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IDEA FILE 

The Planning Of A Total Business 

U you were designing a brand new product line to be manufactured in 
a brand new factory a number of aspects would have to be considered 
during the design stage . Some of these area are listed below: 

1. Product Design Conception 

conception -- development 

engineering design -- standardization, quality. 

producibility 

documentation 

Z. Manufacturing Planning 

facilities _ - automatic equipment, all other 

equipment 

layout 

methods - fixtures, tools 

MTS 

quality control 

documentation 

3. Manufacturing Control System 

cycle 

inventory 
in - process 

finished. procured. manufactured. 

promise cycle 

ordering rules 

measurements 



- Z -

4 . Data Processing System - Main Line 

order transmittal 

order edit 

unit design 

unit planning 

unit documentation 

unit measurement -- cost 

The next two stages after planning would be implement and then operate. 

The measurement of such systems should include consideration of direct 
labor, direct material)unassigned labor, indirect labor, cycle reductions 
which relate to sales increase, inventory. 

B . Grad/pd 
5/Z1/59 



IDEA FILE 

Stock Quantity Determination 

Reasons for Stocking An Item 

1. cycle reduction 

Z. lot size _ set up costs, paper work costs, discounts 

3 . unfortunately in demand variance, supply lead time, 

supply quality variance 

4. leveling 

Reasons For Not Stocking An Item 

1. obsolescence 

Z. deterioration 

B. Grad/pd 
5/21/59 



IDEA FILE 

Protective Stock Quantity Determination 

Would it be possible to USe the practices and formulas like those used 

by actuaries in life insurance and accident insurance to determine 

proper protective stock quantities. It would seem that these are 

analo~8 problems in that in both cases we are dealing with the risk 

of an event taking place with definite penalties associated with the event 

having occurred. 

B. Grad/pd 
5/21/59 
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IDEA FILE 

Distribution Of Costs 

Could the basic cost accumulation be done in such a way as to provide 

for cost distribution to a variety of accounts? II this flexibility could 

be built in, then the particular cost distribution required per day, 

week, month or year could be left entirely a matter of management 

discretion, where)by specifying the classification eriteria
l 

the com-

puter could automatically make the necessary distribution. 

B. Grad/pd 
5/ll/59 



IDEA FILE 

The Storage of Blueprints 

Could blueprints be stored on magnetic tape like that used for television 

transmission. U so, how would it be referenced and how would it be 

displayed? 

B. Grad/pd 
5/21/59 
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October 13. 1~59 

Mr. H. F . ,Clclde 
OJ'FICE 

, • 

• 

• 
• 

1 hact a dllC:UI,ioD recently with .Member. of the lndl.lltrlaJ. Dynamics 
Clro~p al MI'l" (111c1udID' Jaa Pugh and oIhero), CODcernl", \he ability to 
Jl')ealure manaloment per£ormaxic.. in,tel'm. of loQII'a..nae . objecti~' . Durin, 
the dilelll.ion the que.liou ....... ked ... to w~ c;ouldllJ

& 'We uae IQme cnetb04 
Ilmllar to that which ie \LIed for rewardinl ".a1elme .. of product. where the 
iDtere.t il not ~u.t in the initial .alo Plt rather in 1~ COl'ItinuLn& use? Uhiana .. 
Uon. of tbh tnchade {".urAllca, rental or clata. pl"oc ••• iJlI~q'Q.lpmenl and c:ertala 
ldna ot IUPPly bOlin.aaea. In ether worda, the idea wo\Ucf " to give the 
to ..... ; .. a future parricipatiOl1 '" jA. profl' of iii. b..-Ine .. . 

'One .approach milht"be to se' • practice o! Q1 dl:n,llp lome percent of 
a "epartment'. profit • .above:.a mt1l1.num liJUrelike the .sS inv.alment 
ell.rle amona: thOI. entltle'd to lncentlve campenlBtlon. Amop.1 the partid .. 
paate would be any previo~. gmeYal m.ao&ler ati11 with the General E'lectr\c: 
co;n.pa.ny . He 'Would participate at a decreuiD. rate lor 'a period of flve to 
len, yean &.1ulr be left the bU.In... . Tb~1 would bAve the enect of rec!uciq the 
current manager I. incen\ive co;npell •• tion,aocce .. ~t 'tNt it w0111d provide him 
with an lncentive {or 4:ltablilhlna .. balta £Or £utur~ profitability. It would. le01'l1 
to be iDt\litivoly eound aiAc:e we .11 recopir.e tbe fact -that It take. a neW manA
I~r La ... hop two or three yearl to reaUy ,how nault, lor whicb be il reapoD,I-

We and not 'he preVi.oul manaler. • 
AJiother approach wOQ.ld be to .t .... each general manager lI.tock opti.on,II 

on the G:epart:::oent which he I. mana,'a,. Th ... optionl would not be ela.imable 
WltU'live year. aftet tAo m&l1 .a.umec:i. manage:]1oa.t of that dep&rtment. ney 
would dum be redeemable ove. the aucceedlnl llve ... year period . The val>!. of 
the opd~ cOQld be determincd by lome formula which wal • function of profit 

level ••• 1es and .llets . 

• • 

• 
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Pa,.2 
H . F . Dlckle 
October 13. 1989 

Obvioudy. thia ida. i. not t.a. our normal line ot work, but I wonder 
if a diacu .. ion with Bill Bryant rn1aht indicate who would be Intereated in 
auch a.n idea or whether It hA. already been explored in the past and rejected £0J;" 
lOme reason. 

Burton Grad 
OFFICE 
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?:'HE CONCEr OF A PROCRI:S$ I'LANT 

Hopared:tor tAo 19$9 llualn .. ltevl_ 

A • • 0 look IowaI'd our [uture 'l'orlt we N,IQ 10 •• e tho po ... bUltr of 
Central £Ieolrlc bullc!iJi, a Frogro .. F1~' -_ a pi .... 10 be Ii '00 .... -
Place to the world for Co:eral.Eloollic:prOduclo, General Eleclne 
'n~Ulltrlal 'Ylteml, (icel'a1 Ele.ctric bUllnel •• ,..tema. T~. Prosr,.' 
P1h>t woo.l4 be a "lIY1b, labor&!ory" to able II. to d""'Ollllrate anQ 
try out 1181N concepta. lleW hl,u. pew theon •• ad now plllla.opbt,. 101 
Operulin, a'bu.I",o ••• yslem. 

11 ,",01114 be our hope that the product p.~~.d '" luch a Froi"" Plant 
woald be dl roctly .. llable 011 the lbarlr,et. .In •• 1hI. wOuld .bre If. a rnea
.IIre (It tl:e COlinpeUt(ve "peel' of the varlo~. idea. and ccmcept. that 
w.re lried out. "bll plant ,"wd hav. bullt for It a cOl!lp ... Il~lve .. t of 
.tmulatoro ",bleb .... wl4 .enablo Ill, ev"" III thla ca .. , 10 JOteClt1l 14 ... 
prior 10 their 'belli, 'ntrodllcod III th. ueto..,.. 

~e Prope .. Rant would be loI,bly auto. at.'l \I would b. ma ... t&lned ae 
.0. ewhaC C! an hn",e4iat. ultima .. III automation lor tho Idnd of bu.ln ..... 
that Clenuat Dectric partlc.lpat.1 In . It wol.llcl ba. .... on.lln. f;on .. rol, CCm
ptote foodl>ack, and tborou,b '1ID&, •. "ont .... portlng and analy.Lr . 11 could 
II'. the varlOQI P'rinc:1plOI which the d.lUere,pt Service. cOMpanoftta have 
devolope4and ""J'OUllde<! . 

I ow loon till. will c_ II, of .0" .... hard 10 uy. nur til. experience 
that •• mlsJit Jearn In b~lldl", ucb .. P>-o ...... Plant to pd. UI In. tho 
bulIaIn, of future o1'e>&l1", {actbrt •• IIIl,ht be .. worlhwhll .. I!l'[e*fmant by 
lueU. II _.as 10.". thaI tbll ml,ht be Inltll"t.d prlD'1" to c),e "ut major 
e.xpazullon. p!"OlraD1, .;..;lce C We ""Y. "'. would g .. t fTl&.anu,l!"tl ~.nellt from 
thl tecbnlqu .. and concepta developed in buUilIa,th. 1"1""r ••• Han!. 

B. Ord/pd 
6/z6/S, 
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WAYNi:SIIClaO, OCTOIIER 14, 1958 

M!-. H. ForI! DI cltle 
Man8.C! .~-Productloa Comrol 
Mat rial. '$e.ri~. 
L!ao.U£lct ... lng "'rvlc .. 
570 Luington Avenue 
:N •• York n, New York 

Slnee Mr. H. L. _.r it abeoat r._ 111. npl&r Job, I !:a ....... rerr.4 
TOil, Au",,1 19 I,ttor """"""Ilin, & maan.tic tape to ,wu:u4 top. 
c~vertc:, to our Product Planning peopl«. {or revlew. We {eet lMe: 
thll type 0.1 eompDbent, a1.i.bo\l11l ·.lCla1rabl. tn '011:1. over-aU .,.tem • 
• pplleation" w.,u.1cI. GOt £aU wtt.h!a " .... product .cope 'inco it I • 
• ,.entiaUy 011:0 of data cOover. tOil. P.rbapa yoa hav. abe&li, df.c: .... ct 
till. wltli Ie ..... of tbo ".opl8 ill the Compater Dtopartmellt; bill, iC yo" 
ha ... 11M, lwo1l1d ... " •• t that you do '0. 
w. are alway. tater •• tetl f.a any .u. .... tieD. from yh U to how .e eae 
... lot in ._IiI", th ..... or pro,r_ coutrol prri1att, w11h1a th& 
a.Mr&l Electric Compa .. y. 

1. lI. DEVOY 
, 

A.lln. Maaa ••• -Ea.l .... nl'" 
£:to t5) ••• _ 101 

• laD/Jl. 

• 

.-tI-
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Mr. H P. r.llT,~r 

t "la,_TaJ. rvd.a.cL iniln .... h~. 
wI'ccluty Cl..ntr",l Oepart-neot 

.. yoc.b ... ,.". \ll .... ~O'I. 

cc.: C. ~. j- ryant 
B (.rad 

FILE 

bee; TFKavanagh 
IIBI:ttHc i (!) 

Iae ntcirate ... Y".Y •• 1'1' Jeel tal been .., .. '''11), "".fQ.a {ilIly tulear.'t'd 
aul. 1I0e pcratlll, 'YIUU which ..", ... .J.d p*tmit l!h-~CI tran, l'1T'ati D 

c .... t"'rrcl rc..r. IntJ !act..ry ~p.r.t • lDllru.ctL at r ~n:,., ,""",-,cned F'a.r'C'r 
tap. (.r 1 ruUD, aut Ofl"':al!C n'l-" .,lcally e.otr lleo l,achtne- tUCoh. A» V\,ll.lo 

k.n 'N toI.r pn Kr ••• hal betn q .. .utc .a .... eact ry t cI.a.t • n 'Nt ver there ia 
nc pall eular proble:n 'whicb .... " have. h. 11\. II; P ary way b',u ... hlCh 

~t It I,,\ tabl e (,Jr c •. n.l<.i.eraU D it • C. p&Jly po L..:t u&fldj> Int. "fhI. 
la th """arcat 01 .renee. betwdtD 'actfuy &t~ ..... lc.c a .. t .. , ~ e-lu,~. cut 
.~c, 'caUy !llce data pn.>CC •• i.D., c.-ch.n.:::. ~.n"l ~ly .... e p ncb<:d c.r~a anc 
_ a.netlc tape whtle tbe a,.,parc:nt. atand.al'd t r a .... t ... 11 ... l:C. _ .CIl ~.)1. l 1 c.onu 11 

u C' •• b\~hannel punched. ya",c:r t.p~. rhe p' ole l • hd,htenc·.1 oy t C' alta
tl Ii ~H cd •• tJ Q th_ ".a,neuc lapell lnm d.d ... tcal an..i!ac.t .. rt!r'. c ,.p ... le-r •. 

\,hat ... U. 0,'''' f,r ,or ,-.11 J. f"not'." n u' e<nl." t~. Wt.. n; 
n .jn.ehc tape intu puncb\.d car ..... then , Uu "" •. ' tb e oJU' 'a y~tf!mal.c. 
laur-u"pl", Lbc p...nched carel arc c .. n".ul! t e.,.lt-dlanne1 ~mchcu paj.ou· 
tap". Itus • carta:nly n. t ..... ry L'r,p(~ •• l\'tl' apF4 adl and 1. lI ... th t. J.e 
(na"" 0, and c. e atly In tL. .. :.&.a ). 4l .. ~n. \t' taFiI h c.arlo!.:. 1\\ll'r. I_1O erq'.!? ~at. 

It ... 'J lu ... ~ n t .. a that It.n .de.: lie ~ • • LLIe l p. 
naxpcna lve (lilt lah pu.aio1y ulatively 1 "" "I "ea.) 

paver tapt.. c .. nvt'rh.1 wblch w .. wd p .. rt J n thl. J 

!", ·ct: a & titS nably 
.. n~t_c: l".p~ L p..J.n.:b<;1.:o 

:.t l(kly ., ! c a lo.ly. 

r pH th~ Vr ble 01 to tnl! prClp4f C n(6)tt l~t :r .. dc.nr e h 

.e.~ .. 'r •• er~t. he the .ya\ •.• I~ 

N C .I al l'[\).~ iO! '.Itp"'! C n.,.ta ~{ a I.C. r-.l·l ... cl eve~J, J)&Jlly 
ch.-ek .... GO: . wb.cb 1. J ee rc' d n 1/ -1"lC 1. .(~l .. t .b&.~ .er~ 

r" "'rl~lic tape at II _SlItea. 17;1 o( he:J p~" 5tt lHJ at ... .J c'ur.l.tt:l. 
,eI' Inc-h packlr'i d~n.\t) J ..D;,.cec1 '4'-C.J ,IIl a 1 l'crtUl c .. <;. 

"'Qu PJ~.ched at .. late ~I • oIJ carda (c;. 04 :-.cter , ~e 1"\ .. t') 
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Pa,e 2 
H. D. l-altr •• 
A ••••• It. IH' 

caa aleo b. P'l vide ..... a\ol.JtiUary output. "h. al,ht -eh..anAel 
JklJac:hld paper tape roqlJilred. •• la.P4' t u the ~ ar. Jl ta etand-
ara .lpt-ch.a.tmel Fllx",wI'I .. er c(,oc:t.. rhu c Ge " 1, ... Du&.nentally 
a •• ~an-l.v_l <="oe witb. an t dd parity check ana 1. typically 
JNDcb. • .s. at ab4t.l1 10-2.0 char.cter. p.r •• c...od aDd teo. chnac.t.r. 
pel" iDc:b. TIle extra level ,. u •• d .. Illy { ..... F L Cor t'nd. - uf-llDI· 
characte .. s. F •• ter tape P"Ach •• (Sor(.ban and Tc:htl'~) cae be 
",bta1n.d. TlU.a lact..::.r 1 •• lpdlcant becalJi.c. th. ,.Iat lvely a1-•• 
tape p<.lDcb4nl apeed D~c .... ltate. buUe.tl.n.a t ... c -' ''peDaate .. r 
••• &.anhally hip- r :naalldic tape readln. apead •. 

It h IntereetiDol to n t. that the partty (h.clt 1 1.1 ~ tbe t. -" Cl,Iod •• 
arc diametrically ... pp l 't.1 (i. • • IVla \'.rawl .ud) &lid thl parlt, 
chldt cbanAcl ~J1 the IBM 702 c cd, appearl 10 the Urat 1.\>11 
(C-B-A-_-4-l-1) whUe dus nexuw,aLcr cng. .. UIO. the t.:_rth 
h .vell • pauty cbeeic. (rl.-X-O - CH -a-"-l-l'. T.b""., • cc.-d.a 
ct:a, \ er.l .. 11 l' required: ul.ddttlOD tu tb. ch.a4alt In rec ' rWDI 
Ihcdia. 

w. b.ava talked. .ith val''' .. ''''. m .. u!.aetur.rl (.If equ~pll"ot \:. pe d",rrn thla 
J",b. Tbe "'wy thill, tbat ••• m. t o b. (;11 tb. rnarket {I pr Oduced by EISCa 
C~j" lpaDY in 8..:-,too, M •••• chu •• U. wbieb ha. q . t ed SJO. J\lO f c..r rn a.n.Ue 
t.p~ to p .nched papar tapC! cOD".raiOll. N _,c1ea l De~. 1 p mlnt C rp ;.o r.th.1l ( f 
Arre(ICa ba ...... '" produced a In.,ndic tapl I e.. punched pA~r tape (and vic. 
vcr .. ) c .. nver,.r 111 the tLl~, 000 rani.. IBM d e. u t h.~. any equi.p.naAt oa 
tb..: arkel b ..... t .~tJ.ld be p1 ••• ed tv bu11clll ... 0 a lpe-c •• l rd. I" ba.,. with an 
lnu;c.t#d. yrice "', .p~l" .... xl!'l',at.ly SllO. 000. 

