
CENTRO· DE EDUCACION CONTINUA DE 
DIVISION ' DE ESTUDIOS SUPERIORES 
LA FACUL:TAD DE INGENIERIA, U. N. A. 

Palacio de Minería Calle de Tacuba No. 5 
México 1, D. F. 

Horario de oficinas: 
Lunes a viernes de 9 a 18 h. 

Cuota de inscripción $ 2.800.00 

La cuota de inscripción incluye: 
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• una carpeta con las notas de los profesores 
• bibliografía sobre el tema 
o servicio de cafetería 

Requisitos 
• Pagar la cuota de 1nscnpc1on o traer oficio 

de la empresa o institución que ampare su 
inscripción, a más tardar una semana antes 
del inicio del curso 

• Llenar la solicitud de inscripción 

Para mayores informes hablar a los teléfonos 

521-40-20 521-73-35 512-31-23 

CONSTANCIA DE ASISTENCIA 

Las autoridades de la Facultad de Ingeniería de la 
U.N.A.M., otorgarán una constanc·1a de asistencia a 
los participantes que concurran regularmen~e".y qtie 
realicen los trabajos que se les asignen du~ante el 
curso. 
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A QUIEN VA DIRIGIDO 

A Ejecutivos en las operaciones de la em­

presa que necesitan conocer mejor el en­
foque moderno de la administración de 

producción e inventarios. Igualmente a 
ejecutivos de otras especialidades que ne­
cesitan obtener una comprensión adecua­
da sobre producción e inventarios. 

OBJETIVOS 

Proveer al asistente los conceptos funda­
mentales y las técnicas y prácticas senci­
llas que le permitan identificar, compren­
der y analizar los problemas de su empresa 
relacionados con la obtención de máximo 
servicio a los clientes, máxima eficiencia 
de la operación y mínima inversión en in­
ventarios. 

NATURALEZA 

En este seminario se parte de la premisa 

de que los recursos son siempre limitados 
y que la empresa que desea vivir saluda­
blemente y triunfar en su campo debe op­
timizarlos, independientemente del tipo de 

producto que proporcione. 

Esta premisa es excepcionalmente válida 
en el área de administración de materiales 
ya que la inversión y el gasto en estos es 
generalmente cuantioso y en muchas em­
presas ambas partidas son las de mayor 
importancia económica. 

El desarrollo sobre estos conceptos, téc­
nicas y prácticas ha sido explosivo en los 
últimos años, tanto por el empuje que dió 
la investigación de operaciones como por 
los medios masivos de manejo de informa­
ción que cada día se instalan en mayor nú­
mero de organizaciones. Muchas técnicas 
antiguas bien conocidas han sido modifi­
cadas o superadas y otras nuevas han he­
cho su aparición para crear un nuevo en­
foque coherente de los conocimientos. 

ESTRUCTURA BASICA 

El énfasis en conceptos fundamentales 
permite al asistente relacionarlos con los 
problemas díarios de su trabajo y el énfa­

sis en técnicas sencillas le permite comen­

zar una aplicación inmediata. 

Así mismo, el abordar diversos aspectos 
de la problemática involucrada en el ejer­

cicio de las funciones primordiales. de la 
administración de producción e inventarios. 
le proporciona una visión de conjunto que 
permite apreciar la interrelación de las 
partes en un buen sistema formal que 
ayude a la empresa a alcanzar sus metas 
fijadas. 

TEMARIO 

1. LA MISION DE LA ADMINISTRACION 
DE PRODUCCION E INVENTARIOS 

2. PREPARACION Y EMPLEO DE LOS 
PRONOSTICOS EN LA ADMINISTRA­

CION DE PRODUCCION E INVEN­
TARIOS 

3. LAS CLASIFICACIONES DEL INVEN-
TARIO 

4. ADMINISTRACION DE INVENTARIOS 

5. ADMINISTRACION DE ALMACENES 

6. PLANEACION DE PRODUCCION 

7. LA PLANEACION DE REQUERIMIEN­
TO DE MATERIALES (MRP) 

8. LA PLANEACION Y CONTROL DE 
LA CAPACIDAD 

9. EL CONTROL DE PISO 

10. INFORMES DE DESEMPEÑO Y SIS­

TEMAS 

PROFESOR 
1 

ING. FR1ANCISCO J. DE REGIL 

Nota: Este curso puede servir como base 
para presentar un examen y obte­
ner un certificado de conocimientos 
que otorga la Sociedad Americana 
de Control de Producción e Inven­
tarios. 

Los cursos tienen cupo limitado. V 
Es recomendable inscribirse con oportuni· 

dad pára garantizar su asistencia. 
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A LOS ASISTENTES A LOS CURSOS DEL CENTRO DE EDUCACION 
CON'I'INUA 

Las au.toridades· de J.a Facultad de In<Je•1ier!.a, por conducto de:l Jefe del 
Centro de Educaci6n Continua 1 otorgan una-constancia de asistencia a­
quiE-nes cumplan con los requisitos establecidos para cada Ctlrso. La.s 
personas que deseen que aparezca su titulo profesional precediendo a -
su nombre en la constancia, deberán entregar copia del mismo o de su -
cédula a más tardar el SEGUNDO DIA de clases, en las ~ficinas del Centro 
con la señorita encargada de inscripciones. 

El cqntrol de asistencia se llevará a cabo a trav~s de la persona encar 
gada ·de entregar las notas del curso. Las inasistencias serán computa~ 
das po~ las autoridades del Centro, con el fin de entregarle constancia 
so-lamente a los al.umnos que tengan un mínimo del 80% de asistencia. 

