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M A N A G E M E N T  C O N T R O L S  IN I N D U S T R I A L  P R O D U C T I O N  

6 J a n u a r y  1960 

C A P T A I N  F I K E :  Good m o r n i n g ,  G e n t l e m e n .  The  c u r r e n t  h i g h l y  

c o m p e t i t i v e  s i t u a t i o n  in bo th  ou r  d o m e s t i c  m a r k e t  and a b r o a d  d i c -  

t a t e s  a m o s t  e f f i c i e n t  h a n d l i n g  of ou r  i n d u s t r i a l  p r o d u c t i o n  in  t h i s  

c o u n t r y .  

In r e c e n t  y e a r s  t e c h n o l o g i c a l  a d v a n c e s  h a v e  m a d e  p o s s i b l e  g r e a t l y  

i m p r o v e d  m a n a g e m e n t  t e c h n i q u e s .  Our  l e c t u r e  t h i s  m o r n i n g  w i l l  ou t -  

l ine  a s y s t e m  w h i c h  e n c o m p a s s e s  s e v e r a l  of t h e s e  m o d e r n  d e v e l o p -  

m e n t s .  

We a r e  v e r y  f o r t u n a t e  to h a v e  wi th  us  t h i s  m o r n i n g  as  ou r  g u e s t  

l e c t u r e r  a m a n  ~¢er i tab ly  an  e x p e r t  who h a s  s p e n t  a l m o s t  h i s  e n t i r e  
j 

adu l t  l i fe  in t h i s  f i e ld  of s t u d y  and w o r k .  H i s  c o m p a n y ,  G e n e r a l  E l e c t r i c ,  

h a s  a l s o  b e e n  a l e a d e r  in  t h i s  f i e ld  of a d v a n c e d  m a n a g e m e n t  and p r o d u c -  

t i on  m e t h o d o l o g y  fo r  m a n y  y e a r s .  

It i s  a g r e a t  h o n o r  fo r  m e  to p r e s e n t  fo r  h i s  s e c o n d  l e c t u r e  to  

the  C o l l e g e  M r .  H. F o r d  D ick i e ,  M a n a g e r ,  P r o d u c t i o n  Con t ro l ,  M a n -  

u f a c t u r i n g  S e r v i c e s  D i v i s i o n ,  G e n e r a l  E l e c t r i c  C o m p a n y ,  who wi l l  

s p e a k  on M a n a g e m e n t  C o n t r o l s  in  I n d u s t r i a l  P r o d u c t i o n .  

M r .  D i c k i e .  

MR.  DICKIE:  T h a n k  you,  C a p t a i n  F i k e .  G e n t l e m e n :  I hope  m y  

v o i c e  ho ld s  out t o d a y .  I m i g h t  be w h i s p e r i n g  in the  m i k e  b e f o r e  I get  



t h r o u g h .  

I d e c i d e d  at  the  l a s t  m i n u t e  t ha t  I would  s t a r t  off by t e l l i n g  you  

the  p u n c h  l ine  of t h i s  d i s c u s s i o n  b e f o r e  go ing  in to  the  d e t a i l s .  W e ' l l  

h a v e  s l i d e s  w h e n  we get  in to  the  d e t a i l s ,  so ,  e v e n  if  t ha t  i s n ' t  i n t e r e s t -  

ing,  a t  l e a s t  it w i l l  be  r e s t f u l .  

It was  j u s t  a y e a r  ago  t h i s  v e r y  m o n t h  tha t  the  m e m b e r s  of m y  

l i t t l e  o r g a n i z a t i o n - - p a r t  of t h e m  a r e  p u r e  r e s e a r c h  p e o p l e - - h a d  the  

o p p o r t u n i t y  to m a k e  a p r e s e n t a t i o n  to t he  f u n c t i o n a l  o f f i c e r s  of G e n e r a l  

E l e c t r i c - - v i c e  p r e s i d e n t ,  m a n u f a c t u r i n g ,  e n g i n e e r i n g ,  c o m p t r o l l e r ,  

and so  f o r t h .  I t hough t  you  would  be  i n t e r e s t e d  in tha t  d e m o n s t r a t i o n .  

B r i e f l y ,  i t  wen t  l i ke  t h i s :  We h a n d e d  to  t he  m e m b e r  of t he  a u d i e n c e  

who was  s i t t i n g  in t he  f r o n t  r o w - - j u s t  as  if a g r o u p  o r  a d o z e n  of you  

w e r e  g a t h e r e d  a r o u n d ,  a s m a l l  g r o u p - - a  t y p i c a l  G e n e r a l  E l e c t r i c  r e q -  

u i s i t i o n  o r d e r  f o r m ,  and s u g g e s t e d  tha t  he  o r d e r  an  i n s t r u m e n t .  As 

you  m i g h t  g u e s s ,  t h e r e  w a s  c o n s i d e r a b l e  p r o m p t i n g  as  to  wha t  he s h o u l d  

o r d e r .  He s t a r t e d  out to  o r d e r  a wa t t  m e t e r  and,  b e f o r e  he  got t h r o u g h ,  

as  I r e c a l l ,  he o r d e r e d  a vo l t  m e t e r .  He w a s  go ing  to o r d e r  a s i n g l e -  

p h a s e  one and  t h e y  s u g g e s t e d  t ha t  it  be  a t h r e e - p h a s e  one .  He s a i d ,  

" W e l l ,  I p r e s u m e  we j u s t  c h e c k  60 c y c l e s ,  " and s o m e b o d y  s a i d ,  "Hel l ,  

no; l e t ' s  m a k e  it  45 c y c l e s  and  s e e  wha t  t h e y  c a n  do wi th  t h a t .  " So we 

wen t  on down the  l i n e .  And,  as  you  h a v e  g u e s s e d ,  t h e r e  was  i n d e e d  

o r d e r e d  a s p e c i a l  i n s t r u m e n t  t ha t  had  n e v e r  b e e n  d e s i g n e d  b e f o r e  and 

t ha t  had  n e v e r  b e e n  p r o d u c e d  b e f o r e .  
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T h i s  h a n d - w r i t t e n  r e q u i s i t i o n  f o r m  t h e n  w a s  h a n d e d  to an IBM 

k e y - p u n c h  o p e r a t o r .  The  g i r l  p u n c h e d  out  a f ew c a r d s .  T h e  f ew  c a r d s  

t h e n  w e r e  put  in to  a l a r g e - s c a l e  d i g i t a l  c o m p u t e r .  I n c i d e n t a l l y ,  to  be  

t r u e  and f a c t u a l  abou t  t h i s ,  t h i s  w a s  put in w i th  99 o r d e r s ,  b e c a u s e  
reasonable in 

the/maximum number that this department ever received/a day was 

I00 orders. So we were in effect giving the computer a full day's 

orders for that department, which is the instrument department of 

General Electric, as you may have guessed. 

In a few minutes there started to be pr.int~cB out a number of 

different things, and we will taLk about those a little later. But 

among other things came out one group of punched cards, and, if the 

machines were capable, we wouldn't have had to have this human inter- 

vention, but they are not set up this way at the present time. But those 

cards were simply put into a punched card to punched tape converter. 

So I hope you won't consider this human intervention. I'd ]Like to 

consider it not that but inadequacies of the machines today. Tape was 

produced. Punched tape was handed to our boss as President in Charge 

of Manufacturing. We walked across the street to the manufacturing 

laboratory. The punched tape he put in a tape reader, which directed 

a machine tool. I wouldn't call it a milling machine or a drilling 

machine or a boring machine. It does a sort of combination of all 

these things, like a new Milwaukee pneumatics, if any of you are 

acquaihted with them . That machine proceeded to produce the main 
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frame, which is very complicated. It holds both ends of the arma- 

ture, has considerable precision, and has about 30 machining opera- 

tions on it. It also produced the base, which has all of the other com- 

ponents--the chokes, the resistors, and the mounting--for the entire 

device, as well as leads and what not off the back. It proceeded to 

produce that piece also, completely automatically. 

So, in a matter of minutes, there had been done inside a computer 

the engineering, the drafting, if there was such--and the question we 

were talking to the Captain about on the way down was, some insist 

that of course you need drawings, and my question is: If you have no 

one operating the machine, who is going to read the drawings ?--and if 

it was still required, the manufacturing engineering, which is the 

detailed operational planning of how the parts will be made, the quality 

control standard, the production control schedule, the costing, and, 

in this case, the operation of the machine, all completely automatically, 

to produce for the first time a device that has never been designed, 

never been manufactured, before. 

So now, as I said, you know the whole story. But let's go back 

and look a little at the background. Possibly the greatest challenge 

to General Electric, and to much of American industry, is finding an 

answer to the new competition from abroad, an answer that does not 

destroy the living standards that we have worked so hard to achieve, 

an answer that does not permit attrition of our industrial strength, which 
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is  so v i t a l  to our  na t i ona l  s e c u r i t y .  Yet. how can we compe te  ? Does 

the a n s w e r  have  to l ie  in h i g h e r  t a r i f f  wa l l s  or  s h a r p  i m p o r t  quotas  ? 

Dur ing  the pas t  four  y e a r s  we have  worked  i n t e n s i v e l y  on t h r e e  

m o r e  pos i t i ve  ways  of e s t a b l i s h i n g  i n d u s t r i a l  l e a d e r s h i p .  The f i r s t  

was  innova t ion .  We have to p rov ide  the amount  of r e s e a r c h  r e q u i r e d  

to develop  new p roduc t s  and to i n t roduce  t h e s e  new produc t s  r a p i d l y  
o u r  

and efficiently so as to maintain/competitive position. Next we must 

give p r o m p t  and r e l i a b l e  d e l i v e r y  of h i g h - q u a l i t y  p roduc t s ,  o f f e r ing  

c u s t o m e r - o r i e n t e d  f e a t u r e s  backed up by dependable ,  economic  f ie ld  

s e r v i c e .  But m o s t  i m p o r t a n t ,  we m u s t  r e e s t a b l i s h  cos t  l e a d e r s h i p .  

The only log ica l  way  to do th i s  is  th rough  i n c r e a s e d  p roduc t iv i ty ,  

which  m e a n s  f ewer  d i r e c t  and i n d i r e c t  l abor  hou r s  pe r  unit  of p roduct .  

Th i s  i n c r e a s e d  p r o d u c t i v i t y  c o m e s  not f rom s w e a t - s h o p  t echn iques  but 

f rom d e s i g n i n g  a p roduc t  with p r o d u c i b i l i t y  in mind ,  f rom bes t  shop 

layouts ,  f rom bes t  me thods ,  f rom us ing  the m o s t  m o d e r n  f a c t o r y  office 

equ ipment ,  and, p a r t i c u l a r l y ,  f rom the th ing  I want to ta lk  about t o d a y - -  

p lanned,  i n t eg ra t ed ,  au tomated  s y s t e m s .  

R e c e n t  f i g u r e s  on i n d u s t r i a l  p r o d u c t i v i t y  show how s lowly  we have  

i m p r o v e d  s ince  World War  II. The a v e r a g e  i n c r e a s e  in p r o d u c t i v i t y  

p e r  y e a r  s i nce  1950 has  been  a p p r o x i m a t e l y  2 p e r c e n t .  In c o n t r a s t ,  

G e r m a n y  has  i n c r e a s e d  i ts  p r o d u c t i v i t y  by m o r e  than 5 p e r c e n t  pe r  

y e a r  in  the s a m e  pe r iod .  Nine teen  f i f t y - e i g h t  was the f i r s t  good omen,  

when U. S. p r o d u c t i v i t y  i n c r e a s e d  by ove r  6 pe rcen t ,  th i s  in sp i t e  of a 
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s i g n i f i c a n t  r e d u c t i o n  in  i n d u s t r i a l  ou tput .  

It w a s  an  a n a l y s i s  of t h e s e  da ta  t ha t  c a u s e d  G e n e r a l  E l e c t r i c  

S e r v i c e s  O r g a n i z a t i o n - - s t a f f ,  I t h ink ,  would be m o r e  f a m i l i a r  to y o u - -  

to  a t t e m p t  the  d e s i g n  of an  a d v a n c e d  a u t o m a t i c  s y s t e m ,  one t ha t  would  

be ab le  to  r e s p o n d  m o r e  e f f i c i e n t l y  and m o r e  e c o n o m i c a l l y  to i n c o m i n g  

c u s t o m e r s '  o r d e r s .  T h i s  p r o g r a m  we n a m e d  the I n t e g r a t e d  S y s t e m s  

P r o j e c t ,  or  the  i n i t i a l s  you  w i l l  s e e ,  I . S . P . ,  and c e r t a i n  g e n e r a l  

o b j e c t i v e s  w e r e  e s t a b l i s h e d .  

The  f i r s t  o n e - - t h e  new s y s t e m  shou ld  be e c o n o m i c a l l y  p r a c t i c a l  

and t e c h n i c a l l y  f e a s i b l e ,  and,  in  a c o m p a n y  s u c h  as  o u r s ,  i t  m u s t  be 

b r o a d l y  a p p l i c a b l e  to  as  m a n y  d e p a r t m e n t s  a s  p o s s i b l e .  

The  s y s t e m  s hou ld  be m u l t i - f u n c t i o n a l l y  i n t e g r a t e d  and p r o v i d e  

a c l o s e  l i n k a g e  b e t w e e n  the  o f f i ce  and  the f a c t o r y .  

It s h o u l d  be  d e s i g n e d  w i th  e v e r y  a t t e m p t  at bo ld  i n n o v a t i o n  in 

o r d e r  to b r e a k  the  h i s t o r i c a l l y  a c c e p t e d  b u s i n e s s  s y s t e m  p a t t e r n s .  

We m u s t  b l a s t ,  not  p i t .  

We hope  t h r o u g h  r e s e a r c h  to  deve lop  new c o n c e p t s  and t o o l s  f o r  

u s e  in  d e s i g n i n g  s u c h  s y s t e m s .  

We hope  to  d e v e l o p  new c r i t e r i a  f o r  t e c h n i c a l l y  and e c o n o m i c a l l y  

sound  a p p r o a c h e s  to  a u t o m a t i o n  t h a t  would he lp  us  to  d e t e r m i n e  wha t  

p a r t i c u l a r  new t e c h n i q u e s  shou ld  be u s e d  in  s p e c i f i c  b u s i n e s s e s .  

