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

T h i s  paper i s  devoted t o  t h e  i s s u e s  of macroeconomic impac ts  
o f  Computer I n t e g r a t e d  Mar,c.tf a c t ~ t r i n q  t e c h n o l o q i e s  1  ) . The 
A n a l y s i s  o f  new techno lo r j ies  i n  t h e  c o n t e x t  o f  economic 
 growth and s t r u c t ~ \ r a l  change o f  n a t i o n a l  economies i s  an 
impor tan t  aspect  o f  systems a n a l y s i s  o f  i n n o v a t i o n  
processes. Beyond d i r e c t  economic impac ts  new 
techno log ies  cause a v a r i e t y  o f  induced e f f e c t s  due t o  
t h e  i n t e r r e l a t i o n s  between t h e  economic system and t h e  
p r o d u c t i o n  a c t i v i t i e s  immediate ly  a f f e c t e d  by  these  
techno1 o g i  es. 

4 n a l y z i n g  macroeconomic impac ts  o f  C I M  t echno log ies ,  we can 
r e l y  on a cons ide rab le  stock: o f  s c i e n t i f i c  and p r a c t i c a l  
r e s u l t s  and on a v a r i e t y  of proved t o o l s  b o t h  f o r  research  
and d e c i s i o n  suppor t  purposes. It w i l l  be  u s e f u l  t o  d e s c r i b e  
h e r e  t h i s  p r a c t i c a l  and t h e o r e t i c a l  background of t h e  
a n a l y s i s  i n  b r i e f .  

I n  t h e  f i e l d  of p r a c t i c a l  e:.:perience a t  l e a s t  t h e  f o l l o w i n g  
t h r e e  ' r o o t s '  o f  f u r t h e r  research  a r e  wor th  mentioninlg: 

1 )  p r e v i o u s  s tc .~d ies on macroeconomic impacts  o f  C I M  and 
r e l a t e d  technolo~aj .es.  u s i n q  i npu t -ou tpu t  techn iques  and 
econometr ic models, as, f o r  ins tance ,  t h e  r e s u l t s  o f  
F l e i s s n e r  e t  a1 . C 19811, L e o n t i e f  /Duchin C 19861, Howel 1  
C 19851, A y r e s / E r a i t t s c h / M o r i  C 19871 and t h e  promi s i n g  
s tudy o f  Kinoshita/Yamada C19881. Ayres e t  a l .  C19871 
compared some o f  these  s tud ies ,  p o i n t e d  o u t  genera l  
method01 o q i  c a l  problems and drew some conc l  ~ t s i  ons. To a 
c e r t a i n  e x t e n t  t h i s  work w i l l  be c a r r i e d  on i n  t h e  
p resent  paper. 

2) t h e  exper ience  o f  t h e  IIASA C I M  p r o j e c t  concern ing  
a n a l y s i s  and f o r e c a s t s  of C I M  technolol3y d i f f u s i o n  and 
t h e  a n a l y s i s  of C I M  imp lementa t ion  i s s u e s  on t h e  f i r m  
1  eve1 . For t hese  purposes w i t h i n  t h e  C I M  p r o j e c t  
p r e v i o u s l y  ' have  been used, f i r s t  o,f a l l ,  l o f i g i s t i c  
d i f f u s i o n  models, t h e  p r o d u c t i o n  f u n c t i o n  apparatus,  and 
a technolo~gy p e n e t r a t i o n  model 1  ink in la  macro and m i c r o  
l e v e l  2). 

T h i s  te rm i s  t r e a t e d  here  i n  a  broader sense, i . e .  
i n c l u d i n ~ g  n o t  o n l y  f u l l y  i n t e g r a t e d  manuf a c t u r i n q  
systems, b u t  a l s o  stand-alone a p p l i c a t i o n s  o f  t h e  maln 
components o f  C I M ,  such as n u m e r i c a l l y  c o n t r o l  l e d  machine 
t o o l s  (NC-machi nes)  , i n d u s t r i a l  r o b o t s ,  f 1 e i : i b l e  
manufactur ing systems and computer-aided des ign  and 
manufac tu r inq  (CADICAM) systems. We w i l l  look: a t  t h e  
s t r u c t u r e  of t h i s  complex o f  t e c h n o l o g i e s  be1 ow. 

2) Yet w i t h o u t  consider inf ig i n t e r i n d u s t r y  1  inkages,  i n  
p r i n c i p l e  r e l y i n q  on compos i t ion  o f  m i c r o  t o  macro 
behav io r .  see Tani  C19881 



C a l c ~ r l a t i o n s  were performed f o r  i n d u s t r i  a1 r o b o t s  and 
NC-machines on Japanese, US and CSSR data.  A wor ldwide 
da ta  base on f le : . : i b le  manuf a c t ~ r r i n g  systenls (FMS) has 
been c o l l e c t e d  and analyzed f rom t h e  v i e w p o i n t  o f  
c o s t  /benef i t  performance, s o c i  a1 and manageri a1 i ssues. 
T h i s  work i s  g o i n q  on now on t h e  base o f  d e t a i l e d  FMS 
ques t i onna i res .  

A1 1  t hese  s t ~ t d i e s ,  t o g e t h e r  w i t h  r e l a t e d  resea rch  r e s ~ r l t s  
i n  o t h e r  i n s t i t u t i o n s  i n  d i f f e r e n t  c o u n t r i e s ,  w i l l  
p r o v i d e  a  more o r  l e s s  comprehensive d e s c r i p t i o n  o f  t h e  
d i f f u s i o n  process o f  CIN techno log ies .  F'robabl y  t h i s  i s  
t h e  most i m p o r t a n t  p r e r e q u i s i t e  f o r  a  s u f f i c i e n t l y  
r e 1  i a b l e  macroeconomic impact  a n a l y s i s .  

3) The 'mu1 t i n a t i o n a l '  exper ience  i n  usinla economic models 
f o r  macroeconomi c  ana l  y s i  s. Th i  s  paper i s  f ocus i  ng, above 
a1 1, on econometr ic  j . n p ~ t t - o ~ t t p ~ l t   model.^, because they  
a1 low t o  t r a c e  t h e  causal  cha ins  o f  macroeconomic impac ts  
b o t h  i n  te rms o f  i n t e r i n d u s t r y  r e l a t i o n s h i p s  and o f  
interdependences between economic v a r i a b l e s  d e s c r i b i n q  
economic behav io r  and bas i c  ba lance equa t ions .  Compared 
t o  ' pu re '  i n p u t - o u t p ~ ~ t ,  t h e  econometr ic  e x t e n s i o n  o f  
t hese  models h e l p s  t o  overcome some o f  t h e i r  
d isadvantages,  connected w i t h  t h e  r e l a t i v e  r i g i d i t y  and 
ones i  dedness o f  t h e  concept.  

Yet t h e r e  i s  an overwhelming v a r i e t y  o f  t hose  models i n  
t h e  wor ld.  I t  i s  r a t h e r  d i f f i c u l t  t o  e s t i m a t e  t h e  
comparat ive advantaqes and d isadvantages o f  t h e  d i f f e r e n t  
model s t r u c t u r e s .  T h ~ r e  a r e  al.so s e v e r a l  approaches t o  
i n t e g r a t e  econometr ics  i n t o  an i n p u t - o u t p u t  frameworl:: o r  
v i c e  versa.  T ~ E  development o f  t h e  I IASA-INFORUM f ami 1  y 
o f  econometr ic  i n p u t - o u t p u t  models and t.he d i s s e m i n a t i o n  
o f  t h e  G and SL1MFOF:F' spec i  a1 so+ tware  pacl::ages by I IfiSA 
were i m p o r t a n t  c o n t r i b u t i o n s  t o  t h i s  f i e l d  o f  research .  
(see Input -Output  C1781-19851). 

I n  any case. f o r  t h e  purposes cons idered  here,  t h e  model 
s t r u c t u r e  must be s p e c i f i e d  acco rd inq  t o  some concept o f  
p o s s i b l e  p a t h s  o f  t h e  macroeconomic impact  o f  C I M .  That 
does n o t  mean, t h a t  t h e  model i s  t o  be b u i l t  ' f r o m  
s c r a t c h ' .  Most o f  t h e  s t u d i e s  quoted under ( 1 )  have been 
per formed on we l l -p roved  models, f r e q u e n t l y  used f o r  
o t h e r  purposes a l r e a d y  be f  ore.  

However, p u r e  e x t r a p o l a t i o n  o f  p r e v i o u s  p r a c t i c a l  e:.:peri ence 
might  w i t h  t i m e  l e a d  t o  a  c e r t a i n  ' r esea rch  b i a s ' ,  i f  n o t  
r e g u l a r 1  y  c o n f r o n t e d  w i t h  t h e  under1 y i n q  t heo re t . i ca1  
concepts. Main p i l l a r s  uf t h e  t h e o r e t i c a l  back:qround o f  our 
resea rch  s u b j e c t  shou ld  be cons idered  i n n o v a t i o n  t heo ry ,  
systems a n a l y s i s ,  and s t r u c t u r a l  dynamics. 

These terms may n o t  be p r e c i s e l y  comparable r e g a r d i n y  ttirir 
l e v e l  o f  a b s t r a c t i o n ,  and t h ~ r e  may be ove r l app ings .  Eut  
each o f  them r e p r e s e n t s  a  way o f  thinl:: j .nq, which can express 
some e s s e n t i  a1 s i d e  o f  t h e  macroeconomi c  i n f  1  uences o f  
i n n o v a t i o n  processes such a5 C I M  techno logy  d i f f u s i o n .  



A q a i n  t h e  m a i n  i d e a s  s h a l l  b e  d e s c r i b e d  i n  b r i e f :  

1 )  I n n o v a t i o n  t h e o r y  s ~ t b s t a n t i a l .  1  y  i m p r o v e d  o u r  1: :nowledqe 
a b o u t  i n n e r  l a w s  o f  t e c h n o l o ~ ~ i c a l  d e v e l o p m e n t .  Two 
a s p e c t s  o f  t h e  c h a r a c t e r i s t i c  way o f  t - h i n k i n q  o f  t h i s  
t h e o r y  a r e  e s p e c i a l l y  i m p o r t a n t  f o r  macroz?conomic  i m p a c t  
a n a l y s i s :  t h e  t i m e  p e r f o r m a n c e  o f  t e c h n o 1  o g i  ca l  
d e v e l o p m e n t  a n d  t h e  c o n c e p t  o f  t e c h n o l o g i c a l  i n t e r d e -  
p e n d e n c e s  b e t w e e n  i n d u s t r i e s .  

T h e  f i r s t  a s p e c t  i n c l u d e s  t h e  c o n c e p t s  o f  p r o d u c t  a n d  
t e c h n o l o q y  l i f e  c y c l e  a n d  d y n a m i c  e + f  i c i e n c y  a s  w e l l  a s  
l o n g - t e r m  a~agregate  t i m e  b e h a v i o r  o f  i n n o v a t i o n s ,  o f  
b a s i c  t e c h n o l o ~ a i c a l  i n d i c a t o r s  a n d  o f  t h e  e c o n o m y  a s  a 
w h o l e ,  a p p e a r i n g  i n  t h e  f o r m  o f  ' 1.onq w a v e s ' ,  med ium- te rm 
a n d  s h o r t - t e r m  c y c l e s .  

T h e  s e c o n d  a s p e c t  m a i n 1  y  i 5 c o n n e c t e d  w i t h  1 i nL:alaes 
b e t w e e n  i n n o v a t i o n  p r o c e s s e s  i n  d i f  + w e n t  i n d u s t r i e s ,  t h e  
d r i v i n g  f o r c e s ,  e c o n o m i c  m e c h a n i s m s  a n d  d i f f u s i o n  p a t h s  
o f  new t e c h n o 1  01gi es. T h u s  i n i t i a l  a n d  i n d u c e d  i n n o -  
v a t i o n s ,  m o t i v e ,  c a r e e r ,  a n d  i n d u c e d  b r a n c h e s  a r e  
c o n s i d e r e d  (see, f o r  e x a m p l e ,  F ' e r e r ,  C19841, p p .  62-63). 
A s i m i l a r  c o n c e p t  w a s  a p p l i e d  b y  H a n t a  C19881 t o  t h e  case 
o f  CIM t e c h n o l o g i e s  (see p p .  5-7). 

A c e r t a i n  s y n t h e s i s  o f  t h e s e  t w o  a s p e c t s  is e : , : p r e s s e d  b y  
t h e  t e r m s  o f  ' t e c h n o l o g i c a l  p a r a d i g m '  ( D o s i  , C19841,  p .  
1 4 - 1 5 )  a n d  ' t e c h n o l . o g i c a 1  s t y l e '  (F'erer, o p . c i t . ,  p .  
59) .  Thcts i n n o v a t i o n  t h e o r y  p r o v i d e s  t h e  t h e o r e t i c a l  
bacL :q round  f o r  t h e  d i f f u s i o n  a n a l y s i s  o f  a n y  p a r t i c u l a r  
new t e c h n o l o t r j y .  On t h e  o t h e r  h a n d ,  i t  a l lows  t o  l o c a t e  
b o t h  i n  s p a c e  a n d  i n  t i m e  t h i s  p a r t i c u l a t -  i n n o v a t i n n  
p r o c e s s  w i t h i n  t h e  f  r a m e w o r l : :  o f  i n t e r r e l a t e d  i n n ~ v a t i  o n s  
o f  t h e  p r e s e n t  t e c h n o l . o g i c a 1  t r a n s f  orniati o n .  

2 )  S y s t e m s  a n a l y s i s  is r n e n t i o n e d  h e r e ,  b e c a u s e  i t s  
c h a r a c t e r i s t i c  i n t e r d i s c . i p 1  ] . n a r y ,  c o m p l e x ,  d y n a m i c  a n d  
' u n p r e j ~ t d i c e d '  s y s t e m s  a p p r o a c h  i s 1  i 1::el y  t o  a v o i d  b i a s e d  
c o n c l u s i o n s ,  ca~tsecj b y  t h e  r e s t r i c t i o n  o f  t h e  r e s e a r c h  t o  
a p a r t i c u l a r  s u b j e c t  - m a c r o e c o n o m i c  i m p a c t s  o f  CIM, a n d  
t o  a p a r t i c u l a r  c l a s s  o f  t o o l s  - e c o n o n w t r i c  i n p u t - o u t p u t  
m o d e l s .  

Of c o u r s e ,  t h e s e  r e s t r i c t i o n s  t h e m s e l v e s  c a n n o t  b e  
c o m p l e t e l y  e l i m i n a t e d .  B u t  i n  a n y  case  i t  i s  n e c e s s a r y  t o  
b e  aware o f  t h e s e  l i m i t a t i o n s  b o t h  o f  t h e  s u b j e c t  a n d  t h e  
t o o l s .  O t h e r w i s e  e s s e n t i  a 1  f e e d b a c k s  m e d i a t e d  b y  
re1 a t i o n s h i p s  n o t  u n d e r  c o n s i d e r a t i o n  c o u l d  b e  d i s -  
r e l g a r d e d .  

I n  t h e  case o f  CIM t e c h n o l o q i e s  e s p e c i a l  1  y  soc ia l  i m p a c t s  
i n  a b r o a d e r  s e n s e  are w o r t h  m e n t i o n i n g  h e r e .  N e w  
t e c h n o l o c ~ i e s  i n  t h e  l o n g - r u n  d e e p l y  w i l l  a f f e c t  s t y l e  a n d  
q u a l  i t y  o f  l i f e ,  i n s t i t . 1 - 1 t i  o n a l  a n d  o r q a n i z a t i  o n a l  
p a t t e r n s  o f  s o c i e t y .  Modern  f o r m s  o f  manuf acti.lri n g  
a u t o m a t i o n  c h a n g e  c o n t e n t s  o f  w o r l : : .  N e w  q u a l  i f  i c a t i o n  



s t r u c t u r e s  and even edcrcation s t r a t e g i e s  a r e  d e s i r e d  1 ) .  
Extended l e i s u r e  t i m e  cailses demand i n  new k i n d s  o f  
consumer goods and servi.(:es, i n  new forrns c),f soc:ial. 
corr~mur~icat ion.  Final. 1  y, new t:echrrol.orjies must improve 
t h e  r e l a t i o n s h i p  between man and n a t u r e  2 ) .  

D i f f e r e n t  t y p e s  o f  o r q a n i z a t i o n  o f  s o c i e t y  w i l l  p rove  
t h e i r  advantages n o t  o n l y  i n  t h e  f i e l d  of c r e a t i o n  o f  new 
techno loq ies ,  b u t  by  t h e  manner t h e y  cope w i t h  t hese  
s o c i a l  impacts  i n  o rder  t o  t r a n s f o r m  t e c h n i c a l  i n t o  
s o c i a l  p rog ress  as  we1 1. 

3) S t r u c t ~ ~ r a l  dynamics denotes a  p a r t i c u l a r  concept i n  
economic a n a l y s i s ,  which i s  concerned w i t h  t h e  i n f l u e n c e  
o f  t e c h n o l o g i c a l  chanqe on t h e  i n d u s t r y  s t r u c t u r e  o+ t h e  
econorny and, i n  p a r t i c ~ t l a t - ,  o f  employment. The s t u d i e s  on 
these  i s s u e s  can be t r a c e d  back::, e. g., t n  t h e  a n a l y s i s  o f  
t h e  impact  o f  machinery on l e v e l  and s t r u c t u r e  o f  employ- 
ment by  Mar:.: 3 ) .  A remarkable  example f o r  new 
c o n t r i b u t i o n s  t o  t h i s  f i e l d  o f  research  i s  t h e  work::, o f  
F ' a s i n e t t i  4 ) .  

S t r u c t u r a l  dynamics can j u s t 1  y  be  cons idered  t h e  
connec t i ng  c h a i n  1  i n k  between i n n o v a t i  on t h e o r y  and 
s t r u c t u r a l  a n a l y s i s  w i t h  t h e  h e l p  o f  economic models 
subd i v i ded  by i n d u s t r i e s .  For these models a r e  used i n  
economic t h e o r y  a s ,  f o r  ins tance ,  by  F ' a s i n e t t i ) ,  t h i s  
l i n k  h e l p s  t o  br id lae a  c e r t a i n  gap between i n n o v a t i o n  
t h e o r y  and s t r u c t u r a l  a n a l y s i s  as  two r a t h e r  d i f f e r e n t  
ways o f  1  ooC::ing a t  economic systems. 

So f a r  as t hese  models a r b  a l s o  t o o l s  f o r  p r a c t i c a l  
c a l c u l a t i o n s  and f o r  d e c i s i o n  suppor t ,  t h i s  1  ink:: connects  
d i f f e r e n t  l e v e l s  o f  a b s t r a c t i o n .  I t  p r o v i d e s  t h e  
t h e o r e t i c a l  backqround f o r  measur in12 techno1 o q i  c a l  chanqe 
i n  terms o f  economic models r e f l e c t i n g  i n d u s t r y  
s t r ~ r c t ~ r r e .  Ey t h e  way, Dosi  r e f e r s  t o  t h i s  connec t i on  
between two i m p o r t a n t  f i e l d s  o f  research ,  t o o  5). 

1) Some of these  aspec ts  have been analyzed,  e.q., i n  
L e o n t i e f  C19861 and F l e i s s n e r  e t  a l . ,  C19811. 

2) T h i s  i s s u e  t o  a  c e r t a i n  e x t e n t  can w e l l  be  r e f l e c t e d  even 
i n  i n p u t - o u t p u t  models. See, e.g. t h e  t h r e e  a r t i c l e s  on 
environment impact  a n a l y s i s  (1970, 1972, 1973) i n  
L e o n t i e f ,  t19861. 

3) see, e. I .  , Mar>:, C 18673, chap te r  XV, s e c t i o n  3, 6, and, 
i n  p a r t i c u l a r ,  s e c t i o n  7  - ' R e p ~ r l s i o n  and A t t r a c t i o n  of 
Workpeople by t h e  F a c t o r y  System. C r i s e s  i n  Co t ton  
Trade. V p p .  421-432) 

4) F ' a s i n e t t i ,  C19811. see, f i r s t  o f  a l l ,  Chapter X - 'The 
S t r u c t u r a l  Dynamics o f  a  Growing Economic System', pp. 
219-244 

5 )  o p . c i t . ,  p.296: ' I n  many respec ts ,  our wnrl:: ends where 
F ' a s i n e t t i ' s  (1981) beg ins.  Alt.houqh i t  i s  by  no means 



So f a r  a5 economic models a r e  e f f i c i e n t  t o o l s  f o r  economic 
p o l  i c y  fo rmat ion ,  t h e y  can s i . l bs tan t i a l 1  y  c o n t r i b u t e  t o  t h e  
t r ansm iss ion  o f  t hese  i m p o r t a n t  t h e o r e t i c a l  f i n d i n q s  i n t o  
economic p r a c t i c e .  