(: .. r puTpo.e \n. wnhDI I e.. y vu i. to a lieu y<' Jr c",m Ilt.ntl &.rid tb "",ble •• t ... 
'¥.'b.eLher thi. w..,wel Dt.. t b. a 1011e&1 t to ·ln ..,uh y ,,\J,r own dldlctor. for nwnerical 

lach,ne t ..> 1 cc...ntrt.-la. Cert.a1oly on. '.J! tb. p r..> bJ .,( •• which il ,oia. t be lace_ 
by all c ... mpaoi ..... taey be.ln t u mc..re exten""e1y ... .. n"" !T.erically cO.Dtr(lU.d 
, ... acb'nl h .. de will N e hicl e.tH preparatlloa, IJt the nlcl.IAry pun.chlC paper t.pe •• 

It i. po •• lble th&t mallY CeDC!ral II.culc departm enU u d "," utillcie C\l'lI~pao.l.a 
c t..: uld a1t~r4 tt.. pay th. ,ao, (JuO t ... SIDO 000 r.qIJ l red..>r w"...Jd. be _IUiDa to y •• 
• o alnct lc lap. t o card .. ct thell card to p-...ncbcd pape; r tape. Hg •• v.r, it •••. -n. 
that ther ~ :-nlabt well be. n ark.t b .... wbtcb WI .ho .. Jd iD" •• U.att! r Gen.ral 
f lectric. 



-

_I 
" .. , .. 1 4 

• .pl "nc ... or • wn part c..J.la .. ft •• d. t r •• Ci 

11 ~ an eo by • • av&.l.bl. tCi:l! en' 
\.~er b.lp n cl,e J, 10 n, lhr ",celi; I J • ctl.. 

tAp*' runlltl te, we 'S_ t. v.ry pl ••• ed t 

• L!~dle. A . .a.n.-.icr 
1 p. ... UCTI~N cet'. F.O l. "l R \lcr 

.... 0 ~4,,1 - ~;,d.. l~ll 

h " •• w 
an • C ta • t 

Jl .. P with y 

n.tral.t.Q 
caQ b. any 

P • 



• \.. 

• 

• 

• 

• 

• • ~ .. 
k fF; s' .}_ I .. 

J~ ~ &2..4... 

/4,a~~;;;::: ~ 
k~<. 4.4.. ",,"-Q_ ~ r 
~ ~... c;.,....~ ___ f- ..... ~~ " ~ 
~..--.. 1 ~..(. .......... ~(..L.. 

~/w#_,r I'!-t ~ ~e 

c.-I''' ' :17 .;::.- ,( C A 

• • 
~/~ .... 

~-¥ .. ~ ",.~ ....... ~.t!.t~ ___ 
~.~r HI.. ~ Il<~ 

~~ ",~ 

~ ,k~ ............ - ""'/-<. c.I~~ 
f...... tr'~ -t I";.-.,? .. ,_ ?l-t-. 

{
&...-~~-~ 

~ ~;L7 /"r--
c.".r ~u~.~ <-

f.:~ ~ 
~....,....-r r'7rt t;-

7 u..? ?r-4 'f /l~4- ~ ~ "'- /co "'J 



" l' 

, 
JAN 19 1959 

Jaauary 14, 1959 cc:: :C. Orad ~ 
M ... rs, P. M. Cllrrier, BidS' 5, It.n . 531, Scheneelady 

R. L. Geth, 3198 Ch.at",lt St., Rrn . ~65l), Philadelphia 
R. V. Sickle., llldS. S, Hm. 531. Sch .... ctady 

In additten to tho State Folice', a favorite tClpiC 'On Ialt year'. au.to tripa 
to Schepectady Wal, 'How can TABSOL be Improved?" One at the chief 
cOIlcern. wu that we would allow muy 01 the Ideal, comInents. and 
crlticllma pal' unrecoJ'ded -- and that thh over.lpt would lomeday be 
rearetted. It WAI willi thh problem In mind that the endo.ed draIt w&. 
prepared . 1 recolnite that each of you 18 nOw blllUy en._ged in other 
.ctivltl.s, neverthe1el. your lntere.t and the impor1a.rtce of TABSOL 
JueUfi •• reque.tin, your thouihtfol caMment". (Have you ever been aaked 
to do "free" work '0 nicely') BerlouIly, you wtll undoubtecUy recognize 
lome 81111eltlbnl of yoar own; any adcUtloD. or elabOration.. you cale 
to make will be ,ratolully received. 

To hIghilcht tho tlmelll1e .. e! a TASSOL review, there pnul1t1y appea .. 
• orne hope that we may be able to re -pro,ra!l'\ T ADSOL tpcorporat1..zli 
many of the •• feature: •. 

Be.t regard., 

T. F . Kavanaah, Specia1ht 
Production Control Servlee 
!\Do", Z409 - ext . 3547 

TFK/p! 

enc. 
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CONTINUED COMFUTrJt AF LICATIONS PROJECTS 

lntrodllctlon: 

mto,rated 5Ylte1\, Project ellort. to profitably utUtte electronic compu.ter 

in bUlin ••• 'Yltom. uncovered Dum.roul opportunltl •• to brc;.&den the appli

catlon. and 'i,n\ficance of the central TASSOL concept. H wever, the 

external lral'l"'lework of the Project demanded that full effort. be directed 

toward campl.tIna an operatina "breadboard' model, thUI precludiDI any 

.x~u.lon exploration of th ••• id.... The lucc •• ,lul completiQD of the 

"breadboard ode1 in Ncwember 1959 proved the valtdlty of the oria1D&l 

concepti and \l.nderlcor •• the importance of contlnulna TASSOL', developmmt. 

Thh dhcu •• ion il d.,laned to outline a prQararn to accompUah tbh objective. 

Prelently, tor ••• en work t.l .. pl'lnclpally tnt tw rather well-deltned are •• : 

-. TABSOL. th leD.raii. e4 table .olution pro r aacl :I'AlSCOM, a .. rle. 

of ,eneralbed pr ,ram. {or automatically con' rUn, .y.t. I MI1 ... r'l 

.tructu.re tabl • into computer 1anlua,. tor u. •• tn ac:tu.a1 operatin. proaraml. 

Other relat d proJKU ill b. It-ouped del' General Cornp er ..Appllcation 

f rojectl: 

TABSOL DrVILOPMItNT no CTS 

1. lJ f r the CiE 10. in conJlmctlOD With the Computer 

epar an . Abo: con,l 81' advlaabUity c.l dey loptn. TA.880l.. 

{or the IBM 104 to Id.pptort ProdUctiOD C ntrol Servic.' •• du.eatioas 

pI' ,ram. tn 1959 • w.U a. d.irect depat-tm'.a.t appllcation to 

exl.ting cotnpllter pro.ram lA' probl.ow . (The C C\paAy can 

alte "'''ney (rOM 'r BSOL \odayl) 
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ObviO"..aly, thll prcgra:n would encompal. the projects 

ouU.lned below. 

Z. Ceneralbe. by. careful J'evaiuatloD. the varlOd.l d&ta area. 

uI.d III conJWletloA with r ABSOL .... d the manner h. which 

they are ape-dnac!. ro be more preel •• Jae SPE'C are. (wbleb 

.~. orlpally IUlmed beCa\1I' 'he area wal initially r"'l""'ed lr r 

ell.t"",er SrrClfieaUonl , __ Ihould b. tboasht Dill h. t.tml 01 

a lueral proble DATA are. whol. ,I e II lncSer parameter 

control . The INT area sbould develQp iDto • leneral proble 

oriented WOJtK area. SlmUerly. the prel ... t c copt of HOLD 

ar •• , TUdE accU!'Dulatcr, and PAC pt:euclo-accu.mulator •• un 

be profitebl J o:<p&Dded. 

3. Expand AlISOl ,e.t £uc on. to l .. dUd. other type. of telto . 

Pa.t project expcrie:u:. hal already indicatea •• veral deaireble 

addltlOAa luch .1 a "not equal' and. an 'unconditional eolll'lUl Ik.lp'" 

te". Tbe _ .... lon of the "ABSOl teat to olber IOlleal operatl0l11 

(e. ,. lo,leal 01\ alao .. em. 4e.lrable. Pl"ovilion lboo11d allO b. 

mad. to permit the ute of formula. I .. teltlag. (At preleA' poeudo

arith",ctle ealeulatiOllS ue nl rlcted to TABSOL ruultl . , 

4. !:xp&l1d 1I'ABSOL .... ult operatlcou '0 per:nlt modlCleatlOl1 of tabl ••• 

An add. rRetnory't or aubtract memory" type of lnatnctioD which 

would permit the &rect addidon or lubuaeu"";D of lAteral or Don-11t.ral 

val\1al to any addr ••• able data area would bave c,bviollS advant.ale. La 

recordkoopln, .. UvltI.. . Tbo HUNT fanctlOl1 .boule! b. able to acldrc •• 

all of memory overlapping aadnl.able Uta aro • . 
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5, lncorpGrate the- error 01 •••• ,0" c:o!TIpletely within TASSOL ADd 

without return to the executhe pro.ram . Thia place, .y.tema 

Irror re.ponllbf,1i.ty ccmpletely with the 'Yllo:2'll& "II de,l,ner 

and .hau.ld aleo lmpro\" certal" data pr(1c"'in, ,filc:t,nde •• 

Tbl, al,o hnplif:!'t a TABSOL .ddT •••• ble ID (table identification 

area, Dot lhe lube nlclou. mind). 

6 . Re ....... nine pre.ent print pro,racn. to determine what modificaUonl 

m1aht be nec.slary to CQIlvert it Into a .ener.li~.d fixed and variabl. 

output pro.ratl1. 

7. rev.mp. flexible input pro,ra.m ..attll lDl the TAIlSOL concept which 

will make tbe requbhlen edll aheet format (or &Dy input) independt'nt 

01 the proaram. The concepti to Itlpport thl' development are 

avan.bl • . 

I . r:eve)o.p 'r ABFOR .... lenerall .d formula evaluation pro,ram ... 

to lupercede he pr.,ent pseu.do-arithmetlc: . TA5FO.R would be 

developed (or direct incorporation lnto TAB..,OL a •• aubroutine. 

PreUtnlnary work in t.bl. area hat already 'been atarted. (a •• 

attacbeot) 

9. Feva1uate the pJ' ••• ,Q,t approacb to ,Pro,ra::nmiD, TABSOL. 

a . l'xamlne the po •• lbUi·y of calculatina e anewer c(li:lmn. 

rather than te.ting . In thh re,ud. re.u.rrecnOn of the 

eld "contrQl word" Idea may prove worthwhile. impl. Iile 

maintenance hal proved a atumbUna ,)lock to •• veral previou.a 

&chem •• to accompliah tbia worthwhile objective. 



, 
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- .. 
Examine method o! pe:rlnrmlng fALJOL tell._ T •• t. 

(Qr c""parilon.) particularly cn lbe .erial coa-pute .. ( • . , . 

IEM 702) are qlUt. tl: • caMaml"l .,.d a .... or. elaborate 

t •• tina ,chema which reduced the aa.:n.ber of teats would 

lmlCt have a 1_ break."." point . 

c . l:Jdend TASSOL pro,'a to per<ftlt tabl •• In bolb .~ctloD8 

of momory. (opper anello ..... ) 

Examine for a ~rl.ty c.f cc:nputerl. the rlliathr • advanta, •• 

and dhadvanta, •• ~ll.n erprct\ve verau. lenera, r approach •• 

to r ABS01.. Eitabllih criteria for e10ter _. n"" proper approach 

to 'Other co;nputer • . 

10 . Em".te \be potential advant..,e. f of a Tarlable .... orell.n'tb 

TABSOl. yerl~' \be pr .. ent llxed worellenalb (0=&1. 

11. l.tabU.h cl'Uerta {oJ' the de.lp of Dew electr01llc. CC-"':'lp"'terl lpeclficaUy 

to oporat .. iA lb. TABSOL m.>d • . 

T ABeau Development Prcgra.tn 

I. Develop TAECOM for \be OJ: S04 com""te. in cOQjunotlcn with Ibe 

Computer Departm.n . 1.110 conolcl.,. tha .clvll.blllty o! develepln, 

"'" TADCOM pro,ra",. for eIle IrM 704 to '''ppprt Proel ... tlon Central 

Se1'vtce lummor educatl~ programe as .ell •• direct depart ent 

_ appllc.lton to exhtlna coatputer pre,ram "lng probl_. rho 

rABeOM pro,ram include. a .erie. of .e;.: .. rate pro, .. a:n. fer tbe 

automatlc CODverat-n 01 the .ystem. deltper. ItJ'ucture table. tmo

cctnpater lan'U&le: 

TADVAL -- ., ...... all •• e1 Itructure bl •• dlt and'validot "" prca.IItt 

dellJned to a •• .1",e the ~t& proceldna: accUJ'acy d 
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the Itruct!J.re tabl •• • 

TABCON - - .,lne1'ali&ed IUuc:ture table COllver, Ion and. 

compUina pro, ram d •• ipecl to auto""DaUcally 

CO:avlrt the validated. r c "1 table. ll1to an 

ope;radll, :table aft • 

TA!1P.ltJNTo --a .eDera.lbed table print pr..-ram d.eIIDed. 

~o operato InDpandlntly 01" U • lubroutlne to 

ether TAECOM pro.raml which ... UI provide 

• pnnt out of the .e..LlCture labl ••• 

T A8.i'IX -- •• u.ralhed rue mainten.aocI lu.broutlDe d •• t,ned 

&6 limplUy maintlD&DCI of the OJMratln, table 

'-pel. 

z. TA.IlVAL Dev loe .. t hOI'''''' 

Cenerall ' . by careful revaluathm ud lnccrporaUon of revi.ed 

TABSOL cbw:eptl. the p,. ••• tt TA.8VAL 1»" rAIn. New lwu:llonl 

.. bleb th. TAB AL will ""rio .... wtll Includ. va1(cI1ty cI1ocltl0l. data 

{leld ••• i.nme:nt. para e'er checJtia. , etc. The OUtput ()f the TABVAL 

pro,1"&t11. u pr •• eaLly eovitt.ed wUl ccn,tlt oi & primary tabl. 

tape &ad.. a correctiOZl. tape (tau &'V'Otdilll the uc ••• ity 01 rl .. eadf.na, 

l'eproc •• eUll ad rewrltiq the vaa, baUt of~d tabl •• . ) Tid. output 

wculd be u .. d ." the " AlICON p"oara'tl. 

3. TAIlCON DevelOP'!! .... Proar&m 

Oevdop .. C,,.".ratoft pro. ram Ito •••• mbd a"fn&.Ur pro,ram tape 

and 01'1. or mew. table correction tapea into .. aiDa] • .,.... operatloa 
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tablo ta~. 

no f.o\BCON pre,ra-n may cUor .1ngu!Ju oppon.mllio. to 

IIr>prove lIle clac. proco .. m, a!ficiency of tho T ABSOL .F0ira '" 

by r.cI~cI"i tho number ot T"IlSOL to.t~ .clUa1ly per!ormecl 

and r.bce memory raqui remer:. Thla can be doce by max 

automatically rec:omblfti tables luto beUer •• queue. for procca.in,! 

Analyse telt conditio'll within. block of Itruc::tuJ'e 

table • . 

Co:nbiJle table. wUh .lmUar coud.1tlou.. into I.Tler 

'I%10re comprebenll Tel tabl •• . 

Split tho resaida&' cc:nblnecl tabl .. In'o a .eries of 

ene -ctndlUcn, QUO director p.eudo .... t.bl •• to re:nOV. 

the •• t redWldancy wbtch II • atcula.ry outa'l'CWth of lbe 

procedl", 1101'. 

ID addition to the lorel0lna Cwblcb I. Inton4ec1lnc14ontally ,0 .ketch 

a poa.lble 10k' 011, rather !haD to .ped!}' the approacb I" dotall) 

othor .lmplor expcdicnta ceule! be adopte.!. 

lavert the order of telt cc:.n4tUon.. Whll. U t
• ealier 

for the a.x Iwm&D to da.aily t •• t cOIlditioal {rom, the 

broad •• t to 'the mer. P' eeue . the electronic computer 

... 111 001 ___ tabl.. ~re eWcienl1y1f It can tlbpo.e o!P.e 

mO.t dl.erlmhwtlna telt fir.' . 

Rank th. appear&J1C. of te.t ccndltlon valllO. by frequency 

cl u:a AW' 'Ke!!; OCCllrreucc. 
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-4 . TABPIUNT Development Fro,l'&m 

Develop a lenerall1ed table prlnt-ou.t p~lram which will {unctloD 

.... lubroutlne to any other TABCOM prolram 01' which can be 

led 11l4ependlimtly a.a :raay be recr..tirod. The p.ro&ra!J'l will be 

required to produce converted and compiled table. for 'both th_ 

.y.tema de. f,ner and tbe computer operator. in both teatiDI and 

operallill the problem .y.tem. 

~. T ABFlX Development Prolram 

Develop a .1mplined file ma!.ntenanc::e prolram to ea •• the problem 

of chan&<JJlI tablo • • 

Tht. pro,ram hal a dUlicult ,cal 10. tballt mUll demonltrate .uperlority 

over merely re,enClratlng the operatlna table tape . Palt experience 

indicate. that once the puncbed card. have ben put (0 maln.de tape 

the TABVAL pl'olram ,Gel quickly. SlmUarly, the more complicated 

the TABCON program becume. the mOre dilRcwt It will be to .,.-rite 

a file malntenance pro,ram to alter the table tape. 

