
CHAPTER 1 

SYSTEMS 

1.1 Ubiquity of Systems 

Man l i v e s  and works w i t h i n  s o c i a l  systems. His s c i e n t i f i c  r e sea rch  

i s  exposing t h e  s t r u c t u r e  of n a t u r e ' s  systems. His technology has  

produced complex phys ica l  systems. But even so, t h e  p r i n c i p l e s  governing 

the  behavior of systems a r e  no t  widely understood. 

As used h e r e  a  "system" means a  grouping of p a r t s  t h a t  o p e r a t e  

toge ther  f o r  a  common purpose. An automobile i s  a  system of components 

t h a t  work toge the r  t o  provide  t r anspo r t a t i on .  An a u t o p i l o t  and an 

a i r p l a n e  form a system f o r  f l y i n g  a t  a  s p e c i f i e d  a l t i t u d e .  A warehouse 

and loading  p l a t fo rm i s  a  system f o r  d e l i v e r i n g  goods i n t o  t rucks .  

A system may inc lude  people a s  we l l  a s  phys ica l  p a r t s .  The s tock  

c l e r k  and o f f i c e  workers a r e  p a r t  of t h e  warehouse system. Yanagement 

i s  a  system of people f o r  a l l o c a t i n g  resources  and r e g u l a t i n g  t h e  

a c t i v i t y  of a  bus iness .  A family i s  a  system f o r  l i v i n g  and r a i s i n g  

ch i ld ren .  

I f  systems a r e  so pervas ive ,  why do no t  t h e  concepts  and p r i n c i p l e s  

of systems appear more c l e a r l y  i n  our  l i t e r a t u r e  and i n  educa t ion?  I s  

it  because t h e r e  has  been no need f o r  understanding t h e  b a s i c  n a t u r e  of 

systems? O r  have systems seemed t o  possess  no genera l  theory  and 

meaning? O r  i s  i t  because t he  p r i n c i p l e s  of systems,  whi le  sought a f t e r ,  

have been so obscure t h a t  they have evaded d e t e c t i o n ?  The answer seems 

t o  have been each of t he se  t h r e e  i n  t u rn .  

I n  a  p r i m i t i v e  s o c i e t y ,  t he  e x i s t i n g  systems were t hose  a r i s i n g  i n  

na tu re  and t h e i r  c h a r a c t e r i s t i c s  were accepted a s  d i v i n e l y  given and a s  

being beyond man's comprehension o r  con t ro l .  Man simply ad jus t ed  

himself  t o  t h e  n a t u r a l  systems around him and t o  t h e  family and t r i b a l  

s o c i a l  systems which were c r e a t e d  by gradual  evo lu t ion  r a t h e r  than  by 

design. Man adapted t o  systems wi thout  f e e l i n g  compelled t o  understand 

them. 
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As i n d u s t r i a l  s o c i e t i e s  emerged, systems began t o  dominate  l i f e  

a s  they  mani fes ted  themselves  i n  economic c y c l e s ,  p o l i t i c a l  t u r m o i l ,  

r e c u r r i n g  f i n a n c i a l  p a n i c s ,  f l u c t u a t i n g  employment, and u n s t a b l e  

p r i c e s .  But t h e s e  s o c i a l  systems suddenly became so complex and t h e i r  

b e h a v i o r  so c o n f u s i n g  t h a t  no g e n e r a l  t h e o r y  seemed p o s s i b l e .  A 

s e a r c h  f o r  o r d e r l y  s t r u c t u r e ,  f o r  c a u s e  and e f f e c t  r e l a t i o n s h i p s ,  and 

f o r  a  t h e o r y  t o  e x p l a i n  system behav ior  gave way a t  t imes  t o  a  b e l i e f  

i n  random, i r r a t i o n a l  causes .  