We wanted  to p r o v i d e  a f o u n d a t i o n  f o r  f u t u r e  G e n e r a l  E l e c t r i c  

p r o g r e s s  t h r o u g h  r e s e a r c h  and d e v e l o p m e n t .  
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To pick an initial area for this exploration, we analyzed some 

of the current weaknesses of industrial systems, which I am sure 

you will all recognize. Typically, we have very poor manufacturing 

cycles and inventory turnovers. Delivery cycles are quite long, very 

long compared with the product costs. This is particularly true of 

manufacturing cycles in relation to the actual processing time, and 

the work-in-process inventories are correspondingly excessive. 

Indirect labor costs are increasing steadily. Many factories even 

joke about the fact that you can't make a shipment until the paper 

weighs as much as the product. 

A third area is the high redundancy of information used in our 

factory paper work. For example, on a line of shafts used by a very 

successful motor manufacturer, it was found that some 300 different 

drawings, such as the one in this slide, had been prepared over the 

course of two years to take care of each minor variation in the shaft 

as it was required. On each of these drawings there were some 60 or 

70 fields of information. Of these fields, better than 80 percent were 

completely fixed. For every shaft, only 20 percent was truly variable. 

Yet we were making up a new drawing for every shaft. On this typical 

drawing, the completely redundant information is indicated in red. 

With these and other significant problems in mind, we sought the 

areas of our industrial business systems that would have the greatest 

impact in these areas of opportunity. We call this heart of the business 
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p r o c e s s  the m a i n  l ine s y s t e m .  P o s s i b l y  a r e v i e w  of the s t eps  

inc luded  in  th i s  m a i n  l ine  s y s t e m  wi l l  give you a c l e a r e r  u n d e r s t a n d i n g  

of the p a r t i c u l a r  scope  of our  p ro j ec t .  

The p r e s e n t  m a i n  l ine s y s t e m  s t a r t s  with the  c u s t o m e r ' s  o r d e r .  

They  a l l  do. Th i s  s p e c i f i e s  what the c u s t o m e r  wants  in func t iona l  

t e r m s ,  such  as s i ze ,  co lor ,  r a t ing ,  and o the r  p roduc t  r e q u i r e m e n t s .  

The t y p i c a l  o r d e r  than  goes  t h rough  c e r t a i n  conven t iona l  s t eps  which 

a r e  shown in the  l e f t -hand  co lumn of th i s  s l i de .  

F i r s t  i t  is  edi ted ,  to e l i m i n a t e  a m b i g u i t i e s  and to put the  o r d e r  

in the p rope r ,  m o s t  usab le ,  i n t e r n a l  f o r m .  Then the o r d e r  is  eng in -  

e e r e d  and d r a f t i n g  p r e p a r e s  the  documen t s  tha t  a r e  needed for  the 

f a c t o r y  and o t h e r s ,  n a m e l y ,  the b l u e p r i n t s ,  the b i l l s  of m a t e r i a l ,  

et c e t e r a .  Then, based  on th i s  des ign  i n fo rma t ion ,  the  m a n u f a c t u r i n g  

e n g i n e e r s  then p e r f o r m  the o p e r a t i o n a l  p lanning,  or  how to make  the 

product ,  and what t i m e  s t a n d a r d s  and wage r a t e s  should be for  the 

v a r i o u s  l abo r  and m a c h i n e  o p e r a t i o n s .  

Then, in a s i m i l a r  m a n n e r ,  the q u a l i t y - c o n t r o l  p l ann ing  p r o c e d u r e s  

a r e  d e t e r m i n e d ,  e s t a b l i s h i n g  s t a n d a r d s ,  me thods ,  and f r e q u e n c y  of 

qua l i ty  a n a l y s i s .  Then,  u s ing  the e x i s t i n g  r e c o r d s  and f i l e s ,  cos t  

i n f o r m a t i o n  is  a c c u m u l a t e d ,  compi led ,  and a n a l y z e d .  Then  p roduc t ion  

c o n t r o l  t akes  over ,  to d e t e r m i n e  when the p a r t s  a r e  needed,  as  wel l  

as  how m a n y  a r e  to be p u r c h a s e d  and made .  Typ ica l ly ,  th i s  i nc ludes  

the func t ions  of c u s t o m e r  p r o m i s i n g ,  schedu l ing ,  and i n v e n t o r y  con t ro l .  
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F i n a l l y ,  i n s t r u c t i o n s ,  in the fo rm of v o u c h e r s ,  p u r c h a s e  r e q u e s t s ,  

et c e t e r a ,  a long  with  b l u e p r i n t s  and o the r  n e c e s s a r y  p a p e r s ,  a r e  t r a n s -  

m i t t ed  to the f a c t o r y  to d i r e c t  the m a n u f a c t u r e  of i n t e r n a l l y  made  c o m -  

ponents ,  or  to p u r c h a s e  f rom outs ide  for  m a t e r i a l  p r o c u r e m e n t .  

In each  of t h e s e  s t eps ,  i n f o r m a t i o n  i s  t aken  f rom the p r e v i o u s  

funct ion,  t y p i c a l l y  in the fo rm of w r i t t e n  documen t s ,  and used to p r o -  

duce the next  document  or  output with the aid of i n f o r m a t i o n  r e f e r e n c e  

f i l e s ,  shown in the l e f t -hand  column,  which a re ,  n a m e l y j  m a t e r i a l  

l i s t s ,  b l u e p r i n t s ,  p lann ing  c a r d s ,  qua l i ty  r e c o r d s ,  cos t  card ,  et c e t e r a ,  

et cetera. 

In short, the main line converts the customer's order into a finished 

product. Substantial amounts of money are involved in this main line 

system, as you will note in this slide. Normally, 100 percent of the 

direct labor and i00 percent of the direct material is tied up in the 

main line system. At least 50 percent of our indirect manufacturing 

product 
expenses are in this area, 20 percent of our/engineering costs and expense, 

and 15 percent of our commercial and administrative expenses. 

All of our productive raw and work-in-process inventories are 

in this category, as well as 80 percent of our plant and equipment 

investment. In total, this area probably accounts £or 75 to 80 percent 

of our product costs, and a similar percent of our investment. 

To perform a research and development job on these multi-functional 

problems, it was necessary to organize a multi-functional team, representing 
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the various business functions--engineering and accounting, as well 

as manufacturing. In this particular study marketing and employee 

relations were not included, simply because the particular system 

defined did not require their extensive contribution. 

It was our belief that an ivory-tower approach would not provide 

an effective atmosphere for integrating systems' designed work, nor 

did it aid in selling the new concepts that were developed. What was 

needed was a real live business, a living laboratory. This selected 

operation had to be representative of the breadth of business in which 

General Electric engages, varying from lamp bulbs to large steam 

and 
turbines and from silicons to guided missiles,/from fractional-powered 

motors to complex steel-mill controls. 

Also, in picking a business, we wished to select one where the 

existing information was in sufficiently clear form to be readily usable. 

We looked for a business with a good, clear documentation, one with 

clean records, since we didn't wish to try automating a mess--which 

some people have tried to do, incidentally. We sought a well run busi- 

ness where we could concentrate on advanced development, rather than 

having to devote time to cleaning up existing problems. We also felt 

tha t ,  by t e a r i n g  out" ou r  r e s e a r c h  in a p a r t i c u l a r  b u s i n e s s ,  the  s y s t e m ' s  

t e a m  would  have  i t s  a t t e n t i o n  f o c u s e d  on s p e c i f i c ,  c l e a r l y  d e f i n e d  p r o b l e m s  

r a t h e r  t han  the  m o r e  vague ,  i m a g i n a r y  d i f f i c u l t i e s .  In t h i s  way  the  

c r e a t i v e  c o n t r i b u t i o n s  w e r e  c o n c e n t r a t e d  on the  a r e a s  m o s t  n e e d i n g  
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im p r o v e m  en t .  

After the multi-functional organization was completed, a clear 

and specific designed program was followed. The first stage was that 

of data-gathering. This involved getting all the facts concerning pres- 

ent inputs and outputs, volumes of devices, designed variations, man- 

ufacturing facilities, historical performance, et cetera. This took us 

approximately six months and led, obviously, to the second phase. 

This was problem analysis. During problem analysis all the 

information gathered was digested, reviewed, and an effort made to 

determine clear cause and effects. It took us some time to decide the 

next point. We wanted to study the relationship between changing external 

conditions and changing internal performance. 

The third phase of the program was that of preliminary system's 

design. This achieved a first verification of what may be truly called 

t he basic system. This lasted approximately a month, and brought into 

play the efforts of not just the general system's designer but all special- 

ists in the various areas. 

The fourth phase , as you would guess, was that of detailed system's 

design. This refined the specifications in great detail. It clearly indi- 

cated those phases which needed to have their technological feasibility 

proven and those that had already been clearly demonstrated in previous 

w o r k .  

The  f i f th  p h a s e  was  t ha t  of c o n s t r u c t i o n  of a p r o t o t y p e  to  d e m o n s t r a t e  
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a p p l i c a b i l i t y  of the  new i d e a s .  It was ,  in the  v e r n a c u l a r ,  a b r e a d -  

b o a r d  m o d e l .  If I d o n ' t  s ay  tha t  tw ice ,  it w i l l  be  the  f i r s t  t h i n g  s o m e  

one  wi l l  a s k  about :  How m a n y  d e p a r t m e n t s  a r e  do ing  th i s  ? What I 

am t a l k i n g  about  t o d a y  is  a b r e a d - b o a r d  m o d e l ,  the  f i r s t  p r o t o t y p e s  

p e o p l e  a r e  s t a r t i n g  to p r o d u c e  in d e p a r t m e n t s  t h e m s e l v e s  now.  So 

th i s  tha t  I am t a l k i n g  about  is  not  an o p e r a t i n g  d e p a r t m e n t a l  m o d e l .  

The sixth, and final~ 

t raining, and evaluation. 

p h a s e  of any p r o g r a m  is tha t  of t e s t i n g ,  

We h a v e  b e e n  ab le  to t e s t  t h i s  b r e a d - b o a r d  

m o d e l  a g a i n s t  a w ide  v a r i e t y  of c i r c u m s t a n c e s  and h a v e  found it v e r y  

s a t i s f a c t o r y .  We h a v e  b e e n  c a r r y i n g  out ou r  t r a i n i n g  p r o g r a m  o b j e c -  

t i ve  d u r i n g  the  pas t  12 m o n t h s ,  a l o n g  wi th  i n i t i a l  e v a l u a t i o n s  of p o t e n t i a l  

s a v i n g s .  We have  p r e s e n t e d  th i s  t a l k  and s o m e  d e t a i l e d  e x p l a n a t i o n s ,  

t a k i n g  a coup le  of days ,  to o v e r  2200 G e n e r a l  E l e c t r i c  p e o p l e .  

Well ,  t h e s e  a r e  qu i te  c o n v e n t i o n a l  s t e p s .  The i m p o r t a n t  new con-  

cep t  was  a p p l i c a t i o n  of the  s y s t e m ' s  a p p r o a c h  to  b u s i n e s s  s y s t e m s '  

p r o b l e m s .  This  k ind  of t e c h n i q u e  Rand  and s i m i l a r  o r g a n i z a t i o n s  have  

d e v o t e d  to y o u r  m i l i t a r y  s y s t e m ' s  p r o b l e m s .  

With the  s y s t e m ' s  a p p r o a c h ,  we t r e a t e d  the  e n t i r e  m a i n  l ine  s y s t e m  

as  t hough  it w e r e  a b l a c k  box wi th  only  one  t r a n s a c t i o n  input ,  the  c u s -  

t o m e r ' s  o r d e r ,  and wi th  only  a s i n g l e  b a s i c  output ,  t he  f i n i s h e d  p r o d u c t .  

Al l  t ha t  wen t  on in  b e t w e e n  was  s u b j e c t  to  a n a l y s i s  and r e d e s i g n .  The  

s y s t e m ' s  a p p r o a c h  was  i n t e n d e d  to d e s i g n  a new m a i n  l ine  s y s t e m .  It 

p r o v i d e d  us wi th  an o p p o r t u n i t y  to  c o m p l e t e l y  i g n o r e  p r e s e n t  t e c h n i q u e s ,  
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i g n o r e  a l l  t he  p r e s e n t  c o n v e n t i o n a l ,  o r g a n i z a t i o n a l ,  o r  f u n c t i o n a l  

d i v i s i o n s  of work ,  and to c o n c e n t r a t e ,  w i thou t  i n h i b i t i o n s ,  on r e c o n -  

c e i v i n g  the  s o l u t i o n .  

I n c i d e n t a l l y ,  i t  took  t h e s e  peop le  m o n t h s - - y o u ' v e  s e e n  s o m e  of 

i t  h e r e ,  I am s u r e - - t o  f o r g e t  t he  b a c k g r o u n d r - s o m e  of t h e m  e n g i n e e r s  

who s p e n t  20 y e a r s  in  e n g i n e e r i n g - - t o  f o r g e t  about  the  f u n c t i o n .  It 

i s n ' t  wha t  you  need ;  i t ' s  wha t  we need  to p r o d u c e  tha t  p r o d u c t  on the  

end of the  l ine .  

The  f u n d a m e n t a l  c o n c e p t  in  c a r r y i n g  out t h i s  p r o j e c t  was  an idea  

of v e r t i c a l  i n t e g r a t i o n .  I n t e g r a t i o n  i s  c u r r e n t l y  a b y w o r d ,  of c o u r s e ,  

but  m o s t  new w o r k  h a s  b e e n  c o n c e r n e d  wi th  a u t o m a t i n g  c o m m o n  a c t i -  

v i t i e s .  We a s k :  "What  do you h e a r  about  t ha t  h a s  b e e n  a u t o m a t e d  ? "  

"Oh,  w e ' v e  a u t o m a t e d  o u r  p a y r o l l .  We h a v e  a u t o m a t e d  o u r  c o n t r o l  of 

m a t e r i e l ,  o r  i n v e n t o r i e s ,  o r  r e q u i s i t i o n  p r o c e s s i n g  a c r o s s  a t o t a l  p r o d u c t  

12ne, o r  a whole  b u s i n e s s .  " T h i s  we have  c a l l e d  h o r i z o n t a l  i n t e g r a t i o n .  