There i s  an obv ious  need fnr systems a n a l y s i s  and impact  
s t u d i e s  o f  new t e c h n o l o q i e s  on t h e  n a t i o n a l  l e v e l  i n  a l l  
i n d u s t r i a l i z e d  c o u n t r i e s .  Nowadays we a r e  f a c i n g  an i n c r e a -  
sin12 r o l e  o f  qovernment sc ience  and techno lo~sy  p o l i c y  b o t h  
i n  market and c e n t r a l  1  y  p lanned economies. 

Beyond t h e  p r a c t i c a l  and t l . ~ e o r e t i c a l  back:gro~tnd o f  t h e  ana- 
l y s i s ,  t h i s  i s  another  e s s e n t i a l  s t a r t i n q  p o i n t  f o r  economic 
model inq o f  macroeconomic impacts  o f  C I M .  For t h e  des iqn  o f  
a  model i t  i s  i rnpor tant ,  whether t h e  model i s  t o  be used i n  
economic t h e o r y  o r  f o r  p o l i c y  fo rmat ion .  

I n  t h i s  connec t ion  i t  i s  u s e f u l  t o  d i s t i n g u i s h  t h e  f o l l o w i n g  
' a p p l i c a t i o n  m o d e s b f  economic model s: 

1 )  A p p l i c a t i o n  i n  econo~nic t h e o r y  i s  focused on q u a l i t a t i v e  
r e l a t i o n s h i p s .  C a l c u l a t i o n s  a r e  o f  t e n  p e r f  armed on 
a n a l y t i c  express ions  r a t h e r  t han  a c t u a l  data .  The l a t t e r  
a r e  used, above a l l ,  f o r  i l l \ - t s t r a t i v e  purposes. 

2) A p p l i c a t i o n  i n  'ar,pli.ed branches' o f  economics up t o  
ded ica ted  a p p l i c a t i o n s  f o r  dec ison suppor t  i n  same 
' a d v i s o r y  mode', e.g., i n  t h e  f i e l d  o f  government p o l i c y  
fo rmat ion .  

I n  such an ' a d v i s o r y  mode' t h e  model i t s e l f  i s  r u n  by  
t h e  model-designers a f t e r  t hey  have " t ranslated'  t h e  
s u b j e c t  o f  ana1ysj.s o r  some p a r t i c ~ t l a r  d e c i s i o n  problem 
i n t o  t h e  terms o f  t h e  model. 

'5) Implementat ion o f  economic models w i t h i n  t h e  framework: 
o f  i n t e r a c t i v e  d e c i s i o n  suppor t  systems. Wh i le  i n  an 
" a d v i s o r y  mode' model-users f u l l  y  depend on model- 
des igners ,  i n  t h i s  case, f o r  i ns tance ,  p o l i c y  maker-s o r  
o f f i c i a l s  i n  government i n s t i t u t i o n s  c o u l d  ana lyze  
d i f f e r e n t  s c e n a r i o s  o f  government p o l  i c y  i n  a  c e r t a i n  
f i e l d  w i t h o u t  permanent a s s i s t a n c e  o f  model -des igners .  

-- 

easy t o  l i n k  our  d i s c u s s i o n  w i t h  F ' a s i n e t t i ' s  model, we 
can say t h a t  t h e  l a t t e r  p r o v i d e s  t h e  "macro-co-ordinates" 
i n  which t h e  p rocess  o f  t e c h n i c a l  change t a k e s  p l a c e ?  and 
t h e  c o n d i t i o n s  o f  dynamic e q u i l i b r i u m  which f u l f i l  i t s  
dua l  n a t u r e  i n  terms o f  changing demand and changing 
c o n d i t i o n s  o f  p roduc t i on :  our a n a l y s i s  has aimed t o  
d i s c o v e r  what a c t u a l l y  happens i n  each s e c t o r ,  w h i l e  
F ' a s i n e t t i ' s  model concerns what must happen a t  macro- 
economic l e v e l  owing t o  t h e  p a t t e r n s  o f  in terdependence 
between s e c t o r s  and t o  t h e  t r e n d s  o f  income d i s t r i b u -  
t i o n .  ' 



I n  t h e  l a s t  two cases s p e c i a l  requ i rements  must be met by  
t h e  models: 

A )  The s e t  o f  endogenocts and e:.:ogenous v a r i a b l e s  and t h e  
deqrees o f  freedom of  t h e  model m u s t  r e f l e c t  t h e  a c t u a l  
dec ison  mal::inq prob lem o r  dec i  son s i t u a t i o n .  F ined  
p r e c o n d i t i o n s  and t h e  scope o f  t h e  d e c i s i o n  i n  te rms o f  
t h e  a c t u a l  c o n t r o l  v a r i a b l e s  must be taken  i n t o  account 
1 ) .  

An i n t e r a c t i v e  d e c i s i o n  suppor t  system, i n  p a r t i c u l a r ,  
has t o  r e f l e c t  t h e  d e c i s i o n  procedure, too .  

B) So f a r  as t h e r e  i s  a  c e r t a i n  d i v i s i o n  o f  l a b o r  between 
model-designers and model-users, t o  t h e  l a t t e r  shou ld  be 
t r a n s m i t t e d  n o t  o n l y  'pu re '  r e s u l t s ,  b u t  a l s o  t h e  
knowledge o f  under1 y i n q  assumpt ions and 1  i m i t a t i o n s  o f  
t h e  model. 

I n  most o f  t h e  cases i t  i s  ve ry  d i f f i c u l t  t o  s p e c i f y  t h e  
i n f  luence  o f  model assumpt ions on t h e  so lc r t ion .  That '  s  
why t o g e t h e r  w i t h  e f f i c i e n t  methods o f  model hand1 i n g  
r e l i a b l e  v e r i f i c a t i o n  t o o l s  m u s t  be p rov ided ,  which 
enable  economists and d e c i s i o n  makers t o  e v a l u a t e  model 
o u t p u t s  w i t h o u t  l os in12  themselves i n  ' p u r e  t e c h n i c a l  
d e t a i  1s ' .  

From t h i s  some c o n c l u s i o n s  f o r  macroeconomic impact  a n a l y s i s  
o f  C I M  techno loqy  d i f f u s i o n  shou ld  be drawn. 

F i r s t ,  w h i l e  a im ing  t o  scrpport p o l  i c y  f o r m a t i o n  i.n t h i s  
f i e l d ,  t h e  p o t e n t i a l  user  o f  t h e  model as  w e l l  as  t h e  a c t u a l  
d e c i s i o n  problems have t o  be s p e c i f i e d .  Obv ious ly ,  t h e  
p resen t  form o f  economic o r g a n i z a t i o n  o f  t h e  c o u n t r y  ( i e s )  
under c o n s i d e r a t i o n  i s  a  s t r o n g  de te rminan t  i n  t h i s  r e s p e c t .  

Second1 y, any f i n d i n g  o f  macroeconomic impact  a n a l y s i s  must 
be cons idered  i n  t h e  c o n t e x t  o f  p o s s i b l e  responses o f  
qovernment p o l i c y .  

So expected t r e n d s  i n  employment, l e v e l  and s t r u c t u r e  o f  
q u a l i f i c a t i o n ,  and c o n t e n t s  o f  l a b o r  shocrld be met by  
a p p r o p r i a t e  s t r a t e q i e s  and s t ruc t c r res  o f  educa t ion ,  
r eeduca t i on  and swppo r t i  ng s o c i a l  p o l  i c y  measures. 
Conc lus ions  f o r  inves tment  a1 l o c a t i o n  o r ,  say, assignment o f  
scrbsidies, shocrld be d e r i v e d  f rom t h e  we1 1  -known mu1 t i p 1  i e r  
e f f e c t s .  

1 )  L. Johansen i n t r o d u c e d  t h e  t e rm  of  ' o p e r a t i o n a l i t y " ~  
denote t h i s  k i n d  o f  c h a r a c t e r i s t i c s  o f  economic p l a n s  
and economi c  model s  f o r  suppor t  i nta t h e i  r e l  abo ra t  i on 
(Johansen C 19781 . 



Th i rd1  y, one shou ld  n o t  expect  u n c o n d i t i o n a l  acceptance o f  
t h e  r e s u l t s  by t h e  d e c i s i o n  makers. R e s p o n s i b i l i t y  f o r  
d e c i s i o n s  i s  incompatib1.e w i t h  i n s c r u t a b i  1  i t y  o f  means o f  
dec i s i on .  Tha t ' s  why u s e r - f r i e n d l y  v e r i f i c a t i o n  t o o l s  as 
mentioned above a r e  needed even i n  t h e  case o f  conven t i ona l ,  
seemingly s imp le  methods 1  i C::e i npu t -ou tpu t  a n a l y s i s .  We w i  11 
r e t u r n  t o  t h i s  ques t i on  below. 

The f o l l o w i n q  a n a l y s i s  w i l l  s t a r t  w i t h  t h e  concept o f  
networks o f  causal  cha ins.  A f te rwards  p o s s i b i l i t i e s  o f  
a n a l y z i n g  causal  pa ths  o f  macroeconomic impacts  o f  C I M  
t echno log ies  w i  11 be demonstrated. Then an a12qrel;lated 
econometr ic i npu t -ou tpu t  model o f  t h e  US economoy and t h e  
p roduc t  c h a i n  a n a l y s i s  so f twa re  w i  11 be descr ibed  i n  b r i e f  
a s  e:.:anlples o f  t o o l s  f o r  t h e  a n a l y s i s  o f  these  i ssues .  

2. Economic Models and Networ-1::s o f  Causal Chains 

An economic model i s  t h e  r e f l e c t i o n  o r  d e s c r i p t i o n  o f  t h e  
causal  r e l a t i o n s h i p s  between t h e  i n p u t s ,  t h e  s t a t e  and t h e  
o u t p u t s  o f  an economic system. Accord ing t o  t h e  forms and 
t h e  methods o f  t h i s  d e s c r i p t i o n  we d i s t i n q ~ c i s h  d i f  f w e n t  
t ypes  o f  such models. 

l'he main purpose o f  t h e  o f t e n  r e a l  'S izyphus '  work: o f  model 
des ign and da ta  c o l l e c t i o n  i s  t o  p r o v i d e  means f o r  t h e  
a n a l y s i s  o f  p o s s i b l e  impacts  o f  i n p u t  ( o r  c o n t r o l  v a r i a b l e )  
chanqes on system behav io r  - f i r s t  o f  a1 1  on i t s  ou tpu ts .  
Thus t h e  i d e a  i s  t o  o b t a i n  op t ima l  c o n t r o l  s t r a t e g i e s  t o  
q a i n  d e s i r a b l e  o r  s u s t a i n a b l e  system ou tpu ts .  

Th i  s  r a t h e r  simp1 i f  i e d  ou t  1  i n e  o f  economic model i nq ,  never-  
t he less ,  provoC;es some s e r i o u s  ques t ions :  How t o  d e s c r i b e  
b o t h  q u a n t i t a t i v e l y  and qua1 i t a t i v e l  y  determined causal  r e l -  
a t i o n s h i p s  ? How t o  ensure a l l  impor tan t  causal  i n te rconnec -  
t i o n s  w i t h  cons ide rab le  i r i f  1  uence on systems behav io r  a r e  
i nc luded  3 How t o  d e f i n e  ' d e s i r a b l e '  o r  ' s u s t a i n a b l e '  
o u t p u t s  ? Can we r e a l  1  y  t r u s t  a  model, which i n  any case 
p r o v i d e s  an a b s t r a c t ,  s i m p l i f i e d  i d e a  o f  r e a l  l i f e  7 How t o  
r e f l e c t  w i t h i n  t h e  model n o t  o n l y  t h e  c o n t r o l  s t r a t e g y  b u t  
t h e  ' c o n t r o l  ph i l osophy '  as w e l l ,  i. e. ' t h e  c h o i c e  o f  t h e  
s e t  o f  c o n t r o l  v a r i a b l e s  r a t h e r  than  t h e i r  a c t u a l  va lues  ? 

The sequence o f  ques t i ons  c o u l d  we1 1  be con t inued here. Some 
o f  them w i l l  be recons ide red  below. I n  t h e  i n t r o d u c t i o n  
t h e r e  was a l ready  s t a t e d  t h a t  t h e  s t u d i e s  r e p o r t e d  i n  t h i s  
paper main1 y  d e a l t  w i t h  econometr ic i n p u t - o u t p u t  models. 
T i l l  now, no reason has been g i ven  f o r  t h i s  cho ice.  

Ac tua l1  y, what l::ind of economic models c o u l d  be used f o r  t h e  
a n a l y s i s  o f  macroeconomic impacts  o f  C I M  techno1 o q i e s  3 



F i r s t  o f  a l l  one c o u l d  cons ider  a  more d e s c r i p t i v e ,  'black:: 
bo:,:' approach, ana l  y r i n g ,  e. g. , t h e  c o r r e l a t i o n  between 
aggregated dynamics o f  a n a t i o n a l  economy and some 
i n d i c a t o r s  o f  C I M  techno logy  d i f f u s i o n  and t h e i r  dynamic 
e f f i c i e n c y .  T h i s  i s  an t emp t i ng  d i r e c t i o n  because of  i t s  
r e l a t i v e  s i m p l i c i t y  - aygreqated economet r i c .  models e x i s t  i n  
most c o u n t r i e s  and even f o r  l i n k e d  n a t i o n a l  economies up t o  
w o r l d  models. 

Yet t h e r e  i s  one g r e a t  d isadvantage.  These models o n l y  t o  a 
v e r y  l i m i t e d  e x t e n t  a l l o w  t o  t r a c e  causa l  cha ins  f rom tech-  
no loqy  d i f f u s i o n  t o  macroeconomic impacts.  They i n d i c a t e  
some aggregate link::alge, which a t  l e a s t  i n  p a r t  may be f i c t i -  
t i o u s ,  even i f  s t a t i s t i c a l  1  y  s i  y n i f  i c a n t .  T h i s  problem may 
be worsen i f  t h e  new techno logy  under c o n s i d e r a t i o n  c o n s t i -  
t u t e s  o n l y  a  v e r y  sma l l  p a r t  o f  t h e  n a t i o n a l  economy 1 ) .  

Thus a  1::ind o f  model i s  des i red ,  which r e f l e c t s  t h e  prodr-rc- 
t i o n  processes a f f e c t e d  by these  new t e c h n o l o q i e s  as a  w e l l -  
d e f i n e d  2 )  s~tbsystem o f  t h e  n a t i o n a l  economy and a t  t h e  same 
t i m e  a1 lows t o  t r a c e  causal. cha ins  t o  macroeconomic behav io r  
( i n c l u d i n q  feedbacks) . 
T h i s  model w i l l  n o t  be a  'black: box'  b u t  s p e c i f y  t h e  netwurl: 
o f  r e l e v a n t  causa l  c h a i n s  i n  an e x p l i c i t  form. Giv in lg t h e  
poss i  b i  l i t y  t o  a t t r i b u t e  changes i n  aggregate behav io r  t o  
'e lementary '  causa l  cha ins,  t h e  model s imu l  t a n e o ~ r s l  y  w i  11 
p r o v i d e  t h e  base f o r  t h e  v e r i f i c a t i o n  t o o l s  mentioned above. 

To a  q r e a t  e x t e n t  t h e  r e s u l t s  o f  t h e  impact  a n a l y s i s  a r e  
i n f l u e n c e d  by t h e  netwcjrl:: o f  causal  c h a i n s  e:.:pl i c i t l  y  r e p r e -  
sented i n  t h e  model. The model shou ld  c o n t a i n  a l l  r e l e v a n t  
causa l  cha ins  a f f e c t e d  by t h e  nekJ t echno lug ies .  That  i s ,  t h e  
measurement o f  i n f  lcrence i s  based on t h e  under-1 y i n q  concepts  
o f  i n f  1  uence. 

1 )  Ayres /Brau t rsch /Mor i  a l s o  r e f  e r r e d  t o  t h i s  problem: 'The 
e f f e c t s  on t h e  sector-a1 and on t h e  rnacroeconorr\ic l e v e l  
can be so low i n  some cases, t h a t  t h e y  would l i e  w i t h i n  
t h e  e r r o r  marg in  of  t h e  parameter e s t i m a t i o n  o f  t h e  
i nput -ou tpu t  model ' C 1987, pp. 4-51. 
Thus t h e  share of  t h e  meta1work:ing machinery and equip-  
ment i n d u s t r y  i n  g ross  o u t p u t  o f  t h e  U.S. economy i n  1981 
came mere ly  t o  0.38%, i n  GNP - t o  0.42%. and t h e  con- 
t r i b u t i o n  o f  t h e  commodity yroup o f  t h e  same name t o  
g ross  p r i v a t e  f i x e d  investment  - t o  2.79% (see i n d u s t r y  
No. 47 i n  U.S. I npu t -O~r tpu t ,  C19871). 
Ey t h e  way, 1981 was n o t  t h e  wors t  year f o r  t h i s  
i n d u s t r y .  On t h e  o t h e r  hand, NC machine t o o l s ,  f o r  i n -  
stance,  a r e  o n l y  a  p a r t  o f  t h i s  i n d u s t r y ' s  o u t p u t .  

2) w e l l - i d e n t i f  i e d  i n  terms o f  t h e  i n t e r c o n n e c t i o n s  o f  t h e  
subsystem w i t h  t h e  e n t i r e  system. 



Therefor  a  thorou~gh systems a n a l y s i s  o f  t h e  C I M  t echno lo~g ies  
i s  d e s i r e d  n o t  o n l y  f o r  scena r io  des ign  b u t  a l s o  f o r  model 
s e l e c t i o n .  

Here some words about t h e  concept o f  c a u s a l i t y  a r e  i n  p lace .  
T h i s  concept seems t o  be t o o  r e s t r i c t e d  i n  many cases 
because o f  i t s  u n i d i r e c t i o n a l i t y .  Yet i n  r ' ea l  l i f e  most o f  
r e l a t i o n s  between t h i n q s ,  phenomena, processes o r  concepts  
a r e  interdependences , i n t e r r e l a t i o n s  w i t h  cause and e f f e c t  
changing t h e i r  p l a c e s  and n o t  a b s o l u t e l y  a t t r i b u t a b l e  t o  one 
o f  t h e  s i d e s  of  t h e  r e l a t i o n s h i p .  

So i n  economic models a  so -ca l l ed  ' independent '  v a r i a b l e  
o f t e n  can w e l l  be rep laced  by another  one, s i m p l y  t r a n s -  
f o rm inq  t h e  express ion  and b r i n g i n g  ou t  t h e  new v a r i a b l e  t o  
t h e  l e f t  s i d e  i n s t e a d  o f  t h e  o l d  one 1). 

But c a u s a l i t y  i n  i t s  p h i l o s o p h i c a l  sense does n o t  i n c l u d e  
u n i d i r e c t i o n a l  i t y ,  and mathemat ical  models a1 low f o r  i n t e r -  
dependences by  i n t r o d u c i n g  f eedbac):: 1  oops between v a r i a b l e s  
as  w e l l .  The r e f l e c t i o n  o f  s teady s t a t e s ,  e q u i l i b r i u m '  o r  
d i s e q u i l i b r i u m  i n  economic models i s  based on these  feed- 
backs and loops.  I n  any case, one shou ld  be aware, t h a t  see- 
m ing ly  u n i d i r e c t i o n a l  r e l a t i o n s  i n  models miqht  be a  
s i m p l i f i e d  r e f l e c t i o n  o f  compl ica ted  in terdependences i n  
r e a l i t y .  

h o t h e r  i s s u e  connected w i t h  c a u s a l i t y  i n  economic models i s  
t h a t  o f  spu r i ous  c o r r e l a t i o n .  Of ten  i t  i s  caused by  s i m i l a r -  
i t i e s  i n  t i m e  t r e n d s  o f  economic v a r i a b l e s ,  which a r e  n o t  
r e a l l y  i n t e r r e l a t e d  d i r e c t l y .  L- ike i n  t h e  case o f  
~ t n i d i r e c t i o n a l  i t y ,  o n l y  t:horou~gh economic a n a l y s i s  can 
p revent  o v e r s i m p l i f i c a t i o n s  and i n c o r r e c t  conc lus ions .  

