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various business operating tasks in contrast to the accepted practice 
of nearly 1000;0 file reference {or eve.:ything . It was immediately evi­
dent that there were many potential advantages from the use of regen­
eration . These included: file reduction, search elimUlation, and 
often a substantial lncrease in access speed. 

One problem that arose was in the considerahon 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 aU 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 cholce among certain speciflcations in order to 
determine the appropriate output characteristics. 

Regeneration as a principle seems to be apphcable in virtually every 
area of our business. We are able to use this prlOciple in pr .... duct design. 
operation planning. quality planning. cost determination. production sched­
uling. customer promising, vendor selection, etc . The diff~rence between 
the regenerative and the flle 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 regeneratlon though. we tend to have a senes 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 d. 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 charactenstics can be determined as a 
function of the initial customer specifications. We would specify the 10glC 
under which vanous 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 anyone origtnally envisaged by the product 

designer . 

] 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 15 tn 
contrast to the historical file reference where the information IS stored 
based upon hierarchies of identificahon. 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 J' educed to 
integer values and then through a second layer of logical decision can be 
converted to appropnate 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 descrtbes this re-solving of a problem which bas been solved 
before. 

I don't thmk 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 comp..1ter, 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 expens ive and 
quite slow. Tape memory systems are only well adapted to data which can 
be handled sequentially. Even wtth 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 slgnificantly easier then with a pure file reference system. First, 
many of the changes which are presently made Wlth 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 90 that if a particular dimension were changed it should be reason­
ably evident as to what scope of products this change will infi ..lence. 

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 structu re 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 techntcpes be::ome 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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material. and energy. 

Thr fundamental concept tn carrying Out tbfl project wa. the ,-
!' i s 

mo.t new work. hat been concerned \l-Uh &utomatlna COtnmoD activiU •• 

llkc payroll. Invent;)ry control or requi.ition prOC ... tn. acroe. many 

product hne. or th,. whole buelne ••• Tbh might b. call.d horicontal 

1',.~./,I'1 ~ intear.bon. HOWf' .... er • ..¥P'Iii" h h Imt true inlej!ratlon .bou.l~(oJlo", 110 •• 

at inforfT'Atian flow, it .hould cut vertically throu,b aU (unction. in a 

fUi ~fut.t .. "ill Lf' av .. tia6il'. Wl":IjC:1 By havinl .11 tbe informatton proce •••• 
tJ-

linked togt'tht-r ltl.lde;.k"i computer, it h I.lnn.c .... ry lor each funcUon 

----to duplt ... tr the thf' •• fUe.. For example, coat \ViI! no 10n,er h.ve to 
/' 

mAintain Indepc1d'ent flle. DC n~tertal '11t., blueprint. and pla.ruun, 

record. {or rvery pan And ••• embly. Th 
lamanation o( tne redundanty 

FUTthf T, vertical int~lntton tt ell,.rt aho ha. a major e!(ect on 

redut Ing lflr 11llr,rmatlon and phY'IC".l J,roen'ina Urne cycl., Since aU 

~ 



\ 

of the d II 1 n a ... l' lc~ net: rc t ... (. r r1etc V proce .... l or r i, 

and. by hdvlng d.,'n&OI _ control of the ''':hule phy"." A.1 proce •• (rom 

purch •• ,nlo: through }14l.rt. making ar.j ~u.ernbly. It i. potilible to reduce 

"Inillean' • .,. the .etu.l"m .. lr.e I Yde Thll type o( control .hould 

Teaull in l ....... er Invenlolrlf", higher promlaea kept and better indlTect 

Jabor eCfl. iene-y. -i .. --'~------~-. .. -.---.- , A .. ~( ana 
A. 1~4f'~''''/ S /.."'t h. ........ 

f\ '" 'deh (ormally r: a. • 

~ • the nred 
/fc .... _ 

f° lth.covering .. 'll.,nl ,lU, •• 

Id relate. the \'~riau. dletalona luch u 

• 

in product detlgn !a('Ult.ea operat,on and t~ctOTy Icbedulio •. In 

manul ... tur n~ planntni. for example, by (OCUltn, attlotion on each 

variulon in methnd nl' eletmentaJ hme uandard. y w ct." .'8 .... l:t cau •• 

{- Ctt: 1,~ .. 11 i'-h.-' "" D- .... 1 ""'""" """"~'''',. 
and eJfect rela' _ ___ .~Ntlr"'"'*kt tmprovement.. By orpntz.1nJ 