H o w e v e r ,  we a r e  t r u l y  c o n v i n c e d  t ha t  i n t e g r a t i o n  shou ld  fo l low Lines of 

i n f o r m a t i o n  f low. It s hou ld  cut  v e r t i c a l l y  t h r o u g h  a l l  f u n c t i o n s  in  a 

p r o d u c t  l i ne .  With  t h i s  v e r t i c a l  i n t e g r a t i o n ,  f a r  b r o a d e r  o p p o r t u n i t i e s  

fo r  p r o f i t s  h a v e  b e c o m e  a v a i l a b l e .  W h y ?  By h a v i n g  a l l  of the  i n f o r m a -  

t ion  p r o c e s s e s  Linked t o g e t h e r  i n s i d e  the  c o m p u t e r  i t  i s  qu i te  u n n e c e s s a r y  

f o r  e a c h  f u n c t i o n  to  d u p l i c a t e  the  o t h e r ' s  f i l e s - - w h i c h  we do t o d a y  u n d e r  

o u r  m o s t  e f f i c i e n t  s y s t e m s .  

F o r  j u s t  one e x a m p l e - - c o s t  w i l l  no l o n g e r  h a v e  to  m a i n t a i n  i n d e p e n d e n t  
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f i l e s  of m a t e r i a l  l i s t s ,  b l u e p r i n t s ,  p lann ing  r e c o r d s ,  and t ime  

s t a n d a r d s  fo r  e v e r y  pa r t  and a s s e m b l y .  

This  e l i m i n a t i o n  of f i le  r e d u n d a n c y  wi l l  be fel t  in many  i n d i r e c t  

l abor  a c t i v i t i e s  and wil l  of fer  oppor tun i t i e s  for  s u b s t a n t i a l  t ime  and 

cos t  r educ t ion .  F u r t h e r ,  v e r t i c a l  i n t e g r a t i o n  of e f for t  a l so  has a 

m a j o r  effect  on r educ ing  the i n f o r m a t i o n  and p h y s i c a l  p r o c e s s i n g  t i m e .  

Since a l l  of the d e c i s i o n - m a k i n g  logic to c o m p l e t e l y  p r o c e s s  an o r d e r  

i s in the compu te r ,  i t  is r e a s o n a b l e  to expect  ove rn igh t  data  p r o c e s s i n g .  

By hav ing  dynamic  c o n t r o l  of the whole p h y s i c a l  p r o c e s s ,  f rom pu r -  

cha s ing  th rough  p a r t s - m a k i n g  and a s s e m b l y ,  it is  poss ib l e  to r educe  

s i g n i f i c a n t l y  the ac tua l  m a k e  cyc le .  

This  type of c o n t r o l  should r e s u l t  in much  lower  i n v e n t o r i e s ,  

h ighe r  p r o m i s e s  kept,  and b e t t e r  l abor  e f f i c i ency .  

A second  p r i n c i p l e  is the need for  d i s c o v e r i n g  a p a t t e r n  of logic,  

and this  we have done, which f o r m a l l y  d i sp l ays  and r e l a t e s  the v a r i o u s  

d e c i s i o n s  that  a r e  made  in p roduc t  des ign,  f a c i l i t i e s  opera t ion ,  f a c t o r y  

schedul ing ,  et c e t e r a .  In m a n u f a c t u r i n g  planning,  for  example ,  by 

focus ing  a t t en t ion  on each  v a r i a t i o n  in method ,  o r  e l e m e n t a l  t ime  s t anda rd ,  

you can spo t l igh t  cause -and-e f fec t  r e l a t i o n s h i p s  and t h e r e b y  make  i m p r o v e -  

m e n t s .  Organ iz ing  the mul t i tude  of de ta i l  into a c l e a r ,  e a sy - to -unde r s t and  

f r a m e w o r k  shows what des ign  c h a r a c t e r i s t i c s  c o n t r o l  the v a r i o u s  m a n u -  

f a c t u r i n g  p r o c e s s  e l e m e n t s ,  m a k i n g  c l e a r  the s i m p l i f i c a t i o n  and s t a n d a r d i -  

za t ion  oppo r tun i t i e s .  
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The  u s e  of l o g i c a l  d e c i s i o n  p a t t e r n s  in  a b u s i n e s s  shou ld  r e d u c e  

d i r e c t  l a b o r  and d i r e c t  m a t e r i a l  t h r o u g h  the  p o w e r f u l  a n a l y t i c a l  i n s i g h t s  

t h e y  m a k e  p o s s i b l e .  I cou ld  t e l l  you s t o r i e s  a l l  day  about  t he  c l a r i t y  

and u n d e r s t a n d i n g  of the  p r o d u c t  tha t  e n g i n e e r i n g  has  had to  ga in  in 

o r d e r  to t h ink  c l e a r l y  e n o u g h  to put t h e s e  t h ings  down in the  l o g i c a l  

f o r m  tha t  the  c o m p u t e r  can  h a n d l e .  

What  we n e e d e d  to  do was  to  c r e a t e  bold ,  a d v a n c e d ,  o r i e n t e d  

c o m p u t e r  t e c h n i q u e s ,  to  c r e a t e  a s y s t e m  o r i e n t e d  to  the  c o m p u t e r  

r a t h e r  t h a n  what  we had b e e n  doing,  u n i m a g i n a t i v e l y  p r o g r a m i n g  the  

c o m p u t e r  to  fo l low the  h u m a n  w o r k  p a t t e r n .  It was  c e r t a i n l y  not  t r u e  

tha t  c o m p u t e r s  shou ld  be  p r o g r a m e d  to do the  w o r k  the  way t h e  h u m a n s  

have  done  it  in the  pas t ,  and ye t  t h a t ' s  the  way  99 p e r c e n t  of ou r  c o m -  

p u t e r i z i n g  has  b e e n  done  to  da te .  L ike  the  old h o r s e l e s s  c a r r i a g e - - w h a t  

did we d o ?  We took  the  c a r r i a g e  and s n e a k e d  the  m o t o r  in  u n d e r n e a t h .  

U n i m a g i n a t i v e .  But  now I t h ink  w e ' r e  beyond  tha t .  We m u s t  h a v e  the  

s y s t e m  d e s i g n e d  wi th  the  c o m p u t e r  in  m i n d .  A l t h o u g h  c o m p u t e r s  and 

h u m a n s  p e r f o r m  m a n y  of the  s a m e  t a s k s ,  t h e i r  r e l a t i v e  e f f i c i e n c i e s  

and e c o n o m i c a l  a d v a n t a g e s  a r e  r a d i c a l l y  d i f f e r e n t .  To a r b i t r a r i l y  

m a k e  the  c o m p u t e r  fo l low the  s a m e  r o u t i n e s j  t he  s a m e  s t e p s ,  t he  

s a m e  p r o c e s s e s  as  h u m a n s  i s  e n t i r e l y  i l l o g i c a l .  R a t h e r ,  the  b a s i c  

s y s t e m  s h o u l d  be r e c o n c e i v e d  and r e d i r e c t e d  to ob ta in  m a x i m u m  p e r -  

f o r m a n c e  f r o m  the  e l e c t r o n i c  c o m p u t e r  e q u i p m e n t .  

as  
T h e r e  is  a l s o  qu i te  an i n s i g h t  to  t h ink  about  the  s y s t e m / b e i n g  
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d i r e c t e d  s o l e l y  t o w a r d  the  u l t i m a t e  u s e r ,  i g n o r i n g  a l l  the  i n t e r m e d i a t e  

f u n c t i o n a l  ou tputs  tha t  h a v e  so  c o m m o n l y  b e c o m e  i d e n t i f i e d  wi th  our  

d a t a - p r o c e s s i n g  s y s t e m .  The  on ly  p u r p o s e  of h a v i n g  any o p e r a t i n g  

ou tpu ts  f r o m  a s y s t e m  is  to  c a u s e  s o m e o n e  to  t a k e  ac t ion ,  to  c a u s e  

a b u y e r  to p u r c h a s e  m a t e r i a l s ,  an o p e r a t o r  to  m a k e  p a r t s .  The  i n t e r -  

m e d i a t e  t r a n s f o r m a t i o n s ,  and h e n c e  the  i n t e r m e d i a t e  ou tputs ,  a r e  not 

e s s e n t i a l  s y s t e m ' s  e l e m e n t s  but  only  a r e f l e c t i o n  of p a r t i c u l a r  da t a -  

p r o c e s s i n g  t e c h n i q u e s  t ha t  a r e  c u r r e n t l y  in  u s e .  

The  r e s u l t s  of t h i s  t ype  of w o r k ,  

e x c i t i n g .  As  I r e l a t e d  at  the  open ing ,  

I th ink ,  h a v e  b e e n  t r e m e n d o u s l y  

we can  n o w a u t o m a t i c a l l y  c o n v e r t  

a c u s t o m e r ' s  o r d e r  in to  p a r t s  of an e s p e c i a l l y  d e s i g n e d  p r o d u c t ,  p e r -  

f o r m i n g  a l l  of the  m a i n  l ine  s y s t e m  i n s i d e  the  c o m p u t e r .  Th i s  au to -  

m a t i c a l l y  p r o v i d e s  a l l  of t he  f a c t o r y ' s  a c t i o n  d o c u m e n t s .  I m e n t i o n e d  

on ly  the  t ape  output  a m i n u t e  ago .  It a u t o m a t i c a l l y  p r i n t s  out p u r c h a s e  

o r d e r s ;  it  p r i n t s  out m a c h i n e  o p e r a t o r  i n s t r u c t i o n s ,  w h e r e  the  m a c h i n e s  

a r e  s t i l l  o p e r a t e d  by h u m a n s - - a n d  m o s t  of t h e m  a r e - - q u a l i t y  i n s t r u c t i o n s  

fo r  the  t e s t  and i n s p e c t i o n  peop l e ,  punch  p a p e r  t a p e s  tha t  I did m e n t i o n ,  

to r u n  a u t o m a t i c a l l y  c o n t r o l l e d  m a c h i n e s ;  it p r i n t s  out p r o m i s e s  to  the  

c u s t o m e r ,  s u c h  as you fo lks ,  b i l l s  of m a t e r i a l ,  s t o c k  o r d e r  r e c o m m e n d a -  

t i ons ,  w i t h d r a w a l  n o t i c e s ,  f r o m  w a r e h o u s e  s t o c k  o r  s t o c k r o o m s ,  s h i p p i n g  

p a p e r s ,  e t  c e t e r a .  

As the  r e s u l t  of t h i s  p r o j e c t ,  m a n y  new  t e c h n i q u e s  w e r e  d e v e l o p e d  
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to he lp  the  v a r i o u s  G e n e r a l  E l e c t r i c  d e p a r t m e n t s  d e s i g n  i n t e g r a t e d  

a u t o m a t i c  s y s t e m s .  F o r  e x a m p l e ,  new t e c h n i q u e s  h a v e  b e e n  d e v e l o p e d  

fo r  d e c i s i o n  a n a l y s i s ;  new t e c h n i q u e s  h a v e  b e e n  c o n c e i v e d  fo r  p a r t  and 

p r o d u c t  r e p r e s e n t a t i o n  and i d e n t i f i c a t i o n ;  new i d e a s  h a v e  b e e n  f o r m u -  

l a t ed  fo r  c o m p u t e r  p r o g r a m i n g - - r a d i c a l l y  new w a y s  of p r o g r a m i n g  the  

c o m p u t e r .  

A l l  of t h e s e  c o n c e p t s ,  t a k e n  t o g e t h e r ,  have  changed  our  v i e w p o i n t  

e n t i r e l y  as  to  the  e c o n o m i c  f e a s i b i l i t y  of i n s t a l l i n g  i n t e g r a t e d ,  a u t o m a t e d  

b u s i n e s s  s y s t e m s .  We f e e l  t h e r e  a r e  m a n y  b e n e f i t s  f r o m  t h e s e  c o n -  

c e p t s .  In o r d e r  to c l a r i f y  t h e m ,  I shou ld  l ike  to  d e s c r i b e  the  n a t u r e  

of e a c h  f u n c t i o n  in  the  c o m p u t e r  and s o m e  of the  r e s u l t a n t  b e n e f i t s .  

V e r y  b r i e f l y - - a  d e t e r m i n a t i o n  of wha t  to  bui ld  i s  the  k e y  r o l e  of 

e n g i n e e r i n g .  We b e l i e v e  t ha t  the  r e q u i s i t i o n  e n g i n e e r i n g  a c t i v i t i e s  c a n  

now be  c o m p u t e d .  I s a i d  " r e q u i s i t i o n  e n g i n e e r i n g ,  " i n c i d e n t a l l y - - n o t  

the initial design engineering. 

this is designing the motor. 

T h i s  i s n ' t  d e s i g n i n g  the  new c o m p u t e r ;  

I t ' s  s o m e w h a t  d i f f e r e n t  f r o m  what  we h a v e  

m a d e  b e f o r e ,  but  i t  i s  in  the  b r o a d  r e a l m  of m o t o r s  t ha t  we h a v e  a l r e a d y  

d e s i g n e d .  

The  c o m p u t e r  c a n  t r a n s l a t e  a c u s t o m e r ' s  wan t s  in to  s p e c i f i c  

d e t a i l s  of the  m a t e r i a l s ,  p a r t s ,  and a s s e m b l i e s  n e e d e d  to s a t i s f y  t h o s e  

w a n t s .  In add i t i on ,  t h i s  c o m p u t e r i z e d  p r o c e s s  can  avo id  the  n e c e s s i t y  

of h a v i n g  to c r e a t e  m a n y  of the  d o c u m e n t s  and r e c o r d s  wi th  wh ich  we 

h a v e  b e c o m e  too f a m i l i a r .  O u t s t a n d i n g  s a v i n g s  can  be r e a l i z e d  in the  
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preparation of model lists, bills of material, blueprints, et cetera. 