Deal in12 w i t h  networks o f  causal  cha ins  i n  economic models i t  
i s  necessary t o  d i s t i n g ~ t i s h  a t  l e a s t  t h r e e  l e v e l s  o f  
ana l ys i s :  

4) t h e  network: o f  f l ows ,  i . e .  i n t e r i n d u s t r y  f l o w s  o f  
m a t e r i a l s ,  f l o w s  o f  c a p i t a l  and consumer qoods; 

E) t h e  network o f  measurable causal  r e l a t i o n s h i p s  between 
economic var  i a b l  es; 

C )  t h e  conceptua l  network o f  aual  i t a t i v e  causal  r e 1  a t i o n -  
sh ips ,  e.g., between i n i t i a l  and induced i n n o v a t i o n s  i n  
d i f f e r e n t  i n d u s t r i e s  ( i n  o t h e r  terms - t h e  networl:: o f  
d i f f u s i o n  pa ths )  o r  t h e  causal  cha ins  o f  s o c i a l  impac ts  
i n  a  broader sense, i n c l ~ t d i  ng, e. q., consequences f o r  
educa t ion  concepts and l e i s u r e  t i m e  behav io r .  

1) Indeed, such fo rma l  t r a n s f o r m a t i o n s  dm n o t  r e f l e c t  i n  
every  case t h e  a c t u a l  p o s s i b i l i t y  o f  r e d i r e c t i n g  under- 
l y i n g  causal  r e l a t i o n s .  Of ten  t h e y  can be cons idered  
r a t h e r  a  'menta l '  r e d i r e c t i o n  i n  o rde r  t o  recoqn i ze  
necessary c o n d i t i o n s  f o r  ~ a i n i n q  a  d e s i r a b l e  e f f e c t .  



The f i r s t ,  t h e  networl:: o f  m a t e r i a l  f l o w s  arrd f l o w s  o f  qoocls, 
immed ia te ly  shows t h e  l i n k a g e s  between d i f f , e r e n t  s tages  o f  
t h e  p r o d u c t i o n s  processes as t hey  a r e  determined by t h e  
t e c h n o l o g i e s  a c t u a l l y  i n  use and t h e  i n t e n s i t y  o f  d i f f e r e n t  
p r o d u c t i o n  a c t i v i t i e s .  As f a r  as , e m .  an i n c r e a s e  i n  t h e  
p r o d u c t i o n  o f  some good w i  11 cause an i n c r e a s i n g  demand f o r  
components, raw m a t e r i a l s  e t c .  a l ong  t h e  p r o d u c t i o n  cha ins ,  
terms o f  c a u s a l i t y  can be a p p l i e d  here. 

Algain t h i s  i s  n o t  a  r i q i d ,  i n f l e x i b l e  k i n d  o f  causa l  d e t e r -  
m ina t i on ,  because t h e r e  i s ,  e.cj., a v a r i e t y  o f  p o s s i b l e  
responses t o  i n c r e a s i n g  demand f o r  components o r  raw mate- 
r i a l s  - f rom i n c r e a s i n g  domestic p r o d u c t i o n  o r  i m p o r t s  up t o  
r e d i s t r i b u t i o n  o f  shipments between purchasers .  

The second one, t h e  network: o f  measurable causal  r e l a t i o n -  
s h i p s  between economic vat- iables,  i s  a  q u a n t i t a t i v e  r e f  i e c -  
t i o n  o f  causa l  r e l a t i o n s h i p s  o f  t h e  u n d e r l y i n g  economic 
system. Whi le  t h e  f i r s t  network g i v e s  on1 y  a  more o r  l e s s  
s t a t i c  p i c t u r e ,  a  'phot.oqraphy3 o f  t h e  r e a l  s i d e  o f  t h e  
system, t h e  network: o f  i n t e r r e l a t i o n s  between v a r i a b l e s  
e:.:pl i c i  t l  y  d e a l s  w i t h  chanlges i n  economic performance and 
behav io r .  A t  t h i s  l e v e l  o f  a n a l y s i s  bes ides  t h e  rea l .  s i de ,  
t h e  m a t e r i a l  processes,  comple:.: ecnnomic i n t ~ r d e p e n d e n c e s  
a r e  i nvo l ved .  

M a t e r i a l  f l o w s  a r e  r e s u l t s  o f  t h e  f u n c t i o n i n g  o f  t h e  r e l a -  
t i o n s h i p s  desc r i bed  on t h e  second l e v e l .  A t  t h e  same t ime,  
t e c h n o l o g i c a l  i n t e r r e l a t i o n s  a r e  m e d i a t i n g  most o f  t hese  
economic inerdependences between i n d u s t r i e s .  

The conceptua l  networ P: of  causa l  r e l a t i o n s h i p s  desc r i t j es  
c a u s a l i t y  i n  qua1 i t a t i v e  terms and the reby  i n c l u d e s  a l s o  
non-quant i f  i a b l e  terms and r e l . a t i o n s h i p s .  T h i s  k i n d  o f  n e t -  
work must be a t t r i b u t e d  t o  hiqher- l ~ v e l s  o f  a b s t r a c t i o n  i n  
t h e  c o g n i t i v e  process.  

These t h r e e  l e v e l  s  o f  a b s t r a c t i o n  a r e  c l o s e l y  i nterconnec-  
t e d  i n  t h e  c o g n i t i v e  process,  and SO at-e t h e  u n d e r l y i n g  
r e l a t i o n s h i p s  i n  t h e  real .  economic systems. 

For a l l  o f  these  netwot-1::s a p p r o p r i a t e  f o rma l  t o o l s  b o t h  f o r  
economic resea rch  and d e c i s i o n  suppor t  a r e  ava i  1  ab le .  The 
c l a s s i c a l  t o o l  f o r  t h e  f i r s t  l e v e l  i s  t h e  i n p u t - o u t p u t  
t a b l e ,  j u s t  r e f l e c t i n g  f l o w s  o f  m a t e r i a l s  and goods between 
i n d u s t r i e s ,  b u t  n o t  e : . : p l i c i t l y  d e s c r i b i n q  causal  i n t e r -  
dependences n e i t h e r  between performance o f  d i f f e r e n t  indus-  
t r i e s  nor  between d i f f e r e n t  economic v a r i a b l e s .  

I n  terms o f  i n p u t - o u t p u t  t a b l e s  t h i s  can be done w i t h  t h e  
h e l p  o f  i n p u t - o u t p u t  models, which, however, must be 
a t t r i b u t e d  t n  t h e  second l e v e l  o f  a n a l y s i s  o r  some 
i n t e r m e d i a t e  one. T y p i c a l  t o o l s  o f  t h e  second l e v e l  are ,  
bes ides  t h e  a l r e a d y  mentioned i n p u t - o u t p u t  models, 
econometr ic  models and system dynamics models. 



Though a t  f i r s t  s ig l . i t  i t  rniql~t seem n o t  v e r y  uc,r.ful to t r y  
t o  f o r m a l i z e  in terdependences a l s o  on t h e  t h i r d  l e v e l ,  some 
approacties have a l ready  been proposed. One o f  them i s  con- 
nec ted  w i t h  t h e  concept o+ ' c o q n i t i v e  maps' 1 ) .  

I t  was developed as a t o o l  f o r  t h e  a n a l y s i s  o f  p o l i c y  
d e c i s i o n  processes. The main i d e a  i s  t o  r e f  l .ec t  t h e  network  
o f  qua1 i t a t i  ve causal  be1 i e f  r; o f  d e c i s i o n  mal::ers i n  a f or-ma1 
way, so t h a t  i t  becomes p o s s i b l e  t o  per fo rm c e r t a i n  c a l c u l a -  
t i o n s  and s i m u l a t i o n s  i n  o rde r  t o  p r e d i c t ,  e.q., a persons 
r e a c t i o n  t o  seve ra l  events.  

L a t e r  t h i s  method was used by o t h e r  a u t h o r s  f o r  t h e  
d e s c r i p t i o n  o f  t h e  causal  s t r u c t ~ r r e  o f  a system r a t h e r  t han  
c o g n i t i v e  s t r u c t u r e s  o f  persons 2 ) .  

S i m i l a r  concepts,  among o t h e r  ones, a r e  used i n  modern 
A r t i f  i c a l  I n t e l l i q e n c e  (AI) approaches. T~LIS, e.q., t:::nowl- 
edqe Engeneer ing i s  concerned w i t h  t h e  f o r m a l i z a t i o n  o f  sub- 
j e c t i v e  1::nowledcje i n  t h e  fo rm o f  r l e s  t o  i n c l u d e  them i n  
a ' r u l e  base' on a computer. Cat- tsal i ty  i s  one p o s s i b l e  t y p e  
o f  t hose  r u l e s .  A f t e r  t h e y  have been s to red ,  t h e y  can be 
used f o r  f u r t h e r  p rocess ing  3) . 
Here, l i k e  i n  t h e  case o f  c o g n i t i v e  maps, f o rma l  methods and 
computer f a c i l i t i e s  a r e  used t o  cope w i t h  t h e  c o m p l e x i t y  o f  
c a ~ t s a l  s t r u c t u r e s ,  i n c l u d i n q  ba th  quarbt i f  i a b l e  and non-quan- 
t i f  i a b l e  r e l a t i o n s h i p s .  

Economic models can be a t t r i b u t e d  f i r s t  o f  a l l  t o  t h e  second 
l e v e l  o f  a n a l y s i s .  To a c e r t a i n  e x t e n t  t hey  can be cons ide r -  
ed a s y n t h e s i s  o f  t h e  t t ~ o t - e t i c a l  concepts  on t h e  t h i r d  
l e v e l  and t h e  d e s c r i p t i v e  d a t a  on t h e  f i r s t .  

1 )  see Axe l rod  El9761 

2) see, f o r  i ns tance ,  1:::ishi e t  a l .  C19861. I n  t h i s  a r t i c l e  
c o g n i t i v e  maps a r e  used i n  t h e  c o n t e x t  o f  system 
dynamics. 

3) The p rocess  o f  o b t a i n i n g  c o g n i t i v e  maps by 'documentary 
codin12 methods' o r  ' q u e s t i o n n a i r e  methods' desc r i bed  by 
t h e  a u t h o r s  o f  t h i s  concept can be cons idered  some k i n d  
of C:nowled~ge engeneer inq,  t o o  (Axe l rod  C19761, App. 1,2) 



3. C I M  Techno1 o ~ g i  es  f r om t h e  V iewpoin t  ,of Input -Output  
Models 

For macroeconomic impact  a n a l y s i s  o f  computer i n t e q r a t e d  
manuf a c t u r i n q  t e c h n o l o ~ g i e s  w i t h  t h e  h e l p  o f  economic model 5 

we have t o  s t a r t  w i t h  t h e  d e s c r i p t i o n  o f  t hese  technololrr ies 
i n  terms o f  these  models. 

F i r s t  a  s e c t o r  c l a s s i f  i c a t i o f i  must be choosen. On t h e  base 
of  t h i s  c l a s s i f i c a t i o n  i t  must be p o s s i b l e  t o  r e f l e c t  t h e  
i n p u t s  and o u t p ~ ~ t s ,  t h e  c o s t s  and t h e  b e n e f i t s  o f  t h e  new 
t e c h n o l o g i e s  as w e l l  as  t h e  main r e l a t i o n s h i p s  o f  t h e  
econamy as a  whole. On t h e  o the r  hand t h e  s e c t o r  c l a s s i -  
f i c a t i o n  i s  predetermined by  t h e  e x i s t i n g  d a t a  base on t h e  
techno logy  d i f f u s i o n  and on t h e  n a t i o n a l  economy. 

The s o l u t i o n  o f  t h i s  c o n t r a d i c t i o n  can o n l y  be some com- 
promise. Model i ng t h e  n a t i o n a l  economy r e q u i  r e 5  a  c e r t a i n  
1  eve1 o f  aqqregat  i on. Se lec ted  t e c h n o l o g i e s  1  i I: :  C I M ,  
robcits, NC machines and CAD/CAM can be measured and ana- 
l y z e d  o n l y  on a  r e l a t i v e l y  d e t a i l e d  l e v e l .  

I f  one dec ides f o r  t h e  connec t ion  o f  a  d e t a i l e d  rep resen ta -  
t i o n  o f  t h e  new t e c h n o l o g i e s  w i t h  an aqqrelgated model o f  t h e  
economy, t h e  main task: t o  be so l ved  w i  11 be t h e  1  inI::aqe 
between these  two p a r t s  o f  t h e  model. 

I t  i s  r a t h e r  d i f f i c u l t ,  f o r  i ns tance ,  t o  i d e n t i f y  t h e  
m a t e r i a l  f l o w s  caused by a  s p e c i f i c  techno loqy  w i t h i n  an 
aglgregated i n d u s t r y  c l a s s i f i c a t i o n .  Due t o  t h e  agg reqa t i on  
l e v e l ,  a  p a r t  of them w i  11 even appear as i n n e r  f l o w s  o f  
some i n d u s t r y .  

Another p a r t  w i l l  n o t  appear a t  a l l  i n  an 1-0 t a b l e  because 
o f  some components might  n o t  be s o l d  t o  o t h e r  companies b u t  
w i l l  be consumed by t h e  same company t h a t  produced them. 
Thus d i v i s i o n  o f  l a b o r  w i t h i n  and between companies w i  11 
a f f e c t  i n t e r i n d u s t r y  shipments as shown i n  t h e  input-01.1tput 
t a b l e s .  

T h i s  problem becomes obv ious  i f  lookinlg, e.q., a t  t h e  U.S. 
i npu t -ou tpu t  t a b l e  f o r  1981. 

F i g .  1  q i v e s  some i d e a  about t h e  s t r u c t u r e  o f  t h e  comple:.: o f  
C I M  t echno log ies .  I n  t h e  r i g h t  p a r t  o f  t h e  p i c t u r e  t h e  tech-  
no1 o y i e s  be long i  nlg t o  t t l i  5 complex and t h e  1  i rrI::ages between 
them a r e  rep resen ted  (see f o o t n o t e  (I), p. 1  o f  t h i s  pape r ) .  

I n d u s t r i a l  r o b o t s  and numerical. l y  c o n t r o l  l e d  machines a r e  
used b o t h  i n  s tand-a lone a p p l i c a t i o n s  and i n  f l e x i b l e  manu- 
f ac t c .~ r i  ng  o r  computer i n t e g r a t e d  manuf a c t u r i n ~ g  systems. 
S h e i n i n / T c h i j o v  C1987, pp.14/151 analyzed t h e  number o f  
r o b o t s  and NC-machines i n c l u d e d  i n  FMS u s i n g  t h e  wor ld-wide 
FMS database o f  t h e  I IASA C I M  p r o j e c t .  LaI::so C19881 s t u d i e d  



t h e  i n f l ~ t e n c e  o f  FMS techr io loqy on t h e  e f f i c i e n c y  o f  
NC-machines i n c l u d e d  i n  t hese  systems. So i n  p r i n c i p l e  i t  i s  
p o s s i b l e  t o  d e s c r i b e  t hese  l i n k a g e s  a l s o  i n  a  q u a n t i t a t i v e  
form. 

Computer Aided M a n u f a c t ~ t r i n g  (CAM)  usua l  1  y  i s  an in te l r~ t -a ted 
p a r t  o f  a l l  FMS and C I M  a p p l i c a t i o n s .  Yet u n t i l  now t h e  
immediate 1 i nkage  between Computer Aided Desiqn (CAD) and 
CAM - t h e  o f t e n  s t r e s s e d  CAD/CAM d i d n ' t  become t h e  t y p i c a l  
case. 

On t h e  l e f t  hand s i d e  o f  t h e  f i g u r e  some i m p o r t a n t  innov-  
a t i v e  components o f  t hese  t e c h n o l o g i e s  a r e  shown. For  t h e  
a n a l y s i s  o f  C I M  t e c h n o l o g i e s  w i t h  t h e  h e l p  o f  i n p u t - o u t p u t  
models t hese  components must be a t t r i b u t e d  t o  t h e  appro- 
p r i a t e  s e c t o r s  o f  t h e  s e c t o r  c l a s s i f i c a t i o n  o f  t h e  1-0 model 
and t o  c e r t a i n  i n t e r i n d u s t r y  m a t e r i a l  f l o w s  represen ted  i n  
t h e  1-0 t a b l e .  

New m a t e r i a l s  a r e  r e q u i r e d ,  above a1 1, b o t h  f o r  semicclnduc- 
t o r  i n d u s t r y  and f o r  more r e l i a b l e  and p r e c i s e  t o o l s  as  
needed f o r  computer -cont ro l  l e d  machine t o o l s  w i  t t 7  i n t e g r a -  
t i o n  o f  d i f f e r e n t  f u n c t i o n s  arid acttomatic t o o l  and wor1::piece 
c h a n ~ i  ng. Modern c o n t r o l  eqcripment, i n-process qauginq sys- 
tems, servo-motors and l a s e r  systems ( f o r  gauqing and o r i e n -  
t a t i o n ,  e. y., o f  a ~ r t o m a t i c  guided v e h i c l e s  - AGV)  a r e  a l s o  
impo r tan t  new components d e s i r e d  f o r  t hese  techno1 o q i  es. 

There i s  a  c l a s s  of  components needed e s p e c i a l l y  f o r  FMS 
and more s o p h i s t i c a t e d  C I M  systems, which p robab l y  w i l l  
chanqe t h e  i n p u t  s t r u c t u r e  o f  FMS producers  s ~ t b s t a n t i a l l  y  - 
au tomat ic  gu ided v e h i c l e s ,  au tnmat ic  p a l  l e t  and t o o l  
chanqers and au tomat ic  s t o r a g e  and r e t r i e v a l  systems. 

F i n a l  1  y, modern communicat ion t e c h n o l o g i e s  p l a y  a  key r o l e  
i n  t h e  i n t e g r a t i o n  p rocess  o f  C I M  systems. O f f i c e  acttoma- 
t i o n  i s  i n c l u d e d  i n  t h i s  process,  so t h a t  t h e r e  w i l l  be an 
e f f i c i e n t  l i nkage ,  e. 12. , between p r o d u c t i o n  p l a n n i n g  and 
process c o n t r o l .  T h i s  w i  11 l e a d  t o  h i g h e r  s o f t w a r e  r e q u i r e -  
ments. So f a r  as  so f twa re  i s  bought f rom o t h e r  companies, 
t h i s  w i l l  a f f e c t  i n t e r i n d u s t r y  f l o w s  o f  s e r v i c e s  1). 

FMS and C I M  w i l l  u t i l i z e  t h e i r  p o t e n t i a l  e f f i c i e n c y  o n l y  i f  
a l l  manufac tu r ing  o r q a n i r a t i o n  i s  modernized b a s i c a l l  y. New 
1 o g i s t i c  t e c h n o l o g i e s  such as Pt'anban o r  j u s t - i  n - t ime a r e  
mentioned here,  because t h e y  w i l l  maC::e t h e  manufac- 
t u r i n g  f l e x i b i l i t y  of FMS and C I M  a  f l e x i b i l i t y  f o r  t h e  
customers o f  t h e  f i r m .  

1 )  T h i s  i s  one of t h e  most s e r i o u s  problems f o r  impact  ana- 
l y s i s .  I t  i s  v e r y  d i f f i c u l t  t o  determine,  f o r  i ns tance ,  
which amount of  d e s i r e d  s o f t w a r e  i s  produced by  FMS 
system vendors, by  FMS use rs  o r  by  s p e c i a l i z e d  s o f t w a r e  
f i r m s .  



Fiq. 1 - Se lec ted  Impor tan t  Components of  C I N  Technoloqies.  