Gradua l ly  o v e r  t h e  l a s t  hundred y e a r s  i t  h a s  become c l e a r  t h a t  

t h e  b a r r i e r  t o  u n d e r s t a n d i n g  systems h a s  been,  n o t  t h e  absence o f  

impor tan t  g e n e r a l  c o n c e p t s ,  b u t  on ly  t h e  d i f f i c u l t y  i n  i d e n t i f y i n g  

and e x p r e s s i n g  t h e  body of u n i v e r s a l  p r i n c i p l e s  t h a t  e x p l a i n  t h e  

s u c c e s s e s  and f a i l u r e s  of  t h e  systems of  which we a r e  a  p a r t .  Econom- 

i c s  h a s  i d e n t i f i e d  many b a s i c  r e l a t i o n s h i p s  w i t h i n  o u r  i n d u s t r i a l  

system. Psychology and r e l i g i o n  have d e s c r i b e d  some of  t h e  i n t e r -  

a c t i o n s  between systems of  people .  Medicine h a s  t r e a t e d  b i o l o g i c a l  

systems.  P o l i t i c a l  s c i e n c e  h a s  exp lored  governmental and i n t e r -  

n a t i o n a l  systems. But most such a n a l y s i s  h a s  been v e r b a l  and q u a l i -  

t a t i v e .  Mere d e s c r i p t i o n  h a s  n o t  been s u f f i c i e n t  t o  expose t h e  t r u e  

n a t u r e  o f  systems. Mathematics,  which h a s  been used  t o  s t r u c t u r e  

knowledge i n  s c i e n c e ,  h a s  n o t  been adequa te  f o r  h a n d l i n g  t h e  e s s e n t i a l  

r e a l i t i e s  o f  o u r  impor tan t  s o c i a l  systems. We have been overwhelmed 

by fragments  of  knowledge b u t  have had no way t o  s t r u c t u r e  t h i s  

knowledge. 

(See S e c t i o n  W 1 . l  of  t h e  accompanying Workbook) 

1 .2  System P r i n c i p l e s  a s  t h e  S t r u c t u r e  of Knowledge 

A s t r u c t u r e  (o r  theory)  i s  e s s e n t i a l  i f  we a r e  t o  e f f e c t i v e l y  

i n t e r r e l a t e  and i n t e r p r e t  our  o b s e r v a t i o n s  i n  any f i e l d  of  knowledge. 

Without a n  i n t e g r a t i n g  s t r u c t u r e ,  i n f o r m a t i o n  remains  a hodge-podge 

o f  f ragments .  Without an o r g a n i z i n g  s t r u c t u r e ,  knowledge i s  a  mere 

c o l l e c t i o n  of  o b s e r v a t i o n s ,  p r a c t i c e s  and c o n f l i c t i n g  i n c i d e n t s .  

Such a  s t a t e  o f  u n r e l a t e d  f a c t s  d e s c r i b e s  much o f  our  knowledge 

about  manager ia l  and economic systems. Our s e p a r a t e  and o f t e n  

c o n f l i c t i n g  impress ions  have n o t  y e t  been brought  i n t o  focus  by being 
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assembled i n t o  a  u n i f i e d  s t r u c t u r e .  Without a  s t r u c t u r e  t o  i n t e r r e l a t e  

f a c t s  and o b s e r v a t i o n s ,  i t  i s  d i f f i c u l t  t o  l e a r n  from expe r i ence ,  i t  i s  

d i f f i c u l t  t o  u s e  t h e  p a s t  t o  educa t e  f o r  t h e  f u t u r e .  

The importance of s t r u c t u r e  i n  educa t i on  i s  w e l l  argued by Jerome 
1 

S. Bruner o f  Harvard. He s a y s ,  "Grasping t h e  s t r u c t u r e  o f  a  s u b j e c t  

i s  unders tanding  i t  i n  a  way t h a t  pe rmi t s  many o t h e r  t h i n g s  t o  be  

r e l a t e d  t o  i t  meaningful ly .  To l e a r n  s t r u c t u r e ,  i n  s h o r t ,  i s  t o  l e a r n  

how t h i n g s  a r e  r e l a t e d  . . . . .g  ood t e ach ing  t h a t  emphasizes t h e  s t r u c t u r e  

of a  s u b j e c t  i s  probably even more v a l u a b l e  f o r  t h e  l e s s  a b l e  s t u d e n t  