A. 

tho mulhl~e ( - to a duro ea.y to undeuu . .,nd lr&nlework, it 

dw'W. wh.u dr ... ~ ... (lhactf:rl'Uca control the v.rtoua rnan,,{acturtnl 

proce •• element. maxine cI"..ar l~e'l plUication and .ta.odardluUon 

opportunh el - rhe \JI~ of Joal _I dec •• n pattcornl ill" bWlln .... bould 

reduce d.rt:ct labor and direct tI..atrrw throurh the powerful analyUc-&J. 

Inlllhtl they make pOIlJble. 

ChI b6 drawn fr m ( 

the 

An .nalo(Y to 

hl.terconnt ... t at 

lOOi vidual ,,-

\he 

1 
\ 

( 



l.· , ).11. I, 

,. , 
" 

tht' ( ... ot' 

th~ .,. K1lblt' 

-~ A.11"ch.r " .... '-;;r -

• 

.nre • 

pru .... ide. 

~nl. drlll&11 
~ .. ~~.L,~ IIt.rt 7' •• "4 

'-"'''nputt:-r.- ." ,h. us., .1; 0014 rJ.o.4IIY 
I .. ' .. .. 'Pot.p' u ......... ~ •• 

• ......... ... .(.. - ~r-.-.IJJ.'" 

:...--
1'",_·u'_,_ ... _.""I""~, it! \ .!. 1 +. • ".)M''-.~&.IU.l'''''....4~,-.,I''HqU •• r- W ~ m'l fft havt' 

I ... • r1~ !'('J H" {.,. U t t loU~ t;. J....JA \.s-
A thl~ "y.lt· Ith h·, )fllput (' n n;lnd. Although computer. 

... nd hun I" ~r r n' 

,I,d '"c. II 

"'-'111/ .. t r 

olit II II ill 

Jltt'l )" t.Vo 

t !I" tl 

"" ,I I r 

or, • • • • 
, •• 

-I,.V tJ t I 1!:t. 

h,at er, th 

nn 

• 

rallk UH:ar relative effiOf'nCle. 

fo arbltu,rtly mA.ke the 

",. 

~.-rr=-'!" 
"Hr.;: about the: .y.tern •• ~' ng 

I)' ~}f.:"(' 1mI"' IdMlhficd W fit mr daUI 

( 
y~ g any peratlllw utpul. 
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L ,tf' 

,'. -



~------g ----------------------------------------------------" -

11\ r''' t I,; 11..:" 
, I .arc '! h' d 

, jJ 

" 1 d the pari ,,"\jl.r d., ., 

pru~r6 nt.( c· " q • , y • .~ 
-rfu.. _.v.. ,...:k .. d... -' 

lit" r t:., .. of tI. I U If _ ~ rk holVC bt ell qUite Foit Ufilil. o W .. 

alrp. Ir.sldeo t1.t l'omputer Thl1 autor:-.&tt("ally proVldel .ttl -'! Ihe 

C;actorv 8 .c~1lJn J"lcumrnt. purrhau' (l'de • operator ill ITU tion', 

quality .tn n ,""&e, punched paper L .... In run nlunerh.A )Y (.-of.troJlcd 

ma icnel! ll.'lomer promt.rll tal II (I) olten&J, tlock or,JeT 

"'1. reault ot thill Pr tel moln) c"'" uc:bn.quea were developed 

rur rXAlr, ... le Uf'\'" tecr-.n1quel have been developed 

lor drt.U.I.Kl ar..ly •••. Ne" ICl.~niql!cll h YI! been c.oncel.ved (i r part and 

fori:" a'e AU or thellt! coacepLa taken 

na all n~ 1n~cgr.tc I.ot • Atcd bu.~ne •• ayltema 

• from chcte COIlC"pU. In 

y hem " ....... -_-I....::-..;·~· __ .... !~,_ ..... ,_~.ob. the n.ture of 

:;"Zc re uon d I W.,.t t.., '8 ltr key. r H ...! 

ellg nr ! ----------~:( .. -----

) 
I ,. 
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". , !ct •. to.;r -lh . pArU and a acnnblu'. 