F i q u r e  2 shows t h e  main backward 1  irrl::alaes o f  t h e  comnrodity 
qroup ~mta1worC: : inq machinery and equipm~?-nt: '  o f  t h e  85- 
sec to r  U.S. i npu t -ou tpu t  t a b l e  f o r  1981 , which i n  p a r t i c u -  
l a r  i n c l u d e s  machine t o o l s ,  among them NC-machines 1 ) .  For 
f i g u r e  2 and 3 a  personal  computer program c a l l e d  'Product  
Chain Ana l ys i s '  was used. I t  has been developed a t  t h e  
Economic Research I n s t i t u t e  o f  t h e  S t a t e  P lann ing  Commission 
i n  Eerlin/GDR. The t h e o r e t i c a l  bacL::ground and t h e  f a c i l i -  
t i e s  o f  t h e  program a r e  descr ibed  i n  t h e  appendix t o  t h i s  
paper. 

The r e l a t i o n s h i p s  i n  f i g .  2 look: much more p r o s a i c  t han  t h e  
v a r i e t y  of key components o f  C I M  t e c h n o l o g i e s  as shown i n  
f i g .  1. The bo:.: on t h e  r i g h t  rep resen ts  domestic ou tpu t  f o r  
f i n a l  consumption o f  t h e  commodity No. 47 i n  m i l l i o n s  o f  
1981 do1 l a r s .  S t a r t i n g  f rom t h i s  commodity, t h e  p roduc t  
c h a i n  'Metal  wmrC::i n~ l j  Nachi ner-v and Equipment -3 ~ l e c t r i c a l  
Equipment -:::. E l e c t r o n i c  Components ->. Nonfer rous Meta ls '  
i s  l i s t e d .  

Every column o f  t h e  f i g u r e  r e p r e s e n t s  a  c e r t a i n  s tage  o f  t h e  
p r o d u c t i o n  process i n  terms nf t h e  85-sec to ra l  commodity 
c l a s s i f i c a t i o n  o f  t h e  U.S. 1-0 t a b l e .  The p roduc ts  be lo r iq ing  
t o  t h e  cons idered c h a i n  a r e  l i s t e d  i n  d o u b l e - l i n e  boxes. For  
every  s tage  toge the r  w i t h  t h e  cha in  commodity main cornpo- 
nen ts  a l s o  consumed i n  t h e  same process a r e  shnwn. 

Now, as mentioned above, i t  i s  necessary t o  a t t r i b u t e  d i f f e -  
r e n t  components o f  C I M  t o  t h e  s e c t o r s  o f  t h i s  model and t o  
t h e  f l a w s  between them. So ~ l e c t r o n i c  i n d u s t r i a l  c o n t r o l  
equipment has t o  be searched f o r  i n  t h e  ' E l e c t r i c a l  Equip- 
ment' commodity yroup, semi conductor components - i n  t h e  
' E l e c t r o n i c  Components' group. 

- 

1) The i npu t -ou tpu t  d a t a  f o r  19t31 were p u b l i s h e d  i n  U.S. 
Input-Output  C19871 as two t a b l e s  - t h e  Use and t h e  NaC::e 
t a b l e ,  showing t h e  consumption o f  d i f f e r e n t  commodit ies 
by each i n d u s t r y  resp.  tl.ie ou tpu t  o f  d i f f e r e n t  commodi- 
t i e s  by  each i n d u s t r y .  
For p roduc t  c h a i n  a n a l y s i s  t h e y  have been t t -ansf  ormed 
f rom t h i s  commodi ty / indus t ry  fo rm t o  t h e  commodity/commo- 
d i t y  form, u s i n g  t h e  method desc r i bed  i n  U.S. I n p u t -  
Output C1984al. T h i s  was necessary t o  o b t a i n  t echno l -  
o g i c a l  r e l a t i o n s h i p s  i n s t e a d  of shipments between indus-  
t r i e s .  The BEA method i s  based on t h e  con tes ted  indus-  
t r y  technoloqy assumption, b u t  j. t i s  r e l a t i v e 1  y  s imp le  
and does n o t  produce n e q a t i v e  elements. 
S ince  da ta  were a v a i l a b l e  o n l y  on t h e  85-sector l e v e l ,  
a l l  c a l c u l a t i o n s  were performed on t h i s  l e v e l .  So i n  
comparison w i  t h  t h e  pub1 i shed EEA commodi ty/commodi t y  
t o t a l  requi rement  t a b l e s  d i f f e r e n c e s  may appear. 



F i g .  2/5 - Product  Chain A n a l y s i s  f o r  Commodity No.47 - 
Meta1worl::ing Machinery and Equipment, based on U. S. I n p u t -  
Output Data f o r  1981 

Fig. 2 - Backward A n a l y s i s  

N W V B - Product Chain Analysis ERI of the SPC/GDR 
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F i g .  3 - A n a l y s i s  o f  L ink in la  Chains 

N W V B - Product Chain Analysis ERI of the SPC/GDR 
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Sof tware  bought by  t h e  C I M  techno logy  u s e r s  f rom o t h e r  
companies and n o t  i n c l u d e d  i n  t h e  system cos ts ,  I . ,  of  a  
FMS, appears i n  t h e  s e c t o r  'Bus iness Se rv i ces ' .  

F i .  3 demonstrates another  f e a t u r e  o f  F'roduct Chain Analy-  
s i s .  I t  i s  p o s s i b l e  t o  search w i t h i n  t h e  d i r e c t  m a t e r i a l  
requ i rement  c o e f f i c i e n t  m a t r i x  f o r  a1 1  r e l e v a n t  p r o d u c t  
c h a i n s  l i n k i n q  two  commodit ies. If a  s u f f i c i e n t l y  sma l l  
t o l e r a n c e  v a l u e  was used f o r  t h e  search,  t h e  sum o f  a1 1  
t hese  c h a i n s  w i l l  accord w i t h  t h e  co r respond ing  t o t a l  
requ i rement  c o e f f i c i e n t  (see t h e  Appendix A t o  t h i s  p a p e r ) .  

How d i d  t h e  i n p u t s  o f  i n d u s t r y  No. 47 chanqe over  r e c e n t  t e n  
yea rs  ? I n  t a b l e  1 t h e  most i m p o r t a n t  i n p u t s  (commodi t ies)  
o f  t h i s  i n d u s t r y  f o r  t h e  1972, 1977 and 1981 1-0 t a b l e s  a r e  
compared. T h i s  compar ison i s  based on t h e  o r i g i n a l  'Use'- 
t a b l e s  (i. e. commodit i e s ,  used by i n d u s t r i e s )  as  pub1 i s h e d  
i n  t h e  Survey o f  Cu r ren t  E ~ t s i n e s s  t o  a v o i d  d i s t o r t i o n s  due 
t o  t h e  t r a n s f o r m a t i o n  a l g o r i t h m .  

'able 1 - Chanqes i n  I n p u t  Composi t ion f o r  I n d u s t r y  No.47 
' Meta l  wor1::i nq I'lachi n e r y  and Equipment' 

UMS: U n i t  m a t e r i a l  consumpt ion s a v i n g / i n c r e a s e  
( : s a v i n g  " + " =  . I. r icrease) 

M/E: Machinery and Equipment 

M l n . c ~ t r r . 8  
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73. E u s i  ness s e r v i  ces 

Sum o f  s e l e c t e d  p o s i t . :  
Sum o f  Intermed. I n p u t :  

Source: Use t a b l e s  i n  U.S. Input -Output  [1979,1984,19871. 
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I n  t h e  upper p a r t  o f  t h e  t a b l e  t o t a l  o u t p u t  and t h e  g l o b a l  
c o s t  s t r u c t u r e  o f  i n d u s t r y  No. 47 a r e  l i s t e d .  One can ob- 
se rve  an i n c r e a s i n g  share o+ i n t e r m e d i a t e  i n p u t  i n  t o t a l  
ou tpu t .  The da ta  f o r  d i f f e r e n t  1::inds o f  m a t e r i a l s  g i v e  a  
c e r t a i n  i d e a  about p o s s i b l e  causes f o r  these  c o s t  dynamics. 
Together w i t h  t h e  f l o w s  ' u n i t  m a t e r i  a1 consumption sav ing '  
was c a l c u l a t e d  by t h e  f  01 lowinla fo rmc~ la :  

Tot .  Outp. Ind.  47 ( yea r2 )  
UMS= F low(yea r2 )  - F low(year1)  X 

Tot .  Outp. Ind.  47 (year  1  ) 

For most o f  these  d a t a  t h e r e  i s  no obv ious  e x p l a n a t i o n .  Con- 
s i d e r i n g ,  f o r  i ns tance ,  t h e  r a p i d  o i l  p r i c e  i n c r e a s e  i n  ' t h e  
m idd le  o f  t h e  70- ies,  t h e  r e l a t i v e  sav ing  o f  p e t r o l  r e f i n i n g  
p r o d u c t s  between 1972 and 1977 ( i n  c u r r e n t  p r i c e s ! )  1.5 

r a t h e r  amazing. 

The i nc rease  o f  m a t e r i a l  c o s t s  of t h e  i n d u s t r y  No. 47 d u r i r i g  
t h i s  p e r i o d  i s  caused, f i r s t  o f  a l l ,  by  t h e  incr-easinlg con- 
sumpt ion o f  e l e c t r i c a l  i n d u s t r i a l  equipment ( t h i s  woc.tld 
correspond w i t h  t h e  i n c r e a s i n g  r o l e  o f  i n d u s t r i  a1 auto-  
mat ion)  and t h e  lgrowing consurnpti.on of: two s e r v i c e  groups: 
Wholesale/Trade and Transport/Warehouses. 

The decreas ing  use (aga in  i n  r e l a t i v e  te rms)  of: e l e c t r i c a l  
i n d u s t r i a l  equipment i n  t h e  second p e r i o d  c o u l d  be e:.:pl a i  ned 
by  r e d u c t i o n  i n  p r i c e s  and a  hifigher share o f  e l e c t r o n i c  
c o n t r o l  equipment. 

The r e d u c t i o n  i n  f e r r o u s  and n o n f e r r o ~ t s  meta l  consumption i n  
b o t h  p e r i o d s  seems t o  be p l a u s i b l e .  But  why d i d  t h e  s h i p -  
ments o f  t h e  meta1worl::ing i n d u s t r y  t o  i n d u s t r y  No. 47 i n  
r e l a t i v e  terms decrease i n  t h e  f i r s t  and i n c r e a s e  i n  t h e  
second p e r i o d  ? I s  t h i s  caused, e. g., by changes i n  t h e  o r -  
tgani z a t i o n a l  ( p r o p e r t y )  s t r u c t u r e  o f  t h e  meta l  w n r P : i  ng  j. ndus- 
t r y  o r  even by changes i n  p r e p a r a t i o n  methods o f  t h e  1-0 
t a b l e  ? 

Answering a1 1  these  q u e s t i o n s  r e q u i r e s  t ime-consuming ana- 
l y t i c  work, b u t  i s  i n d i s p e n s a b l e  f o r  any impact  s tudy  based 
on t h e  i n p u t - o u t p u t  framework:. It w i l l  be  u s e f u l  t o  u t i l i z e  
more d e t a i  1  ed 1  eve1 s  o f  input-01.1tput t a b l e s  f o r  t hese  purpo- 
ses. For  t h e  U.S. economy, e.9. beyond t h e  85-sector  
t a b l e s ,  desaqqregated d a t a  a r e  a v a i l a b l e  1 ) .  U n f o r t u n a t e l y ,  
t h e  s e c t o r  c l a s s i f i c a t i o n  o f  these  t a b l e s  has been changed 
f rom one benchmark year t o  another ,  w h i l e  t h e  alggregated 
t a b l e s  are, i n  p r i n c i p l e ,  comparable. 

1) The c l a s s i f i c a t i o n  f o r  t h e  d e t a i l e d  t a b l e s  i n c l u d e s  365/ 
496 commodit ies and i n d u s t r i e s  f o r  1972 and 366/537 f o r  
1977. 1981 i s  n o t  a  benchmark year - s i n c e  19E30 EEA 
s t a r t e d  t o  p ~ t b l i s h  a l s o  i n t e r m e d i a t e  yea rs  on t h e  
85-sector  l e v e l .  



A1 thouqh t h e  85-sectol-a1 c1 a s s i  f i c a t i o n  seems t o  be t o o  
aqgregated f o r  macroeconomic impact anal  y s i  s  o f  C I M  tech-  
nololay d i f f u s i o n ,  i t  was used by d i f f e r e n t  au tho rs  f o r  t h i s  
purpose (Leon t i e f /Duch in  C19861, Howel l  C19851). 

T h i s  s h o r t  i n t r o d u c t i o n  t o  t h e  s u b j e c t  ' Inpu t -Outpu t  and 
CIM" a l ready  g i v e s  some i d e a  o f  t h e  i s s u e s  connected w i t h  
t h i s  concept. Be fo re  anal  y s i  ng tgeneral m ~ t h o d o l  o q i  c a l  
problems o f  u s i  nq t h e  i npu t -ou tpu t  approach f o r  macro- 
economic impact a n a l y s i s  o f  t h e  d i f f u s i o n  o f  new techno- 
l o g i e s ,  now some o f  t h e  p r e v i o u s  s t u d i e s  i n  t h i s  f i e l d  w i l l  
be descr ibed  i n  b r i e f .  

4. Prev ious  Input-Output  S tud ies  on Macroeconomic Impact o f  
Computer I n t e g r a t e d  Manuf a c t u r i  ng and Re1 a ted  Technolo- 
g ies .  General M e t h o d o l o ~ ~ i c a l .  Problems 

The a n a l y s i s  o f  t e c h n o l o g i c a l  change w i t h i n  an i npu t -ou tpu t  
frameworl:: i s  n o t  a  new s u b j e c t .  But  r a p i d  development o f  
m i c r o e l e c t r o n i c s  as t h e  mo t i  v r  branch o f  t h e  p resen t  tech-  
n o l o g i c a l  r e v o l u t i o n  and t h e  changes i n  manufac tu r ing  tech-  
n o l o g i e s  a l r e a d y  induced by these  b a s i c  i n n o v a t i o n s  1 )  
s t i m u l a t e d  new e f f o r t s  o+ model inq e x p e r t s  a l l  over t h e  
wor ld.  

The s tudy  ' M i c r o e l e c t r ~ n i c s  - A p p l i c a t i o n s ,  D i f f u s i o n  and 
Impacts - The A ~ t s t r i a n  Case' s e t s  an example f o r  thorough 
systems a n a l y s i s  o f  t h i s  new technology.  The chapte r  'Macro- 
economic Aspects o f  M i c r o e l e c t r o n i c s '  ( F l e i s s n e r  e t  a1 . 
C19811 has been g e n e r a l l y  recognized as t h e  f i r s t  sys temat ic  
a p p l i c a t i o n  o f  t h e  i n p u t - o u t p u t  approach i n  t h i s  f i e l d .  

S ince  new s t u d i e s  were pub l i shed  by o t h e r  au thors .  Table  2 
g i v e s  an comparison o f  some o f  these  r e s u l t s  and t h e  t o o l s  
used f o r .  So W. L e o n t i e f  and F. Duchin a l r e a d y  i n  1983 pub- 
l i s h e d  t h e  f i r s t  r e s u l t s  o f  t h e i r  i npu t -ou tpu t  a n a l y s i s  o f  
employment e f f e c t s  o f  manufac tu r ing  automat i  on (see Howel 1  
C19851). Howell  performed a  s i m i l a r  s tudy  f o r  i n d u s t r i a l  
r o b o t  d f f s o n .  4y res / 'B rau tzsch /M~r i  i n  1987 o f + e r e d  a  
p roposa l  t o  i n c o r p o r a t e  i n t e r n a t i o n a l  cornparable 1  abor mat- 
r i c e s  i n t o  t h e  INFOHUM i n t e r n a t i o n a l  system o f  1  i n k e d  i n p u t -  
o u t p u t  models and s t a r t e d  d a t a  c o l l e c t i o n  2). 

Regarding t h e  under1 y i n g  concept o f  macroeconomi c  impac ts  
t h e  work o f  Einoshi.ta/Yamada, presented a t  t h e  annual IIASA 
C I M  worl::shop i n  1988 i n  S t~ t t t ga r t /FRG,  seems t o  be t h e  most 

1 )  T h i s  t e rm was i n t r o d u c e d  by Mensch i n  1972 t o  denote 
i nnova t i ons ,  "wh i ch  e s t a b l i s h  new branches o f  i n d u s t r y ,  
and r a d i c a l  improvement i nnova t i ons ,  which r e j u v e n a t e  
e x i s t i n l a  branches'.  (Mensch C 1981 1, p. 500) 

2) An overv iew o f  t h e  INFORUM system i s  g i v e n  by Nyhus 
C19821 and P o r t e r  C19843. 



Table  2 - Comparison o f  Input-Output:  S t u d i e s  o f  t h e  Macro- 
economic Impact  o f  C I M  and r e l a t e d ,  technolo ta ies  



complex approach. Some impor tan t  r e l a t i o n s h i p s ,  n o t  a1 lowed 
f o r ,  e.q., i n  L e o n t i e f / D u c h i n ' s  s tudy  I ) ,  were i n c l u d e d  i n t o  
t h e  econometr ic  i n p u t - o u t p u t  model o f  t hese  au thors .  bes ides  
a  more comprehensive r e p r e s e n t a t i o n  o f  t h e  n a t i o n a l  economy, 
w i t h  t h e  h e l p  o f  t h i s  model due t o  a  t r a d e  1ink:alae submodel 
i t  i s  p o s s i b l e  t o  ana lyze  impacts  o f  r o b o t i z a t i o n  on 
i n t e r n a t i o n a l  t r ade .  We w i l l  r e t u r n  t o  t h i s  model i n  chap- 
t e r  5 .  

I n  most o f  t h e  p u b l i c a t i o n s  s p e c i a l  a t t e n t i o n  i s  p a i d  t o  em- 
ployment impacts.  I n  t h e  a u s t r i a n  s tudy  l a b o r  f o r c e  i s  sub- 
d i v i d e d  by sex and f o u r  educa t i on  l e v e l s ,  i n  t h e  o t h e r  s tud-  
i e s  - by some 50 o r  even 120 d i f f e r e n t  occupat ions .  Thus n o t  
o n l y  t h e  a b s o l u t e  b u t  a l s o  t h e  s t r u c t u r a l  e f  + e c t s  on em- 
ployment a r e  cons idered.  

I n  a1 1  s t u d i e s  t h e  s c e n a r i o  ana l .ys is  approach was used sue- 
cess f  u l  1  y  t o  ana l  yse consequences o f  d i  f f er-ent p o s s i b l e  d i  f - 
f u s i o n  pa ths  and imp lementa t ion  s t r a t e y i e s  o f  t h e  techno- 
l o y i e s  under c o n s i d e r a t i o n .  

Ayrec;/Brautz5ch/Mori C I9071  a l r e a d y  p o i n t e d  o u t  seve ra l  
i s sues  o f  macroeconomic impact a n a l y s i s  o f  C I M  techno loqy  
d i f f u s i o n  w i t h  s p e c i a l  r e s p e c t  t o  t h e  l i m i t a t i o n s  o f  t h e  
i npu t -ou tpu t  approach. Consider in12 macroeconomic impac ts  o f  
t h e  d i f f u s j . o n  o f  new techr to loq ies  w i t h i n  some s~tbsystem o f  
t h e  economy 1  i k e  t h e  meta1wDrI::ing i n d u s t r y ,  i t  i s  necessary 
t o  tal::e i n t o  account some b a s i c  problems o f  t h e  ph i l osophy  
of t h e  modelinla approach. We w i l l  f o c u s  he re  on t h r e e  o f  
them: 

1 )  The p r e d i c t a b i l i t y  o f  the_ d i f f u s i o n  o f  t h e  new technolmqy 
under c o n s i d e r a t i o n  and i t s  main parameters; 

2) The n e c e s s i t y  o f  some assunlpt ions r e q a r d i n q  t h e  dynamics 
of t h e  e n t i r e  system w h i l e  model in12 t h e  i n f  luence  o f  
changes w i t h i n  a subsystem on i t s  envirortment; 

3) The l i m i t e d  a b i l i t y  o f  a b s t r a c t  economic models t o  
r e f l e c t  t h e  behav io r  o f  comple:.: economic systems and, i n  
p a r t  i c u l  a r ,  proceszes o f  adap ta t  i on and f 1  ex i b l  e  
ad justment  t o  techno1 c l l - l i  ca l  chanqer; i n  a  subsystem 
o r  processes o f  mutual  compensation o f  d i f f e r e n t  impac ts  
o f  t h e  same i n i t i a l  change. 