t han  f o r  t h e  g i f t e d  one,  f o r  i t  i s  t h e  former r a t h e r  than  t h e  l a t t e r  

who i s  most e a s i l y  thrown o f f  t h e  t rack . . . . .There  a r e  two ways i n  

which l e a r n i n g  s e r v e s  t h e  f u t u r e .  One i s  through i t s  s p e c i f i c  a p p l i -  

c a b i l i t y  t o  t a s k s  t h a t  a r e  h i g h l y  s i m i l a r  t o  t hose  o r i g i n a l l y  

l ea rned .  .... A second way i s  through t h e  t r a n s f e r  of p r i n c i p l e s  o r  

a t t i t u d e s  ..... t h e  c o n t i n u i t y  of l e a r n i n g  t h a t  i s  produced by t h e  second 

t ype  of t r a n s f e r ,  t r a n s f e r  of p r i n c i p l e s ,  i s  dependent upon mas te ry  of  

t he  s t r u c t u r e  of t h e  s u b j e c t  ma t t e r . . .  . . I n h e r e n t  i n  t h e  p r eced ing  

d i s c u s s i o n s  a r e  a t  l e a s t  f o u r  g e n e r a l  c l a ims  t h a t  can  be  made f o r  t e ach -  

i n g  t h e  fundamental s t r u c t u r e  of a  s u b j e c t .  The f i r s t  i s  t h a t  under-  

s t and ing  fundamentals  makes a  s u b j e c t  more comprehensible  ..... The second 

r e l a t e s  t o  human memory. Perhaps t h e  most b a s i c  t h i n g  t h a t  can  be  s a i d  

about  human memory, a f t e r  a  c en tu ry  of i n t e n s i v e  r e s e a r c h ,  i s  t h a t  

u n l e s s  d e t a i l  i s  p l aced  i n t o  a  s t r u c t u r e d  p a t t e r n ,  i t  i s  r a p i d l y  

f o r g o t t e n  ..... Thi rd ,  an  unde r s t and ing  of fundamental p r i n c i p l e s  and 

i d e a s ,  a s  no ted  e a r l i e r ,  appears  t o  b e  t h e  main road t o  adequa te  

' t r a n s f e r  o f  t r a i n i n g . '  To unders tand  something a s  a  s p e c i f i c  i n s t a n c e  

of  a  more gene ra l  case--which i s  what unde r s t and ing  a  more fundamental 

p r i n c i p l e  o r  s t r u c t u r e  means- - i s  t o  have l e a rned  n o t  on ly  a  s p e c i f i c  

t h i n g  bu t  a l s o  a  model f o r  unde r s t and ing  o t h e r  t h i n g s  l i k e  i t  t h a t  one 

may encounte r . .  . . .The f o u r t h  c l a im  f o r  emphasis on s t r u c t u r e  and 

p r i n c i p l e s  i n  t e ach ing  i s  t h a t  by c o n s t a n t l y  reexamining m a t e r i a l  one 

i s  a b l e  t o  narrow t h e  gap between 'advanced '  knowledge and ' e l emen ta ry '  

knowledge. " 

' ~ r u n e r ,  Jerome S.,  P rocess  of Educa t ion ,  Harvard U n i v e r s i t y  P r e s s ,  
1960. A s h o r t  book and we l l  worth read ing .  
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The laws of phys ics  form a  s t r u c t u r e  t o  i n t e r r e l a t e  our many obser-  

v a t i o n s  about na ture .  This  s t r u c t u r e  of phys i ca l  knowledge i s  t h e  

foundat ion f o r  t oday ' s  technology. 

But i n  management systems,  such a  b a s i c  s t r u c t u r e  of p r i n c i p l e s  i s  

on ly  now being developed. Managers and educa tors  have long searched 

f o r  a  s t r u c t u r e  t o  u n i f y  t h e  d i v e r s e  man i f e s t a t i ons  of psychologica l ,  

i n d u s t r i a l ,  and economic processes .  Management educa t ion  has  been 

c r i t i c i z e d  a s  being merely d e s c r i p t i v e  wi thout  a  un i fy ing  s t r u c t u r e .  