A parallel lDve.tl,,,dOll Ihould allO be conducted lnto the belt 

method for hllldl", table data. 



, 

QENEIlAL COMPUTER AFFLICATIONS PROJECTS 

1. ED""'''' the Ihnlle of _ppllcalloa or the ro,eneraUve 

concept. 

1. Exa:"lno q.. oconomlc limit. or TA£SOL In oyotom. 

d,.lp operation and maU:iteDaDCe. 

T . F. hnnagh 
1/14/59 
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A FACILITIES PLANNING PROBLEM 

One particular facilities planning problem which I have not previously seen 
described in text material can be stated as follows: 

1. The proc essing line is treated as a fixed locked-in unit for each 
individual produce. 

2 . The limiting station varies with the product being manufactured. 

3. The speed of the line is set by the limiting station for a specific 
product. 

The problem: If we wish to increase production by 100'0 what specific additional 
facilities are required. 

An example: We have a fixed assembly line consisting of stations A, B. and C. 
We manufacture products I, 2. and 3 across these assembly lines. Station A 
is limiting for product I, Station B for prcxiuct 2, Station C for product 3. The 
limiting times are, Station A. 1/10 hour for product I, Station B. 4/10 hour 
for product Z. Station C. Z/10 hour for product 3. It is now possible to prove 
that regardless of the quantity being manufactured of each of the individual pro
ducts there is a one solution which will permit the increased level of production. 
For example, if you wish to produce one of each product every tenth of an hour 
we could obtain four elements of Station B and two elements of Station C. There 
are many other specific solutions however which would depend upon the speCific 
product mix to be processed. This problem is similar to one expressed by the 
Distribution Transformer Department at Hickory and should have broad appli
cation to many of our assembly lines throughout the Company . 

B . Grad 
August 30, 1957 

BG/Is 
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COltlUNICATIONS 

In the area of external communications. we have three basic channels 
with which we are concerned . The first is a channel from the customer to 
the department; the second is from the dep8r~ent to the vendor; and the 
third is between components of the company. This could include branch plants 
to headquartersjwithin division or within group; from customer to vendor 
department ; or from departments to central company operations . It would seem 
that because of the diverse needs, requirements and facilities available to 
each particular department , and because of the variety of information to be 
transmitted, that the successful external communications system would have 
the following characteristics: 

1. It should accept any of the major forms of input such as 
punched cards, punched tape or magnetic tape. 

2. It should consist of a set of modular components which were 
designed to translate these individual forms into a standard 
common language . This common language should be capable of 
b~in8 transmitted on either telegraph or telephone wires. 

3. The input devices should be so designed as to insert self
checking bit. in each character, word and/or message. 

4. The output side should be jU8t a8 flexible, permitting any 
one of the three major types of output, or it might permit 
direct on-line control of an operating phenomenon. 

5. The message transmitting device should be capable of self 
correction, i.e., if an error is detected, are-transmission 
of the information should be immediately called for and the 
information collected to that point destroyed . 

The area of internal communication is far more complex and less well 
defined. One major area which seems to require work is that of sequence or 
station selection. This would permit a single central computer to operate 
in conjunction with a multitude of on-line devices, either in the factory 
or office. In effect, we must develop a more efficient telephone switching 
network, since it will probably not be economically feasible to operate a 
large factory from a series of independent computers, each on an on-line 
mode. 

As part of the communications problem, it will also be necessary , on 
present general purpose computing equipment, to solve the problem of program 
interruption. If an immediate decision must be made to solve a particular 
instruction need in the factory, this should not disrupt nor wreck a !lrun" 
in process on the computer. 

-1-
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Another communications problem which deserves investigation is the 
economical balance between the computer detailing the instructions and fully 
transmitting this information directly to the operating station, versus the 
comput$r transmitting only the selected code data, and j6f the station 
ltself~&ave this information translated into operating instructions. 

It would also be desirable to investigate and explore the possibility 
of binary transmission, since it 8eems likely that much of our information 
may be of a simple binary nsture. Another area for study is that of 
exception transmission whereby we might design a series of~burglar alarms 
to monitor each operation characteristic, and that these only transmit 
information when new instructions are required. 

Burton Grad. 
April 12, 1957 
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Subject: Product Structure Analysis 

There are three major approaches to the analysis of a product's 
struc~ure. The first is by interview and discussion with the vari
ous engineers and operating personnel in order to gain a general 
understanding and feel for the product. The second 1s by explosion 
and th&n comparison of the various parts required to make different 
models, This material is often combined into a collation cbart . 
The third approach is to analyze the parts characteristics 1n terms 
of the control elements which establish their specific values. 
This 1s best dODe by an examination of the various prints and parts 
lists nssociated with each class of part or assembly. 

While each of these approaches bave their advantages, it is 
our conclusion from the work done on the 39 frame shaded pole motor 
that the greatest gain can be realized through following the third 
approach after brief work in areas one and two . In support of this 
conclusion therefore I have presented below a description of the 
sequence of events to be followed in carrying out a thorough product 
structure analysis. 

Genel"al Foundation 

It is most useful to start by examining in actual physical 
form various representative products from the total product line 
to visually see similarities and differences. This review can be 
most useful if followed by a discussion with the various design 
engineers to learn from them what they consider to be the essentially 
stable elements of the product line. Their general insight o.rd under
standing will normally enable you to establish a framework upon 
which the balance of information can be de rectod. This discussion 
might consist of an indication of basic incremental spacing used in 
various parts of the product, a notation as to the major assemblies 
or components, some remarks as to the basic customer variables 
which affect the product deSign, an indication as to which components 
are most highly variable and which dimensions on these components 
seem to be the ones with the greatest variation. This might even 
have at this stage some indication as to inter-relationships between 
major components and assemblies. It is useful to try and make up a 
rough model at this stage listing all the various 5semblies J parts 
that go into them, and some verbal notes as to the basic vnriations 
thereof, and what causes these variations . This is at best a cursOTY 
model and nO matter bow clearly it seems that you understand the 
problem, it is much too soon to have ~harpened the knowledge which 
you need. ~ 

-1-
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A Basic Parts Model 

With the various parts generally classified, it is then often 
found desirable to select some representative number of models, 
possibly ten to twenty might be effective, and to obtain complete 
sets of model lists and parts lists detailing these particular 
models. The models should be selected either on the basis of 
greatest number of sales or by their being representative in cover
ing the entire product line or some equally logical foundation. It 
is then desirable to keypunch the information contained on the 
various model lists and parts lists so that some analysis can be 
performed. If possible, the entire contents of a single parts list 
should be contained on one IBM card. This can often be done by 
finding commOn drawing characteristics or by elimination of obviously 
repetitive, descriptive and quantitative data. It is at this stage 
that the redundancy of quantity information becomes most obvious 
and frequently basic collations between assemblies and groups of 
assemblies also becomes obvious. A great deal of time should not be 
spent on this keypunching; however, it is often useful to insure 
that no parts are ~verlooked, no assemblies are missed and that the 
proper sequence in chain is established. It is also desirable in 
that it makes sure that you have covered the full product line rather 
than just some most popular branch. When this is completed you 
should be able to improve your previous model by establishing a list 
of parts names which should bo essentially correct and~owing clearly 
which parts go into which assemblies on up to the major components 
and model level. 

The Study of Parts Characteristics 

To perform a tho~ough and complete parts characteristics study 
it is essential that a copy be obtained of every active blueprint 
and parts list. It is also essential to obtain copies of engineering 
and/or manufacturing instructions. It is also desirable to obtain a 
set of operation planning cards. With this material available, the 
first step is to segregate the information by assembly and then by 
part. The problem can be approached from either direction; that is, 
starting with the model characteristics and gradually working down 
to detailed parts or conversely starting with the parts and building 
up to the total model. It is our opinion that the most efficient 
approach is to start at the bottomJ at the lowest common demoninator 
in the syste~ and gradually build up to the assemblies and finally ~ 
the model itself. To illustrate how this can be done we would take, 
for example, all the blueprints covering a particular type of part, 
for example, a shaft; a collation sheet would be set up on which we 
would list each variable shaft characteristic as it was discovered. 
For example, we would inspect the diameter of the first shaft blue
print. We might then look through the other shaft blueprints until 
we found one that was different. If a variation was found, it would 
be noted. Tbe item would &e noted as a variable characteristic. 
If no variation however were found, then this would be noted as a 
fixed characteristic and so indicated. Therefore the extent of the 
first pass is merely an identification of these variable and fixed 
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characteristics. The second part of the program lies in establish-
ing the minimum and maximum values of each of the variable characteris
tics as well as the incremental spaCing between acceptable values. 
This also includes dlscre~~ states for non-dimensional characteristics. 
For example, if there were oiling grooves on the sbaft/they might 
have two basic directions of rotation, either clockwise or counter
clockwise. To insure that no variablo characteristics have been over
looked, planning cards tor making various of the active shafts 
should then be examined. It should be possible to identify for each 
characteristic, both variable and fixed, the specific operation in 
which this characteristic is inserted. Some of the characteristics 
of course, belong to the raw material itself and should be so noted. 
Certain cbaracteristics have to do with positional relationship 
between items. These are generally just as valid and just as signi
ficant as those Which deal with a particular dimension. Other 
characteristics may not eveD be noted on the blueprints but covered 
in engineering or manufacturing instructions ornotes. These must 
also be picked up. One ot the characteristics to be studied is 
always quantity, for example, how many shafts would be used per 
product? This may also be noted. 

In studying the various parts characteristicf it is often 
desirable not to treat the entire set of parts as Acntity, but rather 
to break tbem down into two or three major classes and then develop 
the variable and fixed characteristic~or each of these classes. 
This is a perfectly acceptable procedure, but should only be resorted 
to when it is not efficient to describe the entire set of parts 
with a commOD set of characteristics. 

In doing the work then you may often want to build up the 
description and characteristics for all the parts that relate to a 
particular sub-assembly, Then to go on and study that sub-assembly 
and other related sub-assemblies continuing on to a major component. 
This often permits a number of individuals to work on the problem 
simultaneously, hence gaining multiple insight and greater speed. 
Nevertheless, ilk1S usually desirable to have some one or two people 
reviewing tbe'Mone by all of those working on the program to 
insure that it coordinates well and that logical crOBS inferences 
are being drawn. As the next aep in handling the parts characteristics, 
it should b~ the responsibility of the analyst to try and determine 
the C::Q~r;:::.t.tr,"'oa for the particular value of the characteristic. For 
example, if there are six different distances eavb varying by a 
quarter of an inch between the oil grooves on a shaft, it would be 
the responsibility of the analyst to inquire from the engineers or 
manufacturlng people as to what caused these different dimensions. 
In this case his first conclusion might be that it was caused by 
the stack height of the rotor into which the shaft was assembled 
and this would be adequate for a first approximation. However, as 
the analyst then went on to stud~the rotor core and ftnally the 
rotor itself he might be able tOfmore specific, for example, be might 
say that it was related to the stack height and the number of poles. 
When the total information for the motor was brought together he 
might then see that it was actually related to the bearing positions 
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in the motor assembly and this in turn related to the size of the 
shell wbich was controlled not just by stack height and number of 
poles, but also by ttddta1 customer requiremont, either for extra 
ventilation or for standardization. In other wordS, a chain 
of logic is built up, step by step, as the information 1s procured. 
For an element to be controlled it implies that the knowledge of 
the control element alone will fully determine the particular value 
of the cbaracteristic under discussion. By definition then, a 
control element to have reached a final stage must be one which is 
specified directly by the customer. 

The end result of this work then should be a complete listing 
of every single part and every part characteristic for~tire product 
line. Theso should be in Bome sort of assembly or disassembly 
sequence. The other dimension in the collation sheet 1s the full 
set of control elements, each taken back to a customer specified 
item if possible, or else as far back in the engineering chain as 
can be lo~ically developed. For each part characteristic then 
we WOuld indicate which control elements specified the value of that 
charactoristic. If the characteristic were fixed, this would also be 
noted. Therefore in essence what we have when we are finished is tho 
ability to determino thru formula the exact value of any characteristic 
of the entire product line uniquely from USing the control elements 
to~etber with certain fixed or constant factors. 

Now what is the implication from this product structure summary? 
it should be expected that the amount of information noeded 

define an entire product would be significantly reduced 
the present levels. Secondly, since every part characteristic 

sp'ec:1fied, we are in a position to uniquely determine the exact 
,r'";:LO,l> to be performed in the factory. This would be done by 

collating individual factory operations against parts characteristics 
to determino time relationships, operation characteristics, etc. At 
the other end of the chain we bave determinod what the customer should 
specify and therefore have established a set of values which arc needed 
by the applications I engineer in order to uniquely determine a parti
cular product from theProduct line . This could have direct value in 
specifying to Marketing what information thoy should obtain prior to 
the acceptance of an order. 

Essentially in establishing a new product line the engineers 
create a basic structure; the product analys~plan is merely a means 
by which the rest of the business may benefit from the knowledge of 
this structure and may use it to maximum advantage. It is a powerful 
tool designed to aid standardization, aid mechanization and cQcourage 
automation. 

.B.I.lMou (tract 
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INTEGRATED SYSTEMS PROJECT 

Memorandum: Automatic ldachine Control 

Compcmentl can be permanenUy IdontWed .. I they &%e proce •• ed by 
lpottlni a drill oppollte the appropriate variety number: For example, 
Variety 14: 

Variety No. I IZ 3 ,4 5 ----- n. 

I ! 
Obviou.ly. binary notation could .lao be Uled. 1'01' d.emoutration pUl'po ••• 
the Iclentlflcatton numberl could b. imprinted with a rubbor ltamp and 
fixture; later the mold could be chana_d. 

1/( 

J .. 

. ------------------------------------------------------------------
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INTEGItATED SYSTEMS PR01ECT 

),femorandum: Automatic Machine Control 

( 

B. Grad 

A eliaplay board--aeparate from truo machine tool conaole--ahould 

be erected utu.i.zing annunciator paulJ and Burrouah'. a.lpha.-Ilumeric 

no"" tubea to continUOl1.lly clUplay the activiti.a of the mechin •• 

T. F. Kavanagh 

Jw 
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File Memo 

Subject: Use Of Condensed Card 

Assuming that a basic punched card can be designed requiring 
something in the order of 500 bits of information to fully describe a 
particular motor in a product line. How can this be us ed to reduce 
the work required in an operating business? In the foliowing para
graphs we will explore some of the various ways that this concept may 
be implemented. 

First. a basic reduction in information content was made through 
the separation of fixed and variable characteristics. This was carried 
out by logically understanding that the individual part or assembly was 
essentially fixed in naure and that the variables would cover only IS to 
2.00/0 of the characteristics . Therefore, while previous General Elec 
tric drawing systems went toward the direction of identifying a part as 
a whole, ignoring the individual characteristics, this concept aims to 
ward identifying the characteristics rather than the part itself. The 
reason this becomes less expensive in our present business is that the 
number of characteristics that are variable are usually quite limited 
and even many of those that are variable can be changed only in a binary 
sense and do not have a series of decimal, dimensional values. This 
possibility is available because of the basic standardization and growth 
of independent product lines - anyone of which can justify its own draw
ings. 

Therefore, the extrapolation of this concept is that the fixed data 
should be recorded once and once only, and recorded in such a manner 
as to be i:lentified with the part itself, reducing to a rninimwn the infor
mation redundancy and resulting in certain direct savings . File main
tenance would be substantially reduced through not having to change all the 
blueprints, parts lists, operation planning cards, quality control standards, 
records, and all the other documents which contain part of the fixed infor
mation . For instance, a single part may be called for on 2.0, 30, or even 
100 parts lists . U that part were changed, each of parts list would have 
to be corrected. With this new concept, if the change involves some 
fixed characteristic, then the only change required would be to the one 
record which contained all the fixed information concerning the part; U 
the change were to a variable characteristic, then the generating equations 
would be adjusted. 
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Let's carry this idea a step further . The fixed information con 
cerning a part is quite involved. First it has to do with the material 
from which the part is made; with the basic dimensions, hardness tests 
or certain quality characteristics; with the relative position of different 
characteristics, the depth of grooves, chamferring, direction of winding. 
and, angles; with the way in which a part is made, and with the kind of 
dies or machines used. The part number then has a special meaning 
since it is composed of a set of variable charac teristics which may be 
motor oriented or oriented toward that par ticular part. Therefore, you 
must note the set of values which, taken as a whole, define the particular 
part under consideration . This part number, of course, is as directly 
usuable as any other part number . One problem arises however, in 
that some of the punched card columns may be used in a binary sensei 
this makes it very difficult for the average decimal type machine to handle 
it·. Therefore, it becomes ideal for the binary or engineering style 
computer. A machine such as the IBM 70 1 or 704 which has 36 bits 
per word would work quite nicely in one of these applications. You 
could then have three columns represented by a single word since there 
is a maximum possibility of 1 2 bits per column. 