1 )  So Ayres/Brautzsch/Mor i  C 1F871, a n a l y z i n g  t h e  pub1 i c a -  
t i o n s  o f  F l e i s s n e r  e t  a l .C l9811  and L e o n t i e f / D ~ t c h i n  
(19861, mentioned: 'One drawback o f  b o t h  models i s  t h a t  
t h e y  do n o t  r e f l e c t  t h e  feedback o f  t h e  c o s t  r e d u c t i o n  
ach ieved by C I M  a p p l i c a t i o n  t o  a  p o s s i b l e  demand i n c r e a s e  
r e s u l t i n q  f rom lower  p r i c e s  o f  qoods.' ( o p . c i t . ,  p.3) 



Some remarks s h a l l  be added on each o f  t hese  t o p i c s .  

1. F o l l o w i n q  t h e  techno lc~qy  l i f e - c y c l e  concept,  t h e  
techno1 o q i  es under c o n s i d e r a t i o n  a r e  01-11 y i n  t h e  i n t r o -  
d u c t i o n  phase and d i d  n o t  e n t e r  y e t  t h e  phase of: r a p i d  
qrowth. I f  ,. f o r  i ns tance ,  a  l o q i s t i c  d i f f u s i o n  model i s  
~tsed,. under t hese  cond j . t i ons  i t  i s  r a t h e r  d i f f i c ~ l l t  t o  
o b t a i n  s t a t i s t i c a l l y  s i g n i f i c a n t  es t ima tes  o f  t h e  parameters  
o f  t h e  model - p a r t l y  due t o  t h e  s h o r t  e s t i m a t i o n  p e r i n d ,  
p a r t l y  because t h e  d e c i s i v e  changes s t i l l  l i e  ahead. On t h e  
o t h e r  hand, t h e  c o s t / b e n e f i t  performance and t h e  dynamics o f  
i n p u t  and o u t p u t  parameters o f  t h e  new t e c h n o l o q i e s  can 
hard1 y  be p r e d i c t e d  by e x t r a p o l a t i o n .  

I n  t h e  s t u d i e s  c i t e d  above, r e l a t i v e l y  rough e s t i m a t e s  o f  
t h e  parameters o f  new techr lo locj ies and t h e i r  c t~anqes were 
used. C e r t a i n l y ,  t hese  es t ima tes  can be improved t o  some 
e x t e n t  by  a  t t ~ o r o ~ ~ g h  anal. y ~ i s  o f  case s t ~ t d i e s  and s t a t j . s -  
t i c a l  d a t a  as t hey  wet-e c o l l e c t e d ,  f o r  i ns tance ,  w i t h i n  t h e  
I IASA CIM p r o j e c t .  

I n  any case t h e  possj. b l  e i n f  1  uence of: c.tncertaj.nty o f  t t ~ e s e  
es t ima tes  on t h e  forec:ast r e s u l t s  i s  t o  be eva lua ted  by 
means o f  sens i  t.i v i  t y  anal. y s i  s or  o t h e r  methods. 

2. Whi le  a n a l y z i n g  t h e  impact o f  CIM t e c h n o l o g i e s  017  t h e  
macroeconomic l e v e l ,  i t  i s  necessary t o  d e s c r i b e  t h e  
expected dvnamics o f  the whole economy d u r i  nq  t h e  f o r e -  
c a s t i n y  p e r i o d  more o r  l e s s  comprehensive1 y. I n  t h e  terms o f  
economic models t h a t  means, t h a t  t h e  f u t u r e  behav io r  o f  t h e  
exogenous v a r i a b l e s  o f  a  g i ven  model i s  t o  be es t imated .  

I n  t h e  case of  a  dynamic i n p u t - o u t p u t  model as used, e . g . ,  
b y  L e o n t i e f  i D u c h i n  C 19861, usua l1  y  non- i  nvestrn~:nt f i n a l  
demand by s e c t o r  i s  e:.:oqenous. Leont  i e.f /Duchi r-I i n  t h e i r -  
s tudy  empl uyed e s t i m a t e s  o f  t h e  Bureau o f  Labor S t a t i s t ] .  c s  
(BLS) f o r  these  v a r i a b l e s .  

The a u s t r i a n  s tudy  ( F l e i s s n e r  et a l .  C19811) i s  based on a 
model, c o n t a i n i n g  inves tment  . as exogenc~us v a r i a b l e s  and 
i n t e r n a l i z i n g  t h e  o t h e r  cnmponents o f  f i n a l  demand. F'ersonal 
consumption i s  e x p l a i n e d  by a  s o p h i s t i c a t e d  demand-side 
submodel, whi 1  e  government e:.:pendi t u r e s  and f o r e i g n  t r a d e  
v a r i a b l e s  a r e  g i v e n  as a  share  o f  GDP by t i m e  t r e n d  
f u n c t i o n s .  

Obv ious ly ,  i t  i s  necessary  tc:,  determine,  t o  what e x t e n t  t h e  
r e s u l t s  o f  t h e  impact  a n a l y s i s  a r e  a f f e c t e d  by t h e  c h o i c e  of 
t hese  e x t e r n a l  es t ima tes .  S c ~ n a t - i o  a n a l y s i s  can h e l p  t o  
s o l v e  t h i s  problem. Yet i n  t h e  s t u d i e s  c i t e d  above, scena- 
r i o s ,  if used a t  a l l ,  wet-e e labo ra ted  i n  t h e  sense o f  
d i f f e r e n t  d i f f u s i o n  p a t h s  o f  CIPI t echno loq ies ,  n o t  f o r  d i f -  
f e r e n t  t r a j e c : t o r i e s  o f  economic growth.  



There i s  another  aspect  o f  t h i s  i ssue .  I f  d e a l i n g ,  e.q., 
w i t h  i npu t -ou tpu t  models o f  t h e  US economy, i t  must be c la - .  
r i f  ied ,  whether bus iness  c y c l e s  should  be taken  i n t o  account 
i n  t h e  f o r e c a s t i n q  process n r  no t .  I f :  t o  a c e r t a i n  e:. : trnt 
t hey  c o u l d  be e l i m i n a t e d  f rom h i s t o r i c a l  d a t a  by s t a t i s t i c a l  
procedures,  t h i s  cannot be done, E. q . ,  f o r  t h e  1-0 t a b l e s .  
The benchmark:: years  o f  t h e  l a t t e r  l i e  i n  q u i t e  d i f f e r e n t  
phases o f  t h e  bus iness  c y c l e s  s e e  f i .  4 ) .  

On t h e  o t h e r  hand, t e c h n o l o q i c a l  change i t s e l f  i s  an 
impo r tan t  de te rminan t  o f  t h e  c y c l  i c a l  behav io r  o f  t h e  
economy. E ~ c t  i t  i s  n o t  t h e  o n l y  f a c t o r ,  and t h e  i n f  lctence o f  
a  group o f  new t e c h n o l o g i e s  can w e l l  be 'drown' by  t h e  
i n f l u e n c e  o f  o t h e r  f a c t o r s  as w e l l  as by t h e  i n e r t i a  o f  t h e  
system as a whole. 

3. The a n a l y s i s  o f  t h e  impact  o f  t e c h n o l o g i c a l  change on 
l e v e l  and s t r u c t u r e  o f  employment by S t r u c t u r a l  Dynamics 
t h e o r y  s e t s  an e:.:ample fot- t h e  d i f f i c u l t i e s  o f  measur ing t h e  
r e s u l t i n g  e f f e c t  o f  mutual cornpensating i n f l u e n c e s .  Thus, 
e. g . ,  t h e  l a b o r  replacement by i nd i . t s t r i a1  r o b o t s  i s  p a r t i  d l - -  

l y  compensated by a d d i t i o n a l  employment i n  new subcon t rac t -  
i n g  i ndc i s t r i es ,  p roduc ing  r o b o t s  and t h e i r  compnnents. 

F i g .  4 - The U.S. Inpu t -Outpu t  t a b l e s  i n  t h e  corite;.:t 0.f U. S. 
bus iness  c y c l e s .  



On t h e  o t h e r  hand, t h e  p r o d u c t i v i t y  i n c r e a s e  i n  t h e  r o b o t -  
~ r s i n g  i n d u s t r y  w i  11 i n c r e a s e  demand f o r  t h e i r  p r o d u c t s  arid 
w i  11 s t i m u l a t e  investment '  i n  t h i s  i n d u s t r y ,  i n c r e a s i n q  
t he reby  employment, t oo .  

Not o n l y  t h e  va lue,  b u t  even t h e  tendency - i n c r e a s e  o r  
decrease - o f  t h e  r e s u l t i n l a  e f f e c t  on employment w i l l .  be  
v e r y  s e n s i t i v e  t o  parameter changes and, a l l .  t h e  more, t o  
changes o f  t h e  s t r u c t ~ t r e  o f  t h e  economic model. Wi th  t h e  
h e l p  o f  t h e  l a t t e r  u s u a l l y  ~ p l e : . : i t y  i s  qa ined a t  t h e  c o s t  
04 lower  accuracy i n  d e t a i  1s. Ba l  anc i  nla mutual  compensatinq 
i n f  luences  w i l l  m u l t i p l y  t h i s  i naccu racy  1 ) .  

A1 1 t h e  problems mentioned here,  m i  q h t  become s e r i  01-1s 
o b s t a c l e s  f a r  u s i n g  i n p u t - o i . ~ t p u t  models f o r  t h e  p u r p o s ~ s  
cons idered i n  t h i s  paper. We must be aware o f  them when 
t r y i n g  t o  d e s c r i b e  an a p p r o p r i a t e  model s t r u c t ~ ~ r e  o r  ' o u r  
research  i n  t h e  n e x t  two chap te rs .  

5. Networ l : :~  o f  Macroeconomic Impacts o f  C I M  Techno1 a q i  es 

The meas~rrement o f  macroeconomi c  impac ts  o f  C I M  techno1 ogy 
d i f f i . r s i on  i s  based on t h e  u n d e r l y i n g  concepts  o f  poss ib l .e  
impacts  2 ) .  T h i s  concept can be desc r i bed  by some 'concept -  

u a l  networl:: o f  cau5al  cha ins '  as developed i n  chap te r  2 (see 
p. l(:)/ll). 

I n  E o n ~ t t o ' s  work:: C 19851 on f le:.:i b l e  manuf a c t u r i n q  systems 
one can f i n d  such a  networl:: w r i t t e n  down as a  graph (see 
f i q .  5). 

So t h i s  scheme i n c l u d e s  t h e  cost-pr ice-demand feedbacl:: n o t  
r e f l e c t e d  i n  F l e i s s n e r ' s  and L e o n t i e f / D u c h i n ' s  models. I n  
t h e  model o f  t::inoshi ta/Yamada C 19887 themje feedbacks toqe-  
t h e r  w i t h  o t h e r  a d d i t i o n a l  impact  c h a i n s  a r e  rep resen ted  by 
b e h a v i o r a l  equa t ions .  The u n d e r l y i n g  network  o f  causa l  
c h a i n s  has been desc r i bed  by  t hese  a u t h o r s  i n  v e r b a l  f o rm  
3 ) .  I n  I .  6  t hese  r e l a t i o n s h i p s  a r e  demonstrated as a  
c~raph (see paqe 26) . 

1 )  I n  te rms o f  numer ica l  c a l c u l a t i o n s  on a  computer t h e  
c a l c u l a t i o n  o f  t h e  d i f  ferencze o f  two a lmost  equal  va lues  
w i l l  cause an i n c r e a s i n g  percentage e r r o r .  

2) see chap te r  2 o f  t h i s  paper, p. 9  

3 )  Theref  o r  t h e  v e r b a l  d e s c r i p t i o n  i n  t:::inoshi ta/Yamada 
(19881, pp. 8-10, has been t rans fo rmed i n  a  s i m i l a r  way 
as  desc r i bed  b y  f lxel . rod's (15'76) Vocumentary  c o d i n g  
methods' (see f o o t n o t e  3 on p. 11 o f  t h e  p resen t  pape r ) .  



F i g .  5 - Networl:: o f  e f f e c t s  o f  p r o d u c t i v i t y  o f  F l e x i b l e  
Manu fac tu r i n~a  Systems (FMS) , (Bone t to  C19851. 
p. 161) 

P r o d u c t i o n  
P r i c e  E x p o r t  

Employment 

P r o f i t  w S a l a r i e s  G 

The au tho rs  d i s t i n g u i s h  S L I P P ~ Y  s i d e  and demand s i d e  e f f e c t s  
o f  i n d u s t r i a l  r o b o t  d i f +us j . on .  As t h e  main d r i v i n g  f o r c e  f o r  
r o b o t  a p p l i c a t i o n  i n  t h e  c o u n t r i e s  i n c l u d e d  i n  t h e  model 
t h e y  cons ider  l a b o r  s a v i n q  1) .  T h i s  w i l l  improve p r o f i t a b i l -  
i t y  and/or  decrease o u t p u t  p r i c e  i n  t h e  r o b o t  u s i n g  indus-  
t r i e s .  

Investment  - P r o d u c t i o n  

Now w i t h  t h e  h e l p  o f  t h e  input -outpuf ,  p a r t  o f  t h e  model i t  
becomes p o s s i b l e  t o  ana lyze  induced p r i c e  decrease i n  
f ' u r ther  r e l a t e d  s e c t o r s  o f  t h e  economy due t o  t h e  lower  
ou tpu t  p r i c e s  o f  r o b o t  u s i n g  i n d u s t r i e s .  On t h e  demand-si de, 
bes ides  d i  r e c t  r e q ~ c i  rements caused by i n c r e a s i  n q  r o b o t  
shipments, i n p u t - o u t p u t  a1 lows  t o  determine induced demafi 
f o r  components and m a t e r i a l s ,  i n d i r e c t l y  i n v o l v e d  i n  r o b o t  
p roduc t i on .  

- 
Consumption 

The econometr ic  behav io r  equat i .ons i n c l u d e d  i n  t h e  mudel 
g i v e  t h e  p o s s i b i l i t y  t o  t r a c e  f u r t h e r  i n f l u e n c e s  on f o r e i g n  
t r a d e  r e l a t i o n s  as well. as upon income d i s t r i b u t i o n ,  p r i v a t e  
consumption a.s.0. T h u s ,  t h e  i n i t i a l  impact  w i l l  be m u l t i -  
p l  i ,ed domest i c a l l  y  t h rough  t h e  in te rdependent  r e 1  a t i o n s  o f  
t h e  m o d e l V p . 9 ) .  On t h e  o t h e r  hand, t h e  ' e f f e c t s  i n  t h e  
f o r e i q n  c o u n t r i e s  w i l l  be f e d  bacl:: w i t h  a  c e r t a i n  t i m e  lala 
t o  t h e  domest ic economy th rou~ah t h e  channels  o f  t r a d e  f l ow . '  

Thereby t h i s  model (g ives a  r e a l  cmmple:.: p i c t u r e  o f  t h e  
v a r i e t y  o f  d i r e c t  and i n d i r e c t  impac ts  of a  new technolotgy. 

1) 'Waqe c o s t  p ressu re  is t h e  most i m p o r t a n t  f a c t o r  t h a t  en- 
couraqes r o b o t  i nves tmen t '  ( op . c i t . ,  p .9 ) .  



Fiq .  6 - Causal chains of  i n d u s t r i a l  r obo t  impacts i n  
Kinoshi  ta/Yamada C 1 9 0 8 3  
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Due t o  t h e  c o m b i n a t i o n  of  a n  i n p u t - o u t p u t  f ramewor l : :  w i t h  
e c o n o m e t r i c  e q u a t i o n s  a n d  a n  i n t e r n a t i o n a l  t r a d e  f l o w  model  
e f f e c t s  i n d u c e d  b y  i n t e r i n d u s t r y  r e l a t i o n s h i p s  c a n  b e  
a n a l y z e d  t o l a e t h e r  w i t h  t h o s e  c a u s e d  b y  comple:: e c o n o m i c  
i n t e r d e p e n d e n c e s  a n d  i n t e r n a t i o n a l  t r a d e  1  i n k a g e s .  

Y e t  t h e  comple : . : i t y  o f  t h i s  model  h a s  b e e n  a c h i e v e d  a t  t h e  
c o s t  o f  a r e l a t i v e l y  h i g h  a g g r e ~ a a t i o n  l e v e l  - 2 1  sec tors .  I f  
e v e n  w i t h i n  t h e  8 5 - s e c t o r  c l a s s i f i c a t i o n  o f  t h e  U.S. i n p u t -  
o u t p u t  t a b l e s  i t  is v e r y  d i f f i c u l t  t o  i d e n t i f y  m a i n  CIM com- 
p o n e n t s ,  i t  w i l l  b e  a l m o s t  i m p o s s i b l e  t o  d e t e r m i n e ,  e . g . ,  
i n c r e a s i n q  demand f o r  r o b o t  c o m p o n e n t s  i n d u c e d  b y  y r o w i n q  
r o b o t  a p p l  i c a t i o n  w i t h i n  a 21-sector f  rameworl:: .  

On t h e  o t h e r  h a n d ,  t h i s  model  d o e s  n o t  c o n t a i n  a s o p h i s t i c -  
a t e d  e m p l o y m e n t  s i d e  b y  oc::cc.cpation o r  e d u c a t i o n  l e v e l  1 i L:e 
o t h e r  m o d e l s  m e n t i o n e d  a b o v e .  

I n  s p i t e  o f  t h i s  ' p r i c e  f o r  comple : . : i t y '  t h e  i n t e g r a t i o n  o f  
i n p u t - o u t p u t  t a b l e s  i n t o  a n  e c o n o m e t r i c  f r a m e w o r k  seems t o  
b e  a s i . r c c e s s f u 1  a p p r o a c h  f o r  s t u d i e s  a i m i n g  e s p e c i a l 1  y  a t  a 
c o m p r e h e n s i v e  c o n s i d e r a t i o n  o f  a l l  t h e  v a r i e t y  o f  e c o n o m i c  
i m p a c t s  o f  new t e c h n o l  o g i  es. 

6. A 1 3 - s e c t o r  E c o n o m e t r i c  I n p u t - O u t p u t  Model o f  t h e  U . S .  
Economy 

I n  t h i s  c h a p t e r  a 13-sector e c o n o m e t r i c  i n p u t - o u t p u t  model  
o f  t h e  U.S. economy w i  11. b e  p r o p o s e d  i n  o r d e r  t o  d i s c ~ c s s  
s o m e  i s s u e s  o f  p r a c t i c a l  c a l c ~ r l a t i o n s  o n  m a c r o e c o n o m i c  
i m p a c t  a n a l y s i s  o +  CIM t e c h n o l o q i e s .  

T h e  ma in  p r a c t i c a l  p r o b l e m  t o  b e  s o l v e d  w h i l e  d e s i q n i n g  a 
model  f o r  t h i s  p u r p o s e  is t o  c l a r i f y ,  how t e c h n o l o s i c a  
chantrre s h o u l d  b e  i n c l u d e d  i n t o  t h e  m o d e l .  Some p o s s i b l e  
a p p r o a c h e s  w i  1 1  b e  d i s c u s s e d  h e r e  i n  b r i e f :  

1. A l l  s t u d i e s  q u o t e d  i n  c h a p t e r  3 (see t a b l e  2, p .  20) w e r e  
b a s e d  o n  m o d e l s  o f  n a t i o n a l  e c o n o m i  es n o t  e s p e c  i a 1  1  y  
d e d i c a t e d  t o  t e c h n o l o l a y  a s s e s s m e n t  a n d ,  i n  p a r t i c u l a r ,  
n o t  e : . : p l i c i t l y  r e f l e c t i n g  t h e  m e c h a n i s m  a n d  t h e  d r i v i n g  
f o r c e s  o f  t e c h n o l o g y  d i f  + u s i o n  t h e m s e l v e s .  