Included in the benefits from this engineering advance should be 

a substantially reduced engineering time and cost, through the elimina- 

tion of many of the routine steps which humans now take. There should 

be less drafting expense, through eliminating many of the tasks which 

drafting has historically performed. A clear, logical statement of the 

engineering scope of a product line should make it easy to obtain an 

optimum level of standardization. A properly designed, computerized 

engineering system will be, contrary to what most people predicted, 

far easier to change and far more flexible. Too many think it disappeared 

into the big, black box and they'll never get their hands on it again. 

But the system we have is far easier to change and far easier to under- 

stand. 

With knowledge of the product design details, manufacturing engin- 

eering is then in a position to do the operation planning and determine 

the best routing, work methods, and time standards for every part. 

We have found that much of this work on how to build the product can 

also be completely taken over by the computer. The possibility of 

automatically preparing accurate operational descriptions, coupled 

with correct time standards for every job, certainly has considerable 

appeal. 

Another intriguing area is the communication of the computer with 

the numerically controlled machine tools, Tim~ough the medium of punched 
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tape which has been automatically produced, three new features should 

have wide application. First, there will be a single program tape for 

an automatic machine for the entire day. Second, machine parts are 

automatically identified. Third, computers are used to automatically 

generate the machine tool programs. Machine parts can be automatically 

identified. Parts processed on numerically controlled equipments are 

sometimes identified in a secondary manual operation. This can be 

avoided by introducing an identification step in the machine tool pro- 

gram. For example, parts can be identified with shop identification 

numbers by, say, spotting a shallow blind hole in a coated matrix on 

the part itself. 

Among the other benefits is reduced planning time, since the com- 

puter takes over a former manual job. There would also be reduced 

planning costs, since computers can do this job for less money than 

humans can. And, probably more important, the best methods, more 

accurate planning, and consistent time standards should result because 

of the abilities of the computer to follow the exact instructions that you 

give it, without failure or error. 

In order for quality control to plan for and carry out the evaluation 

and control of product quality, it must answer these questions: at what 

point to inspect or test:the quality evaluation method, appropriate time 

standards, the frequency of evaluation, criteria for acceptance or 

rejection. Here again we found that a computer program could be 
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p r e p a r e d  which would p e r f o r m  a l l  of t he se  t a s k s  a u t o m a t i c a l l y .  This  

would in effect  d e t e r m i n e  how to eva lua te  the p roduc t  and i t s  compon-  

en t s .  Included in the benef i t s  a r e  f ewer  qua l i ty  c o r r e c t i o n s ,  th rough  

having the p r o p e r  ba l ance  be tween  qual i ty  f a i l u r e  and qual i ty  a p p r a i s a l  

c o s t s .  T h e r e  should  be f ewer  compla in t s ,  t h rough  a c a r e f u l  a n a l y s i s  

of c u s t o m e r ' s  needs  and p roduc t ion  c h a r a c t e r i s t i c s .  T h e r e  should 

c e r t a i n l y  be lower  qua l i ty  cos t s ,  t h rough  the i n t eg ra t ed  p lann ing  of 

qual i ty ,  a long with e n g i n e e r i n g  des ign  and m a n u f a c t u r i n g  o p e r a t i o n a l  

planning. 

Cost accoun t ing  of fe rs  us a n o t h e r  oppor tun i ty .  The objec t  was to 

d e t e r m i n e  planned p roduc t  cos t s  for  quota t ion  work  o r  fo r  cos t  s t and -  

a r d s  to be used fo r  c o m p a r i s o n  with ac tua l  co s t s .  We find aga in  that  

cos t  s t a n d a r d s  can be a u t o m a t i c a l l y  developed,  and that  the compu te r ,  

p r o p e r l y  p r o g r a m e d ,  can a l so  used to e s t a b l i s h  w o r k - i n - p r o c e s s  

i n v e n t o r y  va lues .  Through  th i s  cos t  work,  we should be able  to obta in  

b e t t e r  cos t  a n a l y s e s  f a r  qu icker ,  

f i nge r t i p s  when they  a r e  needed.  

and by hav ing  a l l  the fac t s  at our  

It wil l  be f a r  e a s i e r  to m a i n t a i n  

u p - t o - d a t e  cos t s  b e c a u s e  of the po ten t i a l  s i m p l i c i t y  of s t o r i n g  cos t  

i n f o r m a t i o n .  It would c e r t a i n l y  m e a n  r educed  c o s t - d e t e r m i n a t i o n  expense  

th rough  the use  of the c o m p u t e r  to r e p l a c e  human  e f for t .  

The next a r e a  of p roduc t ion  or  m a n u f a c t u r i n g  c o n t r o l  is  p a r t i c u l a r l y  

i n t r i gu ing  to us.  Each  of the p rev ious  s teps  in the c o m p u t e r  po r t ion  

of the i n t e g r a t e d  m a i n  l ine s y s t e m  have deal t  with t ang ib le  p roduc t  
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m a c h i n e  p r o g r a m  s, 

qua l i ty  i n s t r u c t i o n s ,  

p roduc t .  

characteristics--what t,o build, from engineering, how to build, from 

operational planning. In these we could test--this is the point--take the 

design in the computer build-up and see if we've got something Like 

what the customer ordered. We've tested to see if the computer is 

r igh t .  But, in c o n t r a s t ,  in p roduc t ion  con t ro l ,  the f ina l  e l e m e n t  of 

the c o m p u t e r  p r o g r a m ,  it  develops  a four th  d i m e n s i o n  fo r  d e t e r m i n i n g  

the t ime  in sequence  in which the m a i n  Line a c t i v i t i e s  take  p lace .  

P r o d u c t i o n  c o n t r o l  is  i n t e r e s t e d  in when th ings  happen.  It has the 

r e s p o n s i b i l i t y  for  c a r r y i n g  out the r igh t  t ime ,  the data  p r o c e s s i n ~  and 

the d e c i s i o n - m a k i n g  ca l cu l a t i ons  n e c e s s a r y  to suppor t  each  function. 

P r o d u c t i o n  con t ro l  is  c o n c e r n e d  with the t i m e  i n t e r r e l a t i o n s h i p s  of 

a l l  the c u s t o m e r s '  o r d e r s .  It is r e s p o n s i b l e  fo r  e c o n o m i c a l l y  s a t i s f y -  

ing those  c u s t o m e r  r e q u i r e m e n t s ,  c o n s i d e r i n g  the ac tua l  s ta tus  of the 

shop.  

Manufac tu r ing  c o n t r o l  p rov ides  the schedu led  r e l e a s e  of the f a c t o r y  

ac t ion  d o c u m e n t s - - t h e  p u r c h a s e  o r d e r s ,  the punched tape  for  a u t o m a t i c  

o p e r a t o r  i n s t r u c t i o n s  to make  and a s s e m b l e  pa r t s ,  

sh ipp ing  pape r s  fo r  d e l i v e r i n g  the c u s t o m e r ' s  

In th is  i n t e g r a t e d  s y s t e m ,  the c o m p u t e r  would da i ly  schedu le  shop 

o p e r a t i o n s ,  spec i fy  o p e r a t i o n  r e l e a s e  dates  and due da tes ,  spec i fy  

spec i f i c  o r d e r  quan t i t i e s ,  r ev i ew  i n v e n t o r y  s tock  l eve l s ,  and i s sue  
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c u s t o m e r  p r o m i s e s .  O r d e r s  w i l l  not  be r e l e a s e d  p r e m a t u r e l y .  

The  i n t e g r a t e d  m a i n  l ine  s y s t e m  w i l l  have  d a i l y  f e e d - b a c k  of 

c o m p l e t i o n s  fo r  s h o p  c o n t r o l .  T h i s  i n f o r m a t i o n  wi l l  be d i g e s t e d  by  

the  c o m p u t e r  e a c h  n igh t  and r e c o g n i z e d  in the  r e l e a s e s  to be p r e p a r e d  

f o r  the  f o l l o w i n g  day .  The  p a r t s  to be s t a r t e d  the  nex t  day  w i l l  depend  

upon the  e x a c t  s t a t u s  of e a c h  of the  a r e a s  of the  shop ,  w h e t h e r  t h e y  a r e  

beh ind  s c h e d u l e  o r  a h e a d  qf s c h e d u l e ,  wha t  t h e i r  s t a t u s  i s  on r u s h  jobs ,  

and r e l a t e d  i n f o r m a t i o n .  

The  r e s u l t  i s  a f l e x i b l e  s y s t e m ,  p r e p a r e d  to  r e s p o n d  q u i c k l y  and 

a c c u r a t e l y  to  c h a n g e s .  T i m e  d e l a y s  in  h a n d l i n g  i n f o r m a t i o n  a r e  avo ided  

and c o r r e c t i v e  a c t i o n s  can  be i n i t i a t e d  i m m e d i a t e l y  t h r o u g h  the  i n t e g r a t e d  

m a i n  l ine  s y s t e m .  

D e v e l o p i n g  m a n u f a c t u r i n g  c o n t r o l  r u l e s  p r e s e n t s  c e r t a i n  s p e c i a l  

p r o b l e m s .  F o r  e x a m p l e ,  the  p r o d u c t  p e r f o r m a n c e  can  be  p r o v e n  

in  the  l a b o r a t o r y .  O p e r a t i n g  t i m e  s t a n d a r d s  can  be c h e c k e d ,  s ay ,  wi th  

a s t o p - w a t c h .  But,  how can  we p r e t e s t  a r u l e  f o r  c u s t o m e r  p r o m i s i n g ?  

Ctenera l  E l e c t r i c  h a s  b e e n  i n s t r u m e n t a l  in  a p p l y i n g  s i m u l a t i o n  t e c h n i q u e s  

to  s i m i l a r  b u s i n e s s  p r o b l e m s  i n v o l v i n g  m a n y  i n t e r d e p e n d e n t  a c t i v i t i e s ,  

t ha t  c h a n g e  w i th  t i m e .  

I would l ike  to  ad l ib  h e r e  and s a y  t ha t  the  peop l e  who a r e  now 

a n y  
do ing  t h i s  s i m u l a t i o n  w o r k  f o r  us  in i n d u s t r y - - a n d ,  i f  t h e r e  i s / s u b j e c t  

I would r a t h e r  t a l k  abou t  t han  t h i s  a u t o m a t i o n  one today ,  it  i s  wha t  

s i m u l a t i o n  i s  do ing  f o r  us  in  our  d e c i s i o n - m a k i n g  in  i n d u s t r y - - w h o  a r e  
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do ing  f abu lous  w o r k  fo r  u s - - j u s t  m a k i n g  i m p r o v e m e n t s  tha t  a r e  g r e a t e r  

t h a n  w e ' v e  m a d e  b e f o r e  in  the  d e c i s i o n - m a k i n g  a r e a - - m o s t  a l l  of t h e m ,  

had t h e i r  e x p e r i e n c e ,  t h e i r  b a c k g r o u n d ,  t h e i r  p r a c t i c a l  e d u c a t i o n  in 

m i l i t a r y  s i m u l a t i o n .  If you fo lks  d i d n ' t  h a v e  to look so  c l o s e l y  at e c o n -  

o m i c  c o s t s - - y o u  had to  s i m u l a t e  n u c l e a r  w a r f a r e ;  it was  p r e t t y  h a r d  to 

go out and t e s t  it; so  you had  to s i m u l a t e  t h e s e  t h i n g s - - a n d  t h e s e  fo lks  

have  l e a r n e d  f r o m  th i s  r e s e a r c h  of y o u r s .  H e r e ' s  one  p l a c e  fo r  s u r e  

we in i n d u s t r y  bow to  you in  the  m i l i t a r y  and s a y  we thank  you so  m u c h  

fo r  d e v e l o p i n g  a f u n d a m e n t a l  t e c h n i q u e  w h i c h  is  p r o v i n g  to  be i n v a l u a b l e  

to  us .  In o u r  of f ice ,  in fact ,  we a r e  s p e n d i n g  m o r e  m o n e y  on s i m u l a t i o n  

w o r k  at  th i s  t i m e  than  we a r e  on th i s  a u t o m a t i o n  tha t  we a r e  t a l k i n g  

about  h e r e - - a l t h o u g h  th i s  is  v e r y  c l o s e  b e h i n d  i t .  

The  h e a r t  of shop  s i m u l a t i o n  is  a c o m p u t e r  m o d e l  w h i c h  r e a l i s t i c a l l y  

d u p l i c a t e s  the  b e h a v i o r  of the  shop  ss~ Jt p r o c e s s e s  c u s t o m e r s '  o r d e r s ,  

m a k i n g  a l l o w a n c e s  fo r  s e t u p  and p r o c e s s i n g  t i m e s ,  a b s e n t e e i s m ,  m a c h i n e  

b r e a k d o w n s ,  and the  l i ke .  

The  s p e c i f i c  c o m p u t e r  m o d e l  d e v e l o p e d  fo r  the  i n t e g r a t e d  s y s t e m ' s  

p r o j e c t  c o m p r e s s e d  f o u r  m o n t h s  of s h o p  e x p e r i e n c e  in to  a 1 5 7 m i n u t e  

c o m p u t e r  run .  As a r e s u l t ,  i t  was  p o s s i b l e  to  t e s t  how w e l l  v a r i o u s  

p r o p o s e d  s e t s  of p r o d u c t i o n  c o n t r o l  r u l e s  would  m e e t  due d a t e s  and p lan  

c y c l e  t i m e s  wi thou t  a c t u a l l y  t r y i n g  t h e m  in  the  shop .  In add i t ion ,  i n v e n -  
and 

t o r y  l e v e l s ,  e m p l o y m e n t  s t a b i l i t y , / m a n - m a c h i n e  u t i l i z a t i o n ,  cou ld  be 

c l e a r l y  e v a l u a t e d  and c o m p a r e d ,  and cou ld  be u n d e r s t o o d .  A s e r i e s  
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of such tests provided the basis for estimating and selecting the inte- 

grated production control rules. 

