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Q U A LI T A TI V E  K N O W L E D GE  A C Q UI SI TI ON  U SI NG

F U Z Z Y  L O GIC  A ND  S Y S T EM  D Y N A M I CS

R af a e l Er n esto  B o ur g u et Dí az

I T E SM  C a m p us M o nt err e y, M ay  2 0 0 3.

A bst r a c t

B u si n e s s m o d els b a s ed  on  k n o wl e d ge  h a ve  i n cr e as ed  t he  d e m a nd  f or t o ols to  a c q uire  a nd

r e pr es e nt t his i nt a n gi ble  ass et of or g a ni z ati o ns in  c o m p ut er- b as ed  s yst e ms. Q u alit ati ve  k n o wl e d ge

is t he  k n o wl e d ge  c o nt ai n ed  in  m e nt al m o d els, in  t he  " b a ck  of o ur h e a d s ". T he  pr o bl em  is h ow  to

a c q uir e  it w h en  m a ny  of t he  ti m es t he  o w n er is n ot e v en  a w are  of it. T he  iss ue  b e c o m es

c h all e n gi n g  w h en  t he  k n o wl e d ge  is a b o ut d y n a mi cs of c o m pl ex  s yst e ms, t h at is, h ow  o ur s o ci al,

f m a n ci al, t e c h n ol o gi c al a nd  e c ol o gi c al s yst e ms  e v ol ve  t hr o u gh  ti m e.

T hi s r es e ar ch  pr o p o s es  a m et h od  to  c arry  o ut q u alit ati ve  k n o wl e d ge  a c q ui siti on  of d y n a mi cs

o f c o nti n u os c o m pl ex  s y st e ms  u si ng  F u z zy  L o gic  a nd  S yst em  D y n a mi cs. T he  m et h od  h ol ds a

diff er e n t a p pr o a ch  o v er e xi sti ng  m et h o ds by  ( 1) j oi ni ng  b oth  t e c h ni q u es a nd  ( 2) usi ng  F u z zy

L o gi c  as m a p pi ng  f u n cti on  t h at tr a nsf or ms i nf or m ati on  i nto  a cti o n, i nst e ad  of a f u n cti on  f or

m a n a gi n g  p ar a m et er v al ué  u n c ert ai nt y. T he  f o c us is t o w ard  t he  m o d eli ng  of m e nt al m o d els of

d e ci si o n- m a k er s a nd  p oli cy  m a k ers in  a c o nt e xt of b u si n e ss a d mi ni str ati o n. T he  t e c h ni c al iss ue  is

t he  k n o wl e d ge  a c q ui siti on  w h en  s c ar ce  or n o n- n u m eri c al d ata  are  a v ail a ble  a nd  o nly  i n di vi d u al or

c oll e cti v e  m e nt al m o d els are  t he  i nf or m ati on  s o ur c es. T he  m et h od  pr o p os es t he  c o nstr u cti on  of a

m o d e l c o m pris ed  by  t wo  s u bs yst e ms: a virt u al d e cisi o n- m a k er a nd  a b u si n e ss pr o c e s s.

T h e  m et h od  is a p pli ed  in  a c o nt e xt of a h ot el a d mi ni str ati on  with  t he  p arti ci p ati on  of a

c oll a b or ati v e  t e am  of t hr ee  p ers o ns. Si m ul ati on  r es ults are  a n al y z ed  a nd  dis c uss ed  u n d er

pri n ci pi e s of f e e d b a ck  d y n a mic  s yst e ms to  v alí d ate  t he  m et h o d.
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A c k n o wl e d g m e nt s

T h e  d e v el o p m e nt of t his w ork  w as p ossi ble  by  t he  c o ntri b uti on  of m a ny  p e o pl e. I w a nt to

e x pli citl y  t h a nk  t h em  t hr o u gh  t his p a g e. Firstl y, t h a n ks all f or y o ur fri e n ds hi p.

Dr . R o g elio  S ot o, t h ere  h ad  n ot h ad  a b e gi n ni ng  ñ or an  e nd  of t his r es e ar ch  wit h o ut y o ur

c o m pr e h e nsi o n , s u p p ort, m oti v ati o n, e x p eri e n c e, a nd  s p e ci ally  y o ur tr ust on  m e. Dr. R osa  M aría

S á n c h e z , f or y o ur s u p p ort in  y o ur or g a ni z ati on  to  c arry  o ut p art of t his r es e ar c h, f or y o ur v al u a ble

t al ks a b o ut t he  c h all e n g es to  be  an  eff e cti ve m a n a g er. Dr. C e cilia  T e m p o ni, f or t e a c hi ng  me  h ow

to  c arry  o ut s eri o us r es e ar c h. Dr. M art ha  C orr al es, f or h el pi ng  me  to  u n d erst a nd  t he  r el e v a n ce  of

t he  I nf or m ati on  T e c h n ol o gy  a nd  S yst e ms T hi n ki ng  i nto  c urr e nt or g a ni z ati o ns, b uil di ng  bl o ck  f or

t his r es e ar c h. Dr. H or a cio  M artí n ez  a nd  Dr. H u go  T er as hi m a, as pr esi d e nts of t his c o m mitt e e, f or

y o u r v al u a ble  f e e d b a c k, s u g g esti o ns, a nd  s u p p ort.

Dr . C arl os N ar v á e z, f or t he  o p p ort u nity  of b ei ng  p art of y o ur t e am  of t e a c h er assist a nts a nd

h el p  me  to  g et t he  fi n a n ci al aid  f or my  d o ct or al st u di es. It w as a pri vil e ge  to  c oll a b or ate  at t he

o utst a n di n g  l a b or at ori es of C o ntr ol E n gi n e eri n g. Dr. Fr a n cis co  C a nt ú, s p e ci ally  f or t he  fi n a n ci al

s u p p ort in  t uiti on  t h at all o w ed  me  to  c o nti n ué  my  st u di es in  t he  s e c o nd  s e m est er, t he  visit to

T A M U , h elp  to  g et t he  fí n a n ci al aid  f or my  d o ct or al st u di es, a nd  also  f or t he  c o urse  on  Artifi ci al

I nt elli g e n c e. Dr. R osa  M aría  S á n c h e z, f or p artí ais fí n a n ci al s u p p ort d uri ng  t he  e x p eri m e nt ati on

p eri o d  in  y o ur or g a ni z ati on  in  my  s e c o nd  y e ar of st u di es t h at all o w ed  me  to  p ay  pr e vi o us

o bli g ati o ns .

Dr a . R o x a na  C ár d e n as, f or t he  i n vit ati on  to  t e a ch  S yst em  D y n a mi cs at I T E SM  a nd  ti me

pr o vi d e d  to  e nd  t his r es e ar c h. I n g. J u an  Hi n oj os a, US  D e p art m e nt Dir e ct or, f or t he  fí n a n ci al

s u p p ort to  e x p ose  t he  r es e ar ch  r es ults at t he  I nt er n ati o n al S yst em  D y n a mi cs C o n gr ess at It aly  in

2 0 0 2 .

Á n g el e s a nd  N or a, my  t wo  cl ass m at es with  w h om  I st art ed  t his a d v e nt ure  of t he  d o ct or al

st u di es, f or y o ur h a p pi n ess a nd  u n c o n diti o n ally  s u p p ort. J osé  L uis Al at orre  a nd  Ar m a n do  P ér e z,

p art n er s of t he  m o d eli ng  pr o c ess, f or y o ur s p e ci al fri e n ds hi p, e x p eri e n c e, a nd  k n o wl e d ge  s h ar ed

in  t his w or k. L ety  a nd  D oris fr om  t he  C e nt er f or I nt elli g e nt S yst e ms, f or all y o ur att e nti o ns a nd

h el p  d uri ng  all t h ese  y e ars.

I n g. Fr a n cis co  P al o m er a, Dr. J or ge  Li m ó n, Dr. A nt o nio  F a v el a, a nd  l a b m at es S er gio  Uri b e,

S er gi o  R a mír e z, Alfr e do  G as p ar, R a miro  Tij eri n a, S hi a na  T e a, F er n a n do  V all es, Y ol a n da
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S á n c h es , El vira  Ni ñ o, A m p ar o, P e dro  S á n c h e z, A na  G a bri el a, J es ús M o n c a y o, a nd  M ario  R e ci o,

f or y o ur e n c o ur a gi ng  attit u d es a nd  t e a c hi n g/l e a mi ng  a b o ut f e e d b a ck  s yst e ms.

Dr . C arl os S c h e el, I n g. E d u ar do  G o n z ál e z, I n g. Gl oria  P ér e z, a nd  Dr. J a vi er C arrill o, f or

b ei n g  my  t e a c h ers a nd  u n c o n diti o n ally  h el pi ng  me  to  l e arn  t he  pri n ci pi es of S yst em  D y n a mi cs

a n d  K n o wl e d ge  t h at y ou  m ast er.

I T E SM  C a m p us M o nt err ey  a nd  C O N A C y T, f or gi vi ng  me  t he  o p p ort u nity  to  cr é at e, s h ar e,

a n d  r e c ei ve  k n o wl e d g e.
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C h a pt e r  1

I nt r o d u cti o n

" T h e  p o siti v e si d e is t h at if a h u m a n c a n s ol v e a

p r o bl e m  or e n g a g e i n s o m e i nt elli g e nt a cti vit y,

t h e n m a c hi n es c a n ulti m at el y b e c o nstr u ct e d t o

p erf or m  in  t he  s a m e w a y. "- P ositi ve  si de  of t he

C h ur c h- T uri n g  t h esis a nd  c e ntr al t h e sis of t he  AI

m o v e m e nt .

( K ur z w eil, 1 9 9 2, 1 1 7.)

C a n  m a c hi n es m a k e d e cisi o ns

o n  c o m pl e x s yst e ms (s o ci al s yst e ms) ?

1. 1  T he  P r o bl e m: Q u alit ati ve  K n o wl e d ge  A c q uisiti on

Q u alit ati v e  k n o wl e d ge  is  t he  s oft est p art in  h u m an  or g a ni z ati o ns  a nd  t he  h ar d est p art to  m a n a g e.

It is t he  k n o wl e d ge  g at h er ed  by  e x p eri e n ce  w hi ch  m ost of t he  ti m es is n ot r e gist er ed  in  p a p ers, or

d at a b a s e s or ot h er st or a ge  m e di a. It is j u st c o nt ai n ed  in  o ur m e nt al m o d el s, in  t he  " b a ck  of o ur

h e a d s "  ( Lj u ng  a nd  Gl a d, 1 9 9 4, 1 5.)

T h e  pr o bl em  is h ow  to  a c q uire  t his k n o wl e d ge  t h at in  m a ny  of t he  ti m es t he  o w n er is n ot e v en

a w ar e  of it. T he  i s s ue  b e c o m es m ore  c h all e n gi ng  w h en  t he  k n o wl e d ge  is a b o ut d y n a mi cs of

c o m pl e x  s yst e ms, t h at is, h ow  o ur s o ci al, fi n a n ci al, t e c h n ol o gi c al a nd  e c ol o gi c al s yst e ms e v ol ve

t hr o u gh  ti me  ( B o ur g u et a nd  S ot o, 2 0 0 0, 3 0 3.) S oft l a ws s e em  to  r e g úl ate  t h eir b e h a vi or a c c or di ng

o u r p er c e pti o n s.
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1. 1. 1  P r o bl em  F o r m ul ati on

1. 1. 1. 1   O bj e cti ve

T h e  o bj e cti ve  of t his r es e ar ch  is to  d e v el op  a m et h o d- b as ed  on  F u z zy  L o gic  a nd  S yst em

D y n a mi c s t h at s u p p ort t he  pr o c ess of Q u alit ati ve  K n o wl e d ge  A c q ui siti on  a b o ut d y n a mi cs of

c o nti n u o s c o m pl ex  s yst e ms.

1. 1. 1. 2   F o c us

T h e  f o c us is t o w ard  t he  m o d eli ng  a nd  si m ul ati on  of p oli c y m a k er s' m e nt al m o d els on  s o ci o-

t e c h ni c al- e c o n o mic  s yst e ms.

T h e  t e c h ni c al iss ue  is t he  pr o c ess of t he  K n o wl e d ge  A c q uisiti on  of d y n a mic  c o m pl ex  s yst e ms

w h e n  s c ar ce  or n o n- n u m eri c al d ata  are  a v ail a ble  a nd  j u st i n di vi d u al or c oll e cti ve  m e nt al m o d els

ar e  t he  i nf or m ati on  s o ur c es.

1. 1. 1. 3   R es e a r ch  Q u esti o ns

T w o  r es e ar ch  q u esti o ns are  f or m ul at e d:

1 . B as ed  on  F u z zy  L o gic  a nd  S yst em  D y n a mi cs, h ow  to  eli cit u n c ert ai n, i n c o m pl et e, a nd

q u alit ati v e  k n o wl e d ge  of t he  d y n a mi cs of c o m pl ex  s yst e ms a nd  g etti ng  it i nto  a m o d el f or

c o m p ut er- b as e d  si m ul ati o n?

2 . W h en  is a d e q u ate  to  use  F u z zy  L o gic  i nto  S yst em  D y n a mi cs to  r e pr es e nt d y n a mic

c o m pl e xit y ?

1. 1. 1. 4   R es e a r ch  J ustifl c ati on

T h e o r eti c a l V al u é: As so  f ar to  t he  a ut h or's k n o wl e d g e, t h ere  is o nly  o ne  p u blis h ed  w ork  by

( T ess em  a nd  D a vi ds e n, 1 9 9 4) in  t he  lit er at ure  t h at e x pl ore  t he  use  a nd  b e n efits of w or ki ng

si m ult a n e o usl y  F u z zy  L o gic  a nd  S yst em  D y n a mi cs ( B o ur g u et a nd  S ot o, 2 0 0 2.) T he  diff er e n ce

b et w e e n  t his r es e ar ch  a nd  t he  pr e vi o us o ne  is t he  use  of F u z zy  L o gic  to  r e pr es e nt p oli ci es or r ul es

to  m a ke  d e cisi o ns i nst e ad  of t he  use  of f u z zy  n u m b ers as alt er n ati ve  to  pr o b a bilistic  m et h o ds f or

h a n dli n g  u n c ert ai nty  a nd  v a g u e n ess in  p ar a m et er v al ú es. T he  arti cle  of 1 9 94  is p er c ei v ed  by  t his

r es e ar ch  as a v al u a ble  pi e ce  of k n o wl e d ge  b ut with  an  u n d esir ed  c oll at er al eff e ct in  t he

c o m m u nit y  of S yst em  D y n a mi cs: a l ost of i nt er est f or usi ng  F u z zy  L o gic  in  t he  c o nstr u cti on  of

si m ul ati o n  m o d els.
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C o n v e ni e n c e : T he  r es e ar ch  pr et e n ds to  cl arify  w h en  F u z zy  L o gic  is a d e q u ate  to  use  in

S yst e m  D y n a mi cs m o d els d uri ng  a pr o c ess of k n o wl e d ge  a c q uisiti o n. A pri me  c o n v e ni e n ce  is to

tr a nsf er s o me  of t he  b e n efits t h at F u z zy  L o gic  h as br o u g ht to  t he  ár ea  of c o ntr ol s yst e ms by

r e pr e s e nti ng  q u alit ati ve  k n o wl e d ge  of h u m an  o p er at ors in  p h y si c al s yst e ms to  t he  di s ci pli ne  of

S yst e m  D y n a mi cs by  r e pr e s e nti ng  p oli ci es of d e ci si o n- m a k ers in  b u si n e ss a nd  a d mi nistr ati on

s yst e ms .

M et h o d ol o g y  v al u é: T his  r e s e ar ch  pr o p os es  an  ori gi n al m et h od  by  i nt e gr ati ng  m et h o ds of

t hr ee  m ain  di s ci pli n es of k n o wl e d g e: F e e d b a ck  S yst e ms (fr om  C o ntr ol E n gi n e eri n g), F u z zy  L o gic

(fr om  Artifi ci al I nt elli g e n c e) a nd  S yst em  D y n a mi cs (fr om  B usi n ess a nd  A d mi nistr ati o n).

1. 1. 2  M oti v ati on  a nd  B a c k g r o u nd

T h e  m oti v ati on  of mis eff ort is t he  s e ar ch  of a m et h od  to  h elp  or g a ni z ati o ns to  eli cit a nd

r e pr e s e nt t h eir q u alit ati ve  k n o wl e d ge  by  u si ng  i nt elli g e nt s yst e ms. S o ur c es of k n o wl e d ge  are  t he

m e nt a l m o d els of d e ci si o n- m a k ers a nd  p oli c y m a k ers. T he  m et h od  s h o uld  a d dr ess t he  k n o wl e d ge

a c q ui siti o n  " b ottl e n e c k"  pr o bl em  d es cri b ed  in  S e cti on  2. 1. 2.

O n c e  t his k n o wl e d ge  is e x pli citly  a v ail a bl e, t he  or g a ni z ati o ns m ay  d e ci de  to  use  it to

a c c el er at e  t h eir l e ar ni ng  pr o c ess es on  c o m pl ex  e n vir o n m e nt s. F or i n st a n c e, by  pr a cti ci ng  d e ci si ón

m a ki n g  in  si m ul at ed  s c e n ari os with  hi gh  d e gr ee  of u n c ert ai nty  a nd  ri s k.

D e cisi o n- m a k er s a nd  p oli c y m a k ers  are  r e s p o n si ble  of m ai nt ai ni ng  u n d er s ust ai n a ble  c o ntr ol

b e h a vi or s of i n d u stri al, r ur al, a nd  ur b an  s yst e ms in  an  u n c ert ain  e n vir o n m e nt. T his e n vir o n m e nt is

c h a n gi n g  a m a zi n gly  f ast a nd  b e c o mi ng  m ore  c o m pl ex  at e v ery  m o m e nt. T h ey  h a ve  to  l e arn  m a ny

ti m es by  e x p eri e n ce  (tri al a nd  err or) with  p ers o ns, m o n ey  a nd  e c ol o gi c al c o ns e q u e n c es. B ei ng

i nt elli g e nt t h ey  r e c o g ni ze  a nd  f e ar t he  c o n s e q u e n c e s. T he  r es ult is t h ey  l e arn  a l ot l e ss  a nd  sl o w er

m a n  t h ey  w o uld  u n d er ot h er cir c u m st a n c es ( M or e cr oft a nd  St er m a n. 1 9 9 4). L ess o ns fr om

e n gi n e er s with  si m ul at ors of n u cl e ar p o w er pl a nt s, c h e mi c al pl a nt s, air pl a n es h a ve  s h o w ed  t he

p o w e r of t he  si m ul at ors f or l e ar ni ng  a nd  d e si g ni ng  p ur p os es. T he  pr o c ess of l e a mi ng  is

a c c el er at e d  w h en  t he  f e ar of m a ki ng  mist a k es in  t h ese  artifi ci al e n vir o n m e nts is eli mi n at e d.
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1. 1. 3  K n o wl e d ge  A c q ui siti on

T h e  pr o c ess es of k n o wl e d ge  a c q uisiti o n, k n o wl e d ge  r e pr es e nt ati on  a nd  t he  m et h od  of i nf erri ng

d e cisi ó n  r ul es are  t he  f u n d a m e nt al iss u es in  t he  d esi gn  a nd  d e v el o p m e nt of i nt elli g e nt s yst e ms.

B y  its o wn  si d e, k n o wl e d ge  a c q uisiti on  h as pr o v ed  to  be  o ne  of t he  gr e at est c h all e n g es in  t h ese

d e v el o p m e nts . It i n v ol v es a " k n o wl e d ge  e n gi n e er"  i nt er vi e wi ng  t he  a p pr o pri ate  h u m an  e x p erts

a n d  lit er ally  writi ng  d o wn  with  a c o m p ut er l a n g u a ge  all of t he  r el e v a nt k n o wl e d ge  a nd  d e cisi o n-

m a ki n g  r ul es us ed  by  t he  h u m an  e x p ert ( K ur z w eil, 1 9 9 2, 2 1 1.)

K n o wl e d g e  a c q uisiti on  is m ai nly  i d e ntifí ed  as a p h ase  in  t he  pr o c ess to  b uild  k n o wl e d g e-

b as e d  s yst e ms in  Artifi ci al I nt elli g e n ce  ( AI). H o w e v er, it is also  f o u nd  in  t he  pr o c ess es of

c o nstr u cti n g  k n o wl e d g e- b as ed  c o ntr ol s yst e ms a nd  si m ul ati on  m o d el of q u alit ati ve  k n o wl e d ge  in

S yst e m  D y n a mi cs.

T h e  pr o c ess of k n o wl e d ge  a c q uisiti on  i n v ol v es t wo  a cti viti es: ( 1) i d e ntif yi ng  a nd  eli citi ng

r el e v a nt t e c h ni c al k n o wl e d g e, a nd  ( 2) r e gist eri ng  a nd  g etti ng  it i nto  c o m p ut a ble  f orm  so  it c an  be

us e d  to  s ol ve  a pr o bl em  ( G o n z ál ez  a nd  D a n k el, 1 9 9 3, 3 4 8.)

U n d e r t his c o nt e xt, t he  i nt er est of t his r es e ar ch  b el o n gs to  eff orts of k n o wl e d ge  a c q uisiti on

w h er e :

• I nt er n al m o d els f or si m ul ati on  are  r e q uir e d.

• T h ere  is no  d at a, c as es or tr ai ni ng  p att er ns a v ail a ble  f or m a c hi ne  l e ar ni ng  m et h o ds.

• T he  d o m ain  e x p erts are  d e cisi o n- m a k ers fr om  b usi n ess a nd  a d mi nistr ati o n.

O n e  of t he  pr o bl e ms is to  c oll e ct t he  e n o u gh  v ol u me  of i nf or m ati on  a nd  r ul es i n v ol v e d, b ut

a n ot h e r a nd  bi g g er o n e, as ( K ur z w eil, 1 9 9 2, 2 1 1) st at es, is "t h at w hile  h u m a ns e x p erts are  c a p a ble

o f s ol vi ng  pr o bl e ms wit hin  t h eir d o m ai ns of e x p ertis e, t h ey  g e n er ally  do  n ot k n ow  h ow  t h ey

a c c o m plis h  t h ese  t as ks. T he  s kill r e q uir ed  of t he  k n o wl e d ge  e n gi n e er is to  be  a ble  to  e xtr a ct t he

d e cisi o n- m a ki n g  pr o c ess fr om  t he  d o m ain  e x p erts d es pite  t h eir n ot b ei ng  a w are  of m an  el e m e nts

o f t his pr o c ess."

O n e  of t he  c h all e n g es in  t he  pr o c ess is fí n di ng  a s o ur ce  of e x p ertise  or k n o wl e d g e. T he  b est

a n d  m ost e x p eri e n c ed  d o m ain  p ers o ns are  g e n er ally  r u n ni ng  o ut of ti me  a nd  do  n ot h a ve  m u ch

ti me  f or p arti ci p ati ng  as n e c ess ary  f or t he  c o nstr u cti on  of t he  s yst e m. A d diti o n all y, in  c o m pl ex

s yst e ms w h ere  m a ny  p ers p e cti v es of t he  s a me  sit u ati on  are  i n v ol v e d, m últi ple  e x p erts e q u ally

s kill ed  in  t he  s a me  fi eld  dis a gr ee  on  h ow  to  do  t he  j o b.



C h a pt er  1. I ntr o d u cti o n 5

1. 1. 4  T he  D o m ain

T h e  d o m am  is t he  c o m p ut er- b as ed  si m ul ati on  of d e cisi o n- m a ki ng  pr o c ess in  m a n a g e m e nt.

M a n a g e m e n t is t he  pr o c ess of all o c ati ng  p e o pl e, m o n ey  a nd  t e c h n ol o gy  to  att ain  b usi n ess g o als in

a n  or g a ni z ar on  t hr o u gh  t he  c o n v ersi ón  of i nf or m ati on  i nto  a cti o n.

T h e  c o n v ersi ón  of i nf or m ati on  i nto  a cti on  is c all ed  d e cisi o n- m a ki ng  ( F orr est er, 1 9 9 4).

1. 1. 4. 1   D e ci si o n- m a ki ng  p r o c ess

T hr e e  p arts f orm  t he  d e cisi ón  m a ki ng  pr o c ess ( F orr est er, 1 9 9 4, 5 1): ( 1) f or m ul ati on  of a s et of

d esir e d  c o n diti o ns, ( 2) o bs er v ati on  of t he  c urr e nt p er c ei v ed  c o n diti o ns, a nd  ( 3) g e n er ati on  of

c orr e cti v e  a cti o ns to  r e d u ce  g a ps a m o ng  d esir ed  a nd  p er c ei v ed  c o n diti o ns. T his t hird  p art,

g e n er ati o n  of c orr e cti ve  a cti o ns is f or m ed  as w ell by  t hr ee  p h as es in  t he  pr o c ess  ( Si m ó n, 1 9 6 0):

( 1) i nt elli g e n c e, ( 2) d esi g n, a nd  ( 3) s el e cti o n. T h ey  r es p e cti v ely  r ef er to  t he  a cti viti es of

di a g n osti c , g e n er ati on  of alt er n ati v es, a nd  s el e cti on  of t he  alt er n ati ve  to  be  i m pl e m e nt e d. T he

t hr ee  p h as es c an  be  s yst e m ati c ally  a p pli e d, f oll o wi ng  s e v en  st e ps us ed  in  t he  C ase  T e a c hi ng

M et h o d  ( M a uff ett e- L e e n d ers, Ers ki n e, a nd  L e e n d ers, 2 0 0 1, 3 4). T h ey  ar e: ( 1) d efi ne  t he  iss u e,

( 2) a n al y ze  t he  c ase  d at a, ( 3) g e n ér ate  alt er n ati v es, ( 4) s el e ct d e cisi ón  crit eri a, ( 5) a n al y ze  a nd

e v al ú at e  alt er n ati v es, ( 6) s el e ct pr ef err ed  alt er n ati v e, a nd  ( 7) d e v el op  an  a cti on  a nd

i m pl e m e nt ati on  pl a n.

Si n c e  m a n a g ers are  w ho  c o n v ert i nf or m ati on  i nto  a cti on  - m a ke  d e cisi o ns- t h en  s u c c essf ul

m a n a g e m e n t d e p e n ds  on  t he  eff e cti ve  s el e cti on  of i nf or m ati on  a nd  e x e c uti on  of t he  c o n v ersi ó n.

In  c o m p ut er- b as ed  si m ul ati o n, m a n a g ers are  m o d el ed  as i nf or m ati on  c o n v ert ers  t h at tr a nsf orm

fl ow  of i nf or m ati on  i nto  str e am  of d e cisi o ns t h at c o ntr ol a cti o ns wit hin  an  or g a ni z ati on  ( Si m ón

1 9 7 6 , cit ed  in  F orr est er 1 9 9 4).

F e e d b a c k  l o o ps  are  t he  str u ct ur es t h at c o ntr ol c h a n ge  in  e v ery  s yst e m. I nf or m ati o n, d e cisi o n-

m a ki n g , a nd  a cti on  are  str u ct ur ed  in  a f e e d b a ck  l o o p: i nf or m ati on  is t he  i n p ut to  a d e cisi o n-

m a ki n g  p oi nt t h at c o ntr ol a cti o ns, w hi ch  will yi eld  n ew  i nf or m ati on  t h at in  t urn  f e e d b a ck  t he

d e cisi o n- m a ki n g  p oi nt. B usi n ess b e h a vi ors s u ch  gr o wt h, d e cli n e, g o al-s e e ki n g, a nd  os cill ati on

t a ke  pl a ce  wit hin  t he  c o ntr ol of f e e d b a ck  l o o ps.

T h e  pr o c ess of d e cisi ón  m a ki ng  is b as ed  on  e x pli cit a nd  i m pli cit p oli ci es t h o u gh  w hi ch

i nf or m ati on  is i nt er pr et e d.
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1. 1. 4. 2   P oli ci es

P oli ci e s are  r ul es t h at g o v ern  d e cisi o ns ( A c k off, 1 9 9 2). T h ey  are  st at e m e nts t h at d efi ne  t he

r el ati o n s hip  b et w e en  I nf or m ati on  i n p uts a nd  r es ulti ng  d e cisi o ns. In  t he  lit er at ure  of m a n a g e m e nt,

t h ey  are  r ef err ed  to  as d e cisi ón  r ul es ( F orr est er, 1 9 9 4, 5 8). In  t he  lit er at ure  of AI, s p e cifi c ally  on

k n o wl e d g e- b a s e d  r ule  s yst e ms, t h ey  are  c all ed  k n o wl e d g e-r ul e. In  t he  lit er at ure  of c o ntr ol

e n gi n e eri n g , s p e cifi c ally  d e ali ng  with  li n e ar s yst e ms, t h ey  are  c all ed  "tr a nsf er f u n cti o ns"

( F orr est er, 1 9 9 4, 5 8).

In  b u si n e ss a nd  i n d u stri al or g a ni z ati o ns, f or m al p oli ci es c an  be  f o u nd  in  writt en  f orm  f or

g ui d a n c e  of t he  s u b or di n at es. H o w e v er, m ost of t he  d a y- b y- d ay  o p er ati ng  p oli ci es are  i nf or m al

a n d  h a ve  hi gh  i nfl u e n ce  in  t he  b e h a vi or of t he  or g a ni z ati o n. "I nf or m al p oli ci es r es ults fr om

h a bits , c o nf or mit y, s o ci al pr ess ur es, i n gr ai n ed  c o n c e pts of g o al, a w ar e n ess of p o w er c e nt ers

wit hi n  t he  or g a ni z ati o n, a nd  p ers o n al i nt er e st"  ( F orr est er, 1 9 9 4, 5 8).

1. 1. 4. 3   D e ci si o ns

D e ci si o n s are  a cti o ns t a k en  at a ny  p arti c ul ar ti me  as r e s ult of a p pl yi ng  p oli cy  r ul es to  a p arti c ul ar

p er c ei v e d  c o n diti on  t h at is pr es e nt at t he  m o m e nt. D e cisi o ns are  b as ed  on  t he  st at es of t he  s yst em

a n d  c o ntr ol t he  fl ow  of p e o pl e, m o n ey  a nd  t e c h n ol o g y. T h ese  fl o ws in  t urn  m o dify  t he  st at es of

t he  s yst e m.

1. 2  T h e A p p r o a ch

1. 2. 1  H y p ot h esis

T h e  t e nt ati ve  a ns w ers to  be  v ali d at ed  f or t he  t wo  r es e ar ch  q u esti o ns f or m ul at ed  in  S u bs e cti on

1. 1. 1. 3  are  pr es e nt ed  as f oll o ws.

T e nt ati v e  a ns w er  to  r es e a r ch  q u esti on  1.

T h e  m et h od  to  a c q uire  q u alit ati ve  k n o wl e d ge  of d y n a mic  c o m pl ex  s yst e ms usi ng  F u z zy

L o gi c  a nd  S yst em  D y n a mi cs is b as ed  on  t hr ee  l e v éis f or k n o wl e d ge  a c q uisiti o n, w hi ch

ar e  d es cri b ed  in  d et ail in  C h a pt er 3 a nd  are  list ed  b el o w.

F o r k n o wl e d ge  eli cit ati o n:

• Hi gh  l e v el m a p pi n gs - m e nt al m o d els, v er b al m o d els a nd  c a us al di a gr a ms.
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F o r k n o wl e d ge  r e gistr ati on  a nd  c o difí c ati on  in  c o m p ut er- b as ed  si m ul ati on  m o d el:

•  I nt er m e dí ate  l e v el m a p pi n gs - fl o w-l e v el di a gr a ms, gr a p hi c al a nd  s y m b olic  l a n g u a g e.

• L ow  l e v el m a p pi n gs - n u m eri c al e q u ati o ns a nd  f u z zy  r ul e s.

T e nt ati v e  a ns w er  to  r es e a r ch  q u esti on  2.

F u z z y  L o gic  is a d e q u ate  to  use  i nto  S yst em  D y n a mi cs d uri ng  a k n o wl e d ge

a c q uisiti o n  pr o c ess w h e n:

•  t he  p oli ci es t h at g o v ern  d e cisi o ns are  t he  c e ntr al iss u es in  t he  m o d eli ng  pr o c ess,

a n d

•  t he  att e nti on  is  e x pli citly  p aid  on  t he  r ul es t h at tr a nsf or ms i nf or m ati on  i nto  a cti on

in  t he  l e ar ni ng  pr o c ess.

In  t his c o nt e xt, p oli ci es h a ve  to  be  u n d erst o od  as r ul es t h at g o v ern  d e cisi o ns. P oli cy

r e pr es e nt ati on  c o nsists of t hr ee  st e ps:

• eli cit ati on  of p oli ci es fr om  t he  d e cisi o n- m a k ers,

• c o difí c ati on  of t he  p oli ci es in  a c o m p ut er, a nd

• u se  of t he  p oli ci es in  c o m p ut ati o n al m o d els to  r es p o nd  a nd  g e n ér ate  n ew

q u esti o ns .

1. 2. 2  G o als a nd  N o n- G o als

T h e  g o al of t his r es e ar ch  h as b e en  to  d e v el op  u n d erst a n di ng  a nd  a m et h od  on  h ow  to  eli cit a nd  g et

m e nt a l m o d els of m a n a g er a nd  d e cisi o n- m a k ers i nto  a c o m p ut er- b as ed  r e pr es e nt ati o n. T he

r es e ar ch  h as b e en  fr a m ed  in  t he  ár ea  of k n o wl e d ge  a c q ui siti o n. It h as t a k en  F u z zy  L o gic  a nd

S yst e m  D y n a mi cs as t e c h ni q u es to  i m pl e m e nt t he  m et h o d.

T h e  t e c h ni c al g o al h as b e en  to  e x pl ore  t he  use  of F u z zy  L o gic  i nto  S yst em  D y n a mi cs. T he

i nt e nti on  is to  i nt é gr ate  s o me  of t he  b e n efits t h at F u z zy  L o gic  h as br o u g ht to  t he  ár ea  of C o ntr ol

S yst e m s by  r e pr es e nti ng  q u alit ati ve  k n o wl e d ge  of h u m an  o p er at ors to  t he  di s ci pli ne  of S yst em

D y n a mi c s by  r e pr es e nti ng  p oli ci es of d e cisi o n- m a k ers.

T h e  n o n- g o als are  n ow  est a blis h ed  fr om  t he  o uts et. T his r es e ar ch  h as n ot att e m pt ed  to  h a n dle

K n o wl e d g e  R e pr es e nt ati on  pr o c ess  or g e n ér ate  c a us al e x pl a n ati o ns of pr o bl e ms or a cti on  t a k en

b y  t he  m a c hi n e. N eit h er h as it a d dr ess ed  t he  pr o bl em  of i n c or p or ati ng  si m ul ati on  m o d els i nto
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i nt elli g e nt s y st e ms s u ch  as M o d el- B a se  R e as o ni ng  or K n o wl e d ge  B as ed  Si m ul ati o n. T his

r e s e ar ch  h as n ot eit h er att e m pt ed  to  d e v el o p ed  t e c h ni q u es f or f u z zy  c o ntr oll er s, l e ar ni ng  or

a d a pti v e  al g orit h m s. N eit h er h as it att e m pt ed  to  pr o vi de  a c o m p ut er- b a s ed  b u si n e ss si m ul at or as a

r e s e ar ch  r e s ult. Fi n all y, t his r es e ar ch  h as n ot a d dr ess ed  t he  i m p ort a nt iss ue  of a ut o m at ed

k n o wl e d g e  a c q ui siti o n. C ert ai nl y, t h ey  are  all-i m p ort a nt ár e as  of r e s e ar ch  a nd  s o me  n at ur al

e xt e n si o n s to  t his w ork  m ay  h elp  a d v a n ce  t he  e n gi n e eri ng  pr a cti ce  in  t h ese  a d v a n c ed  t e c h ni q u e s.

1. 2. 3  M o d elí ng  as K n o wl e d ge  A c q uisiti on

M o d eli n g  as K n o wl e d ge  A c q ui siti on  ass u m es t h at m o d els s h o uld  c a pt ure  t he  k n o wl e d ge  a nd

m e nt a l d ata  of p oli c y m a k er. It s h o uld  bl e nd  q u alit ati ve  m a p pi ng  with  fri e n dly  al g e bra  a nd

si m ul ati o n . Si m ul ati o ns are  v ery  i m p ort a nt p art of t he  pr o c ess. T h ey  pr o vi de  c o nsist e nt st ori es

a b o u t t he  f ut ur e, b ut n ot pr e di cti o n s, w hi ch  h as b e en  t he  tr a diti o n al use  in  s ci e n ce  ( M or e cr oft a nd

St er m a n , 1 9 9 4, x vii).

T h e  m o d el ers a ct as f a cilit at ors w ho  d esi g ns a nd  l e a ds gr o up  pr o c e s s e s to  c a pt ure  t e am

k n o wl e d g e  ( M or e cr oft a nd  St er m a n, 1 9 9 4, x viii.) T he  f a cilit at or c an  be  c o nsi d er ed  as a

k n o wl e d g e  e n gi n e er in  t his pr o c e s s.

In  a c o nt e xt of M o d eli ng  f or L e a mi ng  Or g a ni z ati o n s, w hi ch  is c o nsi d er ed  also  in  t his

r e s e ar c h, t he  m o d el ers d esi gn  a nd  d eli v er l e ar ni ng  l a b or at ori es, w hi ch  e m b ed  m o d els in  an

o v er al l l e ar ni ng  c o nt e xt of gr o up  e x p eri m e nt ati on  a nd  di al o g u e. T he  p ur p o se  of t he  m o d els is to

s u p p ort t e am  r e a s o ni ng  a nd  l e ar ni n g. M o d els h a ve  to  e n c o ur a ge  s yst em  t hi n ki ng  a nd  s c e n a n os

pl a n ni n g  ( M or e cr oft a nd  St er m a n, 1 9 9 4, x viii.)

1. 2. 4  F u z zy  L o gic  a nd  S yst em  D y n a mi cs as K n o wl e d ge  A c q uisiti on  T o ols

F u z z y  l o gic  a nd  S yst em  D y n a mi cs are  us ed  as t o ols  to  eli cit a nd  r e pr es e nt k n o wl e d ge  a b o ut

m a n a g e m e n t in  t his r es e ar c h.

".. . f u z zy  l o gic  h as e m er g ed  as a p ar a di gm  f or a p pr o xi m ati ng  a f u n cti o n al m a p pi n g. ... o ne

i m p ort a nt iss u e- c ost. A b ett er q u e sti on  to  ask  is " W h at is t he  diff er e n ce  b et w e en  t he  c ost of a

f u z zy  l o gic  a p pr o a ch  a nd  t he  c ost of an  a p pr o a ch  b as ed  on  X to  a c c o m plish  a c ert ain  t as k ?"  ( Y e n,

1 9 9 9 , 1 5 3.)

F u z z y  L o gi c, alt h o u gh  c o ntr o v er si al si n ce  its b e gi n ni n g s, h as pr o v ed  to  be  an  eff e cti ve

a p pr o a c h  to  d e al with  t he  tr a d e- off b et w e en  pr e cisi ón  a nd  c ost in  d e v el o pi ng  an  a p pr o xi m ate

m o d e l of a c o m pl ex  s yst em  or f u n cti o n. Artifi ci al I nt elli g e n ce  a nd  F u z zy  L o gic  s h are  a c o m m on

o bj e cti v e : "to  d e v el op  c o m p ut ati o n al m et h o ds t h at c an  p erf orm  r e as o ni ng  a nd  pr o bl em  s ol vi ng
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t a s ks t h at r e q uire  h u m an  i nt elli g e n c e"  ( Y e n, 1 9 9 9.) Si n ce  1 9 9 0, F u z zy  L o gic  h as e m er g ed  as a

p ar a di g m  to  a p pr o xi m ate  f u n cti o n al m a p pi ng  a nd  n ot o nly  as an  a p pr o a ch  to  m a n a ge  u n c ert ai nt y.

C o ntr o l E n gi n e eri ng  h as b e en  t he  m ost s u c c e s sf ul ár ea  f or i n d u stri al a p pli c ati o ns u si ng  F u z zy

L o gi c .

" S yst e m  D y n a mi cs is a m et h od  to  e n h a n ce  l e ar ni ng  in  c o m pl ex  s yst e ms. ... is gr o u n d ed  in

t he  t h e ory  of n o nli n e ar d y n a mi cs a nd  f e e d b a ck  c o ntr ol... B e c a use  we  a p ply  t h ese  t o ols to  t he

b e h a vi o r of h u m an  as w ell as p h y si c al a nd  t e c h ni c al s yst e ms, s yst em  d y n a mi cs dr a ws on

c o g niti v e  a nd  s o ci al p s y c h ol o g y, e c o n o mi cs, a nd  ot h er s o ci al s ci e n c es. B e c a u se  we  b uild  s yst em

d y n a mi c s m o d els to  s ol ve  i m p ort a nt r e al w orld  pr o bl e ms, we  m u st l e arn  h ow  to  w ork  eff e cti v ely

wit h  gr o u ps  of b u sy  p oli cy  m a k ers  a nd  h ow  to  c at al y ze  s ust ai n ed  c h a n ge  in  or g a ni z ati o ns."

( St er m a n, 2 0 0 0, 4- 5.)

S yst e m  D y n a mi c s, e v en  still c o ntr o v ersi al in  o ur d a ys, h o w e v er h as pr o v ed  to  be  an  eff e cti ve

a p pr o a c h  to  d e al with  p oli cy  a n al y sis a nd  d esi gn  in  m a n a g e m e nt. S yst em  D y n a mi cs is b as ed  on

t he  pri n ci pi es of C o ntr ol E n gi n e eri ng  a nd  c o m p ut er- b a s ed  si m ul ati on  to  cr é ate  u n d er st a n di ng  a nd

k n o wl e d g e  a b o ut str u ct ur es  of c o m pl ex  s yst e ms. S yst em  D y n a mi cs t a k es  a d v a nt a g es of t he

f oll o wi ng  f o ur f a ct s. First, t h ere  is e n o u gh  i nf or m ati on  of c o m pl ex  s yst e ms in  t he  mi nd  of t he

d e ci si o n- m a k er s to  b uild  a us ef ul m o d el. S e c o n d, a ny  v er b al m o d el t h at e x pr ess es cl e arly  an  i d ea

c a n  be  tr a nsl at ed  to  a f or m al m o d el in  a c o m p ut er. T hir d, t he  c o m p ut er by  its o wn  n at ure  c an

d et er mi n e  f ut ure d y n a mic  c o ns e q u e n c es b ett er t h an  h u m an  on  hi g hly  c o u pl e d, m ulti pl e-f e e d b a c k-

l o o ps a nd  n o nli n e ar n at ur es of r e al c o m pl ex  s yst e ms. F o urt h, b e h a vi ors of d y n a mic  s yst e ms c an

b e  r e pr es e nt e d, u n d er st o od  a nd  d esi g n ed  usi ng  f e e d b a ck  pri n ci pi es ( F orr est er, 1 9 9 5.)

S yst e m  D y n a mi cs w as s el e ct ed  a m o ng  ot h er t e c h ni q u es r el at ed  to  q u alit ati ve  k n o wl e d ge

b e c a us e  it is f o c u s ed  on  e n h a n ci ng  h u m an  l e ar ni ng  on  c o m pl ex  s yst e ms, m ai nly  d y n a mi cs of

c o m pl e x  s yst e ms. Si n ce  t he  m et h od  us es e n gi n e eri ng  pri n ci pi e s, it t a k es f ull a d v a nt a g es of t he

c o m p ut ati o n a l p o w er of c o m p ut ers  to  cr é ate  u n d er st a n di ng  a nd  k n o wl e d g e. T h ese  c h ar a ct eristi cs

o f l e ar ni ng  a nd  us a ge  of c o m p ut ers are  i d e al f or t his r es e ar ch  to  eli cit q u alit ati ve  k n o wl e d ge  fr om

h u m a n s a nd  r e pr es e nt t h at k n o wl e d ge  in  c o m p ut er- b as ed  si m ul ati on  m o d el s. Ot h er t e c h ni q u e s,

s u ch  as F u z zy  C o g niti ve  M a ps ( K os k o, 1 9 86  cit ed  by  Di c k ers on  a nd  K os k o, 1 9 9 3), ( K os k o,

1 9 9 2 ) a nd  Q u alit ati ve  Si m ul ati on  ( K ui p ers, 1 9 8 6) w ere  f o u nd  t h em  li mit ed  in  t h ose

c h ar a ct eri sti c s . F u z zy  C o g niti ve  M a ps is an  eff e cti ve  t o ol f or d ata  a bstr a cti on  a nd  s y nt h esi zi ng

d at a  i nto  m ore  us ef ul f or m ats ( P er usi ch  a nd  M c N e es e, 1 9 9 7, 7), ( P er usi c h, 1 9 9 6), ( H a s hi m oto

a n d  Y a m a g u c hi, 1 9 9 7), ( L e e, et al., 1 9 9 8) b ut it is n ot i nt er est ed  on  t he  d y n a mic  b e h a vi or t hr o u gh

ti me  of c o m pl ex  s yst e ms. Q u alit ati ve  Si m ul ati on  is a t e c h ni q ue  t h at d e als m ore  with  s y m b olic

pr o c e s si n g  of q u alit ati ve  d at a, e x pl or ati on  of n ew  r e as o ni ng  p at hs a b o ut p h ysi c al s yst e ms, a nd
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t h eir c a us al e x pl a n ati on  ( W eld  a nd  D e Kl e er, 1 9 9 0), ( Fis h wi c k, 1 9 8 8), ( Niss e n, 1 9 9 6), ( F o u c hé

a n d  K ui p er s, 1 9 9 2), ( A ki y os hi a nd  Nis hi d a, 1 9 9 3) r at h er t h an  eli citi ng  a nd  r e pr es e nti ng

q u alit ati v e k n o wl e d ge  of c o m pl ex  s yst e ms w h ere  h u m a ns are  i n v ol v e d.

F u z z y  L o gic  in  C o ntr ol E n gi n e eri ng  a nd  S yst em  D y n a mi cs h a ve  at l e ast o ne  c o m m on

o bj e cti v e : to  d e v el op  u n d erst a n di ng  a nd  k n o wl e d ge  on  p oli cy  a n al ysis a nd  d esi gn  in  t he  s e ar ch  of

i m pr o vi ng  d y n a mic  b e h a vi or of s yst e ms.

T hi s r es e ar ch  r e pr es e nts an  eff ort to  i nt é gr ate  s o me  of t he  b e n efíts t h at F u z zy  L o gic  h as

br o u g h t to  t he  ár ea  of C o ntr ol S yst e ms by  r e pr es e nti ng  q u alit ati ve  k n o wl e d ge  of h u m an  o p er at ors

in  p h ysi c al s yst e ms to  t he  dis ci pli ne  of S yst em  D y n a mi cs by  r e pr es e nti ng  p oli ci es of d e cisi o n-

m a k er s in  m a n a g e m e nt of s o ci al s yst e ms.

1. 2. 5  B e n efíts

A  k ey  b e n efít of t his r es e ar ch  is to  h a ve  br o u g ht n e ar F u z zy  L o gic  a nd  S yst em  D y n a mi cs to  s ol ve

pr o bl e m s in  c o m pl ex  s yst e ms. A h ole  of u n d erst a n di ng  a nd  k n o wl e d ge  on  h ow  to  use  o ne  in

a n ot h e r is still pr es e nt a nd  d e m a n ds f or f urt h er r es e ar c h. T his diss ert ati on  h as pr et e n d ed  to  fíll a

p ar t of t his h ole  with  t he  pr o p os ed  m et h o d. C o ntr ol t h e ory  w as us ed  as a bri d ge  to  c o n n e ct b oth

a p pr o a c h e s a nd  as a t o ol to  c o nstr u ct t he  m et h o d. Fr om  t his bri d ge  a nd  p oi nt of vi e w, F u z zy

L o gi c  in  c o ntr ol e n gi n e eri ng  a nd  S yst em  D y n a mi cs h a ve  a c o m m on  g o al: to  i m pr o ve  d y n a mic

b e h a vi or s of s yst e ms by  a n al y zi ng  a nd  d esi g ni ng  p oli ci es or c o ntr ol l a ws.

S p e cifi c all y , t he  pr o p os ed  m et h od  c an  be  us ed  t o:

• c arry  o ut pr o c ess es of q u alit ati ve  k n o wl e d ge  a c q uisiti on  on  d y n a mi cs of c o m pl ex

s yst e ms

• r e pr es e nt m a n a g e m e nt p oli ci es usi ng  F u z zy  L o gic

• all ow  l e ar ni ng  in  d esi g ni ng  p oli ci es via  m o d eli ng

1. 2. 6  P r o c e d u r es

A n al ysi s m et h od  h as b e en  t he  pr o c e d ure  to  c o nstr u ct t he  pr o p os ed  m et h od  f or q u alit ati ve

k n o wl e d g e  a c q uisiti on  usi ng  F u z zy  L o gic  a nd  S yst em  D y n a mi cs. A n al ysis m et h od  all o ws

g e n er ati n g  k n o wl e d g e, g e n er ati ng  k n o w- h ow  ( A c k off, 1 9 9 5, 3 1). K n o wl e d ge  is c o nt ai n ed  in

i nstr u cti o ns. T he  f u n d a m e nt of a n al ysis is b as ed  on  t he  r e d u cti o nism  d o ctri n e, w hi ch  s e ar ch  of t he

i n di visi ble  el e m e nt of t he  s u bj e ct u n d er st u d y. In  t his r es e ar c h, t he  i n di visi ble  el e m e nt to

r e pr es e nt k n o wl e d ge  is t he  f u z zy  if-t h en  r ul e.
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T h e  t hr ee  st e ps of t he  A n al ysis pr o c ess are  ( A c k off, 1 9 9 5, 2 1):

1. T a ke  a p art t he  pi e c es of t he  o bj e ct u n d er st u d y.

2 . A n al y ze  e v ery  pi e c e.

3 . U n d erst a nd  t he  o bj e ct u n d er st u dy  by  i nt e gr ati ng  t he  u n d erst a n di ng  of e v ery  pi e c e.

S yst e m  T hi n ki ng  h as b e en  us ed  to  p er c ei ve  t he  r e ality  d uri ng  t he  m o d eli ng  s essi on  with  t he

p arti ci p a nts . It is b as ed  on  t he  m et h od  of S y nt h esis. S y nt h esis m et h od  all o ws g e n er at mg

u n d erst a n di n g , g e n er ati ng  e x pl a n ati o ns. U n d erst a n di ng  is c o nt ai n ed  in  e x pl a n ati o ns. T he

f u n d a m e nt of s y nt h esis is b as ed  on  e x p a nsi o nism  d o ctri n e, w hi ch  s e ar ch  t he  f u n cti o ns of t he

s yst em  u n d er st u dy  in  a n ot h er hi er ar c hi c ally  hi g h er s yst e m. In  t his r es e ar c h, t he  hi g h er s yst em  is

b o u n d e d  in  t he  c o n c e pt of M o d eli ng  f or L e ar ni ng  Or g a ni z ati o n, s ee  S e cti on  3. 1.1  f or

d e v el o p m e n t of t his c o n c e pt. T he  q u alit ati ve  k n o wl e d ge  a c q uisiti on  m et h od  is t he  s yst em  u n d er

st u d y.

T h e  t hr ee  st e ps of t he  S yst em  T hi n ki ng  A p pr o a ch  are  ( A c k off, 1 9 9 5, 3 0- 3 1):

1. I d e ntify  t he  hi er ar c hi c ally  hi g h er s yst em

2 . D et er mi ne  t he  f u n cti on  of t he  hi er ar c hi c ally  hi g h er s yst em

3 . D et er mi ne  t he  f u n cti on  of t he  s yst em  u n d er st u dy  i nto  t he  hi er ar c hi c ally  hi g h er s yst em

S ci e nti ñ c  m et h od  h as b e en  us ed  to  c o nstr u ct a nd  v alí d ate  t he  o bt ai n ed  m o d els.

1. 3  R el at e d W o rk

T h e  o nly  w ork  k n o wn  so  f ar by  t his r es e ar ch  t h at e x pl or es t he  use  of F u z zy  L o gic  i nto  S yst em

D y n a mi c s is " F u z zy  s yst e ms d y n a mi cs: an  a p pr o a ch  to  v a g ue  a nd  q u alit ati ve  v ari a bl es in

si m ul ati o n" by  ( T ess em  a nd  D a vi ds e n, 1 9 9 4). A f or m al p a p er, w hi ch  s u g g est t he  use  of F u z zy

L o gi c  as an  alt er n ati ve  to  pr o b a bilistic  m et h o ds f or t he  m a n a g e m e nt of u n c ert ai nty  a nd  v a g u e n ess

m  S yst em  D y n a mi cs m o d els. T his f o c us i m pli ed  t he  tr a diti o n al w ay  of usi ng  F u z zy  L o gi c, t h at is,

f or m a n a gi ng  u n c ert ai nt y. H o w e v er, c o ntr ary  to  t he  a ut h or's  i nt e nti o n, t his p a p er p ut f art h er a w ay

t he  i nt er est on  h ow  to  use  F u z zy  L o gic  in  t he  c o m m u nity  of S yst em  D y n a mi cs. T he  l a ck  of

f or m al i nt er est r e m ai ns u ntil t h ese  d a ys.

T h e  a ut h ors e m p h asi ze  t he  n e ed  f or d e v el o pi ng  q u alit ati ve  a p pr o a c h es to  d es cri b e, a n al y z e,

a n d  si m úl ate  c o m pl ex  d y n a mic  s yst e ms. As t h eir m ain  m oti v ati o n, t h ey  e x pli cit t he  i d ea  of

a p pl yi n g  s u c c essf ul t e c h ni q u es fr om  f u z zy  c o ntr ol to  t he  m a n a g e m e nt of s o ci al s yst e ms. In  t his

c o nt e xt , t he  a ut h ors pr es e nt an  a p pr o a ch  b as ed  on  F u z zy  t h e ory  as alt er n ati ve  to  pr o b a bilistic
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distri b uti o n  to  r e pr es e nt a nd  m a n a ge  u n c ert ai nt y. T he  i m pl e m e nt ati on  is s p e cifí c ally  a d dr ess ed

t o w ard  t he  el e m e nts of a m o d el by  o v erl o a di ng  v ari a bl es a nd  p ar a m et ers, f oll o wi ng  ( Fis h wi c k,

1 9 9 1 , cit ed  in  T ess em  a nd  D a vi ds e n, 1 9 9 3). T h ey  li mit t h eir dis c ussi on  to  e x pr essi o ns

c h ar a ct eri z e d  by  f u z zy  p ar a m et ers, o p er at ors a nd  f u n cti o ns, s p e cifí c ally  to  f u z zy  n u m b ers. T h ey

e x pli citl y  st ate  t h ey  do  n ot a n al y ze  F u z zy  r el ati o ns. T he  e x a m pl es d e v el o p ed  are  on  b asic  d e er

p o p ul ati o n  m o d el, \\ a vi n gf ertilit y a nd  m ort alit y as f u z zy  v ari a bl es. T he  si m ul ati on  r es ults are  n ot

c o m pl et el y  s atisf a ct ory  b e c a use  of b e h a vi ors are  o ut of li mits as t he  a ut h ors o bs er ve  at t he  e n d.

T h e y  r e m ark  t h en  t he  n e ed  f or b ett er m et h o ds f or si m ul ati on  usi ng  F u z zy  l o gi c.

A n  eff e ct do  n ot m e nti o n ed  or m a y be  n ot p er c ei v ed  by  t he  a ut h ors w as t he  l ar ge  n u m b er of

p ar a m et er s i n cl u d ed  by  usi ng  t wo  li n g uistic  v ari a bl es in  t h eir e x a m pl es. T he  ori gi n al m o d el

c o nsi d er e d  f ertilit y a nd  m ort alit y as 2 s c al ar v al ú es to  be  esti m at e d. In  t he  fírst e x a m pl e, by

a p pl yi n g  t he  a p pr o a ch  a nd  defi ni n g f ertilit y a nd  m ort alit y as li n g uistic  v ari a bl es with  o nly  o ne

li n g uistic v al ué  e a c h, a nd  4 p ar a m et ers (tr a p e z oi d al m e m b ers hip  f u n cti o n) f or e v ery  li n g uistic

v al u é , t he  n u m b er of p ar a m et ers to  be  esti m at ed  i n cr e as es to  8. In  t he  s e c o nd  e x a m pl e, t he  s a me

li n g uistic v ari a bl es b ut n ow  with  14  li n g uistic  v al ú es e a c h, t he  n u m b er of p ar a m et er to  be

esti m at e d  i n cr e as es to  5 6. So  t he  si m ple  c o m p aris on  b et w e en  56  a nd  2 p ar a m et ers t h at h as to  be

f o u nd  by  tri al a nd  err or, si n ce  it is s u p p os ed  t h at t h ere  is no  n u m eri c al v al ú es j u st m e nt al m o d els

o f t he  p arti ci p a nts, m a k es a big  diff er e n ce  in  t he  c o m pl e xity  of t he  m o d el. It m a k es s e nse  t h en

w h y  F u z zy  L o gic  w as n ot attr a cti ve  f or t he  c o m m u nity  of S yst em  D y n a mi cs a n y m or e.

T h e  a p pr o a ch  of t his diss ert ati on  a d dr ess es t he  r el ati o ns a nd  n ot t he  el e m e nts of t he  m o d el. It

c a n  be  s e en  as t he  c o m pl e m e nt of t he  r es e ar ch  d es cri b ed  a b o v e. F u z zy  L o gic  is t h en  use  as

a p pr o xi m ati n g  f u n cti o n al m a p pi ng  t e c h ni q ue  to  r e pr es e nt t he  r el ati o ns a m o ng  i nf or m ati on  a nd

a cti o n . T his is a d e cisi o n- m a ki ng  p oli c y. In  o ur o pi ni ó n, t his p ers p e cti ve  is t he  s a me  t h at F u z zy

C o ntr o l h as b e en  usi ng  in  its n u m er o us a nd  s u c c essf ul i n d ustri al a p pli c ati o ns ( Hir ot a, 1 9 9 5),

( L e e, 1 9 9 0), a nd  ( Y e n, J., L a m g ari, R., a nd  Z a d e h, L. A., 1 9 9 5.) r ef er e n c es cit ed  by  ( Y e n, 1 9 9 9).

C o nt e xt u a l r es e ar c h es are  f o u nd  in  ( A dri á n, 2 0 0 0) w ho  s ur v e ys w h at e xt e nt F u z zy  L o gic  h as

diff us e d  t hr o u g h o ut t he  S o ci al S ci e n c es, B usi n ess M e di ci n e, a nd  P hil os o p h y. T his i n v esti g ati on

c o n cl u d e s t h at at l e ast f ew  r es e ar c h ers in  e a ch  of t he  f o ur a c a d e mic  dis ci pli n es h a ve  t a k en  t he

c h all e n g e . B usi n ess, a nd  s p e cifí c ally  in  t he  ár ea  of O p er ati o ns, h a ve  p u blis h ed  t he  gr e at est

n u m b e r of p a p ers usi ng  F u z zy  L o gi c. ( R a u m a, 1 9 9 6) e x p ose  t he  pr o c ess of k n o wl e d ge

a c q uisiti o n  usi ng  F u z zy  m o d els. T he  f o c us of t he  p a p er is t o w ard  t he  eff orts at k n o wl e d ge

v ali d ati o n . T he  a ut h ors d e cl are  t he  c urr e nt st at e of t he  art is p er c ei v ed  v ery  p o or with  r e g ard  to

k n o wl e d g e  v erifi c ati on  a nd  v ali d ati o n. Also  t h ey  e x p ose  a c o m p aris on  b et w e en  t he  pr o c ess of
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k n o wl e d g e  e n g m e eri ng  in  e x p ert s yst e ms a nd  k n o wl e d g e- b as ed  c o ntr ol s yst e ms. T he  m ain

diff er e n c e is in  t he  k n o wl e d ge  b as e. An  e x p ert s yst em  h as a d es cri pti on  of e v e nts, b ut a c o ntr ol

s yst em  h as a d es cri pti on  of a cti o ns. H o w e v er, b oth  s yst e ms n a ve  c o m m on  pr o c ess es to  a c q uire

t he  k n o wl e d ge  by  i nt er vi e ws, q u esti o n n air es, a m o ng  ot h ers. In  ( H a as e, 2 0 0 0), a c o m bi n ati on  of

B al a n c e d  S c or e c ard  a nd  a d e cisi ón  s u p p ort s yst em  b as ed  on  F u z zy  L o gic  are  c o m bi n ed  i nto  a

m et h o d ol o g y  a nd  a s oft w are  t o ol. In  t his c ase  F u z zy  r ul es are  us ed  to  c o nstr u ct m o d els of

d y n a mi c  s yst e ms "if d e m a nd  i n cr e ase  t h en  u n e m pl o y m e nt d e cr e as e", f or e x a m pl e. In  ( Li m, 1 9 9 9)

a d esi gn  f or a k n o wl e d ge  a c q ui siti on  t o ol is d es cri b ed  b ut no  e x a m pl es are  pr es e nt e d, o nly  an

ar c hit e ct ur e .

1. 4  G ui de  to  t he  Diss e rt ati on

T hi s diss ert ati on  is or g a ni z ed  in  fí ve  s e cti o ns. C h a pt er 1 h as i ntr o d u c ed  t he  pr o bl em  of

k n o wl e d g e  a c q uisiti on  a b o ut d y n a mi cs of c o m pl ex  s yst e ms a nd  bri efly  d es cri b ed  t he  a p pr o a ch

a n d  its b e n efits. C h a pt er 2 d es cri b es t he  t h e or eti c al fr a m e w or ks of F e e d b a ck  S yst e ms, F u z zy

L o gi c  a nd  S yst em  D y n a mi cs. C h a pt er 3 pr es e nts o ur c o ntri b uti o ns to  t he  K n o wl e d ge  A c q uisiti on

Pr o c es s a b o ut d y n a mi cs of c o nti n u os c o m pl ex  s yst e ms. C h a pt er 4 pr es e nts e x p eri m e nt al r es ults

fr om  an  i m pl e m e nt ati on  of t his a p pr o a c h, d es cri bi ng  t he  c o m p ut er- b as ed  si m ul ati on  m o d el of a

h ot e l b usi n ess a d mi nistr ati o n. C h a pt er 5 pr es e nts t he  c o n cl usi o ns of t his r es e ar ch  a nd  pr o p os es

i d e as f or f ut ure w or k.
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C h a pt e r  2

K n o wl e d g e  A c q ui siti o n, F u z zy  L o gi c,

a n d  S y st em  D y n a mi cs

" T h e  first pri n ci pi e of k n o wl e d g e e n gi n e eri n g is t h at t he

p r o bl e m  s ol vi n g p o w e r e x hi bit e d b y a n i nt elli g e nt

a g e nt's  p erf or m a n c e is pri m aril y t h e c o ns e q u e n c e ofits

k n o wl e d g e  b as e, a n d o nl y s e c o n dl y a c o ns e q u e n c e oft h e

i nf er e n c e m et h o d e m pl o y e d. E x p ert s yst e ms m usí b e

k n o wl e d g e-ri c h  e v e n ift h e y ar e m et h o ds- p o or. T his is a n

i m p ort a nt r es ult a n d o n e t h at h as o nl y r e c e ntl y b e c o m e

w ell  u n d erst o o d i n AI. F or a l o n g ti m e AI h asf o c us e d its

att e nti o ns  al m ost e x cl usi v el y o n t h e d e v el o p m e nt of

cl e v er  i nf er e n c e m et h o ds; al m ost a n y i nf er e n c e will d o.

T h e  p o w e r r esi d es i n t h e k n o wl e d g e. "

( E d w ard  F ei n g e n b a u m, St a n df ord  U ni v ersit y-

cit e d  by  L u g er a nd  St u b bl efi el d, 1 9 9 3, 3 0 8.)

2. 1  K n o wl e d ge  A c q ui siti on

K n o wl e d g e  a c q uisiti on  a nd  i n cr e m e nt al d e v el o p m e nt f orm  an  i nt er a cti ve  pr o c ess  of k n o wl e d ge

e xtr a cti o n  in  t he  d e v el o p m e nt of a k n o wl e d g e- b as ed  s yst e m. An  i n cr e m e nt al d e v el o p m e nt

i n v ol v es t he  a cti viti es of s el e cti n g, eli citi n g, r e pr es e nti n g, v ali d ati n g, a nd  i nt e gr ati ng  fr a g m e nts of

k n o wl e d g e  in  a gr a d u ally  a nd  s yst e mic  w ay  ( G o n z ál ez  a nd  D a n k el, 1 9 9 3, 3 4 8.)
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E v e n  t h o u gh  t his i nt er a cti ve  pr o c ess is m ai nly  i d e ntifi ed  in  t he  d e v el o p m e nt of E x p ert

S yst e m s ( E S), it is also  f o u nd  in  t he  c o nstr u cti on  of si m ul ati on  m o d els w h en  t he  o bj e ct is to

r e pr es e n! t a cit k n o wl e d ge  ( B o ur g u et a nd  S ot o, 2 0 0 0, 3 0 4.)