Indeed,  s t r u c t u r e  has long been pursued,  even though t h e  n a t u r e  of a  

s u i t a b l e  s t r u c t u r e  was e lu s ive .  

But now the  concepts  of "feedback1' systems seem t o  be emerging as  

t h e  long-sought b a s i s  f o r  s t r u c t u r i n g  our obse rva t ions  of s o c i a l  

systems. Over t h e  l a s t  cen tury  t h e  theory  of systems has  slowly been 

developed t o  apply t o  mechanical and e l e c t r i c a l  systems. However, 

phys i ca l  systems a r e  f a r  s impler  than  s o c i a l  and b i o l o g i c a l  systems 

and i t  i s  on ly  i n  t he  l a s t  decade t h a t  t h e  p r i n c i p l e s  of dynamic i n t e r -  

a c t i o n s  i n  systems have been developed f a r  enough t o  become p r a c t i c a l  

and u s e f u l  i n  dea l ing  wi th  systems of  people. 

Around t h e  system p r i n c i p l e s  d iscussed  i n  t h i s  book i t  should be 

p o s s i b l e  t o  s t r u c t u r e  our  confusing obse rva t ions  about p o l i t i c a l  and 

bus ines s  systems. When a  s t r u c t u r e  and governing p r i n c i p l e s  f o r  

systems have been accepted ,  they should go f a r  t o  exp la in  t h e  cont ra-  

d i c t i o n s ,  c l a r i f y  t h e  ambigu i t i e s ,  and r e s o l v e  t h e  con t rove r s i e s  i n  

t h e  s o c i a l  sc iences .  A systems s t r u c t u r e  should g i v e  t o  educa t ion  i n  

human a f f a i r s  t h e  same impetus t h a t  t he  s t r u c t u r e  of  phys i ca l  laws has 

given t o  technology. The s o c i a l  s c i ences  should become e a s i e r  t o  teach 

i f  they can r e s t  on a  body of p r i n c i p l e s  t h a t  a r e  common t o  a l l  systems, 

be they human systems o r  t e c h n i c a l  systems. I n  t he  concepts  of systems 

we should f i nd  a  common foundation t h a t  u n d e r l i e s  and u n i t e s  t he  

"two c u l t u r e s t 1  of t h e  s c i ences  and humanit ies .  Educat ion i n  many areas  

should be acce l e r a t ed .  As Bruner says ,  " s t r u c t u r e . .  . . . i s  a b l e  t o  narrow 

the  gap between 'advanced' knowledge and ' e lementary '  knowledge." 

This  book d e a l s  wi th  t h e  s t r u c t u r e  and p r i n c i p l e s  of systems giving 

s p e c i a l  emphasis t o  systems i n  economics and i n d u s t r i a l  o rganiza t ion  and 
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assembled i n t o  a  u n i f i e d  s t r u c t u r e .  Without a  s t r u c t u r e  t o  i n t e r r e l a t e  

f a c t s  and o b s e r v a t i o n s ,  i t  i s  d i f f i c u l t  t o  l e a r n  from e x p e r i e n c e ,  i t  i s  

d i f f i c u l t  t o  u s e  t h e  p a s t  t o  e d u c a t e  f o r  t h e  f u t u r e .  

The impor tance  of  s t r u c t u r e  i n  e d u c a t i o n  i s  w e l l  argued by Jerome 
1 

S. Bruner o f  Harvard. He s a y s ,  "Grasping t h e  s t r u c t u r e  o f  a  s u b j e c t  

i s  u n d e r s t a n d i n g  i t  i n  a  way t h a t  p e r m i t s  many o t h e r  t h i n g s  t o  b e  

r e l a t e d  t o  i t  meaningfu l ly .  To l e a r n  s t r u c t u r e ,  i n  s h o r t ,  i s  t o  l e a r n  

how t h i n g s  a r e  r e l a t e d  . . . . . g  ood t e a c h i n g  t h a t  emphasizes  t h e  s t r u c t u r e  

of  a  s u b j e c t  i s  p robab ly  even more v a l u a b l e  f o r  t h e  l e s s  a b l e  s t u d e n t  