Se recomienda a los asistentes participar activamente con sus ideas y 
experiencias, pues los curso9 que ofrece el Centro están planeados para 
que los profesores expongan una tesis, pero sobre todo, para que coordi 
nen las opiniones de todos los interesados constituyendo verdaderos se~ 
minarios. 

Es muy importante que todos los asistentes llenen y entregen su hoja ·­
de inscripci6n al inicio del curso. Las personas comisionadas por al­
guna insti tuci6n deberán pasa·r a inscribirse: en las oficinas del· Centro 
en la misma forma que los demás asistentes, entregando el oficio respe~ 
tivo . 

. Con objeto de mejorar los servicios que el Centro de Educaci6n Continua 
ofrece, al final del curso se hará una evaluaci6n a tráves de un cues-­
tionario diseñado para emitir juicios an6nimos por parte de los asisten 
tes. 
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I N lJ E T E L, S. A . 
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REOUIREMENTS PLANNJNG SYSTEMS 

JOSEPH A. ORLICKY 
IBM Corporation 

INTRODUCTION 

When it comes to managing inventories, there are two alterna te basic approaches, or two sets 
of techruques, that can be employed in a manufacturing enterpnse. They are: 

1. Srarisrical /nvenrory Control (also called Order Point techniques - 1 will use these tenns 
interchangeably) 

:!. Rec¡uirements Planning 

Order Point is part-based, whereas Requirements Planning is product-oriented. Order Point 
utilizes data on the lustorical behavior of a part, while Requitements Plan.1'1ing ignores history and 
mstead words wtth data on the relatJOnship of components (the bill of material) that make up a 
proJucl. Ord~r Pllmt looks at the pasl. Requirements Planning looks toward the future (as dcftned 
by a m3nufactunng master schedule). 

Both types of these inventory mmagement lechniques are in current use, but Order Point 
ptedonunates. The reason for tlus is historical, and the field has been conditioned in favor of 
staustical inventory control. The p!Oneering theorelical work in inventory management that has 
been done during the past decades is generally coru-tned to the areas of Order Point and Order 
Quantity.• • 

Prominent examp!es of this fact are pub!ications by such authorities as Evert Welch, Bob 
VanDeMark, Arnold Putnam, and Roben G. Brown. 

This work (and the word of others) has been stimulated by the fact that problems of Order 
Point and Ordcr Quantiry lend themselves to the application of mathematical/statistical methods 
- which h~ve bcen known, ~:1d available, for quite sorne time. The inventory control problem was 
perceived as bemg essentrally mathematical, rather than one of massive data handhng, the means 
for which have been unavailable in the past. 

Tlus tradition pers.ists, despite the recen! drama tic advances in computer technólogy. which 
removed all obstacles to the kind of data handling and data manipulation required for inventory 
control purposes. Statisticallnventory Control still domina tes literature and academic curricula. In 
this case, the literarure and curricula are so unbalanced that the subject of Requitements Planning 
is rutually cxcluded and ignored. This is so, probably because the mechanics and applications of 
requirements plartn.!ng techniques are considered vocational rather than scientific, and pedestrian 
rather than sophisticated. 

Order Point is a fundamental coricept of inventory management, and 1 stress that its 
techniques are entirely vai.Jd. But Order Point does not always work, because that depends on 
where you apply it. Order Point specialists tend to create the illusion of universal applicability, 
wtuch fosters misapplication. The fact is that in a manufacturing industry environment the 
appli.:abthty of Order Point technique as quite limited, which 1 hope to demoristrate convincingly a 
I.Jnle later on. Das.appointtng results of inventory management in many companics are directly 
traceable to misapplication of this ktnd. 

• S oc, ¡¡0 ,. <ves, .. Order Point or not to Order Point," by O. W. Wight, Prod. &. lnv. Mgmt. Jo urna!. Novembcr 
1968 
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1 sub11Jt that, &s we move into thc- Seven:ics, it is time to right the imbalance, to recognize 
and avoid misapp!ication. The time has c·~;ne to stnke ~ counterblow in favor of Requirements 
Planning Systems, and to htghlight their superiority asan inventory management too! m comparucs 

' th~t manufacture assembled products. 

DEPENDENr-lNDEPENDENr DEMAND 

. The fundamental principie that should ~rve as a guidei.Jne to the applicability of Order Point 
or Requitements Planning is the concept of depe11dent vs. independent demand. 1 fust fonnulatcd 
this pnndple in 1965 and 1 would like to defme and interpret it here as follows. 

Control of total inventory is the ·sum of control actions planned, or taken, on each of thc 
individual items comprising that inventory. When usmg the various mventory analysis or 
cl~ssification techniques, people examine the various ;¡tlributes of the mdividual parts, e.g., cost, 
lead time, past usage, etc., but an all-rmportant attribute, nameiy, the nature of demand, is usuilly 
overlooked. 

lt is my thesis that the nature of demand is the key to inventory control technique selection 
and applicability. 

Demand fl.!r a given inventory item is considered INDEPENDENr when such demand is 
' uruelated to the demand for other itcms, particular) y higher leve) assemblies or products. Demand 

is defined as independent when it is not a function of demand for other inventory ilenu. 
lndependent demand must be forecast. 

Conversely, demand is considered DEPENDENT when il is directly rclated to, or derives 
from, the demand for other items or end products. Suct. demand can, of course, be c.Uculated. 
Dependen! dernand need not, and should not, be forecast. lt can be deremlined from the dcm;md 
for those items to which it is component (as raw material ora componen! pari). 