2. 1. 1  C o nt e xt a nd  D efi niti o ns

K n o wl e d g e  a c q uisiti on  is t he  pr o c ess of eli citi ng  k n o wl e d ge  fr om  h u m an  b ei n gs a nd  r e pr es e nti ng

it i nto  m a c hi n es. It is c o nsi d er ed  t he  pri m ary  o p er ati on  in  i m pl e m e nti ng  a k n o wl e d g e- b as ed

s yst em  a nd  t he  m ost ar d u o us a nd  l o n g est of t he  d e v el o p m e nt t as ks ( G o n z ál ez  a nd  D a n k el, 1 9 9 3).

T a ci t k n o wl e d ge  r ef ers to  t he  c a p a city  of eff e cti ve r es p o nse  t h at is in  t he  " b a ck  of o ur h e a ds ",

t he  k n o wl e d ge  t h at is n ot e x pli cit. E v er y o ne  us es it at e v er y d ay  a cti viti es: h ow  to  write  with  a

p e n cil , h ow  to  dri ve  a c ar, h ow  to  m a n a ge  a b usi n ess.

T h e  ess e n ce  of k n o wl e d ge  eli cit ati on  is c arri ed  o ut t hr o u gh  s eri es of i nt er vi e ws. On  o ne  h a n d,

q u esti o ns- a n d- a ns w e r i nt er vi e ws with  d o m ain  e x p erts w h en  an  E x p ert S yst em  ( G o n z ál ez  a nd

D a n k el , 1 9 9 3, 3 4 9) is t he  c as e, a nd  m o d eli ng  s essi o ns with  d e cisi o ns- m a k ers w h en  si m ul ati on

m o d el s are  t he  e x p e ct ed  pr o d u ct.

T h e  i nt er vi ew  is t he  m ain  eff ort of i nt er a cti on  with  e x p erts or d e cisi o n- m a k ers. Si n c e, t h eir

ti me  is us u ally  a s c ar ce  a nd  e x p e nsi ve  r es o ur c e, t he  i nt er vi e ws h as to  be  o pti mi z e d. Pl a n ni ng  t he

i nt er vi ew  a nd  m a n a gi ng  t he  pr o c ess are  t wo  i m p ort a nt el e m e nts.

Pl a n ni n g  f or e a ch  s essi on  c o nsists of r e vi e wi ng  pri or w or k, e v al u ati ng  r e m ai ni ng  iss u es to  be

d o n e  a nd  s etti ng  o bj e cti v es f or t he  n e xt i nt er vi e w. T he  o v er all s u c c ess d e p e n ds h e a vily  on  t he

pl a n ni n g  d o n e. H o w e v er, pl a n ni ng  b e c o m es us el ess if t he  k n o wl e d ge  e n gi n e er d o es n ot a d h ere  to

t he  pl a n. G o od  pr a cti ce  is to  i nf orm  t he  p arti ci p a nts a b o ut t he  g o al a nd  r e mi nd  it to  t h em  if t he

i nt er vi ew  b e gi ns to  l oss f o c us.

T h es e  i nt er vi e ws are  c o m m o nly  d e v el o p ed  in  a f or m at of o n e- o n- o ne  b et w e en  e x p ert a nd

k n o wl e d g e  e n gi n e er, f or e x p ert s yst e ms ( G o n z ál ez  a nd  D a n k el, 1 9 9 3, 3 4 8- 3 5 4), a nd  gr o u p- o n-

o n e  b et w e en  gr o up  of d e cisi o n- m a k ers a nd  m o d el er, f or si m ul ati on  m o d els ( V e n ni x, 1 9 9 8, 9- 1 3)

T h e  pr o c ess of i nt er vi e ws h as t hr ee  st a g es ( G o n z ál ez  a nd  D a n k el, 1 9 9 3, 3 4 8- 3 5 4):

1. T he  ki c k off i nt er vi e w, w h ere  t he  r ul es are  st at e d.

2 . T he  g e n er al k n o wl e d ge  g at h eri ng  i nt er vi e ws w h ere  t he  k n o wl e d ge  e n gi n e er or m o d el er

b e c o m e s f a mili ar with  t he  d o m ai n.
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3 . T he  s p e cifíc k n o wl e d g e- g at h eri ng  i nt er vi e ws w h ere  t he  k n o wl e d ge  e n gi n e er or m o d el er

tri es to  eli cit d e ep  k n o wl e d ge  a b o ut s ol vi ng  pr o bl e ms or pr o p osi ng  p oli ci es f or a

pr o bl e m ati c  sit u ati o n.

Ot h e r t e c h ni q u es of k n o wl e d ge  eli cit ati on  are  ( 1) o bs er v ati on  of t he  e x p ert in  his e n vir o n m e nt

o f w ork  a nd  ( 2) i nt uiti o n. T he  f or m er c an  be  a c hi e v ed  eit h er q ui etly  or with  dis c ussi on  a nd

e v e n  in  a si m ul at ed  e n vir o n m e nt to  o bs er ve  his a cti o ns. T he  l att er c o nsists in  an  att e m pt t h at

t he  k n o wl e d ge  e n gi n e er or m o d el er b e c o m es a ps e u d o- e x p ert, tr yi ng  to  s ol ve  pr o bl e ms f a c ed

b y  an  e x p ert. T his m a k es to  t hi nk  a nd  to  p er c ei ve  li ke  an  e x p ert or d e cisi o n- m a k er as m u ch  as

p ossi bl e .

T h er e  are  s e v er al alt e m ati v es to  t he  o n e- o n- o ne  i nt er vi e w, e a ch  o ne  with  its o wn

a d v a nt a g e s a nd  dis a d v a nt a g es ( G o n z ál ez  a nd  D a n k el, 1 9 9 3, 3 6 7- 3 7 0):

1 . T he  o n e- o n- m a ny

2 . T he  m a n y- o n- o ne

3 . T he  m a n y- o n- m a ny

T h es e  alt e m ati v es h elp  to  gr a n úl ate  t he  k n o wl e d ge  a m o ng  m a ny  i n di vi d u ái s. T he  pr o c ess

g ai n s diff er e nt p ers p e cti v es of t he  o bj e ct to  b e gin  m o d el e d. H o w e v er, t he  c o ntr ol of t he  s essi on

i nt er vi ew  d e m a n ds s p e ci al f a cilit ati on  s kills f or t he  k n o wl e d ge  e n gi n e er or m o d el er. He  will h a ve

to  m a n a ge  ti me  a nd  r h yt hm  of t he  s essi on  a nd  s ol ve  c o nfli ct a m o ng  p arti ci p a nts, a nd  i n cl u di ng

ot h e r k n o wl e d ge  e n gi n e ers.

A n ot h e r as p e ct is t he  l o c ati o n. T he  l o c ati on  of t he  i nt er vi e ws, in  t he  c ase  of E S, is

r e c o m m e n d ed  to  st art at t he  e x p ert's w or k pl a c e. A c c or di ng  to  pr oj e ct u nf ol d, t he  i nt er vi e ws are

m o v e d  to  t he  w or k pl a ce  of t he  k n o wl e d ge  e n gi n e er or m o d el er. T his pl a ce  us ed  to  h a ve  f e w er

i nt err u pti o ns d uri ng  t he  s essi o ns. T he  ti me  r e c o m m e n d ed  is t wo  h o urs f or e a ch  i nt er vi ew  a nd

n e v e r m ore  t h an  t hr e e.

S u p p orti n g  m e dia  f or r e c or di ng  t he  pr o c e e di n gs of i nt er vi e ws i n cl u de  a u dio  r e c or di n g, vi d eo

r e c or di n g, dir e ct m a n u al tr a ns cri pti o n.

R esi d e s tr a diti o n al m et h o ds d es cri b ed  a b o v e, t h ere  are  s e v er al m et h o ds assist ed  by

c o m p ut ers . T hr ee  diff er e nt m et h o ds are  pr es e nt ed  as f oll o ws ( G o n z ál ez  a nd  D a n k el, 1 9 9 3, 3 8 2-

4 0 5) :

1 . F a cilit ati on  of t he  eli cit ati o n. T hr o u gh  t he  di al o g ue  with  an  a ut o m atic  k n o wl e d ge

a c q uisiti o n  t o ol, q u esti o ns are  as k ed  a nd  r es p o ns es are  or g a ni z ed  i nto  a k n o wl e d ge  b as e.
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R e p ert or y  grid  is t he  m ost p o p ul ar t e c h ni q ue  f or i m pl e m e nti ng  it. T his grid  assists m ai nly

d u n n g  t he  e arly  st a g es of t he  k n o wl e d ge  a c q ui siti on  w h en  t he  str u ct ure  is j u st i nto  t he

fírst st ep  of d esi g n.

2 . I n d u cti ve  l e a r ni n g. T he  c o n c e pt is b as ed  on  l e ar ni ng  fr om  e x a m pl es. Al g orit h ms

i m pl e m e nt ed  i nto  a c o m p ut er g e n ér ate  a mi ni m al cl assifi c ati on  of tr e es fr om  e x a m pl es

pr e p ar e d  by  an  e x p ert. O ne  of t he  p o p ul ar al g orit h ms is c all ed  I D3  a nd  it h as b e en  us ed  in

c o m m er ci a l i n d u cti ve  t o ols. T he  p ot e nti al of t he  t o ol is w h en  e xisti ng  e x a m pl es are

alr e a d y  in  an  el e ctr o nic  f or m at a nd  c an  be  pr e p ar ed  in  t he  r e q u est ed  f or m al of t he

i n d u cti ve  s yst e m.

3 . A ut o m at ed  g e n e r ati on  of k n o wl e d ge  f r om  d at a b as es. T his t e c h ni q ue  h as b e en  us ef ul

f or d eri vi ng  m o d el of e n gi n e eri ng  s yst e ms fr om  C AD  dr a wi n gs. It c o m pris es t he

e x a mi n ati o n  of a d esi gn  d at á b ase  f or a s yst em  s c h e m ati c, t he  i d e ntifí c ati on  of i n cl u d ed

c o m p o n e nts , t he  r es ol uti on  of a ny  c o nfli ct, a nd  t he  fi n al cr e ati on  of a k n o wl e d ge  b ase

t h at c an  be  us ed  in  a m o d el- b ase  r e as o ni ng  s yst e m. T his t e c h ni q ue  alt h o u gh  p o w erf ul is

still li mit ed  in  its a p pli c ati o n.

Alt h o u g h  t h ese  m et h o ds do  n ot r e pl a ce  t he  tr a diti o n al m et h o ds, t h ey  pr o vi de  us ef ul

alt er n ati v e s f or s o me  pr o bl em  d o m ai ns in  s e v er al st a g es of t he  k n o wl e d ge  a c q ui siti on  pr o c ess.

2. 1. 2  T he  K n o wl e d ge  A c q ui siti on  B ottl e n e ck

A n y o n e  w ho  h as g o ne  t hr o u gh  t he  pr o c ess of d e v el o pi ng  a n o n-tri vi al k n o wl e d g e- b as ed  s yst em

c a n  att est to  h ow  p ai n st a ki ng  a nd  ti m e- c o ns u mi ng  t he  k n o wl e d ge  e n gi n e eri ng  pr o c ess c an  b e.

I n d e e d, F ei n g e n b a um  h as n a m ed  mis pr o c ess as t he  k n o wl e d ge  a c q uisiti on  b ottl e n e ck  pr o c ess

( F ei g e n b a u m, 1 9 7 9).

T h e  m ain  r e as o ns f or t his b ottl e n e ck  sit u ati on  is t he  fr e q u e nt i n a bility  of an  e x p ert or d e cisi ón

m a k e r t o v er b ali z e, or e v en  t o b e a w are  of t h e pr o bl e m-s ol vi ng  st e ps h e f oll o ws. P ars a ye

( P ars a y e, 1 9 8 8) r e c o g ni z ed  in  ps y c h ol o gi c al st u di es t h at t his diffi c ulty  o c c urs fr om  t he  e xist e n ce

o f c o g niti ve  d ef e ns es w hi ch  m a k es t he  k n o wl e d ge  n ot a c c essi bl e.

T hi s t h esis e x p e cts to  pr o vi de  a d v a n c es of r es e ar ch  in  t his ár ea  by  eli citi ng  a nd  r e pr es e nti ng

q u alit ati v e  k n o wl e d ge  usi ng  F u z zy  L o gic  a nd  S yst em  D y n a mi cs.
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2. 2  F e e d b a ck  S yst em  P ri n ci pi es as St r u ct u re  of K n o wl e d ge

A n  or g a ni zi ng  str u ct ure  or t h e ory  is ess e nti al in  a ny  fi eld  of k n o wl e d ge  to  eff e cti v ely  i nt err el ate

o u r o bs er v ati o ns, pr a cti c es a nd  c o nfli cti ng  i n ci d e nts ( F orr est er, 1 9 7 1, C h. 1, 2.)

S p e cifí c all y  in  m a n a g e m e nt s yst e ms, a b asic  str u ct ure  of pri n ci pi es b as ed  on  f e e d b a ck  h as

b e e n  d e v el o pi ng  ar o u nd  s yst em  pri n ci pi es si n ce  a p pr o xi m at ely  40  y e ars a g o. T he  c o n c e pt of

"f e e d b a c k " s yst e ms e m er g ed  as t he  l o n g-s o u g ht b asis f or str u ct uri ng  o bs er v ati o ns of s o ci al

s yst e ms. T he  t h e ory  of s yst e ms h as sl o wly  b e en  d e v el o pi ng  in  dis ci pli n es s u ch  as m e c h a ni c al a nd

el e ctri c a l e n gi n e eri n g. H o w e v er, s u ch  s yst e ms are  f ar si m pl er t h an  s o ci al a nd  bi ol o gi c al a nd  o nly

in  t he  l ast d e c a d es pri n ci pi es of d y n a mic  i nt er a cti o ns in  s yst e ms h a ve  b e c o me  pr a cti c a! a nd  us ef ul

e n o u g h  to  be  a p pli ed  with  s yst e ms of p e o ple  ( F orr est er, 1 9 7 1).

H o w e v er , on  o ne  h a n d, s u ch  a n al ysis h as j u st b e en  v er b al a nd  q u alit ati v e. On  a n ot h er h a n d,

m at h e m ati c s h as n ot b e en  a d e q u ate  f or d e ali ng  with  ess e nti al r e aliti es in  o ur i m p ort a n! s o ci al

s yst e ms . As a c o ns e q u e n c e, l ar ge  n u m b er of fr a g m e nts of k n o wl e d ge  h as to  be  h a n dl ed  a nd  it is

still l o o ki ng  f or t he  w ay  to  str u ct ure  t his k n o wl e d ge  ( F orr est er, 1 9 7 1, 1- 2.)

T hi s t h esis is b as ed  on  t he  ass u m pti on  t h at pri n ci pi es a nd  t h e ory  of f e e d b a ck  s yst e ms  are  t he

f or m al b ase  to  st u dy  d y n a mic  s yst e ms.

T h er e  are  f o ur m ain  c o n c e pts  of f e e d b a ck  s yst e ms  to  be  pr es e nt e d:

1 . S yst em

2 . O p en  a nd  F e e d b a ck  s yst e ms

3 . St ate  v ari a ble  r e pr es e nt ati on

4 . St a bility

2. 2. 1  S yst em

E v e n  t h o u g h, t h ere  is a n u m b er of d efi niti o ns a nd  i nt er pr et ati o ns a b o ut w h at a s yst em  is, at l e ast

e v er y b o d y  a gr e es with  t he  f oll o wi ng  b asic  st at e m e nt, w hi ch  is t a k en  as t he  f or m al c o n c e pt in  t his

r es e ar c h.

A  s yst em  is "a  gr o u pi n g of p arís t h at o p ér at e t o g et h erf or a c o m m o n p ur p os e. "

( F orr est er, 1 9 7 1)

T h e  r el e v a n ce  of t his cl aim  is a " c o m m on  p ur p os e."  A s yst em  m ay  i n cl u de  p h ysi c al p arts a nd

p e o pl e  as w ell. A l a wn  m o v er is an  ass e m bly  of p h ysi c al p arts t h at f orm  a s yst em  to  c ut gr ass. A
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r es e ar ch  l a b or at ory  is a s yst em  of p e o ple  to  d e v el op  n ew  pr o d u cís. M a n a g e m e nt is a s yst em  of

p e o pl e  to  all o c ate  r es o ur c es a nd  to  r e g úl ate  t he  a cti vity  of a b usi n ess. A f a mily  is a s yst em  to  li ve

a n d  r aise  c hil dr e n.

2. 2. 2  O p en  a nd  F e e d b a ck  S yst e ms

S yst e m s c an  be  cl assifi ed  as " o p e n"  a nd  "f e e d b a c k." In  an  o p en  s yst e m, t he  o ut p uts of t he  s yst em

h a v e  no  i nfl u e n ce on  t he  i n p uts: t h ere  is no  f e e d b a c k. It is s aid  t h at an  o p en  s yst em  is n ot a w are

o f its o wn  p erf or m a n c e. In  a f e e d b a ck  s yst e m, t he  o ut p ut of t he  s yst em  d o es h a ve  i nfl u e n ce on  t he

i n p uts: t h ere  is f e e d b a c k. P ast b e h a vi ors of t he  s yst em  p ersist at pr es e nt a nd  c o ntr ol c urr e nt

a cti o ns .

W h et h e r a s yst em  is o p en  or f e e d b a c k, it d e p e n ds on  t he  vi e w p oi nt of t he  o bs er v er. T his

m a k e s s e nse  w h en  t he  o bs er v er d efi n es t he  p ur p ose  of t he  s yst em  ( F orr est er, 1 9 7 1, C h. 1, 6.)

In  t he  s a me  w a y, t he  cl os ed  b o u n d ari es of t he  s yst em  are  est a blis h ed  by  t he  p ur p ose  of t he

s yst em  u n d er o bs er v ati o n. T he  f oll o wi ng  e x a m ple  pr es e nt ed  in  ( F orr est er, 1 9 7 1, C h. 1, 6- 7) a b o ut

a l a wn  m o v er cl arifi es t h ese  c o n c e pts.

1. " T he  e n gi n e, o p er ati ng  wit h o ut a g o v e m or, h as no  g o al f or s p e e d. It is an  o p en  s yst em  in

t er ms of s p e ed  r e g ul ati o n. C h a n gi ng  t he  t hr ottle  will c h a n ge  t he  s p e ed  b ut t he  s p e ed  h as no

eff e c t on  t he  t hr ottl e. F urt h er m ore  c h a n g es in  l o ad  will c h a n ge  t he  s p e ed  wit h o ut c a usi ng  a

t hr ottle  a dj ust m e nt.

2 . " A d di ng  a g o v er n or pr o d u c es a f e e d b a ck  s yst em  in  t er ms of a c o nst a nt-s p e ed  g o al. C h a n g es

in  l o ad  c a use  c h a n g es in  s p e ed  w hi ch  pr o d u ce  a c o m p e ns ati ng  c h a n ge  in  t hr ottle  s etti ng  as

t he  g o v er n or tri es to  h old  t he  s p e ed  f or w hi ch  it h as b e en  s et.

3 . " B ut s u p p ose  t he  e n gi ne  is p art of a l a wn  m o w er a nd  we  c h a n ge  t he  g o al fr om  c o nst a nt-s p e ed

o p er ati o n  to  a g o al of m o wi ng  t he  l a w n. N o w, fr om  t he  br o a d er p ur p ose  of c utti ng  gr ass, t he

l a wn  m o w er is an  o p en  s yst em  b e c a use  it h as no  a w ar e n ess of w h at gr ass h as b e en  c ut or

w h er e  to  c ut n e xt.

4 . " By  a d di ng  t he  p ers on  o p er ati ng  t he  l a wn  m o w er, we  a g ain  s ee  a f e e d b a ck  s yst em  in  t er ms of

t he  g o al of c utti ng  a p arti c ul ar l a w n. T he  o p er at or a nd  m o w er f orm  a f e e d b a ck  s yst em  (t h at

is, a g o al s e e ki ng  s yst e m) r at h er t h an  an  o p en  s yst em  (t h at is, o ne  n ot stri vi ng  f or an

o bj e cti v e ) b e c a use  t he  g ui d a n ce  of t he  m o w er is in  a c c or d a n ce  with  t he  p att ern  of gr ass

alr e a d y  c ut.
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5 . " B ut if t he  vi e w p oi nt is br o a d en  a g ain  to  t h at of t he  o w n er of a l a w n- c are  e nt er prise  with  a

g o a l of m e eti ng  his c ust o m er d e m a n ds, t he  o p er at or a nd  his l a wn  m o w er are  pr o p erly

c o nsi d er e d  a c o m p o n e nt of a l ar g er m a n a g e m e nt s yst e m. As s u c h, t he  o p er at or a nd  his

e q ui p m e n t r e pr es e nt an  o p en  s yst em  t h at is u n dir e ct ed  in  its s e q u e n ce  of s e p ár ate  t as ks.

6 . " By  a d di ng  t he  m a n a g e m e nt f u n cti o n, i nstr u cti o ns arisi ng  fr om  c ust o m er r e q uir e m e nts are

i ntr o d u c ed  as a g ui d e. In  t er ms of t he  g o al of pr o p erly  s c h e d ul ed  w or k, t he  o p er at or,

e q ui p m e nt , a nd  o w n er m ust be  t a k en  t o g et h er to  f orm  a f e e d b a ck  s yst em  f or t he  p ur p ose  of

s er vi ng  c ust o m er l a w n- c are  n e e ds."

Hi er ar c hi e s of f e e d b a ck  str u ct ure  a nd  b o u n d ari es of t he  s yst em  t h en  arise  a c c or di ng  to  t he

i nt e nti on  of t he  o bs er v er. A f e e d b a ck  s yst em  with  a br o ad  p ur p ose  m ay  h a ve  m a ny  c o m p o n e nts,

w hi c h  in  t urn  m ay  its elf be  a f e e d b a ck  s yst em  in  t er ms of s o me  s u b or dí n ate  p ur p os e.

T h e  si m pl est str u ct ure  of a c o nti n u o us f e e d b a ck  s yst em  is r e pr es e nt ed  b y:

x(t)  = a x(t)

w h er e  a is a s c al ar. Its gr a p hi c al r e pr es e nt ati on  is s h o wn  in  Fi g ure  2- 1.

Fi g u r e  2- 1: T he  b asic  f e e d b a ck  st r u ct u re

C oll o q ui all y , it is s ai d, t h ere  are  t wo  cl ass es of f e e d b a ck  s yst e ms: O ne  cl ass is p ositi ve

f e e d b a ck  a nd  r e pr es e nts a nd  fi n ds t he  c a us es of gr o wi ng  t h at s e em  to  n ot h a ve  li mits. A s e c o nd

cl ass , n e g ati ve  f e e d b a ck  r e pr es e nts b e h a vi ors of b al a n ce  a nd  fí n ds c a us es of fl u ct u ati o ns a nd

i nst a biliti es. At t he  e q u ati on  a b o v e, if a > O t h en  t he  s yst em  is p ositi ve  f e e d b a c k, if a < O t h en

t he  s yst em  is n e g ati ve  f e e d b a c k, a nd  if a = O t h en  t h ere  is no  m o v e m e nt a nd  it will i m ply  an

e q uili bri u m  p oi nt. In  t his s e ns e, c o ntr ol t h e ory  c alis u nst a ble  s yst e ms to  p ositi ve  f e e d b a ck

s yst e ms, a nd  st a ble  s yst e ms to  n e g ati ve  f e e d b a ck  s yst e ms. A f or m al d es cri pti on  of t h ese

p h e n o m e n a  is gi v en  by  st u d yi ng  st a bility  c o n c e pt in  S e cti on  2. 1. 4.
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2. 2. 3  St ate  V a ri a ble  R e p r es e nt ati on

T h e  st at e-s p a ce  r e pr e s e nt ati on  h as b e en  s el e ct ed  by  t his r es e ar ch  to  f or m ally  r e pr es e nt a s yst e m.

T h er e  are  fí ve  r e as o ns f or t his:

1 . T he  m at ch  b et w e en  t he  c o n c e pts of st ate  v ari a ble  x(t) a nd  r ate  of c h a n ge  d x(i)l dt with

t he  i d e as of a c c u m ul ati on  l e v el a nd  fl ow  r at e. L e v éis a nd  fl ow  r at es will pl ay  an

i m p ort a nt r ole  f or g e n er al a n al o gi es t h at will h elp  us to  a c q uire  a nd  r e pr es e nt k n o wl e d ge

o f m a n a g ers a nd  d e cisi o n- m a k ers.

2 . It is a g e n er al r e pr es e nt ati on  t h at all o ws us to  h a n dle  ti me  v ar yi ng  a nd  n o nli n e ar s yst e ms.

3 . Its r e ali z ati on  a nd  s ol uti on  c an  be  o bt ai n ed  u si ng  t he  c o n c e pt of a n al o g- c o m p ut er

si m ul ati o n .

4 . A l ot of i nf or m ati on  c an  be  o bt ai n ed  fr om  t he  st ate  e q u ati o ns wit h o ut e v er e x pli citly

s ol vi ng  t h e m.

5 . First- or d er diff er e nti al e q u ati o ns of t he  st at e-s p a ce  d es cri pti on  are  e asily  a nd  a c c ur ate

e v al u at e d  on  a di git al c o m p ut er.

T h e  g e n er al st at e-r e pr es e nt ati on  is gi v en  b y:

i = f( x, u, i]

w h er e  f is a n x 1 st ate  n o nli n e ar v e ct or f u n cti o n, x is t he  n x 1 st ate  v e ct or, n r e pr es e nts t he

n u m b e r of st at es c o nsi d er ed  in  t he  s yst e m, c all ed  t he  or d er of t he  s yst e m, u is an  m x 1 i n p ut

v e ct or , m is t he  n u m b er of i n p uts, a nd  t d e n ot es ti me  d e p e n d e n c y.

A  p arti c ul ar v al ué  of t he  st ate  v e ct or is c all ed  a p oi nt si n ce  it d e n ot es a p oi nt in  t he  st ate

s p a c e. A s ol uti on  x(í) of t he  e q u ati on  pr o vi d es a tr aj e ct ory  of t he  s yst em  in  t he  st ate  s p a ce  as t

v ari e s fr om  z ero  to  i nfi nit y. T his tr aj e ct ory  is r ef err ed  to  as a st at e-s p a ce  tr aj e ct ory  or a s yst em

tr aj e ct or y. T he  d y n a mi cs of t he  s yst em  are  gi v en  by  st ate  tr aj e ct ori es.

2. 2. 3. 1   St ate  V a ri a ble  D es c ri pti on

T h e  st ate  of a p h y si c al o bj e ct is a ny  pr o p erty  of t he  o bj e ct, w hi ch  r el at es i n p ut to  o ut p ut s u ch  t h at

k n o wl e d g e  of t he  i n p ut ti me  f u n cti on  f or t > t0  a nd  st ate  at ti me  t = Í0 c o m pl et ely  d et er mi n es a

u ni q u e  o ut p ut f or t > Í0 ( Wi b er g, 1 9 7 1).
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T h e  st ate  of an  a bstr a ct o bj e ct is a c oll e cti on  of n u m b er s, w hi ch  t o g et h er with  t he  i n p ut

{ « (/ ), l - t0  } u ni q u ely  d et er mi n es t he  o ur p ut \ y(t), t > Í 0 } . A st ate  c an  be  s e en  as  t he  a n s w er to

t he  q u e sti o n: Gi v en  { u(t), t > Í0 ] a nd  t he  m at h e m ati c al r el ati o n s hi ps of t he  a bstr a ct o bj e ct, w h at

a d diti o n a l i nf or m ati on  is  n e e d ed  to  c o m pl et ely  s p e cify  \ y(í), / > /0 } ?

" A  st ate  v ari a bl e, d e n ot ed  by  t he  v e ct or \ (t ),  is t he  ti me  f u n cti on  w h ose  v al ué  at a ny

s p e cifí e d  ti me  is t he  st ate  of t he  a b str a ct o bj e ct at t h at ti m e... N ote  t he  diff er e n ce  in  g oi ng  fr om  a

s et of n u m b ers to  a ti me  f u n cti o n. T he  st ate  c an  be  a s et c o nsisti ng  of an  i nfi nity  of n u m b er s, in

w hi c h  t he  st ate  v ari a ble  is an  i nfi nite  c oll e cti on  of ti me  f u n cti o n s."  ( Wi b er g, 1 9 7 1.)

L e t r et urn  to  t he  st at e- s p a ce  e q u ati o n, w hi ch  c an  be  n at ur all y, i m pl e m e nt ed  u si ng  a n al o g-

c o m p ut e r si m ul ati o n.

x  = f ( x, u, /)

T h e  v e ct or s ol uti on  x (í) d es cri b es t he  tr aj e ct ori es on  ti me  of t he  i nt er n al v ari a bl e s. El e m e nts

o f x (/) are  t he  i nt e gr at or o ut p uts in  a ny  r e ali z ati o n. It is cl e ar t h at if t he  v al ú es of t his i nt e gr at or

o ut p ut s are  k n o wn  f or a ny  gi v en  ti me  t = tQ  a nd  t he  i n p uts u (/) f or t > t0  al so  k n o wn  t h en  all

pr e s e n t a nd  f ut ure  v al ú es of t he  o ut p uts y ( ? ), a nd  i nt e gr at or o ut p uts (i n d e e d, of a ny  si g n al

a n y w h er e  in  t he  si m ul ati o n) c an  be  c al c ul at e d.

T h e  a d v a nt a ge  of t his st at e- s p a ce  d e s cri pti on  is t h at t h ere  is no  n e ed  to  k n ow  t he  p a st of all

t he  s yst em  to  e st a bli sh  t he  pr e s e nt a nd  f ut ure  b e h a vi or. x (í 0 ) pr o vi d es a s uffí ci e nt st ati sti c al

i nf or m ati on  to  c al c úl ate  t he  f ut ure  y > í 0 }  r es p o nse  to  a n ew  i n p ut | u (í ), t > t0 ¡  wit h o ut

w orr yi n g  a b o ut \ u(t), t < t0 }.  In  t his s e ns e, x (/0 ) is  a mi ni m al s uffí ci e nt st ati sti c.

C oll o q ui all y , it is s aid  "t he  k n o wl e d ge  of t he  st ate  v e ct or at a ny  ti me  s p e cifí es t he  st ate  or

c o n diti o n  of t he  s yst e m at t h at ti m e"  ( K ail at h, 1 9 8 0). T h er ef or e, it is n at ur al to  c ali t he  i nt e gr at or

o ut p ut s at a ny  ti me  t t he  st at e of t he  s y st em  r e ali z ati o n. T his i nt er pr et ati on  is  n ot r e stri ct ed  to

a n al o g- c o m p ut e r r e ali z ati o ns  b ut al so  a p pli es  to  a ny  s et of st at e- s p a ce  e q u ati o n s, no  m att er h ow

t h ey  are  o bt ai n ed  - as r e ali z ati on  of diff er e nti al e q u ati o ns or as d e s cri pti on  of p h ysi c al s y st e ms

( K ail at h, 1 9 8 0).

T h e  st ate  d e s cri pti on  of a s yst em  is  n ot u ni q u e. T he  s yst em  c an  be  d e s cri b ed  by  m a ny

diff er e n t s ets of st ate  v ari a bl es.
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2. 2. 3. 2   Li n e ar S y st e ms

Li n e a r s yst e ms are  c o nsi d er ed  a s p e ci al cl ass of n o nli n e ar s yst e ms.

C o m m o nl y , b asic  str u ct ur es of k n o wl e d ge  f or d y n a mi cs are  r e pr es e nt ed  by  li n e ar s yst e ms.

T h e  g e n er al li n e ar st at e-s p a ce  e q u ati o ns f or an  n-st at es, m-i n p uts, a nd  k- o ut p uts s yst em  h as

t he  f orm  ( Wi b er g, 1 9 7 1).

w h er e  x(t) is an  «- v e ct or; u (/) is an  / «- v e ct or; y(í) is a ^- v e ct or; A(f ) is an  n x n m atri x;

B(/ ) is an  n x m m atri x; C(í) is an  k x n m atri x, a nd  D(í) is a k x m m atri x.

Si mil arl y  f or dis cr ete  ti me  s yst e ms:

\ ( n + 1) = A( w) x( «) + B( «) u( n)

w h er e  t he  di m e nsi o ns are  t he  s a me  to  t he  c o nti n u o us ti me  c as e.

Li n e a r s yst e ms are  cl assifí ed  as ti m e- v ar yi ng  ( L T V) or ti m e-i n v ari a nt ( L TI), a c c or di ng  of

m atri x  A , B , C , a nd  D v arí es with  ti me  or n ot.

L T I s yst e ms  are  t he  m ain  c o n c ern  of li n e ar c o ntr ol t h e or y.

x( 0  = A x(0

T hi s cl a ss of s yst e ms h as q uite  si m ple  pr o p erti es, s u ch  as:

• U ni q ue  e q uili bri um  p oi nt if A is  n o nsi n g ul ar.

• T he  e q uili bri um  p oi nt is st a ble  if all ei g e n v al u es of A h a ve  n e g ati ve  r e al p arts.

• T he  tr a nsi e nt r es p o nse  is c o m p os ed  of t he  n at ur al m o d es of t he  s yst e m.

• T he  g e n er al s ol uti on  c an  be  s ol v ed  a n al yti c ally  in  t he  pr es e n ce  of e xt e m al i n p uts.

• T he  pri n ci pie  of s u p er p ositi on  is  s atisfí e d.

• As y m pt otic  st a bility  i m pli es b o u n d e d-i n p ut b o u n d e d- o ut p ut ( BI B O) st a bilit y.
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2. 2. 4  St a bility  a nd  I nst a bility

First , t he  c o n c e pt of e q uili bri um  p oi nt is i ntr o d u c e d. M a ny  pr o bl e ms c o n c er ni ng  st a bility  are

f or m ul at ed  with  r es p e ct to  e q uili bri um  p oi nt s.

D e ñ niti o n  "A  st ate  x is an  e q uili bri um  st ate  or e q uili bri um  p oi nt of t he  s yst em  if o n ce  x(/)

is e q u al to  x *, it r e m ai ns e q u al to  x*  f or all f ut ure ti m e"  ( Sl oti ne  a nd  Li, 1 9 9 1, 4 4.)

M at h e m ati c all y , it m e a n s:

0  = f( x *)

N o nli n e a r s yst e ms c an  h a ve  s e v er al e q uili bri um  p oi nt s.

F o r n o nli n e ar s yst e ms, a n u m b er of r efi n ed  st a bility  c o n c e pt s, s u ch  as a s y m pt otic  st a bilit y,

e x p o n e nti a l st a bility  a nd  gl o b al as y m pt otic  st a bility  are  n e e d e d.

L e t SK  d e n ot es t he  s p h ere  d efí n ed  by  || x|| = R , a nd  B,, t he  s p h eri c al r e gi ón  ( or b all) d e ñ n ed

b y  | x|| < /?  in  st at e-s p a c e.

D efi niti o n  " T he  e q uili bri um  st ate  x = O is s aid  st a ble  if, f or a ny  R > O, t h ere  e xist r > O,

s u ch  t h at if || x ( 0 )|| < r, t h en  || x(/)| < R f or all í > 0 . Ot h er wis e, t he  e q uili bri um  p oi nt is

( u n st a bl e)"  ( Sl oti ne  a nd  Li, 1 9 9 1, 4 8.)

T hi s c o n c e pt is c all ed  st a bility  in  t he  s e nse  of L y a p u n ov  a nd  m at h e m ati c ally  is r e pr es e nt ed

b y :

V/ ?  > O, 3 r > O, | x( 0)|| < r =>  V / > O, | x(í)|| < R

o r e q ui v al e ntly

V  R > O, 3 r > O, x ( 0)  € Br  =>  V t > O, x(f) e B^

I n st a bility  of an  e q uili bri um  p oi nt r ef ers to  a b e h a vi or t h at oft en  l e a ds t he  s yst em  to  li mit

c y cl es . T his is t he  m ain  q u alit ati ve  diff er e n ce  b et w e en  i nst a bility  a nd  an  u nst a ble  e q uili bri um

p oi n t or t he  n oti on  of " bl o wi n g- u p"  ( all tr aj e ct ori es ci óse  to  t he  ori gin  m o ve  a w ay  to  i nfi nit y)

( Sl oti ne  a nd  Li, 1 9 9 1, 4 8- 4 9.)
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C ur v e  1 - A s y m pt oti c ally  St a ble

C ur v e  2 - M ar gi n ally  St a ble

C ur v e  3 - U n st a ble

Fi g u r e  2- 2: C o n c e pts of st a bility

D efi niti o n  " An  e q uili bri um  p oi nt O is as y m pt oti c ally  st a ble  if it is st a bl e, a nd  if in  a d diti on

t h ere  e xist s o me  r > O s u ch  t h at | x( 0)|| < r i m pli es t h at x(í) —> O as t —> oo " ( Sl oti ne  a nd  Li,

1 9 9 1, 5 0 )

W h e n  an  e q uili bri um  p oi nt is st a ble  in  t he  s e nse  of L y a p u n ov  b ut n ot as y m pt oti c ally  st a bl e,

t his p oi nt is c all ed  m ar gi n ally  st a bl e.

D efi niti o n  " An  e q uili bri um  p oi nt O is e x p o n e nti ally  st a ble  if t h ere  e xist t wo  stri ctly  p ositi ve

n u m b er s a a nd  Á, s u ch  t h at:

V f > 0,|| x ( 0| < a|| x ( 0 )|| ír l/

in  s o me  b all Br ar o u nd  t he  ori gin  ( Sl oti ne  a nd  Li, 1 9 9 1, 5 1.)

N ot e  t h at e x p o n e nti al st a bility  i m pli es as y m pt otic  st a bilit y, b ut n ot t he  r e v ers e.

D efí niti o n  "If as y m pt otic  ( or e x p o n e nti al) st a bility  h ol ds f or a ny  i niti al st at es, t he  e q uili bri um

p oi n t is s aid  to  be  as y m pt oti c ally  ( or e x p o n e nti all y) st a ble  in  t he  l ar g e. It is also  c all ed  gl o b ally

as y m pt oti c all y  ( or e x p o n e nti all y) st a ble  ( Sl oti ne  a nd  Li, 1 9 9 1, 5 2.) T h ese  c o n c e pts on  st a bility

ar e  ill ustr at ed  in  Fi g ure  2. 2.

F o r li n e ar ti m e-i n v ari a nt s yst e ms ( L TI), as y m pt oti c ally  st a bility  is al w a ys gl o b al a nd

e x p o n e nti al , a nd  li n e ar i nst a bility  al w a ys i m pli es e x p o n e nti al bl o w- u p. T his is t he  r e as on  w hy  t he

r ef m ed  n oti o ns of st a bility  i ntr o d u c ed  h ere  are  n ot e n c o u nt er ed  in  t he  st u dy  of li n e ar s yst e ms.

T h es e  c o n c e pts are  e x pli citly  n e e d ed  f or n o nli n e ar s yst e ms.
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2. 3  F u z zy  L o gic  f or  R e p r es e nti ng  D e cisi ón  M a ki ng  P oli ci es

F u z z y  L o gic  is a p ar a di gm  f or a p pr o xi m ati ng  a f u n cti o n al m a p pi ng  ( Y e n, 1 9 9 9). In  t he  artifi ci al

i nt elli g e n ce c o m m u nit y, F u z zy  L o gic  h ad  b e en  tr a diti o n ally  s e en  j u st as an  a p pr o a ch  f or

m a n a gi n g  u n c ert ai nt y. Als o, as a t h e ory  to  d e al with  s ets with  fr o nti ers n ot stri ctly  e x cl u si ve

w h er e  t h eir el e m e nts h a ve  p arti al m e m b ers hi p. H o w e v er, its f ull p ot e nti al h as e m er g ed  as a

m a p pi n g  a p pr o a ch  with  t he  c h ar a ct eristic  of h a vi ng  an  eff e cti ve tr a d e- off a m o ng  si g nifí c a n c e,

pr e cisi ó n  a nd  c ost f or d e v el o pi ng  m o d els of c o m pl ex  s yst e ms. T his f o c us is w h at is t a k en  i nto

a c c o u n t in  t his r es e ar ch  to  r e pr es e nt t he  m a n a g e m e nt pr o c ess, w hi ch  is c o nsi d er ed  li ke  a m a p pi ng

f u n cti on  t h at c o n v ert i nf or m ati on  i nto  d e cisi o ns or a cti o ns.

F u z z y  l o gic  a nd  Artifi ci al I nt elli g e n ce  h as t he  c o m m on  o bj e cti ve  f or d e v el o pi ng

c o m p ut ati o n a l m et h o ds to  e m ul ate  r e as o ni ng  a nd  pr o bl em  s ol vi ng  t h at r e q uire  h u m an

i nt elli g e n c e. H o w e v er, t he  big  att e nti on  on  t he  c osts is w h at m a k es f u z zy  l o gic  disti n g uis h a bl e.

In  1 9 9 0, F u z zy  L o gi c, G e n etic  Al g orit h ms, N e ur al N et w or ks w as gr o u p ed  i nto  t he  t erm  of

S of t C o m p uti n g, c oi n ed  by  Z a d eh  ( Z a d e h, 1 9 9 4).

2. 3. 1  C o n c e pts a nd  P ri n ci pi es

In  t he  e arly  1 9 6 0's, L otfi A. Z a d eh  fr om  t he  U ni v ersity  of C alif or nia  at B er k el ey  i ntr o d u c ed  t he

i d ea  a nd  c o n c e pt of gr a de  of m e m b ers hip  f or t he  el e m e nts of a s et. In  1 9 6 5, he  p u blis h ed  his

s e mi n ar p a p er on  f u z zy  s ets ( Z a d e h, 1 9 6 5) w hi ch  l e ad  t he  e m er g e n ce  of t he  f u z zy  l o gic

t e c h n ol o g y. T he  first f u z zy  l o gic  c o ntr oll er w as p u blis h ed  by  ( M a m d a ni, 1 9 7 4) w h ose  m o d el is

us e d  to  r e pr es e nt t he  p oli ci es of t he  d e cisi o n- m a k ers in  t his r es e ar c h.

C or e  c o n c e pts in  f u z zy  l o gic  are  ( 1) F u z zy  s ets, ( 2) li n g uistic  v ari a bl es, ( 3) p ossi bility

distri b uti o ns , ( 4) F u z zy  s et t h e or y, ( 5) F u z zy  r el ati o ns, ( 6) c o m p ositi o n al r ule  of i nf er e n c e, ( 7)

F u z z y  if-t h en  r ul es, ( 8) t h en  F u z zy  m a p pi ng  r ul es, ( 9) F u z zy  i m pli c ati on  r ul es, a nd  ( 1 0) F u z zy

gr a p h .

( 1) F u z zy  s ets. A f u z zy  s et is a g e n er ali z ati on  to  cl assi c al s et w h ere  t he  el e m e nts h a ve

d e gr e e s of m e m b ers hi p. T he  d e gr ee  of m e m b ers hi p, c all ed  m e m b ers hip  v al u é, m e a ns a d e gr ee  of

b el o n gi n g  to  t he  f u z zy  s et. It is a r e al n u m b er b et w e en  O a nd  1. A f u z zy  s et is c h ar a ct eri z ed  by

h a vi n g  a s et of el e m e nts a nd  a m e m b ers hip  f u n cti on  t h at m a ps t h ese  el e m e nts of a u ni v erse  of

dis c o urs e  to  t h eir c orr es p o n di ng  m e m b ers hip  v al ú es. T he  m e m b ers hip  f u n cti on  of a f u z zy  s et A is

d e n ot e d  as J UA .
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( 2) Li n g ui stic  v a ri a bl es a nd  li n g uistic v al ú es. F u z zy  s ets are  ass o ci at ed  with  a li n g uisti c ally

m e a ni n gf u l t er m; f or e x a m ple  " hi g h"  pr ofít a nd  "l o w"  pr ofit. T he  w ord  pr ofít is t he  li n g uistic

v ari a bl e  a nd  t he  a dj e cti v es " hi g h"  a nd  "l o w" are  its li n g uistic  v al ú es. T his ass o ci ati on  of f u z zy

s ets to  li n g uistic t er ms off ers t wo  i m p ort a nt b e n efíts ( 1) it is e asi er f or h u m an  e x p erts to  e x pr ess

t h eir k n o wl e d g e, a nd  ( 2) t he  k n o wl e d ge  e x pr ess ed  usi ng  li n g uistic  t er ms is e asily

c o m pr e h e nsi bl e . T h ese  b e n efíts are  oft en  r el at ed  with  si g nifi c a nt s a vi n gs in  t he  c ost of d esi g ni ng

a n d  m ai nt ai ni ng  a f u z zy  l o gic  s yst e m. T he  li n g uistic  v al ú es of a li n g uistic  v ari a ble  c an  be

d es cri b e d  as f oll o ws ( Z a d e h, 1 9 7 5):

1. q u alit ati v ely  usi ng  an  e x pr essi on  i n v ol vi ng  li n g uistic  t er ms (li ke  an  a dj e cti v e), a nd

2 . q u a ntit ati v ely  usi ng  a c orr es p o n di ng  m e m b ers hip  f u n cti on  .

Li n g uisti c  t er ms are  us ef ul f or c o m m u ni c ati ng  i d e as a nd  k n o wl e d ge  with  h u m an  b ei n gs.

M e m b ers hi p  f u n cti o ns are  us ef ul f or pr o c essi ng  n u m eric  i n p ut d at a. A li n g uistic  v ari a ble  is t he

e q ui v al e n ! of a s y m b olic  v ari a ble  in  AI a nd  a n u m eric  v ari a ble  in  s ci e n ce  a nd  e n gi n e eri n g. In

g e n er al , t he  v al ú es of a li n g uistic  v ari a ble  c an  be  li n g uistic  e x pr essi o ns of t er ms a nd  m o difí ers

s u ch  as " v er y,"  " m ore  or l ess"  a nd  c o n n e cti v es s u ch  as " a n d,"  " or ".

( 3) P o s si bility  dist ri b uti o ns. W h en  a f u z zy  s et is assi g n ed  to  a li n g uistic  v ari a bl e, an  el astic

c o nstr ai n  on  t he  p ossi ble  v al ú es is assi g n e d, t his is c all ed  t he  p ossi bility  distri b uti on  ( Z a d e h,

1 9 8 1) . T he  n oti on  of p ossi ble  vs. i m p ossi ble  v al ú es b e c o m es a m att er of d e gr ee  is t his iss u e. A

c o m m o n  q u esti on  r ais es a b o ut t he  r el ati o ns hip  b et w e en  p ossi bility  distri b uti on  with  pr o b a bility

distri b uti o n . An  e asy  w ay  to  u n d erst a nd  t his r el ati o ns hip  is to  c o m p are  i nt er v al- v al u es with

pr o b a bilit y . T he  p ossi bility  distri b uti on  c o nstr ai ns t he  p ossi ble  v al ú es of a v ari a ble  wit h o ut

i n di c ati ng  t he  li k eli h o od  t h at t he  v ari a ble  c o uld  h a ve  f or a s p e cifíc  v al ué  in  t he  i nt er v al.

Alt h o u g h , p ossi bility  a nd  pr o b a bility  distri b uti o ns are  diff er e nt, c ert ai nly  t h ey  are  r el at e d —if a

v al u é  is i m p ossi bl e, o ne  c o uld  i nf er t h at t he  v al ú es is i m pr o b a bl e. In  g e n er al, a p ossi bility

distri b uti o n  c an  be  c o nsi d er ed  as an  u p p er b o u nd  on  t he  pr o b a bility  distri b uti o n. A c o m pl ete

dis c ussi o n  on  t his iss ue  is tr e at ed  in  ( B e z d e k, 1 9 9 4, cit ed  by  Y e n, 1 9 9 9, 1 5 5).

B ef or e  d es cri bi ng  t he  c o n c e pt of c o m p ositi o n al r ule  of i nf er e n c e, bri efly  F u z zy  s et t h e ory  a nd

F u z z y  r el ati o ns are  e x pl ai n e d.

( 4) F u z zy  s et t h e o r y. F u z zy  s et t h e ory  g e n er ali z es t he  c o n v e nti o n al s et t h e ory  ( Y e n, 1 9 9 9).

In  t his s e ns e, t he  a xi o m atic  f o u n d ati on  b e c o m es diff er e nt fr om  t he  cl assi c al s et t h e or y.

S p e ci ñ c all y , t wo  f u n d a m e nt al l a ws of B o ol e an  al g e bra  are  vi ol at ed  ( 1) t he  l aw  of e x cl u d ed

mi d dl e A ^J A = U a nd  ( 2) t he  l aw  of c o ntr a di cti on  A n A = <j). F u n d a m e nt all y, it m e a ns t h at an
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el e m e n t c an  p arti ally  b el o n gs to  a s et a nd  to  its c o m pl e m e nt at t he  s a me  ti m e. As c o ns e q u e n c e,

f or m ula e q ui v al e nts are  n ot n e c ess arily  e q ui v al e n! f or b oth  cl assi c al a nd  f u z zy  s et t h e ori es.

T h e  l o gic  o p er ati o ns of i nt ers e cti on  a nd  u ni ón  h a ve  m últi ple  c h oi c es f or t he  f u z zy

c o nj u n cti o n  ( A N D) a nd  t he  f u z zy  disj u n cti on  ( O R) o p er ati o ns. T wo  d u al a nd  c o m m on  c h oi c es f or

t he  f u z zy  c o nj u n cti on  a nd  disj u n cti on  o p er ati o ns ar e:

( 1) t he  f u n cti o ns " mi n"  a nd  " m a x"  ( 2) t he  al g e br aic  pr o d u ct a nd  s um

In  g e n er al, a f u z zy  c o nj u n cti on  o p er at or t( x, y) a n d a f u z zy  di sj u n cti on  o p er at or s( x, y) are

a  d u al p air if t h ey  s atisfy  t he  f oll o wi ng  c o n diti o n:

\ -t ( x, y ) = s ( \ - x, \ - y )

w hi c h  e ns ur es t h at

A r\ B  = A ^ J B

still h ol ds in  f u z zy  s et t h e or y.

D u alit y  is m ai nt ai n ed  by  s atisf yi ng  t he  f oll o wi ng  s et of a xi o ms t h at d efi n es tri a n g ul ar n or ms

o r t- n or ms a nd  also  tri a n g ul ar c o n or ms, t- c o n or ms, or s- n or ms f or t he  f u z zy  c o nj u n cti on  a nd

disj u n cti o n  o p er at ors, r es p e cti v el y. T h ey  are  f or m ally  d ef m ed  as f oll o ws:

"A  t- n orm  o p er at or, d e n ot ed  as í ( x, y ), is a f u n cti on  m a p pi ng  fr om  [ 0, 1] x [ 0, 1] to  [ 0, 1] t h at

s atisfí es t he  f oll o wi ng  c o n diti o ns f or a ny  w, x, y, z e [ 0, 1]:

1. t( 0, 0) = Q,t( x,l) = t(l, x) = x

2.  t( x, y) < t(z, w) if x < z a n d y < w ( m o n ot o n o cit y)

3.  t( x, y) = t( y, x) ( c o m m ut ati vit y)

4 . t( x,t( y, z)) = t(t( x, y),z)  ( ass o ci ati vit y) "  ( Y e n, 1 9 9 9).

"A  t- c o n orm  o p er at or, d e n ot ed  as s ( x, y ), is a f u n cti on  m a p pi ng  fr om  [ 0, 1] x [ 0, 1] to  [ 0, 1]

t h at s atisfí es t he  f oll o wi ng  c o n diti o ns f or a ny  w, x, y, z e [ 0, 1]:

1 . s(\, }) = l, s( x, 0) = s( 0, x) = x

2 . s( x, y) < s(z, w) if x < z a nd  y < w ( m o n ot o n o cit y)
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3  . s( x, y) = s( y, x) ( c o m m ut ati vit y)

4 . s( x,s( y,z)) = s(s( x, y),z) ( ass o ci ati vit y)" ( Y e n, 1 9 9 9).

A n  i m p ort a nt pr o p erty  a b o ut t- n or ms a nd  s- n or ms is t h at " mi n"  a nd  " m a x"  f u n cti o ns b o u nd

al l p ossi ble  c h oi c es, r es p e cti v el y. A c o m pl ete  s u m m ary  a b o ut t- n orm  a nd  s- n orm  c an  be  f o u nd  in

( Klir a nd  Y u a n, 1 9 9 5).

( 5) F u z zy  r el ati o n. T he  cl assi c al c o n c e pt of r el ati on  is g e n er ali z ed  i nto  a m att er of d e gr ee  by

t he  c o n c e pt of f u z zy  r el ati o n. F or e x a m pl e, a f u z zy  r el ati on  R b et w e en  v ari a bl es x a nd  y ,

w h os e  d o m ai ns are  X a nd  Y , r es p e cti v el y, is d efí n ed  by  a f u n cti on  t h at m a ps or d er ed  p airs in

X  x Y to  t h eir d e gr ee  in  t he  r el ati o n, w hi ch  is a n u m b er b et w e en  O a nd  1 , t his is

R  : X x Y — > [ 0, 1] . F or m all y, a f u z zy  n- ary  r el ati on  R in  v ari a bl es x} , x2 , ..., xn  , w h ose

d o m ai n s are  X} , X2  , ..., X n , r es p e cti v el y, is d efí n ed  by  a f u n cti on  t h at m a ps an  n-t u ple

<  x, , x2  , . . . , xn  > in  X} x X2  x . . . x X n to  a m e m b ers hip  v al ué  in  t he  i nt er v al, t his is,

R  : X} x X2  x . . . x X n — > [ 0, 1] . In  t his s e ns e, t he  m a p pi ng  c an  be  s e en  as a m e m b ers hip  f u n cti on

o f a m ulti di m e nsi o n al f u z zy  s et.

( 6) C o m p ositi o n al r ule  of i nf e r e n c e. D ef miti o n: " L et X a nd  Y be  t he  u ni v ers es of

dis c o urs e  f or v ari a bl es x a nd  y , r es p e cti v el y, a nd  X ¡ a nd  Yj be  el e m e nts of X a nd  Y . L et

R  be  a f u z zy  r el ati on  t h at m a ps X x Y to  [ O, 1] a nd  t he  p ossi bility  distri b uti on  of X is k n o wn  to

b e  ] ~J ( x¡ ) . T he  c o m p ositi o n al r ule  of i nf er e n ce  i nf ers t he  p ossi bility  distri b uti on  of Y as

f oll o ws( Y e n, 1 9 9 9):

T h e  c o m p ositi o n al r ule  of i nf er e n ce  d e p e n ds on  t he  s el e cti on  of t he  f u z zy  c o nj u n cti on  a nd

f u z zy  disj u n cti on  o p er at ors. It is n ot u ni q u ely  d efí n ed  a nd  t h us diff er e nt c o m p ositi o n al r ul es of

i nf er e n ce c an  be  o bt ai n e d. T wo  m ostly  us ed  ar e:

1 .  m a x- min  c o m p ositi o n: Y[r (. y, ) = m ax  m a x( mi n(] ^[ ( x, ), fj  (x¡ , y ¡ )))

2 .  m a x- pr o d u ct c o m p ositi o n: J ~[x  ( y. ) = m a x (Q  ̂  (x¡ ) x J J^  ( x. , y. ))

( 7) F u z zy  If- T h en  R ul es. A f u z zy  if-t h en  r ule  is a r el ati on  t h at tr a nsf or ms c o n diti o ns a b o ut

li n g uistic v ari a bl es to  c o n cl usi o ns. Fr om  a p oi nt of vi ew  of k n o wl e d ge  r e pr es e nt ati o n, a f uzzy  if-

t h en  r ule  is a s c h e me  to  c a pt ure  i m pr e cise  k n o wl e d ge  ( Y e n, 1 9 9 9). T he  m ain  f e at ure  of r e as o ni ng
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o f t his t y pe  of k n o wl e d ge  r e pr es e nt ati on  is its p arti al m at c hi ng  c a p a bility  t h at e n a bl es an

i nf er e n ce  e v en  w h en  t he  r ule  c o n diti o ns are  p arti ally  s atisfí e d. To  i nf er a c o n cl usi ón  in  a f u z zy

r ul e, t he  c o n diti o ns b as ed  on  t he  m at ch  d e gr ee  of t he  i n p ut d ata  a nd  t he  c o ns e q u e nt are  c o m bi n e d.

T h e  hi g h er is t he  m at c hi ng  d e gr e e; t he  cl os er is t he  i nf err ed  c o n cl usi ón  to  t he  c o ns e q u e n ce  of t he

r ul e.

T h er e  are  t wo  t y p es  of f u z zy  r ul e s: ( 1) f u z zy  m a p pi ng  r ul e s, a nd  ( 2) f u z zy  i m pli c ati on  r ul es.

A  f u z zy  m a p pi ng  r ule  is a f u n cti o n al m a p pi ng  r el ati o n s hip  a m o ng  s e v er al i n p uts a nd  o ne  o ut p ut

u si n g  li n g ui stic  t er m s. Its f u n d a m e nts c o me  fr om  t he  f u z zy  gr a ph  t h e or y. T he  i nf er e n ce  pr o c ess

i n v ol v es a s et of r ul es, c all ed  t he  f u z zy  m o d el, w h ere  t he  a nt e c e d e nt c o n diti o ns f orm  a f u z zy

p artiti o n  of t he  i n p ut s p a c e. T he  m ain  c h ar a ct eristic  w h en  usi ng  f u z zy  m a p pi ng  r ul es is t h ey  are

d esi g n e d  to  w ork  as a gr o u p.

A  f u z zy  i m pli c ati on  r ule  is a g e n er ali z ed  l o gic  i m pli c ati on  r el ati o n s hip  b et w e en  t wo  l o gic

f or m ul as i n v ol vi ng  li n g ui stic  v ari a bl es. Its f u n d a m e nts c o me  fr om  t he  g e n er ali z ati on  of t he  t w o-

v al u e d  l o gi c. T he  i nf er e n ce  of f u z zy  i m pli c ati on  r ul es u nli ke  t he  o ne  of f u z zy  m a p pi ng  r ul es is

p erf or m e d  i n di vi d u all y. C ert ai nl y, t he  i nf er e n ce  r es ults of t he  r ul es c an  be  c o m bi n e d, h o w e v er t he

pr o p erti e s of t he  i nf er e n ce  are  d es cri b ed  in  t er ms of t he  b e h a vi or of i n di vi d u al r ul es. T h ey  are

d esi g n e d  to  w ork  i n di vi d u all y.

T hi s di sti n cti on  b et w e en  f u z zy  i m pli c ati on  r ul es a nd  f u z zy  m a p pi ng  r ul es b e g an  to  be  cl e ar in

e arl y  1 9 9 0s w h en  s u c c ess of f u z zy  k n o wl e d g e- b as ed  s yst em  in  a ut o m atic  c o ntr ol d e m a n d ed

f or m al e x pl a n ati o n s. T he  diffi c ulty  w as to  e x pl ain  t he  "f u z zy  i m pli c ati on  r el ati o n"  of r ul es  usi ng

t he  c o nj u n cti on  o p er at or a nd  t he  a g gr e g ati on  o p er ati on  in  t he  c o n cl usi ón  of r ul es usi ng  f u z zy

disj u n cti o n . T his diffi c ulty  l e a ds to  st ate  t he  f u n d a m e nt al diff er e n c es b et w e en  t he  t wo  t y p es  of

r ul es. A d et ail ed  d es cri pti on  on  t his t h e me  is f o u nd  in  ( Y en  a nd  L a n g ari, 1 9 9 9) a nd  c o ntri b uti o ns

in  ( K os k o, 1 9 9 7) a nd  ( D u b oi s a nd  Pr a d e, 1 9 9 4).

(8  a nd  9) F u z zy  M a p pi ng  R ul es a nd  F u z zy  I m pli c ati on  R ul es. T h ere  are  t wo  m ain  p oi nts

o n  t he  r e pr e s e nt ati on  t h at c o nf u se  m a ny  s c h ol ars a b o ut t he  diff er e n ce  of t h ese  r ul es: ( 1) b oth  of

t h em  are  r e pr es e nt ed  as a f u z zy  r el ati on  b et w e en  a nt e c e d e nt a nd  c o ns e q u e nt v ari a bl es, a nd  ( 2)

b ot h  of t h eir i nf er e n ce  s c h e m es are  b as ed  on  t he  c o m p ositi o n al r ule  of i nf er e n c e. H o w e v er, t h ere

e xis t a f u n d a m e nt al diff er e n ce  b et w e en  f u z zy  m a p pi ng  a nd  f u z zy  i m pli c ati on  r ul es. T his is in  t he

s e m a nti c  of t h eir i nf er e n ce  b e h a vi or. T he  i nf er e n ce  b e h a vi ors b e c o me  diff er e nt w h en  t h eir

a nt e c e d e nt s are  n ot s ati sfí e d.
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T h e  c e ntr al iss ue  is t he  d e s cri pti on  of t wo  t y p es of k n o wl e d g e. By  o ne  h a n d, l o gic  i m pli c ati on

is t he  b a sis of f u z zy  i m pli c ati on  r ul e s. T h ey  g e n er ali ze  s et-t o-s et i m pli c ati o n s. T he  o bj e cti ve  is to

e n a bl e  i nt elli g e nt s yst e ms to  dr aw  pl a u si ble  c o n cl usi o ns in  a si mil ar w ay  to  h u m an  r e as o ni n g. By

t he  ot h er h a n d, a s s o ci ati on  k n o wl e d ge  is t he  ess e n ce  of f u z zy  m a p pi ng  r ul es. T h ey  g e n er ali ze  s et-

t o-s et a s s o ci ati o n s. T he  o bj e cti ve  is to  a p pr o xi m ate  c o m pl ex  r el ati o n s hi p s, li ke  n o nli n e ar

f u n cti o ns, in  a b al a n ci ng  f orm  of c o st- eff e cti ve  a nd  al so  in  an  e a sily  c o m pr e h e nsi ble  f or m. S ee

( Y e n, 1 9 9 9, 1 5 8) f or an  ill u str ati ve  e x a m pl e. T he  f or m al e x pr essi o ns are  d e cl ar ed  as f oll o w.

Gi v e n

rk  ( x is A) — » ( y is B)

w h er e  A a nd  B are  f u z zy  s et s.

Its c orr e s p o n di ng  f u z zy  m a p pi ng  r ule  r e pr es e nt ed  as a f u z zy  r el ati on  R b e c o m es to  e x pr ess

t he  p o s si bility  d e gr e es  of ass o ci ati on  b et w e en  p airs of i n p ut a nd  o ut p ut v al ú es. T his is d es cri b ed

b y( Y e n , 1 9 9 9) a s:

T h e  p o s si bility  di stri b uti on  is d et er mi n ed  fr om  t he  m e m b er s hip  f u n cti o ns of A a nd  B:

,. (( x = *,-) A O; = y j ) ) = t((X¡  is A) A ( y. i s B))

w h er e  FT  d e n ot es t he  p o s si bility  di stri b uti o n, <8> a f u z zy  c o nj u n cti on  o p er at or, a nd  t t he  tr uth

v al u é  of a f or m ul a.

T h e  c orr e s p o n di ng  f u z zy  i m pli c ati on  r ule  r e pr es e nt ed  as a f u z zy  r el ati on  R b e c o m es to

e x pr es s t he  p o s si bility  d e gr e es  of i m pli c ati on  b et w e en  p airs of i n p ut a nd  o ut p ut v al ú es. T his  is

d es cri b e d  by  ( Y e n, 1 9 9 9) as:

T h e  p ossi bility  distri b uti on  is d et er mi n ed  fr om  t he  m e m b ers hip  f u n cti o ns of A a nd  B.