A s an illustration of the power of this type of application, we could 
store 500 bits. the entire variabl e model detail on a 39 frame motor in 
about lZ words in a 70 1 or 704. In order to handle ZOO models then, we 
would require about Z400 words of memory. 
memory size of present machines. 

T his is well within the 

The principle on which we are operating is that of logical implication. 
Given a defined set of facts, a strong "cascade" effect occurs in that many 
operational characteristics can then be directly inferred. This rule may 
also apply in our office systems where the p r esence of one factor may imply 
the existence of other conditions . 

In order to pick up the specific information necessary to operate under 
a semi-manual plan various interpretive decks would be required. Here 
the differences between a manual plant operation and automatic plant oper
ation show up very clearly. Ii you have operators who must read the in
structions, then you must print out for their use much of the fixed data as 
well as the variable information . F or example, we would have an inter
pretive deck which would co~er the machining of shafts . This would have 
on it the actual description of the operation such as cutoH, mill. grind, etc. 
It would also have in it the formula data needed to calculate the per unit time 
for a p articular operation . It would also have space for entering the parti
cular variable information such as the length to be cutoff or the length of the 
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fiat to be milled or the position of the pulley end groove, as well as the 
various control codes which would be used for selecting the proper pro
duct characteristics to be used in comparisons or selections . There 
would also need to be interpretive decks for material ordering. scheduling. 

loading. cost accounting. etc. 

One way of accumulating quantitati ve data would be to run through the 
basic model deck and group out total quantities by various characteristic 
associations; for example, keep track of how many 4 - pole, 1 1/2 inch stacks 
there were as well as 4 - pole, Z inch stacks, etc . These quantityaccumula-
tions could then be worked in with the interpreti ve decks to put the proper 

scheduled amount into the plant. 

Incidently. there is nothing sacred about defining the part as a whole; 
it might be more desirable to have your coding arranged to define three 
types of shaft: one, straight through; two, with various shoulders; and the 
third, with some type of fitting at one end. There would certainly be 
nothing wrong with this approach which might even use the sante columns 
for defining the variable characteristics of each type. In other words, 
there is no reason for defining all shafts under a single code or under a 
single column . It may be more useful to group them together . 

In conclusion then, it is my expectation that if we eX3.Jnine all the 
information contained in the different records applying to the definition of 
a product and how it is made, we would find that close to 80% of that infor
mation was completely fixed across the entire product line, and that it was 
only the other 20% with which we need to deali in addition, we would find 
that much of this 200/0 was repeated one place after the other, so that the 
total information redundancy was in the 95% range. This means that 
about 5% of the original information ought to fully define the product and we 
should therefore find means whereby shorter computational techniques are 

made available to us. 

B. Grad 

bjh 

March 29, 1957 
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File Memo 

Subject: Product Stability and Its Influence on Automation Potentiality 

To design an automatic plant lor a product which does not have guar 
anteed future stability is a very dangerous and possibly a very costly under 
taking, since the risk factor becomes so high. This is one of the things 
that has probably held back automation in companies such as General E lec 
tric. While the oil industry and various chemical plants can foresee long. 
stable growth for many of their products, we in the discrete body manufac 
turing area have not had this kind of assurance. Even the automotive firms 
have had to take sizeable risks . Suppose for example that the Oldsmobile 
"Rocket" engine had not been a success or that the new Ford VB engine had 
not clicked, then there would have been an extremely heavy investment in 
quite specialized tools which would have been ahnost a dead loss to the 
company. The ~.oss could have come in one of two respects. First in hav
ing to sell tools at distress prices or second in making them stay in the 
field longer than needed; in other words, giving hardening of business arteries 
which prevents the flexibility to meet a changing or dynamic business situation. 

Therefore, it seems to me that long - range product stability is critical 
to economical automation in General E lectric . We cannot afford to auto
mate a marginal product. This would be an especially dangerous thing to 
do under a reasonably strong competitive situation. because once you've 
sunk your money into the present design by building an automatic factory 
your competitors could afford to spend <substantial sums in designing a new 
product advanced over your own and then automating their new design. You 
would then be in quite a bind in deciding whether to try and meet his new 
product or whether to try and live out the process life with your old product. 
This implies then that your product should be very much in advance of the 
field (product leadership) before you spend money to automate it , unless the 
competitive situation is such as to permit none of your competitors to indulge 
in as heavy automation as you can (market dominance) . 

The whole pattern of earnings in a business will also change with this type 
of automation planning . Instead of being on a relatively smooth consistent 
pattern as in the past, it now becomes similar to that of a military project. 
There is a heavy, steep, initial investment and then a high return over a 
relatively brief life, possibly some eight to ten years . A t the end of the 
project life there is low salvageability of the equipment and we must start 
all over again with a new project. 
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There seems to be only one major hope which may stop this 
cyclical treadmill . This is the concept of flexibility : the use of 
standardized, interchangeable, automation components and controls . 
However to reach this goal, will require real deep work to build up 
the basic modules or building blocks and to design and evaluate the 
approach. This might involve having physically separate entities 
for machine base, stops, action heads, tools. fixtures, control cir
cuits, memory devices. transfer machines, sorters, storage, etc. 
This may mean that we should carefully separate the product oriented 
portions of the equipment from the non- product oriented portions, so 
that these non-product oriented items could be used in multiple on 
various product lines. This would apply to conveyors. holding de -
vices, motors. etc . To do this will require careful identification of 
the machine characteristics with which we are dealing . This would 
involve what we have called an Operations Structure Study. 

This approach might well be the salvation for extensive automation 
in General E lectric . I therefore would recommend most strongly that 
intensive work be initiated now by the Manufacturing Laboratory to try 
and define these basic machine characteristics and to explore the potent
iality of standardization, interchangeability. and flexibility of automation 
components. 

B. Grad 

bjb 

March 28, 1957 



File Memo 

Subject: Specifications For Manufacture 

The concept of product structure analysis leads to an interesting 

sem-manual possibility; can we eliminate model lists, parts lists, blue

prints and operation planning records and substitute 1 Specification Sheet 

for each part? In reality, what is the operator looking for? He wants 

to know what his operation is, the dimensions and tolerances to which he 

is to operate, the machine,. tools, dies, and fixtures he is to use, the quan-

tity he must produce and the price he will be paid per unit. Why not have 

1 (or at most a very few) basic prints right at the station, showing only 

those portions of the part in which the operator is interested. A Spec-

ification Sheet then would convey a description of the operation, show 

the variable dimensions or characteristics, and include the quantity and 

price, as well as all the fixed data. 

B. Grad 

bjh 

March Z8, 1957 



File Memo 

Subject: Concept of Project Limitations 

Any business with which we associate ourselves has a product or 
group of products whose characteristics has been designed to satisfy a 
particular set of customer needs . E ach of these characteristics is 
generated or produced through the application of some process; but the 
basic development of a process itself is quite independent of the product 
use. For example, the development of the process of drilling may have 
come about through the fact that many parts needed holes; it was not 
through the product application that the process was developed but rather 
through a particular characteristic of the parts selected to be produced 
for which no available process was suitable or sufficiently inexpensive . 
This is somewhat of a cyclical experience since parts are designed a
round known processes . 

Therefore. our logical approach is that we should stick with the 
basic product characteristics except where the processes which are now 
available for producing those characteristics are so difficult as to make 
automation expensive . It follows then that we should not try to develop 
new processes just for the sake of doing SQ, but only where the product 
characteristics cannot be readily changed and are such as to make cur 
rent processes too difficult . This does not say anything against the 10ng
range obje ctive of basic investigation on new products or new processes, 
but merely that on a project of this type the emphasis must be on control 
and integration rather than on development of brand new techniques of 
manufacturing and brand new products for selling . 

B . Grad 

bjh 

March 27, 1957 



File Memo 

Subject: Liquidation of Overhead 

Our present practice which liquidates overhead based upon direct 
labor dollars leaves much to be desired. Other possible bases include 
direct material, machine hours, or pounds of output to accomplish this 
same distribution of overhead costs. 

It seems to me that this practice can best be evaluated from two 
different aspects . First, all items which can, should be directly assign 
ed to a particular machine, station, product and/or customer. This 
would conSiderably reduce the overhead problem, and give us more direct 
control and understanding of the exact cost of producing a particular pro
duct for a particular customer. In an automatic shop this concept has 
much to offer over the usual "standard costl! procedures, which are not 
standard at all, but only a convenient way by accounting to save cler-
ical effort. 

The second aspect that should be considered is the selection of a 
proper base for those items which are not directly assignable. These 
would include management costs, certain accounting and clerical costs 
which are devoted to the entire business and not to a particular product line 
or customer. etc . One measure which has not been investigated too 
thoroughly in the past, but which has much to recommend it, is net sales 
billed. The billing price of an item is a measure of what customers are 
willinl to pay for it . It is not depended:upon internal mistakes or errors 
but is"reasonably . true measure of the outside world's evaluation of our 
product. It is relatively stable and does not vary rapidly month to month 
as our business goes up or down. It would accurately measure the over 
head in terms of the effect it has on profit since every percent':age point 
of net sales billed devoted to overhead is that much less to be retained for 
future growth and stockholder dividends . 

In testing out this approach, it night be possible to xe- analyze many of 
our items of overhead in terms of their percent to net sales billed. This 
might give us a clearer picture of the benefits to be gained from such an 
approach. 

B . Grad 

bjh 

March Z7, 1957 



File Memo 

Subject: Scheduling Maintenance of Machine Tools 

Mr . H. F. Dickie noted at an AMA Conference in March, 1957, 

that both Monsanto Chemical an~ Quaker Oats mentioned that they had 

separate schedulers whose job it was to schedule maintenance work . 

These men are of a similar skill and on a similar basis as those who 

schedule the physical operations . This sounds like a worthwhile con-

cept since in an automatic factory the scheduling of maintenance be-

comes a more highly variable item then the scheduling of the automatic 

shop itself. There are two different types of scheduling involved here: 

one is the short- range rapid fire dispatching concept, the other the longer 

range planning basis. Both are valid problems and should be incorporated 

in any future plans . 

B. Grad 

bjh 

March Z8, 1957 



Memo to File 

RECEIVING 

Probably the whole concept of receiving should evolve around the idea 

of multi-door delivery. This would imply that each item would be marked so 

that it could be delivered directly to the area where it is to be used. This 

would automatically separate tools from direct materials, steel from copper, 

hardware from bar stock, cafeteria from oil products. 

Mr. E. C. Throndsen suggests having the basic paperwork attached 

by the vendor to the material to permit automated internal processing. Mr. 

Federspiel, Purchasing Agent at Appliance Motor Department, is apparently 

working with certain vendors toward this objective. Why should there be any 

receiving reference material at all? Isn't the packing Slip good enough if we 

~ code in the proper amount of identification information. We could check this J-vtv .,., 
tout"number 9t purchase order number Or attach it to the item identification 
group. 

Why should we bother to verify either the cOunt Or quality at receiv_ 

ing? Couldo't an effective vendor audit program be setup which would guar_ 

antee, to an adequate degree. the proper performance to these standards. 

9/10/56 
B. Grad 



Concept for Information Transference 

It should be possible to go directly from customer specifications to 

the direction of plant operations . For example , the customer's specifica-

tions of a certain horsepower and a certain length would clearly designate 

the number of turns of what si ze wire were needed . Therefore. rather than 

go through the multistep process of parts explosion and operations planning. 

should we not be able to take the specification and directly translate it into 

a winding order. 

This concept might even be further evolved so that purchased parts 

and materials would be called for as subsidiary to the support of a particu-

lar manufacturing or assembly operation. In effect. we would then decen-

tralize wholly the ordering and inventory control function . 

B. Grad 
10/16/56 



Subject: Automation of Operation Planning 

Memo to File 

In order to be able to compl ete the entire cycle from 'customer1s 

specification to direct control of machine operations, it will be neces-

sary to translate part attributes and product attributes into actual di-

rections for machine operations . One of the best ways I can think of to 

improve the validity of this concept is to show the logic of its being 

performed on the present machines with the present operations . 

There are a limited number of such operations which have been 

listed in the planning studies being made for their punched card work. 

These one to two hundred operations can each be coded or defined. It 

is then only necessary to indicate which particular parts Or product 

attributes are imparted by the machine operations . It should also be 

necessary to note what special operation instructions are required, such 

as, what special setup is needed, what fixtures, dies or tools are re-

quired. Where there are other special characteristics, such as, set-

ting up a number of terms. things like this should be noted. In effect. 

we are to show the correspondence between a machine operation and the 

parts attributes which it produces . 

B . Grad 
11/16/56 



Subject: Forms Analysis 

Memo to File 

Each field on a form by its very name specifies normally one of three 
things: either directions for obtaining the data. the actual information con
tained in the field, or directions for using the data. In our plans for naming 
the fields, it is implicit that we must aim. toward the second of these char
acteristics . In other words. even though the field may say "mail to" or 
!Osend to", this is not adequate. The information that appears in the field is. 
for example. name of employee or nam.e of customer. or customer address. 
Similarly, if the information in the field is credit or debit, the thing we are 
interested in is that it is an outgoing transportation account number not how 
it is to be used. 

We are, therefore. agreed on a certain number of standard names or 
classifications of the kinds of information that appear in each field. and it 
has been necessary to assign adjectives and prlpositiooal phrases to des
cribe the information which appears in the field. as in the example given be
fore; outgoing transportation account number clearly designates what the in
formation contained in that space is. The degree of ~alization that this 
nallle will have to have varies considerably . You may, for example. have 
name of employee. Even more general than that may be name of person. 
More specific would be Oa.J1le of foreman or name of tool room foreman . 

We must come to a general rule such that when two fields of informa
tion have exactly the same name, then if they are both recording events re
lated to the Sa.J1le customer IS order or to the same transactions, then the 
number which appears in that field would be identical. Reierring to Lfber
man's article in Institute of Management Science Magazine, then we would 
have a true redundancy only if the names of the fields are so clearly desig
nated that we will have no obvious miSinterpretation of what is going to ap
pear in that field . This implies. however. that date. for example, is not 
adequate. Date that such and such a document was written more clearly 
specifies exactly what is in the field and avoids the problem of redundancy . 

B. Grad 
R. Sisson 
10/5/56 



Subject: D ecision-Malting 

Memo to File 

Operations which are currently considered to be decision-making con
form to anyone of three classes: the first of these classes is where judg
ment or intuition is truly used. in other words, there is no specific set of 
operations which will transform the input factors into the output decisions. 
In certain of these cases the input factors are either not well known, are not 
clearly established, or so complex that no mathematical transformation has 
ever been devised. In these cases it would be necessary for us merely to 
list what the input factors are, if possible, in order of importance; to list al
so what the different outcomes are and, if possible, in words to indicate what 
some of the conditions or boundaries might be for taking certain of these out
put paths. 

The second level of decision-making is where. by astute questioning, 
we can determine what all the input factors are, as well as all the outcome 
decisions. We would then construct a "truth" table. We would list the fac
tors across say the hori:c.ontal and the various outcomes on the vertical. 
Then. for a given value or a group of values or within certain boundaries of 
each of the various factors. we could say that if the length. for example, 
were three and the grove-to--grove distance were four and the direction of ro 
tation were two, then output number one should be followed. Then, for any 
given other set of values of those same items, a certain different outcome 
might be followed. This type of approach is perfectly adaptable to computer 
proces sing. 

Third level decision - making is where a thing that is spoken of as judg
ment today is really no more than a formula. poSSibly not well defined, but 
still a formula which can be used. We would then be able to translate the 
decision making box into one which had pOSSibly computing and compare and 
branching involved. In effect, we are saying that a compare and branch op
eration is the simplest type of decision making and one which is readily 
adaptable to machine use. 

B. Grad 
Il/Z9/56 



Subject: Functions Outside of Operating Department 

Contact: E. F. Waldschmidt 

Memo to File 

Mr. Waldschmidt suggested in our discussion that there were 
certain areas which were really pa.rt of an over-all business system but 
which we were at the moment not plahning to pick up. For example, he 
noted that Apparatus Sales was the hired agent [or selling the products 
[rom Specialty Component Motor. This includes the actual getting of the 
orders plus all the credit and collection. He suggested that these areas 
certainly should not be ignored and that arrangements should be made to 
coordinate Apparatus Sales studies with our own. 

Another area was the International General Electric Company 
which sells some few 39-Fraxne Motors overseas. It was decided that 
this area would be checked to see the magnitude of the work and. i[ it 
was great enough, some coordination o[ plans should be made with IGE. 

A third area is Treasury Services. This includes the commer
cial banking activities, certain work on employee benefits, bonds. etc. 
Here again, it was felt that, since certain paperwork was required [rom 
the department by Treasury Services and in turn they supply certain pa
perwork to the department. that a coordinated study with them should 
prove desirable and beneficial. It would seem possible that such a study 
could be arranged if approached in the proper way. 

B. Grad 
lI/Za/56 



Subject: Operations Structure 

Memo to File 

It seems, on re-analysis of Our operations planning study, that an en-

tire area bas been overlooked; this is that which we have chosen to call Op-

eration Structure. It relates to what the basic parameters are of the various 

operations in the shop and the manner in which these parameters are varied 

so as to produce the specific characteristics in the part being manufactured . 