SPEED GEAR BOX (Part A) 

GEAR (Part B) 

FORGING BLANK' 

FIGURE 1 

Conference Proceedings 229 



~nd~ependent vs Depenclent Demand 
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FIGURE 2 
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AU forecasting (intrinsic, as well as extrinsic) attempts to use past experience to determine 
the shape of the future. Forecasnng succeeds only to the extent th.at past peíformance. is 
repeatable. ·But in a manufacturing environment, future demand for a g¡ven part may be qu1te 
unreldled to its past demand. 

It foUows then that we should not for~cast unless we have ro. When do we have to? When we 
can't exuact, detemune, denve 11 from something else. AJJ forecasting methods are relatlvely 
unrehable. We should fall back on forecasting techruques only as a last resort. In cases of 
dependen! demand we don't have to forecast, bec3use dependen! demand (by definition) is 
denvable, calculable. 

In compames that m3nufacture assembled products we typically face the kind of 
relatconslup as shown in F:g. 1, betwecn raw materiais, semi-fmished parts, wmponents, sub 
assembi.Jes and assembi.Jes, each of wh1ch IS cons1dered as a part number in its own right, and as 
such represents an inventory Jtem Lf¡a¡ mus! be controlled. In my example the steel is made into a 
blank which, tn turn, 1s m a de mto a gear, wluch then becomes one of a number of components 
used in assembling tJ¡e gea.r box. w~ could trace this further: the gear box will "go" tntO a 
transmcssion, wh1ch will be used to buud the final vehicle, which is also an assembly. 

1 should potnt out that the demand fcr lhe end product (or a service part) may have to be 
forecast, but none of its componen! nems (ll1cluding raw materia!) need be forecast separare/y. It 
can be calculated from lhe product forecast figures. 

lf 1 manufacture wagons, for mstance, l may have to forecast how many 1 wiii sell, and 
when. 1 do not have te forecast lhe wheels, however. (Provided, of course, lhat Engineermg will 
make available lhe informauon asto the number of wheels per wagon!) 

230 
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:'hi; i.1 cert~1ruy e!eJCJent;;ry, bu1 my p:Jmt 1s ll:at L~e wJgon wheels can be fcre•:ast 
lfldcpende•;rly, !JelhdpS us•r:g the most soplustlcated stattsttcal techmques. Many people do, iu 
effect,jus! ti :.a t. 'fhe resu!ts mu>!. oí course, be les; than sat1sfactory. 

UMJTATIONS OF STATISTICAL INVt:/lo!TORY CONTROL 

in most manuiacturing comparurs the bulk of inventory items (purchaY!d and manufac­
twed) are c~,;mponents of highly eng!fleercd, most or Jess compiex, assembled end products. 
Statistical ln•entory Co~tiof tccl;:ncqu~-~~n be applied (they possess no i~he7wt-f~.;-¡~·i~to­
prevent misapplication) but when app!Jed tu DEPENDENT demand I!ems, lhe outcome tends to 
be un:;at;sfactory, and sometune~ nothing short of disastrous. _ 

Order Potnt techniques are totaJly ob:ivwus to the ex.~stence of possible relationship of one 
inventory 1tem to other items. Order Pomt, ll1 effect, Iool<s al the past behavior of a given ¡tem in 
isolation f;om the behavior of all olher I!ems. 1! 1s as though eacli part had a hfe of Hs own. 
Someti.mes, it does. But in a manufacturing company, in most cases it does not, as l have shown. 

When components are urdered independently of each other, their mventories wtll not match 
assembly requuements well, and the cumulative serv1ce leve! will be signiflcantly Jower than lhe 
service levels of the parts taken individually. Tlus is causeci by the addcng up of indiVldual forecast 
errors_of a group of components needed for a given assembly. Even an amateur statistJc¡an w¡IJ 
readily conftrm L'Iat if there is a 90% chance of having one item in stock when we need it, two 
related 1tems needed simultaneously will ha ve a combmed chance of 81% of being m stock. When 
we get to ten item~. the odds of all of them bein¡; avat!able have dropped to 33%. (Even with the 
serv1ce leve! set at 95%, the odds on ten nems would be no better t11an 56%). · 

This kmd of service leve! would be ur.acceptable at the ftnished product leve!, but many 
companies live wilh such a !ow service leve! between componen! and assembly. ThJS is where 
expediting, rush work, d1sruption and mcrease m manufactunng costs come in to compensa te . 

Order Point assumes relatively uniform uSilge, in s:mall increments of the replenishment lot 
s:ize. The underlying assumption of gradual invenrory deplerion in Order Pomt, Safety Stock, and 
Econ. Order Quantlly will render al! of these techruques mval1d, when this basic assumption 15 
gross.ly uruealistic. 

For components of.assembled products, requuements typ1cally are anytlung but uruform, 
depletion anything but gradual. lnventory depletion tends to occur tn discrete "lumps" dueto lot 
sizmg at higher levels. The example in Fig. 2 shows this clearly. You may tlunk of lhe gear and the 
forging blank from the previous example. Gears are not made in quanti!Jes of one. When we place 
an order for a quantity of gears we must wilhdraw a correspondmg quantity of blanks, which will 
reduce the blank inventory in one sudden swoop, likely dnving 11 well below reorder point. 

Speaking of lot sizmg, Romey Everdell of Rath & Strong has pomted out that litera tu re ts 
obsessed with lhe problem of quantity (both triggering reorders and of the orders themselves), but 
once lot sizes are introduced at any levellhe questcon of riming becomes more importan! than the 
quantity- that is why you see lots being split m the shop. 

Components often are not avail2ble when actually needed because they have been ordered 
independently of the timing of end item requuements. E ven w1th high safety stock, ú two oc more 
different assemblies requue an Order Point componen! smJUltaneously, it may not be avat!ab!e in 
suffic1ent quantlty because Order Point assumes lhat annual demand will average out (on, 
typically, a weckly basis). 