Y [ r  (( x = *,.) ->  (y  = ;,, ) )=  *(( *. i s A) ->  ( yj is  B) }

( 1 0) F u z zy  G r a ph  (r e pr o d u c ed  fr om  Y e n, 1 9 9 9). F u z zy  m a p pi ng  r ul es h a ve  its f o u n d ati on  in

f u z zy  gr a ph  ( Z a d e h, 1 9 9 4) cit ed  in  ( Y e n, 1 9 9 9). A f u z zy  gr a ph  /' f r om  X to  7  is  a u ni ón  of
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C art esi a n  pr o d u cts i n v ol vi ng  li n g uistic  i n p ut- o ut p ut ass o ci ati o ns. L et f' be  a f u z zy  gr a ph

d es cri b e d  by  a s et of f u z zy  m a p pi ng  r ul es in  t he  f orm  of "// x is A¡ t h e n y is B. ". T he  f u z zy

gr a p h  c an  be  e x pr ess ed  m at h e m ati c ally  ( Y e n, 1 9 9 9) as:

In  f , u d e n ot es t he  f u z zy  di sj u n cti o n. T he  C art esi an  pr o d u ct of A a nd  B, d e n ot ed  by

A  x B , is d efí n ed  as

A n  e x pr essi on  of t he  f orm  A x B w h ere  A a nd  B are  w or ds (f u z zy  s ets) is r ef err ed  as a

C art esi a n  gr a n ule  ( Z a d e h, 1 9 9 6). Fi g ure  2-3  d e pi cts a f u z zy  gr a ph  c o nsisti ng  of t hr ee  f u z zy

m a p pi n g  r ul es:

f: IF  X is s m all T H EN  Y is s m all.

IF  X is m é di um  T H EN  Y is l ar g e.

IF  X is l ar ge  T H EN  Y is s m all.

T h e  r es ulti ng  f u z zy  gr a ph  is

b asi c all y  a f u z zy  r el ati o n.

' s mall  mé di um   lar ge

Fi g u r e  2- 3: F u z zy  g r a ph  a p p r o xi m ati on  by  a s et of f u z zy  m a p pi ng  r ul es

T h e  i nf er e n ce  (i. e. i nt er p ol ati ve  r e as o ni n g) of s u ch  a s et of f u z zy  m a p pi ng  r ul es is also  b as ed

o n  c o m p ositi o n al r ule  of i nf er e n ce  i ntr o d u c ed  e arli er. Gi v en  an  i n p ut "x  is A" to  t he  m o d el, t he

i nf err ed  o ut p ut of t he  m o d el is a p ossi bility  distri b uti on  B' of y:

B' = A' °f  =/ á' ° ( u/l . x £.)

w h er e  /'r e pr e s e nts  t he  f u z zy  gr a ph  of a gi v en  f u z zy  m o d el, ° d e n ot es t he  c o m p ositi on  r ule  of

i nf er e n c e.
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2. 3. 2  F u z zy  M o d els

2. 3. 2. 1   O r di n a ry  F u z zy  M o d el

Or d m ar y  f u z zy  m o d els h a ve  t he  f or ms:

L ' : if x, is A\ a nd  ... xn  is A'n t h e n y is C"

w h er e  L' (i = 1, 2,..., /) d e n ot es t he  i-th  i m pli c ati o n, /t he  n u m b er of f u z zy  i m pli c ati o ns, A'¡

a n d  C' are  f u z zy  s ets, x ¡ is  t he  j - th  i n p ut v ari a ble  a nd  y is  t he  o ut p ut v ari a bl e. L et f or

si m pli city  to  write  t he  m e m b ers hip  f u n cti on  of t he  f u z zy  s et A¡ as A ¡( x). So  fr om  ( 1), t he  f u z zy

r el ati o n al e q u ati o ns are  d es cri b ed  b y:

C  = Ri

w h er e  ° d e n ot es t he  m a x- min  c o m p ositi on  a nd  x t he  C art esi an  pr o d u ct. If M a m d a ni's m et h od  is

a p pli e d  ( M a m d a ni, 1 9 7 4), t he  f u z zy  r el ati o ns ./?' f oll o w:

R  = [  mi n ( 4 ( x, ) , A' 2 ( x 2 \ -,  Án ( x n ), C ( y ) )/ ( xt, x2 , • • •, xn , y)
i *-*2 *''' ̂ H *y

a n d  t he  fi n al r el ati on  R is c al c ul at ed  b y:

R  = \ J R'
(=1

w h er e  U is t he  u ni ón  o p er at or.

2. 3. 2. 2   F u z zy  M o d el of T a k a gi a nd  S u g e no

F u z z y  m o d el of T a k a gi a nd  S u g e no  ( T a k a gi a nd  S u g e n o, 1 9 8 5) h as t he  f or m:

L'  : if x¡ is A\ a n d--- xn  is A'n t h e n y' = c'0 + c[ x} +... + c( xn

w h er e  L! (i = 1, 2,..., / ) d e n ot es t he  i — th  i m pli c ati o n, / is t he  n u m b er of i m pli c ati o ns, A1, is

a  f u z zy  s et w h ere  m e m b ers hip  f u n cti o ns are  of c o n v ex  t y pe  a nd  f or m ed  by  str ai g ht li n es, c'¡ is a

c o ns e q u e n t p ar a m et er, Xj is t he  j — th  i n p ut v ari a bl e, a nd  y' t he  o ut p ut v ari a ble  of t he  i -t h

i m pli c ati o n.
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T h e  fi n al o ut p ut of t he  f u z zy  m o d el is i nf err ed  by  t a ki ng  t he  w ei g hti ng  a v er a ge  of t he  o ut p uts

/' s .

y  w-y
/ —(/ =!  S

t he  w ei g ht ed  w' i m pli es t he  o v er all tr uth  v al ué  of t he  pr e mise  of t he  / —t h i m pli c ati on  a nd  it is

c al c ul at e d  as:

<t = l

T w o  m ain  a d v a nt a g es are  o bs er v ed  by  usi ng  T a k a gi a nd  S u g e n o's m o d el with  r es p e ct to

or di n ar y  pi e c e wise  li n e ar a p pr o xi m ati o n:

R e d u cti o n  of t he  n u m b er of pi e c e wise  li n e ar r el ati o ns w hi ch  b e c o m es cr u ci al in  a

m ulti di m e n si o n a l c as e.

Li n g uisti c  c o n diti o ns s u ch  as  " x¡ is  s m all a nd  x2  is  bi g"  c an  be  m a p p ed  to  li n e ar r el ati o ns.

T h u s q u alit ati ve a nd  u n c ert ain  k n o wl e d ge  as o bs er v ed  a nd  d es cri b ed  by  m an  c an  be  us e d.

2. 3. 3  F u z zy  K n o wl e d g e- b as ed  S yst e ms

A  F u z zy  K n o wl e d g e- B as ed  S yst em  ( F K B S) is a f u z zy  m o d el f or a p pr o xi m ati ng  a f u n cti o n al

m a p pi n g  fr om  i n p ut crisp  si g n áis  to  crisp  o ut p ut si g n áis.

I n p ut
Cri s p
Si g n a l

F u z z y  K n o wl e d g e- B as ed  S yst em
( F K B S)

O ut p u t
Cris p
Si g n a l

Fi g u r e  2- 4: F K BS  as a p p r o xi m at ed  m a p pi ng  f u n cti on

A  F K BS  is f or m ed  by  t hr ee  b asic  pr o c ess es: ( 1) f u z zifi c ati o n, ( 2) A p pr o xi m ati ng  R e as o ni ng

E n gi n e , a nd  ( 3) d ef u z zifi c ati o n.
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Fi g u r e  2- 5: P a rts of a F K BS

F u z zifi c ati o n . A s et of n u m eri c al crisp  v al ú es is m a p p ed  to  a s et of n u m eri c al m e m b er s hip

v al ú e s a c c or di ng  to  d efí n ed  f u z zy  s ets ( G h alia  a nd  W a n g, 2 0 0 0, 3 8 7.)

A p p r o xi m at e  R e a s o ni ng  E n gi n e. C o n cl usi o ns are  d eri v ed  fr om  pr e mi s e s. B oth  c o n cl u si o ns

a n d  pr e mis es are  gi v en  in  t he  f or m at of n u m eri c al m e m b ers hip  v al ú es. T he  pr o c ess is c arri ed  o ut

t hr o u gh  t he  use  of a F u z zy  K n o wl e d ge  B ase  (s et of f u z zy  if-t h en  r ul es). T he  r ul es are  a c q uir ed

fr om  t he  e x p erts  or d e cisi o n- m a k ers in  a c o n v e nti o n al k n o wl e d ge  e n gi n e eri ng  pr o c ess. T he

r e a s o ni ng  pr o c e ss  f oll o ws t wo  st e ps. Firstl y, t he  A p pr o xi m ate  R e a s o ni ng  E n gi ne  ( A R E) e v al ú al es

t he  pr o d u cti on  r ul e s. S e c o n dl y, it a g gr e g at es t he  f u z zy  c o n cl usi o ns r e s ulti ng  fr om  all t he  r ul es

i nto  o ne  f u z zy  c o n cl u si ón  s et. T he  fl ow  of t he  i nf or m ati on  b et w e en  t he  F u z zifi c ati on  a nd  A RE  is

u m dir e cti o n a l ( G h alia  a nd  W a n g, 2 0 0 0, 3 8 8.)

D ef u z zifi c ati o n . T he  f u z zy  c o n cl usi ón  s et d es cri b ed  by  n u m eri c al v al ú es m e m b ers hip  v al ú es

is m a p p ed  to  n u m eri c al crisp  v al ú es, w hi ch  r efl e cts t he  a cti on  t h at h as to  be  t a k en  ( G h alia  a nd

W a n g , 2 0 0 0, 3 8 8.)

Cris p
I n p ut V al ú es

C o n cl u si o n s
( F u z zy  V al ú e s)

A p pr o xi m at e
R e a s o ni n g

E n gi n e

Pr e mis e s
( F u z zy  V al ú e s)

Cri s p
O ut p u t V al ú es

Fi g u r e  2- 6: I nf o r m ati on  fl ow  di a g r am  of a F K BS
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T h e  F K BS  will a ct as a Virt u al D e cisi o n- M a k er w h ose  a cti o ns will r es p o nse  to  t he  p oli ci es

e xtr a ct e d  fr om  d e ci si o n- m a k ers in  t he  k n o wl e d ge  a c q ui siti on  pr o c ess.

2. 3. 4  D esi gn  of a Vi rt u al D e cisi o n- M a k er  b as ed  on  F u z zy  K n o wl e d g e- B as ed

S yst e m s

C o nsi d e r a st a ble  pr o c ess ( b usi n ess pr o c ess in  t his c as e) w h ere  t he  s yst em  str u ct ure  is m o d el ed  as

M ult i I n p ut - M ulti O ut p ut ( MI M O) n o nli n e ar s yst em  of or d er t w o. T he  di m e n si ón  is d efi n ed  to

b e  2 x 2 at t his m o m e nt f or s a ke  of t he  e x pl a n ati o n.

M(t ) Pr o c es s
( B u si n e ss Pr o c ess)

Fi g u r e  2- 7: B usi n ess p r o c ess  as  MI MO  s yst em

T h e  o bj e cti ve  is to  d esi gn  a F K BS  to  a ct as a Virt u al D e cisi o n- M a k er so  t h at s atisfi es t he

f oll o wi ng  f o ur crit eri a:

1 . St a ble  e q uili bri um  p oi nts m ay  be  r e a c h ed  a nd  s ust ai n ed  at all ti m e.

2 . E q uili bri um  p oi nts are  e x p o n e nti ally  st a bl e.

3 . St e a d y-st ate  d e vi ati o ns b et w e en  p er c ei v ed  a nd  d esir ed  c o n diti o ns c an  be  eli mi n at e d.

4 . C ost of t he  m o d el d e v el o p m e nt is r e q u est ed  as s m all as p ossi bl e.

T h e  d esi gn  c o nsi d ers:

1 . T he  s el e cti on  of t he  v ari a bl es in  w hi ch  d e cisi o ns c an  be  i m pl e m e nt e d.

2 . T he  s el e cti on  of v ari a bl es as b usi n ess i n di c at ors to  o bs er v e.

3 . T he  f u z zy  k n o wl e d ge  b as e.

4 . T he  d efi niti on  of t he  m e m b ers hip  f u n cti o n s.

T h e  F K BS  c an  be  r e ali z ed  usi ng  s e v er al str u ct ur es. S o me  of t h em  are  s h o wn  in  Fi g ure  2-5

( Vilj a m aa  a nd  K oi v o, 1 9 9 3).
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( c)

Fi g ur e  2- 8: M I MO  2 x 2  st r u ct u r es f or  F K BS

T h e  i n p ut v ari a bl es are  d e vi ati o ns ( e ¡) a nd  t e n d e n cy  d e vi ati o ns ( A e(. ~ ¿,). T he  o ut p ut

v ari a bl e s are  i n cr e m e nts in  d e cisi ón  v ari a bl es ( A «,).

T h e  m e m b ers hip  f u n cti o ns c o nsi d er ed  f or e a ch  i n p ut v ari a ble  ha  ve  t he  f or m:

-/,  o  /„

Fi g u r e  2- 9: M e m b e r s hip  f u n cti on  f or  i n p ut v a ri a bl es

Si n gl et o n s are  s el e ct ed  to  be  t he  m e m b ers hip  f u n cti on  of t he  o ut p ut v ari a bl es.
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Fi g u r e  2- 1 0: M e m b e rs hip  f u n cti on  f or  o ut p ut v a ri a bl es

T h e  F K. BS  str u ct ure  h as t he  f or m:

w h er e  f(-) e 9Í2  is t he  a p pr o xi m ate  m a p pi ng  f u n cti on  w hi ch  tr a nsf or ms i nf or m ati on  i nto  a cti o n.

f D e si r e d c o n diti o ns  ̂ ( k) - P e r c ei v e d c o n diti o ns} ( k)

\ _ D esir e d c o n diti o ns2  ( k) - P e r c ei v e d c o n diti o ns2  ( k)

e 2 ( k ) - e 2 ( k -\ )\

di m e nsi o n s of e(-) are  s a me  di m e nsi o ns of y(t).

T w o  f u z zy  s ets f or e a ch  i n p ut v ari a ble  are  us ed  a nd  d efi n ed  f or t he  i nt er v al —lx < x < lx as it

s h o wn  in  Fi g. 2- 9.

t ^ n e g ali v e  l/ ^ n e gl ^ n e g 2  U n e gl ¿ * n e g 4 J  L ^  ^ J  H p o siti v e

T h e  o ut p uts of t he  F K BS  are  c h a n g es A u( &) in  t he  d e cisi ón  v ari a bl es. Fi n al d e cisi ón  is s et in

a cti o n  as

T h e  c o m pl ete  r ul e- b ase  h as 16  r ul es a nd  it is s h o wn  in  T a ble  2- 1. R ul es h as t he  f oll o wi ng

f or m:



4 0 C h a pt er  2. K n o wl e d g e A c q uisiti o n,
F uzz y  L o gi c, a n d S yst e m D y n a mi cs

R ul e  6.

if (e{ is N) a nd  ( é, is P) a nd  (e2  is N) a nd  (é2  is P) t h e n A w, is Z

if (e¡ is N) a nd  ( ¿, is P) a nd  (e2  is N) a nd  (é2  is P) t h e n A w2 is Z

G e n er all y , c o n s e q u e n c es f or r ul es 6, 7, 1 0, a nd  11  c an  be  fill ed  b ef ore  h a nd  si n ce  p er c ei v ed

c o n diti o n s are  g oi ng  t o w ard  t he  d esir ed  c o n diti o ns a nd  d e cisi o ns do  n ot n e ed  c h a n g es ( Vilj a m aa

a n d K oi v o , 1 9 9 3).

T a bl e  2- 1: B a sic  r ule  b ase

R ul e

1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9 .

1 0 .

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

1 6 .

N̂

N

N

N

N

N

N

N

P

P

P

P

P

P

P

P

A e,
N

N

N

N

P

P

P

P

N

N

N

N

P

P

P

P

* 2

N

N

P

P

N

N

P

P

N

N

P

P

N

N

P

P

A e 2   A w,
N

P

N

P

N

P   Z

N   Z

P

N

P   Z

N   Z

P

N

P

N

P

A w 2

Z

Z

Z

Z

T h e  ot h er c o ns e q u e n c es d e p e nd  on  s p e cific  pr o c e ss  in  w hi ch  t he  F K BS  is a p pli e d. H o w e v er,

b as e d  on  a b a sic  a n al y si s, it c an  be  r e a c h ed  to  t he  c o n cl usi ón  t h at t he  c o ns e q u e n c es of p air of

r ul es  2- 3, 5- 9, 8- 1 2, a nd  14  y 15  are  t he  s a m e.
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T h u s e a ch  p air if r ul es c an  be  c o m bi n ed  to  o ne  r ul e. F or e x a m pl e, t he  n ew  r ule  f or t he  p air of

r ul es 2 a nd  3 will h a ve  t he  f or m:



4 2 C h a pt er  2. K n o wl e d g e A c q uisiti o n,
F uzz y  L o gi c, a n d S yst e m D y n a mi cs

if

{(e, is N) a nd  ( é, is N) a nd  ( e2  is N) a nd  ( ¿2  is P)}

or

{(e , is N) a nd  ( ¿, is N) a nd  ( e2  is P) a nd  ( ¿2  is N)}

t he n

( A M, is s o m e li n g uisti c v al u é of A w,}

a nd

( A «2 is s o m e li n g uisti c v al u é of A w2 }

W h e n  o p er ati o ns mi n a nd  m ax  are  a p pli ed  to  r e ali ze  t he  a nd  a nd  or o p er ati o ns t he  f u z zy

r e a s o ni ng  c an  be  r e s u m ed  as s h o wn  in  T a ble  2- 2.

T hi s s et of c o n cl u si o ns m ay  be  g e n er al f or b oth  o ut p uts of t he  F K BS  a nd  also  f or diff er e nt

pr o c ess  si n ce  t he  s a me  r e s ults w ere  r e a c h ed  by  diff er e nt m et h o ds a nd  c o nt e xt by  ( Vilj a m aa  a nd

K oi v o , 1 9 9 3) a nd  by  t his r es e ar c h.

D e p e n di n g  on  t he  assi g n ed  si n gl et o ns to  e a ch  c o n cl u si ó n, ot h er m ax  o p er ati o ns mi g ht be

r e q uir ed  to  o bt ain  t he  f u z zy  c o n cl usi ón  s et. O n ce  o bt ai n ed  it, t he  d ef u z zifí c ati on  is c arri ed  o ut by

t he  e q u ati o n:

~ S,

S 2

o o o l s

w h er e  a  -- \  a nd  j 3 = J/í  \  a nd
gí A U |  / " z e r o A u ,  r ^ p o s A u, ) /  V ^ n e g A u2   r ^i er ot at ^  r ^ p o s b u¡ )

a r e  t n e  v al u e s  of t he  m e m b ers hip  f u n cti on  of t he  i-th  f u z zy  s et of t he

o ut p u t v ari a bl es a nd  Sa e g & u¡  , S! er ofí u¡ , Sp os &ll!  are  t he  pl a c es of t he  si n gl et o ns.

A  t u ni ng  m et h od  f or m ulti v ari a ble  p h y si c al s yst e ms with  t his F K BS  str u ct ure  c an  be  f o u nd  in

( Vilj a m aa  a nd  K oi v o, 1 9 9 3).



C h a pt er  2. K n o wl e d g e A c q uisiti o n, 4 3
F uzz y  L o gi c, a n d S yst e m D y n a mi cs

2. 4  S yst em  D y n a mi cs as K n o wl e d ge  A c q ui siti on  M et h od

S yst e m  d y n a mi cs w as d e v el o p ed  by  J ay  W. F orr est er at t he  Sl o an  S c h o ol of M a n a g e m e nt at t he

M ass a c h us ett s I nstit ute  of T e c h n ol o gy  in  t he  s e c o nd  h alf of t he  1 9 5 0's. F orr est er j oi n ed  t he  Sl o an

S c h o o l si n ce  its f o u n d ati on  in  1 9 5 6.

D uri n g  his fírst y e ar at Sl o an  S c h o ol, F orr est er w as d e v ot ed  to  t he  st u dy  of o p er ati o ns

r es e ar ch  ( O R) ( also  c all ed  m a n a g e m e nt s ci e n c e), w hi ch  ai ms to  s u p p ort m a n a g eri al d e cisi ón

m a ki n g  usi ng  s ci e ntific a nd  m at h e m ati c al m et h o ds. T hr ee  of t he  c o n cl usi o ns of t his st u dy  are

( F orr est er, 1 9 7 5): ( 1) OR  n e gl e ct ed  n o nli n e ar p h e n o m e n a, ( 2) OR  w as an  o p e n-l o op  a p pr o a ch  of

t he  d e cisi ón  m a ki ng  pr o c ess ( d e cisi o ns are  n ot c o nsi d er ed  aff e ct ed  by  t he  d e cisi o ns t h e ms el v es),

a n d  ( 3) OR  w as i n eff e cti ve in  h el pi ng  to  s ol ve  br o ad  str at e gic  m a n a g e m e nt pr o bl e ms.

A s c o ns e q u e n c e, c o n n e cti o ns b et w e en  el e ctri c al e n gi n e eri ng  a nd  m a n a g e m e nt st art e d. T his

ori gi n at e d  t he  st u dy  of d e cisi ón  m a ki ng  in  s o ci al s yst e ms fr om  a p ers p e cti ve  of i nf or m ati on

f e e d b a ck  t h e or y. F orr est er pr o p os ed  t he  cl os e d-l o op  t hi n ki ng  in  t he  s e nse  t h at t he  d e cisi o ns aff e ct

t he  e n vir o n m e nt, a nd  c h a n g es of t he  e n vir o n m e nt in  t urn  pr o vi de  t he  i n p uts to  d e cisi o ns t h at will

aff e c t t he  e n vir o n m e nt a g ai n.

O n e  pr o bl em  e m er g e d. Si n ce  t he  n o nli n e ar r el ati o ns hi ps b et w e en  s yst em  el e m e nts w o uld  be

c o nsi d er e d , m a ny  a n al yti c al s ol uti o ns of t he  m o d el e q u ati on  w o uld  be  u nf e asi bl e. As an

alt er n ati v e , F orr est er s u g g est ed  t he  use  of a n al og  si m ul ati on  pri n ci pi es usi ng  di git al c o m p ut ers.

T h e  c o m p ut er l a n g u a ge  D Y N A MO  w as d e v el o p ed  to  a c c o m plish  s u ch  a t ask  as w ell. T he

a p pr o a c h  t h en  b e c a me  an  e x p eri m e nt al a p pr o a ch  b as ed  on  i nf or m ati on  f e e d b a ck  t h e ory  to

si m úl ate s o ci al s yst e ms with  t he  s u p p ort of di git al c o m p ut ers.

T w o  di sti n g ui s hi ng  el e m e nts c h ar a ct eri ze  t he  a p pr o a c h: ( 1) cl os e d-l o op  t hi n ki ng  a nd  ( 2) a

ñr m  cl aim  t h at s o ci al s yst e ms c an  pr o d u cti v ely  st u di ed  as i nf or m ati on  f e e d b a ck  c o ntr ol s yst e ms,

i. e. s yst e ms w h ere  a d e cisi ón  aff e cts t he  e n vir o n m e nt w hi ch  in  t um  aff e cts t he  d e cisi ón  ( V e n m x,

1 9 9 8) .

T h e  a p pr o a ch  w as firstly  a p pli ed  to  c or p or ate  pr o bl e ms with  t he  ñ a me  of I n d ustri al d y n a mi cs.

It w as i ntr o d u c ed  to  t he  m a n a g e m e nt w orld  by  fírst ti me  in  t he  arti cle  ( F orr est er, 1 9 5 8) in  t he

H ar v ar d  B usi n ess R e vi e w. T his arti cle  d e m o nstr at ed  t he  a p pli c a bility  of t he  m et h o d. T he  arti cle

c o nt ai n s t he  f u n d a m e nt al i d e as a nd  b uil di ng  bl o c ks, w hi ch  w o uld  r e m ain  wit h o ut c h a n g es o v er

t he  n e xt d e c a d es.
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T h e  ñ a me  e v ol v ed  fr om  I n d ustri al D y n a mi cs to  S yst e m D y n a mi cs b e c a use  of t he  a p pli c ati on

o f t he  m et h od  to  a l ar ge  v ari ety  of pr o bl e ms. Bi bli o gr a p hy  writt en  by  F orr est er ill ustr at es t he  f a ct:

I n d ustri al D y n a mi cs ( F orr est er, 1 9 6 1), Ur b a n D y n a mi cs ( F orr est er, 1 9 6 9), W orl d D y n a mi cs

( F orr est er, 1 9 7 3), a nd  B u si n e s s D y n a mi cs ( St er m a n, 2 0 0 0)'. A m o ng  t he  c urr e nt fi el ds of

a p pli c ati o n  are  i n cl u d e d: c o m m o dity  pr o d u cti on  c y cl es, r es e ar ch  a nd  d e v el o p m e nt, i n v e nt or/

c o ntr ol , c or p or ate  p oli cy  st u di e s, e c o n o mic  fl u ct u ati o ns, d y n a mi cs of e c os yst e ms, e n er g y, h e alth

c ar e  d eli v er y, a nd  pr oj e ct m a n a g e m e nt to  m e nti on  j u st a f e w.

T h e  pri n ci pi es of t he  di s ci pli ne  are  e x pl ai n ed  as f oll o w s.

2. 4. 1  C o n c e pts a nd  P ri n ci pi es

D efi niti o n : " S yst em  d y n a mi cs d e als with  h ow  t hi n gs c h a n ge  t hr o u gh  ti m e, w hi ch  i n cl u d es m ost

o f w h at m ost p e o ple  fi nd  i m p ort a nt. It us es c o m p ut er si m ul ati on  to  t a ke  t he  k n o wl e d ge  we

alr e a d y  h a ve  a b o ut d et ails in  t he  w orld  ar o u nd  us a nd  to  s h ow  w hy  o ur s o ci al a nd  p h y si c al

s y st e m s b e h a ve  t he  w ay  t h ey  d o. S yst em  d y n a mi cs d e m ó n str al es h ow  m ost of o ur o wn  d e ci si o n-

m a ki n g  p oli ci es are  t he  c a use  of t he  pr o bl e ms t h at we  u s u ally  bl a me  on  ot h ers, a nd  h ow  to

i d e ntify  p oli ci es we  c an  f oll ow  to  i m pr o ve  o ur sit u ati o n"  J ay  W. F o r r e st e r2

A  S yst em  D y n a mic  M o d el is t he  r e pr es e nt ati on  of a s et of p oli ci es in  a cti o n. P oli ci es

u n d er st o o d  in  t his c o nt e xt as t he  r ul es t h at g o v ern  d e cisi o ns.

1 Pr of e s s or J o hn  D. St er m an  is c urr e ntly  Dir e ct or of t he  S yst em  D y n a mi cs Gr o up  at M.I. T., Sl o an  S c h o ol
o f M a n a g e m e nt, U. S. A.
:  T his w as  t he  a n s w er of Pr of. F orr est er to  t he  S yst em  D y n a mic  e- m ail list c o n c er ni ng  to  an  o p en  e n q uiry
o f d efi ni ng  w h at S y st em  D y n a mi cs is to  s o m e b o dy  d uri ng  an  el e v at or ri d e, 1 9 9 7.
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2. 4. 1. 1  Str u ct ure  f or M o d eli ng

T h e  str u ct ure  f or m o d eli ng  s yst e ms is f or m ed  by  f o ur hi er ar c hi c al l e v éis. Or g a ni z ed  fr om

m aj o r to  s u b or dí n ate  c o m p o n e nts, it f oll o w s:

(I) T he  cl os ed  s yst em  r es p o nsi ble  of g e n er ati ng  t he  b e h a vi or t h at is cr e at ed  wit hin  a

b o u n d ar y  a nd  n ot d e p e n d e nt on  e xt er n al i n p uts ( e x o g e n o us v ari a bl es).

( A) T he  f e e d b a ck  l o o ps as t he  str u ct ur al u nits to  ass e m ble  s yst e ms.

( 1) T he  l e v éis ( or st ate  v ari a ble  of t he  s yst e m).

( 2) T he  r at es ( or p oli ci es).

( a) T he  g o al.

( b) T he  a p p ar e nt c o n diti o n, w hi ch  is c o m p ar ed  to  t he  g o al.

( c) T he  di s cr e p a n cy  b et w e en  t he  g o al a nd  a p p ar e nt c o n diti o n.

( d) T he  r es ulti ng  a cti on  fr om  t he  dis cr e p a n c y.

2. 4. 1. 2   Cl os ed  B o u n d a ry

T h e  c e ntr al iss ue  is s yst e ms as t he  c a use  of d y n a mic  b e h a vi or.

T h e  f o c us is on  t he  i nt er a cti o ns wit hin  t he  s yst e m. So  fl u ct u ati on  (i nst a bilit y), gr o wth

( u nst a bilit y), a nd  g o al-s e e ki ng  c h a n g es (st a bilit y) are  pr o d u c ed  by  t he  i nt er a cti o ns of t he  s yst em

c o m p o n e nt .

Pri n ci pi e s of s yst e ms are  cit ed  b el ow  fr om  ( F orr est er, 1 9 7 1). T he  assi g n ed  n u m b er of t he

pri n ci pi e s is r es p e ct ed  to  t he  ori gi n al t e xt.

" Pri n ci pi e  4. 1. 1. Cl os e d b o u n d ar y.

"I n c o n c e pt a f e e d b a c k s yst e m is a cl os e d s yst e m. Its d y n a mi c b e h a vi or aris es wit hi n

its i nt er n al st r u ct u r e. A n y i nt er a cti o n w hi c h is ess e nti al t o t h e b e h a vi or m o d e b ei n g

i n v esti g at e d m usí be  i n cl u d e d i nsi d e t he  s yst e m b o u n d ar y " ( F orr est er, 1 9 7 1).

F orr est e r r ef ers to  t he  i nt er a cti o ns in  t he  s a me  s e nse  as c o ntr ol t h e ory  r ef ers to  t he  m o d es of a

s yst e m. Cl os ed  b o u n d ary  m e a ns t h at it is c o nsi d eri ng  d o mi n a nts or si g nifi c a nt d y n a mi cs of t he

s yst e m , it d o es n ot s ay  s o m et hi ng  a b o ut m at eri al or e n er gy  e x c h a n ge  b et w e en  el e m e nts i nsi de  a nd

o ut si d e  p h y si c al b o u n d ari es of t he  s yst e m.
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2. 4. 1. 3   F e e d b a ck  L o o p. St r u ct u r al U nit of S yst e ms

F e e d b a c k  l o op  is t he  b asic  b uil di ng  bl o ck  wit hin  t he  s yst em  b o u n d ar y. It c o m es to  be  o b vi o us, if

it is t h o u g ht on  t he  v ery  b a sic  e q u ati on  of m o v e m e nt x(t) = a x(t), w h ere  a is a c o nst a nt s c al ar.

Its bl o ck  di a gr a ms r e pr es e nt ati on  is a f e e d b a ck  l o op  a nd  is s h o wn  in  Fi g ure  2- 1 1.

Fi g u r e  2- 1 1: B asic  b uil di ng  bl o ck

" Pri n ci pi e  4. 2- 2. F e e d b a c k l o o p-t h e Str u ct ur al el e m e nt ofs yst e ms.

" T h e  f e e d b a c k l o o p is t h e b asi c Str u ct ur al el e m e nt i n s yst e ms. D y n a mi c

b e h a vi or  is g e n er at e d b y f e e d b a c k. T h e m or e c o m pl e x s yst e ms ar e ass e m bli es

ofi nt er a cti n g  f e e d b a c k l o o ps. " ( F orr est er, 1 9 7 1).

F orr est e r dis c uss ed  t his c o n c e pt at a l e v el of d e cisi ón  pr o c ess. C o nsi d eri ng  a d e cisi ón  pr o c ess

t h at o ne  t h at c o ntr ols a ny  s yst em  a cti o n. W hi ch  i m pli es all n at ur als pr o c ess as w ell, n ot o nly

h u m a n  d e cisi ón  m a ki n g.

" Pri n ci pi e  4. 2- 1. D e cisi o ns al w a ys wit hi n f e e d b a c k.

" E v er y  d e cisi ó n is m a d e wit hi n a f e e d b a c k l o o p. T h e d e cisi ó n c o ntr ols a cti o n,

w hi c h  alt ers t h e s yst e m l e v éis, w hi c h i nfl u e n c e t h e d e cisi ó n. A d e cisi ó n

p r o c e s s  c an  be  p a rí of m or e t h a n o ne  f e e d b a c k l o o p " ( F orr est er, 1 9 7 1).

2. 4. 1. 4   L e v éis a nd  R at es

S yst e m s are  f or m ed  by  f e e d b a ck  l o o ps. F e e d b a ck  l o o ps are  f or m ed  by  t wo  f u n d a m e nt al t y pe  of

v ari a bl e s at a l o w er hi er ar c h y: t he  l e v éis, a nd  t he  r at es v ari a bl e s.

L e v éi s a nd  r at es are  t he  n o u ns a nd  v er bs in  a l a n g u a ge  f or r e pr es e nti ng  m o v e m e nt. T h ey  are

t he  t wo  pri m ary  b uil di ng  bl o c ks f or r e pr es e nti ng  t he  str u ct ure  of a ny  f e e d b a ck  l o o p. B oth  of t h em

al w a y s c o me  t o g et h er. T h ere  is no  o ne  wit h o ut t he  ot h er. If a l e v el of a c c u m ul ati on  a p p e ars t h en

it w as t he  r e s ult of s o me  r at e, a nd  vi ce  v ers a. A cti viti es l e a v es "tr a c ks ", w hi ch  in  t u m, sti m ul ate

f urt h er a cti viti e s.

In  o ur b a sic  e q u ati on  of m o v e m e nt x = a x(t), x is t he  r ate  a nd  x(t) is t he  l e v el.
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" Pri n ci pi e  4. 3- 1. L e v éis a n d r ot es as l o o p s u b s u b st r u ct u r e.

A  f e e d b a c k l o o p c o nsists of t w o disti n ctl y differe nt t y p es of v ari a bl es: í h e

l e v éis (st aí es) a n d t h e r al es ( a cti o ns). E x c e pí f or c o nst a nts, t h es e t w o ar e

s ufflcie nt lo  r e pr es e nt a f e e d b a c k l o o p. B oí h are  n e c ess ar y " ( F orr est er, 1 9 7 1).

L e v éis : L e v el m e a ns l e v el of a c c u m ul ati on  of s o m et hi n g. A c c u m ul ati on  of f o od  in  o n e's

st o m a c h , m o n ey  in  a b a n k, k n o wl e d ge  in  a t e a m, l o ve  in  a h e art. T he  l e v el v ari a bl es r e pr e s e nt t he

a c c u m ul ati o n s in  a s y st e m.

A t a ny  ti m e, a c c u m ul ati o ns i n dí c ate  h ow  t hi n gs are  g oi n g. T h ey  i n dí c ate  t he  st ate  of t he

s y st e m . If t he  st o m a ch  is t oo  f ull, o ne  is u n c o mf ort a bl e. If t he  m oti v ati on  of a t e am  is hi g h, t he

t e am  g ets g o od  p erf or m a n c e.

T h e  l e v el v ari a bl es ( or st ate  v ari a bl es a c c or di ng  to  c o ntr ol t h e or y) c o nt ai ns t he  mi ni m al

st atisti c a l i nf or m ati on  of t he  s yst em  c o n diti on  n e e d ed  at a ny  p arti c ul ar ti me  to  d efi ne  t he

d y n a mi c s b e h a vi or of t he  s yst em  gi v en  t he  i n p ut si g n áis f or ti me  t, t > 0.  T he  b e h a vi or is

u ni q u el y  d ef m e d.

" Pri n ci pi e  4. 3- 2. L e v éis ar e i ní e gr ati o n.

" T he l e v éis i nt é gr at e ( or a c c u m ul at e) t h e r es ults of a cti o n i n a s yst e m. T h e

l e v el v ari a bl e c a n n ot c h a n g e i nst a nt a n e o usl y. T h e l e v éis cr é at e s yst e m

c o nti n uit y  b et w e e n p oi nl s in  ti m e " ( F orr est er, 1 9 7 1).

T h e  r e as on  t h at a c c u m ul ati o ns m att er in  t his c o nt e xt is t h at it e n a bl es  a nd  i n hi bits a cti o ns. It

a ct s b oth  as r es o ur c es a nd  c o n str ai nt s. As r es o ur c es, it e n a bl es a cti o n s. F or e x a m pl e, it is p ossi ble

to  c o nti n ué  r e a di ng  t his p ar a gr a ph  b e c a use  of t he  e n er gy  a nd  k n o wl e d ge  r es er v es in  t he  b o d y.

N ot hi n g  w o uld  be  d o ne  wit h o ut a c c u m ul ati o n s.

It is i m p ort a nt to  d e n ote  t wo  ki n ds of r es o ur c es: C o n s u m a ble  a nd  C at al ysts. E n er g y, m o n e y,

g as oli n e , a nd  w at er are  i n st a n c es  of c o ns u m a bl e. K n o wl e d g e, l o v e, s elf- c o nfi d e n c e- a nd

c o m mit m e n t are  i n st a n c es of c at al y st s. T he  diff er e n ce  is t h at d uri ng  t he  a cti o n, t he  f or m ers are

c o n s u m e d  a nd  t he  l att er n ot. E n er gy  r es o ur c es a nd  k n o wl e d ge  are  t he  t wo  r es o ur c es t h at e n a ble

c u m ul ati v e  a cti vity  in  Fi g ure  2- 1 2. T he  c o n n e ct ors r u n ni ng  fr om  " E n er gy  R es er v es"  a nd

" K n o wl e d g e "  to  t he  " a cti vit y"  r e pr es e nt s u ch  r el ati o n s. T he  fl ow  of " a cti vit y ", in  t ur n, r e s ults in

t he  " c o n s u mi n g"  of " E n er gy  R es er v es"  a nd  t he  g e n er ati on  of "l e a mi n g"  w hi c h b uil ds up

" K n o wl e d g e " . T he  wir es c o n n e cti ng  " a cti vit y"  to  " c o ns u mi n g"  a nd  "l e a mi n g"  r e pr es e nts s u ch

r el ati o n s. As c o n str ai nt s, t he  r es o ur c es bl o ck  t he  a cti o n. A c c u m ul ati on  of s m o ke  in  a r o om  m a k es
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it diffi c ult to  br e at h e. A c c u m ul ati on  of fr ustr ati on  oft en  i n hi bits eff e cti ve  w or k. In  a ny  c as e,

l e v éis of a c c u m ul ati on  aff e ct fl o ws or a cti viti es.

E n er g y  R e s er v es

C u m ul ati v e  A cti vity

learning

Fi g u r e  2- 1 2: St o c ks c an  a ct as c o ns u m a bl es a nd  c at al y sts ( Fi g u re  f r om  H P S, 1 9 9 6, C h. 2, 3)

L e t a dd  an  e x o g e n o us v ari a ble  to  o ur b asic  e q u ati on  of m o v e m e nt:

x  = a x(t) + b u(t)

w h er e  u(t) is t he  e x o g e n o us v ari a ble  a nd  f or t he  s a ke  of e x pl a n ati on  at t his m o m e nt a a nd  b

ar e  c o nst a nts.

Fi g u r e  2- 1 3: F e e d b a ck  with  an  e x o g e n o us  v a ri a ble

L o o ki n g  at its bl o ck  di a gr am  r e pr es e nt ati on  in  Fi g ure  2- 1 3, it c an  be  o bs er v ed  t h at c o m p uti ng

l e v el v al ú es o nly  i n v ol v es t he  i nt e gr ati on  of its r ate  x.  It d o es n ot i n v ol ve  a ny  ot h er l e v el

v ari a bl e . S o, l e v el v ari a bl es a c c u m ul ate  fl o ws d es cri b ed  by  r ate  v ari a bl es. N at ur all y, it c an  be

s aid  n ow  t h at a l e v el e q u ati on  p erf or ms t he  pr o c ess of i nt e gr ati on  d efí n ed  in  c al c ul us. T h us, t he

c o m p ut ati o n  of a n ew  v al ué  of a l e v el r e q uir es p ast v al ú es of t he  l e v el v ari a ble  its elf, t he  r at es

t h at c a use  t he  l e v el c h a n g es, a nd  t he  ti me  i nt er v al us ed  by  t he  i nt e gr al m et h o d.
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" Pri n ci pi e  4. 3- 3. L e v éis ar e c h a n g e d o nl y b y t h e r afes.

" A l e v e! v ari a bl e is c o m p ut e d b y t h e c h a n g e, d u e t o r al e v ari a bl es, t h at alt ers

t h e p r e vi o u s v al u é of t h e l e v el. T h e e arli er v al u é of t h e l e v el is c a r n e a

f or w ar d fr o m t h e p r e vi o u s p e ri o d. It is alt er e d b y r al es t h at fl o w o v er t h e

i nt er v e ni n g ti m e i nt er v al. T h e p r e s e nt v al u é of a l e v el v ari a bl e c a n b e

c o m p ut e d  wit h o uí t h e pr es e nt or p r e vi o u s v al u é of a n y ot h er l e v el v ari a bl es. "

( F orr est er, 1 9 7 1).

" Pri n ci pi e  4. 3- 4. L e v éis a n d r al es n ot disti n g uis h e d b y u nits of m e as ur e.

" T h e  u nits of m e as ur e of a v ari a bl e d o n ot disti n g uis h b et w e e n a l e v el a n d a

r at e. T h e i d e ntifi c ati o n m usí r e c o g niz e t h e differe nce b et w e e n a v ari a bl e

cr e at e d  b y i nt e gr ati o n a n d o n e t h at is a p oli c y st at e m e nt i n t h e s ysí e m. "

( F orr est er, 1 9 7 1).

R at es : T he  r ate  v ari a bl es i n dí c ate  h ow  f ast t he  l e v el v ari a bl es c h a n g e. I n d e e d, t h ey  are  t he

sl o p es of t he  l e v el v ari a bl e s. T he  r el e v a nt m e a ni ng  is t h at r at es are  t he  p oli cy  st at e m e nts t h at

d es cri b e  t he  a cti on  in  a s yst e m. T h ey  are  t he  a cti on  o ut p ut of a d e cisi ón  p oi nt b as ed  on  t he

i nf or m ati on  i n p uts to  t h at d e ci si ó n.

" A  p oli cy  is a f or m al st at e m e nt gi vi ng  t he  r el ati o n s hip  b et w e en  i nf or m ati on  i n p uts a nd

r es ulti ng  d e cisi ón  fl o w. P oli ci es are  oft en  r ef err ed  to  in  t he  lit er at ure  as d e ci si ón  r ul es."

( F orr est er, 1 9 9 4). P oli ci es are  r ul es t h at g o v ern  d e ci si o ns ( A c k off, 1 9 9 2). In  s yst em  d y n a mi cs, t he

w or d  " p oli c y"  is us ed  as a br o ad  t erm  to  d es cri be  h ow  d e cisi ón  pr o c ess es c o n v ert i nf or m ati on

i nto  a cti o n.

A  r ate  e q u ati on  is t he  m at h e m ati c al e x pr essi on  of a p oli cy  st at e m e nt. " R ate  e q u ati o n"  a nd

" p oli c y "  h a v e, as us ed  h er e, t he  s a me  m e a ni n g. T h at is, a r ate  e q u ati on  t ells h ow  t he  i nf or m ati on

i n p uts are  us ed  to  g e n ér ate  d e cisi o ns. In  t he  s a me  s e ns e, " d e cisi ón  str e a ms"  a nd  " a cti o ns str e a ms"

ar e  c o nsi d er ed  e q ui v al e nt, as us e d, t he  d e cisi ón  a nd  t he  a cti on  are  o ne  a nd  t he  s a m e. If it w o uld

pr ef er a bl e  to  c o nsi d er s o me  d el ay  a nd  dis cr e p a n cy  b et w e en  t he  d e ci di ng  a nd  t he  d oi ng  t h en  it will

b e  n e c ess ary  to  i n v ol ve  t he  us a ge  of l e v el v ari a bl es.

In  i n d ustri al or g a ni z ati o ns, s o me  p oli ci es are  r e d u c ed  to  writi ng  so  t h ey  are  c o n v ert ed  in

f or m al p oli ci es with  t he  p ur p ose  of g ui di ng  t he  s u b or di n at es. H o w e v er, m ost g ui di ng  p oli ci es are

i nf or m al b ut f ully  as i nfl u e nti al. I nf or m al p oli ci es are  c o nstr u ct ed  wit hin  or g a ni z ati on  a nd

p ers o n a l i nt er e sts a nd  r es ult fr om  h a bits, c o nf or miti es, s o ci al pr ess ur es, i n gr ai n ed  c o n c e pts of

g o als , a w ar e n ess of p o w er c e nt ers, et c. ( F orr est er, 1 9 9 4).
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A  n ew  v al ué  of r ate  d e p e n ds o nly  on  v al ú es of l e v el v ari a bl es a nd  c o nst a nts, n eit h er p ast r ate

ñ o r i nt e gr al ti me  i nt er v al.

" Pri n ci pi e  4. 3- 5. R at es ar e n ot i nst a nl a n e o usl y m e ns ur a bl e.

" N o r at e offl o w c a n b e m e as ur e d e x c e pt as a n a v er a g e o v er a p e ri o d ofti m e.

N o  r at e c a n, i n pri n ci pi e, c o ntr ol a n ot h er r at e wit h o ut a n i nt er v e ni n g l e v el

v ari a bl e.  "( F orr e st er, 1 9 7 1).

" Pri n ci pi e  4. 3. 6. R at es d e p e n d o nl y o n l e v éis a n d c o nst a nts.

" T h e  v al u é of a r at e v ari a bl e d e p e n ds o nl y o n c o nst a nts a n d o n pr es e nt

v al ú es  of l e v el v ari a bl es. N o r at e v ari a bl e d e p e n ds dir e ctl y o n a n y ot h er r at e

v ari a bl e.  T h e r at e e q u ati o ns ( p oli c y st at e m e nts) of a s yst e m ar e of si m pl e

al g e br ai c  f o r m; t h e y d o n ot i n v ol v e ti m e or t h e s ol uti o n i nt er v al; t h e y ar e n ot

d e p e n d e nt  on  í h eir o w n p a st v al ú es. " ( F orr est er, 1 9 7 1).

" Pri n ci pi e  4. 3- 7. L e v el v ari a bl es a n d r at e v ari a bl es m ust alt ér n at e.

" A n y p at h t hr o u g h t h e str u ct ur e of a s yst e m e n c o u nt ers alí er n ati n g l e v el a n d

r at e v ari a bl es. " ( F orr est er, 1 9 7 1).

2. 4. 1. 5  G o al, A p p a r e nt C o n diti o n, Di s c r e p a n c y, a nd  A cti on

T h e  l a st hi er ar c hy  of str u ct ure  c orr es p o n ds to  t he  i nt er n al str u ct ure  of r ate  e q u ati o n s. F or l e v el

e q u ati o n , it d o es n ot s e em  to  be  us ef ul to  est a blish  s u b di vi si ó n. T he  l e v el e q u ati on  is a

str ai g htf o n v ar d  arit h m etic  s um  of its pr e vi o us v al ué  a nd  t he  c urr e nt c h a n ge  in  t he  l e v el.

B u t t he  r ate  e q u ati o ns c o nt ain  an  i m p ort a n! i nt er n al str u ct ur e. T he  str u ct ure  r e pr es e nts t he

f u n d a m e nt al d e ci si o n- m a ki ng  pr o c ess. T he  str u ct ure  is s h o wn  in  Fi g ure  2- 1 4.

T h e  d e ci si o n- m a ki ng  pr o c ess c o nsists of t hr ee  p arts ( F orr est er, 1 9 9 4):

1 . D efi niti on  of a s et of c o n c e pts t h at d es cri be  d esir ed  c o n diti o n s.

2 . O bs er v ati on  of w h at s e e ms to  be  t he  a ct u al c o n diti o ns.

3 . G e n er ati on  of c orr e cti ve  a cti o ns to  bri ng  a p p ar e nt t o w ard  d esir ed  c o n diti o n s.

T h e  c o m p o n e nts are  r ef err ed  to  as s u b-s u bstr u ct ure  of a s yst e m, a nd  t h ey  ar e:

1 . A g o al.

2 . An  a p p ar e nt or o bs er v ed  c o n diti on  of t he  s yst e m.

3 . A dis cr e p a n cy  b et w e en  g o al a nd  a p p ar e nt c o n diti o n.

4 . An  a cti on  g e n er at ed  b as ed  on  t he  dis cr e p a n c y.
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Fi g u r e  2- 1 4: St r u ct u re  of t he  b asic  d e cisi ón  m a ki ng  p r o c css

In  n e g ati ve  f e e d b a ck  l o o ps ( or b al a n c ea  l o o ps), t he  r ate  e q u ati on  g e n er al es a cti o ns to  r e d u ce

dis cr e p a n ci e s b et w e en  a p p ar e nt a nd  d esir ed  c o n diti o ns. T he  c h ar a ct eristic  eff e ct is a st ate  of

b al a n c e . H o w e v er, it h as to  be  s aid  t h at t his l ast st at e m e nt is n ot g e n er al. It c an  be  pr o v ed  t h at

s yst e ms with  hi gh  d el a ys a nd  big  c orr e cti ve  a cti o ns are  n ot a ble  to  r e a ch  a st ate  of b al a n c e.

In  p ositi ve  f e e d b a ck  l o o ps ( or r ei nf or c e m e nt l o o ps), t he  r ate  e q u ati on  g e n er al es a cti o ns t h at

bri n g  t he  s yst em  to  an  e v er-i n cr e asi ng  gr o wt h, u ntil t he  s yst em  r e a ch  a li mit.

2. 4. 2  G r a p hi c al C o m p ut er  L a n g u a ge

T h e  r o ots of t he  f oll o wi ng  gr a p hi c al c o m p ut er l a n g u a ge  c o me  fr om  t he  c o n c e pt u al fr a m e w ork

a n d  m et h o d ol o gy  of s yst em  d y n a mi cs.

T h e  r el e v a n ce  of t his l a n g u a ge  is t he  use  of t wo  t he  m ain  c o n c e pts: a c c u m ul ati o ns (l e v éis)

a n d  r ate  of c h a n ge  of a c c u m ul ati o ns (fl ow  r at es) to  r e pr es e nt f e e d b a ck  str u ct ur es. T h ese  t wo

c o n c e pt s h a ve  b e en  w ell k n o wn  f or a l o ng  ti me  in  c o ntr ol t h e ory  as st ate  v ari a bl es a nd  as its r ate

o f c h a n g e, r es p e cti v el y. T he  n o v el c o ntri b uti on  of Pr of ess or F orr est er w as to  p ut t h em  al o ng  with

a e x p eri m e nt ati on  pr o c ess dis ci pli ne  with  si m ul at ors in  a w ay  t h at yi el d ed  an  a p pr o a ch  with

pr a cti c a l a p pli c ati o ns to  a wi de  r a n ge  of dis ci pli n es.
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2. 4. 2. 1  T he  Al p h a b et

Fi v e s y m b ols f orm  t he  al p h a b et of t he  gr a p hi c al c o m p ut er l a n g u a g e: st o c ks (l e v éis), fl o ws (r at es),

c o n v ert ers , c o n n e ct ors a nd  s yst em  b o u n d ari es (s o ur c es/si n ks). T he  "it hi n k" s oft w are  ( H P S, 1 9 9 6)

r e pr es e nts t h em  with  t he  s y m b ols s h o wn  in  Fi g ure  2- 1 5. Ori gi n all y, F orr est er us ed  s y m b ols of t he

D Y N A M O  ( D Y N A mic  M O d els) ( F orr est er, 1 9 7 1)3 .

St o c k   Fl ow   C o n v ert er  C o n n e ct or  S o ur c e/ Si nk

Fi g u r e  2- 1 5: Al p h a b et of t he  g r a p hi c al l a n g u a ge

St o c ks : st o c ks (l e v éis) are  a c c u m ul at ors a nd  r efl e ct t he  c o n diti o ns or st at es wit hin  a s yst em

a t a ny  p oi nt in  ti m e. T h ey  p ersist e v en  w h en  t he  a cti vity  h as c e as e d. A s n a ps h ot of a

s yst em  o nly  w o uld  s h ow  l e v éis b ut n ot fl ow  r at es.

Fl o ws : fl o ws (r at es) are  si g nifí ed  by  a pi p e, with  a s pi g ot, fl ow  r e g ul at or a nd  arr o w h e ad

att a c h e d . T hi ng  fl o ws t hr o u gh  t he  pi pe  in  t he  dir e cti on  i n di c at ed  by  t he  arr o w h e a d. T he

a m o u n t of fl ow  is c o m p ut ed  by  an  al g e br aic  e x pr essi on  i nto  t he  fl ow  r e g ul at or,

r e pr es e nt ed  by  t he  s m all cir cl e.

C o n v e rt e rs : cir cl es r e pr es e nt c o n v ert ers. T h ey  are  m ulti i n p ut - o ne  o ut p ut t h at r e pr es e nt

st atic  li n e ar a nd  n o nli n e ar m a p pi n g. C o n v ert ers are  us ed  to  el a b ór ate  t he  d et ails of t he

fl ow  r ate  a nd  l e v el str u ct ure  in  t he  m o d els. T h ey  i n cl u de  f u n cti o ns s u ch  as ti me  s eri es,

st e ps, r a m ps, a nd  p uls es, a m o ng  ot h ers.

C o n n e ct o rs : c o n n e ct ors r efl e ct t he  i d ea  " w h at d e p e n ds on  w h at ". T h ey  r e pr es e nt t he

r el ati o ns hip  a m o ng  t he  el e m e nts of t he  s yst e m. T h ey  do  n ot t a ke  on  n u m eri c al v al ú es

t h ey  j u st tr a ns mit t h e m. T his is t he  diff er e n ce  with  Fl o ws.

S o u r c e s a nd  Si n ks: S o ur c es a nd  si n ks i n dí c ate  t he  b o u n d ari es of t he  m o d el. T h ey  are

si g nifí ed  by  cl o u ds a nd  r e pr es e nt i nfi nite  s o ur c es; it d o es n ot m att er w h at is in  t he

cl o u ds .

3  D Y N A MO  w as d esi g n ed  by  t he  "I n d ustri al D y n a mi cs Gr o up  at Sl o an  S c h o ol of M a n a g m e nt ", MIT  at
l ate  6 0's. C urr e ntl y, t he  gr o up  is n a m ed  " S yst em  D y n a mi cs Gr o u p."
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2. 4. 2. 2  T he  G r a m m ar

T h e  f o u n d ati o ns of t he  gr a m m ar of t he  gr a p hi c al c o m p ut er l a n g u a ge  l ay  on  t he  g e n er al e x pr essi on

f or t he  st ate  v ari a ble  d es cri pti o n, w hi ch  will be  pr es e nt in  n e xt s e cti on  a nd  gi v en  b y:

x  = f( x, u,t)

F o r t he  s a ke  of ill ustr ati o n, b ut wit h o ut l o osi ng  g e n er alit y, l ets ass u me  t h at t he  st ate  v ari a ble

d es cri pti o n  to  be  dis c uss ed  is t he  p arti c ul ar c ase  of a ti m e- v ar yi ng  li n e ar s yst e m.

T h e  gr a m m ar r ul es are  t h en  pr es e nt ed  as f oll o w:

1  . T he  l e v el v ari a ble  c an  o nly  be  c o n n e ct ed  with  r ate  v ari a bl es.

2 . T he  i nt er a cti on  b et w e en  t wo  l e v éis c an  o nly  e xist by  c o n n e cti ng  a r ate  v ari a ble  b et w e en

t h e m.

3 . T he  r ate  v ari a bl es are  t he  o nly  o n es t h at i nt er a ct with  l e v el v ari a bl es.

4 . T he  l e v el v ari a bl es c an  o nly  be  c h a n g ed  by  t he  eff e ct of r ate  v ari a bl es c o n n e ct ed  to  t h e m.

5 . L e v el v ari a bl es a nd  c o nst a nts c an  o nly  aff e ct t he  r ate  v ari a bl es.

6 . E v en  w h en  it is p ossi ble  to  r el ate  r ate  v ari a bl es e a ch  ot h er, t his cl ass of r el ati on  is

str o n gly  r e c o m m e n d ed  n ot to  us e.

7 . I niti al v al ú es (i niti al c o n diti o ns) of a c c u m ul ati on  are  n e e d ed  to  st art t he  si m ul ati o n.
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2. 4. 3  M et h od

T h e  m et h od  st arts with  t he  ass u m pti on  t h at t h ere  is a pr o bl e m atic  sit u ati on  t h at d e m a n ds to  be

u n d erst o o d  m or d er to  pr o vi de  a s ol uti on  t hr o u gh  t he  c h a n ge  or d esi gn  of p oli ci es.

A n  a n al ysis usi ng  S yst em  D y n a mi cs h as t wo  o bj e cti v es4 :

• To  e x pl ain  t he  b e h a vi or of t he  s yst em  in  t er ms of its str u ct ure  a nd  p oli ci es.

• To  s u g g est c h a n g es to  str u ct ur e, p oli ci es, or b ot h, s e e ki ng  an  i m pr o v e m e nt in  t he

pr o bl e m ati c  sit u ati o n.

T h e  m et h od  c o nsists of 4 st a g es with  a t ot al of 10  st e ps ( Al bí n, 1 9 9 7, 6.)

C o n c e pt u ali z ati o n

1 . D efi ne  t he  p ur p ose  of t he  m o d el

2 . D efi ne  t he  m o d el b o u n d ary  a nd  i d e ntify  k ey  v ari a bl es

3 . Dr aw  t he  r ef er e n ce  m o de  of t he  k ey  v ari a bl es

4 . Di a gr am  t he  b asic  m e c h a nis m, t he  f e e d b a ck  l o o ps, of t he  s yst e m.

F o r m ul ati o n

5 . C h ar a ct eri ze  t he  Fl o ws

6 . Estí m ate  a nd  s el e ct p ar a m et er v al ú es

T esti n g

7 . T est d y n a mic  h y p ot h esis a nd  m o d el ass u m pti o ns with  si m ul ati on

8 . T est m o d el s e nsiti vity

I m pl e m e nt ati o n

9 . A n al y ze  p oli ci es tr o u gh  t he  r es p o nse  of t he  m o d el

1 0 . Tr a nsí ate  st u dy  i nsi g hts to  an  a c c essi ble  f orm

4  N ote  t h at t h ese  o bj e cti v es do  n ot r ef er at all to  t he  m o d el of t he  s yst e m. I n di vi d u al m o d els d e p e nd  on  t he
p oi n t of vi ew  of t he  a u di e n c e. T h ere  is no  a bs ol ut ely  c orr e ct m o d el of a s yst e m. All t h at c an  be  d o ne  is to
c o nstr u c t t he  ri g ht m o d el of t he  r el e v a nt p arts of t he  s yst em  a c c or di ng  to  a gi v en  p ur p os e. So  t he
c orr e ct n es s of t he  m o d el will d e p e nd  on  t he  p ur p ose  d efi n ed  by  t he  a u di e n c e.
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1 . D efi ne  t he  m o d el p u r p os e. T he  fírst st ep  in  cr e ati ng  a m e a ni n gf ul m o d el fr om  a v ail a ble

d at a a nd  o p er ati ng  k n o wl e d ge  fr om  p e o ple  f a mili ar with  t he  pr o bl em  u n d er st u dy  is to

d e ci d e  t he  p ur p ose  of t he  m o d el. It i n v ol v es m a ki ng  t wo  d e cisi o ns: ( 1) on  t he  f o c us on  a

pr o bl e m  a nd  ( 2) on  t he  pri m ary  a u di e n ce  of t he  m o d el. It is i m p ort a nt to  h a ve  in  mi nd

t h at a pr o bl e m atic  sit u ati on  is w h at is g oi ng  to  be  m o d el ed  - n ot a s yst e m. If t he  m o d el

c a n  n ot a ns w er q u esti o ns of t he  a u di e n c e, t he  m o d el is r e n d er ed  us el ess.

In  g e n er al, t he  p ur p ose  of a m o d el f alls i nto  o ne  of t he  f oll o wi ng  c at e g ori es ( Al bí n,

1 9 9 7, 9: )

• To  cl arify  k n o wl e d ge  a nd  u n d erst a n di ng  of a sit u ati o n.

• To  dis c o v er p oli ci es t h at will i m pr o ve  t he  sit u ati on  u n d er st u dy

• To  c a pt ure  m e nt al m o d els a nd  s er ve  as  a c o m m u ni c ati on  i nstr u m e nt

A  us ef ul f or m at f or t he  p ur p ose  d ef miti on  is s u g g est ed  by  ( Ri c h m o n d, 1 9 9 6) as

f oll o ws: T he  p ur p ose  of t his m o d eli ng  eff ort is to  d e v el op  an  u n d erst a n di ng  of h ow  X

i nfl u e n c es Y a nd  c an  c o ntri b ute  to  t he  d y n a mic  p att er ns ( gr o wt h, os cill ati o n, d e c a y)

e x p eri e n c e d  by  m a ny  c o m p a ni es - fír st c at e g or y.

T h e n  aft er, s p e cific  q u esti o ns are  s et, s u ch  as ( 1) " H ow  are  t he  C o m p a n y's p oli ci es

c a usi n g  t he  o bs er v ed  b e h a vi or p att er n"  -s e c o nd  c at e g or y, ( 2) " W h at are  we  d oi ng  to

m a k e  o urs el v es v ul n er a ble  to  c o m p etit ors" -t hird  c at e g or y, a nd  ( 3) " H ow  c an  we

r e e n gi n e er o ur str u ct ure  to  mí ni mi ze  t his v ul n er a bilit y" -s e c o nd  c at e g ory  ( Ri c h m o n d,

1 9 9 6) .

2 . D efi ne  t he  m o d el b o u n d a ry  a nd  i d e ntify  t he  k ey  v a ri a bl es. E v ery  f e e d b a ck  s yst em  h as

a cl os ed  b o u n d ar y. T he  m o d es of b e h a vi or of i nt er est are  g e n er at ed  by  t he  i nt er a cti on  of

t he  c o m p o n e nts wit hin  t he  b o u n d ar y. T he  m o d el b o u n d ary  c o nsists of all t he  c o m p o n e nts

pr es e n t in  t he  fi n al m o d el. T he  m o d el b o u n d ary  is pr es e nt ed  in  a f orm  of a c o m p o n e nt list

wit h  t wo  c ol u m ns. O ne  c ol u mn  f or e n d o g e n o us c o m p o n e nts a nd  t he  ot h er o ne  f or

e x o g e n o u s c o m p o n e nts. In  t he  list, St o c ks a nd  Fl o ws are  also  i d e ntifi ed  to  f a cilít ate  t he

l ast st ep  of t he  C o n c e pt u ali z ati on  st a g e, w hi ch  is Di a gr am  t he  b asic  m e c h a nis m.

A  c o m p o n e nt is e n d o g e n o us w h en  it is a d y n a mic  v ari a ble  i n v ol v ed  in  a f e e d b a ck  l o o p. A

c o m p o n e n t is e x o g e n o us w h en  its v al ú es d o es n ot d e p e nd  dir e ctly  of t he  s yst em  b e h a vi or.

It h el ps to  h a ve  in  mi nd  t he  f oll o wi ng  g ui d eli n es to  s el e ct t he  c o m p o n e nts ( Al bí n, 1 9 9 7):

( 1) t h ey  m ust s atisfy  n e c ess ary  c o n diti o ns to  g e n ér ate  a nd  pr o p erly  r e pr es e nt t he
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b e h a vi or ; ( 2) t h ey  s h o uld  be  a g gr e g at e d, a nd  ( 3) t h ey  m ust be  dir e cti o n al (f or e x a m pl e,

ñ a m e s t h at c an  e x pr ess gr o wth  l ar g er or s m all er).

T o  i d e ntify  t he  St o c ks a nd  Fl o ws, h a ve  in  mi nd  St o c ks are  t he  a c c u m ul ati o ns a nd  Fl o ws

ar e  t he  c h a n g es in  St o c ks. Also  r e m e m b er, St o c ks are  t he  s ate  v ari a bl es of t he  m o d el.