t h a n  f o r  t h e  g i f t e d  one ,  f o r  i t  i s  t h e  former r a t h e r  t h a n  t h e  l a t t e r  

who i s  most e a s i l y  thrown o f f  t h e  t rack . . . . .There  a r e  two ways i n  

which l e a r n i n g  s e r v e s  t h e  f u t u r e .  One i s  th rough  i t s  s p e c i f i c  a p p l i -  

c a b i l i t y  t o  t a s k s  t h a t  a r e  h i g h l y  s i m i l a r  t o  t h o s e  o r i g i n a l l y  

l ea rned .  .... A second way i s  th rough  t h e  t r a n s f e r  of  p r i n c i p l e s  o r  

a t t i t u d e s  ..... t h e  c o n t i n u i t y  of  l e a r n i n g  t h a t  i s  produced by t h e  second 

t y p e  of  t r a n s f e r ,  t r a n s f e r  of  p r i n c i p l e s ,  i s  dependent  upon mas te ry  o f  

t h e  s t r u c t u r e  of  t h e  s u b j e c t  m a t t e r . . .  . . I n h e r e n t  i n  t h e  p r e c e d i n g  

d i s c u s s i o n s  a r e  a t  l e a s t  f o u r  g e n e r a l  c l a i m s  t h a t  can  b e  made f o r  t e a c h -  

i n g  t h e  fundamental s t r u c t u r e  of  a  s u b j e c t .  The f i r s t  i s  t h a t  under -  

s t a n d i n g  fundamentals  makes a  s u b j e c t  more comprehensible  ..... The second 

r e l a t e s  t o  human memory. Perhaps t h e  most b a s i c  t h i n g  t h a t  c a n  b e  s a i d  

about  human memory, a f t e r  a  c e n t u r y  of  i n t e n s i v e  r e s e a r c h ,  i s  t h a t  

u n l e s s  d e t a i l  i s  p l a c e d  i n t o  a  s t r u c t u r e d  p a t t e r n ,  i t  i s  r a p i d l y  

f o r g o t t e n  ..... T h i r d ,  an  u n d e r s t a n d i n g  of  fundamental p r i n c i p l e s  and 

i d e a s ,  a s  no ted  e a r l i e r ,  a p p e a r s  t o  b e  t h e  main road t o  adequa te  

' t r a n s f e r  o f  t r a i n i n g . '  To u n d e r s t a n d  something a s  a  s p e c i f i c  i n s t a n c e  

o f  a  more g e n e r a l  case--which i s  what u n d e r s t a n d i n g  a  more fundamental 

p r i n c i p l e  o r  s t r u c t u r e  means- - i s  t o  have l e a r n e d  n o t  o n l y  a  s p e c i f i c  

t h i n g  b u t  a l s o  a  model f o r  u n d e r s t a n d i n g  o t h e r  t h i n g s  l i k e  i t  t h a t  one 

may encounte r . .  . . . The f o u r t h  c l a i m  f o r  emphasis on s t r u c t u r e  and 

p r i n c i p l e s  i n  t e a c h i n g  i s  t h a t  by c o n s t a n t l y  reexamining m a t e r i a l  one 

i s  a b l e  t o  narrow t h e  gap between 'advanced '  knowledge and ' e l e m e n t a r y '  

knowledge. " 

' ~ r u n e r ,  Jerome S.,  P r o c e s s  of Educa t ion ,  Harvard U n i v e r s i t y  P r e s s ,  
1960. A s h o r t  book and w e l l  wor th  read ing .  
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t o  systems t h a t  combine people ,  f i nance ,  and technology. 

(See Sec t i on  W1.2 of t h e  accompanying Workbook) 

1.3 Systems--Open and Feedback 

Systems can  be c l a s s i f i e d  a s  "open" systems o r  "feedbackH systems. 

An open system i s  one c h a r a c t e r i z e d  by ou tpu t s  t h a t  respond t o  

i npu t s  bu t  where t h e  o u t p u t s  a r e  i s o l a t e d  from and have no i n f l u e n c e  

on t h e  inputs .  An open system i s  n o t  aware of i t s  own performance. 