1 m1ght add lhat lhe squa.re root approach in the EOQ calculation does nothtng to balance 
out the lot size Wlth the timing of actual requirements. For that matter, neither doe~ it do tlus for 
the quantity of actual requirements. Order Point only unphes tuning, based as 11 is on average 
usage. Work.111g wilh average usage is tnappropnate m many cases, because average usage is 
meanmgless for most practica! purposes m an environment of lumpy, dependen! demand. Because 
Order Point basically assumes continu1ty of demand, subject only to random variations, it also 
assumes 

l. lhat it is desirable to have at least sorne inventory on hand ar al/ times 

2. a need to replenish inventory as soon as depleted. Th1s is clearly unnecessary with 
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dtscontinuous, lumpy demand {see Fig. 2 for an example of excessive inventory carried in 
tune of no need), and undesirable if inventory leve! is lo be keptlow. 

Let's now take a clase look at misapplication, and its results. 

MISAPPUCATION 

To use Order Point techruques for lnventory items with dependen! demand is a gross 
misapplication of a techn.ig~e, not only in its p~~but in ~~~tality of _i_ts_ c?ncept. Practicall~ _all 
Sta!fstical fnveñioiy-Coñtrol techn.iques spring from the branch of statistics known as Probabihty 
Science, and from its mainstays, the normal distribution and the effects of random inlluences. 
Seldom is a real check made in practice to see whether the normal distribution curve adequately 
describes the suuation in question. The most fundamental assumptions underlying the so-called 
bws of probability don't obtain for dependen! dcmand items. 

Sorne of these assumptions are: 

). The continuity and relative uniformity of demand 

2. lndependence of unit demands 

3. Actual demand in a given period considered as random sarnple of the demand universe 

4. Random fluctuar ion about the mean 

5. Normal distribution of random errors 

6. Gradual depletion as a result of all of the above. 
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FIGURE 3 
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None of these assumptions fit .n any degree, as far as dependen! demand tlems are 
concerned. In reality, the de:nand is discontinuous, directly rlependenl on lot sizing at higher 
assembly levels, there ls no random influence on demand whatsoever, and non-gradu~ depletion is 
the rule. lt foUows, therefore, that when St-!ilti: ,l lnver.tory Control is apphcd, the results must 
be completely invalid. 

Lct's come down tocases: 

l. Safety Stock 

The function of safety stock is to assure a dcsired leve! of service, by compensating for 
the forecast error. Tt-Js error is expressed in standard deviatrons (also in mean absolute 
deviat:ons or MAD) from the mean. The example in Fig. 3 comes straight from a 
textbook and it shows the normal distributioil c•Jrve, which irr.plies randomness of error. 
Because of known properties of the area under the curve, we can calculate the likclthood 
of occurrence, and set ~1fety stock accordingly. 

o 2 2 2 2 2 2 '¡PRODUCT o 3 3!3 3 3 3 PRODUC -p 4 4 4 p 10 10 

D 4 4 
PRO DU~ 4 4 4 4 PRODU~ D 8 8 8 8 8 8 

S 
JASS 

p 10 10 10 p 25 25 
1 ---' 