3 . D r aw  t he  r ef e r e n ce  m o d es of b e h a vi o r s. R ef er e n ce  m o d es of b e h a vi or are  t he  pl ots f or

t he  k ey  v ari a bl es t h at b est c h ar a ct eri ze  t he  p h e n o m e n on  u n d er st u dy  o v er ti m e. T h ey

c a pt ur e  t he  m e nt al m o d els a nd  hi st ori c al d ata  on  p a p er, gi v es cl u es a b o ut t he  m o d el

str u ct ur e  a nd  all o ws v erifí c ati on  b ef ore  a nd  aft er t he  m o d el is b uilt. T h ere  are  t wo  t y p es

o f r ef er e n ce  m o d es: ( 1) b as ed  on  m e nt al m o d el h y p ot h esis, a nd  ( 2) b as ed  on  hist ori c al

d at a . W h en  no  hist ori c al i nf or m ati on  is a v ail a bl e, t he  f or m er is us e d. C o m m on

h y p ot h esi z e d  r ef er e n ce  m o d es are  dr a wn  by  h a nd  as e x p o n e nti al gr o wt h, e x p o n e nti al

d e c a y , S-s h a p e d, o v ers h o ot a nd  c oll a ps e, a nd  d a m p e d, s ust ai n ed  a nd  e x p a n d mg

os cill ati o ns . T he  s el e cti on  of t he  ti me  h ori z on  is criti c al in  t he  d e v el o p m e nt of t he

r ef er e n ce  m o d es. It is ess e nti al t h at t he  p ur p ose  of t he  m o d el a nd  t he  ti me  h ori z on  are

c o nsist e n t e a ch  ot h er.

4 . Di a g r am  t he  b asic  m e c h a nis m, t he  f e e d b a ck  l o o ps, of t he  s yst e m. T he

c o n c e pt u ali z ati o n  e n ds with  t he  d e cisi o ns on  t he  b asic  m e c h a nis ms of b e h a vi or. T he

f e e d b a ck  l o o ps are  t he  b asic  m e c h a nis ms of a ny  d y n a mic  s yst e m. In  t he  m o d eli ng

c o nt e xt , t h ey  are  s e en  as t he  b asic  str u ct ure  of c a u s e- eff e ct r el ati o n s hi ps c a p a ble  of

g e n er ati n g  t he  r ef er e n ce  m o d es. T he  di a gr am  of t he  b asic  m e c h a nis ms of a s yst em  m ay

b e  t h o u g ht of as t he  st ori es t h at e x p ose  t he  d y n a mic  h y p ot h esis on  h ow  t he  r ef er e n ce

m o d e s are  g e n er at e d.

T w o  t y p es of di a gr a ms are  f o u nd  in  t he  lit er at ure  to  r e pr es e n! t he  b a sic  m e c h a ni s m: ( 1)

st o c k- a n d-fl o w  di a gr a ms a nd  ( 2) c a us al di a gr a ms. A st o c k- a n d-fl ow  di a g r am  is t he

r e pr es e nt ati on  of t e nt ati ve  i d e as a b o ut h ow  t hi n gs are  c h a n gi ng  b as ed  on  a c c u m ul ati o ns

a n d  r at es of c h a n g es. T his r e pr es e nt ati on  f or c es t he  m o d el er to  t hi nk  s p e cifi c ally  on  t he

n at ur e  of t he  c o m p o n e nts a nd  t h eir r el ati o ns hi ps. T he  s y m b olic  el e m e nts a nd  t h eir

f u n cti o ns d es cri b ed  in  s e cti on  2. 3.2  f or t he  gr a p hic  c o m p ut er l a n g u a ge  are  us e d.

A  c a u s al di a g r am  is t he  r e pr es e nt ati on  of t e nt ati ve  i d e as a b o ut h ow  v ari a bl es are

c orr el at e d  usi ng  di gr a p hs ( n o d es a nd  dir e ct ed  ar es). A p ositi ve  or n e g ati ve  c orr el ati on

b et w e e n  t wo  v ari a bl es assi g ns a " +"  or "-"  o v er t he  ar e, r es p e cti v el y. W h en  s e q u e n c es of

ar e s st art a nd  e nd  at t he  s a me  p oi nt, it is s aid  to  h a ve  a f e e d b a ck  l o op  or j u st a l o o p. T he
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p ol arit y  of a l o op  is t h en  assi g n ed  as p ositi ve  or n e g ati ve  d e p e n di ng  on  t he  n u m b er of

mi n u s si g ns t h at c o nt ai ns. If t he  n u m b er is o dd  t h en  t he  p ol arity  of t he  l o op  is n e g ati v e,

ot h er wis e , is p ositi v e. N e g ati ve  l o o ps c h ar a ct eri ze  st a ble  s yst e ms a nd  p ositi ve  l o o ps

c h ar a ct eri z e  u nst a ble  s yst e ms.

F orr est e r ( F orr est er, 2 0 0 0) s u g g ests to  a v oid  t he  use  of c a us al di a gr a ms a nd  pr o m ot es t he

us e  St o c k- a n d- Fl ow  di a gr a ms. He  o bs er v es c a us al l o o ps do  n ot i d e ntify  t he  l e v éis (st ate

o f t he  s yst e m) in  c o ns e q u e n ce  do  n ot c o nt ain  m e as ur es of t he  s yst em  c o n diti o n. C elli er

( C elli er, 1 9 9 1) o bs er v es t he  l a ck  of ri g or of t he  c a us al di a gr a ms as t he  m aj or w e a k n ess of

S yst e m  D y n a mi cs m et h od  as a w h ol e. It h as to  be  m e nti on  t h at i niti al a nd  c urr e nt

pr o p os a l of S yst em  D y n a mi cs by  F orr est er d o es n ot c o nsi d er t he  use  of c a us al di a gr a ms.

H o w e v er , t h ere  is a b u n d a nt lit er at ure  usi ng  c a us al di a gr a ms.

5 . C h a r a ct e ri ze  t he  Fl o ws. T he  fírst st ep  in  f or m ul ati on  is d e ci di ng  on  t he  e q u ati o ns of t he

r at es i nto  t he  Fl ow  el e m e nts. R ate  e q u ati o ns are  of si m ple  al g e br aic  f or m. T h ey  are  o nly

f u n cti o ns of c o nst a nts a nd  v al ú es of t he  l e v el v ari a bl es. T hey  do  n ot i n v ol ve  ñ or ti m e,

n eit h e r s ol uti on  i nt er v al, n eit h er t h eir o wn  p ast v al ú es. It is also  str o n gly  r e c o m m e n d ed

t h at n o ne  r ate  v ari a ble  d e p e n ds dir e ctly  on  ot h er r ate  v ari a bl e.

R at e  e q u ati o ns r ule  t he  fl o ws wit hin  a s yst em  t h at is c o ntr oll e d. In  f a ct, a r ate  e q u ati on  is

a p oli cy  st at e m e nt ( F orr est er, 1 9 7 1). P oli cy  is a r ule  t h at g o v er ns d e cisi o ns. In  t his

c o nt e xt , " p oli c y"  a nd  " d e cisi o ns"  c o v er n ot o nly  e x pli cit h u m a n's p oli cy  a nd  d e cisi o ns

b u t also  t h ose  i m pli cit in  t he  s yst em  as h a bits, tr a diti o ns a nd  n at ur al l a ws. S o, r ate

e q u ati o n s d es cri be  h ow  t he  a v ail a ble  i nf or m ati on  is us ed  a nd  pr o c ess ed  to  g e n ér ate

d e cisi o ns . R ate  e q u ati o ns h a ve  a s u btl er r e pr es e nt ati on  t h an  l e v el e q u ati o ns. L e v el

e q u ati o n s i m ply  a c c u m ul ati o ns of s o m et hi n g. B ut, r ate  e q u ati o ns i m ply  h ow  t he  d e cisi o ns

o f t he  r e al s yst em  r es p o nd  to  t he  s urr o u n di ng  c o n diti o ns. T his l att er i m pli c ati on  i n v ol v es

t he  p arti c ul ar p er c e pti on  of t he  p e o ple  a b o ut t he  r e al s yst em  (t h eir r e al s yst e m).

6 . Estí m ate  a nd  s el e ct p a r a m et er  v al ú es. T he  l ast st ep  in  f or m ul ati on  is d e ci di ng  on  t he

p ar a m et e r v al ú es of t he  m o d el to  r un  on  a c o m p ut er. E x a ct n u m eri c al v al ú es are  r ar ely

k n o w n  f or all t he  p ar a m et ers in  t he  m o d el. T h ey  are  esti m at ed  a nd  s el e ct ed  b as ed  on

hist ori c a l d ata  in  d at a b as es a nd  t he  m e nt al m o d els of p e o ple  f a mili ar with  t he  sit u ati on

u n d e r m o d eli n g. B oth  are  t a k en  i nto  a c c o u nt with  t he  s a me  w ei g ht of i m p ort a n c e.

M et h o d s f or p ar a m et er esti m ati on  in  S yst em  D y n a mi cs are  dis c uss ed  in  ( Ri c h ar ds on  a nd

P u g h , 1 9 8 1), ( Gr a h a m, 1 9 8 0), a nd  ( P et ers o n, 1 9 8 0). T wo  p oi nts to  be  e m p h asi z e d: ( 1)

di m e nsi ó n  u nits of p ar a m et ers m ust be  t a k en  to  e x pr ess c o nsist e n cy  a m o ng  e a ch  ot h er
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a n d  ( 2) a c c ur a cy  of t he  p ar a m et ers is b as ed  on  t he  a g gr e g ate  l e v el e x pr ess ed  in  t he

p ur p os e  of t he  m o d el.

7 . T est d y n a mic  h y p ot h esis a nd  m o d el ass u m pti o ns with  si m ul ati o n. T his st ep  is

d e ci di n g  on  t he  v ali dity  of t he  m o d el. F orr est er a nd  S e n ge  are  cl e ar a b o ut it:

F o r t he  p u blic  a nd  p olili c al l e a d ers, a us ef ul m o d el s h o uld  e x pl ain  c a us es of i m p ort a n!

pr o bl e m s a nd  pr o vi di ng  b as es f or d e si g ni ng  p oli ci es t h at c an  i m pr o ve  b e h a vi or in  t he

f ut ur e... . T he  n oti on  of v ali dity  as e q ui v al e n! to  c o nfi d e n ce  c o nfli cts with  t he  vi ew  m a ny

s e em  to  h old  w hi ch  e q u at es v ali dity  with  a b s ol ute  tr ut h. We  b eli e ve  c o nfi d e n ce  is t he

pr o p e r crit eri on  b e c a use  t h ere  c an  be  no  pr o of of t he  a bs ol ute  c orr e ct n e ss with  w hi ch  a

m o d e l r e pr es e nts r e alit y. Ei n st ei n's t h e ory  of r el ati vity  h as n ot b e en  pr o v en  c orr e d; it

st a n ds b e c a use  it h as n ot b e en  dis pr o v e d, a nd  b e c a use  t h ere  is s h ar ed  c o nfi d e n ce  in  its

us ef ul n ess . Li k e wi se  o ne  t e sts a s yst em  d y n a mi cs m o d el a g ai nst di v erse  e vi d e n c e, s e e ks

di s pr o of , a nd  d e v el o ps c o nfi d e n ce  as t he  m o d el wit h st a n ds t ests. ( F orr est er a nd  S e n g e,

1 9 8 0, 2 1 1) .

R a n d er s ( R a n d ers, 1 9 8 0) pr o p ose  t he  f oll o wi ng  q u esti o ns to  be  a ns w er ed  in  t his st e p.

T esti n g  d y n a mic  h y p ot h esis: Do  t he  b asic  m e c h a nis ms a ct u ally  cr é ate  t he  r ef er e n ce

m o d e ?  T esti ng  m o d el ass u m pti o ns: D o es t he  m o d el i n cl u de  t he  i m p ort a nt v ari a bl es?  Are

t he  ass u m ed  r el ati o ns hi ps r e as o n a bl e?  Are  p ar a m et er v al ú es pl a usi bl e?

V ali d ati o n  of a S yst em  D y n a mi cs M o d el is a wi d ely  d e b at ed  p oi nt a nd  t h ere  is m u ch

dis a gr e e m e n t on  it. S o me  m o d el ers ar g üe  t h at a m o d el is v alid  w h en  t he  m o d el r e pli c at es

t he  r ef er e n ce  m o d es. Ot h ers li ke  P hilli ps ( P hilli ps, 1 9 8 9, 1 0 8) c o nsi d er t h at r e q uisite

d e cisi ó n  m o d els are  t h ose  "... w h ose  f orm  a nd  c o nt e nt are  j ust s uffí ci e nt to  s ol ve  a

pr o bl e m. "  Ri c h ar ds on  a nd  P u gh  ( Ri c h ar ds on  a nd  P u g h, 1 9 8 1, 3 1 3) st ate  " T he  ultí m ate

t est of a p oli c y- ori e nt ed  m o d el w o uld  be  w h et h er p oli ci es i m pl e m e nt ed  in  t he  r e al s yst em

c o nsist e ntl y  pr o d u ce  t he  r es ult pr e di ct ed  by  t he  m o d el." V e n nix  ( V e n ni x, 1 9 9 8, 8 9)

pr o p os e s t wo  pr e mis es: ( 1) "t h ere  is n ot an  a bs ol ut ely  v alid  m o d els," a nd  ( 2) " Gi v en  t h at

w e  are  e n a ble  to  b uild  p erf e ctly  v alid  m o d els a m o d el's v ali d ati on  c an  o nly  be  j u d g ed  in

t he  li g ht of its p ur p os e."  In  t his s e ns e, Lj u ng  ( Lj u ng  a nd  Gl a d, 1 9 9 4) st at es t h at t he

p ur p os e  of a ny  m o d el is to  a ns w er q u esti o ns. T his r es e ar ch  a gr e es with  Lj u ng  a nd  also

c o n cl u d e s t h at t he  m o d el is v alid  if t he  m o d el off ers a ns w ers a nd  cr é al es c o nfi d e n c e.

8 . T est m o d el s e nsiti vit y. T his st ep  is d e ci di ng  on  p ar a m et ers to  w hi ch  t he  m o d el is

s e nsiti v e. S e nsiti ve  a n al ysis is f o c us ed  on  t he  a m o u nt of c h a n ge  in  s p e cifíc  o ut c o m es

c a us e d  by  a d et er mi n ed  a m o u nt of c h a n ge  in  a d e cisi ón  p oi nt of t he  m o d el. S e nsiti vity

a n al ysi s is a m ain  c o n c ern  in  t he  m o d el- b uil di ng  pr o c ess. O ne  r e as on  is t h at t he  pr o bl e ms
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c o m m o nl y  t a c kl ed  by  S yst em  D y n a mi cs n e ed  to  i n c or p ór ate  r el ati o ns hi ps a nd  p ar a m et ers

wit h  f ew  or n o ne  e m piri c al d ata  a v ail a bl e. T his m a k es diffi c ult t he  t ask  of q u a ntif yi ng

el e m e nt s of t he  m o d el. A c c or di ng  t he  d efí niti o n, a s e nsiti ve  a n al ysis is "t he  st u dy  of

m o d e l r es p o nse  to  m o d el c h a n g es"  ( T a n k- Ni els e n, 1 9 8 0, 1 8 7). ( V e n ni x, 1 9 9 8, 8 8)

pr o p os e s t he  f oll o wi ng  q u esti on  to  be  a ns w er ed  in  t his st e p: H ow  s e nsiti ve  is t he  m o d el

b e h a vi o r to  c h a n g es in  p ar a m et er v al ú es?  It h as t wo  o bj e cti v es: ( 1) i n cr e asi ng

u n d erst a n di n g  of t he  m o d el a nd  ( 2) l o c ati ng  t he  s e nsiti ve  p ar a m et er in  t he  m o d el. T hr ee

iss u es are  m ai nly  c o nsi d er ed  in  a s e nsiti vity  a n al ysis: o bj e cti v es, t y p es of c h a n g es a nd

i nt er pr et ati on  of t he  m o d el r es p o ns e, f or a d et ail ed  dis c ussi on  r ef ers to  T a n k- Ni els e n's

dis c ussi o n . D uri ng  t h ese  a n al ys es, it is o bs er v ed  t h at M o d els b e c o me  i ns e nsiti ve  to  m a ny

p ar a m et er s wit hin  r e as o n a ble  li mits. T he  r e as on  is t he  f e e d b a ck  eff e ct. S o me  c h a n g es in

p ar a m et er s c an  be  j ust s e en  as dist ur b a n c es i nto  f e e d b a ck  l o o ps a nd  t h en  t he  gl o b al eff e ct

o f t h ese  c h a n g es is c o m pl et ely  v a nis h e d. H o w e v er, if t he  p ar a m et ers b e c o me  p art of a

d o mi n a n t l o o p, n oti c e a ble  c h a n g es on  b e h a vi or will be  o bs er v e d. Aft er l o c ati ng  t he

s e nsiti ve  p oi nt, t hr ee  o bj e cti v es c an  be  est a blis h ed  f or a r es e ar c h. First, a d et ail ed  st u dy

o n  t he  s e nsiti ve  p ar a m et er. S e c o n d, a r e d efi niti on  of t he  m o d el to  c a pt ure  t he  a g gr e g ate

pr o c es s e x pr ess ed  by  t he  p ar a m et er. T hir d, if t he  p ar a m et er r e pr es e nts a r e al f a ct or t h en

att e nti o n  is p ay  on  t his l e v er a ge  p oi nt to  i m pr o ve  t he  p oli ci es in  w hi ch  is i n v ol v e d.

Fi n all y , it h as to  be  c o m m e nt ed  t h at s e nsiti ve  a n al ysis are  still b as ed  on  t he  i nt uiti on  a nd

j u d g e m e nt of t he  m o d el er a b o ut t he  r es ults a nd  p er c ei v ed  o ut c o m e. F or m al pr o c e d ur es to

c arr y  o ut a nd  e v al ú ate  a s e nsiti ve  a n al ysis c an  be  f o u nd  in  ( T a n k- Ni els e n, 1 9 8 0),

( W olst e n h ol m e, 1 9 9 0), ( W olst e n h ol me  a nd  Al- Al usi, 1 9 8 7), a nd  ( Kl eij n e n, 1 9 9 5).

9 . A n al y ze  p oli ci es t r o u gh  t he  r es p o nse  of t he  m o d el. T he  fírst st ep  in  i m pl e m e nt ati on  is

d e ci di n g  on  r o b ust p oli ci es r e pr es e nt ed  in  t he  m o d el. R o b ust p oli ci es m e an  r ul es

r el ati v ely  i ns e nsiti ve  to  c h a n g es in  t he  m o d el. If p oli ci es w ere  s e nsiti ve  t h en  t he  r es ults of

t he  m o d el w o uld  be  l ar g ely  d o u btf ul of a p pl yi ng  in  t he  s yst e m. T h ere  w o uld  n ot be

c ert ai n  on  h ow  p oli ci es w o uld  w or k.

P oli ci e s are  r ul es t h at g o v em  d e cisi o ns. T h eir c orr es p o n di ng  t erm  is "tr a nsf er f u n cti o ns"

in  t he  fi eld  of s er v o m e c h a nism  ( F orr est er, 1 9 9 4) a nd  " d e cisi ón  r ul es" in  Artifi ci al

I nt elli g e n ce  f or a k n o wl e d g e- b as ed  s yst e m. T h ese  r ul es all ow  t he  d e cisi ón  m a ki ng

pr o c es s by  c o n v erti ng  i nf or m ati on  i nto  a cti o n.

T esti n g  p oli ci es c an  i n v ol ve  c h a n g es: ( 1) on  n u m eri c al v al ú es in  d e cisi ón  p oi nts or ( 2)

o n  t he  r el ati o ns hi ps of el e m e nts t h at f orm  t he  str u ct ure  of t he  s yst e m. T he  first o ne
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i n v ol v es c h a n g es in  n u m éri c a! v al ú es or in  f u n cti o ns e m pl o y ed  in  a d e cisi ón  p oi nt. T he

s e c o nd  o n e, on  m ore  c o m pl ex  r e q uir e m e nts, i n v ol v es t he  eli mi n ati on  or a d diti on  of

r el ati o ns hi ps to  m a ke  a d e cisi ón  p oi nt m ore  or l ess i nf or m e d. E x a m pl es a nd  dis c ussi o ns

ar e  f o u nd  in  ( V e n ni x, 1 9 9 8), ( R a n d ers, 1 9 8 0) a nd  ( L y ni es, 1 9 8 5).

Si n c e  t he  m ain  r e as o ns to  b uild  a S yst em  D y n a mi cs m o d el is t esti ng  a nd  d esi g ni ng

p oli ci e s t h at c an  i m pr o ve  a pr o bl e m atic  sit u ati o n. T his h a p p e ns n ot o nly  in  t he  si m ul ati on

m o d e l b ut also  in  m e nt al m o d els of t he  p arti ci p a nts. C o nstr u cti on  of m e a ni n gs, w hi ch  are

l at er e x p os ed  as c h a n g es in  b e h a vi or of t he  m a n a g ers, is o ne  of t he  bi g g er r es ults by

i m pl e m e nti ng  a S yst em  D y n a mic  m o d el. T his r es ult is i n di vi d u al l e ar ni ng  in  a

c oll a b or ati v e  e n vir o n m e nt, o ne  of t he  m ost v al u a ble  ass ets in  an  or g a ni z ati o n.

1 0 . T r a nsí ate  st u dy  i nsi g hts to  an  a c c essi ble  f o r m. T he  l ast st ep  in  i m pl e m e nt ati on  is

i m pr o vi ng  t he  pr o bl e m atic  sit u ati on  by  a p pl yi ng  t he  a n al ysis r es ults. It s e e ms l o gi c al t h at

aft e r h a vi ng  st u di ed  t he  pr o bl em  a nd  o bt ai n ed  r o b ust p oli ci es, t he  n e xt n at ur al st ep  is to

i m pl e m e nt a nd  r e gist er, p oli ci es a nd  b e n efits, r es p e cti v el y. H o w e v er, t he  lit er at ure

r e p orts t oo  m a ny  c o u nt er e x a m pl es on  t his l ast st ep  ( V e n ni x, 1 9 9 8). S o, l ow  i m p a ct of t he

m o d el- b uil di n g  pr o c ess on  d e cisi ón  m a ki ng  is o bs er v e d. It s e e ms t he  r e as on  is t he  m aj or

d e v el o p m e n t of " m o d elli ng  by  l e ar ni n g" a p pr o a ch  usi ng  S yst em  D y n a mi cs. T his

a p pr o a c h  m a k es i n diff er e nt t he  n oti on  of i m pl e m e nt ati on  aft er t he  m o d el r es ults. Si n ce

l e a mi ng  is d e e ply  i n v ol v ed  in  all st a g es, t he  pr o bl em  i nsi g hts b e c o m es cl e ar er tr o u gh  t he

ti me  a nd  sl o wly  s ol v e d. At t he  e nd  of t he  m o d eli ng  pr o c ess t he  r es ults are  o b vi o us a nd

i nsi g nifi c a nt f or t he  cli e nt. In  t he  c o nt e xt of gr o up  m o d el- b uil di n g, t he  r es p o nse  of t he

m o d e l cr e at es t he  e n vir o n m e nt to  f ost er d e b at es a nd  l e a mi ng  a b o ut alt er n ati ve  c o urse  of

a cti o ns . T wo  m ain  pr o d u cts are  i d e ntifí ed  aft er t he  m o d el- b uil di ng  pr o c ess: a writt en

r e p ort a nd  l e ar ni ng  of t he  p arti ci p a nts.

T w o  str o ng  r e c o m m e n d ati o ns: ( 1) dir e ct cli e nt m ust be  i n v ol v ed  a nd  i nt er a cti ng  in  all t he

st a g es i nst e ad  of t he  st aff a nd  ( 2) m o d el ers m ust a v oid  w or ki ng  in  an  i n d e p e n d e nt w a y.
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C h a pt e r  3

Q u alit ati v e  K n o wl e d ge  A c q uisiti on

A p p r o a c h

".. . artifi ci al i nl elli g e n c e is t he  sl u d y of c o m p ut er

p r o bl e m s  t h at h a v e n ot y et b e e n s ol v e d. T his d efi niti o n,

w hi c h  M ar vi n Mi ns k y h as b e e n a d v o c ati n g si n c e 1 9 6 0s,

is u nli k e t h os ef o u n d i n ot h erfi el ds: "

( K ur z w eil, 1 9 9 2, 1 4.)

3. 1  K n o wl e d g e, M o d eli n g, a nd  S yst em  T hi n ki ng

K n o wl e d g e  is t he  gr o wi ng  c a p a city  to  r es p o nd  eff e cti v ely  to  a p er c ei v ed  r e ality  to  att ain  a g o al

( B o ur g u et a nd  S ot o, 2 0 0 0).

T hr e e  p arts f orm  k n o wl e d ge  ( C h a p a, 1 9 7 3): o bj e ct, c o g niti ve  s u bj e ct a nd  c o nt e xt. T he  o bj e ct

is t he  e ntity  t h at is d esir ed  to  be  k n o w n. T he  c o g niti ve  s u bj e ct is t he  e ntity  t h at a p pr o a c h es  to  t he

o bj e c t in  or d er to  k n ow  it. T he  c o nt e xt is t he  e ntity  t h at m a k es m e a ni n gf ul t he  el e m e nts a nd

r el ati o ns hi ps b et w e en  t he  c o g niti ve  s u bj e ct a nd  t he  o bj e ct.

O n c e  t he  el e m e nts a nd  t he  r el ati o ns hi ps are  est a blis h ed  b et w e en  t he  c o g niti ve  s u bj e ct a nd  t he

o bj e c t i nto  a c o nt e xt, t he  c o g niti ve  s u bj e ct will e m pl oy  s u ch  el e m e nts a nd  r el ati o ns hi ps to

r es p o nd  to  a p er c ei v ed  r e alit y. El e m e nts  a nd  r el ati o ns hi ps  f orm  p oli ci es, w hi ch  are  r ul es t h at

g o v er n  d e cisi o ns. T he  b ett er t he  r ul es, t he  b ett er t he  d e cisi o ns.

D e cisi o n s are  a cti o ns t a k en  at a ny  p arti c ul ar ti me  as a r es ult fr om  a p pl yi ng  p oli cy  r ul es gi v en

p arti c ul a r c o n diti o ns t h at pr e v ail in  t h at m o m e nt. "In  S yst em  D y n a mi cs m o d els we  l o ok  u p on
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m a n a g er s as i nf or m ati on  c o n v ert ers to  w h om  i nf or m ati on  fl o ws a nd  fr om  w h om  c o me  str e am  of

d e cisi o n s t h at c o ntr ol a cti o ns wit hin  an  or g a ni z ati on  ( Si m ó n, 1 9 7 6, cit ed  by  F orr est er, 1 9 9 4, 5 2)."

P oli ci e s are  cr e at ed  a nd  i m pr o v ed  by  a l e ar ni ng  pr o c ess. L e ar ni ng  is t he  pr o c ess of

c o nstr u cti n g  m e a ni n gf ul p oli ci es. E v ery  c o g niti ve  s u bj e ct h as e x pli cit a nd  i m pli cit g o als.

M e a ni n gf u l p oli ci es are  t h ose  t h at all ow  to  att ain  g o als. Tr ai ni ng  a nd  e x p eri e n c es are  p art of t he

l e ar ni ng  pr o c ess.

D uri n g  l e ar ni ng  pr o c ess es, p oli ci es are  i nt err el at ed  f or mi ng  m e nt al m o d els a b o ut r e alit y, so

m e nt a l m o d els c an  be  c o nstr u ct e d. M e nt al m o d els are  t h ose  us ed  f or u n d erst a n di ng  t he  r e ality  a nd

f or m a ki ng  d e cisi o ns. B as ed  on  m e nt al m o d els, c o g niti ve  s u bj e cts w o uld  d esire  to  dis a p p e ar or

p oss es s o bj e cts. T h en  c o g niti ve  s u bj e cts cr é ate  t h eir c o n c e pts a nd  s ets of v al ú es in  t his pr o c ess.

T h e  s yst em  of k n o wl e d ge  s u p p orts t he  s yst em  of v al ú es of a c o g niti ve  s u bj e ct. F or e x a m pl e,

in  a c o nt e xt of b usi n ess, t he  p er c ei v ed  v al ué  t h at a c ust o m er h as of a c ert ain  pr o d u ct c an  be

o bt ai n e d  fr om  t he  s yst em  of k n o wl e d ge  t h at c ust o m er p oss ess es. T his is o ne  of t he  r e as o ns w hy

o u r ti me  is st arti ng  to  be  b as ed  on  a k n o wl e d ge  e c o n o m y. T he  gr e at er a m o u nt of i nf or m ati on  an

e nt er pris e  h as a b o ut t he  k n o wl e d ge  of its cli e nts, t he  ri c h er t he  e nt er prise  is.

M a n a g er s b as ed  on  t h eir m e nt al m o d el a ct as pr o c ess ors t h at tr a nsf orm  i nf or m ati on  i nto

a cti o n . Q u esti o ns ( w h at, h o w, w h e n, w h o, w h er e) are  a ns w er ed  with  t he  s u p p ort of t h eir m e nt al

m o d els . I nf or m ati on  is t h en  a v al u a ble  r es o ur ce  b ut k n o wl e d g e, t he  k n o w- h ow  tr a nsf or mi ng

i nf or m ati on  i nto  d e cisi o ns, h as b e c o me  m ore  v al u a ble  a nd  diffi c ult f or m a n a ge  it. C urr e ntl y,

K n o wl e d g e  M a n a g e m e nt ( K M) is t he  ár ea  in  c h ar ge  of t his t ask  in  b usi n ess a nd  a d mi nistr ati o n.

T h e  s e ar ch  of K M's  is a d dr ess ed  t o w ard  h ow  to  i d e ntify  i nt a n gi ble  ass ets, to  r e gist er t h em  in  a

c o u nt a bl e  f orm  a nd  to  c a pit ali ze  t h em  in  or g a ni z ati o ns.

C h a n g e s are  al w a ys pr es e nt, b ut t he  r ate  of c h a n ge  t h at c h ar a ct eri ze  o ur ti me  h as b e c o me  so

fast t h at p oli ci es in  or g a ni z ati o ns a nd  i n di vi d u al m e nt al m o d els h a ve  to  c h a n ge  at si mil ar p a ce  if

t he  b usi n ess h as to  k e ep  g oi ng  o n. T he  r h yt hm  of l e ar ni ng  h as b e c o me  c o nsi d er ed  an

i n dis p e ns a ble  c o m p et e n ce  f or a c o g niti ve  s u bj e ct.

T h e  t hr ee  c o nsi d er ed  c o m p o n e nts of k n o wl e d ge  f or t his r es e ar ch  ar e:

• C o nt e xt: M o d eli ng  f or L e ar ni ng  Or g a ni z ati on  ( b usi n ess a nd  a d mi nistr ati o n.)

• O bj e ct: P oli ci es c o nt ai n ed  in  t he  m e nt al m o d els of m a n a g ers.

• C o g niti ve  s u bj e ct: H u m an  p arti ci p a nts d uri ng  k n o wl e d ge  a c q uisiti on  pr o c ess via

m o d eli n g .
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A s f oll o w s, t he  c o nt e xt of M o d eli ng  f or L e ar ni ng  Or g a ni z ati on  is d es cri b ed  to  gi ve  m e a ni ng

to  t he  pr o p os ed  a p pr o a c h. In  t he  s a me  s e ns e, S yst em  T hi n ki ng  is  t h en  e x pl ai n ed  to  est a blish  t he

m et h o d  to  p er c ei ve  t he  r e ality  a nd  c o m m u ni c ate  m e nt al m o d els d uri ng  t he  i nt er vi e ws f or

k n o wl e d g e  eli cit ati o n.

3. 1. 1  M o d eli ng  f or  L e a r ni ng  O r g a ni z ati on

M o d eli n g  f or L e ar ni ng  Or g a ni z ati o ns is a " m o d er n"  vi ew  of m o d eli ng  t h at i n v ol v es t he  pr o c ess es

o f b uil di n g, u si ng  a nd  l e ar ni ng  fr om  m o d el s. It ass u m es t h at m o d els s h o uld  c a pt ure  t he

k n o wl e d g e  a nd  m e nt al d ata  of p oli c y m a k er s, a nd  s h o uld  bl e nd  q u alit ati ve  m a p pi ng  with  fri e n dly

al g e br a  a nd  si m ul ati o n5 . T he  p ur p ose  of t he  m o d els is to  s u p p ort t e am  r e as o ni ng  a nd  l e ar ni n g.

M o d el s h a ve  to  e n c o ur a ge  s yst em  t hi n ki ng  a nd  s c e n ari os pl a n ni n g. Si m ul ati o ns pr o vi de

c o nsist e n t st ori es a b o ut t he  f ut ur e, b ut n ot pr e di cti o n s, w hi ch  h a ve  b e en  t he  tr a diti o n al us e.

( M or e cr oft a nd  St er m a n, 1 9 9 4.)

T h e  c o n c e pts of m o d eli n g, m o d el a nd  l e ar ni ng  Or g a ni z ati on  are  est a blis h ed  as f oll o ws f or

s a ke  of f or m ality  a nd  cl arity  of t his s e cti o n.

" T he  pr o c ess by  w hi ch  a p h y si c al s yst em  is si m plifi ed  to  o bt ain  a m at h e m ati c ally  tr a ct a ble

sit u ati o n  is c all ed  m o d eli n g. T he  r es ulti ng  si m plifi ed  v ersi ón  of t he  r e al s yst em  is c all ed  t he

m at h e m ati c a l m o d el, or si m ply  t he  m o d el of t he  s yst e m."  ... " T he  w ord  m o d el is d eri v ed  fr om

L ati n  a nd  ori gi n ally  m e a ns m old  or p att e m"  ( Lj u ng  a nd  Gl a d, 1 9 9 4, 1 5)6 .

T h e  pr o c ess of m o d eli ng  as a s et of a cti o ns f or si m plif yi ng  a r e ality  in  an  o bj e ct h as diff er e nt

p ur p o s e s . F or s ci e n c e, t he  m ain  p ur p ose  is i n cr e ase  k n o wl e d ge  a nd  g e n er ali z ati o n. F or

t e c h n ol o g y, t he  m ain  p ur p ose  is a u g m e nti ng  pr e di cti on  c a p a biliti e s. F or art, t he  m ain  p ur p os es are

c o m m u ni c ati o n  a nd  l e ar ni n g.

M o d e l is  a si m plifi ed  r e pr e s e nt ati on  of a p er c ei v ed  r e ality  to  a ns w er q u esti o ns. E v ery  m o d el

h a s a cli e nt. If t he  m o d el d o es n ot a ns w er si g nifí c a nt q u esti o ns f or t he  cli e nt, t he  m o d el is

c o nsi d er e d  u s el e s s.

L e ar ni n g  Or g a ni z ati on  is " an  Or g a ni z ati on  t h at is c o nti n u ally  e x p a n di ng  its c a p a city  to  cr é ate

its f ut ur e" ( S e n g e, 1 9 9 0). L e ar ni ng  as t he  pr o c ess  of c o nstr u cti on  of " o ur s el v e s."

5 Si m ul ati o n: " T he  w ord  si m ul ati on  is d eri v ed  fr om  L atin  si m ul ar e w hi ch  m e a ns pr et e n d s"  ( Lj u ng  a nd
Gl a d , 1 9 9 4.)
6  M o d el: " Fr om  L atin  m o d ul us t h at m e a ns s m all m e as ur e. A u s u ally  mi ni at ure  r e pr e s e nt ati on  of s o m et hi n g,
als o : a p att ern  of s o m et hi ng  to  be  m a d e."  M erri am  W e bst er Di cti o n ary  ( o nli ne  di cti o n ar y. Di git al Li br ary
bi b di g  of I T E SM  C a m p us M o nt err e y, 1 9 9 9.)



6 4  C h a pt er  3. Q u alit ati v e K n o wl e d g e A c q uisiti o n A p pr o a c h

W h a t f u n d a m e nt ally  di sti n g ui s h es a l e ar ni ng  or g a ni z ati on  fr om  tr a diti o n al " c o ntr olli ng

or g a ni z ati o n " is t he  m ast ery  of t he  f oll o wi ng  fi ve  dis ci pli n es. Dis ci pli ne  u n d erst o od  as a b o dy  of

t h e ory  a nd  t e c h ni q ue  p utti ng  i nto  pr a cti ce  to  a c q uire  c ert ain  s kills or c o m p et e n ci es ( S e n g e, 1 9 9 0.)

1 . S yst em  T hi n ki n g. It is t he  dis ci pli ne  b as ed  on  pri n ci pi es of S yst em  T h e ory  t h at h elp  us to

m a k e  b e h a vi or p att er ns a nd  str u ct ur es cl e ar er to  u n d erst a nd  o urs el v es as el e m e nts of

wi d e r s yst e ms a nd  to  s ee  t he  eff e ct of o ur a cti o ns t hr o u gh  ti me  a nd  s p a c e.

2 . P ers o n al M ast er y. It is t he  dis ci pli ne  c o n c er ni ng  with  t he  c o nti n ui ng  cl arifí c ati on  a nd

d e e p n es s of o ur p ers o n al visi o ns, f o c us e n er gi es, d e v el o p m e nt of p ati e n c e, a nd

a p pr e ci ati o n  of r e ality  o bj e cti v el y.

3 . M e nt al m o d els. T his di s ci pli ne  r ef ers to  w or ki ng  ri g or o usly  with  o ur pi ct ur es a nd  i m a g es

t h at i nfl u e n ce h ow  we  u n d erst a nd  o ur r e ality  a nd  h ow  we  t a ke  a cti o ns in  o ur w orl d. It

als o  i n cl u d es t he  dis ci pli ne  of h a vi ng  "l e ar nf ul" c o n v ers ati o ns w h ere  p e o ple  e x p ose  t h eir

o w n  t hi n ki ng  eff e cti v ely  a nd  all ow  t h at t his t hi n ki ng  is o p en  to  t he  i nfl u e n ce  of ot h ers.

4 . B uil di ng  S h ar ed  Visi o n. It is t he  dis ci pli ne  f or tr a nsl ati ng  i n di vi d u al visi ón  i nto  a

c o m m o n  s h ar ed  visi ó n. T his dis ci pli ne  h as i ns pir ed  or g a ni z ati o ns f or t h o us a n ds of y e ars

a n d  r ef ers to  t he  c a p a city  to  h old  a s h ar ed  pi ct ure  of t he  f ut ure we  w a nt to  cr é at e.

5 . T e am  L e ar ni n g. T his  dis ci pli ne  i n v ol v es a ri g or o us w ork  with  t e a ms as t he  f u n d a m e nt al

l e ar ni ng  u nits in  m o d ern  or g a ni z ati o n. If t e a ms c an  l e arn  t h en  t he  or g a ni z ati on  c an  l e a m.

T hi s di s ci pli ne  h el ps to  d e v el op  s kills to  c arry  o ut di al o gs w h ere  p ers o n al ass u m pti o ns

gi v e  pl a ce  to  a g e n ui ne  "t hi n ki ng  t o g et h er ".

M a ki n g  an  a n al o gy  b et w e en  a l e ar ni ng  or g a ni z ati on  a nd  an  e n gi n e eri ng  i n n o v ati o n, t he

dis ci pli n e s are  f or t he  or g a ni z ati on  as t he  t e c h n ol o gi es are  f or t he  e n gi n e eri ng  i n n o v ati o n. T he

fi ve dis ci pli n es diff er fr om  m ore  f a mili ar m a n a g e m e nt dis ci pli n es in  t h at t h ey  are  " p ers o n al"

dis ci pli n es . T h ey  h a ve  to  do  with  h ow  we  t hi n k, w h at we  w a nt a nd  w h at we  i nt er a ct with  o ne

a n ot h er . Fr om  t his p ers p e cti v e, t h ey  are  m ore  li ke  artistic  t h an  t he  tr a diti o n al m a n a g e m e nt

dis ci pli n e s ( S e n g e, 1 9 9 0.)

Fr o m  t his p ar a gr a ph  to  t he  e nd  of t his s u bs e cti o n, t he  p hil os o p hy  a nd  a nt e c e d e nts of

M o d eli n g  f or L e ar ni ng  Or g a ni z ati o ns are  p ar a p hr as ed  fr om  ( M or e cr oft a nd  St er m a n, 1 9 9 4.) T he

c o n c e p t of M o d eli ng  f or L e ar ni ng  Or g a ni z ati o ns w as b orn  in  1 9 88  w h en  J o hn  D. W. M or e cr oft of

L o n d o n  B usi n ess S c h o ol p u blis h ed  in  t he  E ur o p e an  J o ur n al of O p er ati o n al R es e ar ch  a p a p er

c all e d  " S yst em  D y n a mi cs a nd  Mi cr o w orl ds f or P oli c y m a k ers." T his p a p er r e vi e w ed

d e v el o p m e nt s in  S yst em  D y n a mi cs o v er t he  pr e vi o us t en  y e ars a nd  s et f orth  a visi ón  f or t he
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eff e cti v e use  of S yst em  D y n a mic  t o ols with  m a n a g ers, an  a p pr o a ch  n ow  k n o wn  as " m o d eli ng  f or

l e ar ni n g." T he  a p pr o a ch  a d o pt ed  its f or m al ñ a me  in  1 9 92  with  t he  p u bli c ati on  of t he  s p e ci al iss ue

titl ed  " M o d elli ng  f or L e a mi n g"  in  t he  s a me  J o ur n al ( v ol. 5 9, n u m b er 1). M or e cr oft a nd  St er m an

fr om  MI T, c urr e ntly  dir e ct or of t he  S yst em  D y n a mic  Gr o up  of t he  Sl o an  S c h o ol of M a n a g e m e nt

w er e  t he  e dit ors.

T hi s m o d em  vi ew  p ositi o ns t he  r ole  of t he  m o d el a nd  m o d el er in  a n ew  f or m:

1. M e nt al m o d els are  " o w n e d"  by  p oli c y m a k ers, n ot by  t e c h ni c al e x p erts. M o d els are

cr e at e d  in  a pr o c ess t h at i n v ol v es a gr o up  of p oli c y m a k ers. So  t he  m o d eli ng  pr o c ess is

c arri e d  o ut c oll e cti v ely  a nd  si m ult a n e o usly  with  t he  gr o u p. T he  p oli cy  i nsi g hts fr om

m o d el s are  diss e mi n at ed  t hr o u g h o ut t he  or g a ni z ati on  via  w or ks h o ps t h at are  d esi g n ed  to

mi mi c  t he  l e ar ni ng  pr o c ess of t he  ori gi n al m o d eli ng  t e a m.

2 . T he  m o d el ers a ct as f a cilit at ors, as k n o wl e d ge  e n gi n e ers, w ho  d esi g ns a nd  l e a ds gr o up

pr o c ess e s to  c a pt ure  t e am  k n o wl e d g e. T he  m o d el er is w ho  d esi g ns a nd  d eli v ers l e ar ni ng

l a b or at ori es, w hi ch  e m b ed  m o d els in  an  o v er all l e ar ni ng  c o nt e xt of gr o up

e x p eri m e nt ati o n  a nd  di al o g u e.

A m o n g  t he  str o n g est e v e nts t h at i nfl u e n c ed  t he  a p pr o a ch  are  ( 1) t he  mi ni- c o nf er e n ce  at

L o n d o n  B usi n ess S c h o ol on  " C o m p ut er- B as ed  L e ar ni ng  E n vir o n m e nts f or B usi n ess a nd  S o ci al

S yst e ms " , J uly  1 9 8 9, a nd  ( 2) t he  L e ar ni ng  C o nf er e n ce  S eri es w h ose  m e eti n gs t o ok  pl a ce  fr om

M a y  1 9 87  t hr o u gh  O ct o b er 1 9 8 9. T his l att er e v e nt h ad  t he  p ur p ose  of e x pl ori ng  t he  l e ar ni ng  of

i n di vi d u áis a nd  or g a ni z ati o ns by  di v erse  a n al o gi es to  e v ol uti o n ary  l e ar ni n g, bi ol ó gi c a! a nd

e c ol o gi c a l a d a pt ati o n, c o m p ut er- b as ed  l e ar ni n g, a nd  artifi ci al i nt elli g e n c e. T he  mix  i n cl u d ed

M ar vi n  Mi ns ky  a nd  S e y m o ur P a p ert fr om  MI T's M e dia  L a b, bi ol o gist P et er W ars h a w,

i m m u n ol o gist Fr a n cis co  V ár el a, a nt hr o p ol o gist C at h eri ne  B at es o n, a nd  c o m p ut er s ci e ntist D a n ny

Hillis . T he  e x e c uti v es i n cl u d ed  Arie  de  G e us fr om  R o y al D ut c h/ S h ell, Bo  E c k m an  fr om  V ol v o,

a n d  Jim  P a g os fr om  A T & T. T he  t hr ee  c o m p a ni es w ere  t he  s p o ns ors of t he  s eri es. D uri ng  t he

c o nf er e n c e s a n ew  v o c a b ul ary  w as g e n er at ed  " Mi cr o w orl ds ", t erm  fírst c oi n ed  by  S e y m o ur

P a p er t to  d es cri be  c o m p ut er- b as ed  l e ar ni ng  e n vir o n m e nts. T his t erm  fitt ed  u ni q u ely  t he  p ur p ose

o f b u si n e ss m o d els a nd  si m ul at ors t h at are  i nstr u m e nts f or str at e gic  c h a n g e. At t he  s a me  ti m e, t he

MI T  S yst em  D y n a mi cs Gr o up  w ere  e x p eri m e nt ed  with  "r e al-ti me  m o d eli n g" w or ki ng  with  t e a ms

o f m a n a g ers a nd  m o d el ers to  d e v el op  " M a n a g e m e nt Fli g ht Si m ul at ors." T he  mi cr o w orl ds

e m b o di e d  a s yst em  d y n a mi cs m o d el of a p arti c ul ar m a n a g eri al or str at e gic  iss u e. T he  P e o ple

E x pr es s M a n a g e m e nt Fli g ht Si m ul at or w as t he  fírst of t his ki nd  of mi cr o w orl ds a nd  is c urr e ntly

us e  in  h u n dr e ds of i nstit uti o ns f or use  in  e d u c ati on  a nd  in  c or p or ati o ns.
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T w o  str e a ms of t h o u g ht h a ve  sti m ul at ed  t he  r ole  of m o d eli ng  in  or g a ni z ati o n al l e ar ni n g. On

o n e  h a n d, st u di es of h ow  p e o ple  m a ke  d e cisi o ns in  c o m pl ex  d y n a mic  e n vir o n m e nts. On  t he  ot h er

h a n d , st u di es of i nt er p ers o n al a nd  gr o u ps- pr o c ess b arri ers to  eff e cti ve i nt er v e nti o ns with

m a n a g e m e n t t e a ms.

T h e  first str e am  is c o n d u ct ed  by  J o hn  St er m an  a nd  d o ct or al st u d e nts usi ng  m a n a g e m e nt fli g ht

si m ul at ors as l a b or at ori es at MI T. T he  r es ults of t he  e x p eri m e nts s h o w ed  t h at p e o ple  m a ke  l ar g e,

s yst e m ati c, a nd  p ersist e nt err ors in  e n vir o n m e nts with  m o d est l e v el of c o m pl e xit y. It w as

o bs er v e d  t h at err ors arise  fr om  w h at are  k n o wn  as " mis p er c e pti on  of f e e d b a c k" t h at is t he

mis m at c h  b et w e en  t he  m e nt al m o d els of p e o ple  a nd  t he  c o m pl e xity  of t he  e n vir o n m e nt. P e o ple

t e nd  to  b ase  on  e v e nt-l e v el e x pl a n ati o ns a nd  ass u me  c a use  a nd  eff e ct cl os ely  r el at ed  in  ti me  a nd

s p a c e. "I hit him  b e c a use  he  t o ok  my  b all."  H o w e v er, s u ch  li n e ar, s h ort t er m, o p e n-l o op  t h m ki ng

is n ot q uite  w ell a d e q u ate  to  a w orld  t h at i n v ol v es m últi ple  f e e d b a ck  a nd  n o n-li n e arit y: "l ast

m o nt h' s s al es, n ew  b u d g et c uts, w ho  j u st g et pr o m et ed  or fir e d" ( S e n g e, 1 9 9 0). T he  pri m ary

t hr e ats to  o ur s ur vi v al s u ch  as p oll uti o n, h ol es of t he  o z o ne  l a y er, cli m ate  c h a n g es c o me  n ot fr om

ci ós e  ti m e-s p a ce  e v e nts b ut fr om  sl ow  gr a d u al pr o c ess es. A c c or di ng  to  ( S e n g e, 1 9 9 0) we  are  90

p er c e n t bli nd  to  t h ese  sl ow  pr o c ess es.

T h e  s e c o nd  str e am  is c o n d u ct ed  by  St er m an  a g ai n, S e n g e, Willi am  Is a ac  al o ng  with  C hris

Ar g yri s of H ar v ar d, Ed  S c h ein  a nd  D o n ald  S c h ón  of MIT  a nd  s e v er al ot h er t hi n k ers i n v ol v ed  in

i nt er v e nti o ns pr o c ess es a nd  or g a ni z ati o n al l e ar ni n g. T h ey  p arti ci p at ed  in  l e a mi ng  s e mi n ars a nd

e x p eri m e nt a l w or ks to  g et a d e e p er a p pr e ci ati on  of t he  r ole  of i n di vi d u al a nd  gr o up  pr o c ess in

m o d eli n g  a nd  l e ar ni n g. T wo  m ain  c h all e n g es are  f a c e d: ( 1) f u n d a m e nt al c o g niti ve  li mit ati o ns on

d y n a mi c  c o m pl e xit y, a nd  ( 2) d e e ply  e m b e d d ed  d ef e nsi ve  r o uti n es, s cri pts a nd  p er c e pt u al filt ers

t h at pr e v e nt fr om  f u n cti o ni ng  a nd  l e a mi ng  w ell in  t e a ms. It w as t h en  st at ed  t h at t o ols f or

m o d eli n g  a nd  si m ul ati on  are  ess e nti al f or l e a mi ng  in  t h ese  s etti n gs. H o w e v er, n ot o nly  p uré

t e c h ni c al s ol uti o ns o v er e ó me  t he  d a m a gi ng  o p en  l o op  t hi n ki ng  pr e v al e nt in  s o ci ety  t o d a y. T h ere

e xis t a m ut u al n e c essity  of b ett er t o ols a nd  b ett er pr o c ess to  e n h a n ce  i n di vi d u al a nd

or g a ni z ati o n a l l e ar n m g.

3. 1. 2   S y st em  T hi n ki ng

S yst e m  T hi n ki ng  is a f orm  of p er c ei vi ng  a r e ality  b as ed  on  "s e ei n g"  t he  i nt err el ati o ns a m o ng  t he

el e m e nt s a nd  t he  pr o c ess of c h a n ge  of a s yst e m. By  i ní err el ati o ns, it m e a ns c a us e- eff e ct (it

s h o uld  be  u n d erst o od  hi g hly  c orr el at ed  a nd  n ot c a us al) r el ati o ns hi ps a nd  b y pr o c ess of c h a n g e, it

m e a n s pr o c ess es of b al a n ce  or r ei nf or ce  t h at pr o d u ce  d y n a mic  b e h a vi ors.
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S yst e m  T hi n ki ng  is eff e cti ve to  cr é ate  u n d erst a n di ng  of c o m pl ex  sit u ati o ns i n. w hi ch  we  are

p ar t of, a nd  we  are  i nsi d e. T he  m ain  b e n efít of usi ng  S yst em  T hi n ki ng  is l e ar ni ng  fr om

p er c e pti o n s of l ar g er wi n d o ws of ti me  a nd  s p a ce  t h an  t h ose  we  h a ve  b ei ng  tr a diti o n ally  tr ai n ed  to

us e . F or e x a m pl e, c o nsi d eri ng  wi n d o ws of t w e nty  y e ars with  a g e o gr a p hic  s c o pe  of a c o u nrry

pr o vi d e s b ett er el e m e nts of u n d erst a n di ng  t h an  o nly  usi ng  city  l o c al n e ws p a p ers of t he  l ast

s e m est er in  or d er to  pr o p ose  a c h a n ge  in  s o ci al p oli ci es to  i m pr o ve  u n e m pl o y m e nt.

A  c o m pl ex  sit u ati on  is m ai nly  c h ar a ct eri z ed  f or h a vi ng  a pr o bl em  in  w hi ch  e v er y b o dy

p er c ei v e s a pr o bl em  b ut n o b o dy  k n o ws w h at t he  pr o bl em  is. As a c o ns e q u e n c e, t h ere  is n ot h ow

to  s ol ve  it. In  a c o m pl ex  sit u ati on  m a ny  p ers p e cti v es of i n di vi d u áis a nd  gr o u ps are  i n v ol v e d.

Cr e ati n g  c o m m u ni c ati o n, c o ns e ns us a nd  c o m mit m e nt a m o ng  t he  p arts is t he  c h all e n gi ng  t as k.

T h e  fírst r e q uir ed  pr o c ess is to  d e v el op  a c oll e cti ve  u n d erst a n di ng  of t he  sit u ati o n. T he  a cti ve

p arti ci p ati o n  pr o vi d es l e a mi ng  in  t his pr o c ess.

In  d e cisi o n- m a ki ng  pr o c ess es, S yst em  T hi n ki ng  all o ws d e v el o pi ng  a c o ns ci e n ce  to  b al a n ce

b e n e ñt s b et w e e n:

1. i n di vi d u al a nd  c oll e cti ve  iss u es (s o ci al)

2 . s h ort a nd  l o ng  t erm  iss u es (ti m e)

3 . l o c al a nd  gl o b al iss u es (s p a c e)

T hi s c o ns ci e n ce  all o ws m a n a gi ng  t he  d y n a mic  c o m pl e xity  in  w hi ch  we  are  c urr e ntly

p arti ci p ati n g . Eff e cts of o ur d e cisi o ns are  n ot l o c al a n y m ore  b ut gl o b al, n ot o nly  aff e ct c urr e nt

g e n er ati o n s b ut also  f ut ure  g e n er ati o ns, a nd  n ot o nly  o ur o wn  p ers on  or c o m m u nity  b ut also  on

ot h e r c o m m u niti es on  w h ose  b e h a vi or we  d e p e nd  as w ell.

O n  o ne  si d e, S ci e ntifíc M et h od  h as pr o v en  b ei ng  t he  m ost eff e cti ve a p pr o a ch  to  cr é ate

k n o wl e d g e . Firstl y, k n o wl e d ge  a nd  t h en  u n d erst a n di n g. H o w e v er, on  t he  ot h er si d e, w h en  it is

n e e d e d  to  cr é ate  fírst u n d erst a n di ng  a nd  t h en  k n o wl e d g e, S yst em  T hi n ki ng  h as pr o v ed  to  be  m ore

eff e cti v e . T he  o bj e cti ve  of t he  S ci e ntifíc  m et h od  is to  cr é ate  k n o wl e d g e. It is m ai nly  b as ed  on  t he

pr o c es s of a n al ysis. T he  o bj e cti ve  of t he  S yst em  T hi n ki ng  is to  cr é ate  u n d erst a n di n g. It is m ai nly

b as e d  on  t he  pr o c ess of s y nt h esis. B oth  S ci e ntifíc  m et h od  a nd  S yst em  T hi n ki ng  use  a n al ysis a nd

s y nt h esis b ut in  r e v erse  or d er. S ci e ntifíc m et h od  e m pl o ys fírst a n al ysis a nd  t h en  s y nt h esis.

S yst e m  T hi n ki ng  firstly  us es s y nt h esis a nd  t h en  a n al ysis. B oth  a n al ysis a nd  s y nt h esis w ere

pr es e nt e d  in  S e cti on  1. 2. 6.

Gi v e n  t he  c o nt e xt, t he  a p pr o a ch  is pr es e nt ed  as f oll o ws.
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3. 2  K n o wl e d ge  A c q uisiti on  U si ng  S yst em  D y n a mi cs

T h e  a p pr o a ch  is b as ed  on  S yst em  D y n a mi cs di s ci pli ne  d es cri b ed  in  S e cti on  2.4  a nd  on  t he

h y p ot h e si s t h at k n o wl e d ge  tr a n s mi s si on  is c arri ed  o ut by  M yt h s, S y m b ols a nd  N u m b ers in  e v ery

c ult ur e  ( P ér e z- M or al e s, 1 9 9 7- A.) T his h y p ot h e sis c oi n ci d es with  t he  o p er ati ng  e n vir o n m e nt of

St ell a  II a nd  ií hi n k s oft w ar es ( Ri c h m o n d, P et ers o n, et al, 1 9 93  cit ed  by  P et ers o n, 1 9 9 4,) o ne  of

t he  m o st us ed  s oft w are  in  S yst em  D y n a mi c s, by  h a vi ng  t hr ee  l a y ers: Hi g h- L e v el M a p pi ng  & I/O

l a y er, M o d el C o n str u cti on  l a y er, a nd  a m at h e m ati c al l a y er.

Fi g u r e  3- 1: P r o c ess fl ow  di a g r am

T h e  pr o p os ed  a p pr o a ch  c o nsists t h e n, by  i nt er pr eti ng  a nd  s y nt h esi zi ng  t he  i d e as e x pr ess ed  a b o v e,

o f t hr ee  l e v éis of k n o wl e d ge  a c q ui siti o n, s ee  Fi g ure  3. 1: ( 1) M a p pi ng  of hi gh  l e v el ( M yt h s) is

c o n stit ut e d  by  m e nt al m o d els, v er b al m o d els, a nd  c a u s al di a gr a m s; ( 2) M a p pi ng  of i nt er m e dí ate

l e v el ( S y m b ol s), by  r at es  of fl o ws a nd  l e v el di a gr a ms, al o ng  with  a gr a p hi c al c o m p ut er l a n g u a ge

d es cri b e d  i n S e cti on  2. 4. 3. ( 3) M a p pi ng  of l ow  l e v el ( N u m b ers) c o nstit ut ed  b y al g e br aic  a n d

diff er e n c e  e q u ati o n s.



C h a pt er  3. Q u alit ati v e K n o wl e d g e A c q uisiti o n A p pr o a c h 6 9

3. 2. 1  M a p pi ng  of hi gh  l e v el: m e nt al m o d els, v e r b al m o d els, a nd  c a us al l o op

di a g r a m s

It is c h ar a ct eri z ed  by  tr a nsf or mi ng  m e nt al m o d els to  v er b al m o d els a nd  t h en  to  c a us al di a gr a ms.

M e nt al  m o d els are  t h ose  t h at are  b as ed  on  i nt uiti on  a nd  e x p eri e n ce  "in  t he  b a ck  of o ur h e a ds"

( Lj u ng  & Gl a d, 1 9 9 4). D e v el o pi ng  t h ese  m o d els h el ps us to  l e arn  h ow  to  dri ve  a c ar, h ow  to

m a n a g e  a b usi n ess. Tr ai ni ng  a nd  e x p eri e n ce  d e v el op  o ur m e nt al m o d els. V er b al m o d els are  t h ose

us e d  to  d es cri be  t he  b e h a vi or of a s yst em  u n d er diff er e nt c o n diti o ns in  w or ds: "if t he  i nfl ati on  r ate

g o e s up  t h en  t he  b a nk  r ate  will ris e."  E x p ert s yst e ms are  c o nsi d er ed  i nst a n c es of f or m ali z ed

v er b a l m o d els. It is n ot an  e asy  t ask  to  c o n v ert a m e nt al m o d el to  a v er b al m o d el. C a us al

di a gr a ms  are  i m p ort a nt I nstr u m e nts to  c arry  o ut t his t as k. C a us e- eff e ct, c a us al or i nfl u e n ce

di a gr a m s are  ñ a m es t h at are  us ed  to  m e an  u nf ort u n at ely  t he  s a me  t hi ng  in  t he  c o nt e xt of S yst em

D y n a mi cs . T h ey  are  h y p ot h eti c ally  c orr el at ed  s et of r el ati o ns hi ps, f o c usi ng  on  t he  f e e d b a ck

li n k a g es a m o ng  el e m e nts of a s yst e m. T he  c a us al di a gr am  r e pr es e nts t he  st ory  of h ow  t he  t hi n gs

w or k . T he  pr o c ess t hr o u gh  ti me  or e v ol uti on  of t he  s yst em  is v er b ally  e x pr ess ed  a nd  dr a wn  in  a

p a p er . T his o p er ati on  f a cilit at es a nd  gi v es s h a pe  to  dis c ussi o ns a m o ng  partici pa m os at t his st a g e.

B asi c all y , no  q u esti o n n air es are  us ed  to  g at h er i nf or m ati on  fr om  m a n a g ers. T h ey  are  j ust as k ed  to

r el ate  t he  st ori es in  a m a n n er of c a us e- eff e ct r el ati o ns.

A t t his l e v el, t he  m ain  p oi nt s h ar p e ns a nd  n arr o ws t he  i nt e n d ed  use  or p ur p ose  of t he  m o d el.

Als o , it is t he  fírst att e m pt to  di vi de  t he  s yst em  i nto  s u bs yst e ms in  an  a g gr e g ate  f or m. Eff orts are

f o c us ed  to  d et er mi ne  c a use  a nd  eff e ct r el ati o ns hi ps. T his  l e v el d e m a n ds t he  m o d el er a l ar ge

a m o u n t of u n d erst a n di ng  of a nd  i nt uiti on  f or t he  s yst em  to  be  d es cri b e d. Hi er ar c hi es of

c o m pl e xir y  a nd  a p pr o xi m ati o ns are  d et er mi n e d.

T h e  fírst st ep  is to  r e pr es e nt t he  c e ntr al l o o p. Q u esti o ns m a de  to  g at h er i nf or m ati on  on  t he

c e ntr a l pr o c ess are  on  w h at t he  n at ure  of t he  pr o c ess is or h ow  t he  pr o c ess a ct u ally  w or ks. S h o uld

n o t be  as k e d, " W h at are  all t he  f a ct ors t h at i nfl u e n ce  t he  pr o c ess ?"

3. 2. 2  M a p pi ng  of i nt e r m e dí ate  l e v el: fl ow  r ate  a nd  l e v el di a g r a ms, a nd

g r a p hi c  c o m p ut er  l a n g u a ge

A t t he  i nt er m e dí ate  l e v el m a p pi n g, t he  c a us al di a gr a ms are  tr a nsf or m ed  i nto  a fl ow  r ate  a nd  l e v el

di a gr a m  usi ng  a gr a p hi c al c o m p ut er l a n g u a g e. A r ate  of fl o ws a nd  l e v el di a gr am  is a c o m p ut er-

gr a p hi c a l d es cri pti on  of t he  st ate  v ari a ble  r e pr es e nt ati on  of t he  s yst e m. T he  st ate  v ari a ble

r e pr es e nt ati on  all o ws t he  st u dy  of n o nli n e ar a nd  ti me  v ar yi ng  d y n a mic  s yst e ms. E v en  w h en  t h ere
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is no  w ay  f or o bt ai ni ng  an  e x pli cit a n al ytic  s ol uti on  f or t he  e q u ati on  t h at is d e s cri bi ng  t he  s y st e m,

a  r e ali z ati on  c an  be  f o u nd  a nd  a si m ul ati on  of t he  s yst em  c an  be  o bt ai n e d. T h en  t he  b e h a vi or a nd

t he  c a u s e- eff e ct r el ati o ns c an  be  o bs er v ed  a nd  a n al y z e d. T his  c h ar a ct eristic  is an  a d v a nt a ge  f or

r e pr e s e nti ng  c o m pl ex  s yst e ms.

T h e  m ain  c h all e n ge  at t his st a ge  is  to  d et er mi ne  t he  st ate  v ari a bl es  of t he  q u alit ati ve  s yst em

d e s c n pti o n . P h y si c all y, a st ate  v ari a ble  c an  be  ass o ci at ed  with  a p h y si c al st or a ge  el e m e nt.

H o w e v er , f or m ore  a b str a ct r e pr e s e nt ati o ns t his is n ot n e c e s s ary  tr ue  a nd  a st ate  v ari a ble  b e c o me

p ur el y  a b str a ct st or a ge  b ut still st or a g e. A g e n er ality  of t he  st ate  v ari a bl es is t h at t h ey  are  al w a ys

t he  o ut p uts of i nt e gr at or bl o c ks. F or e x a m pl e, t he  st ate  v ari a ble  c an  be  ass o ci at ed  with  t he  v ol u me

o f w at er in  a t a nk  b ut m ore  pr a cti c ally  with  its l e v el. L e v el is an  e asi er v ari a ble  to  o bs er ve  a nd

m e a s ur e . Si n ce  i nt e gr ati on  i m pli es a c c u m ul ati o n, t he  a c c u m ul ati on  of w at er in  t he  t a nk  is i nf err ed

b y  t he  l e v el a nd  in  t his w ay  is an  i nt e gr at ed  v ari a bl e. In  a si mil ar m a n n er t he  r ate  of c h a n ge  of t he

st ate  v ari a bl es is r el at ed  to  t he  r ate  of fl ow  of w at er t h at c o m es i nto  t he  t a n k. T a n ks c an  be  s e en  as

t he  i nt e gr at or bl o c k s, l e v éis as t he  st at es v ari a bl es, a nd  r at es of fl ow  as t he  r at es of c h a n ge  of t he

st ate  v ari a bl e s. O ne  big  a d v a nt a ge  of usi ng  t his st at e-s p a ce  d es cri pti on  is t h at i niti al v al ú es of t he

l e v éis pr o vi de  t he  mi ni m al s uffí ci e nt st atistic  i nf or m ati on  to  c al c úl ate  t he  f ut ure  r es p o nse  of t he

s yst e m  f or a n ew  i n p ut wit h o ut w orr yi ng  a b o ut t he  p ast.

