autonomously .  Bli p [15] , 

Aquina s [16 ]  o r  P R O T OS [17 ]  belon g t o thi s category .  Fo r 

instance ,  Bli p provide s suppor t  b y usin g knowledg e abou t 

generalizatio n an d integratio n processe s i n K B construction . 

F ro m thi s interna l  view ,  th e K A proces s ca n b e spli t  int o ele -

mentar y task s tha t  allo w th e identificatio n o f  th e appropriat e 

K E W component s t o b e activate d 

Figur e 5  show s a  summar y o f  th e mentione d tool s classifica -

tion.Th e originalit y o f  K E W i s tha t  i t  i s base d o n a  synthesi s 

of  th e K A proces s views .  Thi s  i s a  goo d groun d fo r  obtainin g 

a mor e complet e an d generi c workbench . 

5 Applications 

In our project, we are testing and validating our KEW on 

severa l  applications .  W e hav e chose n rea l  lif e application s 

i n orde r  t o mak e a  valuabl e evaluatio n o f  ou r  K E W. 

5. 1 Simpl e application s 

We first investigated the area with several "simple" applica-

tions ,  i n orde r  t o provid e dat a fo r  testin g ou r  first  prototype . 

Thi s first  prototyp e wa s a  collectio n o f  K A tool s ruimin g i n 

th e sam e environmen t  bu t  withou t  an y integratio n (leve l  2 

of  sectio n 2.2) . 

Differen t  partner s provide d th e consortiu m wit h suc h ̂ plica -

tions .  W e hav e worke d o n variou s domain s suc h a s analysi s 

of  meta l  fracture ,  objec t  recognitio n an d th e 'Tomat o Plan t 

Patholog y domain "  [18] . 

T h e analysi s o f  fractur e damage s i n stee l  construction s i s 

use d fo r  instanc e i n shippin g wher e ther e i s a  wid e rang e o f 

equipmen t  pron e t o suc h failures . 

D ue t o it s laig e se t  o f  cases ,  th e applicatio n o n recognitio n 

of  object s (vi z cars/truck s etc. )  i n 2 D image s wa s especiall y 

suitabl e fo r  th e machin e learnin g componen t  o f  th e K E W. 

Th e diversit y o f  thes e application s gav e u s a  clea r  ide a o f  th e 

kin d o f  dat a usuall y availabl e t o th e Knowledg e Engineer . 

5. 2 T h e telecommunicatio n networ k failur e applicatio n 

The application that is being used throughout the project is 

mor e complex .  I t  deal s wit h th e Spanis h Dat a Conununica -

tion s networ k [19] .  Th e final  K B syste m mus t  assis t  th e 

operator s i n initiatin g correctiv e action s whe n networ k 

anomalie s occur .  Fo r  makin g suc h decisions ,  th e operator s 

usuall y us e networ k diagnosti c aid s an d tools . 

Th e operator s ar e i n charg e o f  ensurin g goo d networ k effi -

cienc y a t  al l  times .  Thi s proble m i s difficul t  becaus e opera -

tiona l  procedure s ar e complicate d an d case s ofte n aris e whic h 

ar e no t  completel y describe d i n th e manuals .  Furthermore , 

m o d em telecommunication s network s ar e increasin g i n com -

plexity .  Effectiv e maintenanc e thu s require s assimilatio n o f 

vas t  amount s o f  operatio n an d maintenanc e knowledge . 

Thi s appUcatio n ofte n guide d th e specification s o f  ou r  final 

K E W.  Fo r  example ,  th e lis t  o f  tool s t o b e incorporate d i n th e 

K E W wa s draw n u p fro m thi s applicatio n requirements . 

5 3 T h e Shi p Bridg e appUcatio n 

A new application is going to be implemented during the last 

yea r  o f  th e project .  Th e are a w e hav e selecte d i s ne w withi n 

classificatio n o f  shi p an d deal s wit h bridg e design .  Th e rule s 

fo r  thi s classificatio n ar e aime d a t  verifyin g th e desig n o f  a 

shi p bridg e i n orde r  t o faciUtat e th e shipmaster' s wor k an d 

thereb y mak e th e shi p movement s a s saf e a s possible . 

Ther e exist s onl y a  handfu l  o f  expert s i n th e are a o f  bridg e 

design ,  an d the y spen d muc h o f  thei r  tim e travelin g aroun d 

th e world ,  teachin g loca l  surveyor s h o w t o us e th e ne w rules . 

Thi s  i s bot h a  tediou s jo b fo r  th e expert s an d quit e expensiv e 

fo r  th e company .  I f  a  compute r  coul d d o a t  leas t  part s o f 

thi s job ,  i t  woul d b e a  majo r  achievement . 

Th e rule s fo r  bridg e desig n ar e implemente d a s a n electroni c 

rulebook .  Thes e rule s ca n b e use d a s a  skeleto n fo r  addin g 

ne w knowledge ,  and/o r  b e th e objec t  o f  improvemen t  itself . 

Thi s appUcatio n wil l  thu s b e a  ver y goo d testbe d fo r  th e 

behavio r  o f  K E W i n th e refinemen t  phase . 

6 Status of work and conclusion 

Viewin g K A a s a n incrementa l  constructio n proces s base d o n 

variou s elementar y task s an d intermediat e result s allow s u s 

t o desig n a  knowledg e enginemn g workbenc h tha t  activel y 

support s knowledg e engineers . 

K E W i s muc h mor e tha n a  simpl e too l  bo x tha t  allow s th e 

executio n o f  a  collectio n o f  K A techniques .  K E W provide s 

suppor t  fo r  variou s integratio n mechanism s tha t  allo w a n 

effectiv e combinatio n o f  th e tools :  storag e an d representation 

of  acquire d knowledge ,  translatio n an d integratio n facilitie s 

fo r  partia l  result s obtaine d wit h differen t  tools ,  advic e an d 

guidanc e fo r  th e selectio n o f  technique s takin g int o accoun t 
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bot h applicabilit y  an d purpos e o f  K A techniques ,  a s wel l  a s 

advic e fo r  schedulin g K A tasks . 

Fro m wha t  w e hav e alread y achieved ,  w e believ e tha t  ou r 

£^proac h t o th e proble m i s viabl e an d tha t  th e mai n func -

tionalitie s o f  th e K E W ca n b e implemente d shortly . 

Currentl y th e projec t  i s  a t  mid-course .  Unti l  now ,  w e hav e 

devote d mos t  o f  ou r  effor t  t o th e conceptua l  framewor k an d t o 

th e developmen t  o f  tw o prototype s writte n i n Su n C o m m on 

Lis p [20] .  Th e first  gather s som e K A technique s withou t 

integratio n o f  knowledge .  Th e secon d ha s allowe d u s t o tes t 

some o f  th e K A transformation s tha t  w e inten d t o perfor m i n 

th e final  K E W.  Simultaneousl y w e hav e analyze d a  larg e 

rang e o f  existin g K A technique s [21] .  Th e difficul t  par t 

of  ou r  projec t  remain s th e "Advic e an d Guidanc e module" . 

Most  o f  th e knowledg e neede d o n th e applicabilit y  o r  efficac y 

of  tool s i s stil l  t o b e acquired .  Evaluatio n wor k i s therefor e 

goin g o n fo r  thi s purpose .  W e hav e recentl y delivere d th e 

functiona l  specification s o f  th e final  K E W t o th e C E C .  Thi s 

final  K E W wil l  b e demonstrate d i n Octobe r  9 1 a t  E S P R I T 

Conference ,  i n Brussels . 
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