~ w ~'""¡,;.-UB o 14 o 14 o 4 10 SUB D 35 o o 35 o ·a] 
EMBLY! p 30 30 1ASSEMBLY p 3!i 35 1 _¡ 

~~~ 
1 DEMAND- 651 O j O ~3~30Í O 

COMPONENT PART' 
FIGURE 4 

But if the scatter -of 11ctual· demands is caused not by random factors but by lhe 
dependence of demand, the whole approach is totaUy invalid. Consider that the forecast 
(heavy broken line in Fig. 3) itself !s a mean of presumably random past demands, and 
the safety stock lea..,s on both this mean and the probability of éc~iation from it! 

Safety stocks can be set this way for dependent demand Jtcms, but to claim that they 
have been set scientifically would be absurd. 

2. Order Point 

Order Point is determin.ed by forecasting deman1 during !eplenishment Iead time, and b! 
adding that on top of the rafcty stock quantity. Randomncs> of demand during lc::~d time, 
and gradual inventory depletion are the main assumptions hrre. 

3. OrdcrQuantiry 

The óerivation of the EOQ formula assumes gradual deplction (see saw-tooth graph in ~ny 
EOQ text), therefore figures the average lot s;zf inventor)' to be one-half of order 
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quantity. The class1c EOQ equation also pro;ects past u:;ag;;; into thP. future - a 
questJOnable procedure for (dependen!) components. 

1 myself have m the past done enough work on, and with, EOQ to be ab!e lo state that 
the only element of thc ."orn;ula which is really accurate in any ca:.e is the "2" in the 
numerator. 1t is interesting to note that a whole Jiterature is devot~d to making just a 
hule more accurate what is a conglomeration of inaccuracie$ in the f~:zl place. 

DEPENDENT DEMAND ANO 
EXPONENTIAL SMOOTHING 

( 
NEW 
FORECAST = 

OLD 
FORECAST' + OC: 

FORECAST" 14 24 

DE MANO; 65 o 
FIGURE 5 

EXAMPLES OF MISAPPLJCATION 

r LAST OLD ] ) 
L DEMAND - FORECAST 

19 15 

o 35' 

19 21 ) 
~ 
¡ 

30 o j 
Average dcmand • 17 

oc. - .2 

At üus pomt, may 1 demonstrate the rcsults of rnisapplying Statistical Inventory Control. 
F1g. 4 depicts the relationship of a componen! part that is common to two subassemblies. Each of 
these two subassembhes, in turn, is comrnon to two (dtfferent) assemblies or end products. 

In each of the IJttle inventory records the Jetter D stands for demand,? for production. Each 
record extends six periods mto the future. Picase note that the demand for these four fictitlous 
end products is perfectly leve! and continuous. Each product, however, is actually being assembled 
in sorne Jot quantity which !S dúferent from LI-te quant1ty of demand per period. Beca use 
subassemblies will be needed every tiiTie a lot of product ts assembled, we can construe the demand 
on the subassemblies by combining the product assembly lot quantiues in the respective periods. 
The result ¡s shown in Fig. 4. 

The subassemblies are produced in lot quantities of their own, and the demand on their 
common componen t. 1S denved m the ~e fashion. Tlus exarnple illustrates the principie that the 
demand for a component is a function of lot sizmg al higher levels. 

Please note what may not be readily apparent, namely that the ll',Jerage demand for the 
componen! part is seventeen per period (see end product demand: 2+4+3+8). 

HaVlng pre-<.alculated the cornponent part demand, let's now also apply exponential 
smoolhing and forecast 11 all over again. The forecasting tedmique itself is excellent where 
properly applicable, but here the rerults can only prove unsatisfactory. lf we feed the data from 
Fig. 4 (assuming demand in L"'TIITlediately past period, not shcwn, to have been z.ero) into the 
standard eq!Jation for fust-order exponen tia! smooth.mg, the results will be as shown in Fig. S. We 
observe that there is a r¡¡ther wide disparity between the forecast and the oClt:al demand m every 
single period. 

Trus can be shown better in grapluc form (Fig. 6). We see irnmediately that the large error 
between, forecast and actual JS consistent. What may require a second look IS to note that where 
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the forecast points up (periods 2, 5, 6) the actual demand goes down. When in period 4 the 
forecast points down, the actual demand goes up. 

This is obv10usly worse than worthless. A roulette wheel would very likely produce better 
figures. 1t is, in fact, hard to see how a worse job could be done m tlus case. (Actually, making the 
smoothing more "sensitive"· by increasing the alpha facto'r, will produce an error that wtll be 
consistently even Jarger ). 

In this case, ¡f you msist on statistica! forecastmg, a stra1ght average would work best. 
Smoothing, in any degree at all, only aegravates the situation, as anyone can clearly see on this 
example. 

Misapplication of Statistical lnventory Control can be carried over mto shop scheduhng and 
d1spatching. 1 know of at Jeast two comparues where what 1 am going to demonstrate m the next 
exarnp!e has actually been done. Th1s exarnple shows an improper applicat10n of the Cnttcal Rat1o 
sequencing technique. The technique itself is a good, sound one. LLke everytlung else, however, ti 
can be misapp!Jed and abused. 

In the next examp!e, we will use the CR formula designed to be used Wlth Order Pmnt 
inventory control, and will apply 11 to the compon~nt part from the previous example which, as 
we remcmber, was under Order Point control. 

F1(l. 7 shows :he baste CR formula. The 1dea here is to use 

1. TI1e disparity between the order pomt and the "on hand" quantiues as a measure of 
need 

2. the disparny between '.'time remaming" and "total lead time" (i.e., percentage of 
completJon of the manufacturing order) as a measure of response to that need. 

Thus, when stock is, say; 30% below the order pomt quanttty, the replemshment order 
should be 30% completed for an Jdeal ratio of "!", or "on schedule". 

Let's now apply this formula to our componen! from tJ¡e prev10us exarnple. In Fig. 8 we 
assume that inventory at the start of the first penod ts 95, and that the order pomt JS 60. We have 
superimposed the demand (known from the prevtous exarnple) and have computed rattos for every 
period. As the first penod demand reduces mventory to 30, a replenishmenr order 1s generated. At 
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that ¡JOtnt, mventory 15 !iO% of order ¡mint, but 0% of the work un the order is completed. The 
