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various business operating tasks in contrast to the accepted practice
of nearly 100% file reference for everything. It was immediately evi-
dent that there were many potential advantages from the use of regen-
eration. These included: file reduction, search elimination, and
often a substantial increase in access speed.

One problem that arose was in the consideration of the use of for-
mulas versus look-up procedures. The fact that we operate in a
discrete world tends to make many of our decisions also discrete. The
very nature of our approach to standardization and the nature of human
beings who have conceived the physical systems as well as some of the
physical laws to do with electricity and magnetism all seem to lead toward
the idea of step or discrete solutions. So while formulas are "ideal" for
full regeneration the nature of the world is such that we will have to provide
for ranges and logical choice among certain specifications in order to
determine the appropriate output characteristics,

Regeneration as a principle seems to be applicable in virtually every
area of our business. We are able to use this principle in product design,
operation planning, quality planning, cost determination, production sched-
uling, customer promising, vendor selection, etc. The difference between
the regenerative and the file reference approach is often the scope of the
answer given once the question is stated. In file reference we typically have
a complex set of answer compilations for a complex set of coded specifica-
tions. In regeneration though, we tend to have a series of individually simple
answers each for a relatively simple set of input parameters. This seems
to be closer to the true nature of the kind of problems that we deal with in
a manufacturing business. Typically, in determining each characteristic of
a part the designer could not have taken into account more than a nominal
number of factors. The ability to determine the value of a particular charac-
teristic as a function of just a few variables gives the regenerative approach
its great strength. This also eliminates much of the redundancy which we
currently have to handle.

Let's look at one approach that has been taken on regenerative work.
Instead of starting with a model number think about starting with the custo-
mer specifications themselves; and instead of calling out the drawing num-
bers of the various parts we define the characteristics that make up each of
the parts. It can be shown that these characteristics can be determined as a
function of the initial customer specifications. We would specify the logic
under which various values for each parts characteristic will be selected
and specify the logic by which these various parts characteristics will be
combined in order to satisfy some product demand. This can be thought of
as the extreme of the multiple-level system. Even though we have assigned
selected discrete values (stored in tables) and even though no individual
value was created that had not before been explicitly stated by the systems
designer, nevertheless, the particular combination which was developed
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could be far different from any one originally envisaged by the product
designer.

I believe that this conveys the fact that regenerative systems seem
to have an approach about them which is mentally quite different from
normal reference systems. In general, the regenerative approach in
some way has information stored in a "where used" manner. This is in
contrast to the historical file reference where the information is stored
based upon hierarchies of identification. We might say that this is the
case where the information is looking for a place to be used instead of
the higher level list calling out the information required in a particular
case,

The extreme of this is of course seen when formulas are used instead
of the logical selection of discrete values. In this case, we simply sub-
stitute in the appropriate formula the input parameter values and by going
through the appropriate arithmetic, relational or logical operations we are
able to determine the value which should be assigned to this variable. The
simplest type of formula (those which are purely arithmetic in nature) tends
to give a continuous band of answers. Obviously, this can be reduced to
integer values and then through a second layer of logical decision can be
converted to appropriate standards.

One point that's probably worth clarifying is that the concept of
regeneration should be clearly separated from that of generation. It is
really quite unimportant how the information is created in the first place --
whether it be by machine or by human, The question is whether these
answers once generated should be stored for later re-use or whether we
should go through the generation process over again each time the question
is raised. Generation has to do with the solving of a new problem. Regen-
eration describes this re-solving of a problem which has been solved
before.

I don't think there are any pat answers as to when it pays to do computer
generation against manual generation and when it pays to do what degree of
regeneration. I think that it is evident that factors such as: file size, type
of computer, frequency of re-use of file information, frequency of change,
need for permanent records, spare parts requirements, complexity of decision
logic and need for human interpretation would all be involved,

It is also true that regeneration is not a necessary, basic requirement
for efficient computer processing. However, it so happens that today's
computers do have a substantial advantage in their computational in contrast
to their file retrieval speed. Random access files are still expensive and
quite slow. Tape memory systems are only well adapted to data which can
be handled sequentially. Even with the present concept of consolidated files
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digital computers do not lend themselves to fast random extracting with
automatic decision making. It is conceivable,of course,that some time

in the future this internal computer balance may change as we might find
very efficient, low cost filing techniques. Nevertheless, even in these
cases it would certainly be desirable to consider at what level the informa-
tion should be stored and to what extent we should store the answers as in a
single level or multiple level assembly list system.