D i f  f  ~csi o n  a n d  i n f  1  u e n c e  o f  t e c h n o l  olgy w e r e  e s t i m a t e d  
a p a r t  i n  t e r m s  o f  p o s s i b l e  c h a n g e s  o f  p a r a m e t e r s  a n d  
c o e f + i c i e n t s  o f  t h e  m o d e l .  T h e r e f o r e  t h i s  a p p r o a c h  c o u l d  
b e  ca l  l e d  'e : . :oqenous p a r a m e t e r  a d  i u s t m e n t '  . I n  some c a s e s  
r a t h e r  r o u g h  es t imates  w e r e  u s e d  (see, e. g . ,  t : : : inoshi  t a /  
Yamada C19881, p . 1 1 ) .  L e o n t i e f / D u c h i n  u t i l i z e d  a l o t  o f  
d a t a  f r o m  p u b l i c a t i o n s  t o  p r e d i c t  p a r a m e t e r  c h a n g e s .  B u t  
t h i s  i n f o r m a t i o n  a l s o  w a s  o n l y  i n  p a r t  b a s e d  o n  s t a t i s t i -  
cal  a n a l y s i s  a n d  o f t e n  w a s  n o t  t h a t  r e l i a b l e .  



E:.:oqenous parameter ad justment  c o u l d  be improved usinla 
C I M  techno logy  d i f f u s i o n  s t u d i e s  per formed a t  I IASA 
d ~ t r i n q  r e c e n t  years.  

2.  Car te r  C19873 desc r i bed  an approach t o  t h e  a n a l y s i s  o f  
techno1 o q i  c a l  change w i t h i n  an i nput -ou tpu t  f rameworl:, 
which i s ;  based on a  s imp le  d e c i s i o n  r u l e  f o r  investment  
i n  new t e c h n o l o l ~ i e s  depending on t h e   gains f rom i n v e s t i n g  
i n  a d d i t i o n a l  c a p a c i t y  o r  r e p l a c i n g  o l d  c a p a c i t y  w i t h  
new. 

T h i s  d e c i s i o n  r u l e  i s  t h e  f i r s t  s t e p  t o  t h e  i n t e q r a t i o n  
o f  a  technololrtv d i f f u s i o n  model i n t o  an i n p u t - o u t p u t  
f rameworb:. 

There fo r  f u t u r e  p r i c e  changes o f  i n p u t s  and o u t p u t s  by 
s e c t o r  must be p r e d i c t e d .  Thus t h e  ' l e a r n i n g  cu rve '  con- 
cep t  (see pp. 15/16 o f  t h i s  paper)  can be r e f l e c t e d  
immediate ly  i n  t h e  model. On t h e  o t h e r  hand, any para- 
meter p t - e d i c t i o n  h r i n q s  u n c e r t a i n t y  i n t o  a n a l y s i s ,  and 
even a  s imp le  investment  d e c i s i o n  r u l e  w i l l  maC::e i t  d i f -  
f i c u l t  t o  t r a c e  consequences o f  u n c e r t a i n t y .  

New techno log ies  i n  a  c e r t a i n  s ~ c t o r  a r e  rep resen ted  by a  
new column o f  i n p u t  c o e f f i c i e n t s  f o r  t h i s  s e c t o r ,  t h e  
c a p i t a l  cos t  per  u n i t ,  and t h e  expected p r i c e  chanlges 
mentioned above. 

3. For techno loqy  impact  a n a l y s i s  i t  migh t  be even n o t  
necessary t o  model t h e  whole n a t i o n a l  economy, b u t  o n l y  
some subsystem o f  t hose  p r o d u c t i o n  processes and t h e i r  
economic r e l a t i o n s h i p s ,  which t o  a  c e r t a i n  e x t e n t  a r e  
i n f  luenced by t h e  new technolotgy - e i t h e r  d i r e c t l  y  o r  
i n d i r e c t l y .  I n f l u e n c e s  c o u l d  be examined on a more 
d e t a i  l e d  l e v e l ,  w h i l e  a spec i  a1 submodel would e:.:plai n  
t h e  d i f f u s i o n  o f  t h e  new technology.  

Product  Chain A n a l y s i s  so+ tware  can be used t o  s e l e c t  t h e  
network o f  f l o w s  o f  qoods and o f  economic r e l a t i o n s h i p s ,  
d i r e c t l  y o r  i n d i r e c t l y  a f f e c t e d  by C I M  technololay d i f  +LIE 

s i on .  T h i s  network: c o u l d  he t h e  base, f o r  i ns tance ,  o f  a  
system dynamics framework, used f o r  d i + f e r e n t  s c e n a r i o  
s i m u l a t i o n s .  

Among these  t h r e e  a l t e r n a t i v e  model ing approaches we dec ided 
f o r  t h e  second one. On t h e  base o f  t h e  main c o n c l u s i o n  o f  
chap te r  5 an algqregated econometr ic  i n p u t - o u t p u t  model w i  11 
be proposed, which i n c l ~ t d e s  some d e c i s i o n  t -u le t o  e:.:pl a i n  
t h e  f u r t h e r  dynamics o f  t h e  share o f  C I M  t e c h n o l o g i e s  i n  t h e  
o u t p u t  o f  d i f f e r e n t  s e c t o r s  o f  t h e  economy - f i r s t  o f  a l l  
o f  t h e  meta l  work ing  i n d u s t r y .  



T c h i j o v  C19871 c a r r i e d  o u t  a  d i f f u s i o n  s t u d y  f o r  NC-machines 
i n  t h e  U. S. meta lwork ing  i n d u s t r y .  Theref  o r e  i n  t h e  p resen t  
chapter  a  model o f  t h e  U.S.economy w i ) l  be proposed t o  con- 
t i n u e  t h i s  research.  S ince  Tch i  j o v  re f : e r red  i n  h i s  s tudy  t o  
t h e  2 - d i q i t  s u b d i v i s i o n  o f  t h e  U.S. meta1work:ing i n d u s t r y ,  
t h e  same c l a s s i f i c a t i o n  i s  used i n  t h e  econometr ic  i n p u t -  
o u t p u t  model o f  t h e  U.S. economy d iscussed here.  

The f o l l o w i n g  t a b l e  c o n t a i n s  t h e  p r e l i m i n a r y  s e c t o r a l  c l a s -  
s i f  i c a t i o n  o f  t h i s  model. Meta1worC:ing i n d u s t r y  ( M W I )  has 

~ j i t  l ~ v e l ,  w h i l e  o t h e r  s e c t o r s  o f  t h e  been kep t  a t  t h e  2-d i  - '  

economy were aggregated. By t h e  way. t h e  s u b d i v i s i o n  o f  t h e  
MWI i s  t h e  same as i n  t:cinoshita/Yamada C19881. 

Table  3 - Sector  C l a s s i f i c a t i o n  o f  t h e  Model. 

Be fo re  d iscuss in la  t h e  model s t r u c t u r e ,  some words about t h e  
i n t e g r a t i o n  o f  econometr ic  eiqi .~at ions i n t o  an i n p u t - o u t p u t  
model s h a l l  be added. Mor i  C19871 and Tan1 C19881 a l r e a d y  
used t h e  p r o d u c t i o n  func t j .on  apparatus f o r  d j . f f u s i o n  s t u d i e s  
o f  i n d u s t r i a l  r o b o t s  and NC-machines. That" why we w i  11 pay 
s p e c i a l  a t t e n t i o n  t o  t h i s  p a r t i c u l a r  concept o f  econometr ic  
a n a l y s i s .  

Nn. 

1 
C)  
*: 

7 .-* 

4 
r 

c 
.J 

6 
7 
8 
9 

1 0 
11 
12 
13 
14 
15 

I n  t h e  p r a c t i c e  o f  econometr ic  model ing t h e r e  a r e  used 
d i f f e r e n t  approaches t o  lLnI:: an input -ucr tput  f ramewot-I:: w i t h  
t h e  p r o d u c t i o n  f u n c t i o n  apparatus.  One ot: t h e  problems t o  
be so l ved  by such a  1  inkaqe  i s  t h a t  b o t h  i n p u t - o u t p u t  and 
p r o d u c t i o n  f u n c t i o n  t a  a c e r t a i n  e x t e n t  pe r fo rm  e j i m i  1ar  
ope ra t i ons ,  c a l c u l a t i n q  o u t p u t  f rom p r o d ~ r c t i o n  f a c t o r s  o r  
v i c e  versa.  

I d e n t i f i c a t i o n  
--- 

A g r i c u l t u r e i F o r e s t r y  
M i n i  nta 
C o n s t r ~ r c t i  on 
Other manu+actc.tr i r i g  

F i n a l  meta l  p roduc ts  
None1 e c t r .  machi ne ry  
E l e c t r i c a l  machinery 
T ranspor t  equi. pnlent 
I ns t rumen ts  

Transport iWarehouses 
Communications 
Serv ices /Other  i nd. 
Trade 
Inven t .  Val.  Ad justm. 
Noncomparabl e  Impor t  

S e c t o r s  o f  
t h e  85-sec. 
I /0-Tab1 E? 

1-4 
I= .J-10 
11-12 
13-38.64. 

- -- 
39-42 
47,-52 Meta l -  
53-58 work ing  
59-61 i n d u s t r y  
62-67, 

65 
66 
67-68,70-79,8 1 -E4 
69 
85 
80 

- 



T r a d i t i o n a l  i npu t -ou tpu t  a n a l y s i s  i s  connected w i t h  t h e  
c a l  c u l  a t i  on o f  q ross  ou tpu t  by i nd~t:;tt-y f.rnm . f. j. n a l  demand by 
d e l i v e r i r i q  i n d u s t r y .  The c i r c l e  cou ld  he c lose t j  by s o m e  
behav io r  equat ions  e:.:pl a i  n i .nq f i n a l  demand components by 
wages, p r o f i t s ,  d i sposab le  income and o t h e r  f a c t o r s ,  
dependinq on t h e i r  p a r t  f rom g ross  o r  n e t  o u t p u t  by 
sector.. 

I n  t h i s  c o n t e x t  p r o d u c t i o n  f u n c t i o n s  by  s e c t o r  would a c t u a l -  
l y  d u p l i c a t e  an a l r e a d y  e: . : is t inq f eedbacl:: c i r c l e ,  and t h e y  
would n o t  mal::e sense, i 4 :  used f o r  t h e  ca l . c~ r l a t j . on  o f  output. 
depending on p r o d u c t i o n  f a c t o r s  l i k e ,  e .  l a b o r  and f i;:ud 
assets .  Theref o r e  some econometri  c  i nput -ou tpu t  model s  do 
n o t  use FF a t  a l l  (see, f o r  ins tance ,  Almon e t  a l .  C 19743 
and L e v i t s k i j  C19771). 

There a r e  two b a s i c  concepts  t c j  cope w i t h  t h i s  issue:  

a )  t o  make t h e  F'F compete w i t h  t h e  1-0 framewnr-k w i t h i n  a  
d i s e q u i l i b r i u m  model (see, I .  Uno L19871); 

b )  t o  r e v e r s e  e i t h e r  t h e  1-0 system or  t h e  F'F t o  connect 
one t o  t h e  o the r .  

I n  t h e  second case, t h e  p r o d u c t i o n  f u n c t i n n s  c o u l d  be used, 
f o r  ins tance ,  f o r  comput inq l a b o r  demand f rom n e t  ou tpu t  arid 
c a p i t a l  stocI::5 i n s t e a d  o f  c a l c u l a t i n i j  ou tpu t  f rom f actorrs 
(see : l e n  C19831). Another appr-oach i s  based c:,n t h e  
r e v e r s i o n  o f  t h e  i npu t -ou tpu t  p a r t  o f  t h e  model. T h i s  can be 
done , e . q . ,  by c a l c u l a t i n g  f i n a l  d e l i v e r i e s  f rom qross  
ou tpu t  (Wel fe  C19831). 

A d i f f e r e n t  concept i s  u ~ . e d  by  Hoschel ClY851. In h i s  model. 
d e l  i v i e r i e s  o f  m a t e r i a l s  t o  each s e c t o r  a r e  b e i n g  c a l c u l a t e d  
w i t h  t h e  h e l p  o f  a d is t t - j .bu t j .on  t a r  m r :  T h i s  mat.rj:.: 
was ob ta ined  on t h e  ba,rse of. an input-outpt. t t  t a b l e ,  s i m p l y  
d i v i d i n g  t h e  shipments o f  every  p roduc inq  i n d u s t r y  t o  each 
sec to r  by t h e  sum o f  d e l i v e r i e s  o f  t h i s  i n d u s t r y .  The sum o f  
m a t e r i a l s  by pu rchas inq  s e c t n r  t oge the r  w i t h  5tocl::s o f  qrosr; 
f i x e d  asse ts  e n t e r s  t h e  p r o d u c t i o n  f u n c t i o n s  by  s e c t o r  1 ) .  

The comparison o f  these  d i f f e r e n t  approaches i s  i 11 us t ra tec l  
i n  t h e  f o l l o w i n q  f i q u r e .  The s t r u c t u r e  o f  t h e  models i s  
simp1 i f  i e d  e:.:tremly t o  show o n l y  t h e  p r i n c i p a l  d i f f e r e n c e s .  
Impor tan t  d e t a i  1s  a r e  o m i t t e d  2). 

1 )  F i n a l  demand c a t e g o r i e s  a r e  n o t  subd i v ided  by  s e c t o r  i n  
t h i s  model, because i t  has been designed f o r  t h e  p r e d i c -  
t i o n  o f  n a t i o n a l  income, n o t  o f  s e c t o r a l  behav io r .  

2 )  The comparison o f  d i f f e r e n t  econometr ic models i s  a  
r a t h e r  i n t e r e s t i n g  s ~ t b  j e c t  o f  research.  Va luab le  f indintas 
i n  t h i s  f i e l d  have been ob ta ined ,  e.9, by  Fromm C197Z3, 
t : : : lein/Burmeister C19761, Chir inl : :o/Ej.sner C19831, Sal j .nas/  
Weyant C19871 (comparison n f  main U.S. models) and 
G a r b e l y / G i l l y  C19841, Eoutj. 1 l . i e r  C 19841 ( u s i n g  s t r u c t u r a l  
a n a l y s i s  methods f o r  econometr ic model comparison . 



Fiq. 7 - Comparison of different approaches t o  link input- - - 
output model s with economet.ri c equations 201 - 

A b b r e o i a t i o n s  : 

10 - input-output to b(e 
10.- distr1'6~fi'on s h a r e  ma&*  

- net / g r O ~ g  ocrfput 
f D  - h'na~ dernehd 
P F  -p roduc f ioh  f u n c t i o n  
L, I( - (e6or force / c a p ; t ~ ~  

(by i n d o s e )  
1 - i n r c s f m r n t  by usiog i n d ~ s f ' y  

NI~, D - oat. income f i u p p ~ y / c i e m t m s )  
P C E  - persona (  Cons .  e v e n d i h t e s  

a H.-P HSschel 



For- t h e  purposes o f  macroeconomic i rnpact ana l  y s i  s  o f  C I M  
t e c h n o l o q i e s  t h e  concept a+ t:::lein seems t o  be t h e  mast 
s u i t a b l e ,  ma in l y  f o r  two reasons: 

- The i n p u t - o u t p u t  t a b l e  i s  represen ted  i n  t h i s  model i n  i t s  
' c l a z s i c a l ' ,  demand-o r i e~ ted  form. So m u l t i p l i e r  e f f e c t s  
appear i n  a  s i m i l a r  way li l::e i n  L e o n t i e f  ' s  dynamic models. 

- The p r o d u c t i o n  f ~ l n c t a n  i s  used f o r  c a l c u l a t i n q  l a b o r  
demand by  s e c t o r .  Thus t h e  r e s u l t s  crbtained by  S.Mori 
C19871 and A.Tani C19881 a p p l y i n g  t h e  p r o d u c t i n n  f u n c t i o n  
apparatus t o  e x p l a i n  r o b o t  d i f f u s i o n  can be u t i l i z e d  
immed ia t l y .  

4 p o s s i b l e  v e r s i o n  o f  t h e  s t r u c t u r e  o f  such a  model i s  des- 
c r i b e d  i n  f i g u r e  8, which s h a l l  be d iscussed now i n  b r i e f .  

The key p a r t  o f  t h e  model i s  an aqqreyated Inpu t -Outpu t  
t a b l e  w i t h  a  s e c t o r a l  c l a s s i + i c a t i o n  acco rd ing  t o  Tab. 3 
(p .29) .  I t i s  used h e r e  t o  t r a n s f o r m  f i n a l  demand by p ro -  
ducinlg s e c t o r  i n t o  n e t  octtput by sec to r .  Wi th  t h e  h e l p  o f  
inves tment  f u n c t i o n s  b y  u s i n g  s e c t o r s  !gross f i::ed i n v e s t -  
ment i s  c a l c u l a t e d  on t h e  base o f  ne t  ou tpu t .  Now changes i n  
c a p i t a l  stock:: can be determined.  C a p i t a l   stock::^ t o g e t h e r  
w i t h  ne t  o u t p u t  w i l l  e n t e r  p r o d u c t i o n  f u n c t i o n s  by s e c t o r  t o  
compute 1 abor demand by sec to r .  

The non-investment p a r t  of f i n a l  demand by u s i n g  s e c t o r  and 
c a p i t a l  goods n o t  d e l i v e r e d  by meta1work::ing i n d u s t r y  w i l l  be 
ob ta ined  u s i n g  ve ry  rough es t imates .  For t h i s  purpose, ~ . g . ,  
' b r i d q e  v e c t o r s '  c o u l d  be used t o  c a l c u l a t e  t hese  va lues  
f r om GNF' o r  f rom g r o s s  f i x e d  investment  as a  whole. 

Yet d e l  i v e r  i e s  o f  c a p i t a l  goods by meta l  work ing  s e c t o r s  must 
be determined by more s o p h i s t i c a t e d  methods. I n  F i g u r e  8 one 
p o s s i b l e  approach i s  demonstrated - t h e  use o f  matri:.: Ec t o  
t r a n s f o r m  investment  f o r  new equipment by usin12 s e c t o r  i n t o  
demand f o r  equipment by  s u p p l y i n g  i n d u s t r y .  

On t h e  f i r s t  s t e p  m a t r i x  B can be determined on t h e  base o f  
a  ' c a p i t a l  + low t a b l e '  as  u s u a l l y  p u b l i s h e d  i n  connec t i on  
w i t h  i npu t -ou tpu t  t a b l e s .  

Techno l .o~~ l i ca l  chanqe due t o  t h e  p e n e t r a t i o n  o f  C I M  t echno lo -  
g i e s  i s  represen ted  h e r e  i n  a  way l i k e  proposed by  C a r t e r  
C 19871. Some fo rma l  i n v ~ s t m e n t  dec ison  r u l e  i s  used t o  
dec ide  between investment  i n  o l d  and new t e c h n o l o g i e s  dep- 
endin12 on expected r e t u r n s .  

A f t e r  o b t a i n i n g  t h e  share  o+ investment  i n  new t e c h n o l o g i e s  
I X (  j) by u s i n q  s e c t o r  t h e  cor respond ing  column o f  matri:.: B i s  
b e i n g  mod i f i ed .  Now f o l l o w i n q  t h e  changes o f  t h e  v i n t a g e  
s t r u c t u r e  o f  c a p i t a l  stock: one can f i n d  ou t  t h e  share o f  t h e  
new techno logy  i n  sec to ra l .  ou tpu t  (2( j) . The l a t t e r  w i  I. 1  
a l l o w  us  t o  mod i fy  b o t h  matri:.: A and t h e  p r o d u c t i o n  f u n c t i o n  
(i. e. t h e  l a b o r .  demand f u n c t i o n ) .  



F ig .  8 - The s t r c t c t c ~ r e  o f  t h e  13-sector inpcrt-outpcrt model 
o f  t h e  U.S. econnmy, proposed f o r  macroeconomic 
impact a n a l y s i s  o f  C I M  t e c h n o l o q i e s  



As a  p r e c o n d i t i o n  f o r  t h i s  approach i n  a l l  t h r e e  cases - A 
and E  m a t r i c e s  and p roduc t i o r i  f u n c t i o n  by s e c t o r  - two d a t a  
s e t s  must be c rea ted :  f o r  o l d  and new techno logy .  A s p e c i a l  
problem w i l l  be t h e  s p e c i f j . c a t i o n  o f  t h e  d e c i s i o n  r u l e ,  
which must be a b l e  t o  e x p l a i n  and t o  p r e d i c t  techno loqy  
d i f f u s i o n .  I n  any case t h i s  block:: o f  t h e  model can be r e -  
p laced  by some ' s c e n a r i o  qene ra to r ' ,  p o s s i b l y  i n t e r a c t i v e .  