' cntical ratio of "S' indka1es a high priority (behir.d-schedule condition) accordingly. 

The CR technique used here; whtch is designed for gradLIIll depletion, assume~ :hat c,enerally 
lhe orde1 will be release:l when thc order poull is reached. The rallo al tha! pc:i:-.t would thP.n 
equal "!", repre.senting an on-schedu!e SliUalh.lll. tn our case, howevcr, we fellriglll through the 
order pqint, down to 50%, due to one lump withdrawal. 

The initial ratio, therefore, shows considerable alarm at ":5'' and a high priority is 
established The CR terlutique will push the order t!uough the startmg opetations on a rush basis, 
until the ratio changes to "1" or en-schedule. This will happen when the order IS 50% completed . 

Because there IS no further depletion in periods 2 and 3, the CR will hold the job low on the 
priorily list, and prcvent further work from being done. The order is effectively frozen until the 
next stod: withdrawal in pe:-iod 4. Then we need 35 pieces but only have 30 on hand - a 
stockout. At thrs p•Jint the disparity berwecn "order point" and "on hand" is total. The ratio of 
"O" indica tes highest priority possible, ·and the job must be rushed·tluóuglt on an emergency basis 
- after it has sat there for two periods untouched. 

This is why sorne factory people ca11 the CR priority schedule "the Yo-yo report." T-hc 
typical relction to this kind of performance is to conclude th1t the CR doesn't work, the 
computcr system doesn't work. The starting rlepartment foreman tends to get all work "beh.md 
schedule" and then notices that the order is not being worked on later on. The finishing 
department foreman no tices that when the orders that have just been "sitting" get to hirn, thcy are 
triple-rush. 

1 repeat that this example is based on an actual cas~. The people in lhat company said tha! 
the CR system doesn't make sens~ and, in that context, it does not. When núSafplied, tite 
technique does not work fcr you, it definitely works against you. Again: there is not!thlg a\ zll 
wrong wilh the technique - if it is not g¡ossly misapplied. Here we have seen both 3 wrong 
approach to inventory control and the wrong type of ratio being applied. 

When we ponder this example, it is difficult to imagine how it could be made worse - but 
(li.ke in the previous example) lhere is a way. Suppose we refme the whole system, make it more 
sophisticaterl. Let's introduce Floating Order Point. The order point will then :;hoot up in period 
1, and the ratio wiU indicate an even higher priority. The goose eggs will pull the orrler poir1t dov.11 
twice successively, thus inereasing the ratio and gencrally stopp~ng work or. thc order sooner, and 
aggravating the whole situation at the time of the stcckout. 

These horrible examples of rcS!Ilts of misapplicatio.1 illustrate a problem that Bever !.hou!d 
exist at all, yet is encountered in all too many manufacturing c:Jmpanies. Order Point is totaily 
inapplicable to inventory items wilh dependent demand. Using statistical inventory control 
techniques inappropriately represents: 

l. The use of a scientific method in an unscientific way 

2. A sophisticated execution of an unsound plan 

3. F orce-fittmg a technique onto a real life situation by neglecting to examine underlying 
assumptions 

Requirements Planning Systems are the correct answer here. Such systems embody 2. set of 
rather straightforward techniques designe.d expressly for ccmpanies with assembled products 
whose parts anc raw materials have a demand that is, by defuútion, dependent. 

REQUlREMENTS PLA.l'.lNiNG SYSTEMS 

This type of kventory management system is a set of procedures and dec!sion rules dcsigned 
to determine requir~rncnt~ of inventory items o;t all1evels below tht end product, and to generate 
o;der action to m.!et these requirements. 

Main inpta i~ the product forecast or the master manufacturing schedule, and the two 
principal mes are 

l. Product str.1cture (bül ofmaterial) 

2. Part master (i:wento¡y records) 
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Many verswns of Requl!ernents Plann:ng Systems are ill ex¡stence- cwde or refined, gross 
or net requtremcnts, piOduct lot onented, tune-period on.:nted, etc. They chffer from one another 
111 the scope of the planrung homon they cover and in tl1e me of the so-called tirne buckets into 
which they segment the record data. Sorne regenerate all requaements and allocations ¡n every 
reqwrements planning cycle. Som. ·..-e :.on-regenerallve (called "Net Change") m that they update 
old record data by processmg only net changes to the previous master schedule. 

These systems also dtffer in lhe frequency of re-plannmg. The mosl advanced, and most 
useful, verston ts a non-periodic, non-batch, Net Change system with tuñe-phased (time senes) 
requirements and an automallc arder generatwn capability. 

Because of the lugh data volume that must be handled by a Requirements Plmning System 
in a campan y with tens, and sometirnes hundreds of thousands of records, as well as because of th.e 
high frequency of re-planrung, requuements planning represents a job that can only be done on a 
compuler. 

lt is one of the classic compuler applicalions, enabling us to do a job that would have been 
unpossible, or at least qutte unpracllcal, in pre-<:omputer days. 

The best unplementauons of Requirements Planning Systems afford fullmformation en 

• Status . 
• Picture of the fu tu re demand 
• Planned orders 
• Currenlly required action 

at al! times up la date, for every item covered by the system. The system is "transaction-driven" 
(Mamtained), and all affected records are automatically updated (requirements and orders 
re-planned) u pon each pertinent change in records at higher levels. 

A SUPERIOR APPROACH 

Where appllcable - and this mcludes YirtuaUy all assembled products - Requirements 
Planning Systems are a superior too! of inventory management, for these reasons: 

l. lnventory investment is at a minirnum 

2. O¡der quantities are related to requirements 

3. The timing of requirements, arder actions, etc., is ernphasized 

4. System provides a look into the future, on a part-by-part basis 

5. lnventory control is action oriented, not clerical-procedure oriented 

Requirernents Planning Systems are reactrve, change-sensitive. They have an irnportánt 