It would seem that file maintenance with a highly regenerative system
would be significantly easier then with a pure file reference system. First,
many of the changes which are presently made with files do not have to be
made at all with the regenerative system since many of these file changes
are required simply to post new combinations of existing answers. Second,
when a change does occur there will typically be fewer places to correct
since there is a lower redundancy in information storage. It should no
longer be necessary to maintain "where used' files, since the appropriate
sets of tables will enable you to trace back to the causative elements of any
decision so that if a particular dimension were changed it should be reason-
ably evident as to what scope of products this change will influence.

Regeneration does not necessarily require the use of structure tables.
For example, most of the present uses of the regenerative principle do
not use structure tables at all, but rather depend upon the use of formulas
and some automatic programming technique such as FORTRAN, COMTRAN,
or even machine language code. These systems still gain many of the
advantages of regeneration. The use of structure tables then should be
considered quite independently from the use of regeneration. However, one
major advantage of the structure table approach to regeneration is the ease
and simplicity with which the responsible engineer or operational planner
is able to express his logic in a form convenient to him and yet directly
acceptable to the digital computer. In general, as the various automatic
programming techniques become better developed it will become less and
less necessary to introduce a programmer between the systems engineers
and the computer itself and if Decision Structure Tables are used, the pro-
grammer may well be entirely eliminated.
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!7,‘, tarill walls or sharp import quotas? During the past four years we
have heen working intensively on three more positive ways of

establishing industrial leadership.

Firet, innovation - we have to provide the amount of resesrch

e ————

required to develop new products and then to introduce these new

products rapidly and efficiently sno a8 to maintain competitive position.

, We must give prompt and reliable delivery of & high quality

IR

1_ producti offering customer oriented features, backed up by dependabls,
economic fleld service.

But most important, we must re-establish cost leadership. The
only logical way to do this is through increased productivity which means
fower direct and indirect labor houre per unit of product. This¢
incressed productivity comes not from sweat shop techniques but from

/ ! Ty
designing a prt..duct.tq;qproduc!bilitg. from best shop layouts, from beat
methods, from using the most modern factory and office equipment and,
particularly, from planned integrated automated systems.

Recent {igures on industrial productivity show how slowly we
have improved since World War II. The average increase in

productivity per year since 1950 has been approximately 2%. In

contrast, Germany has increased its productivity by more than 5% a

year in the same period. 1958 was the first good omen whea U. 8.
productivity increased by over 6%, thie in spite of a eignificant

reduction in industrial output. It was analysis of this data that caused
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And then, using the existing records and files,
cost information i# ac cumulated, compiled and

analyced.
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i Menuwlassering control then takes over to
determine when the parts are needed as well
48 how many are to be purchased and made.
I'ypically, this includes the functione of
customer promising, scheduling and inventory
control.,
Finally, instructions in the form of vouchers,
purchase requests, otc. along with blueprints
and m'ncr. necCessary papers are transmitted to
the factory to direct the manufacture of internally
mide components or to purchasing for outside
inaterial procurement.

[n cach of these steps, information ts taken from the previou

function, typically in the form of written do: uments, and used to produce

the next ducument or output with the aid of information reference files:
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A second problem in 2 large decentralized
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Company s developing concepts in & framework
that will be both understandable and mea.ningful_
1o the many Operating components . Because
they have such a variety of products, pProceases
ind markets, that generality is olusive.
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O effect relationship between changing external conditions and changing
internal performance.
( The third phase of the progrant 'was that of pr eliminary systems

specifs callan m gt '
design. This achieved a first veriftoaticn of what maytruly be called

the basic system. This lasted approximately one month and brought into

play the design efforts of not just the general systems designers but all
the specialists in the various areas.