Yet t e c h n o l o g i c a l  change by C I M  t e c h n o l o g i e s  p r o b a b l y  w i l l  
a f f e c t  a l s o  o t h e r  v a r i a b l e s  and r e l a t i o n s h i p s  even i n  t h i s  
r e l a t i v e l y  s imp le  framework - e.3. i n v e n t o r y  chanqe as  a  
p a r t  o f  f i n a l  demand o r  i nvestment f u n c t i  ons. 

D u r i n g  summer 1988 on t h e  base o f  t h e  85-sector  i n p u t - o u t p u t  
t a b l e s  o f  t h e  U.S. economy f o r  1972, 1977, and 1981 d i f f e r -  
e n t  a~alrrreuated 1-0 t a b l e s  were c a l c u l a t e d .  Main d a t a  f l o w s  
a r e  shown i n  f i g .  9: 

1. The 13-sector  W s e A m a t i x  was aggregated f r om t h e  
d e t a i l e d  Use t a b l e  w i t h o u t  any o t h e r  t r a n s f o r m a t i o n .  
T h a t ' s  why f o r  t h i s  tab1.e al.1 chartses j.n aqqresa tes  can 
be t r a c e d  back t o  d e t a i G d  data.  

2. The 85-sectc~t- i n d u s t r y / i n d u s t r y  t a b l e  was ca l . cu la ted  f r om 
d e t a i l e d  Make and Use t a b l e s  acco rd ing  t o  L e o n t i e f  /Duchin 
El9861 (see Appendix E ) .  A f t e rwa rds  t h i s  t a b l e  was aggre- 
gated and d e f l a t e d .  Value added and t o t a l  o u t p u t  d e f l a t -  
o r s  were appro:.:imated f rom d1.f f e r e n t  sources. T h i s  t a b l e  
can be used i n  a  model l i k e  descr ibed  above. 

3. For needs o f  p roduc t  c h i n  a n a l y s i s  i n f a r m a t i o n  about 
t e c h n o l o q i c a l  r e l a t i o n s h i p s  between cammodi t i e s  i s  
des i red .  Such a  commmdi ty/commodi t y  t a b l e  can be ob ta ined  
w i t h  t h e  h e l p  o f  s tandard  SIYA methodology. I n  t h i s  case 
t h e  i n d u s t r y  techno loqy  assumption was used t o  c i rcumvent  
problems w i t h  n e g a t i v e  m a t r i x  e lements 1 ) .  

The work on t h i s  model was n o t  f j.nistied. Never-theless i t  1.5 

p o s s i b l e  t o  draw some conc lus ions  r e q a r d i n q  f u r t h e r  researc:ti 
on t h i s  s u b j e c t  a t  IIASA. 

1 )  There a r e  d i f f e r e n t  approaches t o  q e t  sense+ u1 r e s u l t s  
f o r  t h e  case o f  t h e  g e n e r a l l y  more r e a l i s t i c  p roduc t  
techno loqy  ass~ tmpt ion  o r  some mixed v e r s i o n  o f  b o t h  
methods (see e.q. Almon C19861, Stahmer C19841). 
The commmodity/commodity t a b l e s  o f  d i r e c t  m a t e r i a l  r e -  
qu i rements  p u b l i s h e d  i n  t h e  Survey o f  Cu r ren t  Bus iness 
a r e  a l s o  based on t g h e  i n d u s t r y  techno loqy  assumpti  on. 
Bu t  t h e y  were c a l c u l a t e d  on a  more d e t a i l e d  l e v e l  thari  
t h e  85 s e c t o r  c l a s s i f i c a t i o n .  For c a l c u l a t i o n s  r e p o r t e d  
he re  t hese  da ta  were n o t  used. 



F iq .  9 - C a l c u l a t i o n s  performed on t h e  base of  85-sector  
i n p u t - o u t p u t  t a b l e s  o f  t h e  U.S. economy 



1. Input -Output  anal  y s i  s, especi  a1 1  y  i f combined w i t h  econo- 
m e t r i c  a n a l y s i s  o f  a d d i t i o n a l  economic r e l a t i o n s h i p s ,  can 
be cons idered as a  f e a s i b l e  and p r o d ~ ~ c t i v e  approach t o  
t h e  s tudy  o f  macroeconomic impacts  o f  computer i n t e q r a t e d  
manuf ac tu r in la  and r e 1  a ted  technolo~rr ies .  

With t h e  h e l p  o f  these  t o o l s  i t  becomes p o s s i b l e  t o  exa- 
mine n o t  o n l y  d i r e c t  impacts  o f  new t e c h n o l o g i e s  on t h e  
economy b u t  induced changes and f a r t h e r ,  i n d i r e c t  conse- 
quences mediated by i n t e r i n d u s t r y  and o t h e r  r e l a t i o n s h i p s  
as we1 1. A t  t h e  same t i m e  one must be aware of some 
s e r i o u s  l i m i t a t i o n s  o f  these  methods. 

2 .  One o f  t h e  main problems o f  model based macroeconomic 
techno1 oc~y assessment i s  t h e  -n thes is  of r e 1  a t i v e l  y 
eqgre~:~ated macroeconomi c  anal  y s i  s  and t h e  i nev i  t ab1  y more 
det:ai l e d  d e s c r i  p t i ~ o f  t t i e  neE t e c h n o l o ~ ~ y ,  i t s  backward 
and fo rward  l i nkaqes ,  i t s  e:.:pected p e n e t r a t i o n  and 
c o s t i b e n e S i t  behav io r .  

The cho i ce  among d i f f e r e n t  p o s s i b l e  approaches t o  t h i s  
s y n t h e s i s  (see pp. 27-2 8)  w i l l  be determined, above a l l ,  
by t h e  aims o f  a n a l y s i s .  The i n c r e a s i n g  r o l e  o f  govern- 
ment sc ience  and technolnqy p o l i c y  b o t h  i n  market and 
c e n t r a l  1  y  p lanned economies i s  a  q r e a t  c h a l l e n i j e  t o  j o i n t  
e f f o r t s  o f  economists, s o c i a l  s c i e n t i s t s  and enq ineers  i n  
t h i s  f i e l d .  

3. The success o f  p r e v i o u s  s t ~ t d i  es on i npu t -ou tpu t  based 
macroeconomic impact assessment o f  C I M  t e c h n o l o g i e s  t o  a 
g r e a t  e x t e n t  was predeternl ined by 

- t h e  e x i s t e n c e  o f  an a l ready  ' e s t a b l i s h e d '  model +rame- 
worl:: t h a t  c o u l d  be a d j u s t e d  t o  t h i s  p a r t i c u l a r  s ~ t b j e c t  
o f  a n a l y s i s  and 

- t h e  accumulat ion of L:nowl.edqe and d a t a  a b u ~ ~ t  C I M  tech-  
n o l o q i e s  and t h e i r  d i s i u s i o n .  

T h i s  c o n c l u s i o n  i s  impor tan t  f o r  f u r t h e r  resea rch  a t  
IIASA. S ince  t h e r e  i s  no i n p u t - o u t p u t  model inq teani i n  
t h e  i n s t i t u t e  now, i t  w i l l  be imposs ib le  t o  c a r r y  o u t  
model-based in-house research.  On t h e  o t h e r  hand, t h e  
c o n s i d e r a b l e  s tock  o f  expe r t  C::nowl edge and i n t e r n a t i o n a l  
da ta  on C I M  t e c h n o l o g i e s  p r o v i d e s  a  v a l u a b l e  base f o r  
macroeconomic impact s t u d i e s .  



That ' s  why i n  t h i s  f i e l d  a t  l e a s t  e x t e r n a l  c o l l a b o r a t i o n  
shou ld  be s t renq thend .  i f  n o t  d e c i d i n q  f o r  a  ' r e v i v a l '  o f  
I IASA's  in-house INFOKUM a c t i v i t i e s .  P o s s i b l e  a p p l i c a t i o n  
a reas  c o u l d  be, e. g. : 

- p r o v i d i n g  scena r i os  o f  C I M  techno logy  d i f f u s i o n  f o r  
impact  s i m u l a t i o n s  by e x t e r n a l  cc.1 l a b o r a t o r s  up t o  
c l o s e r  c o o p e r a t i o n  w i t h  e:.:perienced model inla teams i n  
t h e  I IASk  member c o u n t r i e s  

- c o n t i n u a t i o n  o f  t h e  p r e p a r a t i o n  o f  i n t e r n a t i o n a l  
comparable 1  abor m a t r i c e s  and comparat ive a n a l y s i s  o f  
t h i s  d a t a  

- i n t e r n a t i o n a l  comparison o f  u n i f i e d  i n d i c a t o r s  o i  C'LM 
techno logy  d i f f u s i o n  on t h e  macroeconomic l e v e l ,  w i t h  
s p e c i a l  r e s p e c t  t o  f u r t h e r  development o f  t h e  i n t e r -  
n a t i o n a l  d i v i s i o n  o f  l a b o r  i n  t h i s  f i e l d .  

I n  any case i t  woctld be u s e f u l  t o  c o n t i n u e  r e q u l a r  
exchange o f  exper ience  i n  input-outpc.rt a n a l y s i s  o f  C I M  
and r e 1  a ted  t echno log ies ,  e. g .  on worl::shops o rqan i  zed by  
I IASA. 
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APPENDIX A - 4 3  - 

F'roduct Chain A n a l y s i s  - Us inq  I n t e r a c t i v e  Graphics  f o r  t h e  
R n a l y s i s  o f  t h e  Network:: o f  I n t e r i n d u s t r y  F lows o f  M a t e r i a l s  
and Goods 

I n  economic l i t e r a t u r e  f lo r . rchar ts  o f t e n  a r e  used t o  i l l u s -  
t r a t e  a  network o f  i n t e r r e l a t i o n s ,  such as i n t e r i n d u s t r y  
m a t e r i a l  f l o w s  o r  causa l  cha ins  w i t h i n  an econometr-ic 
f ramework::. But  bes ide  t hese  i 1 l u s t r a t i v e  e f f  e c t s ,  t h e  i d e a  
o f  f l o w c h a r t s  o f f e r s  power fu l  a n a l y t i c a l  p o s s i b i  1  i t i e s ,  
r e l a t e d  t o  t h e  v e r i f i c a t i o n  o f  economic models and t h e i r  use 
f o r  d e c i s i o n  suppor t .  

One o f  t h e  concepts  o f  economic model ing i s  based on t h e  
e v a l u a t i o n  o f  cumu la t i ve  impacts  o f  e:.:oqenous v a r i  a b l e s  
(among them - c o n t r o l  va r  i a b l  es) on several.  endogenous 
v a r i a b l e s .  These impac ts  u s u a l l y  a r e  e:.:pressed by t h e  so- 
c a l l e d  m u l t i p l i e r s .  

I n  t h e  case o f  input -outp i . t t  a n a l y s i s ,  f c r  e:.:ample, t h e  
mu1 t i p 1  i e r s  a r e  t h e  c o e f f i c i e n t s  o f  t h e  Leont i e f  i n v e r s e  
matri:.:, i . e .  t h e  t o t a l  mater ia l .  repc.tirement c o e f f i c i ~ n t .  
For  econometr ic  models t h e  1  ink:aqes between t h e  e:.:ogenous 
and endogenous var iables:  a r e  descr ibed  by t t i e  reduced form 
o f  t h e  model, which i s  based on t h e  i n v e r s i o n  o f  t h e  system 
o f  equa t ions  o f  t h e  model, too.  

P l u l t i p l i e r s  a r e  ob ta ined  as a  r e s u l t  o f  a comprehensive c a l -  
c u l a t i o n  over t h e  e n t i r e  system o f  i n t e r r e l a t i o n s  consicjered 
i n  t h e  model. They can be cons idered  t h e  embodiment o f  t h e  
comple:.: i ty o f  t h e  model i n  t h e  form of: a  s i n q l e  number. T h i s  
number r e f l e c t s  t h e  comple:,: i ty o f  t h e  economic system, a t  
t h e  same t i m e  h id in la  a l l  t h e  v a r i e t y  o f  e lementary  i n t e r r e -  
l a t i o n s .  

O f t e n  t h e  a c t u a l  va lues  of: m u l t i p l i e r s  a r e  r a t h e r  amarinq, 
i n some cases provok: i  ng even s e r  i ous doubts  about t h e  
val. i d i  t y  o f  t h e  model so lu t j .on .  T h i s  unbel  i e f  i s  caused 
ma in l y  by two reasons:  a  s ~ t b j e c t i v e  one - t h e  unwontedness 
t o  l o o k  a t  t h e  system as a  whole. and an o b j e c t i v e  one - 
d i s t o r t i o n s  o f  t h e  s o l u t i o n  produced by t h e  r i q i d i t y  o f  
model assumptions, e r r o r s  i n  model s p e c i f i c a t i o n  and t h e  
inaccuracy  of  t h e  database. 

The s o l u t i o n  f o r  b o t h  k i n d s  o f  i s s u e s  seems t o  be t h e  Ltncov- 
e r i n q  o f  t h e  most r e l e v a n t  c a ~ ~ s a l  cha ins  h idden  beh ind  t h g  
v a l u e  o f  a  c e r t a i n  m u l t i p l i p r :  i n  t h e  f i r s t  case - t o  - 
conv ince  t h e  user  o f  t h e  r e l a t i v e  accuracy o f  t h e  model and 
t o  h e l p  h im t o  cope w i t h  t h e  comple:.:ity o f  t h e  system: i n  
t h e  second case - t o  s t i m u l a t e  s e l f - c r i t i c i s m  o f  t h e  model- 
des iqner  and t o  p r o v i d e  some measure o f  t h e  model 's  inaccu-  
r a c y  i n  terms of i t s  ou tpu ts .  

The main i d e a  o f  ' uncover ing '  t h e  most i m p o r t a n t  causa l  
cha ins  beh ind  t h e  m u l t i p l i e r  o r  o f  t h e  decomposi t ion o f  t h e  
m u l t i p l i e r  can be desc r i bed  as f o l l o w s .  



Any economic model can be cons idered  an o r i e n t e d  qraph w i t h  
nodes r e p r e s e n t i n g  p roduc ts  ( i n d u s t r i e s )  o r  economic v a r i  - 
ables,  and a r c s  showing t h e  dependences 1)  between them. 
Two nodes can be connected by seve ra l  o r i e n t e d  p a t h s  o r  
cha ins.  

The degree o f  l i n k a q e  between two ne ighbou r i ng  nodes can be 
expressed by a  number a t t r i b ~ c t e d  t o  t h e  cor respond inq  a r c .  
T h i s  number c o u l d  show vo l~ tmes o f  f 1.ows as w e l l  as  coe f -  
f i c i e n t s ,  e.q., o f  d i r e c t  m a t e r i a l  r equ i remen ts  ( i n  te rms o f  
i n p u t - o ~ c t p ~ r t )  o r  o f  1  i n e a r  r e g r e s s i o n  ( i n  terms o f  s i m u l -  
taneous 1  i near equa t i ons )  . 
I f  c o e f f i c i e n t s  a r e  used therefor - ,  a  cumulat . ive degree o f  
l i n k a g e  a long  a  c e r t a i n  p a t h  l e a d i n g  f rom node A t o  node E  
can be c a l c u l a t e d  by  m u l t i p l y j . n q  a l l  c o e f f i c i e n t s  a t t r j .  bu ted  
t o  t h e  a r c s  o f  t h i s  path .  A f t e r  t h a t ,  one c o u l d  compute a l s o  
t h e  t o t a l  l i n k a g e  between these  two nodes, add ing  up t h e  
cumu la t i ve  degrees o r  c o e f f i c i e n t s  o f  l i n k a g e  o f  a l l  pa ths  
f r u m  A t o  B 2 ) .  T h i s  wi l .1 be t h e  m u l t i p l i e r .  

The impor tance o f  a  p a r t i c u l a r  p a t h  can be es t ima ted  by 
r e t r a n s f  or-ming cumu la t i ve  c c ~ e i : i : i c i e n t s  t o  t h e  terms o f  f 1  c j k r s  

( o r  a b s o l u t e  f a c t o r  c o n t r i b c t t i o n s  i n  t h e  case o f  b e h a v i o r a l  
e q u a t i o n s ) .  

A s i m i l a r  concept has a l r e a d y  heen desc r i bed  i n  some a r t i -  
c l e s  (see Noble  C19781, Defourney/-rhorbecke C19841, 
G a r b e l y / G i l l y  C19841, B o u t i l l i e r  ClTE341). 

S. Noble i n  h i s  a r t i c l e  qave a  mathemat ical  desc r - i p t i on  o f  
hi.; ' m a t e r i a l s  f l o w  anaI .ys i5 '  which i s  based on i n p u t -  
ou tpu t  t a b l e s  (op.c i  t., pp. lOCj/101,111). Def ourney/Thorbeck:e 
used t h e i r  ' s t r ~ r c t u r a l  p a t h  ana1.ysis3 w i t h i n  t h e  f rarneworl:: 
o f  s o c i a l  accoun t i nq  m a t r i c e s  (SAM), which aready r e f l e c t  
n o t  o n l y  m a t e r i a l  requ i rement  r e l a t i o n s h i p s .  The other- two 
a r t i c l e s  r e f e r  t o  econometr ic  models, u s i n g  more s o p h i s t i -  
ca ted  graph t h e o r y  concepts.  

rn 
I t  i s  wor th  n o t i n g  t h e  purposes t h e  d i f f e r e n t  a u t h o r s  
designed s t r u c t u r a l  p a t h  methods f o r  i n  t h e  quoted a r t i c l e s .  
Noble cons ide rs  t h e  p a t h  p roduc t  approach a  way o f  ' v e r i -  
f i c a t i o n  and r e f i n e m e n t '  o f  i n p u t - o u t p u t  a n a l y s i s :  

'Ev iden t1  y, b y  exarnininy t h e  cha ins  i n d i v i d u a l l y  one can 
p i c k  o u t  and e l i m i n a t e  those  t h a t  a r e  i n a p p r o p r i a t e  f o r  
some r e a s o n . V i b i d . ,  p.114) 

1 )  A--?E means, e.5. , 'commodity B i s  ~rsed/consumed f o r  t h e  
p r o d u c t i o n  o f  commodity A '  o r  ' A  appears as an e:.:pla- 
n a t o r y  vat-iab1.e i n  t h e  equa t i on  w i t h  v a r i a b l e  E on t h e  
l e f t  hand s i d e 2 .  

2) D i r e c t  and i n d i r e c t  feedbacks w i l l  l e a d  t o  l o o p s  w i t h i n  
some o f  these  paths.  Each o f  t h e  pa ths  o f  t h i s  C::ind must 
be  cons idered  an i n f  i n i t e  s e t  o f  pa ths ,  d i s t i n g u i s h e d  
o n l y  by t h e  number o f  passes th rouqh  t h i s  loop.  The sum 
o f  these  l o o p s  i s  t h e  s u m  o f  a  geometr ic  r e g r e s s i o n .  



I n a p p o p r i a t e  c h a i n s  a re  c a u s e d ,  f o r  i n s t a n c e ,  b y  t h e  l e v e l  
o f  a q g t - ~ q a t i  o n  o f  t h e  p r o d u c t  c l a s s i f i c a t i o n .  T h u s  i f  mate- 
r i a l  A is c o n s u m e d  f o r  t h e  p r o d u c t i o n  o f  B, a n d  B  f o r  C  
r e s p . ,  t h e r e  w i l l  b e  a pr-oduczt c h a i n  A--E--C (C-->B--:>h i n  
t e r m s  o f  c a u s a l i t y )  . B u t  d u e  t o  t h e  h i ~ a h  a g g r e q a t i o n  l e v e l  
p o s s i b l y  A is n o t  b e i n q  c o n s ~ r m e d  f o r  t h a t  p a r t  o f  t h e  o u t p u t  
o f  E w h i c h  is u s e d  d u r i n q  t h e  p r o d u c t i o n  o f  C. 