butlt·m capability to re-examine open arder due dates, Wh1Ch is a prerequislle to tru\y 3ood 
dispatching and shop noor controL A sound Requirements Planning System constitutes a soud 
b3S!S, a gateway, for other app!Jcations, e.g., scheduling and purchasing. 

Let me quote from the APICS Special Report c2, due to be published soon. This report is 
based on a !969 workshop en "Requuements Planning by Compu ter," sponsored by Plossl and 
Wtghl, and attended by twenty-one indivtduals representmg thuteen companies. 

"In reply to the quest10n of whethcr or not the introduction of requirements planning 
generated benefits, thc group's answer was an overwhelming 'yes.' Results can be found in four · 
prirnary areas: 

a. Reduction of componen! inventory levels 
b. lmprovement of customer service 
c. Reducuon in product cost, principally direct labor 
d. Reduction in inventory and production control personnel 

Company 'A' has decreased inventor¡ by 36%. 
Company 'B' has reduced componen! inventory by 33% Service has improved shghtly. 
Company 'C' has reduced inventory by 22%. Service is up approximately 20%. The nurnber 

of people m inventory conuol handltng the ordering of components has been reduced 35%. 
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Cornpar.y "f)' h~s reduced componen! inventory by 33%. The number of late orders (this ts a 
make-to-order ~on·.pa¡•;·) ha.< b~·:n reduced 90% to 95%. Tbe cost of the product ts down 7%. 
lndirect labor has !:;cen cerJt·c•·d by 75%." 

THE FlJfURE 

O'uring the Srventies, Requ1rements Pianni!lg Sy:;tems wiU be more widely ado¡:¡ted by 
rnanufacturing campantes. The systcms them~elves will be further improved and ad·~anceíl. In my 
view,.the advanced S)'Stem of the Seventies wiil have the fol!owing charactemtics: 

l. It will be noil-batch, i.e., will ha ve the capability to opera te continuously, in parallel with 
the act1vities it plans and controls, which also are continuous. 

2. lt w!ll be designed on the Net Change concept. lt wtll be non-regenerative and thus always 
up-lo-date. 

(Another quotauon frorn the mentioned workshop: "The more expenenced companies at this 
workshop u sed a Net Change System and felt strongly that Net Change was the only way to go.") 

3. lnventory conuol and requuements planning will be integrated into one funct1on. 

4. Records for all items (incl. arder point ttems such as spare parts) w!ll be tune-phased, to 
permtl 

a) explosion of componen! items 2nd raw matenals along a time axis 
b) projecting mventory into the future 
e) availabtlily of planned-order loads. 

S. System communications (and action) onented with on-line terminals, providing tunely 
data now between the factory, Purchasmg, vendar, and customer. 

ls it desirable that we go tlus way in the future? Let me quote once more from the APICS 
Special Report: "The general conclusions that can be drawn from this workshop are: 

l. Requirements Planning is a powerful tool, useful in a company makmg produc,ts that 
have components wtlh dependen! demand. 

2. The too! has preven tts power and usefulness by successful application in a number of 
companies. 

3. The number of companies L>sing the too! is a very sma/1 fraction of those who could 
benefit from such use." 

This last statemcnt is stgnificant. As a matter of fact, it is shocking ls your company part of 
that "very srnall fract10n"? lf not, 11 very liktly means that you could reap large bencfits by 
changmg your system over from stattsttcalmventory control to requirements plannmg. 

The future belongs lo Requtrements Plannmg Systems, today's Cmderella A supenor too! 
for tlte management of inventones has been fashioned - tl1erefore cannol fati to triumph. 
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CAPACITY PLANNING ANO CONTROt 

George W. Plossl and Oliver W. Wight 

Gcorge W. Piossl 

When we were invitcd in l9il tt.· addrcs~; t.Je APJCS !nterr.J.r:r~rta! Con­
ference in St. lm.tis, Oliver Wight and I sel::cted as our topk, c3pacity plan· 
ning and control, with the focus on m<>c!line loading. We recognized the ':1~~ 
to prepare ourselves mor<.: fully to handl~ this intercsting aspcct ofproduc~Ion 
control. While it has been around a long lime, maá.ine !oad:ng has not b::en 
well understood and is rarely, if ever, v;ell done. During the y~ar, .,,.e visited 
many companies and talked witr. many people who had exrerience using this 
technique. This researc!l culminated in a two-day conference in Sr.:ptemh.er at 
Lake Sunapce to which we invited '\ small group to review our con::lusiuns . 

We regret that this work was not complcted in time to ha\·e our presenta­
tion included in the Conference Procecdings, but we believeo it more impor­
tant to verify our r:onc:usions and present the latest thinking on the subject 
rather thau to meet a publishing deadline. We wish to thánk the people "'ho 
gave so frcely oftheir tim<: and experience te help us assimilate their kno· ... t­
edge gained from actually using schedulint; and loading techniques. \Yhi!e 
emphasizing that we assume full responsibility for the conclusions presente-C. 
we want particularly to express our appreciation to the fol!o .... ing men: l.lmes 
Burlingame, Twin Di se 1 ncorporatcd; Dr. Joseph A. Orliáy, IB/v! Corprx ,¡. 

tion; Thomas Putnam, Markem Corporation; Alex Willis. ll3M Co¡·pora· 
tion; and, of course, our assoc:iates, Walt G0ddaíd and Ernie Theisen. 

There is a great deal of confusion in the meaning of thc terms "Capacity" 
and "Load." While both are simple in concept, successful applica<ior. 
appears to be extremely difficult in the real world; part of the prohkm is con­
fusion in meaning. Figure 1 uses a bathtub to il!ustrate thc diftcrence. The 

L 

LOAD 

Flgure l. Loa.d Ys. Capadty 

•This articlc was presented at the APICS Intcrnational ConfCT~I"cc in St. louis, Miuouri on 
November 4, 1971. 
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'"Load'' is the Je,el ofwatcr in the rub; the "Capacity" (input or output) is the 
r;l!e at ''h!ch the water is flm,ing. These are closely related concepts but 
quite diftúent in meaning. 

Almost erery company has tried machine loading but few succecd in really 
making it work. Production control people are about equally divided between 
the ''ha,es'' and the ''have nots" and both groups appear to be equally 