. 1'-~ . l t • t It "'. J t un, thiS I..ompul.erlzcd l'roc.:e •• 

CMl Y ,d t),r tote.alty ~r haYI 1. I..rl'!.llr mAny d( the documentl ~d 

v( moor! hlta, billa o( material. 

c • 1 1 

UUIII .ntl 11Y .. ' J • K n t H~ ilnd Olt through the ehmtnat on 

! H , I " • I " 

,,- ft , en • 

I . ,' l il I, lll.lt 

r ,c ". 
'p' • . , ""I ut .,,,n '.lrdlz .. 1. A ~r..,porly dea'Gned computerized 

("11 '1 L- " ... ) atc-In IIh c.jld be eot. (' ~ I (hana;'" and be' more iledblr 
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WIth n~menca.lly controlled mac l:lt'lu ... l».: Three new IC&.huc •• ho\ltd 

have wl.de app!icahon. 

I. 

mAC luna (or the enUre day. 

2 • Machined part. are automatlcaUy ~de:DtUI" a. 

an lnte.r.1 part of the prOiram. 

3. Computrr. are u't'd to automatically •• Mrat., 

mac Nile tool pr0i,ranu. 
(mp=7fFt 

"T_po-for -&-04111 Mtduno Tpot Contl'ot..
1 

Typic&lly. u •• r. ot 

numerically prol1'&mmed machine. h.ave ach,eved rep.Stlv •••• In 

oporatl.OII' by cy.:hnl a loop 01 punched paper tape. Tbu. •• if tea piec .. 

.are uquired, the op.ratur &lUI. the b.d.-end 01 tb. cape to th. front 

and &110 .... the looped lap. to run aroWld ten lime', 1D tbia .J.tem., tb • 

• 
• ame abjectly. i. accomplt.hod by prOYldinl ten machine tool control 

pruar.am. in a eU'llle length of tape Furth.r, the lame le:nph oC tape 

allo ind"de. a progrolm ill!" .11 other piece. tu be manufactured by the 

rnadllne tha.t day. Tb.UII, Cne )enett-. uf ~pn Ups provide. an lntelTAte~ 

_ttquen("t:d control prolra.m (or & numencally controlled machlne tool 

fe, .t' ell) 
MaLhln~d Part. Automati!..~ly Idtnhhed0J\ ~.rtl proc ••• ~d un 

nunartr )ly controlled ~qu.t~ent "J'~ .ome.time. ldentLlt.c1 in .. 

• ec:ondary rnol,l1ua) operahon. Thl. (1.11 be a\l\uded by h\lrc.ducln8 an 

adenll(lLatloli .tep 11) tt.e mattllnt! tool ;:.ru~r.ln For example, ",art. 



• 

.,.'/. , 

CoUI ~ .dr'll.!ad with .h,,~ .dchlaCu .. abun number. by 'pothn, & ,hallow 

t..hnd t10ld In" (ode matrix ItjUnl,ed on the pal't ,1 •• 11: 

--
) I A i z 6 51 , 6Z I 64 75 

I 

Idcntdic~tlun 

~·h I j hole --~ 

A murt' ,ultat.I,', lenrralil'_t:d varllon of thl. code matrix tde~ wou~ 

---

of nUlnf'ru::al mat'htne tool programs w •• done on &II electronic comput.r, 

Tbll. DC coune, raeilllat ... d"velop1na the "tape.lor.a-day". WhJ.1. 

electrumc computer. are not ee.,ntlal, mflcbanhJ.nl the production 01 

pWlched ""prr ''''pC'e (or ,.rds) to run automatic rnacbioe. improv •• 

a(cur.} y and r~dllce. Cilit . 

t"!'l <1.1',1 
"J~!""II! •• ~~'::IJ AmonR tlle other beneflh II Its ... pl&aAi"1 time _iDCt" th. 

c..-mputr. uk, • ..,vrr • former 1n40U ~ Job Thrre wo,ld aleo .e rociuc;ed 



J 

human. ~nd probably, mOlt mportant, more &t'cura'e pJannlD, aDd time 

atandard. Ihould '.'ult bee.u.,. (ehe (ompute,'. ability to '0110. tbe 

a..r -.1-4. /..u- . 
e U cl i n.t ruf. ti on. Yll .. I.'t;;~'~l~'~ v:.n;.:;-.:.. ____ 'ir-r.'IJ"':I"J.' ... "''''''''"'''' .. _ 

~·-~,..",Qualily Control ~i' ~I"": .'..:.;:::c:=:,,: ~:.:: I 
quaaUcma:Iw, e ..... : at what pOint to inlpect or t •• t. the quality 

evaluation method. appropriate 'Ime uandard., frequ.eacy of ... lurtan. 

and ("rH.rta lor acceptance or r.Jechun. Her. _,&iD we have fowad that 

• computer program ran bit prepared __ hach 'Nill perform. all 01 th ••• 

cad:, autOrnAtuaJly. Thu wouJd, In erlf'CC. determ&n. how to .... luat. 