3. 2. 3  M a p pi ng  of l ow  l e v el: n u m e ri c al e q u ati o ns

T h e  n u m eri c al e q u ati o ns are  o bt ai n ed  fr om  t he  fl ow  r ate  a nd  l e v el di a gr a m. Al g e br aic  a nd

diff er e n c e  first or d er e q u ati o ns c o nf orm  n ow  t he  d es cri pti on  of t he  s yst e m. T he  p arti ci p a nts

pr o vi d e  s et of al g e br aic  e q u ati o ns f or e v ery  r el ati on  a m o ng  t he  el e m e nts of t he  di a gr a m. T he

f or m al c o de  of t he  pr o gr am  is a ut o m ati c ally  g e n er at ed  by  it hi n k s oft w ar e, us ed  in  t his r es e ar c h.

T hi s st a ge  is t he  m o st c h all e n gi ng  t ask  f or t he  m o d el er a nd  c o nsists on  i d e ntif yi ng  t he  s yst em

h e uri sti c all y . It is c arri ed  o ut u si ng  t he  m ost of t he  a v ail a ble  i nf or m ati on  r e s o ur c e s.
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3. 3  D e ci si ón  M a ki ng  P oli ci es R e p r e s e nt ati on  U si ng  F u z zy  L o gic

T h e  m et h od  f or p oli cy  r e pr e s e nt ati on  c o nsists of t hr ee  st e ps: ( 1) eli cit ati on  of p oli ci es fr om  t he

d e ci si o n- m a k er s , ( 2) c o difí c ati on  of t he  p oli ci es in  a c o m p ut er, a nd  ( 3) utili z ati on  of t he  p oli ci es

in  c o m p ut ati o n al m o d els to  r e s p o nd  a nd  g e n ér ate  n ew  q u e sti o n s.

3. 3. 1  St e ps of t he  M et h od

St e p  1. Eli cit ati on  of p oli ci es fr om  t he  d e ci si o n- m a k er s.

T h e  o bj e cti ve  is  to  e x pli cit t he  k n o wl e d ge  of a d e ci si o n- m a k er in  a str u ct ure  of if-t h en

r ul e s. T his  k n o wl e d ge  a c q ui siti on  pr o c ess tr a n sf or ms t he  m e nt al m o d els to  a v er b al

m o d e l a nd  t h en  to  a r ul e- b a s ed  s yst em  m o d el. T his ki nd  of m o d els is wi d ely  us ed  in

Artifi ci a l I nt elli g e n ce  by  e x p ert s y st e m s, w hi ch  are  c o n si d er ed  i n st a n c es of f or m ali z ed

v er b a l m o d el s. T he  f u z zy  r ule  s yst em  c o n str u ct ed  in  St ep  2 c an  be  cl a s sifi ed  a d e di c at ed

s m al l e x p ert s yst e m.

St e p  2. C o difi c ati on  of t he  p oli ci es in  a c o m p ut er.

T h e  o bj e cti ve  is to  m a ke  t he  c o m p ut er c o m es up  with  a si n gle  c o n cl u si ón  b as ed  on  t he

a c q uir e d  k n o wl e d ge  of St ep  1. M a m d a ni's f u z zy  m o d el pr o vi d es t he  m e c h a ni sm  of

i nf er e n ce  to  s ol ve  t he  c o nfli ct w h en  s e v er al r ul es c o ntri b ute  at t he  s a me  ti m e. T his st ep

s h o ul d  be  tr a n s p ar e nt to  t he  p arti ci p a nts  si n ce  t h ere  is  no  a g gr e g at ed  v al ué  f or t h eir

l e ar ni ng  pr o c e s s. In  a diff er e n ce  with  t he  tr a diti o n al m et h od  of S yst em  D y n a mi cs in

w hi c h  l e ar ni ng  is gi v en  d uri ng  t he  m o d eli ng  pr o c ess, at t his st ep  t h ere  is no  l e a mi ng  si n ce

o nl y  o p er ati on  mi n- m ax  are  us ed  to  arti c úl ate  t he  if-t h en  r ul e s.

St e p  3. Utili z ati on  of t he  p oli ci es in  c o m p ut ati o n al m o d els to  r es p o nd  a nd  g e n ér ate  n ew

q u e sti o n s .

T h e  o bj e cti ve  is  to  pr o vi de  an  e n vir o n m e nt to  r efl e ct p eri o di c ally  on  t he  d e cisi o ns t h at t he

c o m p ut e r is m a ki ng  b a s ed  on  t he  pr e vi o us St e ps 1 a nd  2. F or e x a m pl e, e v ery  m o nth

d uri n g  o n e- y e ar si m ul ati on  ti m e, t he  c o m p ut er g e n er al es a c h a n ge  in  pri ce  as a d e ci si ón

f or t he  c urr e nt e n vir o n m e nt i nf or m ati o n. T h ere  is a p a u se  in  t he  si m ul ati on  in  w hi ch  t he

p arti ci p a nt s are  as k ed  w hy  t he  virt u al d e cisi ón  m a k er c ar ne  up  with  s u ch  a c h a n g e. M a ny

ti m es t he  p arti ci p a nts are  i m pr ess ed  a nd  ot h er i ntri g u ed  a b o ut t he  p erf or m a n ce  of t h eir

o w n  r ul es e x e c ut ed  by  an  e xt er n al e ntity  as t he  c o m p ut er. Of c o urs e, t he  p erf or m a n ce  of
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t he  r ul e s, as i s ol at ed  o bj e ct, is diff er e nt w h en  all t he  r ul es w ork  as a w h ol e. As w ell,

diff er e n t d e cisi o ns a m o ng  p arti ci p ar as a nd  t he  c o m p ut er are  oft en  o bs er v e d. T h ese

diff er e n c e s pr o v o ke  d e ep  r efl e cti o ns a nd  hi g h er c o ns ci o us a b o ut t he  p arti c ul ar pr o c ess

u n d e r m a n a g e m e nt. S o, it pr o vi d es l e ar ni n g.

3. 3. 2  St r at e gy  of St ep  1: Eli cit ati on  of P oli ci es f r om  t he  D e cisi o n- M a k e rs

1 . S el e ct t he  s et of c o n diti o ns or v ari a bl es t h at will be  m a n a g e d.

2 . S el e ct t he  s et of g o al v al ú es f or s u ch  c o n diti o ns.

3 . S el e ct t he  v ari a bl es t h at will all ow  d e cisi o ns to  be  i m pl e m e nt e d.

4 . S k et ch  a h y p ot h eti c al os cill ati n g- d a m p ed  ti me  r es p o nse  of t he  d e vi ati on  f or e a ch

m a n a g e d  v ari a bl e.

5 . M a ke  cl e ar t he  m e a ni ng  of t he  v ari a bl es: d e vi ati o n a nd  T e n d e n c y of d e vi ati o n.

6 . S el e ct t wo  or t hr e e, at m ost, li n g uistic  v al ú es ( a dj e cti v es) f or d e vi ati o n a nd  t e n d e n c y

d e vi ati o n  with  r e g ard  to  t he  m a n a g ed  v ari a bl es.

7 . S el e ct t wo  or t hr ee  si n gl et o ns, at m ost, as li n g uistic  v al ú es f or t he  dri vi ng  v ari a bl es.

8 . R e pr es e nt t he  k n o wl e d ge  of t he  m a n a g er as a p oli cy  s yst em  usi ng  if-t h en  r ul es a nd

li n g uistic  v al ú es.

D et ails :

1. S el e ct t he  s et of c o n diti o ns or v ari a bl es y ou  w a nt to  m a n a g e. F or e x a m pl e, n u m b er of

c ust o m er s a nd  pr ofits. T he  i nf or m ati on  of t h ese  m a n a g ed  v ari a bl es m ust be  a c c essi ble  in

r e ality  as w ell as t he  m o d el.

2 . S el e ct t he  s et of g o al v al ú es f or s u ch  c o n diti o ns. T h ese  d esir ed  c o n diti o ns are  t he  o bj e cti v es

o v e r all t he  m a n a g e m e nt e x er cis e.

3 . S el e ct t he  v ari a bl es t h at will all ow  d e cisi o ns be  i m pl e m e nt e d. T h ese  are  t he  v ari a bl es t h at

wil l dri ve  t he  m a n a g ed  v ari a bl es.

4 . S k et ch  a h y p ot h eti c al c ur ve  of t he  d e vi ati on  ti me  r es p o nse  f or e a ch  m a n a g ed  v ari a ble  as it is

s h o wn  in  Fi g ure  3-2  ( b).

T h e  r e as on  of pr o p osi ng  t his q u alit ati ve  os cill ati ng  d esir ed  r es p o nse  is b as ed  on  t hr ee

r e q uir e m e nts. O ne  is to  h a ve  a r e pr es e nt ati ve  n u m b er of diff er e nt sit u ati o ns to  m a ke
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d e ci si o n s . T wo  is to  h a ve  a st a ble  s yst em  m ai nt ai n ed  by  p oli ci es i nto  n e g ati ve  f e e d b a ck

l o o ps. Fi n all y, t hr ee  is to  h a ve  a s yst em  c a p a ble  to  r e a ch  t he  g o al u n d er t he  d e cisi o ns alr e a dy

m a d e . It is k n o wn  t h at a s yst em  m o d el ed  with  o s cill ati on  will be  a ble  to  r e pr es e nt s yst e ms

wit h o u t o s cill ati o n s, b ut n ot r e v ers e. Als o, it s h o uld  be  cl e ar t h at it is n ot us ed  as a r ef er e n ce

m o d el . It is as t o ol to  eli cit d e cisi ón  r ul es with  a q u alit ati ve  g e n er al b e h a vi or. N eit h er

o v ers h o o t v al ú e s, ñ or d a m p ed  n at ur al fr e q u e n ci es are  fi x e d.

D e sir e d  c o n diti on  i
i
( : '

o  .  . - _  .u   id. . _  ..
0 1 0 0 X 0 3 0 0 W O ! 0 0 a o 0 7 0 0 M O  O l O O a O O U O M O j O o t t o r o O l O O  0 1 0 0 2 0 0 3 M 4 0 0 S O O

( a) ( b) ( c)

Fi g u r e  3- 2: Ti me  r e s p o n s es  of ( a) h y p ot h eti c al m a n a g ed  v a ri a bl e; ( b) d e vi ati on  of t he  p e r c ei v ed  with

r e g a r d  to  d esi r ed  c o n diti o n, a nd  ( c) t e n d e n cy  of t he  d e vi ati on

5 . M a ke  cl e ar t he  m e a ni ng  of t he  v ari a bl es: D e vi ati o n a nd  T e n d e n c y of d e vi ati o n. A k ey  f a ct or

•

is t he  u n d er st a n di ng  of t he  t wo  v ari a bl es: (i) d e vi ati on  ( e) a nd  (ii) T e n d e n c y of d e vi ati o n ( e)

wit h  t he  pr e vi o us s k et c h ed  r es p o ns e, s ee  Fi g ur es 3.2  ( b) a nd  ( c), r e s p e cti v el y. T h ey  i n di c ate

h o w  f ar t he  c urr e nt a nd  d esir ed  c o n diti on  are  e a ch  ot h er a nd  t he  dir e cti on  o v er t his g ap  is

m o vi n g  o n. T he  t wo  v ari a bl es are  n e c ess ary  f or a ny  d e cisi ón  m a ki ng  pr o c e s s. T he  r el e v a nt

o b s er v ati o n  is t h at t he  si gn  ( +) or (-) of b oth  D e vi ati o n a nd  T e n d e n c y of d e vi ati o n c an  be

d eri v e d  fr om  ti me  r es p o nse  s k et ch  of t he  m a n a g ed  v ari a bl e. D e vi ati o n a nd  T e n d e n c y of

d e vi ati o n  are  us ed  as t he  li n g ui stic  v ari a bl es f or t he  f u z zy  r ul e- b a s ed  s yst e m. T h eir

m at h e m ati c a l e x pr essi on  are  s h o wn  as f oll o w s:

e  = p er c ei v e d c o n diti o n — d esir e d c o n diti o n

•

e  = d e(t)/ dt

T h e  i nf or m ati on  c o nt ai n ed  by  m ese  t wo  v ari a bl es is ri c h. E v ery  p oi nt with  n ot z ero  v al ué

o n  d e vi ati o n a nd  t e n d e n c y d e vi ati o n is a c o n diti on  to  be  c orr e ct e d. T he  i d e al c o n diti on  is

w h e n  b oth  D e vi ati on  a nd  T e n d e n cy  d e vi ati on  are  e q u al to  z er o. N ote  t h at z ero  d e vi ati on  c an

h a v e  p o siti ve  or n e g ati ve  t e n d e n c y. T e n d e n cy  off ers i nf or m ati on  a b o ut t he  i n ertia  of t he

s y st e m . T he  p oli cy  r e pr e s e nt ati on  m et h od  is b as ed  on  t h ese  t wo  v ari a bl es.
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6 . S el e ct t wo  or t hr e e, at m ost, f u z zy  s ets f or d e vi ati on  a nd  t e n d e n cy  d e vi ati on  v ari a bl es. T he

us e  of t hr ee  f u z zy  s ets is s h o w ed  in  Fi g ur es 3.3  a nd  3. 4. Si n ce  M ulti I n p uts - M ulti O ut p uts

pr o c ess e s  are  g oi ng  to  be  m a n a g e d, t h ere  are  t wo  m ain  r e as o ns f or t his li mit ed  n u m b er of

f u z zy  s ets. First r e as o n: it is att e m pt ed  to  c o v er t he  c o m pl ete  st ate  s p a ce  of d e cisi o ns. T his is

i m p ort a nt b e c a use  it h el ps to  cr é ate  c o nfí d e n ce  in  m a n a g ers. S e c o nd  r e as o n: it is att e m pt ed  to

a v oi d  t he  c o m bi n at ori al e x pl osi ón  pr o bl e m. F or e x a m pl e, by  h a vi ng  a pr o c ess with  t wo

i n p uts, t his i m pli es to  h a ve  t wo  d e vi ati o ns a nd  t wo  t e n d e n cy  d e vi ati o ns, w hi ch  in  t u ms it is

tr a d u c ed  in  f o ur li n g uistic  v ari a bl es. If t wo  f u z zy  s ets w ere  d efí n ed  f or e a ch  li n g uistic

v ari a bl e , t h en  t he  t ot al st ate  s p a ce  of d e cisi o ns w o uld  be  24 = 1 6  d e cisi ón  r ul es. If t hr ee  f u z zy

s ets w ere  us e d, t h en  34 = 8 1  d e cisi ón  r ul es w o uld  be  n e e d ed  to  c o v er t he  c o m pl ete  st ate  s p a c e.

N o w  if f o ur f u z zy  s ets w ere  us e d, t h en  44 = 2 5 6  d e cisi ón  r ul es w o uld  be  r e q uir e d, w hi ch  it

t ur ns o ut to  be  n ot pr a cti c al i nto  a m a n a g eri al c o nt e xt in  or d er to  eli cit q u alit ati ve  k n o wl e d g e.

Fi g u r e  3- 3: T h r ee  f u z zy  s ets c o v er  t he  r a n ge  of v al ú es f or  t he  d e vi ati o n v a ri a ble

Fi g u r e  3- 4: T h r ee  f u z zy  s ets c o v er  t he  r a n ge  of v al ú es f or  t he  T e n d e n c y of d e vi ati o n v a ri a ble



C h a pt er  3. Q u alit ati v e K n o wl e d g e A c q uisiti o n A p pr o a c h 7 5

7 . S el e ct t wo  or t hr ee  si n gl et o ns, at m ost, as li n g ui stic  v al ú es f or t he  dri vi ng  v ari a bl es.

Si n gl et o n s are  t he  o ut p ut f u z zy  s ets t h ey  are  i n d e ed  l a n d m ar ks in  t his c as e. T h ey  r e pr es e nt t he

i nt e nsity  or t he  str e n gth  of t he  c orr e cti ve  a cti o ns. F or e x a m pl e, if I n cr e m e nt of p ri c e ( dri vi ng

v ari a bl e ) is t he  li n g uistic  v ari a ble  t h en  li n g ui stic  v al ú es c an  be  N e g ati v e ( pri ce  d e cr e m e nt),

Z er o  ( no  c h a n g e), a nd  P ositi v e ( pri ce  i n cr e m e nt). H ow  big  or s m all a p ositi ve  c h a n ge  c an  b e,

t h at is est a blis h ed  f or t he  p arti ci p a nts a nd  a dj ust ed  by  t he  m o d el er. In  Fi g ure  3- 5, a s et of

t hr ee  si n gl et o ns is s h o w ed  b e hi nd  a gr a p hic  of t he  c h a n g es in  pri c es tr o u gh  t he  ti me  in  or d er

to  ¿Il ústr ate w h at si n gl et on  m e a ns.

T h e  use  of si n gl et o ns i nst e ad  of c o n v e nti o n al f u z zy  s ets m a k es v ery  si m ple  t he

d ef u z zifi c ati o n  o p er ati o n. I n d e e d, t his o p er ati on  will be  a w ei g hti ng  s u m.

L I n cr e m e nt of pri ce
P  1 1

Si n gl et o n s

Fi g u r e  3- 5: Si n gl et o ns a re  s el e ct ed  to  be  t he  f u z zy  s ets f or  t he  d e cisi o ns

R e pr es e n t t he  k n o wl e d ge  of t he  m a n a g er as p oli ci es usi ng  if-t h en  r ul es. Use  t he  s k et c h ed

r es p o nse  a nd  t he  li n g ui stic  v al ú es.

F o r e x a m pl e, ask  t he  q u esti on  a b o ut pr ofíts: W h at ki nd  of a cti on  ( N e g ati v e, Z er o or

P ositi v e)  w o uld  y ou  do  a b o ut t he  I n cr e m e nt of p ri c e if t he  pr ofít D e vi ati o n is Z er o a nd  its

T e n d e n c y  of d e vi ati o n is N e g ati v e ? — c o n diti on  ( p oi nt) n u m b er 6 in  Fi g ure  3- 6.

Ass u m e  t he  a ns w er is a P ositi v e I n cr e m e nt of p ri c e. S o, t he  if-t h en  r ule  is r e pr es e nt ed  as:

If ( Devi ati o n is Zer o) a nd  ( Te n de ncy of d e vi ati o n is Ne g ative) T h en  (I ncre me nt of pri c e is P ositive)

In  ot h er f or m:

•

If (e is Z ) a n d ( ei s N) T hen  ( Ap  is P)

w h er e  Z ( Z er o), N ( N e g ati v e) a nd  P ( P ositi v e) are  t he  li n g uistic  v al ú es ( also  n a m ed  f u z zy

•

s ets) f or t he  li n g ui stic  v ari a bl es D e vi ati o n ( e), T e n d e n c y of d e vi ati o n ( e ) , a nd  I n cr e m e nt of

P ri c e  ( A p).
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P oi nt s If-t h en  r ul es

•
1   If (e  is AO  a nd  ( e  is P) t h en  ( Ap  is Z)

•

2   If (e  is  Z) a nd  ( e  is  P)  t h en  ( Ap  is  AO
•

3   I f (e  is  P)  a nd  ( ei s P ) t h en  ( 4?  is  N)
•

4   If (e  is  P) a nd  (e  is  Z) t h en  ( Ap  is  A/)
•

5   If (e  is  P) a nd  ( e  is  AO  t h en  ( Ap  is Z)
•

6   If (e  is Z) a nd  ( e  is AO  t h en  ( Ap  is / >)
o  •

7   If (e  is AO  a nd  ( e  is AO  t h en  ( Ap  is / >)
•

Fi g u r e  3- 6: D e ci si o ns p oi nts on  t he  t r a nsi e nt  8  If (e  is AO  a nd  (e  is Z) t h en  ( 4?  is P)

r es p o ns e  of  t he  D e vi ati on  ( e)   9   ¡ f  (e  ¡s  Z)  a nd  ( e ¡s  Z)  t h en  (A p  is  Z)

A  c o m pl ete  s et of p o s si ble  r ul es  f or t his  c a se  is  fi nite  a nd  is  s h o wn  b el o w. T he  v ari a bl es

ar e  i d e ntifí ed  a s:

V ari a bl e  to  be  m a n a g e d: Pr ofít s.

Dri vi n g  v ari a bl e: Pri c e.

Li n g ui sti c  v ari a bl e s: D e vi ati o n, T e n d e n c y of d e vi aíi o n, a nd  I n c r e m e nt of p ri c e.

Li n g ui sti c  v al ú e s: N e g ati v e, Z e r o, a nd  P o siti v e.

S o :

1. If ( D e vi ati o n is N e g ati v e) a nd  ( T e n d e n c y of d e vi ati o n is P ositi v e) T h en  (I n cr e m e nt of pri c e is Z er o)

2 . If ( D e vi ati o n is Z er o) a nd  ( T e n d e n c y of d e vi ati o n is P ositi v e) T h en  (I n cr e m e nt of pri c e is N e g ati v e)

3 . If ( D e vi ati o n is P ositi v e) a nd  ( T e n d e n c y of d e vi ati o n is P ositi v e) T h en  (I n cr e m e nt of pri c e is N e g ati v e)

4 . If ( D e vi ati o n is P ositi v e) a nd  ( T e n d e n c y of d e vi ati o n is Z er o) T h en  (I n cr e m e nt of pri c e is N e g ati v e)

5 . If ( D e vi ati o n is P ositi v e) a nd  ( T e n d e n c y of d e vi ati o n is N e g ati v e) T h en  (I n cr e m e nt of pri c e is Z er o)

6 . If ( D e vi ati o n is Z er o) a nd  ( T e n d e n c y of d e vi ati o n is N e g ati v e) T h en  (I n cr e m e nt of pri c e is P ositi v e)

1.  If ( D e vi ati o n is N e g ati v e) a nd  ( T e n d e n c y of d e vi ati o n is N e g ati v e) T h en  (I n cr e m e nt of pri c e is P ositi v e)

8 . If ( D e vi ati o n is N e g ati v e) a nd  ( T e n d e n c y of d e vi ati o n is Z er o) T h en  (I n cr e m e nt of pri c e is P ositi v e)

9 . If ( D e vi ati o n is Z er o) a nd  ( T e n d e n c y of d e vi ati o n is Z er o) T h en  (I n cr e m e nt of pri c e is Z er o)
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O r in  a m atrix  f or m:

In  t he  if-t h en  str u ct ur e, a nt e c e d e nts are  t he  i nf or m ati on  a b o ut t he  p er c ei v ed  c o n diti o ns

a n d  t he  c o ns e q u e nt is t he  d e cisi ón  to  be  i m pl e m e nt e d. So  t his r ule  s yst em  c arri es o ut t he

tr a nsf or m ati on  of i nf or m ati on  i nto  a cti o n, t h ey  r e pr es e nt t h en  t he  p oli ci es. An  e x a m ple  of an

if-t h en  r ule  is:

If { D e vi ati on  on  pr ofit s) is { N e g ati v e}  T h en  {I n cr e m e nt of pri c e}  is { P ositi v a}

w h er e  t he  a dj e cti v es N e g ati v e a nd  P ositi v e are  t he  v al ú es (li n g ui stic  v al ú es) of t he  s u bj e cts

D e vi ati o n  on  pr ofits (li n g ui stic  v ari a bl e) a nd  I n cr e m e nt of p ri c e (li n g ui stic  v ari a bl es).

A b o u t t he  r ul es t h at g o v ern  s u ch  d e cisi o ns. It s e e ms t h at t h ey  are  m a de  by  i nt uiti o n. T his

pr o c es s of k n o wl e d ge  a c q uisiti on  is also  a pr o c ess  of r efl e cti on  f or t he  m a n a g er. It is i n q uir ed

a n d  c h all e n g ed  to  e x pli cit his or h er t a cit k n o wl e d g e. It s e e ms t h at e v en  w h en  t he  d e cisi o ns

ar e  m a d e, t h ere  is n ot al w a ys an  e x pli cit a w ar e n ess on  t h eir us e.

3. 3. 3  St r at e gy  f or  St ep  2: C o difí c ati on  of t he  p oli ci es in  a c o m p ut er

1 . A p ply  t he  M a m d a ni's f u z zy  m o d el ( M a m d a ni, 1 9 7 4) to  r e pr es e nt t he  s et of o bt ai n ed

p oli ci es .

2 . T est t he  p oli ci es in  t he  m o d el a nd  a uj ust p ar a m et ers.

3. 3. 3. 1  A p pli c ati on  of M a m d a ni's f u z zy  m o d el.

It c o nsists of t hr ee  pr o c e s s e s:

(i)  F u z zifi c ati on

(ii)  I nf er e n ce

(iii)  D ef u z zifi c ati on
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(i)  F u z zifl c ati on  is t he  pr o c ess of cl assif yi ng  a n u m b er ( crisp  v al u é) as a m e m b er of s e v er al

s ets a nd  assi gn  it a d e gr ee  of m e m b ers hip  f or e a ch  s et. F or e x a m pl e, in  Fi g ure  3-7  is

s h o wn  t he  li n g uistic  v ari a ble  D e vi aíi o n ( e) with  its t hr ee  li n g uistic  v al ú es N e g ati v e ( N),

Z er o  ( Z), a nd  P osiíi v e ( P). A D e vi ati o n v al ué  of a/2  w o uld  be  cl assi ñ ed  as m e m b er of N,

Z , a nd  P f u z zy  s ets with  0. 0, 0. 5, a nd  0.5  d e gr ee  of m e m b ers hi p, r es p e cti v el y. T his

m e a ns , it is n ot a m e m b er of t he  N e g ati v e s et b ut it is of t he  Z er o a nd  P ositi v e s ets in  a

s a me  d e gr e e.

-a   O  a

Fi g u r e  3- 7: Li n g ui stic  v a ri a ble  with  t h r ee  v al ú es

E v er y  li n g uistic  v al ué  h as its o wn  f u z zy  s et a nd  t h us its o wn  m e m b ers hip  f u n cti o n.

Li n e s 1 a nd  2 c o nstit ute  t he  m e m b ers hip  f u n cti on  of t he  f u z zy  s et N (|ieN) ; li n es 3 a nd  4,

t he  m e m b ers hip  f u n cti on  of Z ( ue Z) , a nd  li n es 5 a nd  6, t he  m e m b ers hip  f u n cti on  of P

(|ieP) . A D e vi ati o n v al ué  b et w e en  -a  a nd  O will b el o ng  to  t he  s ets N a nd  Z; b et w e en  O

a n d  a, to  Z a nd  P, a nd  l o w er t h an  -a  a nd  bi g g er t h an  a e x cl usi v ely  to  N a nd  P,

r es p e cti v el y.

T h e  e q u ati o ns f or t he  t hr ee  m e m b ers hip  f u n cti o ns are  d es cri b ed  b el o w. N ote  t h at a

is t he  o nly  p ar a m et er to  be  a dj ust ed  f or t his c as e.

T h e  d es cri pti on  w h en  t wo  li n g uistic  v al ú es are  us ed  N a nd  P, w hi ch  is t he  c ase  t h at

wil l be  i m pl e m e nt ed  in  t he  f oll o wi ng  s e cti o n, f oll o ws:

-a  O  a

Fi g u r e  3- 8: Li n g uistic  v a ri a ble  with  t wo  v al ú es
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I nf e r e n c e  is t he  pr o c e ss of g e n er ati ng  c o n cl u si o n s. O ne  si n gle  c o n cl u si ón  is o bt ai n ed  at

t he  e nd  of t his pr o c ess. T he  M a m d a ni's f u z zy  m o d el u s es t he  M a x- Min  o p er ati o ns f or t his

p ur p o s e . T he  Min  o p er ati on  is  a p pli ed  to  c o n cl u de  in  e v ery  i n di vi d u al if-t h en  r ul e. T he

M a x  o p er ati on  is a p pli ed  to  a g gr e g ate  t he  i n di vi d u al f u z zy  s ets o bt ai n ed  fr om  t he

c o n cl u si o n s . In  t his w a y, c o nfli cts on  t he  c o n cl u si o ns are  s ol v e d.

T h e  c o difí c ati on  of t he  ni ne  if-t h en  r ul es g at h er ed  in  St ep  1 is s h o wn  b el o w. Fir st,

Mi n  o p er ati on  is a p pli ed  a nd  t h en  aft er M ax  o p er ati o n. T he  r e s ult of t his St ep  is t he

c o n cl u si ó n  f or ( aA p N , u.A p Z  a nd  (j.A p P . T he  n e xt pr o c e ss  will c o n v ert t his  f u z zy  v ari a ble  i nto

a  cri sp  n u m b er.
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(iii)  D ef u z zifi c ati on  is t he  pr o c ess of d eri vi ng  a crisp  n u m b er fr om  its c orr es p o n di ng  f u z zy

s et m e m b er s hip  d e gr e e. A fi n al c o n cl usi ón  gi v en  in  a f orm  of a f u z zy  v ari a ble  is t he

r es ult of t he  i nf er e n ce  pr o c ess. T he  D ef u z zifi c ati on  pr o c ess tr a nsf or ms t his f u z zy  v ari a ble

i nto  a crisp  v al u é, a n u m b er, w hi ch  will be  t he  d e cisi ón  of t he  virt u al d e cisi o n- m a k er.

B as e d  still on  M a m d a ni's f u z zy  m o d el a nd  usi ng  si n gl et o ns as t he  o ut p ut f u z zy  s ets,

t he  D ef u z zifi c ati on  pr o c ess is si m ply  a w ei g hti ng  s u m. F or t he  e x a m ple  of t he  i n cr e m e nt

o f pri c e:

w h er e  S N, S Z, a nd  SP  are  t he  o ut p ut f u z zy  s ets or si n gl et o ns.

3. 3. 3. 2  T est t he  p oli ci es in  t he  m o d el a nd  a dj ust p a r a m et e rs

T h e  p ar a m et ers r e q uir ed  to  be  a dj ust ed  are  a in  e v ery  li n g uistic  v ari a ble  a nd  t he  o ut p ut si n gl et o ns.

F o r t he  e x a m ple  pr es e nt ed  in  t his s e cti o n, t h ey  are  5 p ar a m et ers.

T h e  p arti ci p a nts s u g g est i niti al v al ú es f or all of t h e m. T he  m o d el er will a dj ust t h em  l at er

wit h o u t t he  i nt er v e nti on  of t he  p arti ci p a nts. T his a dj ust m e nt is c arri ed  o ut by  tri al a nd  err or u ntil a

s atisf a ct ory  p erf or m a n ce  is o bt ai n e d, a c c or di ng  t he  m o d el er.

T w o  r ul es of t h u mb  are  r e c o m m e n d ed  to  h a ve  in  mi n d:

•  T he  bi g g er t he  a, t he  s oft er t he  c orr e cti ve  a cti on  of t he  d e cisi ó n.

•  T he  f art h er t he  N a nd  P fr om  z er o, t he  h ar d er t he  c orr e cti ve  a cti on  of t he  d e cisi ó n.

F o r i niti al v al ué  of a, t he  a c c e pt a ble  li mit s u p eri or or i nf eri or of a d e vi ati on  with  r es p e ct t he

g o a l c an  be  c o nsi d er ed  as a g o od  v al u é, s a me  f or a t e n d e n cy  d e vi ati o n. I niti al v al ú es of t he

si n gl et o ns N, Z, a nd  P are  s u g g est ed  to  be  z ero  f or Z, a nd  an  a v er a ge  c h a n ge  v al ué  of a c orr e cti ve

a cti o n  d uri ng  t he  ti me  to  be  o bs er v ed  f or N a nd  P in  a s y m m etric  w ay  ar o u nd  z er o.
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3. 3. 4  St r aí e gy  f or  St ep  3: utili z ati on  of p oli ci es in  c o m p ut ati o n al m o d els to

r es p o n d  a nd  g e n é r ate  n ew  q u esti o ns

1. C h all e n ge  t he  p arti ci p a nts to  dri ve  t he  b usi n ess in  t he  c o m p ut er.

2 . Ask  t he  p arti ci p ar as f or o bs er vi ng  h ow  t he  virt u al d e cisi o n- m a k er p erf or ms in  t he

s a me  t as k. All ow  t h em  to  p eri o di c ally  dis c uss t he  e v e nts e n a bli ng  p a us es d uri ng  t he

si m ul ati o n.

3 . C o m p are  t he  p erf or m a n ce  of t he  p arti ci p a nts a nd  t he  virt u al d e cisi o n- m a k er.

E m p h asi z e  t he  f a ct t h at he  or s he  is c o m p eti ng  a g ai nst his or h er o wn  k n o wl e d g e.

4 . A dj ust p oli ci es in  t he  k n o wl e d g e- b as ed  f u z zy  s yst e m.

5 . L et t he  p arti ci p a nts e x e c ute  as m a ny  ti m es as t h ey  d esire  St ep  3 in  or d er to  all ow

t h em  to  a dj ust t h eir o wn  p oli ci es t hr o u gh  a cti ve  dis c ussi o ns. T he  f o c us of St ep  3 is to

f a cilít ate l e ar ni ng  a m o ng  t he  p arti ci p a nts, m a ki ng  r efl e cti o ns of t h eir o wn  a cti o ns.

A p pli c ati o n  r es ults are  pr es e nt ed  in  t he  f oll o wi ng  c h a pt er.

3. 4  A d a pti ve  M e c h a nism

" an  a d a pti ve  c o ntr oll er is a c o ntr oll er with  a dj ust a ble  p ar a m et ers a nd  a m e c h a nism  f or a dj usti ng

t he  p ar a m et ers." ( Ástr óm  a nd  Witt e n m ar k, 1 9 9 5, 1). T his w as t he  pr a g m atic  attit u de  t h at w as

t a k en  by  r ef er e n c ed  a ut h ors, w orl d wi de  a ut h oriti es, in  t h eir b o ok  aft er bri efly  r e vi e wi ng  s o me

att e m pt s to  d efi ne a d a pti ve  c o ntr ol si n ce  1 9 61  in  s y m p osi u ms a nd  I E EE  c o m mitt e es.

In  i nt elli g e nt s yst e ms, an  a d a pti ve  m e c h a nism  f oll o ws t he  s a me  pri n ci pi e. S et of p ar a m et ers

t h at h as to  be  a dj ust ed  by  a m e c h a nism  to  c h a n ge  t he  b e h a vi or of t he  s yst em  in  or d er to  f a ce  n ew

cir c u mst a n c es . T his a d a pt ati on  m e c h a nism  c an  t h en  be  us ed  also  as an  a ut o m atic  t u ni ng

m e c h a nis m  of p ar a m et ers. T his us a ge  h as b e en  t a k en  in  t he  pr es e nt w or k.

T h e  g e n er al str u ct ure  of t his ki nd  of s yst e ms is c o m pris ed  by  t wo  l o o ps. An  i n n er l o o p, w hi ch

is in  c h ar ge  of t he  t ask  a c hi e v e m e nt of t he  s yst e m, a nd  an  o ut er l o o p, in  c h ar ge  of t he  i n n er l o op

p erf or m a n c e . T he  o ut er l o op  a dj usts t he  p ar a m et ers of t he  c o ntr ol str at e gy  m e c h a nis m. T he

str u ct ure  is s h o wn  in  Fi g ure  3-9  ( a d a pt ed  fr om  Ástr óm  a nd  Witt e n m ar k, 1 9 9 5, 2).
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Fi g u r e  3- 9: G e n e r al st r u ct u re  of an  a d a pti ve  s yst em

T h e  p ar a m et ers to  be  a dj ust ed  are  c o nt ai n ed  in  t he  c o ntr ol str at e gy  bl o ck  l a b el ed  as

" C o ntr oll er. " T he  bl o ck  of t he  a d a pt ati on  m e c h a nism  l a b el ed  as " P ar a m et er A dj ust m e nt"

tr a nsf or ms t he  i nf or m ati on  of t he  si g n áis r ef er e n ce  (r), c o ntr ol a cti on  ( u), a nd  o ut p ut ( y) of t he

s yst em  l a b el ed  as " Pr o c ess"  in  u p d at ed  p ar a m et ers of t he  C o ntr oll er.

T hi s d o u bl e-l o op  str u ct ure  w as also  dis c o v er ed  a nd  d es cri b ed  by  ( Ar g yris, 1 9 85  cit ed  by

St er m a n , 1 9 9 4) in  a c o nt e xt of h u m an  or g a ni z ati o ns. I n d e e d, it w as c all ed  t he  D o u bl e- L o op

L e ar ni n g , s ee  Fi g ure  3- 1 0. H ere  t he  i nf or m ati on  of t he  R e al W orld  is us ed  in  t he  i n n er l o op  to

m a k e  d e cisi o ns, t h at in  t urn  t h es es d e cisi o ns will alt er t he  R e al W orl d. It is t he  a n al o g o us i n n er

l o op  of t he  g e n er al str u ct ure  of an  a d a pti ve  s yst e m. Ar g yris a nd  St er m an  ar g üe  t h at t h ere  is n ot

l e ar ni ng  at t he  i n n er l o o p, j u st r e a cti ve  a cti o ns to  r e a ch  s p e cifíc  g o als. T he  l e ar ni ng  is pr o d u c ed  at

t he  o ut er l o op  w h en  i nf or m ati on  alt ers t he  m e nt al m o d els. M e nt al m o d els c o nt ain  t he  str at e gi es,

str u ct ur es a nd  d e cisi ón  r ul es t h at all ow  p e o ple  m ap  i nf or m ati on  i nto  a cti on  d uri ng  t he  d e cisi ón

m a ki n g  pr o c ess.

R e al W orl d -

D e cisi o n s

I nf or m ati on
F e e d b a c k

Str at e g y , Str u ct ur e,
D e cisi ó n  R ul es

M e nt a l M o d els of
R e a l W orld

Fi g u r e  3- 1 0: D o u bl e- L o op  L e a r ni ng  by  A r g y ris ( 1 9 85  cit ed  by  St e r m an  1 9 9 4)
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" T he  d e v el o p m e nt of S y st e ms T hi n ki ng  is a d o u bl e-l o op  l e ar ni ng  pr o c e ss in  w hi ch  we

r e pl a ce  r e d u cti o ni st, p arti al, n arr o w, s h ort t erm  vi ew  of t he  w orld  with  a h oli sti c, br o a d, l o n g-

t er m, d y n a mic  vi ew  a nd  t h en  r e d e si gn  o ur p oli ci es a nd  i n stit uti o ns a c c or di n gl y. S u ch  l e a mi ng

i n v ol v es n ew  arti c ul ati o ns of o ur u n d er st a n di n g, or r efr a mi ng  of a sit u ati o n, a nd  l e a ds to  n ew

g o al s a nd  n ew  d e ci si ón  r ul e s, n ot j u st n ew  d e cisi o ns"  ( St er m a n, 1 9 9 4, 2 9 7.)

Si n c e  t he  d o u ble  l o op  str u ct ure  a p p e ars in  t he  c o nt e xt of h u m an  or g a ni z ati o ns f or l e ar n mg

a n d  in  t he  c o nt e xt of i nt elli g e nt m a c hi n es f or a d a pt ati o n, a bri ef d es cri pti on  of t he  t hr ee  m ain

a d a pti v e  s c h e m es in  c o ntr ol t h e ory  are  d es cri b ed  in  or d er to  g e n ér ate  a b ett er u n d er st a n di ng  of

h u m a n  l e ar ni n g. T he  a d a pti ve  al g orit hm  i m pl e m e nt ed  in  t he  pr o gr am  is s h o wn  in  C h a pt er 4. It is

b as e d  on  t he  MIT  r ule  d es cri b ed  at t he  e nd  of t his c h a pt er. T he  al g orit hm  all o ws a dj u sti ng  t he

d e cisi ó n  r ul es of t he  m a c hi ne  by  a dj u sti ng  t he  si n gl et on  v al ú es.

3. 4. 1  A d a pti ve  S c h e m es

T hr e e  m ain  a d a pti ve  s c h e m es are  f o u nd  in  a d a pti ve  c o ntr ol a p pli c ati o ns ( Witt e n m ar k, 1 9 9 7, 3 3-

3 4) , ( Á str óm  a nd  Witt e n m ar k, 1 9 9 5, 1 9- 2 2):

1 . G ain  S c h e d uli ng

2 . M o d el- R ef er e n ce  A d a pti ve  S yst e ms  ( M R A S)

3 . S elf- T u ni ng  R e g ul at ors ( S T R)

G ai n  S c h e d uli ng  a nd  M R AS  are  r ef err ed  to  as dir e ct m et h o ds a nd  S TR  as i n dir e ct m et h o d.

T h e  diff er e n ce  is t he  f or m ers use  a dj u st m e nt r ul es t h at dir e ctly  assi gn  t he  c o ntr oll er p ar a m et ers.

T h e  l att er, fírstly  e stí m ate  t he  p ar a m et er of t he  pr o c ess m o d el a nd  t h en  usi ng  t he  s ol uti on  f or a

d esi g n  pr o bl e m, i m pl e m e nt ed  in  a f u n cti o n, assi gn  t he  c o ntr oll er p ar a m et er s.

C o ntr oll e r P ar a m et ers

O p er ati n g
C o n diti o n

Fi g u r e  3- 1 1: Bl o ck  di a g r am  oía  s yst em  with  g ain  s c h e d uli ng
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3. 4. 1. 1  G ain  S c h e d ule

A  bl o ck  di a gr am  of a s yst em  with  G ain  S c h e d uli ng  is s h o wn  in  Fi g ure  3- 1 1. T he  s yst em  h as t wo

l o o ps. T h ey  are  t he  n or m al f e e d b a ck  i n n er l o op  a nd  t he  a dj usti ng  o ut er l o o p.

G ai n  s c h e d uli ng  is t he  si m pl est of t he  t hr ee  s c h e m es. It a nd  c an  be  c o nsi d er ed  as a m a p pi ng

f u n cti on  fr om  pr o c ess p ar a m et ers to  c o ntr oll er p ar a m et ers b as ed  on  c urr e nt o p er ati ng  c o n diti o ns.

It c an  be  i m pl e m e nt ed  as a f u n cti on  or a t a ble  l o o k up  ( Ástr óm  a nd  Witt e n m ar k, 1 9 9 5, 1 9- 2 0).

3. 4. 1. 2  M o d el- R ef e r e n ce  A d a pti ve  S yst e ms ( M R A S)

A  bl o ck  di a gr am  of a s yst em  with  M R AS  is s h o wn  in  Fi g ure  3- 1 2. T he  s yst em  pr es e nts t wo

l o o ps. An  or di n ary  f e e d b a ck  i n n er l o op  a nd  an  a dj u sti ng  o ut er l o op  ( Ástr óm  a nd  Witt e n m ar k,

1 9 9 5 , 2 0- 2 1). T he  o ut er l o op  a dj usts t he  c o ntr oll er p ar a m et ers b as ed  on  a p oli cy  t h at dri v es t he

diff er e n c e b et w e en  pr o c ess o ut p ut,y  a nd  t he  m o d el o ut p uty m  to  a s m all v al u é.

T h e  p ur p ose  of t his s c h e me  is to  s ol ve  t he  pr o bl em  in  w hi ch  t he  p erf or m a n ce  s p e cifí c ati o ns

ar e  gi v en  in  t er ms  of a r ef er e n ce  m o d el.

O n e  of t he  c h all e n g es with  M R AS  is to  g u ar a nt ee  st a bility  of t he  s yst em  by  s el e cti ng  an

a d e q u at e  a dj usti ng  m e c h a ni s m.

Fi g u r e  3- 1 2: Bl o ck  di a g r am  of a s yst em  with  M R AS  st r u ct u re

T h e  MIT  r ule  w as ori gi n ally  us ed  as a dj usti ng  p oli c y, t his is:

d es   d e
=  - y e-—

dt   d e
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d e
w h er e  e = y - y m , 6 is  a c o ntr oll er p ar a m et er, y is  t he  a d a pt ati on  r at e, a nd  — i n di c at es t he

8 0

s e nsiti vit y  of t he  err or with  r e g ard  t he  9 p ar a m et er. T his r ule  c an  be  c o nsi d er ed  as a gr a di e nt

s c h e me  to  mi ni mi ze  t he  s q u ar ed  err or e .

T h e  MIT  r ule  is us ed  in  t his r es e ar ch  with  s atisf a ct ory  r es ults a nd  it will be  e x pl ai n ed  with

m or e  d et ail in  S e cti on  3. 4. 2.

3. 4. 1. 3  S elf- T u ni ng  R e g ul at o rs ( S T R)

A  bl o ck  di a gr am  of a s yst em  with  S TR  is s h o wn  in  Fi g ure  3- 1 3. T he  s yst em  c o nt ai ns t he  t wo

l o o ps m e nti o n ed  a b o v e. T he  pr o c ess a nd  an  or di n ary  f e e d b a ck  c o ntr oll er c o m prise  t he  i n n er l o o p.

A  r e c ur si ve  p ar a m et er esti m at or a nd  a d esi gn  c al c ul ati on  m e c h a nis m, w hi ch  a dj ust t he  c o ntr oll er

p ar a m et ers , c o m prise  t he  o ut er l o op  ( Ástr om  a nd  Witt e n m ar k, 1 9 9 5, 2 1- 2 2).

T hi s  s c h e me  c an  be  vi e w ed  as an  a ut o m ati on  of t he  pr o c ess  of m o d eli ng  a nd  d esi gn  w h ere  an

u p d at e  is c arri ed  o ut at e a ch  s a m pli ng  p eri o d.

S p e cifi c ati o n

S elf-t u ni n g  R e g ul at or

Pr o c es s P ar a m et ers

Fi g u r e  3- 1 3: Bl o ck  di a g r am  of a s yst em  with  S TR  st r u ct u re

3. 4. 2  T he  MIT  R ule

T h e  MIT  R ule  w as ori gi n ally  pr o p os ed  f or s yst e ms with  M R AS  s c h e me  ( Ástr om  a nd

Witt e n m ar k , 1 9 9 5, 1 8 6- 1 8 7). It w as d e v el o p ed  at t he  I nstr u m e nt ati on  L a b or at ory  ( n ow  t he  Dr a p er

L a b or at or y ) at MI T, t h at is w hy  t he  ñ a me  is d eri v e d.
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F o r t he  s a ke  of e x pl a n ati o n, l et c o nsi d er t he  M R AS  s c h e me  s h o wn  in  Fi g ure  3- 11  with  a

c o ntr oll e r h a vi ng  j u st o ne  p ar a m et er 9. T he  MIT  R ule  is d esi g n ed  t h en  to  a dj ust t he  p ar a m et er 9

to  m mi mi ze  t he  l oss f u n cti o n:

w h er e  e -  y- ym  , y is  t he  o ut p ut of t he  pr o c ess to  be  c o ntr oll ed  a nd  y m is  t he  o ut p ut of t he

pr o c es s m o d el.

Fi g u r e  3- 1 4: G r a di e nts of J with  r es p e ct to  t he  e r r or  a nd  t he  c o nt r oll er  p a r a m et er  0

O n e  r e as o n a ble  p ossi bility  is to  c h a n ge  6 in  t he  dir e cti on  of t he  n e g ati ve  gr a di e nt of J, t his

is—  s ee  Fi g ure  3- 13  f or g e o m etri c ally  i nt er pr et ar on  in  w hi ch  9P  a p p e ars as r e al 9 of t he  pr o c ess:

d e   d J
— a
dt   d O

w h er e  / ^ n  is c all ed  t he  s e nsiti vit y d eri v ati v e of t he  s yst e m. It t ells h ow  m u ch  9 i nfl u e n ce  t he

err or . T he  s c h e me  is d eri v ed  in  s u ch  a w ay  t h at p ar a m et er c h a n g es are  sl o w er t h at ot h er v ari a bl es

in  t he  s yst e m. T h en  %/3  c an  ^e  e v alu a t ed  u n d er t he  ass u m pti on  t h at 9 is  c o nst a nt.
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A n ot h e r alt e m ati ve  f or t he  l oss f u n cti on  is:

t h en  f oll o wi ng  t he  gr a di e nt m et h o d, it gi v es:

d &   d e
—  - - v — si g n( e)
dt   6 0  S

T h e  first M R AS  us ed  t his a dj usti ng  r ul e.

T h e  v ari a ble  6 a nd  %/n  s h o uld  be  i nt er pr et ed  as t he  c o ntr oll er p ar a m et er v e ct or a nd  t he

gr a di e n t v e ct or of t he  err or with  r es p e ct to  t he  s et of p ar a m et ers, r es p e cti v el y, w h en  t he  c o ntr oll er

h a s m ore  t h an  o ne  p ar a m et er ( Astr ó'm  a nd  Witt e n m ar k, 1 9 9 5, 1 8 7).
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C h a pt e r  4

A p pli c ati o n  a nd  Si m ul ati on  R es ults

".. . O n c e y o u l e ar n e d h o w to  as k q u esti o ns -

r el e v a nt a n d a p pr o pri aí e a n d s u bst a nti al

q u esti o ns  - y o u h a v e l e ar n e d h o w t o l e ar n a n d

n o  o n e c a n k e e p y o ufr o m l e ar ni n g w h at e v er y o u

w a nt  or n e e d t o k n o w. "

( N eil P ost m an  a n d C h arl es W ei n g art n er cit ed  b y

C hrist e ns e n , 1 9 9 1, 1 5 7.)

T h e  o bj e cti ve  of t he  c h a pt er is to  s h ow  t he  r e s ults of j oi ntly  u si ng  S yst em  D y n a mi cs a nd  F u z zy

L o gi c  to  a c q uire  q u alit ati ve  k n o wl e d ge  a b o ut d y n a mi cs of a c o m pl ex  s yst e m7 . S p e cifi c all y, a

pr o bl e m ati c  sit u ati on  of a h ot el b u si n e ss a nd  a s et of p oli ci es f or its a d mi nistr ati on  are  pr e s e nt e d.

T h e  o bj e cti ve  of t he  d e v el o p ed  t o ol, w hi ch  is a pr o gr am  i m pl e m e nt ed  by  usi ng  it hi n k

s oft w ar e, is to  cr é ate  a nd  s h a pe  dis c ussi o ns  a m o ng  p arti ci p a nts in  s e mi n ars  a nd  w or ks h o ps to

d e v el o p  g e n er al m a n a g eri al s kills. T he  t o ol is us ed  n eit h er f or f or e c asti n g, ñ or f or tr ai ni ng

m a n a g er s of h ot els. T he  p ur p ose  of t he  t o ol f alls i nto  t he  c at e g ory  of c a pt uri ng  m e nt al m o d els a nd

s er v es  as a c o m m u ni c ati on  i nstr u m e nt.

7  C o m pl ex  S yst e ms are  c h ar a ct eri z ed  b y: ( 1) h a vi ng  c o nfli cts b et w e en  s h ort a nd  l o ng  t er ms  g o als; ( 2)
h a vi n g  f ew  l e v er a ge  p oi nts, w hi ch  are  u s u ally  n ot in  t he  o b vi o us pl a c es w h ere  p e o ple  t hi n k; ( 3) pr es e nt
pr o p erti e s of s elf- or g a ni z ati o n, a d a pt ati on  a nd  e m er g e nt pr o p erti es. In  g e n er al, t h ese  s yst e ms, in
c o m p aris o n  with  si m ple  s yst e ms, are  " a ble  to  pr o c ess m ore  i nf or m ati o n, a nti cí p ate  c h a n g es of t he
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C a s e  u n d er m o d eli ng  is pr e s e nt ed  in  S e cti on  4. 1. C h ar a ct eri sti cs of h ot el b u si n e ss are

d e s cri b e d  in  S e cti on  4. 2. Q u alit ati ve  k n o wl e d ge  a c q ui siti on  pr o c e ss f or t he  pr o bl e m atic  sit u ati on

b y  u si ng  S y st em  D y n a mi cs is pr e s e nt ed  in  S e cti on  4. 3. P oli ci es r e pr e s e nt ati on  by  u si ng  F u z zy

L o gi c , in  S e cti on  4. 4. I m pl e m e nt ati on  of an  a d a pti ve  m e c h a ni sm  is s h o wn  in  S e cti on  4. 5. Fi n all y,

si m ul ati o n  r e s ults are  pr e s e nt ed  in  S e cti on  4. 6.

4. 1  C ase  of St u d y: H ot el B usi n ess a nd  A d mi nist r ati on

T h e  a p pr o a ch  w as a p pli ed  to  eli cit a nd  r e pr e s e nt t he  k n o wl e d ge  of t he  d y n a mic  of a fi v e-st ar

h ot e l by  r e q u e st of a c o n s ulti ng  fír m.

T h e  o bj e cti ve  w as to  c o n str u ct a si m ul at or t h at all o w ed  to  s h a pe  di s c u s si o ns a nd  to  e x p ose

s kill s to  m a ke  d e ci si o ns a m o ng  m a n a g er s.

T h e  s c o pe  is li mit ed  to  a o n e- y e ar e x p eri m e nt al r e s e ar ch  in  a gr o up  with  t hr ee  p arti ci p ar a s.

T h e  b u si n e ss pr o bl e m atic  sit u ati on  to  be  m o d el ed  is c h ar a ct eri z ed  by  h a vi ng  a l ow  pr ofít

s c e n ari o . T he  s et of c o nsi d er ed  p oli ci es tr a n sf orm  t he  i nf or m ati on  of cli e nts a nd  pr ofits to  a cti o ns

in  pri ce  a nd  s er vi ce  q u ality  off er ed  by  t he  h ot el.

A  t e am  of t hr ee  p er s o ns  w as  i nt e gr at ed  to  r e ali ze  t he  p art of k n o wl e d ge  a c q ui siti o n:

• a h ot el a d mi ni str at or

•  a c o n s ult a nt of q u ality  pr o gr a ms  a nd

• a k n o wl e d ge  e n gi n e er

P r o bl e m ati c  Sit u ati on

A  fi v e- st ar h ot el, h a vi ng  s e v er al y e ars r u n ni ng  w ell on  b u si n e ss is f a ci ng  n ow  a pr o bl e m atic

sit u ati o n . T he  pr ofits h a ve  d e cli n ed  al m o st to  a l e v el of z er o. T he  m ain  r e as on  is t he  l ar ge  l ost of

cli e nt s . T he  c urr e nt sit u ati on  is pr ofits h a ve  d e cli n ed  b e c a u se  of t he  oíd  a nd  p ot e nti al cli e nts h a ve

b e e n  t a k en  by  t he  c o m p etit or s. T he  d e cr e m e nt of pr ofits h as  c a us ed  a d el ay  in  n ew  i n v e st m e nt

a n d  t h us a c o nti n u o us d et eri or ati on  of t he  h ot el s er vi ce  q u alit y.

T h e  m a n a g er a nd  t he  o w n er h a ve  to  m a ke  d e ci si o ns on  P ri c e a nd  S e r vi c e Q u alit y e v ery

m o nt h  d uri ng  o ne  y e ar. If t h ey  i n cr e a se  t he  S er vi ce  Q u alit y, t he  C u st o m er S ati sf a cti on  will

i n cr e a s e, as w ell as R o om  R e s er v ati o n s, O c c u p a n cy  P er c e nt a g e, a nd  as a c o n s e q u e n ce  I n c o m es

e n vir o n m e n t m ore  a c c ur at el y, l e arn  m ore  q ui c kl y, a ct m ore  fl e xi bly  a nd  are  g e n er ally  a ble  to  r es p o nd  m ore
a p pr o pri at el y  to  a wi d er r a n ge  of c h a n gi ng  cir c u mst a n c es" ( K a uff m a n, 1 9 8 0, 3 2).
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a n d  Pr ofits will i n cr e as e. H o w e v er, t he  c ost f or i n cr e asi ng  S er vi ce  Q u ality  is f ast er n ot ed  in

Pr o ñt s by  d e cr e asi ng  it al m ost i m m e di at el y. T h ere  e xists t h en  a c o nfli ct b et w e en  s h ort a nd  l o ng

t erm  b e n efits. T his ki nd  of c o nfli ct is a b asic  c h ar a ct eristic  of c o m pl ex  s yst e ms.

4. 2  B usi n ess a nd  M a n a g e m e nt of H ot els

Fr o m  a b usi n ess c o nt e xt, h ot els are  b usi n ess es of c o m m er ci al h os pit alit y, w hi ch  off ers its

f a ciliti es a nd  s er vi c es f or s ale  ( M e dlik  a nd  I n gr a m, 2 0 0 1, 1 3.) In  m ost c o u ntri es, t he  h ot el

i n d ustry  pl a ys an  i m p ort a nt r ole  in  t he  e c o n o mi es a nd  s o ci eti es. T his i n d ustry  pr o vi d es f a ciliti es

f or b usi n ess tr a ns a cti o ns, f or m e eti ng  a nd  c o nf er e n c es, a nd  f or r e cr e ati on  a nd  e nt ert ai n m e nt.

H ot el s are  c o nsi d er ed  attr a cti o ns f or visít ors, f or ei gn  c urr e n cy  e ar n ers, e m pl o y ers of l a b or, o utl ets

f or t he  pr o d u cís of ot h er i n d ustri es, a nd  s o ur ce  of a m e niti es f or l o c al r esi d e nts ( M e dlik  a nd

I n gr a m, 2 0 0 1, 4- 5.)

T h e  pri m ary  f u n cti on  of a h ot el is to  pr o vi de  f or r e w ard  s er vi c es of a c c o m m o d ati on  to  tri óse

p e o pl e  a w ay  fr om  h o m e, a nd  to  s u p ply  t h em  t h eir b asic  n e e ds, s u ch  as f o o d, dri n ks a nd

s o m eti m es ot h ers f a ciliti es f or tr a v el ers a nd  t e m p or ary  r esi d e nts ( M e dlik  a nd  I n gr a m, 2 0 0 1, 4.)

A  h ot el c an  be  s e en  as a b usi n ess s yst em  t h at tr a nsf or ms c osts to  r e v e n u e, e m pl o y e es to  j ob

s atisf a cti o n, tir ed  a nd  h u n gry  c ust o m ers to  f ed  a nd  r est ed  c ust o m ers, c a pit al to  r et urn  on

i n v est m e nt, ti me  a nd  eff ort to  w a g es a nd  s al ari es ( M e dlik  a nd  I n gr a m, 2 0 0 1, 1 7 1- 1 7 2.) T he

s u c c ess of a h ot el d e p e n ds on  h ow  w ell t he  h ot el p erf or ms t h ese  tr a nsf or m ati o ns.

4. 2. 1   T y p es of H ot els

T y p e s of h ot els are  cl assifi ed  by  a c c or di ng  t he  f oll o wi ng  crit eri a. L o c ati o n by  r ef erri ng  to  be

i nl a n d, c o ast al, m o u nt ai n.) P osiíi o n, with  r e g ard  to  t o w n- c e nt er, s u b ur b. R el at e dt o tr a ns p o n s u ch

a s m ot or, r ail w a y, air p ort. P ur p os e of visit, b usi n ess, h oli d a ys, a nd  c o n v e nti o n. D ur ati o n b ei ng  in

tr a nsit or r e si d e nti al. F a ciliti es or s er vi c e pr o vi d e d f or i nst a n ce  o nly  o v e mi g ht a c c o m m o d ati on  or

a p art m e n t h ot el. Li c e ns e d, f or e x a m ple  f or s elli ng  al c o h olic  li q u or. Siz e, e. g. a l ar ge  h ot els are

t h ose  w h ose  n u m b er of b e ds or b e dr o o ms r a n ge  fr om  o ne  to  s e v er al h u n dr e ds. O w n ers hi p a nd

m a n a g e m e nl,  by  di sti n g ui s hi ng  o w n ed  i n d e p e n d e nt h ot els fr om  c h ain  or gr o up  h ot els.

W h at e v e r t he  crit eria  is us e d, t h ere  are  fí ve  gr a d es f or cl assif yi ng  t he  f a ciliti es a nd  s er vi c es

pr o vi d e d . Fi ve  st ars d e n ote  t he  e xtr e me  of l u x ury  ( q u ality  h ot els.) O ne  st ar d e n ot es t he  b asic

st a n d ar ds ( e c o n o m y.) ( M e dlik  a nd  I n gr a m, 2 0 0 1, 1 0- 1 1.)
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4. 2. 2   Yi eld  ( or  R e v e n u e) M a n a g e m e nt

Yi el d  ( or r e v e n u e) m a n a g e m e nt "is t he  a p pli c ati on  of i nf or m ati on  s yst e ms a nd  pri ci ng  str at e gi es

to  all o c ate  t he  ri g ht c a p a city  to  t he  ri g ht c u st o m er at t he  ri g ht pl a ce  at t he  ri g ht ti m e"  ( Ri m e s,

2 0 0 0 , 4.) As a r e s ult, all o c ati ng  u n diff er e nti at ed  u nits of c a p a city  to  a v ail a ble  a nd  diff er e nti at ed

d e m a n d  m a xi mi z es pr ofits or r e v e n u e s. T he  m ain  i d ea  is t h en  to  m a xi mi ze  pr ofít ( or r e v e n u e) by

s elli n g  li mit ed  l o w- pri c ed  u nits to  pri c e- s e n siti ve  c ust o m ers willi ng  to  p ur c h ase  at off- p e ak  ti m es,

a n d  s elli ng  hi gh  pri c ed  u nits to  pri c e-i n s e n siti ve  c ust o m ers w ho  w a nt to  p ur c h ase  at p e ak  ti m e s.

T h e  pr o bl em  is to  d et er mi ne  h ow  m u ch  to  s ell at w h at pri ce  a nd  to  w hi ch  m ar k et s e g m e nt.

H ot el s a nd  airli n es i n d u stri es h a ve  a d o pt ed  t his m et h od  f or m a n a gi ng  t h eir c a p a citi es

pr ofit a bl y . T he  t erm  " yi el d" w as ori gi n at ed  in  t he  airli ne  i n d ustry  a nd  it r ef ers to  yi eld  ( or

r e v e n u e) p er a v ail a ble  s e at mil e. T he  c o n c e pt a p pli es to  ot h er i n d ustri es by  r ef erri ng  to  yi eld  ( or

r e v e n u e) as t he  a v ail a ble  ti m e- b as ed  i n v e nt ory  u nit.

T h e  b a sic  m et h od  of d e m a nd  a nd  s u p ply  f or m a n a gi ng  a h ot el is a n ot h er o pti o n. Pri ci ng  is

a g ai n  t he  dri vi ng  str at e g y, b ut n ow  it d e p e n ds on  t he  c urr e nt d e m a n d. T he  hi g h er t he  d e m a n d, t he

hi g h e r t he  pri c e.

T h e  pri ci ng  str at e gy  b as ed  on  d e m a nd  a nd  s u p ply  w as i m pl e m e nt ed  in  t he  si m ul at or as a first

a p pr o xi m ati o n . T he  r e a s on  is t he  c urr e nt pr o bl e m atic  sit u ati on  of t he  h ot el. It is n e c ess ary  to

d e ci d e  on  t he  g o al c ust o m er pr ofile  a nd  t h en  i n v est m e nts r e q uir ed  to  i nfr astr u ct ur e.

4. 3  Q u alit ati ve  K n o wl e d ge  A c q uisiti on  of a P r o bl e m atic  Sit u ati on

Usi n g  S yst em  D y n a mi cs

T h e  m et h od  d es cri b ed  in  S e cti on  2. 4.4  is a p pli ed  to  eli cit a nd  r e pr es e nt t he  pr o bl e m atic  sit u ati on

d e s cri b e d  a b o v e. T he  f o ur st a g es of t he  m et h od  are  ( 1) c o n c e pt u ali z ati o n, ( 2) f or m ul ati o n, ( 3)

t e sti n g, a nd  ( 4) i m pl e m e nt ati o n.