Integrated production control offers several benefits. For example, 

it seems quite practical to obtain a shorter main line information cycle~ 

actually less than one day. Similarly, electronic computers can be 

expected to lower our paper-work costs. Shorter cycles in the office 

and factory, as well as improved scheduling techniques, will permit 

substantially lower inventories. These improvements should lead to 

shorter customer promises, much improved service, and po~er~tia~l~% 

higher sales, until the competition catches up. 

Of course, the only reason for all this information is to procure 

parts that are needed on schedule, at optimum cost, and to direct the 

machines and operators in the factory to transform the raw materials 

into the right finished parts at the right time. This leads directly to 

the concept of flexible factory automation. 

Too many of us have said, "We put the computer in. It has one 

program. We have an automated factory. It's inflexible. It's fine 

if you are going to make Ford V-8 blocks right down the line all day 

long. That's automation. But, if you want to make different ones, you 

have to stick to your people. " This is not true. In the physical processing 

system, rather than visualizing automation as a long line of highly 

specialized machines and transfer devices, as we think of in the automobile 

that 
business, we believe, for our General Electric types of business,/the 
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i m p o r t a n t  a s p e c t  of t h i s  t ype  of a u t o m a t i o n  wi l l  be the  a b i l i t y  of m a c h i n e s  

to  swi tch  f r o m  one t a s k  to a n o t h e r  a t  l i t t l e  o r  no e x t r a  c o s t .  The  i n h e r -  

en t  f l e x i b i l i t y  of t he  i n d i v i d u a l  m a c h i n e ,  o r  g r o u p  of m a c h i n e s ,  w i l l  be  

a d e t e r m i n i n g  f a c t o r  in the  e f f e c t i v e n e s s  and  u s e f u l n e s s  of t h e s e  a u t o -  

m a t i c  s y s t e m s '  c o n c e p t s .  

With  n u m e r i c a l l y  c o n t r o l l e d  m a c h i n e s ,  s u c h  a s  a r e  now a v a i l a b l e ,  

t he  s e t u p  c o s t  is  g e n e r a l l y  r e d u c e d  to  p r a c t i c a l l y  z e r o .  As  t h o s e  of 

y o u  who h a v e  w o r k e d  on i n v e n t o r y  c o n t r o l  p r o b l e m s  w i l l  q u i c k l y  r e c o g -  

n i z e ,  t h i s  i m p l i e s  t ha t  an  e c o n o m i c  lot  s i z e  c a n  be r e d u c e d  to o n e .  

H e n c e ,  f l e x i b l e  f a c t o r y  a u t o m a t i o n  p e r m i t s  us  to  r e s p o n d  to the  e x t e r -  

na l  c u s t o m e r - o r i e n t e d  r e q u i r e m e n t s  and  not  g ive  s u c h  h e a v y  c o n s i d e r -  

a t i o n  to  the  i n t e r n a l  s h o p  s e t u p ,  f i n i s h e d  s t o c k s ,  and a l l  t h i s  s o r t  of 

thing. 

Through this flexible factory automation, we believe that we will 

be able to lower direct labor costs per unit through replacing human 

activity, where desirable, with machine operations. Machine accuracy 

and setup flexibility will reduce both scrap and rework. Integrated 

planning and control, with the right tempo, will result in far shorter 

manufacturing cycles. 

The future of integrated systems planning to me is an exciting one. 

But some of the problems which we face are certainly significant. I'd 

like to list just a couple of these, and the opportunities will give you 

some feeling for the scope of our future work. 
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Decentralization, which we have in General Electric, has many 

advantages. But one problem is the lack of suitable computer equip- 

ment. We used to have the big Schenectady Works, the big Lynn Works. 

I was just talking to the Captain here. I was at Jonesboro, Arkansas, 

and Murphreesboro, Tennessee, last week. These are where our 

plants are now. One problem is the lack of suitable computer equip- 

ment in these small areas for such massive data processing tasks. 

We discussed as one possible solution having a major business locate 

its plants on the periphery of a wheel whose hub was the plant head- 

quarters. We have wondered about connecting these plants, through 

wire transmission, or microwave, or what have you, so that the informa- 

tion for decision-making could be fed to the hub for processing and the 

answers radiated back to the individual plants. 

In new plant-location studies we have always given careful analysis 

to the size of the plant, the amount of labor, the amount of water avail- 

able, and all this sort of thing--power supplies. However, now indirect 

labor exceeds direct labor in most of our businesses, and in all of 

industry. Now that the major improvement opportunities are available 

in the office or indirect labor end, the data processing part of it, why 

should not the economic availability of electronic data processing be 

an essential consideration in plant site location~ 

Also, we have become aware that, while we have concentrated on 

reducing our data processing operating costs, we have given inadequate 
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a t t e n t i o n  to the  s t a r t - u p  and m a i n t e n a n c e  c o s t s  of our  i n s t a l l a t i o n s .  

I n t e n s i v e  r e s e a r c h  is  r e q u i r e d  on w a y s  to  a c c e l e r a t e  the  i n s t a l l a t i o n  

of n ew  s y s t e m s  and ways  of r e d u c i n g  the  c o s t  of m a i n t a i n i n g  and m o d i -  

fy ing  t h e i r  p r o g r a m s .  You fo lks  in the  m i l i t a r y  I know h a v e  t a l k e d  a 

lot  about  t h i s .  

Th i s  c o m p r e s s i o n  of t he  i n n o v a t i o n  c y c l e  c an  be a m a j o r  f a c t o r  

in  ou r  a b i l i t y  to  c o m p e t e  e f f e c t i v e l y  in the  f u t u r e .  I am s u r e  a l l  of  

you in the  m i l i t a r y  c l e a r l y  r e c o g n i z e  the  i m p o r t a n c e  of r e d u c i n g  

i n n o v a t i o n  t i m e .  

It has  b e e n  ou r  e x p e r i e n c e  tha t ,  as  the  b r e a d t h  of an a p p l i c a t i o n  

i n c r e a s e s ,  the  c o m p l e x i t y  of c o n c e i v i n g  and i n s t a l l i n g  a s y s t e m  g r o w s  

s o m e w h a t  l ike  the  s q u a r e  o r  e v e n  ff~uct~e:~::fhe n u m b e r  of f unc t i ons  

i n v o l v e d .  We m u s t  e s t a b l i s h  t oo l s ,  t e c h n i q u e s ,  and c o n c e p t s  fo r  

c o p i n g  wi th  t h i s  i n c r e a s i n g  s y s t e m ' s  c o m p l e x i t y  to  a l low our  s y s t e m s  

d e s i g n e r s  to  get  t h e i r  m e n t a l  a r m s  a r o u n d  the  p r o b l e m .  

As  wi th  any  new  d e v e l o p m e n t ,  t h e r e  i~  at  l e a s t  t e m p o r a r i l y ,  a 

l ack  of e x p e r i e n c e  and an a c u t e  s h o r t a g e  of c o m p e t e n t l y  t r a i n e d  

s y s t e m s  d e s i g n e r s .  T h e s e  m e n  wi l l  have  to be d e v e l o p e d  by the  

c o l l e g e s  and t h r o u g h  o n - t h e - j o b  t r a i n i n g  c o u r s e s .  Th i s  i m p l i e s  t he  

d e v e l o p m e n t  of a body  of k n o w l e d g e  to  d r a w  on so  tha t  s y s t e m s  d e s i g n  

p r i n c i p l e s  and t o o l s  can  be p r o p e r l y  t augh t .  

m u s t  l e a r n  to  e x t r a p o l a t e  w i s e l y  f r o m  b a s i c ,  

T h e s e  s y s t e m s  d e s i g n e r s  

f u n d a m e n t a l  i d e a s  to 

develop the best system that should be installed at a given plant. 
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Returning to a problem mentioned earlier, we have to face up to 

organizing and educating for such broad system studies. Who, in a 

business organization, should be responsible for determining the need 

for such work? If that's the General Manager, who is responsible for 

carrying it out ? Certainly he can't do it. Because of the multi-functional 

nature of the problem, how can effective cooperation be assured? Who 

will take the initiative ? In General Electric there has been developed 

over the last 10 years a very clear concept of the work of the Manager 

and the work of the individual contributor. We have carefully defined 

the responsibilities of each individual function in the business--engineer- 
s a m  e 

ing,  m a n u f a c t u r i n g ,  f i n a n c e ,  and so  f o r t h .  In t h i s ] w a y  we m u s t  now 

a n a l y z e  in d e t a i l  the  m o r t a r  t ha t  h o l d s  t h e s e  b r i c k s  t o g e t h e r .  We m u s t  

d e s c r i b e  the  k inds  of p e o p l e  and  the  k inds  of r e s p o n s i b i l i t i e s  t ha t  a r e  

r e q u i r e d  to c o n s t i t u t e  t he  m o s t  e f f e c t i v e  k ind of m o r t a r  to  ho ld  t h e s e  

f u n c t i o n s  t o g e t h e r .  It i s  e v e n  c o n c e i v a b l e  in d a i l y  o p e r a t i n g  a r e a s  

tha t  the  m o r t a r  m i g h t  t a k e  o v e r  the  w h o l e  o p e r a t i n g  r e s p o n s i b i l i t y ,  s o r t  

of l ike  h a v i n g  a b r i c k  b u i l d i n g  wi th  m o r t a r  in  t he  i n t e r s t i c e s  c h a n g i n g  

it in  e f f e c t  to a c o n c r e t e  b u i l d i n g ,  w h i c h  e l i m i n a t e s  the  i n d i v i d u a l  b r i c k s  

e n t i r e l y .  

Our  e v a l u a t i o n  of n e w  s y s t e m s  is  g e n e r a l l y  qu i te  i n a d e q u a t e .  I 

t h i n k  we m u s t  d e v o t e  s u b s t a n t i a l  r e s e a r c h  e f f o r t  to  d e r i v i n g  and d e t e r -  

m i n i n g  b e t t e r  m e a s u r e m e n t s  of b u s i n e s s  p e r f o r m a n c e .  

As  you  c a n  s e e  on the  h o t e l  s t a t i o n e r y ,  I h a v e  a new e n d i n g .  I 
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thought possibly the most significant thoughts that I could leave with 

you, rather than what is in the text here, would be a question or so. 

What are the implications of such a radical advance in industrial 

automation? Won't the operating functional daily folks, who do the 

daily job, won't the organizational lines, collapse ? Can't manufacturing 

cyles and innovation times be cut to a fraction of their present unreason- 

able length? Won't broad bands of technical and clerical employees be 

displaced ? Won't we have to quickly put this highly mechanized system 

under far greater control than the systems we have had, consisting 

primarily of humans ? To rne this means substantial research on new 

measures, far faster feed-back, and quicker correction. Won't indus- 

trial capacity investments be greatly increased ? Won't our break- 

even points be raised ? And, lastly, isn't it conceivable that our indus- 

trial capacity can be substantially increased ? 

Thank you. 

C O L O N E L  DAVIS: G e n t l e m e n ,  b e f o r e  we  s t a r t  q u e s t i o n s - - y o u  m a y  

h a v e  n o t i c e d  tha t  we have  no v i s i t o r s  t o d a y ,  and the  p a r t i c u l a r  n a t u r e  

of t h i s  t a l k  m a k e s  us r e q u e s t  t ha t  you  do not  d i s c u s s  the  c o n t e n t s  of 

it  w i th  p o s s i b l e  c o m p e t i t o r s .  

Would  you l ike  to  e l a b o r a t e  on tha t ,  M r .  D i c k i e ?  

MR.  DICKIE:  S u r e .  We a r e  in  a c o m p e t i t i v e  e c o n o m y .  I t h i n k  

we h a v e  a l i t t l e  j u m p  on s o m e  of t he  boys  who  f e e l  t h a t ' s  wha t  e v e r y  
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h o u s e  n e e d s ,  and a few o t h e r  t h ings  of t h i s  s o r t .  C e r t a i n l y  it w i l l  

l e a k  out  o r  t h e y  wi l l  f i g u r e  it out t h e m s e l v e s .  But  I would  ha t e  to  

h a v e  you r u s h  h o m e  and t e l l  y o u r  f r i e n d s  f r o m  W e s t i n g h o u s e ,  " H e r e ' s  

wha t  G e n e r a l  E l e c t r i c  is  do ing .  " 

You know how the  s y s t e m  o p e r a t e s .  You have  y o u r  own m i l i t a r y  

s e c r e c y ,  f o r  exact!:F the  s a m e  th ing ,  in c o m p e t i n g  wi th  s o m e  of the  

boys  on the  o t h e r  s i d e  of the  b lue  o v e r  h e r e ,  and you a r e  not  anx iou s  

to h a v e  p e o p l e  r u n  out and t e l l  t h e m ,  e i t h e r .  T h e s e  t h i n g s  get  out, 

s l o w l y  but s u r e l y .  We w o r k  wi th  l a r g e  c o m p u t e r  m a n u f a c t u r e r s .  

I t ' s  t h e i r  e q u i p m e n t ,  in m o s t  a l l  c a s e s .  T h e y  get  the  i dea  p r e t t y  

s o o n  of what  we a r e  do ing .  T h i n g s  leak ,  but I am not  anx ious  to  go 

out and d r i l l  h o l e s  in the  d ike ,  at  a l l .  

QUESTION: T h e r e  h a v e  b e e n  a n u m b e r  of a r t i c l e s  l a t e l y  on 

m a c h i n e s  b e c o m i n g  so  i n t e l l i g e n t  that ,  t he  f i r s t  t h i n g  you know, t h e y  

wi l l  be  the  m a s t e r  and m a n  wi l l  be  the  s l a v e .  In fact ,  i t  has  e v e n  

b e e n  p r o p o s e d  tha t  the  on ly  way to  k e e p  t h i s  f r o m  h a p p e n i n g  is  to k e e p  

t h e s e  m a c h i n e s  f r o m  t a l k i n g  to e a c h  o t h e r ,  t h e r e b y  not  a l l o w i n g  them 

to  o r g a n i z e .  S o m e  of t h e s e  t h i n g s  s e e m  to  be w r i t t e n  in a s e r i o u s  v e i n .  

I w o n d e r  if  you would  g ive  us y o u r  op in ion  of a r t i c l e s  of th i s  t ype .  