For instance, speeds, feeds, various setups and control settings, tOOling, 

dies, etc. For each of the particular operations used in the present factory, 

it should be possible to specify what these elements are , how they are inter-

related, and what is the cost and time of cbanging these characteristics. Mr. 

Staley is to make an original pass at this study to see whether there is any -

thing to be gained from an intensive evaluation of this area. This Operation 

Structure study should become an integral part of our total plan for automat-

ing the entire design to operation control calculation. 

B . Grad 
12/17/56 



Subject: Customer Specification 

Memo to File 

It seems to me that the customer specification might better be 

written in terms of the application in which it is used; in other words, 

what the customer wants rather than in terms of the motor required. 

This, in effect. lets him specify the motor needs in terms of the device 

that he wants driven. It should be possible here to design some sort of 

standard form where. by filling in information, such as the speed, 

torque characteristics, resistance, and things like this, it might be 

possible to completely specify the basic motor requirements. This 

would also pick up quite readily the information concerning mounting 

and ventilation. 

B. Grad 
12/17/56 



Subject: Departmental Cash Control 

Memo to File 

One of the weaknesses of a centralized company treasury organization 

is that each department loses a feel for its actual cash position. Each de-

partment always seems to feel that there is an inexhaustable wealth from 

which funds can be drawn. There ought to be SOme way whereby the indivi-

dual department manager can feel quite strongly and clearly that he is run-

ning out of money. 

There are a number of possibilities here: the first is that we should 

probably keep a complete cash balance record for each department and that 

whenever they went beyond this there was a necessity of: 

1. Paying interest on the money borrowed. 

Z. Negotiating whenever they went beyond 
a certain stipulated credit line. 

This would prevent. I believe. the build up of inventories without justification 

and the improper use of funds so that the Company was forced into short cash 

positions at inopportune times. 

B. Grad 
12/17/56 



Subject: Factory Control and Feedback 

Memo to File 

Scope: 

1. The objectives are usually externally applied as are the boundary condi
tions under which we operate. 

2. The first step within the process is the analysis of these objectives in 
terms of the process capability. This implies a check for the feasibility 
of the objectives. Can they be met by the process which is to be control
led? This often also includes an outline of alternative courses of action 
which might accomplish the objectives proposed. 

3. The next step is to choose a single (optimal) course of action which has 
the greatest opportunity of achieving the objectives. There is an impli
cation here that the objectives have previously been checked out and are 
feasible; otherwise. the objectives have been changed to become more 
amenable to the process capabilities. This third step often involves a 
translation process where the externally applied measures are now trans
lated into internal operating rules or procedures . It also implies that 
the external measures of performance are translated into internal mea
sures which clearly reflect the inherent variability of the process and the 
response to deviation inherent in the process. 

4. The controller then causes the process to act. in effect. pushing the start 
button. This also activates the response mechanism which will measure 
the performance of the process. 

5. There is then the feedback loop where the information is returned on the 
performance measures of the process. These measures may be of two 
different basic types. either an absolute measure which gives the accu
rate value of some measured parameter or it may be deviation from a 
standard which tells you how far it has been deviated. Occasionally. 
these information measures can be short circuited so as to present a 
" go _no goll answer rather than the details of what are the deviations. 

This whole phase of factory control and feedback is characterized by its relatively 
short-range nature. However. it operates within quite long-range objectives. 
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One way of l ooking at the disp atching function under an automated program may 
be to consider it solely as a control function; one which defines the specific kind of 
work to be done. This is actually closer to what dispatching has become or seems 
to have become in the present operation. Dispatching. as we know it, is not really 
performed here in the sense of specific selection of jobs. P roduction schedules 
seem to do this pretty well or preplanned programs seem to do this . This does not 
imply that there will not be a dispatcher or dispatching computer in the new pro
cess, but rather that this dispatcher or dispatching computer will make certain 
control decisions. and as a result of these decisions. will not impart them to a hu
man being. or to a person who will retranslate these into actual operating terms, 
but rather that the dispatching computer will itself translate these instructions into 
operating terms so that the machines will be caused to act in line with these in
structions. This also implies that the dispatching computer will be directly con
nected to the feedback mechanisms from the machines themselves so that the 
dispatcher will be able to finally erase the old bugaboo of not knowing what is actu
ally going on and what the actual progress has been compared to the plan which the 
dispatcher has made as to the instructions which the dispatcher has issued. 

To control a process. which we might call a transformation, there is required 
for us to have knowledge of both the input and output sets. On the input side there 
are two basic types of input sets: those inputs which are consumed in the act of 
completing the job, and those which are not consumed. 

Let's discuss first the consumed input set : 

1 . The actual materials, both direct and nondirect. which a r e used up. The 
nondirect. then would be considered the nondurable tools and nondurable 
items. This might also include paints, varnishes and various types of 
allocated materials. 

Z. The parts. themselves, are consumed in making of an assembly; this in
cludes both purchased and manufactured items. In effect, the sub-as sem 
blies are also consumed in the making of the final product. 

3. The actual manpower is consumed in the sense that their time on the job 
has been used up. Manpower can be consumed in one of two manners: 
either through direct productivity or through nonproductive work, which 
would include absenteeism, spoilage rework, etc. 

4. Tools, dies and fixtures are consumed to an extent; they don't last for
ever; a die is used up after so many r uns. 
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5. All of the information which is date oriented is used up in the process, 
in other words, after the process is complete or after the process has 
been going on for some period of time, all that information which had 
been related to the starting date or finish date or status as of a certain 
date, is no longer valid; it does not accurately reflect the picture any
more. 

In contrast to the consumed input set, we have those which are not consumed; 
these are: 

1. Plant facilities. including buildings, utility carriers, storage space; in 
other words. the general environment of the operation. 

Z. The actual making equipment itself. 

3. The various physical handling devices. 

4. The communications links. 

5. That information of relatively fixed nature, such as long-range schedules, 
forecasts, etc. 

6. All structural files, including routing sheets, time standards, tooling, 
employee classifications, machine locations, operations sequence. and 
descriptions of the processes applied to these specific machines. This 
would also include items such as: basic parts lists. speCification sheets. 
blueprints. drawings. and all those other items which. in total, make up 
the pattern into which the variable data is fitted. 

Next, let's take a look at the output set: 

1 . This includes manufactured parts in the sense that they are output from 
a previous process. 

Z. Finished products are another output. 

3. There are also certain unwanted items as outputs; for example, scra;, 
rework. salvage, plus waste material . 

The connection between this input and output set is a process which is defined in 
the economic sense as adding time. place, or form utility to an object.. There are 
a number of these particular processes: 

, 
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1. There is the null process in which no useful work is performed. 

Z. There is a physical transformation process which makes some pbysical 
change in the input set. 

3. There is a data transformation process which makes some change in the 
informational content or their relationships from the input set. 

4. There is an inspection, test, check Or verify transformation which is 
somewhat difficult to define . In reality. all that is added is an assur 
ance of reliability. It establishes the probability of meeting a set of 
criteria or it establishes the existence of certain characteristics which 
increase the value of the part or product. Whenever an inspection. check 
or verify operation is performed. there is an implication of noncertainty 
in that characteristic which is being checked for. To the extent that a 
process can guarantee certainty. we should be able to eliminate substan
tially the need for any of these inspection type operations. 

5. There may be a fourth type of transformation called an orientation, which 
is a movement within a process of any item in the input set. This may be 
linked with our data process in which we speak of changing relationships . 

Every process is also characterized by a control mechanism. This has a cer
tain number of parameters which can be measured, including: 

1. Response rate. 

Z. Damping characteristics . 

3. Parameters being controlled. 

4. Where in the process these control operations appear. 

5. The communication links between the control mechanism and the process 
itself. 

6. The information content that is transmitted by the controls or implied by 
the controls. 

7 . The points of information input as contrasted to the points of physical 
control. 
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8. Some measure as to the available alternative courses of action. 

9. A detailing of the rules for analysis. 

Feedback is another characteristic of every process. if it is not to be of an open 

loop nature. The parameters of feedback are : 

1. The frequency. 

Z. The form of the information flow . 

3. The communications links between the machine and the feedback diges

tion mechanism. 

4-. Where in the process these feedback loops occur. 

5. What are the standards or measures of deviation which are used. 

6. The response speed of the loop. 

B . Grad 
A. J. Rowe 
12{3{56 
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IDEAS ON COST 

Machine life E 

Manpower direct - 0 
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{
men 
machines 

Product 

Present direct 2/5 « 1/2 cost 

Coat is not a basic measure but rather a reflection of 
Some other measure evaluated on a dollar scale. 



Communications 

The corr.munications activity involves all those verbal or written 

transfers of inIormation external to a specific activity of the business. Since 

each communications channel implies two terminals (a sending and a receiv-

ing pOint), trying to classify communications leads to a breakdown somewhat 

as follows: 

1. One terminal external to the business, such as a vendor , 

carrier, customer, etc. 

2 . The two terminals are each in a different function of the 

business. For example, one in Engineering and one in 

Manufacturing . 

3. Where both terminals are in a different activity but within 

the same general function, such as scheduling and dis -

patching. 

In describing a communications system independent of the particular 

method and media for communicating, it is necessary primarily to define the 

records or fields of information which are being transferred. To compare ..... 0" e 

particular communications system with another, it is also necessary to ob-

tain a measure of the response speed and cost of the com.munications process . 

To gain a full picture of the IIband-width" of a particular corrmunica-

tions channel, it is necessary to define the volume of records flowing in each 

direction. 
appreciation 

To gain the I of the accuracy of the inionI".ation transferred and 

the effort required to use~ aa '9 le the inIorrr,ation received, it is neces -

sary to define what communications processes are used in various instances 

i.le ~p~ 
such as mail. telephone,,,, etc . 

B . Grad 
10/16/56 



File Memo 

Meeting December 20, 1956, With Mr. P. M. Deal and R . R. Hofmann 

Subject: Auditing 

After a review of the Audit manual, it was agreed that there was no 
need to have a specific study devoted to the auditing procedures; but rather, 
the whole team should review this manual in Some detail about Mayor June 
prior to the planning of the new system. In addition, it was agreed that 
traveling auditors might be able to identify the areas where the system would 
permit clerical errors, systems errors, or most significant, errors of intent 
or fraud. 

Also during the meeting. there was a discussion concerning the participa
tion of Accounting Operations and Treasury Services in the Project and whether 
it might not be useful to have them do a review of their related functions similar 
to the approach taken by Apparatus Sales. This would have the advantage that 
if any new ideas came out of the combined study, they would be able. as a Ser
vices function, to have a wedge to swing other departments over to these new 
ideas. One of the finest ways, it seems to me. to promote General Electric 
automation is by improving our Services and Company-wide operations since 
these affect all the deparbnents. A fine example of this, of course, is our 
Warehouse Program; where, by improving the way in which Apparatus Sales 
handles Warehouse requisitions, eight Or nine or ten departments who might 
not otherwise have been interested in punched card equipment are now using 
it for thei r internal warehouse and stock control procedures . 

In addition, a discussion was held concerning the charting techniques, in 
eHort to demonstrate their logic and to identify the magnitude . Another point 
of discussion was the size of the data processing package. It was agreed that 
we could not at this time tell whether the 39 Frame business alone would be 
large enough to justify a really automatic office system; but that, the only way 
we felt that this could be told {or sure was by an actual design plan for the 
system. Thereby, we can identify if we are in the right ball park or not. 

B. Grad 

February 5, 1957 



File Memo 

Subject: Factory Automation 

To design a fully flexible, fully automatic factory, implies to me the 
addition of one significant concept to our present bag of tricks. This is 
the idea of fixed or zero setup. For example, the only thing in our econ
omical order quantity formulas which requires the use of a lot size larger 
than one is the setup time; this includes both machine setup and paper work 
setup. Therefore, if these setups could be eliminated, or if the setup 
took the same time regardless of which part followed which in either the 
office or factory. then economic lot size would be whatever you wish to 
make if for external reasons and not for internal system.s reasons. This 
seems like a very important point to me: in the past we have of necessity 
forced a batch size because of internal systems requirements. With this 
new concept, the batch size would be decided by the customer or by external 
needs such as transportation rather than by our internal systems require
ments. 

Now there is obviously one major thing to be concerned with in this 
approach, and that is cost. It is quite conceivable that to obtain such 
flexibility with such a low fixed setup that the equipment cost might become 
prohibitive . Nevertheless. using progra.znmed equipment it might be 
possible to develop the concept of moving the piece or machine to a certain 
tape-designated position each time rather than controlling by a fixed. preset 
cam or stop. This idea seems to have substantial merit. However, it 
does introduce many difficulties such as in the winding machines where it 
would require that the machine would be able to sell-thread and pick which
ever reel of wire it wanted each time rather than keeping the one reel en
gaged until a new size was required. Itls quite possible there may be a 
compromize to this concept. where on certain machines we would retain the 
setup time but reduce it to a fairly low minimum while others would be fully 
programmed. You might design this on the basis of the needs of the systems. 
For example. in the preparation of punchings there is certainly less need at 
the present time for flexibility in setup; whereas. on the shaft and winding 
this need for setup change is quite high and there might be a substantial payoff 
in being to eliminate or reduce the setup time. 

This same concept holds true for the office. It seems quite conceivable 
to me that we must make programs available to the machine such that can be 
changed one program to another very rapidly; if an explOSion routine is to 
follow a stock control routine and then to be succeeded by a purchasing routine 
the transition time should be very small or even non-existant. 

B. Grad 

February 5, 1957 



File Memo 

Subject: Description of Files 

1. A reference file is defined as one which provides 
data which is to be used in a process . 

2 . An historical file is a collection of event records. 

B . Grad 

February 20, 1957 

bjh 
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-q ~-. ( An idea came up in a discussion the other day with Messrs. Canning. 
(,.(1\ t Bouton. and Oldenkamp.) One of the prime difficultie8 today in a more effi 

cient calculation of the motor design is the lack of effective data concerning 
how his motor will actually work in the customer's operation. These diffi
culties are prilnarily not dimensional. but rather torque. heat. vibration. 
and noise. To try and compensate for this difficulty. we have an extensive 
santple building progrant whereby. when a customer requests a new motor 
from us Jwe normally build one or more samples and actually take them out 
to the customer's plant and run it in his app'lication to observe these oper
ating results. This seems to be {wasteful process and one that must cost 
the department a~ubstanti~amount of money since building samples is a 
special and individually handled process . 

In an effort to obviate the need for this special sample building. and in 
order to speed up the process which may on occassion cost us orders. it 
was suggested that a standard motor be built. possibly with a variable base 
distance and with certain external variable controls which will permit the 
motor to act in a number of different ways. For example. there could be 
an external reactor which would permit a variance in the amount of ampere
turns being applied to the turning of the mctor. There should certainly be 
the potential of using different voltages externally through a simple switch
ing device. The heat problem could be analyzed by taking temperature read
ings off the motor and/or by measuring the flow of air caused by the fan over 
the motor in the application itself. It's possible that some fairly simple flow 
device (such as a pitot tube) might be directly attached to the motor to record 
the air flow as well as the temperature of the air. The noise frequency might 
be measured through varying the second and third harmonic of the field by 
varying the speed and/ or the frequency of the motor. To simulate the per 
formance of a smaller motor. it might be possible to have heating elements 
built right in the shell of the motor itself. to simulate different heating con
ditions. Ancther possibility is the testing of the motor as closed or open 
which would merely require that we have some inserts or blocks that c ould 
fit into the holes in a normally open motor. This insert might be in the nature 
of a second shell and/ or end shield which was an exact match for the first - sort 
of a negative image. 
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File Memo -2- February 20, 1957 

It seems to me that this concept, properly thought through, might 
well provide a design tool which would enable the applications engineer 
right at the the first contact visit or very shortly thereafter , to make 
running tests to show the customer specifically what the needs were, to 
see clearly what our performance requirements would be, and to enable ;> 

us to design an optimal motor - not one that was(heavily over-designed 
for the particular application. 

B. Grad 

bjh 



File Memo 

Subject: Customers' Specifications 

Completely independent from the Product Structure work. it 

seems quite possible to us that, through the analysis made by Mr . 

Bouton and Mr. Canning. there may be additional customer var 

iables which have not been included in the past or included only 

intuitively which could be related on a computational basis to the 

eventual parts characteristics, and might enable us to produce a 

motor either more efficient or less expensive than by the present 

engineering calculations . There is also great likelihood that the 

computational process es might be varied to provide for a closer 

approximation to an ideal motor for a particular application. This 

potential might result in substantial savings if motors are signifi_ 

cantly over-designed today. However. this would take substantial 

work, so Mr. Bouton1s report should give us some indication as the 

amount of time that will be required and some concept as to the savings 

which might be realized. 

B. Grad 

bjh 

March 5, 1957 

J 



I I 

Memo to File 

My O~ 
'l'fffl" B EST CONCEPT P01l TH E 

TOTAL IMPACT OF PLANT AUTOMATION 

It would be my estimate that in the next ZO years automation will have 

the following results: 

1. Barring inflation, the direct labor content of our current 

products would decrease to approximately 1 5 per cent of 

/-> tilelTpresent value, an 85 per cent drop. 