I n  an open system, p a s t  a c t i o n  does n o t  c o n t r o l  f u t u r e  ac t i on .  An open 

system does n o t  observe  and r e a c t  t o  i t s  own performance. An automobile  

i s  an open system which by i t s e l f  i s  n o t  governed by where i t  ha s  gone 

i n  t he  p a s t  nor  does i t  have a  goal  of where t o  go i n  t h e  f u t u r e .  A 

watch, taken by i t s e l f ,  does no t  observe  i t s  own inaccuracy  and a d j u s t  

i t s e l f - - i t  i s  an open system. 

A feedback system, which i s  sometimes c a l l e d  a  "closed" system, i s  

in f luenced  by i t s  own p a s t  behavior .  A feedback system has  a  c lo sed  

loop s t r u c t u r e  t h a t  b r i n g s  r e s u l t s  from p a s t  a c t i o n  of  t h e  system back 

t o  c o n t r o l  f u t u r e  ac t i on .  One c l a s s  of feedback system--negat ive 

feedback--seeks a  goal  and responds a s  a  consequence of f a i l i n g  t o  

ach ieve  t h e  goal .  A second c l a s s  of feedback sys tem--pos i t ive  feedback- 

gene ra t e s  growth p roces se s  wherein a c t i o n  b u i l d s  a  r e s u l t  t h a t  gene ra t e s  

s t i l l  g r e a t e r  a c t i on .  

A feedback system c o n t r o l s  a c t i o n  based on t h e  r e s u l t s  from 

prev ious  a c t i o n .  The h e a t i n g  system of a  house i s  c o n t r o l l e d  by a  

thermosta t  which responds t o  t h e  h e a t  p r ev ious ly  produced by t h e  furnace .  

Because t he  h e a t  a l r e a d y  produced by t h e  system c o n t r o l s  t h e  forthcoming 

gene ra t i on  of h e a t ,  t h e  h e a t i n g  system r e p r e s e n t s  a  n e g a t i v e  feedback 

system t h a t  seeks  t he  goal  of proper  temperature.  A watch and i t s  owner 

form a nega t i ve  feedback system when t h e  watch i s  compared w i th  t h e  

c o r r e c t  t ime a s  a  goal  and i s  ad ju s t ed  t o  e l i m i n a t e  e r r o r s .  An engine 

w i th  a  governor senses  i t s  own speed and a d j u s t s  t h e  t h r o t t l e  t o  achieve 

t h e  p r e s e t  speed g o a l - - i t  i s  a  n e g a t i v e  feedback system. B a c t e r i a  

m u l t i p l y  t o  produce more b a c t e r i a  which i n c r e a s e  t h e  r a t e  a t  which new 

b a c t e r i a  a r e  generated.  I n  t h i s  p o s i t i v e  feedback system t h e  gene ra t i on  

r a t e  of  new b a c t e r i a  depends on t he  b a c t e r i a  accumulated from p a s t  

growth of b a c t e r i a .  



Whether a system should be c l a s s i f i e d  a s  an open system o r  a 

feedback system i s  not  i n t r i n s i c  t o  t he  p a r t i c u l a r  assembly of p a r t s  

but  depends on t h e  o b s e r v e r ' s  viewpoint i n  de f in ing  t h e  purpose of 

t he  system. 

The way i n  which the  purpose of the  system determines whether 

i t  i s  an open o r  a feedback system can be i l l u s t r a t e d  by cons ider ing  

a gaso l ine  engine i n  terms of a s e r i e s  of viewpoints. 

1. The engine,  ope ra t ing  without  a governor, has no goal  

f o r  speed. I t  i s  an open system i n  terms of  speed 

r egu la t ion .  Changing the  t h r o t t l e  w i l l  change t h e  

speed but  t he  speed has no e f f e c t  on the  t h r o t t l e .  

Furthermore, changes i n  load w i l l  change the  speed 

without  causing a t h r o t t l e  adjustment, 

2. Adding a governor produces a feedback system i n  terms 

of a constant-speed goal .  Changes i n  load cause 

changes i n  speed which produce a compensating change 

i n  t h r o t t l e  s e t t i n g  a s  t he  governor t r i e s  t o  hold the  

speed f o r  which i t  has  been s e t .  