MR. DICKIE:  E i t h e r  t h e y  h a v e  f a r  m o r e  i m a g i n a t i o n  and u n d e r s t a n d -  

ing  of the  p o t e n t i a l  of c o m p u t e r s  t h a n  I have  o r  t h e y  a r e  w r o n g .  F r o m  

m y  poin t  of v iew,  and I t h ink  s e v e r a l  of the  fo lks  in o u r  of f ice  a r e  a~; 
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c o m p e t e n t  in the  c o m p u t e r  a r e a  as  anyone  in the  c o u n t r y ,  o r  r e l a t i v e l y  

so,  th i s  is  a b s o l u t e l y  not  t r u e  at a l l .  I t h ink  tha t  s o m e  of the  peop l e  

who m a y  be d i s p l a c e d  and have  to f ind o t h e r  p o s i t i o n s  m a y  c o n s i d e r  the  

c o m p u t e r  an e n e m y  of m a n k i n d .  

G E N E R A L  HOUSEMAN:  May I bus t  in h e r e  ? I t h i n k  p o s s i b l y  

what  you a r e  t a l k i n g  about  m i g h t  be a l i t t l e  m o r e  d e f i n i t i v e ,  and m i g h t  

be a n s w e r e d  m o r e  s p e c i f i c a l l y .  S o m e  of t h e s e  a r t i c l e s  have  b r o u g h t  

up the  f ac t  tha t  t h e y  h a v e  f i n a l l y  d e v e l o p e d  m a c h i n e s  w h i c h  can  l e a r n  

by e x p e r i e n c e  and the  m a c h i n e s  can  t r a n s l a t e  tha t  e x p e r i e n c e  b a c k  in to  
what  you a r e  

new a c t i o n s .  I s n ' t  t ha t  b a s i c a l l y / t a l k i n g  a b o u t ?  T h a t ' s  the  b a s i c  d i f f e r -  
old 

e n c e  b e t w e e n  a n ] a u t o m a t e d  m a c h i n e  and a h u m a n  b e i n g  o r  h u m a n  i n t e l l i -  

g e n c e .  

MR. DICKIE: L e t ' s  put  i t  t h i s  way .  T h e s e  h u m a n i s t i c  t e n d e n c i e s  

tha t  t he  G e n e r a l  i s  s p e a k i n g  about  a r e  not  i n h e r e n t  in the  m a c h i n e .  The  

m a c h i n e  can  do on ly  what  i t  i s  to ld .  So you t e l l  t he  m a c h i n e :  "You go 

back ,  and if  t h i s  s e r i e s  of e v e n t s  has  o c c u r e d  and th i s  s i t u a t i o n  has  

d e v e l o p e d ,  and,  if  t he  a n s w e r  t u r n s  out t o  be l a r g e r  t h a n  th i s ,  the  nex t  

t i m e  you c o m e  to  tha t  d e c i s i o n ,  i n s t e a d  of t a k i n g  the  r i g h t  r o a d  t a k e  

the  lef t  r o a d ,  b e c a u s e  it  w i l l  be  s a f e r  and t h i n g s  wi l l  t u r n  out to be 

l e s s  t han  you  have  r a t e d  as  a p r o b l e m .  " 

m o r e  t h a n  an  a u t o m a t e d  a d d i n g  m a c h i n e ,  

So t h e s e  t h ings  a r e  no th ing  

wi th  a m e m o r y ,  but  fo r  only  

wha t  you put in t h e m .  T h e y  h a v e  a b s o l u t e l y  no i n t e l l i g e n c e .  T h e y  

a p p e a r  to  have  the  i n t e l l i g e n c e  b e c a u s e  the  p e o p l e  who a r e  p r o g r a m i n g  
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t h e s e  t h ings  and d o i n g  the  k inds  of t h i n g s  you a r e  t a l k i n g  about ,  a r e  

p r o b a b l y  as b r i l l i a n t  'as  any  p e o p l e  in the  c o u n t r y - - c h e s s  p l a y e r s .  The  

fo lks  in the  of f ice  a r e  a b s o l u t e l y  i r a t e .  I t h i n k  it was  the  T i m e s ,  about  

two m o n t h s  ago, s t a t e d  tha t  m a n  is  s t i l l  m o r e  i n t e l l i g e n t  t h a n  the  c o m -  

p u t e r .  S o m e  f e l l o w  had t augh t  t he  m a c h i n e  how to p lay  c h e s s .  No, 

C a r n e g i e  T e c h  is  w o r k i n g  on c h e s s .  Th i s  was  s o m e o n e  e l s e .  Th i s  was  

t h r e e - d i m e n s i o n a l  t i t ,  ta t ,  t oe .  T h a t ' s  e x a c t l y  what  it w a s .  But he  s a i d  

he could  s t i l l  b e a t  it, w h i c h  s h o w e d  tha t  m a n  was s m a r t e r  than  the  m a c h i n e .  

And yet ,  e v e r y  s t e p  tha t  tha t  m a c h i n e  m a d e  was  what  was  p r o g r a m e d  in to  

it .  A l l  t h e y  s a i d  was ,  t he  f e l l ow  d i d n ' t  t a k e  t i m e  e n o u g h  to p r o g r a m  

tha t  m a c h i n e  and s h o w  it  a l l  t he  t h i n g s  tha t  a c t u a l l y  o c c u r r e d  in  the  t i t ,  

ta t ,  t oe  g a m e ,  o r  t h e y  would  h a v e  e n d e d  up p r o b a b l y  in  a t i e .  

QUESTION:  T h i s  s y s t e m  o b v i o u s l y  i n v o l v e s  a v e r y  b ig  c a p i t a l  

i n v e s t m e n t  fo r  any  p a r t i c u l a r  l ine  of p r o d u c t  in p r o p o r t i o n  to  the  p r e s e n t  

i n v e s t m e n t ,  and in r e t u r n y o u  ge t  a l o w e r  l a b o r  cos t ,  I s u p p o s e .  In 

t h i s  r e g a r d  I am c o n c e r n e d  o v e r  the  i n a b i l i t y  to adap t  a r e a l l y  r a d i c a l l y  

new p r o d u c t .  I c an  s e e  w h e r e  you can  d e s i g n  a new t r a n s f o r m e r  to do 

a new job wh i l e  you m a k e  the  t r a n s f o r m e r .  But,  l e t ' s  s a y  you f ind out 
of 

how to  m a k e  t r a n s i s t o r s  and by th i s  s y s t e m ] m a k i n g  r a d i o  t u b e s .  T h e r e  

would  be a g r e a t  r e l u c t a n c e  to  sh i f t  o v e r ,  it  s e e m s  to m e ,  b e c a u s e  i t ' s  

a b ig  e x p e n s e ,  and you  h a v e  to be d a r n  s u r e  of i t .  Could you t a l k  about  

that ? 

MR. DICK/E:  Y e s .  If you w e r e  c h a n g i n g  f r o m  r e g u l a r ,  c o n v e n t i o n a l  
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• H 

e l e c t r o n i c  t u b e s  o v e r  to t r a n s i s t o r s ,  t he  d e s i g n  of t h e s e  in the  c o m p u t e r  

would  be e a s i e r ,  I b e l i e v e ,  t han  it would  be u n d e r  m a n u a l  s y s t e m s .  

The equipment in the factor, 

and difficult to change over. 

i n d e e  d, t oday  o r  t o m o r r o w ,  is  e x p e n s i v e  

We g e n e r a l l y  h a v e n ' t  c h a n g e d  o v e r  a~tube 

p lan t .  W e ' v e  s e t  up a new plant  to  bui ld  t r a n s i s t o r s .  I t h ink  m o s t  

o t h e r  p e o p l e  have ,  too .  T h e y  a r e  r e l a t i v e l y  s i m i l a r  d e v i c e s .  I m e a n  

t h e r e  i s n ' t  a d i v e r s i t y  of s i z e s .  T h e y  go down g e n e r a l l y  r o u g h l y  the  

s a m e  l ine .  You s t a r t  a new f a c t o r y  and i t ' s  a new p r o c e s s .  T o d a y ' s  

l e v e l  of  a u t o m a t i o n  m a k e s  c h a n g i n g  f r o m  t u b e s  to t r a n s i s t o r s  e x p e n -  

s i v e .  

L e t ' s  s a y  we c h a n g e d  o v e r  j u s t  a c o n v e n t i o n a l  e l e c t r o n i c  t ube .  

The  c h a n g i n g  of t he  d e s i g n  of tha t  tube  is  f a r  e a s i e r ,  c h a n g i n g  t he  

b a s i c  d e s i g n ,  w h i c h  the  e n g i n e e r  s t i l l  w i l l  do, b e c a u s e  he he  has  had 

to t h i n k  so  v e r y  c l e a r l y  about  t h i s  d e s i g n  tha t  he  can  t e l l  it to  s o m e o n e  

who is  s tup id ,  l ike  m e ,  and I c an  p r o g r a m  the  s t u p i d e r  c o m p u t e r .  He 

has  to th ink  so c l e a r l y  and lay th i s  out so  l o g i c a l l y  tha t  now it is  v e r y  

simple. 

There is one thing that 1 haven't mentioned that I suspect you might 

have thought about. That is, when we can cut the manufacturing cycle 

as much as we do, we also cut the work-in-process inventories a great 

deal. We can cut our finished goods inventories. You say, "I want a 

volt meter of such and such. " I'II say, "Fine. We'll have it on your 

dock Monday morning. " You say, "O. K. " This is what we've had to 
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t e l l  you be fo re  th i s  kind of s y s t e m  was in t roduced :  "Well ,  

We don' t  c a r r y  that  in s tock,  so it wi l l  be about a m o n t h . "  

"Oh, no. I 'm s o r r y .  I have to have tha t  r i gh t  away.  

on hav ing  it th i s  a f t e rnoon ,  l ike coffee or some th ing ,  

l e t ' s  s e e .  

You'd say ,  

" You d idn ' t  p lan  

but Monday would 

be about r igh t .  We would have to take  it  off the she l f  and wrap  it and 

b i l l  it and do the u s u a l  pape r  work.  So you would accep t  it for  next  

Monday.  We can now produce  it and d e l i v e r  it  to you next  Monday.  

We don ' t  have  to c a r r y  f i n i s h e d - g o o d s  i n v e n t o r i e s .  

So, though our  cap i t a l  r e q u i r e m e n t s  unde r  th is  s o r t  of s y s t e m  a r e  

going to be s o m e w h a t  i n c r e a s e d ,  t hey  won ' t  be i n c r e a s e d  g rea t l y ,  

b e c a u s e  w o r k - i n - p r o c e s s  i n v e n t o r i e s  wi l l  be d e c r e a s e d  because  t h e s e  

th ings  go th rough  the shop so much  f a s t e r .  Our d e l i v e r y  t i m e s  wi l l  be 

so  much  s h o r t e r  tha t  the f i n i s h e d - g o o d s  i n v e n t o r i e s  wi l l  be r educed .  

Also,  by convent ion,  the l a r g e  d a t a - p r o c e s s i n g  equ ipmen t  m a n u f a c t u r e r s ,  

IBM, p a r t i c u l a r l y ,  as  you know, p r i m a r i l y  l e a s e  t h e i r  equ ipmen t .  So 

again ,  the i n v e s t m e n t  in th i s  equ ipmen t  is  low. 

In a couple  of c a s e s  tha t  we have  s tudied ,  the to ta l  d o l l a r s  r e q u i r e d  

in th i s  s o r t  of b u s i n e s s  have not been  g r e a t l y  i n c r e a s e d .  The r educed  

i n v e n t o r i e s  p r e t t y  we l l  offse t  i t .  

But you a r e  r i g h t .  The f ac to r ,  equipment ,  i t s e l f ,  when you change  

r a d i c a l l y  f rom tubes  to t r a n s i s t o r s ,  c e r t a i n l y  m e a n s  a big  expense .  

You s e e  th i s  in the au tomobi l e  i n d u s t r y - - n e w  bodies ,  new d i e s .  If they  

change  ove r  to make  them of p l a s t i c  t o m o r r o w ,  it wi l l  take  a lot m o r e  m one y .  
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QUESTION: In the  p a s t  s e v e r a l  w e e k s  we h a v e  b e e n  h e a r i n g  a lot  

abou t  how A m e r i c a n  i n d u s t r y  i s  p r i c i n g  i t s e l f  out  of b u s i n e s s .  I, f o r  

one ,  am d e l i g h t e d  to s e e  t ha t  G e n e r a l  E l e c t r i c  C o m p a n y  has  no t  l o s t  

the  i n g e n u i t y  of A m e r i c a n  b u s i n e s s .  H o w e v e r ,  how m u c h  is  t h i s  i n g e n -  

u i t y  go ing  to be  a f f e c t e d  by the  l a b o r  u n i o n s ,  p a r t i c u l a r l y  in v i e w  of w h a t  

h a p p e n e d  M o n d a y  of t h i s  w e e k ?  I am w o n d e r i n g  w h e t h e r  the l a b o r  u n i o n s  

a r e  go ing  to c o n t r o l  y o u r  f u t u r e  i n s o f a r  as  a u t o m a t i o n  is  c o n c e r n e d .  

MR. DICKIE:  I a m  not  an  e m p l o y e e - r e l a t i o n s  p e r s o n ,  and I wou ld  

be  the  p o o r e s t  one  in the  w o r l d  to f i l l  s u c h  a job .  I 'm  a f r a i d  b a s i c a l l y  

I 'm  a m e c h a n i c  at  h e a r t .  

we a r e  t r y i n g  to i n n o v a t e .  