4. 3. 1   C o n c e pt u ali z ati on

P u r p o s e  of t he  m o d el

T h e  p ur p o se  of t he  m o d el is to  r e pr es e nt t he  pr o bl e m atic  sit u ati on  d es cri b ed  a b o ut fi v e-st art h ot el

o n  t he  c o nfli ct of s h ort a nd  l o n g-t erm  b e n efíts in  pr ofít by  m a ki ng  d e cisi o ns on  t he  s er vi ce  q u ality

a n d  p n ce  off er ed  by  t he  h ot el.
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T h e  m o d el will be  us ed  as an  el e m e nt to  cr é ate  a nd  s h a pe  dis c ussi o ns a m o ng  p arti ci p a nts in

s e mi n ars a nd  w or ks h o ps to  d e v el op  g e n er al m a n a g eri al s kills.

T h e  m o d el will n ot be  us ed  f or f or e c asti n g.

T h e  m o d el will n ot be  us ed  f or tr ai ni ng  m a n a g ers of h ot els.

T h e  p ur p ose  of t his m o d el f alls i nto  t he  c at e g ory  of c a pt uri ng  m e nt al m o d els a nd  s er v es  as a

c o m m u ni c ati o n  i nstr u m e nt.

M o d e l B o u n d a ri es a nd  K ey  V a ri a bl es

T h e  m o d el b o u n d ari es r ef er to  t he  si g nifí c a nt d y n a mi cs to  be  c o nsi d er e d. T he  s el e cti on  of

v ari a bl e s a nd  t h eir i nt err el ati on  d efi ne  t h en  t he  b o u n d ari es of t he  m o d el.

Ti m e  h ori z o n: o ne  y e ar.

It h as b e en  est a blis h ed  to  m o d el f o ur t y pe  of c ust o m er pr ofil es:

Dir e ct s ar e  c ust o m ers w ho  dir e ctly  s el e ct t he  h ot el fr om  t h eir pr e vi o us

e x p eri e n c es , r e c o m m e n d ati o ns, or i nf or m ati on  gi v en  by  diff er e nt m e di a.

A g e n ci e s  are  c ust o m ers  w ho  t a ke  t o urist p a c k a g es off er ed  by  tr a v el a g e n ci es.

Airli n e s  are  c ust o m ers w ho  t a ke  t he  o pti o ns of a p a c k a ge  with  tr a ns p ort ati on  a nd

h ot e l in  b usi n ess tr a v els off er ed  by  airli n es.

C o m m er ci al s  are  c ust o m ers w h ose  c o m p a ni es h a ve  c o m m er ci al r el ati o ns hi ps with  t he

h ot e l in  s p e cific  s e as o ns  of t he  y e ar.

K e y  v ari a bl es:

• H ot el S er vi ce  Q u ality  • C osts p er m o nth

• C ust o m er Q u ality  Pr ofile   •  I n c o m es p er m o nth

• C ust o m er S atisf a cti on  Gr a de   •  Pr ofit p er m o nth

• M ar k et T ot al S e g m e nt • A c c u m ul at ed  C ust o m er S ati sf a cti on

•  M ar k et S e g m e nt of t he  H ot el  • C ust o m er Pr ofile  C ost

• R o om  R es er v ati o ns • C ust o m er Pr ofile  F are

• H ot el O c c u p a n cy  P er c e nt a ge   •  H ot el T ot al C a p a city



9 4 C h a pt er  4. C as e of St u d y: H ot el B usi n ess a n d A d mi nistr a ci ó n

T a bl e  4- 1: E x o g e n o us a nd  e n d o g e n o us v a ri a bl es

E x o g e n o u s E n d o g e n o u s

H ot e l S er vi ce  Q u ality

C ust o m e r Q u ality  Pr ofile

C ust o m e r S ati sf a cti on  Gr a de

C ust o m e r Pr ofile  C ost

C ust o m e r Pr ofile  F are

H ot e l T ot al C a p a city

M ar k e t T ot al S e g m e nt

M ar k e t S e g m e nt of t he  H ot el

R o o m  R es er v ati o ns ( S)

H ot e l O c c u p a n cy  P er c e nt a ge

C ost s p er m o nth  ( F)

I n c o m es p er m o nth  ( F)

Pr ofi t p er m o nth

A c c u m ul at e d  C ust o m er S ati sf a cti on  ( S)

E x o g e n o u s a nd  e n d o g e n o us  are  i d e ntifi ed  fr om  t he  list of k ey  v ari a bl es  a nd  s h o wn  in  T a ble

4- 1 . St o c ks ( S) a nd  Fl o ws ( F) are  d e n ot ed  in  t he  e n d o g e n o us v ari a bl es.

R ef e r e n c e  M o d es

R ef er e n c e  m o d es are  h y p ot h e sis of e x p e ct ed  b e h a vi or of k ey  v ari a bl es. R ef er e n ce  m o de  f or

A c c u m ul at e d  C ust o m er S atisf a cti o n is s h o wn  in  Fi g ure  4- 1. T hr ee  k ey  v ari a bl es are  c h os e n:

• A c c u m ul at ed  C ust o m er S atisf a cti o n. It r ef ers to  t he  a g gr e g ate  c ust o m er s atisf a cti on  p er

pr ofil e  a c c u m ul at ed  si n ce  t he  b e gi n ni ng  of t he  y e ar u ntil t he  c urr e nt m o nt h. C ust o m er

s atisf a cti on  is u n d er st o od  as t he  l e v el of m at ch  b et w e en  t wo  iss u es. O ne  is t he  m at ch  b et w e en

t he  q u ality  e x p e ct ed  a nd  pr o vi d ed  by  t he  c ust o m er a nd  t he  h ot el, r es p e cti v el y. A n ot h er o ne  is

t he  m at ch  b et w e en  t he  pri ce  e x p e ct ed  by  t he  c ust o m ers a nd  off er ed  by  t he  h ot el.

• A c c u m ul at ed  I n c o m es. It r ef ers to  a c c u m ul at ed  r e v e n ue  mix  of r o o ms, f o o d, b e v er a g es, a nd

r e nt áis u ntil t he  c urr e nt m o nt h.

• A c c u m ul at ed  C osts. It r ef ers to  t he  a c c u m ul at ed  v ari a ble  a nd  fi x ed  c osts or c h ar g es si n ce  t he

b e gi n ni n g  of t he  y e ar u ntil t he  c urr e nt m o nt h. V ari a ble  c osts i n cl u de  d e p art m e nt al c ost of

s al es, d e p art m e nt al p a yr oll a nd  r el at ed  e x p a ns es on  r o o ms, f o o d, a nd  b e v er a g es. Also

u n di stri b ut e d  o p er ati ng  e x p a ns es, s u ch  as, a d mi nistr ati o n, m ar k eti n g, pr o p erty  o p er ati o n,

m ai nt e n a n c e , e n er g y. Fi x ed  c osts i n cl u de  r e nt a nd  d e pr e ci ati on  ( M e dlik  a nd  I n gr a m, 2 0 0 1,

1 3 9. )
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Fi g u r e  4- 1: R ef e r e n ce  M o de  f or  A c c u m ul at ed  C u st o m er  S atisf a cti on

T hr e e  s c e n ari os  are  pr o p o s ed  in  Fi g ure  4-2  f or a c c u m ul at ed  i n c o m es  a nd  c o sts  in  or d er to

c o m p ut e  pr ofit s. Fi g ure  4-2  ( a) s h o ws t he  c urr e nt st ate  of t he  h ot el. If no  c h a n ge  is m a de  t he  h ot el

wil l r e m ain  al m o st in  b al a n c e. So  d oi ng  n ot hi ng  is  al w a ys a p o s si ble  o pti o n.

Fi g ur e  4-2  ( b) s h o ws a s c e n ario  w h ere  f ast a nd  s h ort-t erm  b e n efíts are  l o o k ed  f or w ar d.

D e cr e a si n g  S er vi ce  Q u ality  d e cr e as es c ost r e d u cti o n. At t he  b e gi n ni n g, pr ofits are  i n cr e a s ed

h o w e v e r aft er a l o ng  p eri od  of ti me  t he  h ot el will h a ve  f e w er c u st o m ers b e c a u se  of u ns atisfi ed

s er vi c e  a nd  as c o n s e q u e n ce  l e ss i n c o m e s.

Fi g ur e  4-2  ( c) s h o ws a s c e n ario  l o o ki ng  f or l o n g-t erm  b e n efít s. Pr ofits are  p u ni s h ed  d uri ng

t he  first p art of t he  y e ar. H o w e v er at t he  e nd  of t he  y e ar, pr ofits a nd  its t e n d e n cy  are  f a v or a bly

s u st ai n e d . E v en  t h o u g h, t his s c e n ario  s e e ms  f a v or a bl e, n ot all t he  b usi n ess c an  s u p p ort s u ch

p u ni s h m e n t to  t he  pr ofit s.

T h e  r ef er e n ce  m o d es  will be  t he  g ui d es d uri ng  t he  m o d eli ng  eff ort.

B asi c  M e c h a ni sm

T h e  b a sic  m e c h a ni s ms are  s h o wn  in  Fi g ure  4-3  in  t he  f orm  of a c a u s al di a g r a m. In  t he  di a gr a m,

l ett ers S a nd  O i n dí c ate  p o siti ve  a nd  n e g ati ve  c orr el ati on  b et w e en  r el at ed  v ari a bl e s.

T h e  c a u s al di a gr am  r el at es t he  f oll o wi ng  st or y. N u m b ers on  t he  r el ati o n s hi ps  are  s h o wn  in

Fi g ur e  4-3  ( b) to  m a ke  e a si er t he  n arr ati o n. First a s s u mi ng  p o siti ve  C u st o m er S ati sf a cti on  a nd  t he

r ei nf or ci ng  l o op  R l: ( 1) t he  l ar g er t he  n u m b er of R o om  R e s er v ati o n s, t he  bi g g er t he  O c c u p a n cy

P er c e nt a g e ; ( 2) t he  bi g g er t he  O c c u p a n cy  P er c e nt a g e, t he  l ar g er t he  n u m b er of R o om
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If a s p e cific  cl a ss of c u st o m er is s ati sfí e d, m ore  c u st o m ers of t his cl a ss will arri v e, b uil di ng  a

bi g g e r n u m b er of s ati sfí ed  c ust o m ers. In  ot h er w or d s, t he  cl ass of c ust o m er f alls in  a r ei nf or ci ng

l o o p. If t he  r e v er se  o c c urr ed  t h en  u n s ati sfi ed  c u st o m ers of a cl a ss will p ut f urt h er a w ay  ot h er s.

T hi s  r ei nf or ci ng  pr o c e ss  l a sts  w hile  t he  li mits of gr o wth  are  n ot r e a c h e d.

A c c u m ul at e d  C ust o m er
S atisf a cti o n
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R es er v ati o ns . T his l o op  fí n ds its li mits to  gr o wth  w h en  t he  c a p a city  of t he  h ot el is r e a c h e d. N ow

ass u mi n g  a n e g ati ve  C ust o m er S atisf a cti o n, fr om  ( 1) t he  s m all er t he  n u m b er of R o om

R es er v ati o ns , t he  l ess O c c u p a n cy  P er c e nt a g e; fr om  ( 2) t he  l ess t he  O c c u p a n cy  P er c e nt a ge  t he

s m all er t he  n u m b er of R o om  R es er v ati o ns. T he  l o op  fí n ds its li mits to  di mi n uti on  w h en  t h ere  is

n o t m ore  c ust o m ers.

Fi g u r e  4- 2: R ef e r e n ce  m o d es f or  A c c u m ul at ed  I n c o m es a nd  C osts: ( a) in  b al a n c e,
( b) with  s h o rt-t e rm  b e n efits, a nd  ( c) with  l o n g-t e rm  b e n efits

F oll o wi n g  t he  left br a n c h es, ( 3) t he  hi g h er t he  Pri c e, t he  l o w er t he  C ust o m er S atisf a cti o n; ( 4)

t he  b ett er t he  H ot el S er vi ce  Q u alit y, t he  hi g h er t he  C ust o m er S atisf a cti o n; ( 5) t he  hi g h er t he

C ust o m e r S atisf a cti o n, t he  l ar g er t he  n u m b er of R o om  R es er v ati o ns. On  t he  b ott om  br a n c h, ( 6)

t he  hi g h er t he  H ot el S er vi ce  Q u alit y, t he  hi g h er t he  C osts; ( 7) t he  hi g h er t he  C osts, t he  l o w er t he
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Pr ofits . On  t he  n g ht br a n c h, ( 8) t he  bi g g er t he  O c c u p a n cy  P er c e nt a g e, t he  hi g h er t he  I n c o m es; ( 9)

t he  hi g h er t he  Pri c e, t he  hi g h er t he  I n c o m es; ( 1 0) t he  hi g h er t he  I n c o m es, t he  hi g h er t he  Pr ofits.

T hi s st ory  a gr e es  with  ( H a s k ett, 1 9 9 2, cit ed  by  I n gr a m, 1 9 9 6, 3 0) a b o ut t he  s elf-r ei nf or ci ng

c y cl e  t h at is c o m pris ed  by  q u alit y, r e p e at u s a g e, pr o ñt s, a nd  i n v est m e nt.

( b)

Fi g u r e  4- 3: C a u s al Di a g r am  of B a sic  M e c h a ni sm  f or  t he  H ot el B usi n ess: ( a) li nk  p ol a riti es a nd

C h a n g e  p r o c ess es ( b) n u m b e r ed  li n ks to  be  n a r r at ed
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T h e  d e cisi o n- m a k er, b as ed  on  k n o wl e d g e, tr a nsf or ms i nf or m ati on  on  O c c u p a n c y P er c e nt a g e

a n d  Pr oflts i nto  a cti on  on  P n c e a nd  H ot el S er vi c e Q u alit y. Q u esti on  m ar ks i n dí c ate  u n k n o wn

r el ati o ns hi ps. T h ese  r el ati o ns hi ps are  eli cit ed  in  t he  n e xt s e cti o n.

A s f oll o ws, t he  b asic  m e c h a nis ms are  s h o wn  in  t he  f orm  of bl o ck  di a g r a m. T he  c o m pl ete

bl o c k  di a gr am  h as b e en  fr a g m e nt ed  in  s e v en  s e ct ors or s u bs yst e ms in  or d er to  m a n a ge  t he

c o m pl e xit y  of t he  str u ct ur e: ( 1) Q u ality  M at c h, ( 2) Pri ce  M at c h, ( 3) R es er v ati o ns, ( 4)

A c c u m ul at e d  C ust o m er S atisf a cti o n, ( 5) C o m m er ci al S e g m e nts, ( 6) I n c o m es, a nd  ( 7) C osts. T he

s e ct ors a nd  t h eir i nt err el ati o ns are  s h o wn  in  Fi g ure  4- 4. I nf or m ati on  on  O c c u p a n c y P er c e nt a g e

a n d  Pr ofits is g e n er at ed  by  t he  C o m m er ci al S e g m e nt, C osts a nd  I n c o m es s u bs yst e ms. D e cisi o ns

ar e  i m pl e m e nt ed  in  t he  Q u ality  M at ch  a nd  Pri ce  M at ch  s u bs yst e ms.

Fi g u r e  4- 4: S e ct o rs a nd  t h eir  i nt e r r el ati o ns of t he  h ot el b usi n ess m o d el

T h e  s u bs yst e ms w ere  pr o gr a m m ed  usi ng  t he  it hi n k ( H P S, 1 9 9 6) s oft w ar e. A vi ew  of t he

s u bs yst e ms Q u alit y M at c h a nd  Pri c e M at c h are  s h o wn  in  Fi g ure  4-5  a nd  4- 6, r es p e cti v el y. T h ey

r e pr es e nt t he  diff er e n ce  b et w e en  t he  S er vi c e Q u alit y a nd  Pri c e off er ed  by  t he  H ot el a nd  t h ose

d e m a n d e d  by  t he  c ust o m ers. T he  diff er e n c es pr o v o ke  a c h a n ge  in  t he  b u yi ng  i n c e nti ve  of t he

c ust o m ers .

Q u alit y  M at c h s u bs yst em  o bt ai ns t he  dis cr e p a n ci es b et w e en  t he  H ot el S er vi c e Q u alit y a nd  t he

q u alit y  pr ofil es of t he  f o ur t y pe  of c ust o m ers. T he  dis cr e p a n ci es will pr o d u ce  c h a n g es in  t he

c o mi n g  n e xt t w o- m o nth  n u m b er of r o om  r es er v ati o ns. B as ed  on  w h et h er t he  Virt u al D e cisi o n-

M a k e r is On  or Off ( F uzz y D e cisi o n- M a ki n g e q u al 1 or 0), t he  H ot el S er vi c e Q u alit y is

c o nsi d er e d  c o mi ng  fr om  t he  m a c hi ne  ( Q F K B S) or a h u m an  p arti ci p a n! ( Q u alit y).
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Fi g u r e  4- 6: P ri ce  M at ch  s u bs yst em

Pri c e  M at c h s u bs yst em  o bt ai ns t he  dis cr e p a n ci es b et w e en  t he  f o ur pri c es pr o vi d ed  by  t he

h ot e l a nd  t he  e x p e ct ed  pri c es by  t he  f o ur t y p es of c ust o m ers. T he  dis cr e p a n ci es will pr o d u ce

c h a n g e s in  t he  c o mi ng  n e xt t w o- m o nth  n u m b er of r o om  r es er v ati o ns. If t he  Virt u al D e cisi o n-

M a k e r is On  or Off ( F uzzy D e cisi ó n M a ki n g e q u al 1 or 0) t h en  t he  H ot el S er vi c e Q u alit y is t a k en
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fr om  t he  s u g g esti on  of t he  m a c hi ne  ( P F K B S) ot h er wise  fr om  t he  s u g g esti on  of a h u m an

p arti ci p a n ! ( Pri c é).

R es er v ati o ns  s u bs yst em  is s h o wn  in  Fi g ure  4- 7. T he  s u bs yst em  pr o c ess es t he  n u m b er of r o om

ni g h t r es er v ati o ns t h at c orr es p o n ds to  e a ch  t y pe  of c ust o m er. T his i nf or m ati on  r e pr es e nt ed  by

N R Dir e cts,  N R A g e n ci es, N R Airli n es a nd  N R C o m m er ci als is us ed  to  c al c úl ate  t he  p er c e nt a ge  of

i n cr e m e nt ( p ositi ve  or n e g ati v e) on  o c c u pi ed  r o o ms in  t he  h ot el f or t he  n e xt t wo  m o nt hs. N u m b er

o f r o om  ni g ht r es er v ati o ns is o bt ai n ed  usi ng  t he  i nf or m ati on  of c h a n ge  in  c ust o m er s atisf a cti on

c a us e d  by  q u ality  a nd  pri c e, a nd  t he  c urr e nt n u m b er of o c c u pi ed  h ot el r o o ms.

Fi g u r e  4- 7: R es e r v ati on  s u bs yst em

A c c u m ul at e d  S atisf a cti o n s u bs yst em  is s h o wn  in  Fi g ure  4- 8. T his s u bs yst em  r e pr es e nts t he

c or e  of t he  si m ul ati on  m o d el a nd  pr o c ess es t he  a c c u m ul at ed  s atisf a cti on  of t he  disti n cti ve  cl ass es

o f c ust o m ers. T he  b asic  d y n a mic  si m ul ati on  m o d el is f or m ed  by  f o ur fírst or d er s yst em  with

d el a y  of t wo  ti me  u nits ( m o nt hs). T h ese  s u bs yst e ms are  n ot i n d e p e n d e nt si n ce  t h ey  s h are  t he

n u m b e r of c ust o m ers a c c or di ng  to  t he  c urr e nt a c c u m ul at ed  c ust o m er s atisf a cti o n. T he  p er c e nt a g es
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o f r o om  ni g ht r e s er v ati o ns are  c o n si d er ed  as n u m éri c a! i n di c at ors of t he  c h a n ge  of c u st o m er

s ati sf a cti o n  of a s p e cific  pr ofile  in  a m o nt h. T he  st o c ks n a m ed  as A c c u m Di r e ct s, A c c u m A g e n ci e s,

A c c u m Ai rli n e s,  a nd  A c c u m C o m m e r ci al s r e pr e s e nt t he  a c c u m ul at ed  c u st o m er s ati sf a cti o n.

Fi g u r e  4- 8: A c c u m ul at ed  C u st o m er  S atisf a cti on  s u b s y st em

C o m m e r ci al  S e g m e nt s u b s y st em  is  s h o wn  in  Fi g ure  4- 9. T his  s u b s y st em  c o m p ut es t he

n u m b e r of r o o ms  t h at are  o c c u pi ed  in  t he  c urr e nt m o nth  by  e a ch  t y pe  of c u st o m er. T his

i nf or m ati on  is  c o nt ai n ed  in  t he  v ari a bl es R o o m s 2 Di r e ct s, R o o m s 2 A g e n ci e s, R o o m s 2 Ai rli n e s, a nd

R o o m s 2 C o m m e r ci al s.  T he  t ot al n u m b er of o c c u pi ed  h ot el r o o ms is  c al c ul at ed  b as ed  on  d ata  of a

fí v e- st ar m ar k et a nd  t he  s e g m e nt in  p er c e nt a ge  g ai n ed  by  t he  h ot el. B oth  d ata  a nd  p er c e nt a ge  are

t a k en  fr om  a r e al d ata  of a h ot el o p er ati on  in  t he  P a cific  c o a st of M é xi c o. D ata  a nd  p er c e nt a ge  are

s h o w n  in  n e xt S e cti on  on  F or m ul ati on  of t he  m o d el. In  t he  di a gr a m, t his i nf or m ati on  is u s ed

al o n g  with  t he  a c c u m ul at ed  c u st o m er s ati sf a cti on  to  c o m p ute  t he  n u m b er of r o o ms t h at

c orr e s p o n d s  to  e a ch  t y pe  of c u st o m er. O c c u p a n c y P er c e nt a g e is  c o m p ut ed  in  t his  s u bs yst em  as

w ell .

I n c o m e s s u b s y st em  is s h o wn  in  Fi g ur es 4- 1 0. T his s u b s y st em  c al c ul at es t he  fl ow  of m o n ey

t h at c o m es fr om  t he  f o ur cl a s s es of c u st o m er s. T he  c al c ul ati on  i n v ol v es t he  pr o d u ct of r o om

pri c e s ti m es t he  n u m b er of c orr e s p o n di ng  r o o ms. All of t h em  are  a c c u m ul at ed  in  t he  st o ck  n a m ed

A c c u m ul at e d  I n c o m e s. A d el ay  of t wo  m o nt hs is  c o nsi d er ed  in  A g e n ci e s.
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Fi g u r e  4- 1 0: I n c o m es s u bs yst em
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Fi g u r e  4- 1 1: C osts s u bs yst em

C osts  s u b s y st em  is s h o wn  in  Fi g ure  4- 1 1. T his s u bs yst em  c al c úl al es t he  a c c u m ul at ed  c ost of

t he  h ot el d uri ng  o ne  y e ar. V ari a ble  c osts a nd  fí x ed  c osts are  c o nsi d er e d. V ari a ble  c osts d e p e nd  on

t he  n u m b er of c u st o m ers of e a ch  t y pe  in  t he  m o nt h. Fi x ed  c osts d e p e nd  on  t he  q u ality  s er vi ce

off er e d  by  t he  h ot el in  t he  m o nth  als o. No  d el a ys are  i n v ol v ed  in  t h ese  c al c ul ati o n s.

4. 3. 2 F o r m ul ati o n

T h e  c h ar a ct eri z ati on  of t he  fl o ws a nd  esti m ati on  of t he  p ar a m et er v al ú es w ere  j oi ntly  c arri ed  o ut

b y  t he  t hr ee  m e m b ers of t he  m o d eli ng  t e a m. T he  r es ults of t he  pr o c ess are  s h o wn  by  s u bs yst e ms.

E q u ati o n s a nd  d o c u m e nt ati on  of t he  m o d el are  f o u nd  in  A p p e n dix  2.

S u bs yst e m : Q u ality  M at ch

T h e  m at ch  b et w e en  H ot el S er vi c e Q u alit y a nd  C ust ot n er S er vi c e Q u alit y is c o m p ut ed  in  t his

s u bs yst e m . H ot el S er vi c e Q u ality  a nd  S er vi c e Q u alit y are  q u a ntifí ed  fr om  1 to  5, w h ere  fi ve

i m pli es a q u ality  of fi ve  st ars.

T h e  m at ch  d e gr ee  is q u a ntifí ed  in  t he  s a me  m a n n er fr om  1 to  5. " Fi v e"  m e a ns t he  b est m at ch

a n d  " o n e"  m e a ns t he  w orst m at c h. " Fi v e"  r e pr es e nts t he  c ase  w h en  t he  e x p e ct ati o ns of t he

c ust o m e r are  r e a c h ed  or s ur p ass e d. " O n e"  r e pr es e nts t he  c ase  w h en  t he  c ust o m er is c o m pl et ely

dis a p p oi nt e d .
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T h e  m at ch  d e gr ee  is an  i n di c at or of t he  c u st o m er s atisf a cti on  t h at l e v er a g es t he  r ei nf or ci ng

l o op  R, in  Fi g ure  4- 3. T his l o op  p o s s e s s es an  u n st a ble  e q uili bri um  p oi nt8 . T he  o bt ai n ed  d y n a mic

b e h a vi o r is an  e x p o n e nti al gr o wth  or d e c ay  in  r o om  r e s er v ati o ns d e p e n di ng  on  t he  v al ué  of t he

m at c h  d e gr e e. F or e x a m pl e, in  t he  c a se  of Di r e ct s, if t he  m at ch  d e gr ee  is 5 t h en  t he  r o om

r e s er v ati o ns h as an  e x p o n e nti al gr o wth  of 1 0%  p er m o nth  with  r e g ard  t he  c urr e nt o c c u pi ed  r o o ms

b y  Di r e ct s. If t he  m at ch  d e gr ee  is 1 t h en  t he  r o om  r e s er v ati o ns h as an  e x p o n e nti al d e c ay  of 3 0%

p e r m o nt h. T h ese  v al ú es are  s h o wn  in  T a ble  4-2  f or t he  f o ur t y p es  of c u st o m er s.

T a bl e  4- 2: C ust o m er  p r ofile on  S e r vi ce  Q u ality

C u st o m e r t y pe

Dir e ct s

A g e n ci e s

Airli n e s

C o m m er ci al s

R at e  of c h a n ge  b as ed  on  m at ch  d e gr ee  f or Q u ality

(in  % p er m o nt h)

1

- 30

- 28

- 25

- 28

2

- 15

- 15

- 15

- 15

3

-5

-5

-5

-5

4

-3

0

0. 5

0

5

1 0

1 0

6

1 0

S u b s y st e m : P ri ce  M at ch

T h e  m at ch  b et w e en  off er ed  P n c e s by  t he  h ot el a nd  e x p e ct ed  P n c e s by  t he  c u st o m er is  c o m p ut ed

in  t his s u b s y st e m. T h ere  is a b a se  pri ce  t he  h ot el fí x es a nd  a r ef er e n ce  pri ce  t he  c u st o m er h as in

mi n d . Off er ed  a nd  e x p e ct ed  pri c es f or e a ch  t y pe  of c u st o m er are  s h o wn  in  T a ble  4- 3.

T a bl e  4- 3: R ef e r e n ce  p ri c es a nd  b ase  p ri c es p er  t y pe  of c ust o m er

Dir e ct s

A g e n ci e s

Airli n e s

C o m m er ci al s

1  .0  * R ef er e n ce  pri ce

0. 8 5  * R ef er e n ce  pri ce

0. 7 5  * R ef er e n ce  pri ce

0. 9 0  * R ef er e n ce  pri ce

1  .0  * B ase  pri ce

0. 8 5  * B a se  pri ce

0. 7 5  * B a se  pri ce

0. 9 0  * B ase  pri ce

R ef er e n c e  pri ce  is $ 8 0 0. 00  a nd  b ase  pri ce  is $ 1 0 0 0. 00  as i niti al c o n diti o ns in  t he  m o d el.

T h e  m at ch  d e gr ee  is q u a ntifí ed  in  t he  s a me  m a n n er as t he  c ase  f or S er vi ce  Q u ality  u si ng  a

s c al e  fr om  1 to  5. " Fi v e"  m e a ns  t he  b e st m at ch  a nd  " o n e"  m e a ns  t he  w or st m at c h. " Fi v e"

S e e  S e cti on  2. 2.4  f or d efi niti on  of u nst a ble  e q uili bri um  p oi nt.
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r e pr e s e nts t he  c ase  w h en  t he  pri ce  e x p e ct ati on  of t he  c ust o m er are  r e a c h ed  or s ur p ass e d. " O n e"

r e pr e s e nts t he  c ase  w h en  t he  c u st o m er is c o m pl et ely  in  dis a gr e e m e nt with  t he  pri c e.

T h e  m at ch  d e gr ee  f or pri ce  is also  an  i n di c at or of t he  c ust o m er s atisf a cti on  t h at l e v er a g es t he

r ei nf or ci ng  l o op  R, in  Fi g ure  4- 3. T his  l o op  p oss ess es  an  u nst a ble  e q uili bri um  p oi nt, s ee  pr e vi o us

f o ot n ot e. T he  o bt ai n ed  d y n a mic  b e h a vi or is an  e x p o n e nti al gr o wth  or d e c ay  in  r o om  r es er v ati o ns

d e p e n di n g  on  t he  v al ué  of t he  m at ch  d e gr e e. F or e x a m pl e, in  t he  c ase  of Di r e ct s, if t he  m at ch

d e gr e e  is 5 t h en  t he  r o om  r e s er v ati o ns h as an  e x p o n e nti al gr o wth  of 1 5%  p er m o nth  with  r e g ard

t he  c urr e nt o c c u pi ed  r o o ms  by  Di r e ct s. T h ese  v al ú es are  s h o wn  in  T a ble  4- 4.

T a bl e  4- 4: C ust o m er  p r ofile  on  P ri ce

C u st o m e r t y pe

Dir e ct s

A g e n ci e s

Airli n e s

C o m m er ci al s

R at e  of c h a n ge  b as ed  on  m at ch  d e gr ee  f or Pri ce

(in  % p er m ot n h)

1

- 30

- 30

- 35

- 30

2

- 15

- 10

- 10

- 10

3

-5

-5

-5

-5

4

0

0

0

0

5

1 5

1 5

1 5

1 5

R at e s of c h a n ge  f or t he  diff er e nt t y pe  of c ust o m ers are  s h o wn  in  T a ble  4- 4. T he  di m e n si o ns

o f t he  v al ú es are  p er c e nt a g e/ m o nt h.

S u b s y st e m : C h a n ge  in  C ust o m er  S ati sf a cti on

A d diti o n a l s u b s y st em  C h a n g e in  C ust o m er S atisf a cti o n is a d d ed  in  or d er to  k e e p t he  m o d el cl e ar.

A  w ei g hti ng  s um  of b oth  c h a n g es c a us ed  by  q u ality  a nd  pri ce  is c arri ed  o ut by  t his

s u b s y st e m . T his o p er ati on  all o ws u n d erl yi ng  o ne  or ot h er as p e ct in  p arti c ul ar s essi o ns. By  d ef a ult

t he  w ei g hts are  a s si g n ed  e q u al to  gi ve  s a me  s e nse  of i m p ort a n ce  to  b oth  c h a n g es. M at h e m ati c al

e x pr e s si o n s are  t he  f oll o wi n g:

C h a n g e  in  Dir e cts = 0.5  * C h a n g es in  Dir e cts by  Q u alit y + 0.5  * C h a n g e in  Dir e cts by

Pri c e
C h a n g e  in  A g e n ci es = 0.5  * C h a n g e in  A g e n ci es by  Q u alit y + 0.5  * C h a n g e in  A g e n ci es

b y  Pri c e
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C h a n g e  in  Ai rli n e s = 0.5  * C h a n g e in  Ai rli n e s by  Q u alit y + 0.5  * C h a n g e in  Ai rli n e s by

Pri c e
C h a n g e  in  C o m m e r ci al s = 0.5  * C h a n g e in  C o m m e r ci al s by  Q u alit y + 0.5  * C h a n g e in

C o m m e r ci al s  b y P ri c e

Fi g u r e  4- 1 2: C h a n ge  in  C ust o m er  S atisf a cti on  s u b s y st em

S u b s y st e m : R es er v ati o ns

T w o  r el e v a nt v ari a bl es are  c al c ul at ed  p er c ust o m er in  t he  R es er v ati o n:

1. Ni g ht R o om  R es er v ati o ns

2 . Fr a cti on  ( p er c e nt a g e) of Ni g ht R o om  R es er v ati o ns

Ni g h t R o om  R es er v ati o ns are  dir e ctly  pr o p orti o n al t he  o c c u pi ed  r o o ms a nd  t he  c urr e nt r ate  of

c h a n g e  c al c ul at ed  fr om  Q u alit y M at c h s e ct or. F or i nst a n ce  f or Dir e cts c ust o m ers:

N R Dir e cts  = R o o m s 2 Di r e ct s * C h a n g e i n Di r e ct s

N R A g e n ci e s  = R o o m s 2 A g e n ci e s * C h a n g e i n A g e n ci e s

N R Ai rli n e s  = R o o m s 2 Ai rli n e s * C h a n g e i n Ai rli n e s

N R C o m m e r ci al s  = R o o m s 2 C o m m e r ci al s * C h a n g e i n C o m m er ci als

Fr a cti o n  of Ni g ht R o om  R es er v ati o ns is t he  fr a cti on  of ni g ht r o om  r es er v ati o ns with  r es p e ct

t he  t ot al o c c u pi ed  h ot el r o o ms. F or i nst a n ce  f or Dir e cts c ust o m ers:
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P N R Dir e cts  = N R Dir e cts I H ot el R o o ms

P N R A g e n ci es  = N R A g e n ci es I H ot el R o o ms

P N R Airli n es  = N R Airli n es I H ot el R o o ms

P N R C o m m er ci als  = N R C o m m er ci als I H ot el R o o ms

S u bs yst e m : A c c u m ul at ed  C ust o m er  S atisf a cti on

A c c u m ul at e d  C ust o m er S atisf a cti on  f or t he  f o ur pr ofil es is r e pr es e nt ed  in  f o ur st ate  e q u ati o ns.

A c c u m Dir e cts(t)  = A c c u m Di r e ct s(t - dt) + ( C h a n g e P Dir e cts) * di

A c c u m A g e n ci e s(t)  = A c c u m A g e n ci e s(t — dt) + ( C h a n g e P A g e n ci e s) * dt

A c c u m Ai rli n e s(t)  = A c c u m Airli n es(t - dt) + ( C h a n g e P Airli n es) * dt

A c c u m C o m m e r ci al s(t)  = A c c u m C o m m e r ci al s(t - dt) + ( C h a n g e P C o m m er ci als) * dt

w h er e , f or e x a m pl e, C h a n g e P Dir e cts is t he  P N R Dir e cts of t he  t wo  pr e vi o us m o nt hs (ti me  u nit).

P N R Dir e cts  is t he  fr a cti on  ( p er c e nt a g e) of Ni g ht R o om  R es er v ati o n, w hi ch  is d el a y ed  b ef ore

c a usi n g  a c h a n ge  in  t he  r e pr es e nt ati ve  A c c u m ul at ed  C ust o m er S atisf a cti on  b as ed  on

R es er v ati o ns . O ne  d el ay  of t wo  ti me  u nits h as b e en  assi g n ed  to  t his pr o c ess a c c or di ng  to

i n di c ati o ns of t he  p arti ci p a nts.

S u bs yst e m : C o m m e r ci al S e g m e nt

A v ail a bl e d ata  fr om  t he  z o ne  of P u erto  V all arta  at M é xi co  est a blis h es t he  b o u n d ari es f or t he

s p e cifíc h ot el i n d ustry  a nd  m ar k et s h are  d uri ng  t he  y e ar of 1 9 96  in  t he  si m ul at or. T a ble  4-5  a nd

T a bl e  4-6  r ef er to  t he  t ot al fí v e-st ars a nd  t he  h ot el m ar k et s h are  in  t h at y e ar, r es p e cti v ely  ( P ér e z-

M or al es , 1 9 9 7- B.)

In  t his s e ct or of t he  pr o gr a m, f o ur r el e v a nt v ari a bl es are  c o m p ut e d:

1. ( O c c u pi e d) H ot el R o o ms

2 . O c c u p a n cy  P er c e nt a ge

3 . C o m p etit or R o o ms

4 . ( H ot el) C o m m er ci al Mi xt ure

5 . O c c u pi ed  R o o ms p er C ust o m er Pr ofile
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T a bl e  4- 5: R e gi o n al fi v e-st ar  ni a r k et gi v en  ¡n  n u m b e rs of ni g ht- r o o ms

J a n u ar y

F e br u ar y

M ar c h

A pri l

M a y

J u n e

3 8 6 8 4

4 2 0 0 5

3 8 5 2 6

3 3 8 5 4

2 2 3 8 7

2 2 3 8 7

J uly

A u g u s t

S e pt e m b e r

O ct o b e r

N o v e m b e r

D e c e m b e r

3 1 4 7 5

3 1 3 6 0

1 9 7 5 3

2 5 0 2 1

2 9 6 2 0

3 0 7 8 2

T a bl e  4- 6: P e r c e nt a ge  of t he  fi v e-st ar  m a r k et o bt ai n ed  by  t he  h ot el ¡n  o ne  y e ar

J a n u ar y

F e br u ar y

M ar c h

A pri l

M a y

J u ne

0. 1 3 4

0. 1 1 9

0. 1 2 1

0. 1 2 1

0. 1 3 8

0. 1 3 0

J uly

A u g us t

S e pt e m b e r

O ct o b e r

N o v e m b e r

D e c e m b e r

0. 1 3 0

0. 1 2 2

0. 1 3 1

0. 1 1 3

0. 1 3 2

0. 1 7 8

Fr o m  a v ail a ble r e al d at a, t he  r e gi ón  fi v e-st ar m ar k et a nd  t he  h ot el m ar k et s e g m e nt d uri ng  o ne

y e a r w ere  m o d el e d. T h ese  d ata  are  s h o wn  in  T a bl es 4-5  a nd  4- 6. T h ey  all ow  m o d eli ng  t he  effect

o f t he  s e as o n ally  b e h a vi or of t his i n d ustri al s e ct or as w ell as t he  p er c e nt a ge  o w n ed  by  t he  h ot el.

T hi s p er c e nt a ge  w as t a k en  as t he  b ase  fr om  w hi ch  fl u ct u ati o ns c a us ed  by  t he  d e cisi o ns of t he

p arti ci p a nt s w ere  r efl e ct e d.

T h e  n u m b er of t he  o c c u pi ed  r o o ms o bt ai n ed  by  t he  h ot el is:

H ot el R o o m s  = ( P H ot el + P A cti v Re  s er v) * Fi v e St a r M ar k et

w h er e  P H ot el are  a l o ok  up  t a ble  of r e al d at a, P A cti v R es er v is a v ari ati on  fr om  t wo  m o nt hs a go

c a us e d  by  d e cisi o ns of t he  p arti ci p a nts, a nd  Fi v e St ar M ar k et are  t he  r e al d ata  of t he  m ar k et

r e gi ó n.

T h e  O c c u p a n cy  P er c e nt a ge  is c o m p ut ed  b as ed  on  t he  H ot el C a p a cit y:

O c c u p a n c y P er c e nt a g e  = H ot el R o o ms I H ot el C a p a cit y

T h e  n u m b er of r o o ms g ai n ed  by  t he  c o m p etit ors is t he  c o m pl e m e nt of H ot el R o o ms.

C o m p etit o r R o o m s  - Fi v e St a r M ar k et - H ot el R o o ms
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T h e  C o m m er ci al mi xt ure  p er c ust o m er pr ofile is gi v en  by  t he  f oll o wi ng  e x pr essi o ns:

S u m P Mi xt ur e  = A c c u m Di r e ct s + A c c u m A g e n ci e s + A c c u m Ai rli n e s + A c c u m C o m m e r ci al s

P Dir e cts  = A c c u m Di r e ct s / S u m P Mi xt u r e

P A g e nís  — A c c u m A g e n ci e s I S u m P Mi xt u r e

P Airli n es  = A c c u m Ai rli n e s I S u m P Mi xt u r e

P C o m m e r ci al s  = A c c u m C o m m e r ci al s I S u m P Mi xt u r e

T h e  o c c u pi ed  r o o ms p er c ust o m er pr ofile  is:

R o o m sI Di r e ct s  = H ot el R o o m s * P Di r e ct s

R o o m s 2  A g e n ci e s = H ot el R o o m s * P A g e n ci e s

R o o m sl  Ai rli n e s = H ot el R o o m s * P Ai rli n e s

R o o m sI C o m m e r ci al s  = H ot el R o o m s * P C o m m e r ci al s

S u bs yst e m:I n c o m e s

E v er y  c ust o m er pr ofile  h as its o wn  f ar e:

F a r e 4 Di r e ct s  = 1. 0*  B a s e Pr i c e

F ar e 4  A g e n ci e s = 0. 85  * B a s e P ri c e

F ar e 4  Ai r U n es = 0. 80  * B a s e P ri c e

F a r e 4 C o m m e r ci al s  = 0. 9 0*  B a s e P ri c e

T h e n  t he  i n c o m es fr om  e a ch  t y pe  of c ust o m er is:

I n c o m e s F r o m Di r e ct s = R o o m sI Di r e ct s * F a r e 4 Di r e cí s

I n c o m e s F r o m Ai rli n e s = R o o m sl A g e n ci e s * F a r e 4 A g e n ci e s

I n c o m e s F r o m Ai rli n e s = R o o m s 2 Ai rli n e s * F a r e 4 Ai rli n e s

I n c o m e s F r o m C o m m e r ci al s = R o o m s 2 C o m m e r ci al s * F a r e 4 C o m m e r ci al s

T h e  t ot al i n c o m es of t he  m o nth  is t he  s um  of all t he  f o ur i n c o m es p er m o nt h, e x c e pt i n c o m es

fr om  a g e n ci es w hi ch  h as a d el ay  of t wo  ti me  u nits.

T ot al  I n c o m e s = I n c o m e s F r o m Di r e ct s +

I n c o m e s F r o m Ai rli n e s + I n c o m e s F r o m C o m m e r ci al s + P ai Bill s

w h er e  P ai d Bills is I n c o m es Fr o m A g e n ci es with  t wo  ti me  d el a ys. T he  t ot al i n c o m es are

a c c u m ul at e d  i nto  a St o c k.
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S u bs yst e m : C osts

Fi x e d  a nd  v ari a bl es c osts w ere  m o d el ed  as S er vi ce  Q u ality  C ost a nd  d e p e n di ng  c osts g e n er at ed

b y  e v ery  c ust o m er pr ofíl e. S er vi ce  Q u ality  c osts d e p e n ds on  H ot el S er vi ce  Q u ality  t h at o p ér al es

a t t h at ti m e. T he  esti m at ed  gr oss v al ú es of H ot el S er vi ce  Q u ality  are  t he  f oll o wi n g:

T a bl e  4- 7: C osts p er  m o nth  r el at ed  to  h ot el s e r vi ce  q u ality

H ot e l S er vi ce  Q u ality

( Gr a d e)

1

2

3

4

5

S er vi c e  Q u ality  C ost/ m o nth

( M e xi c an  p es os)

1, 0 0 0, 0 0 0. 0 0

1, 5 0 0, 0 0 0. 0 0

2 , 0 0 0, 0 0 0. 00

2 , 5 0 0, 0 0 0. 00

3 , 2 0 0, 0 0 0. 00

Diff er e n t c ust o m er pr ofíle  g e n er at es diff er e nt v ari a ble  c ost p er u nit.

V a r C o st 4 Di r e ct s  = 2 20

V a r C o st 4 A g e n ci e s  = V ar C osí 4 Ai rli n e s = V ar C ost 4 C o m m er ci ái s - 2 00

T h e  c osts p er c ust o m er pr ofile  is t h e n:

C o st s 4 Di r e ct s  = V ar C osts 4 Dir e cts * R o o m s 2 Di r e ct s

C o st s 4  A g e n ci e s = V ar C osts 4 A g e n ci es * R o o m s 2 A g e n ci e s

C o st s 4 Ai rli n e s  = V a r C o st s 4 Ai rli n e s * R o o m s 2 Ai rli n e s

C osts  4 C o m m e r ci ái s = V ar C osts 4 C o m m e r ci al s * R o o m s 2 C o m m e r ci al s

T h e  a c c u m ul at ed  c ost is c o m p ut ed  i nto  a st o ck  n a m ed  A c c u m ul at e d C osts.

4. 3. 3   T esti ng

T h e  r ef er e n ce  m o d es a nd  t he  si m ul at ed  b e h a vi or of t he  h ot el are  c o m p ar ed  in  t his s u bs e cti on  to

v alí d at e  t he  m o d el. T he  r ef er e n ce  m o d es are  t he  h y p ot h es es of t he  d y n a mic  b e h a vi or of t he  h ot el.

T h e y  w ere  pr es e nt ed  in  S e cti on  4. 3.1  a nd  e x p os ed  in  Fi g ur es 4-2  ( a), ( b), a nd  ( c).

T h e  si m ul at ed  b e h a vi or is pr es e nt ed  as f oll o ws b as ed  on  a gr a p hi c al s e nsiti vity  a n al ysis.

C h a n g e s on  c ust o m er s atisf a cti on  a nd  pr ofits are  o bs er v ed  u n d er c h a n g es on  Q u ality  a nd  Pri c e.

T h e  first s et of gr a p hi cs, Fi g ur es 4- 13  to  4- 1 8, c orr es p o n ds to  t he  eff e cts c a us ed  by  off eri ng  a
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H ot el  S er vi c e Q u alit y of 1, 4, a nd  5 st ars. T he  b ase  pri ce  w as fi x ed  at $ 1 0 0 0. 00  p es os f or t he

t hr ee  c as es. By  off eri ng  a q u ality  d e gr ee  of o n e, t he  c u st o m er s atisf a cti on  d e cli n es f or t he  4 t y p es

o f c ust o m ers, s ee  Fi g ure  4- 1 3. T his  m e a ns  t h at q u ality  a nd  pri ce  are  n ot m at c hi n g. T he  off er ed

q u alit y  is diff er e nt fr om  t h at o ne  e x p e ct ed  f or a pri ce  of $ 1 0 0 0. 0 0. Pr ofits are  m o stly  n e g ati ve  f or

t he  o p er ati on  y e ar a nd  it is s h o wn  in  Fi g ure  4. 1 4.

rf »
4 : A c c u m C o m m er ci als

Fi g u r e  4- 1 3: A c c u m ul at ed  C ust o m er  S atisf a cti on  ( Q u ality  S e r vi ce  = 1)

Fi g u r e  4- 1 4: A c c u m ul at ed  I n c o m es a nd  C osts ( Q u ality  S e r vi ce  = 1)
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Fi g ur e s 4- 15  a nd  4- 16  r ef er to  a q u ality  d e gr ee  of f o ur. Fi g ur es 4- 17  a nd  4- 18  r ef er to  a

q u alit y  d e gr ee  of fí ve  st ars. It s e e ms  t h at a pri ce  of $ 1 0 0 0. 00  al o ng  with  a fí ve  st ar q u ality  is a

g o o d  c o m bi n ati o n. H o w e v er, it c o uld  be  i m pr o v ed  by  a dj u sti ng  t h em  d uri ng  t he  y e ar i nst e ad  of

s u st ai ni n g  j u st fi x ed  v al u é.

Fi g u r e  4- 1 5: A c c u m ul at ed  C u st o m er  S atisf a cti on  ( Q u ality  S e r vi ce  = 4)

F o u r st ar in  Q u alit y S e r vi c e s atisfi es t hr ee  o ut of t he  f o ur pr ofil es of t he  c ust o m ers. O nly

Dir e cts  pr ofile  s e e ms  u ns atisfi ed  by  t his d e gr ee  of s er vi c e. It c an  be  o bs er v ed  a s ust ai n ed  pr ofít

d uri n g  t he  l ast ei g ht m o nt hs.

Fi g u r e  4- 1 6: A c c u m ul at ed  I n c o m es a nd  C osts ( Q u ality  S e r vi ce  = 4)
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1 : A c c u m Dir e cts 2 : A c c u m A g e n ci es 3 : A c c u m Airli n es 4:  A c c u m C o m m er ci als

0. 0 0

0. 0 0  3. 0 0

C u st o m e r S ati sf a cti on

6. 0 0

M o nt h s

9. 0 0  1 2. 0 0

3: 0 0  PM  5/ 5/ 02

Fi g u r e  4- 1 7: A c c u m ul at ed  C ust o m er  S atisf a cti on  ( Q u ality  S e r vi ce  = 5)

Fi v e  St ar Q u alit y S er vi c e m a k es a g o od  m at ch  with  t he  pri ce  of $ 1 0 0 0. 0 0. T he  n e e ds of t he

c ust o m er s are  s atisfí ed  a nd  p ositi ve  n u m b er of b usi n ess are  r u n ni ng  d uri ng  al m ost 9 m o nt hs of

t he  y e ar.

Fi g u r e  4- 1 8: A c c u m ul at ed  I n c o m es a nd  C osts ( Q u ality  S e r vi ce  = 5)

T h e  s e c o nd  s et of gr a p hi cs c orr es p o n ds to  t he  eff e ct c a us ed  by  assi g ni ng  diff er e nt pri c es to  a

fi x ed  q u ality  d e gr e e. T he  H ot el S er vi c e Q u alit y is fi x ed  in  t hr ee  st ars a nd  pri c es are  assi g n ed  on  a

b as e  of $ 8 0 0. 0 0, $ 1 0 0 0. 0 0, a nd  $ 1 4 0 0. 0 0. T he  c orr es p o n di ng  Fi g ur es are  4- 19  a nd  4- 2 0, 4- 21  a nd

4- 2 2 , a nd  fí n ally  4- 23  a nd  4- 2 4, r es p e cti v el y. T he  l o w er t he  pri c e, t he  hi g h er t he  c ust o m er
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s atisf a cti on  is. T he  l o w er t he  pri c e, t he  l o w er t he  pr ofít is in  t he  s h ort-t erm  a nd  it mi g ht be  also  in

t he  l o n g-t er m.

Fi g u r e  4- 1 9: A c c u m ul at ed  C ust o m er  S ati sf a cti on  ( B ase  P ri ce  = 0 8 0 0)

T h e  f o ur ki n ds of c ust o m ers are  c o m pl et ely  s atisfí ed  with  t he  P ri c e of $ 8 0 0. 00  a nd  S er vi c e

Q u alit y  of t h r e e. Pr ofits are  r e as o n a ble  g o o d. H o w e v er, t he  e q uili bri um  p oi nt is f art h er in  t he

ti m e. It is ar o u nd  t he  fífth  m o nt h.

Fi g u r e  4- 2 0: A c c u m ul at ed  I n c o m es a nd  C osts  ( B ase  P ri ce  = 0 8 0 0)
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Fi g u r e  4- 2 1: A c c u m ul at ed  C ust o m er  S atisf a cti on  ( B ase  P ri ce  = 1 0 0 0)

A  Pri c e of $ 1, 0 0 0. 00  with  Q u alit y of t hr ee  s u g g ests n ot a v ery  g o od  i d ea  in  t er ms of b usi n ess.

M os t of t he  ti m es C osí are  hi g h er t h an  I n c o m es, T hr ee  pro  fil es of cli e nts are  u ns atisfí e d.

Fi g u r e  4- 2 2: A c c u m ul at ed  I n c o m es a nd  C osts ( B ase  P ri ce  = 1 0 0 0)
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Fi g u r e  4- 2 3: A c c u m ul at ed  C ust o m er  S ati sf a cti on  ( B ase  P ri ce  = 1 4 0 0)

T h e  c ust o m ers are  c o m pl et ely  u ns atisfí ed  with  t he  c o m bi n ati on  of a Pri c e of $ 1 4 0 0. 00  a nd

Q u alit y  S er vi c e of 3 st ars. In  Fi g ure  4- 2 3, t his p er c e pti on  is ill ustr at e d. T h ere  is no  s atisfi ed

c ust o m e r aft er m o nth  9. Pr ofits, w hi ch  are  s h o wn  in  Fi g ure  4- 24  are  n e g ati ve  m ost p art of t he

y e ar .

T h e  r es ults r es p o nd  to  t he  r ef er e n ce  m o d es a nd  s h ow  at t he  s a me  ti me  t he  s e nsiti vity  to  t he

diff er e n t H ot el S er vi c e Q u alit y gr a d es. P ar a m et ers s u ch  as r ate  of c h a n ge  in  Q u alit y M at c h s e ct or,

a n d  c ost, fi x ed  a nd  v ari a bl e, in  C ost s e ct or w ere  a dj ust ed  u ntil t he  m o d el g e n er al es c o nfl d e n ce  on
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t he  k ey  v ari a bl es b e h a vi or a c c or di ng  to  t he  e x p eri e n ce  a nd  m e nt al m o d els of t he  s p e ci ali z ed

p arti ci p a nt s .

In  s y nt h e si s, t he  m o d el r e pr e s e nts t he  h y p ot h e sis  t h at all t he  c u st o m ers will be  s atisfí ed  w h en

t he  h ot el off ers t he  b est S e r vi c e Q u alit y, t h at is q u ality  d e gr ee  5 with  t he  l o w e st pri c e. H o w e v er,

t his d o es n ot g u ar a nt ee  t he  m á xi m um  pr ofít. T he  p arti ci p a nts will h a ve  to  fí nd  t he  b est

e q uili bri u m  p oi nt in  or d er to  a c hi e ve  t h eir g o al of pr ofít, c u st o m er s ati sf a cti o n, a nd  ti me  f or t h eir

r et urn  of i n v e st m e nt. P arti ci p a nt s, with  no  pr e vi o us w ar ni ng  a b o ut t his b e h a vi or, will h a ve  to  f md

it d uri ng  a s e mi n ar on  m a n a g eri al s kills a nd  di s c o v er c o u nt eri nt uiti ve  i d e a s. T he  m o d el a nd  t he

i nt err el ati o ns of f a ct ors will h elp  t h em  to  s h a pe  di s c u s si o ns in  l e ar ni ng  s e s si o n s. In  t his f or m,

k n o wl e d g e  a nd  e x p eri e n c es c o uld  be  tr a n s mitt ed  a nd  a d mi ni str at ed  in  gl o b al or g a ni z ati o ns via

si m ul at or s a nd  e x p eri e n ce  s e s si o n s.

4. 3. 4   I m pl e m e nt ati on

T h e  i m pl e m e nt ati on  p h a se  c o n v e nti o n ally  h as t he  p ur p o se  of ( 1) u s a ge  of t he  m o d el to  i m pr o ve

u n d er st a n di n g  of t he  pr o bl e m atic  sit u ati on  a nd  ( 2) di s c o v er p oli ci es t h at m a ke  t he  sit u ati on  b ett er

t h an  it c urr e ntly  is.

In  t he  p arti c ul ar c ase  of t his r es e ar c h, t he  m o d el d o es  n ot h a ve  t h ose  p ur p o s e s. It r at h er

f oll o ws t he  t hird  p ur p o s e: to  c a pt ure  m e nt al m o d els a nd  s er ve  as a c o m m u ni c ati on  i n str u m e nt,

d e s cri b e d  in  S e cti on  2. 4. 3, in  t he  fírst st a g e, fírst st e p: D efi n e t he  m o d el p u r p o s e.

N o w  t he  h ot el m o d el will be  p art of a l ar g er s yst e m. T his  l ar g er s yst em  i n cl u d es t he

mt er a cti o n s a nd  c h a n ge  pr o c e s s es  b et w e en  t he  h ot el m o d el a nd  a virt u al d e ci si o n- m a k er. T he

virt u a l d e ci si o n- m a k er will be  b uilt u si ng  a s et of f u z zy  r ul es t h at pr et e nd  to  m a n a ge  t he  h ot el.

Fir st , t he  s et of r ul es f or eff e cti ve  m a n a g e m e nt h as to  be  a c q uir e d. T his i m pli es a s e c o nd  r o u nd  of

Q u alit ati v e  K n o wl e d ge  A c q ui siti o n. T he  f o c us or att e nti on  is n ow  p aid  on  h ow  to  e x pli cit t he

b a si c  r ul es us ed  by  a h u m an  m a n a g er to  tr a n sf orm  i nf or m ati on  i nto  a cti o n s.

In  t he  n e xt S e cti o n, t he  i m pl e m e nt ati on  of t he  virt u al d e ci si o n- m a k er is d es cri b ed  in  d et ail.
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4. 4  D e cisi ón  M a ki ng  P oli ci es R e pr es e nt ati on  Usi ng  F u z zy  L o gic

T h e  o bj e cti ve  of t his s e cti on  is to  s h ow  t he  a p pli c ati on  a nd  r es ults of t he  m et h od  f or p oli cy

r e pr es e nt ati on  usi ng  F u z zy  L o gic  d es cri b ed  in  S e cti on  3. 3. T he  m et h od  f oll o ws t hr ee  st e ps: ( 1)

eli cit ati o n  of p oli ci es fr om  t he  d e cisi o n- m a k ers, ( 2) c o difí c ati on  of t he  p oli ci es in  a c o m p ut er, a nd

( 3) utili z ati on  of t he  p oli ci es in  c o m p ut ati o n al m o d els to  r es p o nd  a nd  g e n ér ate  n ew  q u esti o ns.

T h e  s c o pe  is li mit ed  to  est a blish  t he  m a n a g e m e nt or c o ntr ol of a h ot el b usi n ess pr o c ess ( H B P)

to  a c hi e ve  g o als on  pr ofíts a nd  o c c u p a n cy  p er c e nt a g e, s ee  Fi g ure  4- 2 5. T he  i nt er a cti o ns a nd

pr o c ess e s of t wo  s u bs yst e ms c o m prise  t he  w h ol e: ( 1) H ot el s u bs yst em  a nd  ( 2) D e cisi o n- m a k er

s u bs yst e m, w hi ch  c an  be  h u m an  or artifi ci al ( virt u al) ki n d.

P er c e nt a g e

Fi g u r e  4- 2 5: G o al S e e ki ng  S yst em  f or  t he  H ot el B usi n ess a nd  A d mi nist r ati on

O n  o ne  si d e, t he  H BP  is c o nsi d er ed  a M últi ple  I n p ut M últi ple  O ut p ut ( MI M O) s yst em  of 2 x 2,

s ee  Fi g ure  4- 2 6. T he  i n p ut v ari a bl es are  S er vi c e Q u alit y a nd  P n c e. T he  o ut p ut v ari a bl es are

O c c u p a n c y  P er c e nt a g e a nd  Pr ofíts. T h eir o p er ati o n al d efi niti o ns a p p e ar as f oll o ws.

Fi g u r e  4- 2 6: H ot el B usi n ess P r o c ess as a s q u a re  s yst em  2 x 2

S er vi c e  Q u alit y r ef ers in  t his r es e ar ch  a nd  a c c or di ng  to  t he  p arti ci p a nts to  t he  s er vi c ed

a c c o m m o d ati o n . H ot els are  gr a d ed  fr om  o ne  to  fi ve st ars. T h us, it w as d efi n ed  t h at S er vi c e
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Q u alit y  h ad  t his o p er ati o n al r a nk  in  t he  m o d el. T his r a nk  is a d o pt ed  f orm  " T he  W orld

T o uris m  Or g a ni z ati on  ( W T O) m o d el, w hi ch  is g e n er ally  a c c e pt ed  in  m ost c o u ntri es. T he

g e n er a l r ati ng  s c h e me  f or h ot els ( L a ws o n, 1 9 9 5, cit ed  by  I n gr a m, 1 9 9 6, 3 2) is s h o wn  in

T a bl e  4- 8.

Pri c e  r ef ers to  t he  b ase  pri ce  of t he  h ot el. Diff er e nt pri c es f or diff er e nt c ust o m er pr ofil es

ar e  assi g n ed  t a ki ng  i nto  a c c o u nt t he  b ase  pri c e, s ee  T a ble  4- 3.

O c c u p a n c y  P er c e nt a g e r ef ers to  t he  p er c e nt a ge  gi v en  by  t he  r el ati o ns hip  b et w e en  c urr e nt

o c c u pi e d  r o o ms o v er t he  t ot al a v ail a ble  r o o ms, n a m ed  h ot el c a p a cit y, of t he  h ot el.

Pr ofits  r ef er to  t he  n et pr ofít g e n er at ed  by  t he  h ot el. It is t he  diff er e n ce b et w e en  a g gr e g ate

I n c o m es a nd  C osts. I n c o m es i n cl u de  t he  r e v e n ue  mix  of r o o ms, f o o d, b e v er a g es, a nd

r e nt áis. T he  t erm  C osts i n cl u de  v ari a ble  a nd  fí x ed  c osts or c h ar g es. V ari a ble  c osts i n cl u de

d e p art m e nt a l c ost of s al es, d e p art m e nt al p a yr oll a nd  r el at ed  e x p a ns es on  r o o ms, f o o d, a nd

b e v er a g es . Also  u n distri b ut ed  o p er ati ng  e x p a ns es, s u ch  as, a d mi nistr ati o n, m ar k eti n g,

pr o p ert y  o p er ati o n, m ai nt e n a n c e, e n er g y. Fi x ed  c osts i n cl u de r e nt a nd  d e pr e ci ati on

( M e dlik  a nd  I n gr a m, 2 0 0 1, 1 3 9.)

T a bl e  4- 8: Q u ality  S e r vi ce  b as ed  on  t he  W TO  r ati ng  s c h e me

St ar s G e n er a l C h ar a ct eristi cs

" H ot el s with  g o od  b asic  f a ciliti es a nd  f ur nis hi n gs e ns uri ng  c o mf ort a ble

a c c o m m o d ati o n . M e al s er vi c es m ay  be  li mit e d. I n cl u d es s m all prí v ate  h ot els."

" H ot el s h a vi ng  hi g h er st a n d ar ds of a c c o m m o d ati on  a nd  m ore  f a ciliti es

pr o vi di n g  g o od  l e v éis of c o mf ort a nd  a m e nit y. I n cl u d es prí v ate  h ot els a nd

b u d g e t a c c o m m o d ati o n."

" W ell a p p oi nt ed  h ot els with  s p a ci o us, v ery  c o mf ort a ble  a c c o m m o d ati o n, m ostly

wit h  e n-s uite  b at hr o o ms. F ull m e al f a ciliti es are  pr o vi d ed  as w ell as a r a n ge  of

a m e niti es. "

" Hi gh  q u ality  h ot els, w ell e q ui p p ed  a nd  f ur nis h ed  to  a v ery  hi gh  st a n d ard  of

c o mf ort , off eri ng  a v ery  wi de  r a n ge  of s er vi c es a nd  a m e niti es f or g u ests a nd

visit ors. "

" O utst a n di n g  h ot els with  e x c e pti o n al q u ality  a c c o m m o d ati on  a nd  f ur nis hi n gs to

t he  hi g h est i nt er n ati o n al st a n d ar ds of l u x or y, pr o vi di ng  i m p e c c a ble  s er vi c es a nd

e xt e nsi v e  a m e niti es."

(I n gr a m, 1 9 9 6, 3 2)
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O n  t he  ot h er si d e, t he  d e ci si o n- m a ki ng  p oli ci e s, w hi ch  c o ntr ol t he  pr o c ess, are  r e pr es e nt ed  by

a  F u z zy  K n o wl e d g e- B as ed  S yst em  ( F K B S) with  f o ur i n p uts a nd  t wo  o ut p uts as it s h o wn  in

Fi g ur e  4- 2 5. D es cri pti on  of t he  us ed  F K BS  is pr es e nt ed  in  S e cti on  2. 3. 3, s p e cifi c ally  f or t he

d esi g n  of t he  Virt u al D e cisi o n- M a k er in  S e cti on  2. 3. 4. T he  i n p ut v ari a bl es are  t he  t wo

dis cr e p a n ci e s b et w e en  d esir ed  a nd  c urr e nt c o n diti o ns of pr ofits a nd  o c c u p a n cy  p er c e nt a g es, a nd

t he  t wo  t e n d e n ci es of b oth  dis cr e p a n ci es. T he  o ut p ut v ari a bl es are  t he  s u g g est ed  pri ce  a nd  s er vi ce

q u alit y  r e c o m m e n d ed  by  t he  F K BS  c all ed  Virt u al D e cisi o n- M a k er d uri ng  t he  i nt er a cti on  with  t he

p arti ci p a nts .