'. t::f'4) 
thC' product and lh rump( .. "~.nt1, JfI( IudI'd ~ lb. ben.llta .r. I ... , 

quahty c.:urrechon. IbrouKh """'"g Ihf' pfopcor bUIDe. between quality 

laUur. and qullty appraual '- 01". Theft' Ihould b. I ..... r cornplatah 

• lbrouah a careful anal"al_ of cU"'orner,' need, and product charactert_lu I . 

The,. ,howd ."0 be lower flUallly .. 0.', .hroulh tb. lnt.,r.ted pJAIlftlhl 

01 qWlhly Conlrol along "'Uh .nllfle~rlna d.,lan &Dd maaulacturtna 

7 
COl1 .(' cKulhnl OU.'I anoth.r opportunl',. Th. obJ.c It ...... ,. 

to ddermlne &PPl'vprta.., product ("0." lor quotaUoa wOI'k or fur CUll' 

.randaI'd .. 10 I 
srtt lor ('omp""i_ 'n with .~h, ... 1 rOIU. W" lind agaan 

It~t .. oS! .tafl ,rd. an be aulornatll:aJly d~vf'Joped and that a comput,.t 

properly vr f'Arnmed caft al.o bf'l' 
led tur elltlbhlhan. work-1n-pr < .... 

f • ; I P'!rJ,~1e. 
r" ~ '1'",,-tv ld be -~ to "M4-IO 

,.. • 'av nl .aJ 



art" 1)\" II h .... J.ld l:H:~ 1",r "'Ii' 

Ilt! \ oet informAtion There ehould 

... ... ·~I ..... t 
lll!' r I t.l CII, Ape 1164. hI (v_I I, 11" ~ I • f lun lhn u-,h thl!! ute \If ... I nrnput ,'r 

~ 

to r pl., r IIIf "'I cHUrl 

, ) - I I.e nrc! 411"" Lf V oc.h :I'\-ul • pilTtkularly tntrlguinr.c=t 

',I ., mpuler portion of the Intoaraled 

""hat to 1.1 II cllr 10 '·~~ln"trU\l!. t.,) ..... to hIJllJ fr ... m operation pl.unlnS. 

etc In 

pOth n f I Ie MAul lint' SVlIlt·lTl. uf"v«,kpa ."\ fourth mmo,uion by det~rmirlln~ 

Product on lQntroltl UltC'rf"eted in when thin,. happen. It ha. 

tho rtre " .. Lilli y L1 JCtuall)" carqe g uut oAt the naht Um. the d&ta 
• 

fUnf tiun 

cu.tonter.' r~qulr(:mcnt. lOt'leiderlnK the act:.,al et_tul 01 the ehop • . 



• 

, " 

u er ~he C Jatomer', 

--In thll '!"IUitra.led .ylte the I ::plJtrr Ihould dally h.bedule 

.~Clf",: • t'dt:r qu~nhUe •• r.vu~w I11vent\Jry •• oelt lewl, and a.utl 

('uUOtller promut'l. Their order •• h.:ml;l not b~ rel •••• d prematurely 

Ontl key tllement lo computerll.rd rl&nufacL.lrlna control II frequont 

hedl .. t:k coupled with beque: 1 •• htdulmg tur clo ••• hop controJ~ UI ts::, 

toeby. pcrforrrA11 r to g.llde U; orrow'e ahop dedatort' In tb. pau, 

data ~"'J"h had t...: be gathued and IntllrpreLt'd before any meanlr\l(w 

rr".ulu "OW J )r o'ltl.lned. Manual and roven pWlched card technlquea 

often 1"It"ttI Wl,drr thie b"rdr"': but rl~ctrc.n c cornputen oller the bi.fth 

.prt-d. low l"OIilI (,Alculatiulo': .b.hty nclce ... ,ar\· tu cope with thlll pl"r.bhl"I. 
_ , __ .J 

j.,," t P. 
h ... ",.':!aUy CtI"dback of c'OlTlplrh 11' 

..... ....art.. lu toe 'l&rl~1..I thf" ., xl day 

lhl'" t (' brhmd .t hf'.jul~ c'~ .h,· "t ,·f •• l-J dr .... h.t Ih~,r fltAt· ... ft un 



.. . 