The fourth sugmned -yatema‘ design. This
refined the specifications in great detail. It clearly indicated those
phases which needed to have their technological fessibility proven and
those that had already been clearly demonstrated in previous work.
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6 : it must have a physical Processor which

Actually transforms n iterial through the

use of men, machines, and energy in

dccordance with the insiructions given |t.
-3 The physical Processor must have access

to the physical resources of men, machines,

CNO
% ' materials and energy,
: /' The fundamental concept in carrying out this Project was the
"{* idea of vertical integration. Integration is Currently a by-word, but
MOSst new work has been concerned with dutomating common activitive
like payroll, inventory control or requisition pProcessing across many
*' Product lines or the whole business. This might be called horizontal
N i /stf,.é;/
st—’{ - integration, However, D AR irue integration ihould’*fcdlow lines
6 of information flow; it should cut vertically through all functions in a

product line, w“_mmammum-brﬂéwﬂpmm. -

TOT PTONT Will ho availablErwawe By having all the information processes
P
linked topether mnside e computer, it is unnecessary for each function
’ }

e

to duplicate the other's files. For example, cost will no longer have to

naintain independent files of material listes, blueprints and Planning

records for every part and Assembly, This climination of file redundancy
will be felt in many indirect labor a tivities.

Further, vertical integration of effort also has 2 major effect on

reducing the information and physical Processing time cycle. Since all
A""f-.
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are noeod It would be !

lar easior to maintain up-to-date costs because
{ the stentbal simplicity in storing the cost information. There should
J‘r/.‘ﬁl‘

be red ¢l ewwewee=et (osl deternunatyon’ thr 'RQ.;I'I. the use of a « un‘lP\tlvr

to replace hurnan effort

s e
m""l“‘_’ Ibe next arca of production contYol 18 particularly mtrl_,;um,.{.ﬂ

swe— Each of the previous steps in the computer portion of the integrated

Main Line Syatem have all dealt with t ingihle product characteriatics,
what to butld from enginecring, how to build from operation planning,
et in itrast, production control, the final element of the computer

purtion of the Main Line System, develops a fourth dimension by determining
the time and sequence (n which main line activities take place.

Production control s interested in when things happen. [t has
the responsibulity of actually carrying out at the right time the data
processiug and decision-making calculations necessary to support each
function. Production control is concerned with the time inter-relationships
of all customer orders. It 18 responsible for economically satisfying these
customers' requirements considering the actual status of the shop,

Ly | Progduetiee: comrol provides the scheduled release of the factory's
. [J L *‘1 :
Ao AT Ly~

actionm docutments

purchiase requesis r*"‘,"vd"'{ﬁ
punched tape for automatic machine programs
aperator instructions ke and assemble

praoducts







Accurately tu changes. Time dolayvs in handling information are
avorded and corrective actions can be nitiated immediately throughout
the Integrated Main Line S ystem.,
rocf w Arow

Developing .él-——-b.a.‘._l control rules presents some ipecial
difficulties. For example, product performance can be proven in the
laboratory, Operation time standards can be checked by a stopwatch,
but how can you pretest a rule for customer promising? General
Electric has been instrumental in applying simulation techniques to
similar business problems in volving many interdependent activities
that change with time. 4 The heart of shop simulation is a computer
model which realistically duplicates the behavior of the shop as |t
PTrocCesses customer orders, making allowances for set-up and
processing times, absenteeism, machine br cakdowns, and the like.
The specific tomputer model developed for the Integrated Systems

,‘-_ r-gm— =
Project compressed four months of shop experience into a fifteen

minute computer run. As a result, it was possible to test how well
various proposed sets of production control rules would meet due dates
and planned cycle times without actually trying them in the shop. In
addition, inventory levels, employment stability and man-machine

utilization could also be evaluated and compared, A-ssries—of such.

Production ControlRules e .