3. But suppose the  engine i s  p a r t  of a lawn mower and we 

change the  goal  from constant-speed opera t ion  t o  a 

goal  of mowing the  lawn. Now, from the  broader purpose 

of  c u t t i n g  g r a s s ,  t he  lawn mower i s  an open system 

because i t  has  no awareness of what g r a s s  has  been c u t  

o r  where t o  c u t  next .  

4. By adding t h e  person opera t ing  the  lawn mower, we again  

see a feedback system i n  terms of the  goal  of c u t t i n g  

a p a r t i c u l a r  lawn. The opera tor  and mower form a 

feedback system ( t h a t  i s ,  a goal  seeking system) r a t h e r  

than an open system ( t h a t  i s ,  one no t  s t r i v i n g  f o r  an 

ob jec t ive )  because the  guidance of  t he  mower i s  i n  

accordance with the  p a t t e r n  o f  g r a s s  a l ready cu t .  
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5. But i f  t h e  viewpoint  i s  broadened aga in  t o  t h a t  of t h e  

owner of a  lawn-care e n t e r p r i s e  w i th  a  goa l  o f  meet ing 

h i s  customer demands, t h e  ope ra to r  and h i s  lawn mower 

a r e  p rope r ly  cons idered  a  component of a  l a r g e r  manage- 

ment system. As such,  t h e  ope ra to r  and h i s  equipment 

r e p r e s e n t  an open system t h a t  i s  und i r ec t ed  i n  i t s  

sequence of s e p a r a t e  tasks .  

6. By adding t h e  management func t i on ,  i n s t r u c t i o n s  a r i s i n g  

from customer requirements  a r e  in t roduced  a s  a  guide. 

I n  terms of t h e  goa l  of p rope r ly  scheduled work, t h e  

o p e r a t o r ,  equipment, and owner must be taken  t oge the r  

t o  form a feedback system f o r  t h e  purpose of s e rv ing  

customer lawn-care needs. 

A broad purpose may imply a  feedback system having many components. 

But each component can i t s e l f  be a  feedback system i n  terms of some 

subo rd ina t e  purpose. One must then  recognize  a  h i e r a r chy  of feedback 

s t r u c t u r e s  where t h e  b roades t  purpose of i n t e r e s t  de te rmines  t h e  scope 

of t h e  p e r t i n e n t  system. 

This  book i s  devoted t o  t h e  theory ,  p r i n c i p l e s ,  and behavior  of  

feedback systems. I t  i s  i n  t h e  p o s i t i v e  feedback form of  system 

s t r u c t u r e  t h a t  one f i n d s  t h e  f o r c e s  of growth. It i s  i n  t h e  nega t i ve  

feedback,  o r  goa l - seek ing ,  s t r u c t u r e  of systems t h a t  one f i n d s  t h e  

causes  of f l u c t u a t i o n  and i n s t a b i l i t y .  

(See Sec t i on  W1.3 of  t h e  accompanying Workbook) 

1.4 - The Feedback Loop 

The b a s i c  s t r u c t u r e  of  a  feedback loop appears  i n  F igu re  1.4a. 

The feedback loop i s  a  c lo sed  pa th  connec t ing  i n  sequence a  d e c i s i o n  
J. 

t h a t  c o n t r o l s  a c t i o n ,  t h e  l e v e l "  of t h e  system, and informat ion  about 

t h e  l e v e l  of t h e  system, t h e  l a t t e r  r e t u r n i n g  t o  t h e  decis ion-making 

poin t .  

9; 
The term " leve l"  i s  used i n  t h i s  book t o  mean a  s t a t e  o r  c o n d i t i o n  
of t h e  system. 
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The a v a i l a b l e  in format ion ,  a s  i t  e x i s t s  a t  any moment, i s  the  

b a s i s  f o r  t h e  c u r r e n t  d e c i s i o n  t h a t  c o n t r o l s  t he  a c t i o n  stream. 