A\lUldcu .~d LUrrf" ti vet 
111.10. ar be 1I1l.ted lmmcdl.tel~' tnroUKholJ1 

the lnlt'tI, rated·' 

Oevelo 
nU I r ;llt!. pU.ont. '>me 'peel.) 

difhcultle. 

laboratory, opentic.n Unle It'ad.u:h can be checked by a uopw.tch. 

but ho",' Ca.n yo", pl'cle.t"' r-1e fur ,.UIOmer promi.ln.? Genera! 

. , 
that chanJittJ With time • .., 1 hr hrart cf .hop "mwaUon i •• computer 

model ..... hteh rt'aJilticah)' cJuPttu,tt'. rho bch.i.vior oC the .hop a. It 

proce l.tnl timt:!., .b.entrriu 1. machine breakdown., .nd the like. 

minutt! (·ompule,. run 

and planned cycle lime. wlthuut .( tu ... l1), tryina th.m in the .hop. In 

addition. anvenlory hveh, t"mpJoyml"'nt .f.bUlly and man.m.chine 

utlliutton ('ould .1.0 be evaluated and ("nm~red. A .... &,. '1' IiloollPb 

Intcf,;l'"ted production C"onlr , "lUcr •• ever.l benalit •• For 



\ 

• 

,. 
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(--=# =. '=11'7 -
.x.ampl~llt now •• ema qulia praC' tic &1 to obtain ... horte r m &!n Ull . 

Information eyd ••• actuaUy 1 • • • than on e day. SlmUarly ..... cuoal c 

computer. can be expected to lower pap Drwork coeU. Sbort.r cyd •• 

1ft 'th. ollie. and lactory •• a well .1 Improved .cbedullq tecbDlqu. ••• 
I . 

win permit .ubata.ntlaUy lowlr lnv.ntori... Th ••• lmprovlmlntl .hould 

had to .hortar c;uUomtir prom I •••• lmprowd •• rvic. anel potentially 

hlaher •• 1 ••. Somewhat unexp.ctedly. lndlcaUoau ar. that th ••• ,aln. 

can be &eh.ieved .. bU. Jmprovln. employment Itablllty •• &ad without .. 

• &crUtel in proml ••• klpt ADd equipment uUUlattoD : 
~ .. ... " , ,:, v. ,., ) . 

Of cour ..... the oaly r.aaon Cot' aU of .:btl WormaUOI\ 1. to pl'ocQr. 

tb. parta tbat ar. n •• d,d, on .cb.c:lull, at optlmwn COlt. aDd to dirlct , J. t/.., _-.: .... ' 
the machtn •• and o~r.tor I In the factory to .= .... :olf ... -..... '.t •• tI' .... t .. t'1;,.., .. I~~ at Ute f .. 
rl.bt time. Thh I_d. dlrlctly to tb. conc.pt of nexibl. factory 

.pe:ch.U •• d machln •• and tr ... ul.r device., ... .,.1t.,6' 'Oi ":lIfJauell.l _ 

.. hhoie it. :r~.~f.:"-au the lmportaDt ... pac.t 01 autom.UCIa ..... U 

b. the abUity of mach1n •• to .witch rn on,., talk to uotb.r at little 01" 

no .xtra coet. Th. Inb.r,"t Outbthty of tta. meUridual machine 01' troup 

of machln •• will b ... a.hrmhdnl/aclor In tbe .tr,ctl"." ••• &eel " .. ,..tn ••• 

of th ••• automatic .y.tam. conc.pt. . With num.rically cOlltroll.cl 

machin •• , lucb 1.1 are now availabl., tN •• t-up co ....... r.Uy 



ct.!" .. I, 1~"f.".100/.""·"'~.)f.nl ... e, L.~", u.,n,p!Je. that th4, c...:cmon:.l .... 1ut .lz.~ 

, 
,'" ,i6litol'"a;;;.....,~nc. Ht~nLe. flexlbh l.aLtory automation perm(u • ~ 

$'" J 
Ip ., u he ext na1) , 1'.lmrr urlt'nted requ.lrem«1t. and not ~ p , ........ 

lu<.:h he .. 'Y ,'mlideration to the intt:rnal .hop. 