Z. The office functions would be reduced so that 95 per cent 

of the present non- exempt employees would be eliminated. 
d.:~ 

These estimates are ~iCttl~ on certain existing trends of our 
.;. 1lv.. .,-.r 

present progress in the factory, which has dealtRmo st exclusively with auto~ 

~ 
matie materials m.an-u.,(a~t'1re rather than the actual performance of the physi-

1\ "7 

cal operations. Strictly end- tool process today . Increase in electronics 

business. Increase in consumers I products. Increase in components. Decrease 
7 

in defense and apparatus percent - wise. Quadrupling of copper. Larger volume 

w-J..",~ 
of products. 

\ 

9/10/56 
B. Grad 
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Mr. 1. A. Ze.e .. 
Bldg. )4-2. Room 1 
SCHENECTADY 

• • 
1::'. C. Miller 

New York - November 12. 1956 

In accordance with our telephone cOIlverlation. I have lilted below lome 
of the tau _bleh we feel will be. fruitful in developin, a more effective IUl'

plu. and oblolete inventory control plan. 

There are two basic declalOJl pointe 111 the mventory control problem 
where co.t lnfonnatlon 18 needed relative to lteepilla: invctorle.. The flrlt 
of the •• la prior to the inveatment. pdor to the actual purcbale of the item. 
The .ecoM i. attor the item I. al rudy boulht aud the pl&Dned application ha. 
Wled to materialize or the item haa been uI.d in a Don-deatrtocti ve teat. In 
the !irat cue, the ween two item. to 'be conlldered are; the potential re
t~rn inve.tment from alternate application 01 the lunda and the potentiality of 
obaol •• cence. 1D addition you Ihould couieler the posI ••• lon COlt and any 
leneral bulln ... trends which mlght effect the future COlt ot the item. At
tached 11 • writeup called "Keep Your Inventory carryin. co.t Down", which 
deacrfbea In detail how to calculate theae varloul coat ... 

We have often found that the total coat of carryin, lDventory h around 
the 40 per cent muk or higher J.n a volatile budJleaa lucb aa your own. Thll 
b the price you would pay for buyinl more than you need of an item. 

However. let l • look at the other lide; auppoae there il an item already 
in inventory that h left over and Dot uled. What do you do about it? Fir.t. 
you have to remem.ber not to ",e the relUi&r hlventory curying COlt, .ince 
you C&DDot realize the or1glnal valu of the 1tem but cmly the r.aale or scra'p 
value (po'libly 5 to 10 per cent of origi.naJ. price). Furthermore, obaolea .. 
cence al a concept no longer applie. when an Uem hal already become oblo
lete. Therelore, what do we have lelt? Po.ae.aIOll cOlt. are,-til1 with ua 
and return OIl investment of 7 •• &1. value hal to be conl1dered. Allo deteri
oration may be a continuing feature in that protec.Uon lor Itorase may b. re
quJred or accuracy adjulb:r,entl may be need.d. 

On the other lide of the Icale from thele itetn8 b tbe chance that you 
will put We part to uae . Not harin, any 'better name for it, I have called it 
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M.. J. A. Ze,.ro - z - November 12, 1956 

IIdboblolelcence" • Thb lmpUea that an item which .... onc.e conalderecl 
oblolete or unu.able hal found &D application. To rc.ea.a~e the value of the 
dilob.olescence. it 11 necea.ary firlt to gauge what it would coat for & new 
item. of the lame cateaory bought at the time needed. In the lenae that the 
mOlley wotsld not be spent until aome time in. the future, we mUlt db count the 
coat at poldbly 6 per cent per year and, in ellect. say that the item, inatead 
of cOlting $100 2 year. from now, would be worth only $88 today. It 11 alia 
a lal.ly well bOWD lact thAt a.s time p.og •••••• the od.u In tavor of finding 
an application for .. part deereue. at an aceeloratln, rate. Hence. it ahould 
be pOl,ibla to atudy, lor eub clu. of loocb, your hbtorical experience in 
term. of the treq\lency of reapplication of oblolete material and. by ulin, 
thia percentage multiplied by the discounted value year by year into the fu
ture. let an anticipated gain figure. Comparing thie "With the coat of cury
ing inventory which would probably be in the order of 10 per cent per yea!'. 
you Ihould come to a point at which it b more economic: to throw the part 
away then to retain it in anticipation of future u.e. ru. =pt be 3- 5 year. 
from today. 

CertaiD other techniques .eem applicable in your type or bUline... The 
sue of lormal reportl apecifying how 10n& varlou ••• ,menta of inventory have 
beeD. 011. hand, al well u the ag. of material being applied cr .c:rapped •• hould 
prove qaite lorceCul. Applying the ABC principle to obl.,l.te Inventory review 
to allO beneficial. For example, you might decide that any Item under $Z5 
.houl~ be dI •• atded without review. Azly It.m betwe.n $Z~ and $100 .hould 
require only &Il enaiD •• r' •• tgnature or your own. For a part in excea. of 
$100 1 it might be necea •• ry to obtain the lipature of the •• ction manager. 
Clcu recordl ,bawd be kept on the cauI.t for obBolescence. In addition. it 
D'li,ht b. adviaable to have a clearly defined policy whlch atate. that a IIcleazo.. 
outll date will be .atablhbed for each item and that once that "cl ear - out ll 

date h let. the material will be dispoled of at that time without further re
view. 

U we can be of any further .Iatlta.nce to you in thil prolr&.Zll. pleue feel 
~ree to call en u • . 

llG:km 
Enclo.ure 

Very truly yours. 

%luttOIl Grac!. Spoclalht 
)di,. Control Systems Development 
Material_ Service Department 
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1Ir. II. 1o1te 
Purch .. lag Services 
IIoolo 2501 
&70 Leziagtoll Avallue 
lie .. York Office 

• 

163' BroadWay 
Fort layne. Illdiana 
April 11. 1957 

III our recellt cOllvlll'llatioll I ladicated ay COlltilluiag illterest 
1D the .. tabl18_llt of .,.,.,paay-.. ide ataadarda for illfonoaUOIl 
traDll1liaeioll. Ihila tha FillaDcial functiOIl h .. doDe quUa ... 11 
ill .eUiag up 11l8tructi0ll8 IOverlliag the preparat101l aad fonoat of 
accountiag reporte .... ill Jlaautacturiag haft DOt Jat beall able to 
do tha ._. 

A CaM ill po11lt 18 tile illterDal. or CP requ18itioll. Before 
decellnal18aUoll thera .. as one CP fo .... uaed throuahout all of the 
Apparatua dapartMllte. 11th the chaace ill job ... is-llta Which 
reaultad f ..... reoraaa1ZatiOIl. Purch .. iag aad ProductiOIl Coatrol 
ftre. of course. ccabiaed UDder the .. tariala hallner. aad it .... 
aa ohvloua nast .tap to haft Purch .. iag prapare all orders for 
.atarlal. both a"terll&l aDd 1Dterllal. Therefora aach purch .. iag 
aaellt _ed h18 0 .... purchaaa order fo .... to cover thesa CP orders. 

rro. a dacalltral1zed vlewpoillt. it 18 a .. ,. allOush to justify 
aach departMllt'. 11ldepeadallt choice of foraa; Devertbalaaa. it i. 
alao avidallt that our 901uaa of 1Dterul order. deaarves special 
co ... lderatioa aad probably""" hlah degr .. of .taadardizatioll. 
Furthll1"*Jre. 11l the 1Dterasts of adV&DCiag our data procasaiag 
1Dtagratioll thara 18 .uch to M .aid for a .1"118 cc.paay-.. ide 
.talldard purch .. 1111 fo .... to he used for all purch .. a ordar •• 

The iapatua aad juatit1catlOIl for thi. approach could verJ 
.. all be obta1aed frca tha APparatua lal_ Dh1a101l'. attack Oil 
firat ... areba .... 1D\'Olc1ag aad DOW. 011 all d18trict order requia1-
tiOIl praparatioll. TIIouah tnDty-t1 va or .ore dapartMllta are 
lD\'Olved 1D the haIldl1ag of theae cua_r raqu18ltio .... it baa 
uverthalaaa beall found poadhla to ataDdard1loe 011 a alagle fo .... 
.. hlch all dapartMllta are thaD abla to use. Thia .ada poae1ble 
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1Ir. B. I'olt. -2- .t,pr11 11. 1957 

by the uae of punched card aDd .... n COII\PUter equl_t in the 
di;.stlon and handl1n; of ths lnforaaUon tran_Itted. It 18 
.y 1mpreaalon that the requ1altlon fora followa v.ry elosely 
the warehouse lnvolce form. With th18 in ai .. d and slnce a 
rllqul.iUo .. i. IIGrely a Mans of traDRaittlnc the info ..... tio .. 
requlred by ths eustomer to h18 ... ndor. whioh i. one of Our own 
depar_ .. te. would lt not be possible to dealp our purchas. 
order fora 1 .. a .1a1lar JI8DQ.r so that we aiSht tran •• 't our 
lnforaatlon to our ... Ildora .are effeoti ... ly aDd .fflol.ntly . 
Th18 oould l.ad ... ry directl, and eupl, toward unifled procedur •• 
in the preparation of purchase order. uainc ~"'ncb.d paper tape •• 
and/or punched carda or directly f..- co.putin; equl_nt where 
_.lble. Th18 18 obvio ... ly a question which oDl, you will be 
ule to _r atter study of the .1tuation. but certainly 
1Ir. BaldWin's ;roup in Bch.nectady would be _t cooperative 
in jolntl, explor1Dl an, of tbeae prabl_ • 

One polnt of further note 18 that as our Coap&Dy plans for 
automation pro;rea •• it will be ..... _. and ...... Dece •• &rf that 
internal tra ....... lona. at l ... t . are fully .tandardizad and 
pattarDed. Without th18. the work of translation and lnterpretation 
of dlUer.nt reoorcls and diUerent report. aDd different fo .... w111 
beco_ .0 larl8 as to invalidate such of the ;aln fro. electronic 
data proc ... in; aachlll88 . If Our AutOlOation .tudy Project can be 
of any.... In the further i .. _ti;ation of a .taDdardiJled purchase 
order el thsr for lnt.rnal or external ... e. we ahould be _t 
pleased to participate or even •• rva .. a gulnea pi; 11 required . 

Burton CIO"ad 
lit;. Control 'yet_ Developeent 

80:, 
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ran ~, I",lona 
lJrU 2, 1957 

Mr. H. I. Volte 
l!atIr1.Il SlrYicaa DIopt. 
Pwahaa1lla 
I .. tarlt ottl .. 

Dar_, 

• , 

Va cIJAa't p\ aD opporQml.V to dlaollu Wa poobla ....... 7II'l ...,.. here 
lut ireel<, 110 I ... torwo1'd1Jla the l'Qultoo of ~ ""'P" DC, 1III1oh 7011 v1ll 
t1'" aU._. ~a cootu.. 011" diaoaasio" COIIGendnC tlda 1JrtAZ'depar\
_ probJ.c aod 0_''''7 poiDta town! a logioal oerv1oea teak, .a ... 
JIltuall,y cUo1paW. 1Ir. QratI baa upraolad eo lJIt ...... t oa W. IItbJoot 
vith 1'01.\10" to tho _U ... JII'OJaot ODd v1ll 41a=u 1t nth 70u -
t1J:a tb1a ireel<. 

ZMloRr .. , 

-~, 

•• H. 1leRulIbe 

1 . Jlellllte of ..... 07 
D. .lDal.)'a1a of MU"ro7 
C. orgI.JIol1ot_ oout to .. leated 1II4iri4ual. 
r. 1IopU ....... ived 

Spoa1alut, llIIlI1staoturlJlc Co:lt2'Gl 

HBD,b 
Utech . 
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6ubJoot - IDtra DcpartaeDt Order. 
SeDt lotter. to thl. lilt • 

0 

i j ii '3 
~ .!! ~ 

l. P. L. BucJ<l0D4 I'etorborouab, canada a 18 4 22 

• 2. II. H. Boboar JO_OD CltT, N. I. I. 8 1 1) 

). David Blair Eri. J P'M. a 10 2 12 

4. Ja08I Baird, lr. Scbenaotad7, 1:. 1. 3 18 6 27 ,. 'I. \/. AahmaD BaltlJloro, &,.,.lInd 1 9 2 12 

6. W.7. Barb.au Wa.t Lynn, Mall!l .. 2 9 2 13 

7. v. • Brow Enndal.. Olllo 2 10 I. 16 

S. 1:. r. carr I!oJie • Georgia ) 11 <! 16 

9. I!. J. £acllJl1 SoaarllllOrtb, ~. II. 1 10 J 1.4 • 10. J. C. Faraor . Jr. Lynn, MaU. 1 12 :2 l' 
11. S. J. GvabaD Schonootaq, Ii. I. 3 18 6 27 

12. R. L. Gott. Bloomfield , • • J. 2 9 2 13 

13. C. F. Bau .. r LeweU, Hal •. 2 11 3 16 

1.4. C. F. IoOD~ Loulov1ll.. Xy. 2 12 ) 17 

U. n. T. Louo .:orriaon, Ill. 1 8 1 10 
16. r. ei.CUI r.uwauk •• , Via. 2 6 1 9 • 17. r. L. Gal • rort .'SJD" lad. 2 8 1 11 

• 
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1. Total Alpha. _10 .Dd Da.h •• rec' t'r .. 9 to 27 •• tollow •• 

o - 10 1 

10 - 15 8 

15-20 5 

• 20 - __ 3 

2 . Alpha rec'. rr- 0 to 4 •• tollovl. 

0-0 2 

0-1 4 

2. 'I 

3. 3 

4a 1 

• 3. R .... 1ool .....,.. t'roa 6 to 18 •• tollav •• 

0- 5 0 

5 - 10 'I 

10 -15 'I 

15 - 20 3 

4 . Ouhl. 1'''''11 •• t:roa 1 to 6 AI tollow. 

10 4 • 20 6 

). , 
4a 2 

5. 1 

60 1 

• 
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THE SlCiNIFICANCJi: OF BUFFJi:R STOCKS 

'Burton Grad 
SpeelaUst .... Mallu.!acturing Control System a Developm~nt. 

Production Control Service 

BufCer atock. have long been releaated to a lecondary po.ition in tbe anal .. 
yah and D"~nAlement 01 inventories. Economic Order Quantitiel. ABC Anal-
y ••• , Mechanbed Stock Control and ether approach •• have .ucce •• ~ly .tolen 
the UmeU,ht. .Part ot thil hal been the result of a poor "pre.I" .inee iew have 
found. it a glamoroul enough lubJect to write abouti but, more iroportant , there 
hal been a. lack ot basic communication .blUty .inee "buffer atock" apparently 
mean •• ometb.in.l'~~£erent to each perlon. It'. call.f:d c\dhlon atock, procee. 
atock, aafety, ba~p, in - liDe, el'!.c ••• , protective, 'batancln" leveUng, re 
eerve, a.nd '0 on. The ule of thea. diUerent word. ia really the clue to 'bu.i!er 

stock I, lack of appeal. 

There are rour Inajor, different objective. that buffer or re.erve .tock. 
can serve whether wo deal with raw material, In .. proce •• component. or iin .. 

iohed good.: 

1) to prevent .tock .hortage. cau.ed by u.age variation or lead tiree 

change 

Z) to permit \l.e of economical Lot .isl' 

3) to provLde a variable cu.hion between two proc •••••• 0 that they may 
operate at diIferent or variable ratee or may have lndependent lot 

.be. 

4) to permit more rapid r .. pon .. to changing product demand, 

With thb topic organi.a.tion, buller .tock can DOW be .ubdivided, analyzed 
and new control techniques devi.ed. In the balance of th1l paper theJl. there 
will be an aparatina deflnltlon given for each of the •• ela •••• and aD. effort made 
to de.cribe the n:,.anner in which an analytie.al .olution can be reached {or your 
particular problem.. Thil 11 intended to be a .urvey or pre.ent knowledge and 
a. such will require rurther readi.ng or referencli for det&il.cd applications . 
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Insurance -Stocks 

The fir-at objective, that of preventing .tock .hortag.1 t haa been much 
dileua.ad in other paperl; .neverthele •• it leem. worthwhile -reviewing .ome 
of the pertinent canclu.lon • . 

The .be of the dock needed generally varia. with the .quare root or 
both the rate of u.a,e and the lead time. Thi. problsm haa not been well 
studied yet in term. of .tability at the •• two factor' t but it ia evident that, re .. 
,ardlel' ot the rna-ptude, the bufter stock Ihould alao vary with the degree of 
uncertainty in the prediction of the •• elements. Thea. factor' can be analyzed 
10 that the varioul material. and parte might be cia.siUed into: 

highly variable UI.,. or lead time 
moderately variable uI&le or lead time 
rnh:dmal variaticm in UI.,. and lead Unle 

The re.ult8 of this objective .how up in the reorder point or frequency of 
order r.vi~w. The mea.ure of eCfidency I, the pl'obabiUty 01 be.lng out of stock 
on one reorder cycle multipUed by tbe number of ordera placed pu year. Tbb 
yielda a atock- out per year ratio. It is thuefore poaaible to aelect any deaired 
degree of conlidence and adjuat the "Ialety!! atock to compenute. Th18 meaaure 
ment ahOWI the atrong dependence that thele Itock leveh have on (requency of 
reorder. W~th larg. order quantities, the frequency of being lubJected to the 
likelihood oE & atock- out 18 correlpondingly reduced. Tberefore,.a a general 
rule the reorder point etoele. too: C items ehould be proportlon&tely ImaIler t.ba.n 
{or A item' . 