4. 4. 1  St ep  1 Eli cit ati on  of P oli ci es f r om  t he  D e cisi o n- M a k e rs

1 . S el e ct t he  s et of c o n diti o ns or  v a ri a bl es y ou  w a nt to  m a n a ge

T h e  s el e ct ed  v ari a bl es ar e:

•   Pr ofits

•   O c c u p a n c y P e r c e nt aj e

Pr ofits  are  c o nsi d er ed  as an  i n di c at or of h ow  w ell t he  b usi n ess is g oi ng  on  its o bj e cti ve  of

g e n er ati n g  w e alt h. It r efl e cts t he  f ast d y n a mi cs of t he  s yst e m. O c c u p a n c y P er c e nt aj e is an

i n di c at or of t he  n u m b er of cli e nts t h at p oss ess es  t he  b usi n ess. It r e pr es e nts t he  i nt a n gi ble  ass et of

c ust o m e r s ati sf a cti o n. T his  i n di c at or r ef ers to  t he  sl ow  d y n a mi cs of t he  s yst e m. It t a k es a l o n g er

ti me  t h an  t h at o ne  r e q uir ed  by  Pr ofits to  i n cr e ase  or d e cr e as e.

B ot h  m a n a g ed  v ari a bl es Pr ofits a nd  O c c u p a n c y P er c e nt aj e are  a c c essi ble  in  t he  m o d el as

w el l as in  t he  r e alit y.

2 . S el e ct t he  s et of g o al v al ú es f or  s u ch  c o n diti o ns

T h e  s el e ct ed  g o als to  be  a c hi e v ed  in  t he  f oll o wi ng  t w el ve  m o nt hs ar e:

• Pr ofits: 5%  hi g h er t h an  t h ose  o bt ai n ed  l ast y e ar

•  O c c u p a n c y P er c e nt a g e: 1 0%  hi g h er t h an  t he  o ne  o bt ai n ed  l ast y e ar

3 . S el e ct t he  v a ri a bl es t h at will all o vv  d e cisi o ns be  i m pl e m e nt ed

T h e  v ari a bl es t h at will dri ve  t he  b usi n ess- m a n a g ed  v ari a bl es ar e:

•  P ri c e

•  S er vi c e Q u alit y.
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4 . S k et ch  a h y p ot h eti c al c u r ve  of t he  d e vi ati on  ti me  r es p o nse  f or  e a ch  m a n a g ed  v a ri a ble

B e h a vi o r h y p ot h e sis of Pr ofit D e vi ati o n a nd  O c c u p a n c y P e r c e nt aj e D e vi ati o n are  s k et c h ed  in

Fi g ur e s 4- 27  ( a) a nd  ( b). B oth  v ari a bl es are  n ot i n d e p e n d e n! e a ch  ot h er a nd  t he  s k et c h es att e m pt

to  bri ng  i nto  p o s si ble  st at es to  eli cit d e ci si ón  r ul es. T he  d e vi ati on  b e h a vi or s k et ch  al o ng  with  its

e x pl a n ati o n  c an  o mit t he  s k et c h es of d esir ed  a nd  c urr e nt c o n diti o ns as w ell as t e n d e n cy

d es cri pti o n . Si g n al of d e vi ati on  b e h a vi or is  a ri ch  e n o u gh  i nf or m ati on  to  m a ke  d e cisi o ns. T he

st u d y  of d e vi ati on  si g n áis is us ef ul f or li n e ar a nd  n o n-li n e ar s yst em  a n al y si s.

( a) P r ofit D e vi ati on  ( b) O c c u p a n cy  P e r c e nt a ge  D e vi ati on

Fi g u r e  4- 2 7: S k et c h es of d e vi ati on  si g n áis

5 . M a ke  cl e ar  t he  m e a ni ng  of t he  v a ri a bl e s: D e vi ati o n a nd  T e n d e n c y of d e vi ati o n

•

D e vi ati o n  ( e) a nd  T e n d e n c y of d e vi ati o n ( e) are  e x pl ai n e d with  t he  pr e vi o us  s k et c h ed  r es p o nse  in

Fi g ur e s 4- 27  ( a) a nd  ( b). T he  f oll o wi ng  e x pr essi o ns:

e  = p er c ei v e d c o n diti o n — d esir e d c o n diti o n

•

e  = d e(t)/ dt

It s h o uld  be  cl e ar to  t he  p arti ci p a nts t h at m ost of t he  p oli ci es us ed  f or t h em  to  m a ke  d e cisi o ns

tr o u gh  t he  ti m e, li mit ed  by  t he  s c o pe  of t he  m o d eli ng  eff ort, will be  c o nsi d er ed  d uri ng  t he  s essi on

to  a c q uire  t he  p oli ci es with  t h ese  t wo  s k et c h es.

6 . S el e ct t wo  or  t h r e e, at m ost, f u z zy  s ets f or  d e vi ati on  a nd  t e n d e n cy  d e vi ati on  v a ri a bl es

T w o  li n g ui stic  v al ú es (f u z zy  s ets) N e g ati v e a nd  P ositi v e h a ve  b e en  s el e ct ed  f or e v ery  li n g ui stic

v ari a bl e  ( 1) Pr ofit D e vi ati o n, ( 2) O c c u p a n c y P er c e nt a g e D e vi ati o n, ( 3) Pr ofit D e vi ati o n

T e n d e n c y,  a nd  ( 4) O c c u p a n c y P er c e nt a g e T e n d e n c y D e vi ati o n. T he  t wo  li n g uistic  v al ú es are

ill ustr at ed  in  Fi g ure  4- 2 8. T he  p ar a m et ers f or e v ery  li n g uistic  v ari a ble  are  pr es e nt ed  in  T a ble  4- 9.

T h e  p ar a m et ers r e pr es e nt t he  g e n eric  f u z zy  p artiti o ns in  t his c as e.
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-a   O  a

Fi g u r e  4- 2 9: T wo  f u z zy  s ets a nd  o ne  p a r a m et er  to  h a n dle  t he  li n g ui stic  v a ri a ble  " e"

T w o  i niti al q u esti o ns w ere  f or m ul at e d. ( 1) Are  t wo  f u z zy  s ets e n o u g h?  ( 2) Is o ne

p ar a m et e r e n o u gh  to  h a n dle  t he  t wo  f u z zy  s ets?  B oth  q u esti o ns w ere  affir m ati v ely

a ns w er e d  by  e x p eri m e nt al r es ults. L at er on  t he  r e s e ar c h, t he  r ef er e n ce  ( Vilj a m aa  a nd

K oi v o , 1 9 9 3) w as f o u nd  with  t he  s a me  pr o p ositi on  f or a diff er e nt pr o c e ss  a nd  with

s ati sf a ct or y  r e s ults as w ell. Aft er a d et ail ed  a n al ysis t he  c o n cl usi ón  is t he  f u z zy  str u ct ure

is g e n eric  to  r e pr es e nt c o ntr ol l a ws f or s yst e ms with  t wo  i n p uts a nd  t wo  o ut p ut s.

T a bl e  4- 9: P a r a m et er  v al ú es f or  i n p ut li n g uistic  v a ri a bl es

Li n g uisti c  V ari a ble

O c c u p a n c y  P er c e nt a g e D e vi ati o n

O c c u p a n c y  P er c e nt a g e T e n d e n c y D e vi ati o n

Pr ofit  D e vi ati o n

Pr ofit  T e n d e n c y D e vi ati o n

V al u é  of p ar a m et er " av

1 0 %

5  % p er m o nth

5 %

10  % p er m o nth
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7 . S el e ct t wo  or  t h r ee  si n gl et o n s, at m ost, as li n g ui stic  v al ú es f or  t he  d ri vi ng  v a ri a bl es

I n cr e m e nt i n Pri c e a nd  I n cr e m e nt in  S er vi c e Q u alit y h a ve  b e en  c h os en  to  be  t he  li n g uistic

v ari a bl e s f or t he  dri vi ng  v ari a bl es Pri c e a nd  S er vi c e Q u alit y. T hr ee  si n gl et o ns N e g ati v e ( N), Z er o

( Z), a nd  P o siti v e ( P) are  s el e ct ed  as li n g ui stic  v al ú es f or t he  t wo  li n g ui stic  v ari a bl es. T he  si ze  of

bi g  or s m all in  a p o siti ve  or n e g ati ve  c h a n ge  s h o uld  be  est a blis h ed  f or t he  p arti ci p a nts a nd

a dj ust e d  by  t he  k n o wl e d ge  e n gi n e er d uri ng  t he  c o difí c ati on  st e p. T his  pr o c e ss  of a dj usti ng

p ar a m et er s is d es cri b ed  with  d et ail in  S e cti on  4. 3. 3. T he  s et of t hr ee  si n gl et o ns is s h o w ed  in

Fi g ur e s 4- 30  a nd  4- 31  f or I n cr e m e nt in  P ri c e.

Fi g u r e  4- 3 0: T h r ee  si n gl et o ns a re  t he  f u z zy  s ets f or  t he  d ri vi ng  v a ri a bl es

-b   O  b

Fi g u r e  4- 3 1: T h r ee  li n g uistic  v al ú es f or  t he  o ut p ut li n g uistic  v a ri a ble  AP

T h e  si n gl et o ns v al ú es b , s ee  Fi g ure  4- 3 1, t h at are  pr es e nt ed  in  T a ble  4- 10  w ere  f o u n d ed  aft er

a  pr o c ess of a dj u st m e nt by  tri al a nd  err or. T his pr o c ess w as i m pr o v ed  l at er by  a d di ng  an  a d a pti ve

m e c h a ni s m  t h at a dj usts t he  si n gl et o ns a ut o m ati c ally  a c c or di ng  t he  s yst em  p erf or m a n c e. T his

a d a pti v e  m e c h a ni sm  is d es cri b ed  in  d et ail in  S e cti on  4. 4.

T a bl e  4- 1 0: Si n gl et on  v al ú es f o r o ut p ut li n g uistic  v a ri a bl es

V ari a bl e  \ V al ú es

I n cr e m e nt in  Pri ce

( A P)

I n cr e m e nt in

S er vi c e  Q u ality

( A S Q)

N e g ati v e

( N)

- 1 00

- 0.8

Z er o

( Z)

0

0

P ositi v e

( P)

1 0 0

+ 0. 8
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8 . R e p r e s e nt t he  k n o wl e d ge  of t he  m a n a g er  as p oli ci es usi ng  if-t h en  r ul es

T h e  F K BS  str u ct ure  t h at s u p p orts t he  Virt u al D e cisi o n- M a k er s u bs yst em  is s h o wn  in  Fi g ure

4- 3 2 .

w h er e :

Fi g u r e  4- 3 2: F K B S st r u ct u re  f or  t he  Vi rt u al D e ci si o n- M a k er

e,  - O c c u p a n c y P e r c e nt aj e D e vi ati o n

A e ¡  - O c c u p a n c y P e r c e nt aj e T e n d e n c y D e vi ati o n

e 2  - Pr oflt D e vi ati o n

A e 2  - Pr ofit T e n d e n c y D e vi ati o n

A u¡  - I n cr e m e ní i n S er vi c e Q u alit y

A u 2   ~ I n cr e m e nt i n P n c e

T hi s str u ct ure  h as t he  pr a cti c a! a d v a nt a g e, o v er t he  ot h er str u ct ur es s h o wn  in  Fi g ure  2- 8, t h at

it all o ws eli citi ng  a nd  r e pr e s e nti ng  t he  d e ci si ón  r ul es in  an  a g gr e g ate  a nd  m e a ni n gf ul w ay  f or

p e o pl e . E v ery  d e cisi ón  d e p e n ds on  t he  i nt err el at ed  d e vi ati o ns a nd  t e n d e n cy  d e vi ati o ns fr om  t he

g o al s of t he  i m p ort a nt v ari a bl es. B oth  d e cisi o ns A u¡ a nd  A u2  are  c o u pl ed  by  t he  i nf or m ati on  of t he

d e vi ati o n s . F or str u ct ure  ( a) in  Fi g ure  2- 8, t he  d e cisi ón  r ul es s h o uld  a d diti o n ally  i n cl u de  a ut o-

r e gr e s si ve  i nf or m ati on  a b o ut v al ú es of p a st d e cisi o ns, w hi ch  is n ot t he  m o st us u al w ay  of

t hi n ki n g. F or str u ct ure  ( c) in  Fi g ure  2- 8, an  i ns ol at ed  a nd  n ot c o u pl ed  a n al ysis of e v ery  d e vi ati on

i nf or m ati on  s h o uld  be  c arri ed  o ut first by  l at er a s s e m bli ng  t he  c o n cl u si o ns a nd  g e n ér ate  fi n al

d e ci si o n s . T his i n v ol v es t oo  m u ch  a n al yti c al eff ort f or t his c ase  a nd  it w o uld  r e q uire  d e ep

k n o wl e d g e  a b o ut c o g niti ve  l a ws a b o ut h ow  p e o ple  j oin  c o n cl u si o n s. So  fr om  t he  a g gr e g ate  a nd
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m e a ni n gf u l p oi nt of vi e w, t he  str u ct ure  ( b) in  Fi g ure  2- 8, w hi ch  is r e pr es e nt ed  in  Fi g ure  4- 3 2, is

t he  b est pr a cti c al o pti o n.

T a bl e  4- 1 1: F u z zy  K n o wl e d ge  B ase

R ul e

1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9 .

1 0 .

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

1 6 .

* ,

N

N

N

N

N

N

N

N

P

P

P

P

P

P

P

P

A É ? '

N

N

N

N

P

P

P

P

N

N

N

N

P

P

P

P

* 2

N

N

P

P

N

N

P

P

N

N

P

P

N

N

P

P

A e 2

N

P

N

P

N

P

N

P

N

P

N

P

N

P

N

P

A w ,

P

P

P

P

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

Z

N

A u 2

Z

N

N

N

P

Z

Z

N

P

Z

Z

N

P

P

P

Z

T h e  pr e mis es of t he  if-t h en  r ul es are  e¡, A e¡, e2 , a nd  A e2 . T he  c o ns e q u e nts are  A u, a nd  A u2 .

T h e  d esi gn  crit eria  d es cri b ed  in  S e cti on  2. 3.4  to  c o nstr u ct a Virt u al D e cisi o n- M a k er are

a p pli e d . T he  o bj e cti ve  is to  a c q uire  q u alit ati ve  k n o wl e d ge  us ed  in  p oli ci es a nd  r e pr es e nt it in  a

F u z z y  K n o wl e d ge  B ase  f or m.

T h e  t ot al n u m b er of if-t h en  r ul es t h at c o nf or ms t he  c o m pl ete  st ate  s p a ce  is 16  si n ce  t h ere  are

4  li n g uistic  v al ú es with  2 v al ué  e a c h. By  q u e sti o ni ng  t he  c orr es p o n di ng  a cti o ns f or e v ery  st at e,

T a bl e  2-1  (in  S e cti on  2. 3. 4) is fill e d. T he  use  of t he  h y p ot h eti c al b e h a vi or s k et c h es  by  t he

k n o wl e d g e  e n gi n e er with  t he  p arti ci p a nts is ess e nti al in  t his p art of t he  pr o c ess. T he  fi n al r es ult is

t he  F u z zy  K n o wl e d ge  B ase  s h o wn  in  T a ble  4- 1 1.
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4. 4. 2  St ep  2 C o difi c ati on  of t he  P oli ci es in  a C o m p ut er

9 . A p pli c ati on  of M a m d a ni's f uzzy  m o del

T hr e e  pr o c ess es  are  c o difí e d:

1 . F u z zifí c ati on

2 . I nf er e n ce

3 . D ef u z zifí c ati on

F u z zifi c ati o n

T hi s pr o c ess h as b e en  c o difí ed  f oll o wi ng  t he  d es cri pti on  in  S e cti on  3. 3.3  f or t he  c ase  of t wo

li n g uistic  v al ú es a nd  c o n si d eri ng  t he  v al ué  of p ar a m et er " a " f or e a ch  li n g ui stic  v ari a ble  as

d efi n e d  in  n u m b er 6 of t his s e cti o n.

T h e  m e m b er s hip  f u n cti o ns f or t he  f u z zy  s ets, s h o wn  in  Fi g ure  4. 2 9, are  d efi n ed  b y:

T h e  pr o c ess  is i m pl e m e nt ed  in  t he  S e ct or " F u z zifí c ati o n", w hi ch  is e x p os ed  in  Fi g ure  4- 3 3.

E q u ati o n s of t he  m o d el are  i n cl u d ed  in  A p p e n dix  1.

O c c u p a n c y  P er c e nt a ge  D e vi ati on  is c al c ul at ed  in  O cc  P e r c G ap  by  r e ali zi ng  t he  diff er e n ce

b et w e e n  t he  O c c u p a n c y G o al a nd  c urr e nt O c c u p a n c y P er c e nt a g e. T h en  el a nd  el d ot, w hi ch  are

e ¡ a nd  A e, are  f u z z yfí e d. V ari a bl es xl N V a nd  xl P V are  t he  m e m b ers hip  d e gr ee  N e g ati ve  a nd

P ositi v e , r e s p e cti v ely  f or ei. V ari a bl es xl N v d ot a nd  xl P v d ot, f or A e/.

Pr ofí t D e vi ati on  is c al c ul at ed  in  Pr ofit G ap  by  r e ali zi ng  t he  diff er e n ce  b et w e en  t he  Pr ofit

G o al  a nd  c urr e nt Pr ofit. T h en  e2  a nd  e 2 d ot, w hi ch  are  e¡ a nd  A e2 , are  f u z zifi e d. V ari a bl es x 2 N V

a n d  x 2 P V are  t he  m e m b ers hip  d e gr ee  N e g ati ve  a nd  P ositi v e, r es p e cti v ely  f or e2 . V ari a bl es

x 2 N v d ot  a nd  x 2 P v d ot, f or A e2 .
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Fi g ur e  4- 3 3: S e ct or " F u z zifi c atí o n"

I nf e r e n c e

T h e  M a m d a ni's f u z zy  m o d el is i m pl e m e nt ed  a nd  t he  M a x- Min  o p er ati o ns are  us ed  f or t his

p ur p os e . T he  Min  o p er ati on  is a p pli ed  to  c o n cl u de  in  e v ery  si n gle  if-t h en  r ul e. T he  M ax  o p er ati on

is a p pli ed  to  s ol ve  c o nfli cts a m o ng  t he  o bt ai n ed  c o n cl u si o n s.

T h e  c o difi c ati on  of t he  si xt e en  if-t h en  r ul es to  f orm  t he  F u z zy  K n o wl e d ge  B as e, s ee  T a ble

4- 1 1 , is s h o wn  in  Fi g ure  4- 3 4. F o ur bl o c ks  of f u z zy  r ul es a p p e ar in  Fi g ure  4- 3 4. E v ery  bl o ck

c o nt ai n s ei g ht r ul es. F o ur of t h em  are  f or I n cr e m e nl in  S er vi c e Q u alit y ( A uj) a nd  4 f or I n cr e m e ní

in  Pri c e ( A u2 ). T he  c o ns e q u e nts f or I n cr e m e nt in  S er vi c e Q u alit y r ul es are  i d e ntifí ed  by  q w¡ a nd

f or I n cr e m e ní in  Pri c e are  i d e ntifí ed  by  p w¡. T he  pr e mis es a p p e ar at t he  c e nt er with  an  i niti al x as

i d e ntifi er. Min  o p er ati o ns  are  c arri ed  o ut in  t he  c o n v ert ers  q w¡s a nd  p w¡s w hi ch  are  t he

c o n cl usi o n s f or e v ery  r ul e. F oll o wi ng  t he  n u m b er of r ul es pr es e nt ed  in  T a ble  4- 1 1, t he  bl o ck  on

t he  l eft t op  c ór n er c o nt ai ns r ul es 1- 4; t he  bl o ck  on  t he  ri g ht t op  c o m er c o nt ai ns r ul es 5- 8; bl o ck  on
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t he  left b ott om  c ór n er c o nt ai ns r ul es 9- 1 2, a nd  bl o ck  on  t he  ri g ht b ott om  c o m er c o nt ai ns r ul es 1 3-

1 6 . Mi n o p er at or is us ed  to  o bt ain  t he  c o n cl usi ón  v al u é.

T h e  e x pr essi on  f or q\ vl is:

q w\  = m m( x 2 N V, x 2 N V d ot, x\ N V, xl N V d ot)

Fi g u r e  4- 3 4: F u z zy  K n o wl e d ge  B ase  usi ng  it hi n k s oft w a re

T h e  i nf er e n ce  of t he  f u z zy  r ule  s yst em  is c arri ed  o ut in  S e ct or "I nf er e n c e"  t h at is s h o wn  in

Fi g ur e  4- 3 5.
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Fi g u r e  4- 3 5: F u z zy  i nf e r e n ce  i m pl e m e nt ati on  usi ng  it hi n k s oft w a re

T h e  c o n v ert ers Q N, Q Z, a nd  QP  r e ali ze  t he  M ax  o p er ati o ns to  o bt ain  t he  fi n al c o n cl usi ón  f or

t he  o ut p ut f u z zy  v ari a ble  I n cr e m e nt in  H ot el S er vi c e Q u alit y. In  t he  s a me  m a n n er, t he  c o n v ert ers

P N , P Z, a nd  PP  do  t he  s a me  f or t he  f u z zy  v ari a ble  I n cr e m e nt in  P n c e. F or i nst a n c e, t he

e x pr essi o n  f or QZ  is:

Q P  = m a x( q wl, q w 2, q w 3,

T h e  l ast pr o c ess is to  c o n v ert f u z zy  v al ú es to  crisp  v al ú es in  t he  d ef u z zifi c ati on  pr o c ess.

D ef u z zifi c ati o n

T h e  D ef u z zifi c ati on  pr o c ess tr a nsf or ms f u z zy  v ari a bl es i nto  crisp  v al ú es. T he  crisp  v al ú es in  t his

c as e  are  t he  r e c o m m e n d ed  d e cisi ón  of t he  virt u al d e cisi o n- m a k er f or an  i n cr e m e nt in  pri ce  or

s er vi ce  q u alit y.
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B as e d  on  M a m d a ni's f u z zy  m o d el a nd  t he  use  of si n gl et o ns as t he  o ut p ut f u z zy  s ets, t he

D ef u z zifl c ati o n  pr o c ess is si m ply  a w ei g hti ng  s u m. S e ct or " D ef u z zi ñ c ati o n ", w hi ch  c arri es o ut

t his pr o c ess, is s h o wn  in  Fi g ure  4- 3 6.

Fi g u r e  4- 3 6: D ef u z zifi c ati on  p r o c ess i m pl e m e nt ed  with  itlii n k s oft w a re

T h e  crisp  v al ú es are  o bt ai n ed  in  t he  Fl o ws el e m e nts of Fi g ure  4- 36  n a m ed  C h a n g e in  P n c e

a n d  C h a n g e in  Q u alit y. If t h ere  is no  c h a n g e, f or i nst a n c e, in  C h a n g e in  P n c e t h en  P F K B S, w hi ch

is s u g g est ed  Pri ce  fr om  F K B S, r e m ai ns t he  s a m e. Ot h er wis e, t he  r e c o m m e n d ed  pri ce  by  t he

F K B S  c h a n g es. T he  s a me  f or Q F K BS  h a p p e ns. It is r el e v a nt to  n ote  t h at t he  d e cisi ón  to  m a ke  a

c h a n g e  in  pri ce  or q u ality  is c arri ed  o ut in  t he  Fl ow  el e m e nts. In  t his w ay  is also  pr o v ed  t h at all

d e cisi o n s are  i m pl e m e nt ed  in  Fl o ws.
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1 0 . T e sti ng  t he  p oli ci es in  t he  m o d el a nd  a dj u sti ng  p a r a m et e r s.

T e sti n g  P oli ci es

T h e  s et of si xt e en  p oli ci es t h at f orm  t he  F K BS  is t e st ed  as a s yst em  with  t wo  o bj e cti v e s:

1 . I n cr e a se  O c c u p a n cy  P er c e nt a ge  in  1 0%  with  r e g ard  to  t he  l a st y e ar

2 . I n cr e a se  Pr ofíts in  5%  with  r e s p e ct to  t he  l a st y e ar

B ot h  t he  t e st a nd  t he  a dj u st m e nt pr o c e ss  are  r e ali z ed  by  t he  tri al a nd  err or m et h o d. In  t his

f or m, t he  m et h od  f or eli citi ng  a nd  r e pr es e nt q u alit ati ve  k n o wl e d ge  is al so  pr o v e d.

R ul e s a nd  p ar a m et ers are  a dj u st ed  u ntil t he  m o d el b e h a vi or cr e at es c o nfí d e n ce  to  t he

p arti ci p a nt s . T his is t he  crit eri on  to  t a ke  t he  m o d el as v ali d. T he  c o n str u ct ed  m o d el is t h en

c o n si d eri n g  a h y p ot h e sis t h at n e e ds to  be  v ali d at ed  with  t he  r e ality  in  f oll o wi ng  pr o c e s s e s.

T h e  i niti al s et of p oli ci es w as m o difí ed  in  r ul es 1, 2, 3 a nd  4 d uri ng  t he  pr o c e ss  of t e sti ng  a nd

a dj u st m e nt . T he  r ul es  r ef er to  t he  sit u ati on  w h ere  O c c u p a n c y P er c e nt a g e is  b el ow  t he  d esir ed

c o n diti o n  a nd  t h ere  is a t e n d e n cy  to  k e ep  g oi ng  d o w n. T he  p oli ci es i niti ally  pr o p os ed  t h at c orr e ct

t his sit u ati on  w as to  i n cr e a se  t he  s er vi ce  q u ality  ( A «, ) a nd  s u st ain  t he  c urr e nt pri ce  ( A w2 ) . T he

sit u ati o n  a nd  t he  a cti o ns are  r e pr es e nt ed  b y:

R ul e

1 .

2 .

3 .

4 .

^

N

N

N

N

A e,

N

N

N

N

* 2

N

N

P

P

A e 2

N

P

N

P

A M ,

P

P

P

P

A w 2

Z

Z

Z

Z

H o w e v er , t he  Virt u al D e ci si o n- M a k er w as n ot a ble  to  ri se  t he  O c c u p a n cy  P er c e nt a g e. S o, a

c h a n g a  of p oli ci es w as  pr o p o s ed  to  r e d u ce  t he  pri ce  in  or d er to  m a ke  t he  h ot el attr a cti ve  to  t he

c u st o m er s . T he  p oli ci es are  r e pr es e nt ed  b y:

R ul e

1 .

2 .

3 .

4 .

e ,

N

N

N

N

A e ,

N

N

N

N

^
N

N

P

P

A, 2

N

P

N

P

A « ,

P

P

P

P

A « 2

N

N

N

N
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R ul e  o ne  h ad  to  be  a dj u st ed  a g ai n. T his r ule  r e pr es e nts a v ery  criti c al sit u ati o n. It r e pr es e nts a

c o n diti o n  w h ere  n ot o nly  O c c u p a n c y P e r c e nt aj e is b el ow  t he  d esir ed  c o n diti on  a nd  h as t he

t e n d e n cy  to  k e ep  g oi ng  d o w n, b ut also  Pr oflís is in  t he  s a me  c o n diti on  at t he  s a me  ti m e. S o, t h ere

is no  m ar gín  to  m a n e u v er at all. F or t his c as e, an  o pti on  t h at w or k ed  w as to  i n cr e ase  s er vi ce

q u alit y  a nd  s u st ain  c urr e nt pri c e. It is r e pr es e nt ed  t h en  as:

R ul e

1 .

e\   A e} e2   A e2  A w, A u2

N   N  N  N  P  Z

T h e  fi n al s et of r ul es  h as b e en  pr es e nt ed  in  T a ble  4- 11  a nd  in  Fi g ure  4- 34  in  t he  f orm  of

F u z z y  K n o wl e d ge  B as e.

A dj usti n g  P a r a m et e rs

T h e  p ar a m et ers "a  " s h o wn  in  Fi g ure  4- 29  w ere  a dj u st ed  f or t he  f o ur i n p ut li n g uistic  v ari a bl es e/,

A e¡,  e2 , a nd  A e¡. Also  t he  p air of si n gl et on  N e g ati ve  a nd  P ositi ve  s h o wn  in  Fi g ure  4- 31  f or t he

t w o- o ut p ut li n g ui stic  v ari a bl es A u, a nd  A u2  w ere  a dj u st e d.

T h e  pr o bl em  w as t h en  a p ar a m et er esti m ati on  pr o bl e m. Fi nd  t he  v al ué  of "a  " f or e a ch  of t he

f o ur i n p ut li n g ui stic  v ari a bl es a nd  t he  t wo  si n gl et on  v al ú es f or e a ch  of t he  t wo  o ut p ut li n g ui stic

v ari a bl e s s u ch  t h at crit eria  Ji a nd  J2 , a nd  fi n al v al ú es of t he  t wo  d e vi ati on  v ari a bl es are  as s m all est

a s p ossi bl e. In  m e a n s, t he  pr o c ess  i n v ol v es fí n di ng  a s et of 8 p ar a m et ers u n d er f o ur crit eri a. T he

t wo  crit eria  J, a nd  J2  are  d es cri b ed  b el ow  a nd  are  t he  eff e cti ve  v al ú es of t he  O c c u p a n c y

P e r c e nt aj e  D e vi ati o n (e/) a nd  Pr ofit D e vi ati o n (e2 ) si g n áis.

. 7, = — [ e' dt  a n d   J2  = J—  \ e2 2 dt
' K  J \ T h  J   2

Diff er e n t m et h o ds c o uld  f a ce  t he  pr o bl e m. Fr om  AI, g e n etic  al g orit h ms a nd  si m ul at ed

a n n e ali n g  mi g ht be  t wo  of t h e m. H o w e v er, in  t his c as e, t he  f o c us of t he  pr o bl em  is n ot

o pti mi z ati o n  b ut j u st fí n di ng  a s ol uti on  t h at w or ks w ell e n o u gh  a nd  fít with  t he  pr o c ess of

q u alit ati v e  k n o wl e d ge  a c q uisiti o n, pr o p os ed  by  t his r es e ar c h.

V al ú e s of 10  a nd  5 f or t he  diff er e nt "a  "s w ere  tri ed  si n ce  t he  a d mi nistr ati on  a nd  b usi n ess

g o al s w ere  to  o bt ain  i n cr e m e nts of 1 0%  a nd  5%  on  O c c u p a n c y P er c e nt aj e a nd  Pr ofits,

r e s p e cti v el y. T he  t ot al st ate  s p a ce  w as t h en  e x pl or ed  with  fí x ed  si n gl et on  v al ú es ± 0.8  a nd  ± 1 00

f or N e g ati ve  a nd  P ositi ve  I n cr e m e nt in  Pri c e a nd  I n cr e m e nt is S er vi c e Q u alit y, r es p e cti v el y.
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T a bl e  4- 1 2: A dj u st m e nt of p a r a m et e rs f or  li n g uistic  v a ri a bl es

T e s t

n u m b e r

1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9 .
1

1 0 .

1 1 .

1 2 .

1 3 .

1 4 .

1 5 .

1 6 .

a  f or

C |

5

5

5

5

5

5

5

5

1 0

1 0

1 0

1 0

1 0

1 0

1 0

1 0

a  f or

A e,

5

5

5

5

1 0

1 0

1 0

1 0

5

5

5

5

1 0

1 0

1 0

1 0

a  f or

e 2

5

5

1 0

10

5

5

1 0

10

5

5

1 0

1 0

5

5

10

10

a  f or

A e 2

5

10

5

1 0

5

10

5

1 0

5

1 0

5

10

5

10

5

1 0

J,

2. 2

2. 3

2. 3

2. 4

2. 2

2. 2

2. 1

2. 2

1. 9

1. 9

1. 9

2. 0

2. 0

2. 0

- 1.8

1. 9

J 2

1. 7

1. 7

1. 8

1. 9

1. 7

1. 8

1. 9

1. 9

1. 7

1. 7

1. 8

1. 9

1. 7

1. 8

1. 8

1. 9

Fi n a l O c c u p a n cy

%  d e vi ati on

1. 0

0. 4

5. 5

5. 4

- 3.0

- 3.5

0. 2

0. 3

- 0.9

- 2.1

3. 6

3. 6

- 5.3

- 5.5

- 2.7

- 3.2

Fi n a l Pr ofít

%  d e vi ati on

- 2.4

- 2.3

- 4.5

- 4.5

- 2.0

- 1.9

- 4.9

- 5.0

- 2.0

- 1.8

- 4.2

- 4.3

- 1.3

- 1.4

- 4.1

- 4.2

T h e  si n gl et on  v al ú es  w ere  pr o p o s ed  a s s u mi ng  a 0.8  i n cr e m e nt in  S e r vi c e Q u alit y a nd  $ 1 0 0. 00

in  B a s e P ri c e as  str o ng  c h a n ge  in  a fr e q u e n cy  of i n cr e m e nt/ m o nt h. S e r vi c e Q u alit y v al ú es  r a n ge

fr om  1 to  5. B a s e P ri c e v al ú es  r a n ge  fr om  $ 8 0 0. 00  to  $ 1 6 0 0. 00  in  a fr e q u e n cy  of

i n cr e m e nt/ m o nt h. T he  r e s ult of t he  pr o c e ss  is  s h o w ed  in  T a ble  4- 1 2.

S el e ct e d  v al ú es  f or "a  "s a p p e ar in  s et n u m b er 1 0. It c an  be  o b s er v ed  t h at no  s et w as  a ble  to

a c hi e v e  t he  f o ur crit ería  at t he  s a me  ti m e. T he  b e st J, is  o bt ai n ed  by  s et n u m b er 1 5. Crit eri on  J2  is

o bt ai n e d  by  s ets  1, 2, 5, 1 0, a nd  1 3. S m all e st fi n al v al ú es  of O c c u p a n c y D e vi ati o n a nd  Pr ofít
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D e vi ati o n  are  o bt ai n ed  by  s ets 7 a nd  1 3. S et n u m b er 10  c o m pl et ely  s atisfí ed  J2  a nd  p arti ally  t he

ot h er s t a ki ng  i nto  a c c o u nt a g o od  b al a n ce  a m o ng  t he  ot h ers i n di c at ors. It s h o uld  s ay  t h at Pr ofits

r e c ei v ed  m ore  att e nti on  si n ce  t he  pr o bl e m atic  sit u ati on  of t he  h ot el is t he  l ow  l e v el of pr oflt s.

Fi n a l v al ú es are  d e cl ar ed  in  T a bl es 4-9  a nd  4- 10  f or t he  i n p ut a nd  o ut p ut v ari a bl e s, r e s p e cti v el y.

Si m ul ati o n  r e s ults y di s c u s si on  is pr es e nt ed  in  S e cti on  4. 4.

4. 4. 3  St ep  3 Utili z ati on  of t he  P oli ci es in  C o m p ut ati o n al M o d els to  R es p o nd

a n d  G e n é r ate  N ew  Q u esti o ns

T hi s  st ep  w as  n ot e x p eri m e nt ally  c arri ed  o ut with  h u m an  p arti ci p a nt s. T he  r e as on  is  m a c hi ne

l e ar ni ng  a nd  n ot h u m an  l e ar ni ng  is w h at Artifi ci al I nt elli g e n ce  is m ore  i nt er est ed  a b o ut. H u m an

l e ar ni ng  w as s u g g est ed  to  st ay  o ut of t he  f o c us f or t his r es e ar c h. In  n e xt s e cti on  4. 3, it is t h en

pr es e nt e d  t he  A d a pti ve  M e c h a nism  i n c or p or at ed  to  t he  Virt u al D e cisi o n- M a k er al o ng  with  t he

si m ul ati o n  r es ults.

T h e  h u m an  i nt erf a ce  m a n- m a c hi ne  of t he  si m ul at or m o d el t h at s h o uld  be  us ed  to  c arry  o ut t he

St e p  3 with  h u m an  p arti ci p a nts is pr es e nt ed  in  Fi g ure  4- 3 7.

Fi g u r e  4- 3 7: I nt e rf a ce  h u m a n- m a c hi ne  of t he  si m ul ati on  m o d el

T h e  p a n el of i nt erf a ce  h u m an  m a c hi ne  is d esi g n ed  to  e x p ose  a nd  r e c ei ve  i nf or m ati on  to  a nd

fr om  t he  p arti ci p ati ng  d e cisi o n- m a k ers. It is di vi d ed  in  fi ve  s e cti o ns. ( 1) T e n d e n cy  gr a ph  of

a c c u m ul at e d  i n c o m es a nd  c osts, gr a ph  l o c at ed  at l eft t op  c ór n er. T his  s e cti on  all o ws to  p er c ei vi ng
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e x pli citl y  t he  m o m e nt w h en  t he  f m a n ci al e q uili bri um  p oi nt is r e a c h e d. ( 2) T e n d e n cy  gr a ph  f or

o c c u p a n c y  p er c e nt a ge  is l o c at ed  at t he  ri g ht t op  c ór n er. T his gr a ph  all o ws to  vis u ally  c o m p ari ng

c urr e n t a nd  l ast y e ar o c c u p a n cy  p er c e nt a ge  of t he  h ot el. ( 3) S e cti on  " H ot el P erf or m a n ce  M o nit or"

pr es e nt s i nf or m ati on  in  n u m eri c al m o de  a b o ut t he  c urr e nt a nd  d esir ed  c o n diti o ns of Pr ofíts a nd

O c c u p a n c y  P er c e nt a g e. ( 4) S e cti on  " H ot el D e cisi ón  a nd  C o ntr ol V ari a bl es" h as t he  f u n cti on  of

a c q uiri n g  a nd  s h o wi ng  t he  v al ú es of S er vi ce  Q u ality  a nd  B ase  Pri ce  c urr e ntly  off er e d. ( 5) S e cti on

" Virt u a l d e cisi o n- M a k er" all o ws to  t ur ni ng  o n/ off b oth  t he  virt u al d e cisi o n- m a k er a nd  its a d a pti ve

m e c h a nis m . B el ow  t his s e cti o n, t he  r u n/st op  b ox  a p p e ars.

St e p  3 s h o uld  be  w or k ed  with  t he  f oll o wi ng  s e q u e n c e:

1. C h all e n ge  t he  p arti ci p a nts to  dri ve  t he  b usi n ess in  t he  c o m p ut er.

2 . Ask  t he  p arti ci p a nts f or o bs er vi ng  h ow  t he  virt u al d e cisi o n- m a k er p erf or ms in  t he

s a me  t as k. All ow  t h em  to  p eri o di c ally  dis c uss t he  e v e nts e n a bli ng  p a us es d uri ng  t he

si m ul ati o n.

3 . C o m p are  t he  p erf or m a n ce  of t he  p arti ci p a nts a nd  t he  virt u al d e cisi o n- m a k er. M a ke  to

n ot e  t he  f a ct t h at he  or s he  is c o m p eti ng  a g ai nst his or h er o wn  k n o wl e d g e.

4 . A dj ust p oli ci es in  t he  k n o wl e d g e- b as ed  f u z zy  s yst e m.

5 . L et t he  p arti ci p a nts e x e c ute  as m a ny  ti m es as t h ey  d esire  St ep  3 in  or d er to  all ow

t h em  to  a dj ust t h eir o wn  p oli ci es t hr o u gh  a cti ve  dis c ussi o ns. T he  f o c us of St ep  3 is to

f a cilít ate l e ar ni ng  a m o ng  t he  p arti ci p a nts, m a ki ng  r efl e cti o ns of t h eir o wn  a cti o ns.

4. 5  A d a pti ve  M e c h a nism

T h e  A d a pti ve  M e c h a nism  is a p pli ed  to  a ut o m ati c ally  a dj ust t he  si n gl et on  v al ú es of t he  F u z zy

D e cisi o n- M a k er' s o ut p ut v ari a bl es b as ed  on  pr e vi o us p erf or m a n c e. F u z zy  m e m b ers hip

p ar a m et er s are  fi x ed  at pr e vi o usly  s el e ct ed  v al ú es.

T h e  i d ea  of t he  m e c h a nism  w as a d o pt ed  fr om  ( H aissi g, 2 0 0 0) w ho  p at e nt ed  f or H o n e y w ell

t he  i d ea  f or c o ntr olli ng  h y dr o nic  h e ati ng  s yst e ms. T he  ori gi n al i d ea  w as a p pli ed  to  a si n gle  i n p ut

- si n gle  o ut p ut s yst em  with  fi ve m e m b ers hip  f u n cti o ns f or t he  r ef er e n ce  ( g o al), t hr ee  m e m b ers hip

f u n cti o ns f or t e m p er at ure  d e vi ati o n, s e v en  si n gl et o ns a nd  fíft e en  r ul es.

T h e  diff er e n ce  with  t he  pr es e nt i m pl e m e nt ati on  is t he  a p pli c ati on  to  a MI MO  s yst em  (2  x 2)

wit h  t wo  m e m b ers hip  f u n cti o ns e a ch  of t he  f o ur i n p ut li n g uistic v ari a bl es, t hr ee  si n gl et o ns ( o ne  is

fi x e d) e a ch  of t he  t wo  o ut p ut li n g uistic v ari a bl es a nd  si xt e en  r ul es.
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T h e  i m pl e m e nt ati on  of S e ct or " A d a pti ve  M e c h a nis m" usi ng  it hi n k is s h o wn  in  Fi g ure  4- 5 4.

T h e  f o ur si n gl et o ns h a ve  b e en  i m pl e m e nt ed  in  t he  l e v el v ari a bl es Qs n e g, Qs p os, Ps n e g, a nd

Ps p os  s h o wn  in  t he  Fi g ure  4- 3 8.

Fi g u r e  4. 3 8: I m pl e m e nt ati on  of t he  a d a pti ve  m e c h a ni sm

T h e  a d a pti ve  m e c h a nism  a ut o m ati c ally  l o c at es  t he  si n gl et o ns of t he  s yst em  b as ed  on  t he  use

o f t he  F u z zy  K n o wl e d ge  B ase  ( F K B). I n d e e d, t he  m e c h a nism  is t he  a p pli c ati on  of a si mil ar d elta

r ule  e q u ati on  fr om  MIT  in  m o d el r ef er e n ce  a d a pti ve  c o ntr ol ( Ástr om  a nd  Witt e n m ar k, 1 9 9 5, cit ed

b y  H ei s si g, 2 0 0 0) a nd  t he  l e ast- m e a n-s q u ar es r ule  in  f u z zy  m o d eli ng  ( Y a g er a nd  Fil e v, 1 9 9 4,

cit e d  by  H eissi g, 2 0 0 0).

T h e  m at h e m ati c al e x pr essi on  f or t he  f o ur si n gl et o ns in  a d a pt ati on  is:

d  , ,  ,   \ W r u l e 6  f ° r  6 > b Í a S e r r o r   .  , 9 ,
—  Ur ul e = < ( n ote  )
dt   1  O  f o r\ e\ < bi a s e r r o r

w h er e  Ur ul e r ef er es to  si n gl et on  v al u é; e is t he  d e vi ati on  b et w e en  d esir ed  a nd  c urr e nt c o n diti o n;

/jr u¡e is t he  d e gr ee  of m e m b ers hip  f u n cti on  f or a gi v en  r ul e, in  o ur c ase  it is t he  m e an  of t he

1 E q u ati on  ( 2) p a ge  42  in  ( H eissi g, 2 0 0 0).
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m e m b er s hi p  f u n cti on  t h at fír es to  a s p e cifíc  si n gl et o n; y is t he  a d a pt ati on  r at e, a nd  bi aserr or is t he

si ze  of a d e ad  b a nd  ar o u nd  t he  v al ué  of e = 0.

T h e  e x pr e s si on  r ef ers to  a r ate  of c h a n ge  of a si n gl et on  v al ué  b as ed  on  t he  i m p ort a n ce  of its

c orr e s p o n di n g  fír ed  r ul e. T he  i m p ort a n ce  v al ué  is gi v en  by  //„,,„. T he  si ze  a nd  dir e cti on  to  a dj ust

t he  si n gl et on  v al ué  is gi v en  by  e, a nd  t he  s p e ed  of a d a pt ati on  is gi v en  by  y.

In  t his p arti c ul ar d esi g n, j ur uie is c o m p ut ed  by  t he  m e an  of t he  m e m b er s hip  f u n cti o ns of t he

ass o ci at e d  firi ng  r ul e s. R el ati o n s hip  a m o ng  r ul es a nd  si n gl et o ns are  pr es e nt ed  in  T a ble  4- 1 1. T he

i m pl a nt ed  e q u ati o ns f or N e g ati ve  a nd  P o siti ve  si n gl et o ns of I n cr e m e nt in  S er vi c e Q u alit y a nd

I n cr e m e nt in  P ri c e are  t he  f oll o wi n g:

i v e = M e a n( q w\ 6)

iti v e = M e a n( q wl, q w 2, q w 3, q w 4)

¿j pr¡ c e N e g ati v e  = M e a n( p w 2, p w 3, p w 4, p w 8, p wl 2)

j upr¡ce  P ositi v e = M e a n( p 5, p w 9, p wl 3, p wl 4, p wl 5)

w h er e  q wi a n á p wi are  t he  I n cr e m e nt in  S er vi c e Q u alit y a nd  I n cr e m e nt in  P ri c e c o n cl u si o ns of t he

i-th  r ul e.

T h e  p ar a m et er v al ú es f or y a nd  bi aserr or  w ere  f o u nd  by  tri al a nd  err or m et h od  usi ng  s a me  f o ur

i n di c at ors as t h ey  w ere  us ed  f or d et er mi ni ng  t he  p ar a m et ers of t he  m e m b er s hip  f u n cti o ns in

S e cti o n  4. 2.2  - S u bs e cti on  A dj usti n g P ar a m et ers. F or s a ke  of si m pli city  in  t he  m et h o d, s a me  y

a n d  bi aserr or  are  a p pli ed  to  N e g ati ve  a nd  P ositi ve  si n gl et o ns of e a ch  o ut p ut li n g uistic  v ari a bl e.

T h es e  v al ú es are  s h o wn  in  T a ble  4- 1 3.

T a bl e  4- 1 3: P a r a m et er  v al ú es f or  t he  A d a pti ve  M e c h a ni sm

N e g ati v e  a nd  P ositi ve  Si n gl et o ns

I n cr e m e nt i n Q u alit y S er vi c e

I n cr e m e nt i n Pri c e

y

0. 0 2

1. 0 0

bi as err or

2

2

Si m ul ati o n  r e s ults are  s h o wn  in  S e cti on  4. 6.
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4. 6  Si m ul ati on  R es ults

Si m ul ati o n  r e s ults are  or g a ni z ed  a nd  dis c uss ed  i nto  t hr ee  gr o u ps: ( 1) r e s ults wit h o ut a d a pti ve

m e c h a ni s m , ( 2) r e s ults with  a d a pti ve  m e c h a ni s m, a nd  ( 3) r e s ults u n d er i nfl u e n c es of e x o g e n o us

a n d  s p e ci al e v e nts. T he  g o als are  to  m a ke  Pr ofits' 5 % hi g h er a nd  O c c u p a n c y P e r c e nt a g e 1 0%

hi g h e r t h an  t h ose  o bt ai n ed  l a st y e ars in  t he  f oll o wi ng  t w el ve  m o nt h s.

4. 6. 1  R es ults wit h o ut a d a pti ve  m e c h a nism

Fi g u r e  4- 3 9: D esi r ed  a nd  c u r r e nt o c c u p a n cy  % ( p a r a m et er  s et 1 0)

Fi g u r e  4- 4 0: A cti o ns in  s e r vi ce  q u ality  ( p a r a m et er  s et 1 0)
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A n  i n cr e m e nt of 1 0%  in  O c c u p a n c y P er c e nt a g e h as b e en  est a blis h ed  as a g o al t his y e ar, a nd

5  % f or Pr ofits. T he  b e h a vi ors pr o d u c ed  by  p ar a m et ers of s et n u m b er 10  fr om  T a ble  4- 12  are

s h o wn  in  Fi g ur es 4- 39  to  4- 4 6. D esir ed  a nd  c urr e nt st ate  f or O c c u p a n c y P e r c e nt a g e is s h o wn  in

Fi g ur e s 4- 3 9. T he  dri vi ng  v ari a ble  Q u alit y S er vi c e a p p e ars in  Fi g ure  4- 4 0. It is o bs er v ed  an

os cill at or y  b e h a vi or on  O c c u p a n c y P er c e nt a g e with  an  o v ers h o ot of 8%  of O c c u p a n c y

P er c e nt a g e  a b o ve  t he  g o al a m o ng  t he  m o nt hs fi ve  to  s e v e n.

Fi g u r e  4- 4 1: D esi r ed  a nd  c u r r e nt p r ofit % ( p a r a m et er  s et 1 0)

Fi g u r e  4- 4 2: A cti o ns in  b ase  p ri ce  ( p a r a m et er  s et 1 0)
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T h e  d e sir ed  a nd  c urr e nt st at es f or Pr ofit are  s h o wn  in  Fi g ur es 4- 41  a nd  t he  dri vi ng  v ari a ble

B as e  P ri c e, in  Fi g ure  4- 4 2.

It c an  be  o b s er v ed  t h at t he  Virt u al D e ci si o n- M a k er fír stly  i n cr e m e nt t he  Q u alit y S er vi c e

wit h o u t si g nifí c a ntly  v ar yi ng  t he  B as e Pri c e d uri ng  t he  fír st t hr ee  m o nt h s. T h e n, it b e gi ns with

sl o w  i n cr e m e nts in  B a s e P ri c e, m ai nt ai ni ng  t he  S e r vi c e Q u alit y c o n st a nt - m o nt hs  b et w e en  3 a nd

6 . By  m o nth  7, t he  i n cr e m e nt in  B as e Pri c e c o nti n ú es b ut n ow  S er vi c e Q u alit y is w aiti ng  f or a

c o n diti o n  to  be  i n cr e a s ed  a g ai n, w hi ch  h a p p e ns at t he  e nd  of t he  m o nth  7. S e r vi c e Q u alit y r e a c h es

t he  li mit ar o u nd  m o nth  8 a nd  t he  B as e Pri c e is u s ed  as u ni q ue  c o ntr ol v ari a bl e. At m o nth  9, B as e

P ri c e  d e cr e a s es in  or d er to  rise  t he  O c c u p a n c y P e r c e nt a g e, w hi ch  is g ot it, b ut Pr of üs d e cr e as es.

Fi n all y , S er vi c e Q u alit y is t h en  d e cr e a s ed  to  h elp  c urr e nt Pr ofií. At t he  e n d, st e a dy  st ate  is n ot

r e a c h ed  in  o ne  y e ar. St a bility  c an  be  i nf err ed  by  l o o ki ng  at t he  i nf or m ati on  of d e vi ati on  si g n áis in

t h eir p h a se  pl a ñe  pl ot s, Fi g ur es 4- 44  a nd  4- 4 5.

Fi g u r e  4- 4 3: O c c u p a n cy  % d e vi ati on  ( p a r a m et er  s et 1 0)



C h a pt er  4. C as e of St u d y: H ot el B usi n ess a n d A d mi nistr ati o n 1 4 1

Fi g u r e  4- 4 4: P h a se  pl a ñe  f or  o c c u p a n cy  % d e vi ati on  ( p a r a m et er  s et 1 0)

It c an  be  o bs er v ed  h ow  b oth  d e vi ati o ns si g n áis are  dri v en  t o w ard  t h eir ori gi ns, t h eir d esi g n ed

attr a ct ors : ( 1 0, 0) f or O c c u p a n c y P e r c e nt a g e, a nd  ( 5, 0) f or Pr ofits in  t h eir r es p e cti v ely  p h ase

pl a n es . T he  d e vi ati on  si g n áis  of O c c u p a n c y P er c e nt a g e a nd  Pr ofits tr o u gh  ti me  are  s h o wn  in

Fi g ur e s 4- 43  a nd  4- 4 5. O bs er ve  t he  f or ms, w hi ch  are  t he  s a me  as Fi g ure  4- 39  a nd  4- 41

r e s p e cti v el y, wit h o ut t he  offs et gi v en  by  t he  g o als. T his is w hy  t he  d e vi ati on  si g n áis are  t a k en  f or

d e si g ni n g  t he  d e ci si o n- m a k er. T h ey  c o nt ain  t he  r e q uir ed  i nf or m ati on  to  m a ke  d e cisi o ns.

Fi g u r e  4- 4 5: P r ofit % d e vi ati on  ( p a r a m et er  s et 1 0)
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2: 0 3  PM   5/ 2 2/ 02

Fi g u r e 4- 4 6: P h ase pl a ñe f or  p r ofit d e vi ati on  ( p a r a m et er s et 1 0)

R e s ult s with  s et n u m b er 13  are  s h o wn  f or c o m p ari s on  in  Fi g ur es 4- 47  to  4- 5 4. A b ett er

b e h a vi o r on  Pr ofits a nd  w orse  on  O c c u p a n c y P er c e nt a g e t h an  t h at pr o d u c ed  by  s et n u m b er 10  is

o b s er v e d .

Fi g u r e 4- 4 7: D esi r ed  a nd  c u r r e nt o c c u p a n cy  % ( p a r a m et er s et 1 3)
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Fi g ur e  4- 4 8: A cti o ns in  s er vi ce  q u ality  ( p ar a m et er s et 1 3)

Fi g ur e  4- 4 9: D esir ed  a nd  c urr e nt pr ofit % ( p ar a m et er s et 1 3)
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Fi g u r e  4- 5 0: A cti o ns in  b ase  p ri ce  ( p a r a m et er  s et 1 3)

N j  Q   O c c u p a n c y  D e vi ati o n: P a ge  1

Fi g u r e  4- 5 1: O c c u p a n cy  % d e vi ati on  ( p a r a m et er  s et 1 3)
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Fi g ur e  4- 5 3: Pr ofit % d e vi ati on  ( p ar a m et er s et 1 3)
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Fi g u r e  4- 5 4: P h ase  pl a ñe  f or  p r ofit d e vi ati on  ( p a r a m et er  s et 1 3)

T h e  m o d el is v alid  f or a! 2- m o nth  ti me  p eri o d. Aft er t h at y e ar if t he  d e m a nd  r e m ai ns c o nst a nt

f or t wo  y e ars, t he  O c c u p a n cy  P er c e nt a ge  g o al is r e a c h ed  a nd  s ust ai n ed  with  an  os cill ati ng

b e h a vi o r of + 3%  a m plit u de  o v er t he  g o al. T he  Pr ofit g o al is s ur p ass ed  a nd  s ust ai n ed  at 3 5%  o v er

t he  g o al. H o w e v er, t he  m o d el c an  n ot be  c o nsi d er ed  v alid  a n y m or e.

4. 6. 2  R es ults With  A d a pti ve  M e c h a nism

T h e  b est- o bt ai n ed  b e h a vi ors with  t he  a d a pti ve  m e c h a nism  of t he  s yst em  are  s h o wn  in  Fi g ure  4- 55

to  4- 6 4. It c an  be  o bs er v ed  i m pr o v e m e nt in  O c c u p a n c y P er c e nt a g e b ut d et eri or ati on  in  Pr ofit.

T hi s is cl e arly  o bs er v ed  in  t he  i n di c at ors s h o wn  in  T a ble  4- 1 4.

T a bl e  4- 1 4: C o m p a ris on  of p e rf o r m a n ce  i n di c at o rs with  a nd  wit h o ut A d a pti ve  M e c h a nism

Wit h  A d a pt ati on

Wit h o u t A d a pt ati on

J,

1. 7

1. 9

J 2

1. 8

1. 7

Fi n a l O c c u p a n cy

%  d e vi ati on

0. 0

- 2.1

Fi n a l Pr ofit

%  d e vi ati on

- 2.9

- 1.8

It s h o uld  be  cl e ar at t his m o m e nt t h at t his r es e ar ch  is n ot a c o ntr ol pr o bl em  b ut a q u alit ati ve

k n o wl e d g e  a c q uisiti on  pr o bl em  a nd  it is n ot ori e nt ed  to  g et an  o pti m um  p erf or m a n ce  of t he
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a d a pti v e  m e c h a ni s m. T he  n o n-li n e ar a nd  hi g hly  c o u pl ed  h ot el b usi n ess pr o c ess ( H B P) with  t he

i m p os ed  g o als mi g ht be  a g o od  c h all e n ge  f or m ore  s o p histi c at ed  c o ntr ol al g orit h ms.

F o r t he  p ur p o s es  of t his  r e s e ar c h, t he  H BP  a nd  t he  F K BS  w or ki ng  in  ci óse  l o op  d e m ó nstr ate

t he  m et h od  is eff e cti ve  to  r e ali ze  q u alit ati ve  k n o wl e d ge  a c q ui siti o n. T he  a d a pti ve  m e c h a nism

all o w s to  eli citi ng  m ore  i nf or m ati on  fr om  t he  p arti ci p a nts by  p er c ei vi ng  h ow  t he  s yst em  on  its

o w n  tri es to  i m pr o ve  its p erf or m a n c e. T his pr o vi d es s p e ci al e n vir o n m e nts f or m ore  dis c ussi on  f or

dis c ussi o n  a m o ng  p arti ci p a nts  a nd  m a ki ng  e x pli cit m ore  of t h eir t a cit a nd  q u alit ati ve  k n o wl e d g e.

Fi g u r e  4- 5 5: D esi r ed  a nd  c u r r e nt o c c u p a n cy  % ( with  a d a pt ati o n)

Fi g u r e  4- 5 6: A cti on  in  s e r vi ce  q u ality  ( with  a d a pt ati o n)
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Fi g u r e  4- 5 7: D esi r ed  a nd  c u r r e nt p r ofit % ( with  a d a pt ati o n)

Fi g u r e  4- 5 8: A cti on  in  p ri ce  ( with  a d a pt ati o n)
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7: 4 3  PM  5/ 2 4/ 02

Fi g u r e  4- 6 0: P h ase  pl a ñe  f or  o c c u p a n cy  % d e vi ati on  ( with  a d a pt ati o n)
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Fi g u r e  4- 6 1: P r ofit % d e vi ati on  ( with  a d a pt ati o n)

7: 4 3  PM   5/ 2 4/ 02

Fi g u r e  4- 6 2: P h ase  pl a ñe  f or  p r ofít d e vi ati on  ( with  a d a pt ati o n)

T h e  c h a n g es of t he  si n gl et on  v al ú es, c a us ed  by  t he  a d a pti ve  m e c h a nis m, tr o u gh  t he  ti me  are

s h o wn  in  Fi g ur es 4- 63  a nd  4- 6 4. N e g ati ve  a nd  p ositi ve  si n gl et o ns f or I n cr e m e nt in  S er vi c e

Q u alit y  are  l a b el ed  Q S n eg  a nd  Q S p os, r es p e cti v ely  in  Fi g ure  4- 6 3. S a me  f or I n cr e m e nt in  Pri c e,

w h os e  si n gl et o ns are  l a b el ed  P S n eg  a nd  P S p os in  Fi g ure  4- 6 4.
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Fi g u r e  4- 6 3: D y n a mi cs of si n gl et o ns c o r r e s p o n di ng  to  I n c r e m e nt in  Q u ality  S e r vi ce

It c an  be  o bs er v ed  c o n v er g e n ce  of si n gl et o ns Q S n eg  a nd  Q S p os to  a fí nite  v al u é. H o w e v er,

n o t t he  s a me  f or P S n eg  a nd  P S p os, w hi ch  b oth  are  in  sli g ht m o v e m e nt b ut with  a sl ow  d y n a mi c.

Wit h  t his b e h a vi or, t he  st a bility  of t he  s yst em  in  ci óse  l o op  c an  be  g u ar a nt e ed  f or t he  s p e cifíc

ti me  h ori z on  of 12  m o nt hs, w hi ch  is t he  ti me  p eri od  of i nt er e st.

Fi g u r e  4- 6 4: D y n a mi cs of si n gl et o ns c o r r e s p o n di ng  to  I n c r e m e nt in  P ri ce

C o n cl u si o n s a nd  c o m m e nts al o ng  with  r e c o m m e n d ati o ns f or f ut ure  r es e ar ch  are  pr es e nt ed  in

t he  n e xt s e cti o n.
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4. 6. 3  R e s ults U n d er  I nfl u e n c es of E x o g e n o us a nd  S p e ci al E v e nts

A n  e x o g e n o us e v e nt w as i n cl u d ed  in  t he  m o d el. T his  e v e nt c o uld  r e pr e s e n! a c h a n ge  of p oli cy

o f t he  g o v er n m e nt, a d e v al u ati on  sit u ati o n, a h urri c a n e, it is j u st an  a nti ci p at ed  e v e nt t h at is

pr e s e n t m s o me  m o m e nt. T he  e v e nt w as pr o gr a m m ed  to  a p p e ar in  t he  si xth  m o nth  of t he

si m ul ati o n .

1 : O c c u p a n c y P er c e nt a ge 2 : L a st Y e ar O c c u p a n cy  P er c e nt a ge

0. 0 0  3. 0 0

O c c u p a n c y  P er c e nt a ge

6. 0 0

M o nt h s

9. 0 0  1 2. 0 0

1: 0 5  AM   8/ 3 0/ 02

Fi g u r e  4- 6 5: C o m p a r ati va  O c c u p a n cy  p e r c e nt a ge f r om  c u r r e nt a nd  l ast y e a rs

In  Fi g ure  4- 6 5, li ne  1 is t he  p att ern  of b e h a vi or of cli e nts in  t he  c urr e nt y e ar a nd  li ne  2, in  t he

p a s t y e ar. In  Fi g ure  4- 6 6, t he  r e s ulti ng  e q uili bri um  p oi nt is o bs er v ed  on  t he  m o nth  si x.

1 : A c c u m ul at ed  I n c o m es

1:1  4. 8 0 e + 0 0 7n

0. 0 0

0. 0 0

E q uili bri u m  P oi nt

3. 0 0 6. 0 0

M o nt h s

9. 0 0  1 2. 0 0

1: 0 5  AM  8/ 3 0/ 02

Fi g u r e  4- 6 6: E q uili b ri um  P oi nt f r om  A c c u m ul at ed  I n c o m es a nd  C osts
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Fi g u r e  4- 6 7: D esi r ed  a nd  c u r r e nt o c c u p a n cy  %

T h e  c h a n ge  t h at o c c urr ed  w as so  u n e x p e ct ed  t h at t he  s yst em  will n ot r e c o v er in  t he  n e xt 6

m o nt hs . B el o w, it c an  be  o bs er v ed  t he  dri vi ng  v ari a ble  of Q u alit y S er vi c e b ei ng  p us h ed  at t he  t op

st ars.

Fi g u r e  4- 6 8: A cti o ns in  s e r vi ce  q u ality
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Fi g u r e  4- 6 9: D esi r ed  a nd  c u r r e nt p r ofit %

Wit h  no  m ar gin  to  m a n e u v er, t he  virt u al d e ci si o n- m a k er b e g an  to  m a ni p úl ate  o nly  pri ce  to

attr a c t c u st o m er s, as it is s h o wn  in  Fi g ure  4- 7 0. H o w e v er, t his a cti on  p u nis h es t he  pr ofíts.

J F v
J V   1: B a se  Pri ce

1 :  1 4 0 0. O On

8 0 0. 0 0
6. 0 0

M o nt h s

9. 0 0  1 2. 0 0

1 2: 5 9 A M  8/ 3 0/ 02

Fi g u r e  4- 7 0: A cti o ns in  p ri ce

T h e  u n e x p e ct ed  h ar mf ul e v e nt cr e at es a s c e n ario  t h at p u s h es t he  s yst em  to  t he  li mit. T h ere  is no

s ol uti o n  to  s a ve  t he  b usi n ess in  t his sit u ati o n. H o w e v er, t he  l e ar ni ng  fr om  dis c ussi on  of t his

s c e n ari o  will ri ch  t he  m e nt al m o d els of t he  p arti ci p a nt s.
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4. 7  Lí mit ati o ns of t he  M o d el

Si n c e  a m o d el is a si m plifí ed  r e pr es e nt ati on  of a p er c ei v ed  r e alit y, e v ery  m o d el will h a ve  its o wn

li mit ati o n s. In  t he  m o d el u n d er st u d y, t h ey  ar e:

1. T he  v alid  ti me  h ori z on  of si m ul ati on  is t w el ve  m o nt hs o nl y.

2 . T he  o p er ati ng  p oi nt with  r es p e ct to  O c c u p a n c y P er c e nt a g e of t he  h ot el is 4 0%  a nd  t he

o p er ati o n  i nt er v al is ± 3 0 %. F or o ne  y e ar of ti me  h ori z o n, t his r estri cti on  of o p er ati on

w a s r e as o n a bl e. T he  i m pli c ati on  of t his li mit ati on  is gi v en  in  t he  n e xt p oi nt.