~ 4L·~T-4.~)J~ 
'i'la" 4!~1' hh nexible (actory automa.ti~~.'" '-eli., e elme .... will 

, 
f .. obit ft, lower direct labor C'o.~u per unJt throulh "Iplacin, human 

( 
rf'" I 
~p't 

• 
1\ 
>, , ,-
• / 

actlvitle' .... here de.irabl., by machine operaUCWlI. Machine accuracy 

and .,.t up flexibility wUl redu( r. both ILr.p and r.work. lnt_ar.ted 

planning and (.;ontrol with the Tight tempo \110111 relult in Ihorte.r 

manufacturing cycle •• -----=.--_.--=----------
1 he future (~ tntear.tt'u .yatem. plannln, ,. an ... cHin, OD', but 

lome of the problem. which we facp are certaInly .ilnllieact. I would 

lUte to h . t .OIT1C of thea. problrm. and opportunlU •• to live you .om • 

feelirla fo r the .copt! of our fl.ll u r., work. 

(. 
/ 111 A j,) 

Op(:entralu.llion ha. many advantage ',-1 but 00.. probl.,m la the 

lack CJf . "'labJr (.~rnputer «,qulpment for performinl .uch rna •• t"" data 

cannot by thrnue1Yf!' Ju.ufy t It or mrdlJm or !.i.ra.-Icd. d&.C.& prac ••• lna 

equlpment WhAt _hould be ooo r. In theu arpa.? II there a ,",0 •• 1b1:11ty 

of combln.:lg the nerd, of a number or t~e.e location. to aupport a 

computer? We'Ye th.I'uued ~vlng a fh&Jor bu'tn ••• loca'. 1t. planu 

on th. ~rlph~ry o( ~ wheel \I:hu.e hl.!b w •• the plant heldquart.r •• W. 

have ",undrrcd about conne.chne thr.r planu tbrou,b ""r. trtlnuru •• loae 



( 

if"/ 

• 

,. 

or microw&vc '(J that the inif.Jrfna.t n ( r dcd.ion.makina could be fed 

to the hub locahoo (or prOCCl'lI.~ And the anlwer, radlated back out to 

the lndiy,duaJ ph.ll.u. 

In new plant loc&ti .n .tudu'., we have alway. mad, a careful 

an.alyata of the 111.0 of the plant and the amou.nt ot Jabor avaUable 1ft tbe 

community, tho water and I'uw~r IUPply. etc. Howevlr, iW)w t.h&t indirect 

labor ftxceed. direct I.bor In many (-.'CI, now that lb. major Improvtlment 

opportu.nltl •• are avai.lable irl lAl& proc e •• inl. why ,bould not tbe economic 
~. ,. _-1 

availabiltty 01 dectrontc dat..a pl' t'e. "nl,b~ an •• ,.«&1 con.idor.Uon 

tn plant '1t.e .election? 

Ahc. we h.~e bt'comr ......... rc· that _hi! Ie ~ .. e hav. coccenlrated en 

r.(h.LCin~ U1H data. proce.ltng opt'"rOlllni;. co.t., we have .iven inad.quat. 

att.nlitJfl to the "art up and ma,ntcn&.nCf" <0.1, of oW' computer 

tn.taUationa. Intenaivc re ... rt:h i. now required on way. to accelerate 

the lnuallatton of nrw .yat.rna ,juu_ W41.y. of T",duelnl the colt ot 

.nnuntkn cycle can be • maj):r lac. r in our abiHty to ~ompete 

eUecllvrly in the future 

awonat <- .y.tt'ma on our ( xeod art.t; ,,~riabl. coate. With the higher 

inve.tment t" It. in fa. tory and atlll-" rqu..pment a.nd tb. almultaneo ,n 

,., W~ :'\.l.VC bolin •••• YIUml and 

.lnl" Yollh growth the lull profit-



• 

\ 

tenll..ll ..... 1 be ful,y rr.o1h"etJ Y, ba. wdl thi. kind of bu.lne •• 
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