One item frequently overlooked 1. tha.t there h a reasonable UkellhoOd oC 
obaolelcenca in holding higb releNe 8tock.. Thh 11 dependent on the accuracy 
ot future foreea.ta and ability to be forewarned o( dellgn changee . 

Another potential louree of "atockouts" 11 quality £allure . To suard againat 
needin!! 100 of & cert&ln a .. embly aDd only havinJ 95 In aatlofactory condition, It 
i. lometime. cuatomary to .tart more of the aaaembly than 18 actually de.ired. 
Thil extra quantity ia normally detorm.1ned by exa..min1ng h1ltorical experience 
and calculating the avera,e failure rate for that cta.1 of parta. A technically 
Bounde:r procedure would be aa follow.: Jlecord the actual probabilitiea of having 
I . 2 . 3 , etc. ~a1lure.; approximate the COlt lnvolvecl in :rectHyiDl the abortale 
using overtinlo expenle. added setup. longer inventory cycle , ahart- lot premiwn 
(if purchaled) , or whatever !lgure pvel the lowelt coat; next, compare the pro .. 
duct of the 11make good" coat and tho frequency of apoiling 1 part with the coat of 
"runnln,1I 1 additional part times the frequency that the 1 part will not be needed 
(the prob&billty of 0 f&lture.) , By performing thh ."me computation for each 
poaaible number of failure I the optimal protection level can be uniquely deter 
Jl"_med. It can be concluded tha.t w. type of huffer could be called "Insurance 
Stock" and h deligned to achieve an impUcit balance between inventory carrying 



- J -

coat and tbe coat of beiuS out of atock considering the probabUlty of each even
tuality o(.currin.. It i8 an insurance polley protecting againat an out .. of- .tock 
condition 

UtUization Stock. 

The 6econd objective, tbe tae of buffer ato ck. to permit the ule of ecaDami.
callot lizea, i8 normally not recognbed .a a true buffer atock problem. Ratber 
it 1. treated .. a an independent computation related only to Inventory Carrying Coste 
venul paperwork. letup. and quantity discounts. But this ia not the whole story. 
A. mentioned under Insurance Stocks there ia a atron .:orrelatlon between fre 
quency of order and lize of buffer atock. It iB aleo true that inventory tied up in 
larg e Iota can be ju.tified in terma of incre •• ed proce •• utUiration. Naturally. 
there i8 a rever Ie connotation: if completely flexible plant. exilted in whlch the 
order preparation and setup coau approxlmated :c.ero (or were !ilCed regardle.1 of 
product sequenc e or lot lize) the economic lot s1ze al prelently computed would 
abo reduce to ~ ero. This would imply that the lot s1ze could then be determined 
by external factors --stock availabUity. customer needs. transportation require
ments, etc. 

There{.)re, it can be concluded that we are carryln 'Utilization Stock." to 
make up for our own or our vendor.' lack of flexibility. We should carefully 
mea.ure the price we are paying for our batch operation concept and make realon
able effort. to bring our preparation COlts to a minimum . 

Cushion Stocks 

Tbe tbird objective is to provide a variable cuahion or " .auld clutch" be
tween two processel ao tha.t they may operate at different or variable rates or 
may have ind e pendent lot aizes . This .erv •• to IIdi.en gage" two succes.ive oper 
ation., be they both shop proc.e •••• , raw material and initial machining, or a. 
lembly and shipment. 

This shoWI up just .1 atrongly in the job shop al in the flow abop thouf h in 
the job s hop it i. u l uaUy c.:harged to transportation, waitinc. or delay time. It 
a.eme appropriate that we examine this "cuiobion" s tock in lome detail to lee how 
it function a, why 1t il needed and in what way it c an be optimally determined. 

, 
E.sentially, there are two major typel of cu.hion atock: selective and in

aequen< e. The firs t is aeen in virtually all lob shopI where, in effect. the parta 
are sorted or aeg re ',a ted by sbop order and drawin number 80 that the next opera
tion or process hal full flexibility in .. electing anyone of the avallable jObs. The 
In- s equence buffer i. usually oblerved where the paru or Ihop order. a.re locked 
in sequenc e on a conveyor line. The 8ucceedin l' process may have flexibility in 
determinin g when it start I ou the next part, but it mus t take the next one In -line. 
it cllnnot lelect what job it i. to work on'. There are. of ,"ourae, all gradation. 
and va.riatiou ll between theae two extremes: side trackl. fheed diapatch rules, 
·'kittiel". etc. But we think of a cushion stock a. providin g aome amount of 
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~roce •• independence or of permitting a new degree of freedom. Since there 
are only two po_dble decrees of freedcun: when a job i. started and wbat job 
1. started, we can. compare these atocka in term. of their effect on theu~ factors. 

The "what" problem is beinl subjected to intenaive atudy in the job abop 
throu h work in Production Control Service under Alan J. Rowe and independent 
ex.plorations at UCLA in the Manaierneat Science. Research Project. Theae are 
both .1£ort8 to quantify the relationships between variou8 jobs and to uniquely de_ 
termine an optimum selection rule. By teltin or simulation with variou8 rules 
it should be pOldble to determine the amount of "slack'i time to be introduced in 
a parts 8chedule in order to pel'mit achievement of tbe procell objectives . 

The "when" problem h 8ometime. solved by a fixed aeriea of operation 
Itart and stop times. This is clearly aeen in mOlt "'automated" line. and in many 
chemical or continuous proces .. ea. In other worda every 20 second. the line mov •• 
and the operator muat work on the next selected product. This can also be Been in 
certaln ofElce sy.tems where tbe scheduling il built on a fixed operation interval 
such as at Sears, Montr,.:lmery \VArd., etc. If we have an in - sequence cushion 
BtO(.& with fhed Btart- stop time. then the only rurpo.e tbe .tock aerve. i. to pre
vent procea •• hut- down in case of prior proce •• failure. 

It il axiomatic that once a eu.hion .tock i. depleted the only two way. by which 
it can be reestabUshed i. tbrou£h delay tn the subsequent proce.' or throu~h ex
cess Bpeed in the prior proce... Thia rai.e. the issue u to whether the individ-
ual stations on an automated line .. bould not have a "hiib-apeed" mode in which they 
could operate for short intervals to eSu.bUBh optimal buffers. An interesting aide 
Ught it that though tbi. increased potential speed would not directly reduce the Bize 
of the cushion stock needed to cover process faUures it wowd permit more frequent 
operation at maximum protection leveIe and hence might indirectly affect the .tock 
position required. 

The whole c.oncept of cushion atocka is complicated by the ule of multiltage 
proce.le •. w~ start wlth raw material cuehion atocka to take care of inherent 
time variantes through daUy delivery Ichedules, truckload 1018 for transportation 
eUiciency, efficient mill rUllI, etc . We can then have stocks at every lntermediate 
atage of manufacturing and a •• embly, culmtnatin; in wal'ehoule or shipping room 
stock. to re~o nize sea.anal demand variation, distribution channel convenienf'e. 
and customer order .iz.e. Of all the buffer .tocka tbia il probably the most dif
ficult to (ompute or analyze. There il some hope that throu b aimulation teaUng 
,ome indicatlon may be obtained of tbe proper magnitude and location of these 
cUlhion stocks. It alao a.erna likely that further work in analyzing product and 
operation relationship. may lea.d to logical computational procedurea. Certa.inly, 
better information reJarding machine breakdown, employee absenteeism, apoil 
age frequency, and operator effort will permit lome intelH "ent mathematical de
termination of the risk. in vol ved. 

The problem i. abo being approacbed from the otber direction. To the 
extent that .cbedulin~ technique. can be improved and economical aorting and 
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selection devices designed it should become practical. to lncreue effective 
machine output when needed ao a. to maintain a more balanced lntermachine 
relationship. A, we automate more of our manufacturing proce.l.s we find 
that the in ... Une or "product" layout permitl Significant reduction. in tbe level 
of ~u.bion ItOcJU. Another program hal to do witb effective preventive main .. 
tenanee program. allied with machine component standardizatlon and unit re
placement techniques. It'l surely within the realm of po •• ibility that we .ball 
lOon be able to aet optimal lot 8izel lor each operation and UBe controlled cUlhion 
stocka to ablorb the variable impact. 

Cycle Reduction Stock. 

The fourth and final objective for buffer atock. ia to permit more rapid 
relponae to cbanging product demand. The extreme of this caa. 1. aeen ln ob
jective (1) where a finbhed fooda In. uran~e .tock. may be maintained to lower 
the likelibood of running short. The purpose here though La more directly re
lated to the reiuction in reaponse cycle by determininL thai. atock, of raw 
materlah. parls. and a •• embItes whicb will have the ireate.t impact on the 
delivery cycle. 

This p"oblem ariae. primarily in a bu.ine~. where the final output pro 
duct 18 not fully .tandardh:ed and wbere (·u.tomera can select from alternative 
feature.. It is Ulustrated by automobile8, frilctlonal motor. and electronic 
•• aemblies. Generally. it is characteri.tic of that cla.s of products lying be
tween 'custom delign" and .tandard off- tbe- abelf modeh. The cu.tamer uau
aUy will give tbe bu.lne •• to the company witb the .horte.t deUvery prDm18e. 
otber tbinrl being equal. 10 there l • a real incentive to reduce tbe cycle to a 
minimum. 

Now in talking about the delivery cycle we ahould include the total time 
it take. from the time the customer writes the order until be reeeivee the de 
sired product. Tbh will con8ist of tranbmiUing tbe order to the factory aa 
well aa tran8portlna the material to the cuatomer, iLlthou"h the.e two item. faU 
outaide tbe range of thll dileus.lon. itla worth noting that they are frequenUy 
overlooked in attem£"b to reduce '- yeles, and buffer .toek. are created where 
tbey could be avoided 

The objective of • "eycle reduction" .tock i. the abortening of .ome of tbe 
elements in tbe total procurement- manufacturing program 80 that tbe net de 
livery time may be reduced. To do any type of effective planning of "cycle re
duction" .rock. it i. neces.ary to bave a good clear picture of the product 
structure and model to model relationships. Stock. do the greatest good ..... here 
there Is a maximum of Itandardization. It ia also logical that the greater tbe 
number of mode" ..... hic.:h us. a. partLular component. the smaller the total In
surance stock needs to be. For example, if our output is ,LOOO motors a week 
and only one diameter of bar stock i.. used for .hafta we can very effectively 
plan our shaft stock needs and require very little insurance stock because the 
usage rate will be quite stable. Tbil indicates tbat .tandardization and it. 
recognition i. impliclt in il planned delivery cycle reduction pro~ram. 
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Oue other major polnt 18 the need lor Bound. unbiaaed forecaating of demand. 
SincII, by definition, this type of atoc.k itl bought or manufactured in anticipation of 
actual ordera all we bave to go on i. historical trends or experienced Marketini 

judgment. 

Now let'. put &.aide for the moment q,ue_tioDs concerning the amount of de 
taU and the time extent of theae achedules and look lnstead at the sloble moat im
portant element in this portion of stock plannin~: the Manufacturing Cycle chart. 
Tbe Manuiacturinj, Cy :1e cbart il a f'ittorlal relJreaentation of the procurement, 
ma.chlning and .a.embly times involved in the procea.ins of a Customer Order. 
The baae b time before completion against which each material. part. and a •• em
bly 18 shown in t~rm. of "goes -into" relationships. This ia a. time oriented pic
ture of a product atrueture -raph. Each individual line muat begin at the junction 
of two or more parts or at the initial procurement of a IIm ake from" material; the 
ouly alternative i. to begin at a atock-pUe, but aloee this h actually the pl'oblem 
we're trying to solve we'll aasumo that there ia no atock of any .ort yet. To illus
trate lome of ltele ideaa let l • review a lample produtt chart. 
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To analyze this chart we atart at tbe lelt hand side. U we're going to re 
duce tbe cycle by eet.bliohinr proper .tock. we've got to take Oome tim. off the 
long elt cycle item In this CUe aluminum iogot has to be ordered 1 Z time 
perlodo abead of product completion . HO"'ever, If we pur<b .. e aluminum In,ot 
lust 1 time period before tbe cuetom.r'. order arrl ve. We can reduce the cycl. 
by 1 time poriod. Thlo Ie really a "ly e Ie reduction" otock .In, e a commibnent 
to a vendor ie the equivalent of carrYing extra inventory. 

But to buy in advance of actual order. implies {oreealUng the demand. 
Here', where standardization comea Ln. If there ia only 1 size and grade of 
aluminum iniot uoed in making all end .biold. and i( all end obield. u.e ex.ctly 
the same amount of metal, then the only for •••• t nec •• eary ia by total volume. 
It 10 not nece .. ary to get a IZ time period (orocaet it 1 tim. period in advan« ia 
adequate. Similarly it i. not neco .. ary to .pecl(y the (orocaot to an accuracy o( 
1/10 tim. period or even 5/10 tim. period-_to th. neare.t I time period will b. 
I'ood enou.:b. Tbh hu a very .ignUkont implication to market foreca.tlng. It 
10 only nece .. OTy to predict salo. for: (I) the de ' ree of variation needed to .up
port "cycle reduction' stock.; (Z) the time period in advance of order receipt for 
which stock. are pre..,U'ed; and (j) the incremental time periocia lor which indiv .. 
idual requirement!" will be ordered. 

How lir should we go in reducina the Manufacturing CYcle? Only as lar as 
the customer will reward you adequately for your additional inventory "'oste and 
ri.ks. Unfortunately this is most difficult to determine. The customer can re .. 
imburse you In two diUerent -yo: by giving you more buoin ... Or by paying you 
a higher price per unit. There(ore, it i ..... ntial to obtain an .valuation o( tb •• e 
two Possibilitiel belore embarking On e"tensive .toca of.ehh type. Sometimes .. 
trial program or discreet .a1e. inqulrles can give you a f.el (or the oituation. On 
the otber band It'. otten a matter of havins to mUch a competitor'. dellv.ry cycl. 
and thie. of course , gives you a concrete able, tive to shoot lor. 

Let' a ~o back to tbe manufacturing cycle chart lor a moment. Suppose we 
want to cut the yde from IZ to ju.t 6 time period.. Thl. mean. preorderlng: 

Aluminum ingot 
6 time periods Steel bar 
5 " " Scroll steel 

" " " Steel plate 
4 " .. 

COpper wire 
3 .. 

Ba.e 
1 .. 

" Hiih purity aluminum l " " Mhc. mOUtttiul parte l " " Punching_ 
I " " It aha mean. prestartinpo shafts 
I " .. 
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Now on Borne of thele paru the number of variations m1bht be quite large 
such a. on bales or mounting parts. This La often elpecially true of manufac
tured parte. We have one addltional tool to bring into tbe picture here and with 
it we t:iLn make a lubstantial dent in tbe problem. An ABC curve of individual 
part drawing_ by name showing yearly dollar ulage will indicate dearly where 
tbe money _hauld be placed. Instead of offering acroae-the- board a 6 time 
veriod ,_yeie, we ml"bt oUer thi. only on tbo.e modele u.in~ a preponderance 
of 'A iteme and then fully support tbeae models through preordcring their 
paru. On models with mostly "B" items we micht oUer 9 time period. and on 
the other. a lZ time period promhe. A NighUy different approach would be a 
volume of lalee cla •• lfication by model and arranae for cutting tbe cycle only 
on tbe b1ih volume models. 

This allieade to a very intereating rule: Never carry a cycle reductlon 
stock of any item unle~. all Ion .flr cycle item. are limilarly covered. 

For eaD pIe, if we cannot preorder a certain baae by 3 weeki it'e waate
ful from a cycle reduction standpoint to preorder or pre.tart the correaponding 
Ihafta or punching.. Thia one rule alone. carefully followed, could make a aub 
a tantial impact on our inventory obli.ationa. 

ThiJ &Lea of cycle reduction atocking baa not in the put been carefully 
and separately analyzed, yet it ia a problem clole to tbe heart of management 
conaiderationa: how can we most effectively aervice our product demand? 
Numerical anaiyala usina the tooh suggested wUI offer many opportunitlea for 
improved profit throu, b logical planning. 

Concluaiona 

With thie aummary of the impact and attack on bufleT atocks it should be 
evident that there ar~ now a varlety of waya to improve and advance the hard 
core of our inventory control problema. The key apparently i. to aeparate the 
inventory into ita varioua aegments according to the function which it aerve •. 
Only in that way can you uniquely determine the optlmallnventory level for 
your buaine... The payoff 11 ready for thoae who can think tbroUi;h and analyze 
their need for buffer Uocka. 

PROduction CONtrol Information Letter Volume 3. No. 3 
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The Significance of Buffer Stocks 

Burton Grad - 4/15/57 

Buffer stocks have long been relegated to a secondary 

position in the analysis and management of inventories. Economic 

Order Quantities J ABC Analyses, lolechanized Stock Control among 

others have successfully stolen the ilnlelight. Part of this has 

been the result of a poor "press" since few have found It glamorous 

enough to write about; but J more important J there has been a lack 

of basic communication ability since the words " buffer stock" 

apparently mean someth.ing different to each person who uses It . 