T h e y  c e r t a i n l y  a r e  an  awfu l  d r a g  to us w h e n  

T h e y  c e r t a i n l y  c a u s e  us  a l l  k i n d s  of  h e a d -  

a c h e s  and p r o b l e m s .  I t h i n k  on the  o t h e r  hand  t ha t  t h e y  k e e p  s o m e  of 

us  who m a y b e  d o n ' t  h a v e  a d e q u a t e  h u m a n i s t i c  i n t e r e s t s  b a s i c a l l y  in o u r  

m i n d s  f r o m  b e i n g  too  r u t h l e s s .  I a m  a f r a i d  I wou ld  i n t r o d u c e  s o m e t h i n g  

new and t h r o w  h a l f  of o u r  d r a f t s m e n  out  of w o r k  and s a y ,  " T h a t ' s  s o m e -  

one  e l s e ' s  p r o b l e m .  L e t  the  c h i p s  f a l l  w h e r e  t h e y  m a y .  " Wel l ,  a lot  

of the  d r a f t s m e n  a r e  o r g a n i z e d  t h e s e  d a y s ,  and I a m  s u r e  tha t  we w i l l  

do t h i s  t h i n g  v e r y  c a w e f u l l y  o v e r  a long  p e r i o d  of t i m e .  

C e r t a i n l y  i t ' s  go ing  to be a r e a l  d e t e r r e n t .  On the  c o m p e t i t i o n  

tha t  you  s p e a k  about ,  y e s .  I h a v e  s u g g e s t e d - - a n d  th i s  ha s  n o t h i n g  to 

do wi th  G e n e r a l  E l e c t r i c - - o n  a n u m b e r  of o c c a s i o n s  tha t  the  s t u d y  t e a m s  

t ha t  m a n y  i n d u s t r i e s  h a v e  n o w - - m a n y  b u s i n e s s e s  h a v e  t h e m - - c o n s i d e r  

how we m e e t  f o r e i g n  c o m p e t i t i o n  and wha t  we do abou t  i t .  I h a v e  s u g g e s t e d  
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t h a t  t he  m o s t  v o c a l  and t hough t fu l ,  

put  on t h e s e  s t u d y  t e a m s .  

p r o b l e m  th i s  i s .  

On the  o t h e r  hand ,  

a w h i l e .  

m e  so. 

if p o s s i b l e ,  of  the  un ion  p e o p l e  be 

L e t  t h e m  s e e  wha t  one  awfu l  tough ,  kno t ty  

in the  i n n o v a t i o n  a r e a ,  I t a k e  c o u r a g e  once  in 

I t a k e  t r i p s  a l l  t he  t i m e .  I d o n ' t  know why  th i s  one i m p r e s s e d  

But I did go to J o n e s b o r o  and M u r p h r e e s b o r o .  H e r e  is  a p lan t  

w h e r e  we a r e  c o m p e t i n g  wi th  f o r e i g n  m o t o r s .  T h e s e  a r e  l i t t l e - - y o u  

k n o w - - v a c u u m  c l e a n e r  m o t o r s ,  fan  m o t o r s ,  and  t h i n g s  of t h i s  s o r t .  

H e r e  is  a p l an t  l a id  out to p r o d u c e  35, 000 m o t o r s  a w e e k .  I t ' s  p r o -  

d u c i n g  62, 000 m o t o r s  a w e e k  and t h e y  a r e  l o o k i n g  f o r  m o r e  s p a c e .  

W h y ?  T h e r e  a r e  f o r e i g n  m o t o r s  a l l  o v e r  the  m a r k e t .  T h e s e  a r e  the  

c h e a p  and d i r t y  l i t t l e  o n e s ,  if  you  know wha t  I m e a n .  But  h e r e ' s  a 

m o t o r  t ha t  you j u s t  abou t  r e c o g n i z e  as  a m o t o r ,  i f  you a r e  b o r n  and 

r a i s e d  in the  b u s i n e s s .  T h i s ,  a g a i n ,  p l e a s e  d o n ' t  t a k e  to t he  W e s t i n g -  

h o u s e  b o y s .  T h e y ' l l  be a b l e  to  buy  t h e s e  on the  m a r k e t  p r e t t y  soon .  

It w i l l  be qu i te  a r e v e l a t i o n  f o r  t h e m .  

I hope  m o s t  of you  c a n  p i c t u r e  a m o t o r .  I t ' s  a s t a c k  of p u n c h i n g s  

f o r  the  s t a t o r ,  a s t a c k  of p u n e h i n g s  on a s h a f t  f o r  the  r o t o r ,  end s h i e l d s  

to  ho ld  t he  b e a r i n g s ,  a w r a p p e r  a r o u n d  tha t  s t a t o r ,  and  the  end  s h i e l d s  

a r e  m a c h i n e d  to  fi t  on s o  tha t  you  ge t  p r e c i s e  a l i n e m e n t  of t ha t  r o t o r  

i n s i d e  t he  s t a t o r .  T h e r e  a r e  s t e p s  on the  sha f t  so  tha t  you  can  p r e s s  

i t  in to  the  p u n c h i n g s .  O b v i o u s l y  i t  c a n ' t  be b ig  on both  ends  o r  you  c a n ' t  

ge t  the  p u n c h i n g s  in  the  m i d d l e .  U s u a l l y  you  have  a s t e p  so  t ha t  the  
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p u n c h i n g s  push  up a g a i n s t  i t .  

t h i s  and s h o r t - c u t  it in a m i n u t e  o r  two.  

Oh, 

s o r t s  of, 

I d o n ' t  know how w e l l  I can  d e s c r i b e  

y e s j  and a l l  the  w i n d i n g s  a r e  put in the  s t a t o r .  You have  a l l  

l e t ' s  c a l l  it, p a p e r  of the  p r e s s - b o a r d  type  i n s u l a t i o n  in 

l e t ' s  say ,  p a i n t e d  on.  Ac tua l l y ,  

You put it up t h r o u g h  t h e r e .  Th i s  

We u s e d  to  t ake  t h e s e  p u n c h i n g s  

and r i v e t  t h e m  t o g e t h e r .  When you r i v e t  t h e m  in  a coup le  p l a c e s  t h e y  

t e n d  to b u c k l e  on e i t h e r  s i d e .  So t h e n  we w e l d e d  t h e m  down the  s i d e ,  

and th i s  in  e f f ec t  s m e a r s  the  p u n c h i n g s  t o g e t h e r  and y o u r  c o r e  l o s s  

goes  up. So now we h a v e  t h e s e  p u n c h i n g s  a l l  i n s u l a t e d  wi th  a v e r y  

h i g h - t e m p e r a t u r e  i n s u l a t i o n  w h i c h  t a k e s  up a v e r y  s m a l l  a m o u n t  of s p a c e .  

So w e ' v e  got a s m a l l e r  d e v i c e - - l e s s  i r o n .  Then  we put ou r  w i n d i n g s  
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c e r a m i c  i n s u l a t i o n  w h i c h  i s  s o r t  of, 

i t ' s  a v e r y  f ancy  e x t r u s i o n  p r o c e s s .  

a l s o  c e m e n t s  the  p u n c h i n g s  t o g e t h e r .  

t h e r e .  T h e y  m a k e  t h e i r  p u n c h i n g s  aud t h e n  t h e y  c e r a m i c - c o a t  the  s i d e s  

of t h o s e  p u n c h i n g s .  The  t e m p e r a t u r e  l i m i t s  tha t  you p r e v i o u s l y  had 

w e r e  b a s e d  upon th i s  p a p e r  s t a r t i n g  to c h a r  and l o s i n g  i t s  i n s u l a t i o n  

q u a l i t i e s .  Y o u ' v e  s e e n  the  old m o t o r  s m o k e  w h e n  you did s o m e t h i n g  

w r o n g  or  when  it  did s o m e t h i n g  w r o n g .  Th i s  is  no l o n g e r  the  c a s e .  

At the  p r e s e n t  t i m e  the  c o p p e r  s t a r t s  to  r u n .  Th i s  is i t s  p r o b l e m .  

R e a l l y .  Of c o u r s e ,  b e f o r e  long the  b e a r i n g s  ge t  too  hot ,  but th i s  t a k e s  

t i m e .  You o v e r l o a d  it  r i g h t  at t he  t i m e ,  and the  c o p p e r  s t a r t s  to  d e f o r m  

and sag .  Th i s  is  a p r e t t y  n i c e  t e m p e r a t u r e  to  be ab le  to o p e r a t e  in.  

So, n u m b e r  one,  t he  p a p e r  i n s u l a t i o n  is  a l l  gone  and we have  a new 



in  on a m a c h i n e  tha t  g o e s  a b o u t  f o u r  t i m e s  a s  f a s t  as  the  f a s t e s t  

m a c h i n e  we had b e f o r e .  T h e n ,  b e f o r e ,  the  w i n d i n g s  w e r e  a l w a y s  

t aped  by hand  to ho ld  t h e m  in p l a c e .  Now t h e y  a r e  a u t o m a t i c a l l y  he:td 

and go t h r o u g h  a new r e s i n  d ip .  When you  ge t  t h r o u g h  you  cou ld  d r i v e  

n a i l s  w i th  t he  w i n d i n g s .  I t ' s  a l l  s e t  up p e r f e c t l y  s o l i d .  The  b r e a k d o w n  

b e t w e e n  t u r n s  h a s  b e e n  p r a c t i c a l l y  no th ing ,  b e c a u s e  you h a v e  not  on ly  

t he  i n s u l a t i o n  on the  w i r e  but  a l l  t h i s  o t h e r  s tu f f  by c a p i l l a r y  a t t r a c t i o n s  

g o i n g  in  to f i l l  a l l  t h e s e  l i t t l e  s p a c e s .  

I n s t e a d  of h a v i n g  t~his w r a p p e r  t ha t  is  m a c h i ~ d  on to  t he  end and 

an  end s h i e l d  f i t t ed  p r e c i s e l y  to  it  to  ho ld  an a i r  gap of s a y  f ive  o r  t e n  

t h o u s a n d t h s ,  t he  end s h i e l d  is  not  a m a c h i n e d  c a s t i n g  o r  a d ie  c a s t i n g ;  

it 's made on a punch press-- just  chug, 

are end shields. The end shield, then, 

clearance. It's dropped on this stator. 

chug ,  chug ,  chug ,  c h u g .  T h e s e  

h a s  abou t  ten t h o u s a n d t h s '  

I t ' s  l o c a t e d  in a v e r y  e x p e n -  

sive fixture. Then some of this new molecular cement is put in around 

it. When you get through, you actually distort and tear the metal, tear 

it apart. But it is located properly and cemented together. There's 

no machining. There's no wrapper on the stator at all. 

We had a problem, you know, getting the shaft right, if it was too 

tight when we pressed it into the rotor and tended to distort the punch- 

ings. We now have one that's run continuously through a centerless 

grinder, so it in fact has bearing surfaces the full length of it. And 

we drop it in. It's a thousandth or a half a thousandth too small for 
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t he  p u n c h i n g  ho le  in the  r o t o r .  We c e m e n t  tha t  in  a l s o .  

We end up wi th  a m o t o r ,  now, tha t  is  b e i n g  m o s t  f a v o r a b l y  c o n -  

s i d e r e d  by a n u m b e r  of v a c u u m  c l e a n e r  m a n u f a c t u r e r s .  We though t  

we n e v e r  could  c o m p e t e  wi th  t h e m ,  b e c a u s e  t h e y  a l w a y s  bought  c h e a p  

m o t o r s .  We a r e  s e l l i n g  t h e s e  m o t o r s  to  the  fo lks  who s e l l  the  fans  

in the  d r u g  s t o r e s ,  who h a v e  up to  now b e e n  buy ing  f o r e i g n  m o t o r s .  

So m y  point  i s ,  if we  can  be i n g e n i o u s  enough ,  and i f  we can  k e e p  

a s t e p  a h e a d  of the  o t h e r  fo lks ,  I t h i n k  w e ' v e  got a good f i gh t ing  c h a n c e .  

Now, in  s o m e  a r e a s  we h a v e  u s e d  ou r  i n g e n u i t y  and we a r e  not  m e e t i n g  

f o r e i g n  c o m p e t i t i o n - - t h e  t r a n s i s t o r  r a d i o  b u s i n e s s .  I don ' t  know what  

the  a n s w e r  i s .  T h e r e  a r e  s o m e  s h o r t - r a n g e  a n s w e r s ,  s u r e .  Take  ou r  

d e s i g n s  and our  s p e c i f i c a t i o n s ,  and le t  t h e m  p r o d u c e  t h e m ,  and b r i n g  

t h e m  o v e r  h e r e  and s e l l  t h e m  t h r o u g h  GE o u t l e t s .  We s a v e  ou r  m a r k e t -  

ing  g roup ,  but  we put t he  fo lks  in  the  f a c t o r y  out of work ,  and,  when  the  

fo lks  in the  f a c t o r y  a r e  out of w o r k  in  ou r  f a c t o r y ,  t h e y  a r e  apt  to be in  

o t h e r  :f~act~Cies-, so  w h o ' s  go ing  to  buy the  t r a n s i s t o r  r a d i o s  ? So i t ' s  

a s h o r t - r a n g e  s o l u t i o n .  I d o n ' t  know wha t  the  l o n g - r a n g e  s o l u t i o n  i s .  

But  c e r t a i n l y ,  the  c o n t i n u o u s ,  b i t t e r  f ight  in i n f l a t i o n a r y  t r e n d s - - s h o r t e r  

w o r k i n g  h o u r s ,  f e a t h e r b e d d i n g ,  and l i m i t a t i o n  of output ,  and r e s i s t a n c e  

to a u t o m a t i o n  and m e c h a n i z a t i o n - - d o e s  m a k e  it d i f f i cu l t  to do th i s  kind 

of th ing .  

QUESTION:  Going b a c k  to  y o u r  c o m p u t e r ,  you i n d i c a t e d  tha t  t h e r e  

was  a c e r t a i n  a m o u n t  of f l e x i b i l i t y  as  to what  it could  do. In y o u r  i n i t i a l  

39 



e x a m p l e  you  w e r e  ab l e  to  c h a n g e  f r o m  vo l t  m e t e r  to wa t t  m e t e r .  

It s e e m s  to  m e ,  w i th  a l l  t he  s t e p s  you  h a v e  i n d i c a t e d  it d o e s ,  and a l l  

of i t s  m a n y  and v a r i e d  ou tpu t s ,  t ha t  you  m u s t  be  e x p e r i m e n t i n g  wi th  

s o m e t h i n g  tha t  i s  a c r o s s  b e t w e e n  t h e  b i g g e s t  a c c o u n t i n g  m a c h i n e s  
\ 

and  the  b i g g e s t  c o m p u t i n g  m a c h i n e s  you  c a n  buy  on the  m a r k e t  t o d a y .  