Integrated production contril affers several benefits. For
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(}"" oumplu.iu NOwW seems quite practical to obtain & shorter main line
information cycle -- actually less than one day. Similarly, electromic
computers can be expected to lower paperwork cogts. Shorter cycles
lniltho office and factory, as well as improved scheduling tachniques,
wiil pormit substantially lower inventories. These improvements should
lead to shorter customer promises, improved service and potentially
higher sales. Somewhat unexpectedly, indications are that these gaing
can be achieved while improving employment auhdl_ity == and without a
sacrifice in promi_lu kept and equipment gtillnlion.

Of cours-;;"ti;- only reason for all of this information is to procure

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

J
J.\ o j;" . .

AL Py @ f"-l.
the machines and operators in the factory to -lh-&n-d'b-pz-'n the ..

- ! F

right time. This leads directly to the concept of flexible factory
Autormation. G
. p .A‘,- L{xra et A To s O CLV don J; - '/-"'"\v‘l.)
M/Auher than vflulllling automation as a !ml line of highly
specialized machines and transfer devices, we-betiprerfor-sur-Geoneral. ...

e any Lotl) b
M‘.‘Mﬂm the important aspect of automation will

be the ability of machines to switch -« m one task to another at little or

no extra cost. The inherent flexibility of the individual machine or group
of machines will be & determining factior in the effectivenese and usefulness
of these automatic systems concepts. With numerically controlled

machines, such as are now available, the set-up cost is generally

reduced to practically seroLandX¥TRGss Who NEve-worked.on oventony
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€ brirsri-problemeswilisrecogmaepctiisimnplies that the economiadot &lze

FITEEedueea 0 Bne . Hence, flexible factory automation permits 4 ot

5 d:
fv respongd to the ex‘lcrnllJa.ullwmcr oriented requirements and not give ﬁ fu
such heavy consideration to the internal shop.

£ oy e ’
Fheough fhise flexible factory lutoma.uo:)w-hw': will

f baabless lower direct labor costs per unit through replacing human

' Q}‘O activities, where desirable, by machine operations. Machine ACcuracy

and set-up flexibility will reduce both scrap and rework. Integrated
planning and control with the right tempo will result in shorter

manufacturing cycles, B L e -
e
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X The future of integrated systemas planning is an exciting one, but

e

some of the problems which we face are certainly significant, [ would

},u* like to list some of these problems and opportunities to give you some
ﬂ feeling for the scope of our future work.
o (Gie K- 3)

J Decentralization has many advantage " but one problem (s the

lack of suitable computer equipment for performing such massive data
processing tasks., We find in General Electric individual locations which
cannot by themselves justify ether medium or large-scale data processing
equipment. What should be done in these areas? Is there & possibility

of combining the needs of & number of these locations to support a
computer? We've discussed having a major business locate its plants

on the periphery of a wheel whose hub was the plant headquarters. We

have wondered about connecting these plants through wire transmissions




Or microwave so that the information for decision-making could be fed
to the hub location for processing and the answers r;.diated back out to
the individual plants.

In new plant location studies, we have always made a careful
analysis of the size of the plant and the amount of labor available in the
community, the water and power supply, etc. However, now that indirect

labor exceeds direct labor in tnany cases, now that the major improvement

opportunities are available in vata processing, why should not the economic

-

P s

availability of electronic data pro¢ «.-rmn,;'bc- an essential consideration
in plant site selection?

Also, we have become aware that while we have concentrated on
reducing our data processing operating costs, we have given inadequate
Aftention 10 the start up and maintenance costs of our computer
installations. Intensive research is now required on ways to accelerate
the installation of new systems and ways of reducing the cost of
maintaining and modifying its programs. This compression of the
innovation cycle can be a major factor in our ability to compete
eliectively in the future,

An interesting economics problem is posed by the impact of these
Automatic systema on our fixed and variable costa. With the higher
investment both in factory and office equipment ‘and the simultancous
we have business systems and

reduction in the variable cust pe

lactory systen s dedicated 10 growth, since with growth the full profit-
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