It's called cushion stock, process stock J safety J backup, in line, 

excess, protective, balancing, leveling, reserve, and so on. The 

use of these different words is really the clue to buffer stockfs 

Jack of sex appeal. 

There are in reality four .major different objectives that buffer 

or reserve stocks can serve whether we are dealing with raw material, 

in-process components or flnJshed goods: 

1) to prevent stock shortages through usage variations 

or lead time change 

2) to permit use of economical lot sIzes 

3) to provide a variable cushion between two processes so 

that they may operate at different or varjable rates or 

may have independent lot sizes . 



-2-

4) to permit more rapid response to product demand 

With thIs clearer organization, buffer stock can now be 

broken Into its components.1 analyzed and new control techniques 

devised. In the balance 0 f th.is paper then" there will be an 

operating definition given for each of these classes and effort 

made to describe the manner in which an analytical so lution can be 

reached for your particular problems . This is intended to be a survey 

of preseot knowledge and as such may require further reading 

or reference for detailed applications. 

Insurance §tocks 

The first objective, that of preventing stock shortages, 

has been much discussed in other paperSj nevertheless It seems 

worthwhile reviewing some of the pertinent conclusions. 

The size of the stock needed generally varies with the square 

root of both the usage and the lead time. This problem has not 

been well studied yet in terms of stability of these two factors, 

but it J5 evident that, regardless of the magnitude, the buffer 

stock also varies directly with the standard error (s~) of the 

probability distributions . I believe that these factors can be 

analyzed so that the various materials and parts might be classified 

Into: 

. highJy variable usage or lead time 
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moderately variable usage or lead time 

minimal variation in usage and lead time 

The results of this objective show up in the reorder point 

or frequency of order review. The measure of efflcency is the 

probability of being out of stock on one reorder cycle multiplied 

by the number of orders placed per year. This yields a stock-

out/year ratio. It is therefore possible to select any desired 

degree of confIdence and adjust the "safety" stock to compensate . 

This measurement shows the strong dependence that these stock 

levels have on frequency of reorder. It is almost obvious that 

with large order quantities, the frequency of being subjected 

to the Ukelihood of a stock - out is correspondingly reduced . 
, 

Therefore, as a general rule the reorder point stock for C items 

should be proportionately smaller than for A items. 

One Item frequently overlooked is that there Is a reasonable 

likelihood of obsolescense in holding Wgh reserve stocks . This is 

dependent on the accuracy of future forecasts and ability to be 

forewarned of des~ changes . 

Another potential source of " stockouts" is QuaUty FaUure. 

To guard against needing 100 of a certain assembly and only having 

95 in satisfactory condition, it is customary to start more of 

the assembly than is actually desired . This extra quantity is 

normally determined by examining historical experience and calculating 
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the average failure rate for that class of parts. A technically 

sounder procedure would be as follows: Record the actual 

probabiUties of having 1, 2 J 3., etc. failuresj approximate the cost 

involved in rectifying the shortage using overtime expense, added 

setup J longer inventory cycle, short-lot premium (if purchased), 

or whatever fJgure gives the lowest costj next, compare the product 

of the " make good" cost and the frequency of spoiling 1 part with 

the cost of "running" 1 additional part times the :frequency that 

the 1 part will not be need,cd (the probability of 0 failures). By 

performlng thls same computation f'or each possible number of 

failures you will be abJe to uniquely determJne the optimal protec-

tion level. t::f Therefore J it can be concluded that this type of 

buffer couJd be called "Insurance Stock" and is designed to achieve 

an JmpHcit balance between inventory carrying cost and the cost of 

being out of stock consJdering the probabiHty of each eventuality 

occurring. It is an insurance policy protecting against an out-of-stock 

condition. 

Utilization Stocks 

The second objectJve, the use of buffer stocks to 

permit use of economJcaJ lot sizes, is normally not recognized as a 

true buffer stock problem. Rather it is treated as an independent 

computation related only to lnventory carrying costs versus paper-

work, set up, and quantity discounts . But this is not the whole story. 
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As mentioned under lnsuraoce Stocks there is a strong correlation 

between frequency of order and size of buffer stock. It Is 

also true that inventory tied up In large lots can be justified in 

terms of increased process utilization. Naturally, there is a reverse 

connotation: if completely flexible plants existed in which the order 

preparation and set up costs apprOximated zero (or were fixed 

regardless of product sequence or lot size) the econom.Jc lot size 

as presently computed would also reduce to zero . This would 

lmply that the lot size could then be determined by external factors-

stock avaUabUity, customer needs, transportation requirements, etc. 

Therefore, it can be concluded that we are carrying 

"UtUlzatlon" Stocks to make up for our own or our vendors' lack of 

flexibility. \'1e should carefully measure the price we are paying for 

our batch operation concept and make reasonable efforts to bring 

our preparation costs to a minimum. 

Cushion Stocks 

The third objective is to provide a variable cushion 0'" 
"fJuld clutch" between two processes so that they may operate at 

different or variable rates or may have independent lot sizes . This 

serves to "disengage" two successive operations, be they both 

shop processes, raw material and inltial machining, or assembly and 

shipment. 

This shows up just as strongly in the job shop as in the 

flow shop though it is usually charged to transportation, waiting, 

or delay time. ~t seems approprIate that we examine this pneumatic 



-6-

fl cushlon" stock in some detail to Bce how it functions, why it is 

needed and in what way it can be optimally determined . 

EssentIally, there are two major types of cushlon stock: 

selective and insequence . The first is seen in virtually all job shops 

where, m effect, the parts are sorted or segregated by shop 

order and drawing number so that the next operation or process has 

full flexibility 10 selecting any onc of the available jobs. The in

sequence buffer is usually observed where the parts or shop orders 

are locked in sequence on a conveyor line. The succeeding process 

may have flcxiblUty in determining lih!u! it starts on the next part J 

but it must take the next one in-Unc; it cannot select what job it 

is to work on. There arc, of C'ourse, all gradations aod variations 

between these two extremes : side tracks, fixed dispatch rules, 

"kitties", etc . But we must thlnk of a cushion stock as providing 

some amount of process independenc~ or of permitting a new degree 

of freedom . Since there are only two possible degrees of f r eedom: 

when a job is started and what job Is started, we can compare these 

stocks in terms of the~ effect on these factors . 

The " what " problem is being subjected to intensive study 

in the job shop th r ough work in Production Control Services Jed by 

lolr. A . J . Rowe ard.independent explorations a t UCLA in the l-tanagement 
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ScIences Research Project. These are both efforts to quantize 

the re l atJonships between various jobs and to unique ly det ermine an 

optimum. selectivity rule . By simulation With various rules it 

should be possible to determine the amount of " s lack " time to be 

introduced in a parts schedule in order to permit the optimal 

achievement of t he process objectIves . 

The " when I! p r oblem is sometimes solved by a fixed series of 

operation start and stop times . This Is clearly seen in most 

" automated " lines and in many chemical or continuous processes . In 

other words every 20 seconds the line moves and the operator must 

work on the next selected product. This can also been seen in 

certain office systems where the schedulJng is built on a fixed opera

tJon interval such as at Sea ~S, Wards, etc . If we have an in - sequence 

cushion stock with fixed start-stop times then the only purpose the 

stock serves is to prevent process shut - down in case of prior process 

failure . 

It is axiomatic that once a cushion stock is depleted the 

only two ways by which it can be reestablished is through delay in 

the subsequent process or through excess speed in the prior process . 

Ths raises the issue as to whether the individual stations on an 

automated Une should not have a " high-speed" mode in which they 

could operate for short intervals to establJsh optimal buffers . 
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An Interesting side light is that though this increased potential 

speed would not directly reduce the size of the cushion stock needed 

to cover process failures It would permit more frequent operation at 

maxlmum protection levels aod hence might lndirectly affect the 

stock position required. 

The whole concept of cushion stocks is complicated by the 

use of mUltlstage processes . We start with raw material cushion 

stocks to take care of inherent time variances through daily delivery 

schedules. truckload lots for transportation efficiency. efficient mill 

runs, etc. 've can then have stocks at every Intermediate stage 

of manufacturing and assembly, culminatln~ in warehouse or shipping 

room stocks to recognize seasonal demand variation, distribution 

channel convenience, and customer order sl:.te. or all the buffer 

stocks this Is probably the most difficult to compute or analyze. There 

is some hope that through simulation testing some indication may be 

obtained of the proper magnitude and location of these cushion stocks. 

It also seems likely that further work In analyzing product and operation 

relationships may lead to logical computational procedures . Certainly. 

better lnformation regarding machine breakdown, employee absenteeism, 

spoilage frequency. and operator effort wlU permit some inteUigent 

mathematical determination of the risks involved. 

The problem is also being approached from the other direction. 

To the ex.tent that scheduling techniques can be improved and 

economical sorting and selection devices designed it should become 
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practical to increase effective machine output when needed so as 

to maintain a more balanced intermachine relationship. As we 

automatize more of our manufacturing processes we find that the in

line or "product" layout permits signif'icant reductions in the level 

of the cushion stocks . Another program has to do with effective 

preventive maintenance programs allied with machine component 

standardization and unit replacement techniques . It's surely within 

the realm of possibiBty that we shall soon he able to set optimal 

lot sizes for each operation and use controlled cushion stocks to 

provide the variable impact absorption that we need. 

Cycle Reduction Stocks 

The fourth and final objective for buffer stocks is to 

permlt more rapid response to product demand. The extreme of this 

case is seen in objective (1) where a finlshed goods insurance 

stock may be maintained to lower the UkeUhood of running short. The 

purpose in mlnd here is more directly related to the reduction in 

response cycle by determining those stocks of raw materials, parts J 

and assembl1es whlch will have the greatest impact on the delivery 

cycle. 

This problem arises primarUy in a business where the final 

output product ~ not fully Btandardlzed and where customers can 

select from many alternative features. It Is illustrated by automobUes J 

fractional motors, and electronic assemblies. Generally J it is 
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characteristic of that class of products lying between " custom 

design" and standard off-the-shelf models . The customer usually 

will give the business to the company with the shortes t delivery 

promise other things beiog equal so there's a real incentive to 

reduce the cycle to a minimum. 

Now In talking about the delivery cycle we should include 

the total time It takes from the time the customer writes the 

order untJl he receives the desired product. This will consist of 

transmitting the order to the factory as weD as transporting the 

material to the customer; although, these two items fall outside the 

range of this dJscussion it's worth noting that they are frequently 

overlooked in attempts to reduce cycles) and buffer stocks are created 

when they could be avoided . The objective of a "cycle reduction" 

stock is the shortening of some of the elements 1n the total pro

curement-manufacturing program so that the net deUvery time may be 

reduced. 

To do any type of effective planning of "cycle reduction" 

stocks it is necessary to have a good clear picture of the product 

structure and model to model relationships. Stocks do the greatest 

good where there is a maximum of standardization. It is also logical 

that the greater the number of models which use a particular 

component, the smaller the total insurance stock needs to be. For 

example, if our output is 1000 motors a week and only one diameter 
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of bar stock is used for shaf'ts we can very effectively plan our 

shaft stock needs and require very Uttle insurance stock 

because the usage rate will be quite stahle. This indicates that 

standardization and its recognltion is impUcit in a planned delivery 

cycle reductIon program. 

One other major point is the need for sound, unbiased 

forecastinr of demand. Since J by defInitIon, this type of stock 

fs bought or manufactured in anticipation of actual orders aU we have 

to go on 1s historical trends or experienced ,.rarketing judgment. 

Now letfs put aside for the moment questjons concerning 

the amount of detail and the time extent of these schedules and 

look instead at the single most important element in this portion of 

stock planning: the Manufacturing Cycle Ehart. 'Phe Haal:lfaGtu.Nng

eye.s efta! t. The Jlfanuf'acturing Cycle chart is a pictorial representa

tion of the procurement, machining and assembly times involved in the 

processing of a Customer Order. The base js time before completion 

against which each material, part J and assembly is shown in terms of 

their "Gozinto" (Goes into) relationships. ThJs Is a time oriented 

picture of a product structure y,raph. Each individual line must 

begin at the junction of two or more parts or at the initial procure

ment of' a "make from" material; the only alternative is to begin at 

a stock-pUe, but since this is actuaUy the problem we're trying to 

solve we'll assume that there is no stock of any sort yet. To 

i.l1ustrate some of these ideas let's review a sample product chart (attached) 
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To analyze this chart we start at the left hand side. If 

we're going to reduce the cycle by establishing proper stocks we've 

got to take some time off the longest cycle item. In this case 

aluminum ingot has to be ordered 12 time periods ahead of product 

completion. However ~ even if we purchase aluminum ingot just 1 time 

period before the customer's order arrives we can reduce the cycle 

by 1 time period. Is this really a "cycle reduction" stock? believe 

so: a commitment to a vendor is the equivalent of carrying extra 

inventory since if the order doesn't materialize you wiU be obliged to 

take the material or accept cancellation charges. 

But to buy in advance of actual orders impUes forecasting the 

demand. Here's where standardIzation comes in. If there is only 1 

size and grade of alum1num ingot used In making all end shields and 

l:f all end shields use exactly the same amount of metal, then the 

only forecast necessary is by total volume. And it is not necessary 

to get a 12 time period forecast If 1 time period in advance is adequate. 

Simllarly Jt Is not necessary to specify the forecast to an accurracy 

of 1/10 a time period or even 5/10 time period--to the nearest 1 time 

period will be good enough. This has a very signIficant implication to 

market forecasting. It is only necessary to predict sales for: 

( 1) the degree of variation needed to support "cycle reduction" stocksj 

( z) the time period in advance of order receipt for which stocks are 

peparedj (~) the incremental time periods for which individual requirements 

wlU be ordered. 
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How far should we go In reducing the Nanufactur1ng Cycle? The 

answer: only as far as the customer wJ.ll reward you adequately for 

your additional .fu.ventory iosts and risks. Unfortunately this is 

most difficult to determine. The customer can reimburse yOll in tlY'O 

different ways: by giving you more business or by paying you a higher 

price per unit. Therefore, it Is essential to obtain an evaluation of 

these two possibilities before embarking on extensive establishment of 

this type of buffer stock. Sometimes a trial program or dJscreet 

sales lnquirles can give you a feel for the situatIon. On the other 

hand it's often a matter of having to match a competitor's deUvery 

cycle and this, of course, gives you a concrete objective to shoot for. 

Let's go back to the manufacturing cycle chart for a moment. 

Suppose we want to cut the cycle from 12 to just 6 time periods . 

~ 

This means ' pondering: 

Aluminum ingot 6 time periods 

Steel bar 5 " " 
ScroU steel 4 " " 
Steel plate 4 " " 
Copper wire 3 " " 
Base 3 " " 
High purity aluminum 2 " " 
Misc. mounting parts 2 " " 

It also means prestarting shafts 1 " " 
punchiugs 1 " " 
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Now on some of these parts the variations might get pretty 

rOolg

h 

solch as on bases or mo>.lDting parts. tills is often especiallY 

true of manufactured parts. 

Ooes thiS 11lean we shouldn
tt 

try to 

stock them? The answer is an emphatiC NO I We have one additional 

tool to bring into tbe pictolre and with it we can make a solbstantial 

dent in the pro
biem

. An ABC c>.lrve of individual part drawings 1'-
• by name showing yearlY dollar usage wl\1 shoW clearly where the money 

sho

uid 

be pia
ced

. Instead of offerlog across-the-board a 6 time 

period cycle, we might offer this only on those modeis using a pre-... 
ponderance of "A" items and then fully suppor ' these modeis through 

preordering their parts. On modeis with mostly "B" itemS we might 

offer 9 time periods and on the others a 12 time period promise. 

A slig

htiy 

different approach would be a volume of sa
ies 

ciassifica-

tion bY model and arrange for cutting the cycle only on the 

ThiS dl leads to a very loteresting rolie : NEVER CARRY A CYCLE 
high volume model So. 

REDUCTiON STOCK OF ANY ITEH UNLESS ALL LONGER CYCLE crB~IS ARE 

For example, if we cannot preorder a certalo base by 3 weeks 
S~LARLY COVERED. 

was

tehi 

to preo
rder 

or prest art the correspondlog shafts or 

p>.lDchlogS. ThiS one rule alone, carefully followed, could make a 

Substantial impact on o>.lr inventory obugati
ons

. 

This area of cycle reduction stocking has not in the past been 

carefully and separately analyzed, jet It is a problem close to the 
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heart of management considerations: how can we most effectively 

servjce our product demand? Numerical anaJysis using the tools 

suggested will offer many opportunlties for improved profit through 

logical planning. 

Conclusions 

With this summary of the impact and attack on buffer stocks i t 

should le evident that there are DOW a variety of ways 10 improve 

and advance the hard core of our lnventory control problems. 

The key apparently is to separate the inventory into Its various 

segments according to the function wWch Jt serves. QnJy in that 

way can you uo1quely determine the optimal inventory level for your 

bUsiness. The payoff ls ready for those who can think through and 

analyze . their need for buffer stocks . 
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