3.  T he  eff e ct of li mits of gr o wth  is n ot m o d el e d. O nly  t he  s e g m e nt i n di c at ed  by  l ett er A in

Fi g ur e  4- 71  is c o nsi d er e d. T he  r e as on  is t he  d ef miti on  gi v en  by  t he  R ef er e n ce  M o d es in

S e cti o n  4. 3. 1, a nd  t he  o p er ati o n al li mits d e cl ar ed  at p oi nt 2 a b o v e. T his i m pli es t he  m o d el

w o ul d  r e pr es e nt sit u ati o ns i nto  t he  i nt er v al 10  to  70  % of O c c u p a n cy  p er c e nt a g e. T h us

s at ur ati on  eff e cts are  n ot r e q uir ed  at t his  st a g e.

O c c u p a n c y  p er c e nt a ge

t ( y e ars)

Fi g u r e  4- 7 1: O nly  t he  b e h a vi or  of t he  á r ea  " A"  is m o d el ed

4 . T he  f o c us of t he  m o d el is m a de  on  t he  a g gr e g at ed  r el ati o n s hi ps t h at i n cl u de  pri c e, s er vi ce

q u alit y , pr ofit s, a nd  o c c u p a n cy  p er c e nt a g e. Eff e cts c a us ed  by  i m pr o v e m e nts on  ot h er

b usi n es s a nd  o p er ati ve  pr o c ess es  are  n ot t a k en  i nto  a c c o u nt.

5 . C o m p et e n ce  of t he  p ers o n n el is n ot i n cl u d ed

6 . Yi eld  m a n a g e m e nt is n ot i n cl u d e d. T he  r e as on  w as t he  e m p h asis on  s h ort a nd  l o ng  t er ms

b e n efit s , w hi ch  are  t he  f o c us of t he  pr o bl em  sit u ati o n. T h en  t he  pr o bl em  w as n ot

o pti mi zi n g  r e v e n u es  at t his  st a g e.

7 . T he  K n o wl e d g e- B a se  F u z zy  S yst e ms ( F K B S) h as b e en  d esi g n ed  f or t he  s p e cifíc

pr o bl e m ati c  sit u ati on  m o d el. E v en  w h en  t he  pr o bl e m atic  sit u ati on  m o d el r e pr es e nts a



1 5 6 C h a pt er  4. C as e of St u d y: H ot el B usi n ess a n d A d mi nistr ati o n

n o n-li n e a r a nd  c o u pl ed  s y st e m s, it m ay  n ot w ork  pr o p erly  f or a pr o bl e m atic  sit u ati on  with

a  d o mi n a nt n o n- mi ni m um  p h a s e, s u ch  as ri g ht z er os ci óse  t he  ori gin  a nd  m ore  hi g hly

c o u pl e d  i nt er a cti o ns b et w e en  t he  o ut p ut s.

8 . T he  fi v e- st ar h ot el i n d u stry  a nd  t he  s p e cifíc  h ot el m o d el ed  are  n ot g e n er al. T h ey

r e pr e s e nt a s p e cific  h ot el i n d u stry  a nd  h ot el f or P u erto  V all arí a, M é xi co  in  1 9 9 6. Al s o,

t he  m o d el o nly  r e pr e s e nts t he  p er s p e cti ve  of t he  p arti ci p a nts in  t he  m o d eli ng  s e s si o n s.

T h e  m et h od  f or a c q uiri ng  q u alit ati ve  k n o wl e d ge  is w h at att e m pts to  be  g e n er al.

4. 7. 1  O v e r b o o ki ng  M o d el

O n e  of t he  li mit ati o ns of t he  m o d el w as gi v en  by  t he  s p e cifi c ati on  t h at o nly  t he  fir st p art of t he  S-

S h a p e d  c ur ve  s h o uld  be  m o d el e d. H o w e v er, an  e xt e n si ón  of t he  m o d el to  c a pt ure  an  o v er b o o ki ng

eff e c t c an  be  g e n er at ed  with  t he  f oll o wi ng  str u ct ure  of t he  " Li mits to  Gr o wt h"  ar c h et y pe  ( S e n g e,

1 9 9 0 , 9 5- 1 0 4,) ( St er m a n, 2 0 0 0, 1 1 8- 1 2 7.) T he  str u ct ure  is s h o wn  in  Fi g ure  4- 7 2.

O c c u p a n c y  P er c e nt a ge

R e s er v ati o n s  p er M o nth

H ot e l C a p a city

A v ail a bl e  R o o ms

R o o m  R e s er v ati o ns

Fi g u r e  4- 7 2: St r u ct u re  of li mits to  g r o wth

T h e  b e h a vi or pr o d u c ed  by  t he  str u ct ure  on  R o o m R e s e r v ati o n s is  s h o wn  in  Fi g ure  4- 7 3. It is

o b s er v e d  h ow  t he  h ot el r e a c h es its c a p a city  ci óse  m o nth  1 5. H o w e v er, a l a ck  of m a n a g e m e nt on

r o om  r e s er v ati o ns  is pr e s e nt ed  a nd  t he  eff e ct of o v er b o o ki ng  is o bs er v e d. T he  n u m b er of

r e s er v ati o ns m a de  by  t he  h ot el s ur p a s s es  t he  h ot el c a p a cit y. Di s pl e a s ed  c ust o m ers by  n ot h a vi ng

t h eir assi g n ed  r o o ms on  ti me  s pr e ad  o ut t his i n c o n v e ni e n c e. T he  cr e di bility  a nd  c o nfí d e n ce  of t he

h ot e l f all a nd  a d e cr e m e nt of r e s er v ati o ns  f or t he  n e xt m o nt hs  is  a k n o wn  r e s ult.
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Fi g ur e 4- 7 3: O ver b o o ki ng  effect p att e rn

M at h e m ati c a l e q u ati o ns of t he  O v e r b o o ki ng  m o d el.

R o o m _ R es er v ati o ns(l)  = R o o m _ R es er v ati o ns(l - dt) + ( C h a n g e _ of _ R es er v ati o ns _ p er _ M o nt h)  * dt

¡ NI T R o o m _ R e s e r v ati o n s = I

C h a n g e _ of _ R es er v ali o ns _ p er _ M o nt h  = O c c u p a n c y _ P er c e nt a g e * A v ari a bl e _ R o o ms * 0. 3 5

A v ail a bl e _ R o o m s  = H ot el _ C a p a cit y- D el a y( R o o m _ R es er v ati o ns, 3)

H ot el _ C a p a cit y  = 1 0 0

O c c u p a n c y _ P er c e nt a g e  = R o o m _ R es er v ati o ns/I O O
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C h a pt e r  5

C o n cl usi o n s

" All s ci e n c es c h ar a ct eriz e t h e ess e nti al n at ur e

oft h e  s yst e ms t h e y st u d y. T h es e c h ar a ct eriz ali o n

ar e  i n v ari a bl e q u alit ati v e i n n at ur e, f or t h e y s el

t h e í er ms wit h w hi c h m or e d et ail e d k n o wl e d g e

c a n  b e d e v el o p e d... "

( N e w ell a nd  Si m ó n, A CM  T uri ng  A w ard

L e ct ur e , 1 9 7 6, cit ed  by  L u g er a nd  St u b bl efí el d,

1 9 9 3, 2 9. )

It h as b e en  d e v el o p ed  a nd  pr es e nt ed  a m et h od  to  r e ali ze  q u alit ati ve  k n o wl e d ge  a c q ui siti on  a b o ut

d y n a mi c s of c o nti n u os c o m pl ex  s yst e ms u si ng  S yst em  D y n a mi cs a nd  F u z zy  L o gi c. T he  r es e ar ch

q u esti o n s are  a ns w er ed  as  f oll o ws.

5.1 A n s w e rs to  t he  R es e a r ch  Q u esti o ns

1 . H ow  to  eli cit u n c e rt ai n, i n c o m pl et e, a nd  q u alit ati ve  k n o wl e d ge  of t he  d y n a mi cs of

c o m pl e x  s yst e ms a nd  g etti ng  it i nto  a m o d el f or  c o m p ut e r- b a s ed  si m ul ati o n?

A ns w er . F oll o wi ng  t he  n at ur al tr a nsf or m ati on  m yt h s- s y m b ol s- n u m b ers a nd  r e pr es e nti ng  it

vi a  cir c ul ar r e a s o ni n g. M yt hs, c o n stit ut ed  by  m e nt al m o d el s, v er b al m o d el s, a nd  c a u s al

di a gr a m s ; S y m b ols, by  di a gr a ms of l e v éis a nd  r at es of c h a n g es al o ng  with  a gr a p hi c al

c o m p ut e r l a n g u a g e, a nd  N u m b ers, c o nstit ut ed  by  al g e br aic  a nd  diff er e n ce  e q u ati o n s.

F e e d b a c k  t h e ory  pr o vi d es t he  str u ct ure  of k n o wl e d ge  to  be  u s e d.
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T hi s is d o ne  b y:

• Usi ng  tr a diti o n al m et h o ds f or K n o wl e d ge  E n gi n e er d e v el o p ed  by  Artifi ci al

I nt elli g e n ce  f or t he  pl a n ni ng  a nd  c o nsi d er ati o ns of t he  k n o wl e d ge  a c q uisiti on

pr o c ess .

• Usi ng  if-t h en  r ul es ( c a us e- eff e ct r el ati o ns hi ps) as t he  at o mic  el e m e nt to  r e pr es e nt

k n o wl e d g e .

• Usi ng  S yst em  T hi n ki ng  a p pr o a ch  to  est a blish  t he  sli de  of t he  r e ality  to  be  m o d el e d.

T hi s all o ws: ( a) S e ei ng  i nt err el ati o ns hi ps a m o ng  t he  el e m e nts a nd  pr o c ess of

c h a n g es . T he  k n o wl e d ge  is r e pr es e nt ed  as f e e d b a ck  str u ct ur es c a usi ng  p er c ei v ed

b e h a vi o r in  t he  d efi n ed  c o nt e xt. T he  r e pr es e nt ati on  b e c o m es p uré  cir c ul ar r e as o ni n g,

a n d  ( b) st ati ng  f o c us on  t he  cl os ed  b o u n d ary  of t he  s yst em  a nd  t he  t y pe  of

a g gr e g ati o n  r e q uir e d.

• Usi ng  S yst em  D y n a mi cs to  a c q uire  a nd  c o nstr u ct a si m ul ati on  m o d el t h at r e pr es e nt

t he  s et of p oli ci es t h at g o v em  t he  p er c ei v ed  sit u ati on  i nto  a c o m p ut er m o d el.

• Usi ng  F u z zy  L o gic  to  r e pr es e nt s p e cifi c ally  s et of p oli ci es us ed  by  d e cisi o n- m a k ers.

It is r e q uir ed  in  t he  pr o c ess:

T w o  ki n ds of k n o wl e d g e: ( a) a ct u al k n o wl e d ge  a nd  i nsi g ht of t he  s yst em  s u ch  as

pr o p erti e s a nd  h ow  it w or ks, a nd  ( b) h ow  t h ese  f a cts c an  be  tr a nsf err ed  i nto  a us ef ul

m o d el . T h ese  t wo  ár e as of k n o wl e d ge  are  c all ed  t he  ár ea  of e x p ert d o m ain  a nd  t he  ár ea  of

t he  k n o wl e d ge  e n gi n e er, r es p e cti v el y.

T h er e  are  t hr ee  s o ur c es of k n o wl e d ge  a nd  i nf or m ati on  f or s yst em  pr o p erti es:

a)  E x p eri e n ce  of e x p erts.

b ) Lit er at ure  g e n er at ed  a nd  w or k ed  o ut by  g e n er ati on  of s ci e ntist.

c ) T he  s yst em  its elf o v er w hi ch  o bs er v ati on  a nd  e x p eri m e nts are  c arri ed  o ut.

T h e  c h all e n ge  of t his r es e ar ch  w as t he  k n o wl e d ge  a c q uisiti on  of l ett er ( a) E x p eri e n ce  of

e x p erts .
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2 . W h en  is a d e q u ate  to  use  F u z zy  L o gic  i nto  S yst em  D y n a mi cs to  r e p r es e nt d y n a mic

c o m pl e xit y ?

A n s w er . F u z zy  L o gic  is a d e q u at ely  us ed  in  r e pr e s e nti ng  d y n a mic  c o m pl e xity  i nto  S yst em

D y n a mi c  m o d els w h e n:

1 . it is u s ed  as a p pr o xi m ati ng  m a p pi ng  f u n cti on  i n st e ad  of a t e c h ni q ue  to  r e pr es e nt

v a g u e n es s a nd  u n c ert ai nt y. F u z zy  L o gic  is n ot an  alt er n ati ve  of pr o b a bility  a nd  st atistic

F u z z y  L o gic  is a m at h e m ati c al di s ci pli ne  to  h a n dle  i nt er v al- b as ed  el e m e nts, a nd

2 . t he  d et ails of t he  d e ci si o n- m a k er p oli ci es are  t he  c e ntr al iss ue  a nd  t h ese  p oli ci es h a ve

d e e p e r m e a ni ng  t h an  t h ose  r e pr e s e nt ed  in  t he  m o d el. In  t his m a n n er, it is p ossi ble  to

c o m bi n e  diff er e nt l e v éis  of k n o wl e d ge  in  t he  s a me  m o d el.

5. 2  On  F u z zy  L o gic  a nd  S yst em  D y n a mi cs

O n  o ne  si d e, it s h o uld  be  cl e ar t h at a S yst em  D y n a mic  m o d el is a r e pr es e nt ati on  of p oli ci es in

a cti o n . P oli ci es in  S yst em  D y n a mi cs are  li ke  t he  tr a nsf er f u n cti o ns in  c o ntr ol e n gi n e eri n g.

H o w e v er , t he  pr o bl em  in  S yst em  D y n a mi cs is n ot c o ntr ol b ut also  fí n di ng  t he  str u ct ur es of

p oli ci e s t h at are  c a u si ng  t he  pr o bl e ms in  a c o m pl ex  s yst em  a nd  t h en  d esi g ni ng  p oli ci es t h at

i m pr o v es it. T he  b ett er r es ults usi ng  S yst em  D y n a mi cs h a ve  b e en  gi v en  in  Str at e gic  Pl a n ni ng

o f l ar ge  c o m p a ni e s, s h ari ng  visi o ns to  cr é ate  c o ns e ns us a nd  c o m mit m e nt, to  pr o d u ce  l e ar ni n g,

a n d  to  s ol ve  pr o bl e ms or d esi gn  s yst e ms (l ast g o al of S yst em  D y n a mi cs). On  t he  ot h er si d e,

t he  b est s ol uti o ns to  pr o bl e ms  usi ng  F u z zy  L o gic  h a ve  b e en  gi v en  in  C o ntr ol E n gi n e eri n g,

m ai nl y  in  dir e ct c o ntr ol, in  t he  o p er ati ve  l e v el. F u z zy  h as pr e v ed  b ei ng  eff e cti ve  w h en  t he

m at h e m ati c a l m o d els  of w h at is  pr et e n d ed  to  be  c o ntr oll ed  is  t oo  e x p a nsi ve  to  o bti a n e d. L o w-

c os t a nd  r o b u st s ol uti o ns are  pr o vi d ed  by  F u z zy  L o gi c. T his l a st st at e m e nt w as c o nfir m ed  in

t his r es e ar c h.

O n  c o m pl ex  s yst e ms, t his ki nd  of s yst e ms i n v ol v es p e o pl e. O ne  of t he  c h all e n g es by

d e ali n g  with  c o m pl ex  s yst e ms  is t h at m at h e m ati c al l a n g u a ge  is s c ar c ely  us e d. It is k n o w n, on

o n e  h a n d, t h at c o m pl ex  s yst e ms are  n o n-li n e ar, hi g hly  c o u pl ed  a nd  with  l ar ge  ti me  c o nst a nts

( s o m eti m es  d e c a d es  or l ar g er) with  r e g ard  h u m an  ti me  lif e. On  t he  ot h er h a n d, a n ot h er

c h all e n g e  is, f or e x a m ple  in  b usi n ess, a d mi nistr ati on  or m ost s o ci al s yst e ms, t he  d esi gn  an

or g a ni z ati o n  or s yst em  c an  n ot be  d o ne  in  t he  s a me  m a n n er as t he  d esi gn  of a n u cl e ar or

t h er m al p o w er pl a nt. A l ar ge  n u m b er of h o urs are  s p e nt in  si m ul ati on  b ef ore  c o nstr u cti ng  a
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n e w  d esi g n. H o w e v er, in  c o m pl ex  s yst e ms t he  d esi gn  h as to  w ork  at first, if n ot t h en  on  t he

pr o c es s is fí x e d.

T w o  k ey  q u esti o ns arise  d uri ng  t he  C o n c e pt u ali z ati on  st a g e. T h ey  are  n ot c o m pl et ely

a ns w er e d  by  t he  lit er at ure  in  t his c o nt e xt.

Q u esti o ns :

1 . H ow  m a ny  l e v éis (st ate  v ari a bl es) d o es t he  m o d el h a ve  to  c o nsi d er?

2 . W h at v ari a bl es s h o uld  it be  c o nsi d er ed  l e v éis (st ate  v ari a bl es)?

H u n g  V. Vu  ( V u, 1 9 9 7) pr o vi d es t he  a ns w er in  t he  c o nt e xt of m o d eli ng  t e c h ni q u es f or

p h ysi c a l s yst e ms.

A ns w ers :

1 . " T he  n u m b er of i niti al c o n diti o ns r e q uir ed  i n di c at es t he  n u m b er of st ate  v ari a bl es

r e q uir ed  to  d es cri be  t he  s yst e m."

2 . " T h ose  v ari a bl es f or w hi ch  i niti al c o n diti o ns are  r e q uir ed  are  c h os en  as st ate

v ari a bl es. "

5. 3  On  R es ults of t he  R es e a r ch

A n  alt e m ati ve  m et h od  to  a d dr ess t he  k n o wl e d ge  a c q uisiti on  " b ottl e n e c k" pr o bl em  in  Artifi ci al

I nt elli g e nt w as pr es e nt e d. A F u z zy  L o gi c- b as ed  m o d el r e pr es e nt ed  t he  k n o wl e d ge  t h at g o v e ms

d e cisi o ns , a nd  a S yst em  D y n a mi cs- b as ed  m o d el r e pr es e nt ed  t he  u n d erst a n di ng  of a b usi n ess

a d mi nistr ati o n  pr o c ess. B oth  m o d els are  i nt er d e p e n d e n ce  a nd  c o m prise  t he  a c q uir ed  k n o wl e d ge

u nit .

T h e  r es ults of t he  r es e ar ch  s h o w ed  t h at t he  m et h od  is vi a bl e.

A  r el e v a nt r es ult of t his r es e ar ch  is t he  fi n di ng  on  t he  c oi n ci d e n c es a b o ut t he  d esi gn  of t he

f u z zy  str u ct ure  pr o p os ed  in  S u bs e cti on  4. 4.2  a nd  t he  o ne  pr o p os ed  by  ( Vilj a m aa  & K oi v o, 1 9 9 3.)

Aft e r a d et ail ed  a n al ysis, it c an  be  c o n cl u d ed  t h at t he  pr o p os ed  f u z zy  str u ct ure  is g e n er al f or a

cl as s of pr o c ess of t wo  i n p uts - t wo  o ut p uts. It s h o uld  be  t est ed  f or pr o c ess es with  d o mi n a nt

b e h a vi o r of ri g ht z er os ci óse  ori gi n. T h ese  pr o c ess es pr es e nt r e v erse  r es p o nse  d uri ng  t he

t e m p or ary  r es p o ns e. T h en  t he  f u z zy  str u ct ure  m ay  be  c o v er wi d er cl ass es of pr o c ess es. A b o ut t he

si mil ariti es of t he  str u ct ur es, i n d e ed  b oth  are  t he  s a m e. T h ey  w ere  d esi g n ed  in  diff er e nt c o nt e xts

b u t t h ey  arri v ed  at t he  s a me  str u ct ur e. O urs in  t he  c o nt e xt of b usi n ess a nd  a d mi nistr ati on  a nd
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Vilj a m a a- K oi v o s' s in  t he  c o nt e xt of t u ni ng  m ulti v ari a ble  f u z zy  c o ntr oll ers. T he  c oi n ci d e n c es ar e:

( 1) di m e n si o ns of t he  pr o c ess to  be  c o ntr oll e d, t wo  i n p uts - t wo  o ut p uts; ( 2) n u m b er of r ul es f or

t he  f u z zy  k n o wl e d ge  b as e; ( 3) str u ct ure  of t he  li n g ui stic  v ari a bl e s, t wo  m e m b er s hip  f u n cti o n s; ( 4)

o n e  p ar a m et er to  d efi ne  e a ch  m e m b er s hi p; ( 5) str u ct ure  of t he  r ul es with  f o ur pr e mis es a nd  o ne

c o n cl u si ó n , a nd  ( 6) t he  m et h od  f or d ef u z zifi c ati on  b as ed  on  si n gl et o n s. At t he  s a me  ti m e, t he

m ai n  diff er e n ce  is t he  n u m b er of si n gl et o ns us e d. T he  pr o p os ed  d esi gn  us es t hr ee  si n gl et o ns. T he

Vilj a m a a- K oi v o s' s o ne  us es ni n e.

5. 4  On  t he  St r e n gth  a nd  W e a k n e ss of t he  M et h od

T h e  str e n gth  of t he  m et h od  to  a c q uire  q u alit ati ve  k n o wl e d ge  is t he  c o m bi n ati on  of F u z zy  L o gic

a n d  S yst em  D y n a mi cs to  c o nstr u ct a m o d el t h at c o nt ai ns t wo  l e v éis of a b str a cti o n. T he  r ul es t h at

ar e  us ed  by  a d e cisi o n- m a k er or gr o up  of d e cisi o n- m a k ers to  c o ntr ol a b usi n ess pr o c ess ( u si ng

F u z z y  L o gi c) a nd  t he  u n d erst a n di ng  of t he  b u si n e ss  pr o c ess  u n d er sr u dy  ( usi ng  S yst em

D y n a mi c s) . T his m o d el t h en  m ay  be  us ed  to  c o m m u ni c ate  a nd  s h are  a visi ón  i nto  an  or g a ni z ati o n,

o r i n si de  an  i nt elli g e nt s y st e m, f or i nst a n c e, o ne  b as ed  on  M o d el B ase  R e as o ni ng  t e c h ni q u e.

T h e  w e a k n e ss of t he  m et h od  is t he  d e p e n d e n ce  of s kills of t he  k n o wl e d ge  e n gi n e er to

f a cilít ate t he  eli cit ati on  pr o c ess m ostly  f a c e-t o-f a ce  with  t he  gr o up  of p arti ci p a nt s, a nd  t he

b a c k gr o u n d  a nd  s kills to  r e pr es e nt q u alit ati ve  k n o wl e d ge  usi ng  F u z zy  L o gic  a nd  S yst em

D y n a mi c s .

5. 5  On  t he  C o n c e pt of K n o wl e d ge

A n  i m p ort a n! c o n cl usi ón  is on  t he  c o n c e pt of k n o wl e d g e. K n o wl e d ge  is t he  c a p a city  f or eff e cti ve

r e s p o n s e. P et er S e n ge  d efi n ed  k n o wl e d ge  as "t he  c a p a city  f or eff e cti ve  a cti o n"  in  ( M c K el v e y, et

al. , 2 0 0 1, 7 8.) In  o ur d efi niti o n, it is e m p h asi z ed  t he  r e a cti ve  n at ura  of k n o wl e d g e. In  S e n g es's

d efi niti o n , it is e m p h asi z ed  t he  r es ult or fi n al pr o d u ct t h at is a d e cisi ó n, w hi ch  is an  a cti on  in  his

c o nt e xt . Ci óse  r el at ed  c o n c e pts are  t he  f oll o wi n g s. C o m pr e h e nsi on  is t he  ass o ci ati on  of

k n o wl e d g e  t h at gi v es a c a p a city  of eff e cti ve  r es p o nse  to  n ew  p att er n s. L e ar ni ng  as t he  pr o c ess to

c o nstr u c t si g nifi c a n ce  ( M artí n ez  de  R a m os, 2 0 0 1, 1 1). "I nt elli g e n ce  r ef ers to  o ur eff e cti ve  use  of

k n o wl e d g e "  ( P or a nd  M oll o y, 2 0 0 0, 2.)
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W h y  is k n o wl e d ge  m ore  i m p ort a n! in  e c o n o my  n o w a d a ys t h an  in  t he  p ast?

1 . B e c a use  d esi gn  t ask  h as b ei ng  g etti ng  hi g h er r el e v a n ce  t h an  s ol vi ng  pr o bl em  t as k.

2 . B e c a use  t he  c o n c e pt of k n o wl e d ge  h as n o w a d a ys a wi d er c o n n ot ati on  in  gl o b al e c o n o m y.

It c o v ers all t he  i nt a n gi ble  ass ets t h at pr o vi de  c a p a city  of eff e cti ve  r es p o nse  to

e nt er pris es , i n d ustri es, n ati o n s, et c. T he  i nt a n gi ble  ass ets ar e, f or e x a m pl e, c ust o m er

l o y alty  a nd  c o nfi d e n c e, br a nd  of a pr o d u ct, a nd  p er c ei v ed  v al ué  of t he  c ust o m er fr om  t he

pr o d u cí s .

T h e  c h all e n g es h a vi ng  t h ese  c a p a citi es of eff e cti ve  r es p o nse  are  h ow  to  i d e ntif y, r e gist er in

c o u nt a bl e  b o o ks, a nd  c a pit ali ze  t h e m. In  or d er to  t a c kle  t his pr o bl e m, w hi ch  c o nsists in

fí n di ng  k n o w- h o w' s, t he  a n al ysis m et h od  is b ei ng  a p pli ed  in  h u m an  or g a ni z ati o ns. T he

m et h o d  is b as ed  in  fí n di ng  t he  i n di visi ble  u nit by  p utti ng  a p art, u n d erst a n di ng  t he  p arts a nd

i nt e gr ati ng  t he  u n d erst a n di n gs in  or d er to  u n d erst a nd  t he  w h ol e. In  t his pr o c ess, t he

i n di visi ble  p art r es ults to  be  t he  i n di vi d u al p ers on  in  or g a ni z ati o ns. N ow  t he  t e c h ni c al iss ue  is

h o w  to  p ut t he  k n o wl e d ge  of t he  p ers on  i nto  a m a c hi n e. ( A n nie  Br o o ki n g, 1 9 9 9) h as m a de  an

i nt er esti ng  q u esti o n. Are  p e o ple  t he  m ore  i m p ort a nt c a pit al in  o ur c o m p a ny  or t h eir

k n o wl e d g e ?  T he  r es e ar ch  in  t his d o c u m e nt w as f o c us ed  in  g e n er ati ng  a k n o w- h ow  a b o ut

p utti n g  q u alit ati ve  k n o wl e d ge  p oss ess es by  h u m a ns on  d y n a mi cs of c o m pl ex  s yst em  in  a

m a c hi n e . Ot h er iss u es are  h ow  to  cr é ate  k n o wl e d ge  a nd  h ow  to  f a cilit ate  l e ar ni n g. C ert ai nl y,

t h ese  t h e m es are  w ort hy  to  w ork  in  ot h er r es e ar c h es.

5. 6  F u rt h er  R es e a r ch

1. T he  si m ul ati on  m o d el c an  be  p art of a K n o wl e d ge  B as e d Si m ul ati on  ( K B S) to  e x p a nd  t he

c a p a cit y  of K n o wl e d g e- B as ed  S yst e ms a nd  try  to  a ns w er q u esti o ns of t he  t y p e: C an  t he

sit u ati on  A h a p p e n?  W h at c o n diti o ns m ust be  pr es e nt to  o bs er ve  e v e nt B?  Q u esti o ns

pr o p os e d  by  ( R ot h e n b er g, 1 9 9 0.) T h ese  s yst e ms o v er p ass t h eir pr e d e c ess ors by  a ns w eri ng

q u e sti o n s b e y o nd  " W h at if."

2 . In  t he  s a me  m a n n er, M o d el B ase  R e as o ni ng  ( M B R) t e c h ni q u es ( S c arl, 1 9 9 0) c an  e x p a nd  t h eir

r a n ge  of a p pli c ati o ns a nd  n ot o nly  to  t a c kle  pr o bl e ms b as ed  on  s ci e ntifíc  k n o wl e d g e, b ut also

a p pli c ati o n s in  b usi n ess a nd  s o ci al ár e as w h ere  s yst e ms are  c o nsi d er ed  s oft. D esi g ni ng  t his

ki n d  of s yst e ms h as still a gr e at c o m p o n e nt of i nt uiti on  a nd  g o od  will. As it is k n o w n, t he  big

c h all e n g e  in  o ur d a ys is h ow  to  b al a n ce  t he  d e v el o p m e nt of o ur s o ci al s yst e ms with  t he

d e v el o p m e n t of o ur t e c h n ol o gi c al s yst e ms.
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3 . A ut o m ate  t he  k n o wl e d ge  e n gi n e er i nt er v e nti o n.

4 . C o nstr u ct a hi g h er l a y er of s oft w are  t h at a d mi nístr al es t he  si m ul ati on  m o d el to  g at h er

I nf or m ati on  a nd  e x pl ain  b e h a vi ors.

5 . G e n ér ate  a st u dy  of d e cisi o n- m a k er b as ed  on  t he  c o nstr u ct ed  si m ul at or to  p er c ei ve  t he

g e n er a l p att ern  of d e cisi o n- m a k ers d uri ng  t h eir t as k.

6 . D e v el op  a F K BS  b as ed  on  T a k a gi- S u g e no  f u z zy  m o d el to  c o m p are  a d v a nt a g es in  k n o wl e d ge

a c q uisiti o n  pr o c ess.

7 . T he  h ot el m o d el s h o uld  c o nsi d er t he  yi eld  m a n a g e m e nt str at e gy  f or n e xt st a g e. To  i m pl e m e nt

yi el d  m a n a g e m e nt, t he  si m ul at or s h o uld  i n cl u de  i n di c at ors of h ow  m a ny  r o o ms are  r es er v ed

a n d  a v ail a ble  at a s p e cific  ti m e. Also  t he  si m ul at or s h o uld  all ow  i n d e p e n d e ntly  assi g ni ng

pri c e s p er c ust o m er t y p e. T h at w o uld  i m ply  to  h a ve  a s et of at l e ast 8 pri c es. O ne  f or l o w-

pri c e d  r o o ms a nd  a n ot h er f or hi g h- pri c ed  p er c ust o m er pr ofíl e.

8 . E xt e nsi ón  of t he  m o d el to  i n cl u de  s at ur ati on  or li mits to  gr o wt h. In  t his p oi nt, it is s u g g est ed

to  c o nsi d er t hr ee  t y p es of li mits: ( 1) li mits b as ed  on  t he  b eli e v es a nd  v al ú es of t he  m a n a g ers,

( 2) li mits b as ed  on  p h ysi c al a nd  or g a ni z ati o n al r estri cti o ns of t he  h ot el, a nd  ( 3) li mits b as ed

o n  m ar k et s h are  of t he  s p e cific  z o n e.

9 . It is s u g g est ed  to  c arry  o ut t he  n e xt st ep  of m o d el v ali d ati on  t h at c o nsists on  usi ng  r e al d ata  to

a dj us t p ar a m et ers a nd  c h e ck  t he  fit n ess of t he  str u ct ur e. T h en  t he  m o d el, as a t est ed

h y p ot h esis , m ay  be  wis h ed  to  pr e di ct or f or e c ast f ut ure b e h a vi ors a nd  e v e nts of t he  b usi n ess.

1 0 . It is r e c o m m e n d ed  to  e xt e nt t he  r es e ar ch  t o w ard  t he  l e ar ni ng  eff e cts gi v en  in  t he  p arti ci p a nts

d uri n g  t he  m o d eli ng  pr o c ess. P arti ci p a nts w ere  c o nst a ntly  i n v ol v ed  in  r efl e cti o ns. T he

o bs er v e d  eff e ct w as a b ett er u n d erst a n di ng  of w h at t h ey  alr e a dy  k n e w. In  t his t h esis, t he

att e nti o n  w as p aid  o nly  on  t he  t e c h ni c al iss u es of t he  q u alit ati ve  k n o wl e d ge  a c q uisiti on

a d dr ess e d  to  t he  m a c hi n e.
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A p p e n di x  1

E q u ati o n s of t he  M o d el

A c c u m A g e n ci e s(t ) = A c c u m A g e n ci e s(t - dt) + ( C h a n g e _ P _ A g e n ci e s) * dt

I NIT  A c c u m A g e n ci es = .2

C h a n g e _ P _ A g e n ci e s = A cti v at e d R e s er v _ A g e n ci e s-l

A c c u m Airli n e s(t ) = A c c u m Airli n e s(t - dt) + ( C h a n g e _ P _ Airli n es) * dt

I NIT  A c c u m Airli n es = . 35

C h a n g e _ P _ Airli n e s = A cti v at e d R e s er v _ Airli n e s-1

A c c u m C o m m er ci al s(t ) = A c c u m C o m m er ci al s(t - dt) + ( C h a n g e _ P _ C o m m er ci als) * dt

I NIT  A c c u m C or n m er ci als  = . 15

C h a n g e _ P _ C o m m er ci al s = A cti v at e d R e s er v _ C o m m er ci al s-l

A c c u m Dir e ct s(t ) = A c c u m Dir e ct s(t - dt) + ( C h a n g e _ P _ Dir e cts) * dt

I NIT  A c c u m Dir e cts = .3

C h a n g e _ P _ Dir e ct s = A cti v at e d R e s er v _ Dir e ct s-l

A cti v at e d R e s er v _ A g e n ci e s(t ) = A cti v at e d R es er v _ A g e n ci es(t - dt) + ( C o nfir m _2  - R es er v O ut _ A g e n ci es) *

d t

I NIT  A cti v at e d R e s er v _ A g e n ci es = 1

T R A N SI T  TI ME  = 1

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF

C o nfir m _ 2  = C O N V E Y OR  O U T F L OW

R e s er v O ut _ A g e n ci e s = C O N V E Y OR  O U T F L OW

A cti v at e d R e s er v _ Airli n e s(t ) = A cti v at e d R es er v _ Airli n es(t - dt) + ( C o nfir m _3  - R es er v O ut _ Airli n es) * dt
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I NIT  A cti v at e d R e s er v _ Airli n es = 1

T R A N SI T  TI ME  = 1

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF

C o nfír m _ 3  = C O N V E Y OR  O U T F L OW

R e s er v O ut _ Airli n e s = C O N V E Y OR  O U T F L OW

A cti v at e d R e s er v _ C o m m er ci al s(t ) = A cti v at e d R e s er v _ C o m m er ci al s(t - dt) + ( C o nfir m _4  -

S ali d a _ R e s er v _ C o m er ci al e s ) * dt

I NIT  A cti v at e d R e s er v _ C o m m er ci als = 1

T R A N SI T  TI ME  = 1

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF

C o nfír m _ 4  = C O N V E Y OR  O U T F L OW

S ali d a _ R e s er v _ C o m er ci al e s = C O N V E Y OR  O U T F L OW

A cti v at e d R e s er v _ Dir e ct s(t ) = A cti v at e d R e s er v _ Dir e ct s(t - dt) + ( C o n ñr m _l - R es er v O ut _ Dir e cts) * dt

I NIT  A cti v at e d R e s er v _ Dir e cts = 1

T R A N SI T  TI ME  = 1

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF

C o nfir m J  = C O N V E Y OR  O U T F L OW

R e s er v O ut _ Dir e ct s = C O N V E Y OR  O U T F L OW

R e q u e st e d R e s er v _ A g e n ci e s(t ) = R e q u e st e d R e s er v _ A g e n ci e s(t - dt) + ( R e s er v _ A g e n ci es - C o nfír m _ 2) * dt

I NIT  R e q u e st e d R e s er v _ A g e n ci es = 2

T R A N SI T  TI ME  = 2

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF

R e s er v _ A g e n ci e s = 1 + P N R A g e n ci es

C o nfir m _ 2  = C O N V E Y OR  O U T F L OW

R e q u e st e d R e s er v _ Airli n e s(t ) = R e q u e st e d R e s er v _ Airli n e s(t - dt) + ( R es er v _ Airli n es - C o nfir m _ 3) * dt

I NIT  R e q u e st e d R e s er v _ Airli n es = 2

T R A N SI T  TI ME  = 2

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF



A p p e n di x  A. E q u ati o n s oft h e M o d el 1  79

R es er v _ Airli n e s = 1 + P N R Airli n es

C o nfir m _ 3  = C O N V E Y OR  O U T F L OW

R e q u est e d R es er v _ C o m m er ci als(t ) = R e q u est e d R es er v _ C o m m er ci als(t - dt) + ( R es er v _ C o m m er ci als -

C o nfir m _ 4 ) * dt

I NIT  R e q u est e d R es er v _ C o m m er ci als = 2

T R A N SI T  TI ME  = 2

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF

R es er v _ C o m m er ci al s = 1 + P N R C o m m er ci als

C o nfir m _ 4  = C O N V E Y OR  O U T F L OW

R e q u est e d R es er v _ Dir e cts(t ) = R e q u est e d R es er v _ Dir e cts(t - dt) + ( R es er v _ Dir e ct os - C o nfír m _l) * dt

I NIT  R e q u est e d R es er v _ Dir e cts = 2

T R A N SI T  TI ME  = 2

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF

R es er v _ Dir e ct o s = 1 + P N R Dir e cts

C o nfir m _ l = C O N V E Y OR  O U T F L OW

P S n e g(t ) = P S n e g(t - dt) + ( P S n e g _ d ot) * dt

I NIT  P S n eg  = - 1 00

g _ d o t = I F( A B S( Pr ofít _ G a p) > Bi as _ Pri c e) T H E N( G a m m a P S N * P M u N * Pr ofit _ G a p) E L S E( 0)

P S p os(t ) = P S p os(t - dt) + ( P S p os _ d ot) * dt

I NIT  P S p o s=  1 00

P S p os _ d o t = I F( a bs( Pr ofit _ G a p) > Bi as _ Pri c e) T H E N( G a m m a P S P * P M u P * Pr ofit _ G a p) E L S E( 0)

Q S n e g(t ) = Q S n e g(t - dt) + ( Q S n e g _ d ot) * dt

I NIT  Q S n eg  = -.8

Q S n e g _ d o t = I F( a bs( O c c _ P er c _ G a p) > Bi as _ O c c) T H E N( G a m m a Q S N * Q M u N * O c c _ P er c _ G a p) E L S E( 0)

Q S p os(t ) = Q S p os(t - dt) + ( Q S p os _ d ot) * dt

I NIT  Q S p os = .8

Q S p os _ d o t = I F( a bs( O c c _ P er c _ G a p) > Bi as _ O c c) T H E N( G a m m a Q S P * Q M u P * O c c _ P er c _ G a p) E L S E( 0)

Bi as _ O c c  = 2

Bi a s Pri ce  = 2
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G a m m a P S N  = I F( A d a pt ati o n _ C a p a bilit y =l) T H E N( G a m m a _ P) E L S E( 0)

G a m m a P S P  = I F( A d a pt ati o n _ C a p a bilit y =l) T H E N( G a m m a _ P) E L S E( 0)

G a m m a Q S N  = I F( A d a pt ati o n _ C a p a bilit y =l) T H E N( G a m m a _ Q) E L S E( 0)

G a m m a Q S P  = I F( A d a pt ati o n _ C a p a bilit y =l) T H E N( G a m m a _ Q) E L S E( 0)

G a m m a _ P  = 1

G a m m a _ Q  = 2/ 1 00

P M u N  = M E A N( p w 2, p w 3, p w 4, p w 8, p wl 2)

P M u P  = M E A N( p w 5, p w 9, p wl 3, p wl 4, p wl 5)

Q M u N  = M E A N( q wl 6)

Q M u P  = M E A N( q wl, q w 2, q w 3, q w 4)

C h a n g e _i n _ A g e n ci e s = 0. 5 * C h a n g e _i n _ A g e n ci es _ b y _ Q u alit y + 0. 5 * C h a n g e _i n _ A g e n ci es _ b y _ Pri ce

C h a n g e _i n _ Airli n e s = 0. 5 * C h a n g e _i n _ Airli n e s _ b y _ Q u alit y + 0. 5 * C h a n g e _i n _ Airli n e s _ b y _ Pri ce

C h a n g e _i n _ C o m m er ci al s = 0. 5 * C h a n g e _i n _ C o m m er ci al s _ b y _ Q u alit y + 0. 5 * C h a n g e _i n _ C o m m er _ b y _ Pri ce

C h a n g e _i n _ D  ir e cts = 0.5  * C h a n g e _i n _ Dir e ct s _ b y _ Q u alit y + 0.5  * C h a n g e _i n _D  ir e cts _ b y _ Pri ce

C o m p et e n c e R o o m  = Fi v e _ St ar _ M ar k et- H ot el R o o ms

H ot el R o o m s = Fi v e _ St ar _ M ar k et * P Di m H ot el

N o mi n al H ot el R o o m s = Fi v e _ St ar _ M ar k et * P H ot el

P A er oli n e a s = A c c u m Airli n e s/ S u m P Mi xt ure

P  A g e n ci as = A c c u m A g e n ci e s/ S u m P Mi xt ure

P C o m er ci al e s = A c c u m C o m m er ci al s/ S u m P Mi xt ure

P Di m H ot e l = P H ot el + P _ A cti v _ R e s er v-1

P Dir e ct o s = A c c u m Dir e ct s/ S u m P Mi xt ure

R o o ms 2 A g e n ci e s = H ot el R o o m s * P A g e n ci as

R o o m s 2 Airli n e s = H ot el R o o ms * P A er oli n e as

R o o m s 2 C o m m er ci al s = H ot el R o o m s * P C o m er ci al es

R o o m s 2 Dir e ct s = H ot el R o o ms * P Dir e ct os

S u m P Mi xt ur e  = A c c u m Dir e ct s + A c c u m A g e n ci e s + A c c u m Airli n e s + A c c u m C o m m er ci als

Fi v e _ St ar _ M ar k e t = G R A P H( TI M E)

( 1. 0 0, 3 8 6 8 4), ( 2. 0 0, 4 2 0 0 5), ( 3. 0 0, 3 8 5 2 6), ( 4. 0 0, 3 3 8 5 4), ( 5. 0 0, 2 2 3 8 7), ( 6. 0 0, 2 2 3 8 7), ( 7. 0 0, 3 1 4 7 5),

( 8. 0 0, 3 1 3 6 0), ( 9. 0 0, 1 9 7 5 3), ( 1 0. 0, 2 5 0 2 1), ( 1 1. 0, 2 9 6 2 0), ( 1 2. 0, 3 0 7 8 2), ( 1 3. 0, 3 0 7 8 2)

P H ot e l = G R A P H( TI M E)

( 1. 0 0, 0. 1 3 4), ( 2. 0 0, 0. 1 1 9), ( 3. 0 0, 0. 1 2 1), ( 4. 0 0, 0. 1 2 1), ( 5. 0 0, 0. 1 3 8), ( 6. 0 0, 0. 1 3), ( 7. 0 0, 0. 1 3), ( 8. 0 0,

0. 1 2 2) , ( 9. 0 0, 0. 1 3 1), ( 1 0. 0, 0. 1 1 3), ( 1 1. 0, 0. 1 3 2), ( 1 2. 0, 0. 1 7 8), ( 1 3. 0, 0. 1 7 8)

A c c u m ul at e d _ C o st s(t ) = A c c u m ul at e d _ C osts(t - dt) + ( T ot al _ C osts) * dt

I NIT  A c c u m ul at e d _ C o sts = 0. 01

T ot al _ C o st s = C o st s 4 Dir e ct s + C o st s 4 Airli n e s + C o st s 4 A g e n ci e s + C o st s 4 C o m m er ci al s + S er vi c e _ Q u alit y _ C o st
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C o st s 4 A g e n ci e s = R o o m s 2 A g e n ci e s * V ar C o st s 4 A g e n ci es

C osts 4 Airli n e s = R o o ms 2 Airli n es * V ar C osts 4 A er oli n e as

C o st s 4 C o m m er ci al s = R o o m s 2 C o m m er ci al s * V ar C o st s 4 C o m m er ci als

C osts 4 Dir e ct s = R o o m s 2 Dir e ct s * V ar C o st s 4 Dir e cts

V ar C osts 4 A er oli n e a s = 2 50

V ar C o st s 4 A g e n ci e s = 2 50

V ar C o st s 4 C o m m er ci al s = 2 00

V ar C o st s 4 Dir e ct s = 3 00

S er vi c e _ Q u alit y _ C o s t = G R A P H( S er vi c e _ Q u alit y)

( 1. 0 0, 1. 7 e + 0 0 6), ( 2. 0 0, 2 e + 0 0 6), ( 3. 0 0, 2. 4 e + 0 0 6), ( 4. 0 0, 2. 5 e + 0 0 6), ( 5. 0 0, 2. 7 e + 0 0 6)

P F K B S(t ) = P F K B S(t - dt) + ( C h a n g e _i n _ pri c e) * dt

I NIT  P F K BS  = Pri ce

C h a n g e _i n _ pri c e  = ( P N * P sl + P Z * P s 2 + P P * P s 3)/( P N + P Z + P P)

Q F K B S(t ) = Q F K B S(t - dt) + ( C h a n g e _ of _ Q) * dt

I NIT  Q F K BS  = Q u ality

C h a n g e _ of _ Q  =

I F(( Q F K B S < 4. 9 8) O R(( Q N * Q sl + Q Z * Q s 2 + Q P * Q s 3)/( Q N + Q Z + Q P) < 0)) T H E N(( Q N * Q sl + Q Z * Q s 2 + Q P * Q

s 3)/( Q N + Q Z + Q P)) E L S E( 0 )

P s l = P S n eg

Ps 2  = 0

Ps 3  = P S p os

Q s l = Q S n eg

Qs 2  = 0

Qs 3  = Q S p os

P N  = M A X( p w 2, p w 3, p w 4, p w 8, p wl 2)

P P  = M A X( p w 5, p w 9, p wl 3, p wl 4, p wl 5)

P Z  = M A X( p wl, p w 6, p w 7, p wl O, p wl l. p wl ó)

Q N  = M A X( q wl 6)

Q P  = M A X( q wl, q w 2, q w 3, q w 4)

Q Z  = M A X( q w 5, q w 6, q w 7, q w 8, q w 9, q wl O, q wl I, q wl 2, q wl 3, q wl 4, q wl 5)

p w l = MI N( xl N V, xl N V d ot, x 2 N V, x 2 N V d ot)

p wl O  = MI N( xl P V, xl N V d ot, x 2 N V, x 2 P V d ot)

p w l 1 = MI N( xl P V, xl N V d ot, x 2 P V, x 2 N V d ot)

p w l 2 = MI N( xl P V, xl N V d ot, x 2 P V, x 2 P V d ot)

p w l 3 = MI N( xl P V, xl P V d ot, x 2 N V, x 2 N V d ot)
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p w! 4  = MI N( xl P V, xl P V d ot, x 2 N V, x 2 P V d ot)

p w! 5  = MI N( xl P V, xl P V d ot, x 2 P V, x 2 N V d ot)

p wl ó  = MI N( xl P V, xl P V d ot, x 2 P V, x 2 P V d ot)

p w 2  = MI N( xl N V, xl N V d ot, x 2 N V, x 2 P V d ot)

p w 3  = MI N( xl N V, xl N V d ot, x 2 P V, x 2 N V d ot)

p w 4  = MI N( xl N V, xl N V d ot, x 2 P V, x 2 P V d ot)

p w 5  = MI N( xl N V, xl P V d ot, x 2 N V, x 2 N V d ot)

p w ó  = MI N( xl N V, xl P V d ot, x 2 N V, x 2 P V d ot)

p w 7  = MI N( xl N V, xl P V d ot, x 2 P V, x 2 N V d ot)

p w 8  = MI N( xl N V, xl P V d ot, x 2 P V, x 2 P V d ot)

p w 9  = MI N( xl P V, xl N V d ot, x 2 N V, x 2 N V d ot)

q w l = MI N( xl N V, xl N V d ot, x 2 N V, x 2 N V d ot)

q wl O  = MI N( xl P V, xl N V d ot, x 2 N V, x 2 P V d ot)

q w l 1 = MI N( xl P V, xl N V d ot, x 2 P V, x 2 N V d ot)

q w l 2 = MI N( xl P V, xl N V d ot, x 2 P V, x 2 P V d ot)

q w l 3 = MI N( xl P V, xl P V d ot, x 2 N V, x 2 N V d ot)

q w l 4 = MI N( xl P V, xl P V d ot, x 2 N V, x 2 P V d ot)

q w l 5 = MI N( xl P V, xl P V d ot, x 2 P V, x 2 N V d ot)

q w l 6 = MI N( xl P V, xl P V d ot, x 2 P V, x 2 P V d ot)

q w 2  = MI N( xl N V, xl N V d ot, x 2 N V, x 2 P V d ot)

q w 3  = MI N( xl N V, xl N V d ot, x 2 P V, x 2 N V d ot)

q w 4  = MI N( xl N V, xl N V d ot, x 2 P V> x 2 P V d ot )

q w 5  = MI N( xl N V, xl P V d ot, x 2 N V, x 2 N V d ot)

q w ó  = MI N( xl N V, xl P V d ot, x 2 N V, x 2 P V d ot)

q w 7  = MI N( xl N V, xl P V d ot, x 2 P V, x 2 N V d ot)

q w 8  = MI N( xl N V, xl P V d ot, x 2 P V, x 2 P V d ot)

q w 9  = MI N( xl P V, xl N V d ot, x 2 N V, x 2 N V d ot)

a l = 10

al d o t = 5

a 2  = 5

a 2 d ot =  10

C urr e nt _ O c c _ %  = ( O c c u p a n c y P er c e nt a g e-

L a st _ Y e ar _ O c c u p a n c y _ P er c e nt a g e)/ L a st _ Y e ar _ O c c u p a n c y _ P er c e nt a g e * 1 0 0

C urr e nt _ Pr ofit _ %  = ( A c c u m ul at e d _I n c o m e s- A c c u m ul at e d _ C o st s)/ A c c u m ul at e d _ C o st s*  1 00

e l = O c c _ P er c _ G ap

el d o t = O c c _ P er c _ G a p- d el a y( O c c _ P er c _ G a p,l, 0)

e 2  = Pr ofit _ G ap
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e 2 d o t = Pr ofit _ G a p- d el a y( Pr ofit _ G a p,l, 0)

O c c u p a n c y _ % _ G o a l = 10

O c c _ P er c _ G a p  = C urr e nt _ O c c _ %- O c c u p a n c y _ % _ G o al

Pr ofit _ % _ G o a l = 5

Pr ofit _ G a p  = C urr e nt _ Pr ofit _ %- Pr ofit _ % _ G o al

xl N  = I F( e K =- al) T H E N(l) E L S E(( al- el)/( 2 * al))

xl N d o t = I F( el d ot < =- al d ot) T H E N(l) E L S E(( al d ot- el d ot)/( 2 * al d ot))

xl N V  = I F( xl N < 0) T H E N( 0) E L S E( xl N)

xl N V d o t = I F( xl N d ot < 0) T H E N( 0) E L S E( xl N d ot)

xl P  = I F( el > = al) T H E N(l) E L S E(( al + el)/( 2 * al))

xl P d o t = I F( el d ot > = al d ot) T H E N(l) E L S E(( al d ot + el d ot)/( 2 * al d ot))

xl P V  = I F( xl P < 0) T H E N( 0) E L S E( xl P)

xl P V d o t = I F( xl P d ot < 0) T H E N( 0) E L S E( xl P d ot)

x 2 N  = I F( e 2 < =- a 2) T H E N(l) E L S E(( a 2- e 2)/( 2 * a 2))

x 2 N d o t = I F( e 2 d ot < =- a 2 d ot) T H E N(l) E L S E(( a 2 d ot- e 2 d ot)/( 2 * a 2 d ot))

x 2 N V  = I F( x 2 N < 0) T H E N( 0) E L S E( x 2 N)

x 2 N V d o t = I F( x 2 N d ot < 0) T H E N( 0) E L S E( x 2 N d ot)

x 2 P  = I F( e 2 > = a 2) T H E N(l) E L S E(( a 2 + e 2)/( 2 * a 2))

x 2 P d o t = I F( e 2 d ot > = a 2 d ot) T H E N(l) E L S E(( a 2 d ot + e 2 d ot)/( 2 * a 2 d ot))

x 2 P V  = I F( x 2 P < 0) T H E N( 0) E L S E( x 2 P)

x 2 P V d o t = I F( x 2 P d ot < 0) T H E N( 0) E L S E( x 2 P d ot)

A c c u m ul at e d _I n c o m e s(t ) = A c c u m ul at e d _I n c o m e s(t - dt) + ( T ot al _I n c o m es) * dt

I NIT  A c c u m ul at e d _I n c o m es = 0. 01

T ot al _I n c o m e s = I n c o m e s _ Fr o m Dir e ct s + P ai d Bill s +I n c o m e s Fr o m Airli n e s +I n c o m e s Fr o m C o m m er ci als

Bill s 2 B P ai d(t ) = Bills 2 B P ai d(t - dt) + (I n c o m es Fr o m A g e n ci es - P a y m e nts) * dt

I NIT  Bill s 2 B P aid  = O

T R A N SI T  TI ME  = 2

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF

I n c o m e s Fr o m A g e n ci es = R o o ms 2 A g e n ci es * F ar e 4 A g e n ci es

P a y m e nt s = C O N V E Y OR  O U T F L OW

P ai d Bills(t ) = P ai d Bills(t - dt) + ( P a y m e nts - Fil e) * dt

I NIT  P ai d Bills = O

T R A N SI T  TI ME  = 1

I N F L OW  LI MIT  = I NF
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C A P A CI T Y  = I NF

P a y m e nt s = C O N V E Y OR  O U T F L OW

Fil e  = C O N V E Y OR  O U T F L OW

F ar e 4 A g e n ci e s = . 8 5 * B a s e _ Pri ce

F ar e 4 Airli n e s = . 7 5 * B a s e _ Pri ce

F ar e 4 C o m m er ci al s = . 9 * B a s e _ Pri ce

F ar e 4 Dir e ct o s = l * B a s e _ Pri ce

I n c o m e s Fr o m Airli n es = R o o m s 2 Airli n e s * F ar e 4 Airli n es

I n c o m e s Fr o m C o m m er ci als = R o o m s 2 C o m m er ci al s * F ar e 4 C o mi n er ci als

I n c o m e s _ Fr o m Dir e cts = R o o m s 2 Dir e ct s * F ar e 4 Dir e ct os

O c c u p a n c y _I S E(t ) = O c c u p a n c y _I S E(t - dt) + ( O c c S q u ar e D e vi ati o n) * dt

I NIT  O c c u p a n c y J SE  = O

O c c S q u ar e D e vi ati o n  = O c c _ P er c _ G a p * O c c _ P er c _ G ap

Pr ofit _I S E(t ) = Pr ofit _I S E(t - dt) + ( Pr ofít S q u ar e D e vi ati o n) * dt

I NIT  Pr ofit J SE  = O

Pr ofít S q u ar e D e vi ati o n  = Pr ofít _ G a p * Pr ofit _ G ap

C urr e nt _ M o nt h  = TI ME

O c c _ P erf or m _ F n c  = S Q R T( O c c u p a n c y _I S E)/ C urr e nt _ M o nth

Pr ofit _ P erf or m _ F n c  = S Q R T( Pr ofit _I S E)/ C urr e nt _ M o nth

B a s e _ Pri c e  = I F( F u z z y _ D e ci si o n _ M a ki n g =l) T H E N( P F K B S) E L S E( Pri c e)

C h a n g e _i n _ A g e n ci e s _ b y _ Pri c e  = C h a n g e _i n _ A g e n ci e s _2

C h a n g e _i n _ Airli n e s _ b y _ Pri c e  = C h a n g e _i n _ Airli n e s _2

C h a n g e _i n _ C o m m er _ b y _ Pri c e  = C h a n g e _i n _ C o m m er ci al s _2

C h a n g e _i n _ Dir e ct s _ b y _ Pri c e  = C h a n g e _i n _ Dir e ct s _2

R ef F ar e  = 8 00

R ef F ar e 4 A g e n ci e s = 0. 8 5 * R ef F are

R ef F ar e 4 Airli n e s = 0. 7 5 0 * R ef F are

R ef F ar e 4 C o m m er ci al s = 0. 9 0 * R ef F are

R ef F ar e 4 Dir e ct o s = R ef F ar e *!

S ati sf a cti o n _ of _ A g e n ci e s _ 2  = I F( R ef F ar e 4 A g e n ci e s < 0. 8 5 * B a s e _ Pri c e) T H E N((-

4 *  1. 0 5/ R ef F ar e 4 A g e n ci e s) * 0. 8 5 * B a s e _ Pri c e + 9) E L S E( 5)

S ati sf a cti o n _ of _ Airli n e s _ 2  = I F( R ef F ar e 4 Airli n e s < 0. 8 * B a s e _ Pri c e) T H E N((-

4 * 1. 0 5/ R ef F ar e 4 Airli n e s) * 0. 8 * B a s e _ Pri c e + 9) E L S E( 5 )
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S atisf a cti o n _ of _ C o m m er ci als _ 2  = I F( R ef F ar e 4 C o m m er ci als < 0. 9 * B as e _ Pri c e) T H E N((-

4 * 1. 0 5/ R ef F ar e 4 C o m m er ci al s) * 0. 9 * B a s e _ Pri c e + 9) E L S E( 5 )

S atisf a cti o n _ of _ Dir e cts _ 2  = I F( R ef F ar e 4 Dir e ct o s <l * B a s e _ Pri c e) T H E N((-

4 *  1. 0 5/ R ef F ar e 4 Dir e ct os)*  1 * B as e _ Pri c e + 9) E L S E( 5)

C h a n g e _i n _ A g e n ci e s _ 2  = G R A P H( S atisf a cti o n _ of _ A g e n ci es _ 2)

( 1. 0 0, - 0. 3), ( 2. 0 0, - 0. 1), ( 3. 0 0, - 0. 0 5), ( 4. 0 0, 0. 0 0), ( 5. 0 0, 0. 1 5)

C h a n g e _i n _ Airli n e s _ 2  = G R A P H( S atisf a cti o n _ of _ Airli n es _ 2)

( 1. 0 0, - 0. 3 5), ( 2. 0 0, - 0. 1), ( 3. 0 0, - 0. 0 5), ( 4. 0 0, 0. 0 0), ( 5. 0 0, 0. 1 5)

C h a n g e _i n _ C o m m er ci al s _ 2  = G R A P H( S atisf a cti o n _ of _ C o m m er ci als _ 2)

( 1. 0 0, - 0. 3), ( 2. 0 0, - 0. 1), ( 3. 0 0, - 0. 0 5), ( 4. 0 0, 0. 0 0), ( 5. 0 0, 0. 1 5)

C h a n g e _i n _ Dir e cts _ 2  = G R A P H( S atisf a cti o n _ of _ Dir e cts _ 2)

( 1. 0 0, - 0. 3), ( 2. 0 0, - 0. 1), ( 3. 0 0, - 0. 0 5), ( 4. 0 0, 0. 0 0), ( 5. 0 0, 0. 1 5)

Pr ofil e _ of _ A g e n ci e s = 4

Pr ofil e _ of _ Airli n e s = 3

Pr ofil e _ of _ C o m m er ci al s = 4

Pr ofil e _ of _ Dir e ct s = 5

S atisf a cti o n _ of _ A g e n ci e s = I F( Pr ofil e _ of _ A g e n ci es > S er vi c e _ Q u alit y) T H E N( 5-( Pr ofil e _ of _ A g e n ci es-

S er vi c e _ Q u alit y)) E L S E( 5 )

S atisf a cti o n _ of _ Airli n e s = I F( Pr ofil e _ of _ Airli n es > S er vi c e _ Q u alit y) T H E N( 5-( Pr ofíl e _ of _ Airli n es-

S er vi c e _ Q u alit y)) E L S E( 5 )

S atisf a cti o n _ of _ C o m m er ci al s = I F( Pr ofil e _ of _ C o m m er ci als > S er vi c e _ Q u alit y) T H E N( 5-

( Pr ofil e _ of _ C o m m er ci als- S er vi c e _ Q u alit y)) E L S E( 5)

S atisf a cti o n _ of _ Dir e ct s = I F( Pr ofil e _ of _ Dir e cts > S er vi c e _ Q u alit y) T H E N( 5-( Pr ofil e _ of _ Dir e cts-

S er vi c e _ Q u alit y)) E L S E( 5 )

S er vi c e _ Q u alit y  = I F( F u z z y _ D e ci si o n _ M a ki n g=  1 ) T H E N( Q F K B S) E L S E( Q u alit y)

C h a n g e _i n _ A g e n ci e s _ b y _ Q u alit y  = G R A P H( S atisf a cti o n _ of _ A g e n ci es)

( 1. 0 0, - 0. 2 8), ( 2. 0 0, - 0. 1 5), ( 3. 0 0, - 0. 0 5), ( 4. 0 0, 0. 0 0), ( 5. 0 0, 0. 1)

C h a n g e _i n _ Airli n e s _ b y _ Q u alit y  = G R A P H( S ati sf a cti o n _ of _ Airli n e s)

( 1. 0 0, - 0. 2 5), ( 2. 0 0, - 0. 1 5), ( 3. 0 0, - 0. 0 5), ( 4. 0 0, 0. 0 0 5), ( 5. 0 0, 0. 0 6)

C h a n g e _i n _ C o m m er ci al s _ b y _ Q u alit y  = G R A P H( S atisf a cti o n _ of _ C o m m er ci als)

( 1. 0 0, - 0. 2 8), ( 2. 0 0, - 0. 1 5), ( 3. 0 0, - 0. 0 5), ( 4. 0 0, 0. 0 0), ( 5. 0 0, 0. 1)

C h a n g e _i n _ Dir e ct s _ b y _ Q u alit y  = G R A P H( S atisf a cti o n _ of _ Dir e cts)

( 1. 0 0, - 0. 3), ( 2. 0 0, - 0. 1 5), ( 3. 0 0, - 0. 0 5), ( 4. 0 0, - 0. 0 3), ( 5. 0 0, 0. 1)

P _ A cti v J R e s er v(t ) = P _ A cti v _ R e s er v(t - dt) + ( C o nfir m _5  - R e s er v J D ut) * dt

I NIT  P _ A cti v _ R e s erv  = 1

T R A N SI T  TI ME  = 1

I N F L OW  LI MIT  = I NF
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C A P A CI T Y  = I NF

C o nfir m _ 5  = C O N V E Y OR  O U T F L OW

R e s er v _ O u t = C O N V E Y OR  O U T F L OW

R e g _ of _ R e s er v(t ) = R e g _ of _ R es er v(t - dt) + ( D elt a R es erv  - C o nfir m _ 5) * dt

I NIT  R e g _ of _ R es erv  = 2

T R A N SI T  TI ME  = 2

I N F L OW  LI MIT  = I NF

C A P A CI T Y  = I NF

D elt a R e s er v  = l +( S u m N R H ot el)/ H ot el R o o ms

C o nfir m _ 5  = C O N V E Y OR  O U T F L OW

H ot el _ C a p a cit y  = 9 1 25

L a st _ Y e ar _ O c c u p a n c y _ P er c e nt a g e  = N o mi n al H ot el R o o m s/ H ot el _ C a p a cit y*  1 00

N R A g e n ci e s = R o o m s 2 A g e n ci e s * C h a n g e _i n _ A g e n ci es

N R Airli n e s = R o o m s 2 Airli n e s * C h a n g e _i n _ Airli n es

N R C o m m er ci al s = R o o m s 2 C o m m er ci al s * C h a n g e _i n _ C o m m er ci als

N R Dir e ct s = R o o m s 2 Dir e ct s * C h a n g e _i n _ Dir e cts

O c c u p a n c y P er c e nt a g e  = I F( H ot el R o o m s > 0) T H E N( H ot el R o o m s/ H ot el _ C a p a cit y*  l O O) E L S E( O)

P N R A g e n ci e s = N R A g e n ci e s/ H ot el R o o ms

P N R Airli n e s = N R Airli n es/ H ot el R o o ms

P N R C o m m er ci al s = N R C o m m er ci al s/ H ot el R o o ms

P N R Dir e ct s = N R Dir e ct s/ H ot el R o o ms

S u m N R H ot e l = N R Dir e ct s + N R A g e n ci e s + N R C o m m er ci al s + N R Airli n es

A d a pt ati o n _ C a p a bilit y  = 1

F u z z y _ D e ci si o n _ M a ki n g  = 1

Pri c e  = 1 0 00

Q u alit y  = 3

Z er o  r ef er e n ce  = O