Could  you  expand  on j u s t  how c o m p l i c a t e d  y o u r  c o m p u t e r  s y s t e m  is  as  

c o m p a r e d  to  the  f l e x i b i l i t y  of ou tpu t s  in t e r m s  of wha t  it  c a n  and c a n n o t  

do? 

MR. DICK[E: We spent far more time working on the method for 

programing the computer than it took to do the programing for this 

whole job. We have a completely new method of handling the data in 

the computer. This experiment--for  those of you who know computers--  

was done on an IBM 702 which is about 8 years old. It is not a large 

memory machine; it is not a high-speed machine. We expect before 

this month is over that we will be able to do this sort  of thing on a 650, 

and we hope to be able to do it, for small  businesses, on a 305, which is 

just a rare  use. My budget schedule calls for the end of March. 

General Houseman brought up the same question, that we must be 

using Stretch or one of the big computers that you folks in the armed 

services are using. This is not the case. We are delighted to have a 

bigger computer. 

do more business. 

the lines in the speech, 

It's faster and makes our problem easier and we can 

But we do not have file reference. If you read between 

we do not take the way humans do jobs and 
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m e c h a n i z e  t h e m .  

you  w e r e  l o o k i n g  down  the  long  h a l l ,  

you  had  a c i v i l - e n g i n e e r i n g  job to  do, 

We w e r e  u s i n g  an e x a m p l e  out in  the  h a l l  h e r e .  If 

w h i c h  is  v e r y  a t t r a c t i v e ,  and if  

y o u ' d  s a y ,  "Now,  q u i c k  get  m e  

m y  t r i g o n o m e t r i c  t a b l e s  and s t o r e  t h e m ,  b e c a u s e  I ' l l  be  d a r n e d  if  I 

a m  go ing  b a c k  and f i g u r e  t h e s e  t h i n g s  up o v e r  a g a i n .  " So, as  h u m a n s  

we would  say ,  " W e ' r e  go ing  to put  t h i s  in the  c o m p u t e r ,  so  w e ' l l  s t o r e  

a l l  of o u r  t r i g o n o m e t r i c  f u n c t i o n s .  Get t h e  book,  ge t  the  p r o g r a m ~  

and  put  t h e m  a l l  on the  t a b l e .  T h e y  t a k e  up a lot  of r o o m .  P u t  t h e m  in 

m e m o r y .  " T h e r e ' s  a n i c e  long  f o r m u l a ,  you  r e m e m b e r ,  f o r  d e r i v i n g  

t h e s e  v a r i o u s  f u n c t i o n s .  You c a n  s t o r e  a h a l f - d o z e n  of t h e s e  f o r m u l a s .  

T h e n  you  go b a c k  and s ay ,  "I wan t  the  s i g n  o r  the  c o - s i g n  f o r  s u c h  an  

a n g l e .  " It r a t t l e s  t h r o u g h  a f o r m u l a  t h i s  long  ( ind ica t ing} .  As  a h u m a n  

b e i n g  y o u ' d  s ay ,  "Oh,  no.  If I h a v e  to  do it  i t  w i l l  t a k e  m e  ha l f  a day .  

I ' l l  p r o b a b l y  have  the  w r o n g  a n s w e r  and I ' l l  h ave  to  do it 2 o r  3 t i m e s  

to  get  the  s a m e  a n s w e r  t w i c e .  E v e n  t h e n  it  m a y  not  be r i g h t .  Of c o u r s e  

I ' l l  l ook  it up.  " You c a n  look it  up in 15 s e c o n d s  o r  h a l f  a m i n u t e ,  o r  

s o m e t h i n g .  Say  i t  t a k e s  you  15 s e c o n d s .  The  c o m p u t e r  m a y b e  c a n  look 

it  up in  2 o r  3 s e c o n d s - - a  r a t i o  of l e s s  t han  10 to  1. It c a n  look  i t  up 

q u i c k e r  t h a n  you c a n .  When  you c a l c u l a t e ,  i t  t a k e s  s e c o n d s  f o r  c a l c u -  

l a t i o n .  The  c o m p u t e r  d o e s  t e n s  of t h o u s a n d s  of c a l c u l a t i o n s  a s e c o n d .  

On tha t  c h a r t  I s h o w e d j  we do not  s t o r e  a l l  of t h e s e  a n s w e r s .  We 

s t o r e  the  b a s i c  f o r m u l a s  o r  b a s i c  d e c i s i o n s ;  the  f o u n d a t i o n  f o r  t h e s e  

d e c i s i o n s  is  wha t  is  s t o r e d .  So we t a k e  a c c o u n t  of the  f ac t  t ha t  the  
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computer can work out tens of thousands of calculations a second. It 

goes back to the fundamentals and recalculates them. 

Think what this means in changes. Assume we wanted to make 

t he shafts on these motors we were talking about a quarter of an inch 

longer. Today we've got thousands of engineering specifications and 

thousands of drawings that are as of now out of date. Better than that-- 

during the war we ran out of a lot of stuff, as you know--nickel, chromi- 

urn, and so forth. We'd go back and all of these things would have to 

be changed. We just said to everybody, "Please remember--no more 

chromium-plated stuff. " This isn't true today. If we want to make 

these shafts a quarter of an inch longer--or a quarter of an inch shorter, 

now, to save steel--everything is out of date? Oh, no. We go back to 

the formula for determining shaft length. It's all in terms of customer 

specifications--in no other terms.  It's based on the horsepower, the 

frequency, the speed, temperat~re rises, and so forth. Those are the 

only elements, other than constants and factors, in the formula for 

shaft length. Maybe on the end before we had something or other; now 
put 

we just/minus . 250. All shaft lengths are now decreased by a quarter 

of an inch. Everything is up to date again. 

QUESTION: Sir, do you foresee, and are you concerned about, 

the eventual possible loss of skills and technology as a result of all 

t h i s  a u t o m a t i o n ?  Wel l ,  r e a l l y ,  a u t o m a t i o n  is  wha t  I am g e t t i n g  a t .  

MR. DICKIE: I d o n ' t  wan t  to  sound  f r e t t i s h ,  but I am w o r r i e d  abou t  
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s k i l l s ,  but  t he  s k i l l s  I a m  w o r r i e d  abou t  a r e  t he  i n a d e q u a c y  of o u r  

s k i l l s  to  do t h i s  s o r t  of t h i n g .  In o t h e r  w o r d s ,  we h a v e  s a i d  tha t  

e n g i n e e r i n g  is  done  in  the  c o m p u t e r .  Y e s ,  t he  e n g i n e e r i n g - - a n d  I 

w a s  an  e n g i n e e r  w h e n  I s t a r t e d  out  a s  a s t u d e n t - - t h e  w e t - t h u m b  kind 

of e n g i n e e r i n g  is  ou t .  L e t  m e  s e e - - t h i s  i s  a 50 c y c l e ,  3 - p h a s e  job .  

Get  a r o u n d  to  the  r i g h t  t e c h n i q u e ,  a b ig  t u r n t a b l e  and 4 e n g i n e e r s .  

T h e r e ,  boy,  I got the  50 c y c l e .  Oh, no,  i t ' s  2 h o r s e p o w e r .  Now, 

l e t ' s  s e e - - a  3 0 - d e g r e e  t e m p e r a t u r e  r i s e .  Oh, y e s ,  I ' v e  got  i t .  And 

so  you w o r k ,  and  p r e t t y  s o o n  you  know wha t  the  w i r e  s i z e  i s .  Now I ' ve  

got to go to  the  w i n d i n g  t a b l e  to f ind out  how m a n y  t u r n s .  T h a t ' s  a n o t h e r  

s e t  of b o o k s .  E v e r y b o d y  h a s  w o r k e d  t h e m  out .  I d o n ' t  wan t  to  w o r k  

t h e m  out .  S o m e b o d y  w o r k e d  t h e m  out b e f o r e ,  so  I 'd  u s e  wha t  he  did 

and do it o v e r  a g a i n .  

T h a t ' s  out .  But  the  f e l l o w  who d e s i g n e d  the  n e w  m o t o r  t ha t  I was  

j u s t  t a l k i n g  about  up h e r e  a w h i l e  ago,  boy,  we  n e e d  m o r e  of t h e m .  

I t ' s  the  s a m e  t h i n g  h e r e .  The  f e l l o w  who d o e s  the  e v e r y d a y ,  r o u t i n e  

o r d e r i n g  job,  the  r o u t i n e  p r o d u c t i o n - s c h e d u l i n g  job,  h e ' s  out .  But t he  

m a s t e r ,  who  goes  b a c k  and p l a n s  the  m a n u f a c t u r i n g  p l a n n i n g  and d e t a i l e d  

s c h e d u l i n g  of t ha t  shop  w h e r e  we  a r e  r u n n i n g  60, 000 a w e e k  in  a 35, 000 

s h o p - - y o u ' d  n e v e r  b e l i e v e  it, but  in J o n e s b o r o ,  A r k a n s a s ,  w e ' v e  got 

two Ph.D. 's in " mathematics working to do the simulation of that shop 

so that we know about Thursday of this week precisely how things are 

going to go through that shop next week. They've never known this before. 
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T h i s  is  why  tha t  p l a c e  is  j u s t  r u n n i n g  so  s l i c k  and at  p r e t t y  n e a r l y  

t w i c e  i t s  c a p a c i t y .  

The  r o u t i n i z e d  jobs  c a n  be  d r o p p e d  out .  But  the  p e o p l e  wi th  the  

s k i l l s  f o r  m a s t e r - p l a n n i n g  th i s  t h i n g  a r e  so  p r e c i o u s  t h e y  a r e  h a r d  

to f ind .  So we a r e  r e a l l y  r a i s i n g  the  job r e q u i r e m e n t s .  

S T U D E N T :  I s n ' t  t h e r e  a c e r t a i n  f e e d - b a c k  of the  e x p e r i e n c e d  

p e o p l e  in the  s h o p s  u n d e r  t he  p r e s e n t  s y s t e m - - t h e  m a s t e r s ,  t he  f o r e m e n ,  

and so  on~ T h e r e ' s  a c e r t a i n  a m o u n t  of f e e d - b a c k  to the  i n n o v a t o r s .  

T h e r e ' s  a c r o s s - f e e d  t h e r e  tha t  a i d s  t h e s e  P h . D .  ' s  and m a t h e m a t i c i a n s  

to c o m e  up wi th  a b e t t e r  p r o c e s s .  T h i s  is  wha t  I ' m  t h i n k i n g  of.  A r e  

we go ing  to l o se  t ha t  i n g r e d i e n t ,  t ha t  f e e d - b a c k ?  

MR.  DICKIE:  No, I d o n ' t  t h ink  we a r e  go ing  to l o s e  the  t h o u g h t f u l  

fo lks  at  a l l .  I t h i n k  we a r e  go ing  to  m a k e  t h e m  m o r e  t hough t fu l ,  g ive  

t h e m  m o r e  t i m e  f o r  r e a l  p l a n n i n g .  In o t h e r  w o r d s ,  w e ' l l  t a k e  the  

b r i g h t  y o u n g  e n g i n e e r  who is  s p e n d i n g  h i s  t i m e  do ing  w e t - t h u m b  d e s i g n -  

ing  t o d a y .  M a y b e  w e ' l l  ge t  r i d  of ha l f  of t h e s e  f o l k s .  The  b r i g h t  hal f ,  

t hough ,  w e ' l l  put  o v e r  and s ay ,  " L e t ' s  s e e  if  we c a n ' t  w o r k  out  a new 

m o t o r  t ha t  w i l l  b e a t  t h e s e  J a p s  a l l  h o l l o w .  " T h e y ' l l  s a y ,  "Oh, good .  

I c a n  get  r i d  of t h i s  W e t - t h u m b  d e s i g n i n g  and go to  w o r k  on w o r k i n g  out 

a new ,  b e t t e r  m o t o r .  I ' m  a new y o u n g  f e l l o w .  I 'm  u n i n h i b i t e d .  I ' v e  

got a b u n c h  of i d e a s .  

a l l  in one  o p e r a t i o n ,  

h e c k  wi th  w i r e .  

w h o l e  
L e t  m e  t r y  it  and s e e  if I c a n ' t  m o u l d  t h i s ] t h i n g  

o r  s o m e t h i n g .  Wind it wi th  a l u m i n u m  foi l ;  t he  

L e t ' s  s e e  wha t  we c a n  do.  " 
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It will  release these people for innovation, for improvements, 

rather than doing the routinized kind of work over and over. I think 

we'll be ahead. I think it is going to require better and more thoughtful 

people. Just as when we have mechanized the shop, folks with lower 

I. Q. 's and things of that sort have found themselves in difficulty adjusting 

to these new and better ways of doing things. This is a very real prob- 

lem, for sure. 

I met before the International Board of Directors of the Y. W. C.A. 

to discuss automation in New York City. Incidentally, you can tell how 

well you are doing when you speak to the ladies. They stop knitting and 

tatting when they are really interested. When they are not interested 

they just knit. Every darn one of them had some handiwork with her. 

They come, and they are all colors and sizes and shapes, and they knit 

and tat and hemstitch, or what ever they are doing. And when they are 

really interested they put it down and then pretty soon they are back at 

it again. Their point was this: The really highly skilled secretary or 

the gal who could run computers, or something, doesn't come to them 

for help, except rarely. She just comes in, gets a couple names, and 

has a job. But the poor girl who had trouble struggling through the fifth 

grade, or something, comes in and says, "Gee, what can you find for 

me in the way of a job ?" They say, "Well, normally, you could go in 

a factory and put one wheel on the kiddy car, and do this and be very 

happy. But, gee, they've automated that job now. I wonder what we 
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can find for you. " So we are causing people who are in this area 

real problems. 

I donlt have any answer for them, either. 

COLONEL DAVIS: Mr. Dickie, you have given us a mighty good 

insight into a very important aspect of our industrial economy. On 

behalf of the Commandant, thank you very much. 

MR. DICK/E: You're a wonderful audience. Thank you. 
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