C e r t a i n l y ,  t h i s  k i n d  o f  a n a l y s i s  w i l l  n o t  b a s i c a l l y  s o l v e  
t h e  p r o b l e m ,  t h a t  a c t u a l l y  c o u l d  b e  t a c \ : : l e d  o n l y  b y  d i s a q g -  
r e q a t i n q  t h e  p r o d u c t  c 1 . a s s i  f  i c a t j , o n .  B u t  s t r u c t u r a l  p a t h  
a n a l y s i s  is  a t  l e a s t  a power-f u l  v e r f  i c a t i o n  t oo l .  

Def o u r n e y / T h o r b e c l : : e  emphas j .  z e  t h e  c l a r i  f  y i n q  a n d  e:.:pl a i n i n q  
f u n c t i o n  o f  t h i s  k i n d  o f  m e t h o d s :  

'More p r e c i s e l y ,  w h e r e a s  t h e  r e d u c e d  f o r m  p r o v i d e s  t h e  
s o l u t i o n  o f  a model  b y  e : . : p r e s s i  n q  e n d o q e n o u s  v a r i a b l e s  
as f u n c t i o n s  o f  e : . :oqenous  v a r i a b l e s ,  s t r u c t u r a l  a n a l y s i s  
a t t e m p t s ,  i n  a d d i t i o n ,  t o  c l a r i f y  a n d  e x p l a i n  t h i s  
s o l u t i o n  t h r o u g h  t h e  s t . u d y  of. t h e  t r a n s m i s s i o n  o f  
i n f  l u e n c e  w i t h i n  t h e  ne twor l : :  o f  s t r ~ ~ c t u r a l  r e l a t i o n s  
s t a r t i n q  w i t h  c h a n q e s  i n  e : . :ogenous  v a r i a b l e s  t o  t h e i r  
L I ~  t i m a t e  e f f e c t s  o n  e n d o q e n o u s  v a r i a b l e s .  ' 

( o p . c i t .  , p .  1 1 9 )  

One s h o u l d  n o t i c e ,  t h a t  t h e  a i m  o f  s t r u c t u r a l  a n a l y s i s  is 
n o t  t o  r e p l a c e  mu1 t i p 1  i e r s  b u t  t o  e x t e n d  t h e i r  a n a l .  y t i c _ a L  
p o s s i b i l i t i e s .  

W h i l e  t h e  r e s u l t s  o f  D e f o u r n e y / T h o r b e c P : ~  w e r e  b a s e d  m a i n l y  
o n  e l e m e n t a r y  l i n e a r  a l q e b r a ,  B o u t i  l l i e r  C19841 u s e d  q r a p h  
t h e o r y  m e t h o d s  t r y i n g  t o  ' f  or-ma1 i z e  a n a l y t i c a l  o p e r a t i o n s ,  
made  b y  a n  e c o n o m i s t  when r e a d i n q  m a c r o e c o n o m i c  m o d e l s '  
( o p . c i t . ,  p .  4 7 ) .  I n  t h i s  c o n t e : . : t  s t r i . t c t u r a 1  a n a l y s i s  m e t h o d s  
c a n  b e  c o n s i d e r e d  e v e n  a t o o l  s u p p o r t i n g  t h e  c o g n i t i v e  p r o -  
cess o f  u n d e r s t a n d i n q  m a i n  c a u s a l  c h a i n s  o f  a n  e c o n o m i c  
s y s t e m  a s  t h e y  are  r e p r e s e n t e d  i n  a m a c r o e c o n o m i c  m o d e l .  

G a r b e l y / G i l l y  C1'3841 i n  t h e i r  a r t i c l e  d e s c r i b e d  a m e t h o d  o f  
d e f i n i n q  a n  ' e s s e n t i a l  f eedbac l : :  v e r t e : . :  set '  i n  a g i v e n  
m a c r o e c o n o m i c  m o d e l ,  t h a t  c a n  b e  u s e d  f o r  t h e  c o n i p a r i s o n  o f  
model  s t r u c t u r e s  a s  w e l l  as  f o r -  i n c r e a s i n q  t h e  e f f i c i e n c y  o f  
t h e  n u m e r i c a l  s o l u t i o n  p r o c e d u r e  o f  t h e  m o d e l .  

I n d e p e n d e n t l y  o f  t h e s e  a r t i c l e s  w i t h i n  t h e  frameworC: o f  a 
l a r q e  i n p u t - o u t p u t  mode l  1 )  a t  t h e  E c o n o m i c  R e s e a r c h  I n s t i -  
t u t e  o f  t h e  S t a t e  P l a n n i n q  C o m m i s s i o n  o f  t h e  German D e m o c r a -  
t r i c  R e p ~ t b l i c  s i n c e  I986 h a s  b e e n  d e v e l o p e d  a s o f  tware pac1::- 
age c a l l e d  P r o d u c t  C h a i n  A n a l y s i s  (Et:::A - a c c o r d i n g  t o  t h e  
q e r m a n  word  E r z e u g n i  s1 : : :e t tenAnal  y s e )  . 

1 )  T h e  N a t u r a l - V a l  u e  I n p u t - O u t p u t  Model (NWVP) , r e f  l e c t i n q  
t h e  mater ia l  f l o w s  b e t w e e n  m o r e  t h a n  60(:) c o m m o d i t i e s  a n d  
16 i n d u s t r u i e s ,  o r  m i n i s t r i e s  



The main i d e a  o f  t h e  proqram i s  t o  u t i l i z e  t h e  u s e r - f r i e n d l y  
i n t e r a c t i v e  q r a p h i c  f a c i l . i t i e s  o f  persona l  computers f o r  t h e  
a n a l y s i s  o f  t h e  network o f  i n t e r i n d u s t r y  m a t e r i a l  f l o w s .  
T h i s  network: i s  b e i n g  d i s p l a y e d  on a  c o l o r  q r a p h i c s  screen 
i n  t h e  same way as shown i n  F i g .  2 i n  t h i s  paper. Now one 
can "ove' w i t h i n  t h e  o r i e n t e d  qraph by p r e s s i n q  c u r s o r  
keys. 

I t  i s  p o s s i b l e  t o  ana lyze  bacl::ward and fo rwa rd  lj.nC::a+aes o f  a  
12iven commodity o r  t o  s e l e c t  a l l  c h a i n s  1inl::inla two prod-  
u c t s .  I n  t h e  case o f  bacI::war-d a n a l y s i s ,  f o r  i ns tance ,  a  
p roduc t  c h a i n  over up t o  t e n  s taqes  o f  t h e  p r o d u c t i o n  
p rocess  can be d i sp layed .  

On every  s tage  t o q e t h e r  w i t h  t h e  p roduc t  b e l o n q i n q  t o  t h e  
c h a i n  up t o  f i v e  more commodit ies a r e  shown, w h i c h ' a r e  
r e q u i r e d  f o r  t h e  p r o d u c t i o n  o f  t h e  n e x t  p r o d ~ ~ c t  o f  t h e  c h a i n  
as w e l l .  They se rve  as some " f l e x i b l e  menue-or t h e  se lec -  
t i o n  o f  o t h e r  cha ins .  There fo r  i t  i s  necessary t o  move t h e  
cu rso r  up o r  down t o  t h e  p roduc t  t h a t  s h a l l  e n t e r  t h e  new 
cha in .  Tappinq t h e  'Cursor  L e f t '  a r row key w i l l .  i nduce  t h e  
c a l c u l a t i o n  o f  t h e  m a t e r i a l s  d e s i r e d  f o r  t h e  p r o d u c t i o n  o f  
t h i s  commodit ies. The new c h a i n  w i l l .  be d i s p l a y e d  immed ia t l y  
a f t e r  t h e  o l d  one has been c lea red .  

A d d i t i o n a l l y  t h e  program o f f e r s  some more f e a t u r e s :  

- The user  o f  t h e  proqram can s e l e c t ,  which va lues  s h a l l  b e  
d i s p l a y e d  i n  t h e  hoses o f  t h e  network graph on t h e  screen: 
m a t e r i a l  requ i rements  expressed i n  a b s o l u t e  v o l  ~tmes o r  
c o e f f i c i e n t s ,  i n  n a t u r a l  o r  cu r rency  u n i t s ,  t o t a l  o r  o n l y  
t h e  p a r t  covered by  impor ted  resp.  domest ic m a t e r i a l s .  
I n s t e a d  o f  t h e  numbers a  smal. 1  bar  qraph can be p laced  i n  
every  ba:.: as we1 1, showinq, e.12.. t h e  share  o f  a  q i  ven 
m a t e r i a l  requ i rement  i n  t h e  o v e r a l l  m a t e r i a l  d e l  i v e r i e s  o f  
t h e  p roduc t  under c o n s i d e r a t i o n .  

- For  eve ry  node o f  t h e  graph (i .e. bo:.: o f  t h e  p i c t u r e )  a 
s h o r t  su rvey  qf  main i n d i c a t o r - s  f o r  t h e  #given p roduc t  can 
be  shown, such as: t o t a l  ou tpu t ,  f i n a l  demand, mater ia l .  
consumption, b o t h  i n  n a t u r a l  and i n  cu r rency  u n i t s .  

- A f t e r  a  graph has been d i s p l a y e d  on t h e  screen,  i t  can be 
r e c a l c u l a t e d  by chanlainla, f o r  i ns tance ,  f i n a l  demand f o r  
t h e  base p roduc t  d u r i n q  t h e  bacl::ward a n a l y s i s  procedure.  

- For a  q i v e n  p roduc t  c h a i n  a  bar  ~araph o f  t h e  c o s t  s t r u c -  
t u r e  al.ong t h e  c h a i n  can be shown (see F ig .  6). The share  
o f  domest ic and impo r ted  m a t e r i a l s  i s  r ep resen ted  i n  t h e  
qraph by d i f f e r e n t  c n l o r s .  

- Matri:.: mappinq as  a. power fu l  f e a t u r e  f o r  sparse mat r i? :  
a n a l y s i s  has been incl.udecd i n t o  t h e  pruqram. The matri:.: o f  
d i r e c t  m a t e r i a l  requ i rement  c o e f f i c i e n t s  i s  r ep resen ted  by 
a q u a d r a t i c  t a b l e ,  a f t e r  t h e  p roduc t  c l a s s i f i c a t i o n  o f  t h e  
model has been subd i v i ded  i n t o  equal  p a r t s  i n  a fo rma l  
way. Every  f i e l d  o f  t h i s  t a b l e  cor responds t o  a quadrat.ic: 
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s e c t o r  o f  t h e  m a t r i x  and c o n t a i n s  t h e  number o f  coef  - 
f i c i e n t s  r e g i s t r e d  f o r  t h i s  sec to r .  The r e l a t i v e  d e n s i t y  
o f  c o e f f i c i e n t s  i n  t h e  s e c t o r s  i s  shown by  d i f f e r e n t  
c o l o r s .  

- On t h e  screen t h e  network: s t r u c t u r e  o f  t h e  graph a c t u a l l y  
i s  beinla t ransformed i n t o  a  t r e e  s t r u c t u r e  o f  p a t h s  
th rough t h e  qraph. Tha t ' s  why feedback:: l o o p s  w i l l  c r e a t e  
i n f i n i t e  'echo' c o p i e s  o f  some subgraphs. Spec ia l  methods 
were used t o  l i m i t  t hese  problems. F i r s t  a l l  d i s p l a y e d  
cha ins  a r e  s e l e c t e d  w i t h  a t ~ l e r a n c e  c r i t e r i a .  Second1 y ,  
i n  t h e  case o f  self-consumpti.on 1 )  t h e  sum o f  t h e  r e s ~ 1 1 -  
t i n q  qeometr ic  p rog ress ion  w i  11 be c a l c u l a t e d  immed ia t l y  
a f t e r  such a  node appeared i n  t h e  qraph, so t h a t  f u r t h e r  
Ynduced'  nodes can be omi t ted .  

--  

1 )  Such a se l f -consumpt ion,  i .e. a  m a t e r i a l  requi rement  o f  
p roduc t  A f o r  t h e  p r o d u c t i o n  o f  t h e  same p roduc t  A might  
be  caused by an a c t u a l  t e c h n o l o g i c a l  feedback o r  techno- 
l o l a i ca l  l o s s e s  as w e l l  as by t h e  h i g h  agqregat ion  l e v e l  
o f  t h e  p roduc t  c l a s s i f i c a t i o n  o f  a  model, l e a d i n g ,  e.g., 
t o  t h e  combinat ion of i n t e r m e d i a t e  and f i n a l  p r o d u c t s  
o f  a p r o d u c t i o n  p rocess  w i t h i n  one ' p r o d ~ t c t ' .  



The program Et:::A does n o t  depend on a  c e r t a i n  p roduc t  c l a s s i -  
f i c a t i o n .  I n p u t  da ta  must be p rov ided  i n  a  s imp le  ASCII- 
t e x t - +  ormat. 

I n  a d d i t i o n  t o  t h e  aims o f  s t r u c t u r a l  p a t h  a n a l y s i s  no ted  b y  
t h e  au tho rs  c i t e d  above. some purposes o f  p roduc t  c h a i n  ana- 
l y s i s  a r e  wor th  mentioninla. which s t rong1  y  i n f l u e n c e d  t h e  
development o f  t h i s  method and sof  tware:  

- The ' c l a r i f  y i n q  and e x p l a i n i n q  funct ion"+ such methods 
becomes more impo r tan t ,  i f  ~ p t i m i  z a t i o r i  methods a r e  used 
on t h e  base o f  i n p u t - o u t p ~ l t  models. I n  t h i s  case s i m p l i -  
f y i n g  model assumpt ions and t h e  i naccu racy  o f  t h e  data-  
base may l e a d  t o  more s e r i o u s  consequences because o f  t h e  
h i g h e r  deqree o f  freedom o f  these  models r e q a r d i n g  changes 
i n  t h e  s t r u c t ~ l r e  04 i n p u t s  and ou tpu ts .  

- If t h e  model i s  ass igned f o r  p l a n n i n q  purposes, i t  i s  
necessary n o t  on1 y  t o  eva l .uate  t h e  e f  f i c i e r i c y  o f  t h e  c u r -  
r e n t  s t r u c t u r e  o f  t h e  econofliy. b u t  t o  determine,  w i t h  t h e  
h e l p  o f  which p a r t i c u l a r  measures t h e  e f4 : i c i ency  c o u l d  ' be 
improved s u b s t a n t i a l  1  y. 

Comple:.: economic re la t i on ! ;  1  i l::e, e. g., t o t a l  r equ i remen ts  
o f  a  c e r t a i n  C::ind o f  raw m a t e r i a l s  f o r  some f i n a l  p roduc t ,  
cannot be c o n t r o l l e d  i rnmedia t ly  - t h e y  can be a f f e c t e d  
on1 y  by changinq p a t - t i c u l  a r  processes.  Strc.tctc.rra1 p a t h  
a n a l y s i s  can s ~ r p p o r t  t h e  p rocedure  o f  d e t e r m i n i  nq t hese  
processes. 

F o l  l o w i n q  these  ideas ,  F'roduct Chain A n a l y s i s  i s  b e i n g  
extended now by a  l i n k a g e  t o  o p t i f n i z a t i o n  t o o l s  and by some 
i n t e r a c t i v e  a l q o r i t h m  f o r  s tepwise  r e c a l c u l a t i o n  o f  i n t e r -  
i n d u s t r y  shipments. Fur thermore,  i n  a  new v e r s i o n  of t h e  
program beyond . the  ' c l a s s i c a l '  ccjmrnodity/commodity approach 
o f  i npu t -ou tpu t  a n a l y s i s  d i f f e r e n t  t e c h n o l o q i e s  f o r  t h e  p ro -  
d u c t i o n  o f  every  commodity can be cons idered.  

Accord iny t o  t h e  concepts  o f  Def o~lrney/Thorbecb:e C 1Y841, 
G a r b e l y / G i l l y  C19841 and E o u t i l l i e r  C19H41 i t  w i l l  a l s o  be 
u s e f u l  t o  q e n e r a l i z e  t h e  p roduc t  c h a i n  a n a l y s i s  approach f o r  
t h e  a n a l y s i s  o f  econometr ic  mode_&, t h u s  e:.:amininq t h e  1  in1::- 
ages n o t  o n l y  between commodit ies b u t  economic v a r i a b l e s  as 
we1 1. 



APPENDIX B - 4 9  - 

Aqqregated Input -Output -Tables o f  t h e  US-Economy 

A1 1  c a l c u l a t i o n s  were per formed on t h e  8 5 - i n d u s t r y  l e v e l ,  
u s i n g  t h e  d a t a  pub1 i s h e d  i n  t h e  Survey o f  Cu r ren t  Bus iness 
(U.S. Input -Output  Cl979,1984,19871. 

For  t h e  agtgrelgat i on t h e  s e c t o r  c l a s s i f i c a t i o n  p resen ted  on 
page 29 o f  t h i s  paper was used. 

Two ag~greqated tab1  es  were ob ta ined :  

1) The a~aqre~gated Use M a t r i  >: c o n t a i n s  commodi t y - b y - i n d u s t r y  
i n t e r m e d i a t e  f l o w s  and has been ob ta ined  by a q g r e y a t i o n  
d i r e c t l y  f r om t h e  Use Matri:.: p u b l i s h e d  i n  t h e  SCb. Scrap 
( s e c t o r  81 ) has been i n c l  ucled i n  aqgrelgated s e c t o r  Nu. 12. 
The same procedure was done f o r  f i n a l  demand, v a l u e  added 
and t o t a l  o u t p u t  ( t h e  l a t t e r  b o t h  by  i n d u s t r y  and by  
commodity) . C a l c ~ t l a t i o n s  wer-e per formed u s i n g  t h e  
LOTUS-123 spreadsheet prolaram. 

2 )  The aqqregated i ndcrstry-by-i  n d u s t r  y  Input-Output-Tab1 e 
has been c a l c u l a t e d  b o t h  f r-om t h e  Use and t h e  IlaC::e Ivlatr i :< 
shown i n  t h e  SCB. F i r s t  t h e  method used by W.Leont ie f /  
F.Duchin El9863 was a p p l i e d  on t h e  8 5 - i n d u s t r y  l e v e l .  
k c c o r d i n g  t o  t h i s  methodolo~ay t h e  d e t a i l e d  m a t r i x  W was 
c a l c u l a t e d  b y  t h e  f o l l  owing +ormula:  

T - i n d u s t r y - b y - i n d u s t r y  i n t e r m e d i a t e  f 1  ows 
M - industry-by-commodi t y  marC::et-share m a t r i  :.: ( 'Make' 

Matri:.:) 
-1 

< q  >. - i n v e r s e  o f  t h e  d iaqona l  matri:: o f  t o t a l  commodity 
o l l tp l r t s  

U - commodity-by- industry i n t e r m e d i a t e  f l o w s  ( V s e "  
Matri:.:) 

F  - f i n a l  demand v e c t o r s  

A f t e r  t hese  computa t ions  t h e  sc rap  s e c t o r  d isappears ,  
because acco rd ing  t o  t h e  Make M a t r i x  sc rap  i s  produced i n  
seve ra l  i n d u s t r i e s  except  t h e  i n d u s t r y  No.81. Then m a t r i x  T  
was a g ~ r e g a t e d .  The rows showing v a l u e  added and t o t a l  ou t -  
p u t  by  i n d u s t r y  as w e l l  as t h e  noncomparable i m p o r t  r o w  can 
b e  cop ied  f rom t h e  aggreqated t a b l e  desc r i bed  under ( 1  1 .  

As LOTUS-123 r e q u i r e s  a  z e r o i d  p r e s e n t a t i o n  o f  m a t r i c e s  f o r  
matri:.: p rocess ing ,  t h e  t a b l e s  were t o o  l a r g e  f o r  an con- 
v e n i e n t  c a l c u l a t i o n  w i t h  LOTUS ( t h e y  shou ld  have been 
d i v i d e d  i n  d i f f e r e n t  submat r i ces  and recomposed a f t e r w a r d s ) .  



1-herefore f o r  these calcr-( latior15 a special .  C prograrn f o r  
sparse mat r ix  h a n d l i n g  was w r i t t e n .  The c a l c ~ ~ l a t i o n  o f  one T 
mat r ix  ( i . e .  f o r  one year ,  i n c l ~ t d i n q  d a t a  i n p u t  from 
LOTUS-123) r e q u i r e s  about 10 minutes on an PC/AT wi thout  
math coprocessor. 