The a c t i o n  a l t e r s  t he  l e v e l  o f  t h e  system. The l e v e l  ( t r u e  l e v e l )  

of t he  system i s  t h e  gene ra to r  of in format ion  about t h e  system, bu t  

t h e  in format ion  i t s e l f  may be l a t e  o r  erroneous. The information 

i s  t he  apparen t  l e v e l  o f  t h e  system which may d i f f e r  from t h e  t r u e  

l e v e l .  It  i s  t h e  in format ion  (apparen t  l e v e l ) ,  n o t  t h e  t r u e  l e v e l ,  

t h a t  i s  t h e  b a s i s  f o r  t h e  d e c i s i o n  process .  
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The single-loop structure of Figure 1.4a is the simplest form 

of feedback system. There may be additional delays and distortions 

appearing sequentially in the loop. There may be many loops that 

interconnect. 

Ordering replacement goods to maintain an inventory in a 

warehouse illustrates the circular cause-and-effect structure of 

the feedback loop as in Figure 1.4b. 
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Here t h e  order ing  dec i s ion  genera tes  a  s tream of o rde r s  t o  the  

suppl ie r .  The supp l i e r ,  a f t e r  a  de lay  t o  sh ip  o r  t o  manufacture, 

d e l i v e r s  t h e  goods t o  t h e  inventory.  The inventory i s  the  source of  

information about t h e  inventory ,  bu t  t h a t  information may con ta in  

e r r o r s  and may be delayed so t h a t  i t  does not  always r e f l e c t  t he  

t r u e  p re sen t  l e v e l  of  t h e  inventory.  The information about inventory 

i s  t h e  input  on which t h e  order ing  dec i s ion  i s  based. ( In  a  more 

complete system t h e r e  can ,  of course ,  be o the r  i npu t s  t o  t h e  order ing  

dec i s ion . )  The inventory-cont ro l  loop i s  i n  continuous opera t ion .  

Changes can be occurr ing  a t  a l l  t imes a t  each po in t  around t h e  loop. 

The p re sen t  a c t i o n  stream corresponds t o  t h e  p re sen t  dec i s ion  

t h a t  i n  t u r n  depends on the  p re sen t  information. However, t h e  

p re sen t  l e v e l  of t h e  system does n o t  depend on t h e  p re sen t  a c t i o n  but  

i s  i n s t ead  an accumulation from a l l  p a s t  ac t ions .  For example, 

consider  a tank t h a t  i s  being f i l l e d  wi th  water.  The he igh t  of  t he  

water i s  t he  system l eve l .  The l e v e l  depends on t h e  accumulation 

produced by t h e  p a s t  flow of water  b u t  t h e  l e v e l  i s  n o t  determined 

by how f a s t  water i s  being added a t  t he  present  i n s t a n t .  A l a r g e  

stream i n t o  an empty tank does no t  imply a  f u l l  tank ,  an a l ready 

f i l l e d  tank i s  no t  a f f ec t ed  i f  t h e  flow ceases  e n t i r e l y .  

Information i s  i t s e l f  one of t h e  l e v e l s  of the  system ( r e f e r r e d  

t o  e a r l i e r  a s  apparent  l e v e l ) .  The information changes a s  i t  becomes 

evident  t h a t  t h e  information d i f f e r s  from t h e  t r u e  v a r i a b l e  t h a t  i t  

i s  presumed t o  represent .  Information i s  no t  determined by t h e  

p re sen t  t r u e  cond i t ion ,  which i s  no t  ins tantaneous ly  nor exac t ly  

a v a i l a b l e ,  but  i n s t ead  by the  p a s t  cond i t ions  t h a t  have been observed, 

t r ansmi t t ed ,  analyzed and d iges ted .  The discrepancy between a  t r u e  

system l e v e l  and t h e  information l e v e l  t h a t  governs dec i s ions  always 

e x i s t s  i n  p r inc ip l e .  As a  p r a c t i c a l  m a t t e r ,  t h e  information i s  

sometimes good enough t h a t  no d i s t i n c t i o n  i s  necessary between t r u e  

and apparent  l eve l .  

(See Sect ion  W1.4 of t h e  accompanying Workbook) 