dissatisfied. Often, in speaking to APICS and other groups, we will ask the 
gro u p. "How many of yo u ha\·e a machine load program ?" and usually 
bet\\·een 40 and SO percent raise their hands. Our next question Ís, "How 
many of the rest of you would like to have one?" This brings the balance of 
the hands up. Our third question is, "Of those having such a program, how 
many find that it is really being used?" and usually one or two will raise their 
h:J.nds. The ob,ious question, then, is, "\yell. ,\·hat do the rest ofyou want it 
for?" While it is the second oldest productio!l control technique (only expe­
diti:lg has becn around longer) available since Henry Gantt showed us how to 
make bar charts about 1903. it has had liule effective use. 

On the othcr hand. not too many cornpanics ha,·e really tried capacity 
planning. Recently. however, hecause of !he a\·ailability of computer pro­
grams. thcre has ocen a rapid gr0\1.1h in inlerest in capacity planning and 
more companics are attempting it now. This will be cov-ered in more detail 
la ter. 

Let's re,·iew sorne definitions starting with "lnfinite Loading." This is 
n:ally "Joading to infinite capaciry" and, shown in Figure 2, begins with a 
schedule ofwcírk orders. 

The schedule is based on calculations ores ti mates of the elements of lead 
time shown in Figure J. 

S.:tup and running time are frequently covered by labor standards; prepa­
ration and mme times can be estímate<! along with want-to-move time~. but 
sorne rule of thur,h is gcnerally used to pro\·ide queue times. Sorne sophisti­
cated schrouling systcms may also includc insp"'Ction time, calibration, or 
similaroperations fo1Jm,ing completi,m ofactual work on the product. 

Infinite loading is usually ba.scd on backward scheduling, starting with the 
date wantcd as shown in Figure 4. The total lead time calculated for opera­
tion SOis d~'ductcd from the date wantcd and this establishes the start time 
for this operation in its work center. In like manner, the lcad times for opera-

.------------------, 
Schedule Wo:k Orders .'l 
Load Work Centers 
Update- Remove Finished 1 
Add New 

~-----------------1 
llr,un l. lnlinice Loadin¡: 

Preparation 
Setwp 
Running Time 
Move Time 
Queue Tirne 

Figme 3. Ekmcr.!s o(Lenc.l Time 
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tions 40, 30, 20, and 10 are deducted successively t_o set sta~ dates_ in t~e 
work centers involved. These starting dates detennJne the ttme penods ~n 
which it is assumed the toad will hit the individual work centers. As shown m 
Figure 2, the second step in infinite loading is tv total up the_load ~om ~~~ 
jobs in each time period for the individual work center~. Updatlng an n:fimte 
load is simple; completed jobs are removed and new JObs added as thcy are 

released. 
Finite Loading. really "loading to finite capacity," is not simple and re-

quires considerably more work. 1\.s sho"il in Figure S, it. also. sta.rts ~ith a 
schedule ofwork orders determined in the same way as for tnfimte loadmg., 

Schedule Work Orders 
Set Priorities - Components 

"" Set Work Center Capacities 
Load Work Centers- in 

priority sequen ce 
Reschedule overloads 
Update · Start Over 

F'i~:ure 5. f1nlle !Aadin2 

Befare finite Joading can begin, howevcr, priorities mu~t be set on indi­
vidual orders. Obviously, the highest priority orders should get first claim on 
available capacity in each work centcr. The next st.ep is to set limiting capaci­
ties for each work center. This is usually done with two value~: "standard" 
capacity and "maximum" capacity, the latter including O\·ertime oran added 
shift. The jobs are then loadcd into the indi,idual work centcrs in ptiority 
sequence. As soon as a work center is filled to its limiting capacity. additional 
jobs are rescheduled either earlier or later· until they find available capacity. 
Because of the requirernent to load based on priority, a finite load cannot be 
updatcd using the same add-and-deduct approach as an infinite load. The 
only way to revise a finite load is to start over, rearranging jobs in the new 

pr.iority sequen ce ;:¡nd reloading. 
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INFil4lTE (W!THOUT RECARD FCR CAPAClTY) 

(O~{EA) .OVER~~-- - - - - - - - CAPACITY 
.... ._._~ ......... ~~·%.¿ . ¿~á~ / ~ {120 HRS) 

FiN lTE (NEVER TO EXCEED CAPACITY) 

·~5~bA~~s1 
Hgwe b. LoadlnR M~thods 

r. ~gure 6 illustrates !he di!ference bctwecn finite and infinite loads. The in­
•lntte l?:1d _sho..,•s both overloads and underloads because the jobs were 
lo.Jd~ tn .... ,thout rcgard to capacity limitations. It identifics and measures 
thcse on::rlo.:~ds _in additi~P. to ~hm\ing the time pcriod.s in which they will 
oc::ur. The det;ll!c:d load mformation givcs thc spccific jobs im·oiYcd so that 
overloads can be ::malyzed. The finite loJd, in contrast, does not perrnit over­
loads: it reschedules jcbs to earlier or later time periods. It \\i!l show under­
loads. howcvt>r. when the full nominal capacity is not utilized. 

·fi=:~i!e loading is supposed to develop realistic schedule dates based on 
priorities assign~.-d and the cap:~.city limit-ations assumed 'for the various work 
~~ters. Tt is intercsting to note that if the Master Schedule covering the 
fimsh~-d products ro be assembled could be handled properly, the infinite 
load pi~ure in Figure 6 would look likc the finite load. In effe-ct, then, in-· 
finite Jo;ljing measures the inability to schedule properly at the end product 
le\' el. 

Cap:~city planning answers the qucstion, '"How much is enough?" showing 
the o~tput requircd ro mcct the total dcmand for~cast and also bring the 
tot:Jlsn,entory to planncd )c\·els. Ob\'iously, ifthe invcntory is to be reduced, 
the factory must produce kss than is shipp..:d and vice versa. The equation in 

1s + P- s = 1e 

Where: ls = total inventory at start of p!anning period 

lE = total inventory at end of p!anning perio~ 

P = total producciÓn 

S = total shipments 

fi¡:ur~ 7. 
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Ftgure 7 is used to calculate capacity needcd. 
A form ofcapacity plan more useful for indi ... idual work centers is sho·o~o·n in 

Figure 8. Here, planned rates of both input and output are sho..,TI ior future 
weekly periods. In this particular example, output is p!anned to excecd input 
by 30 hours each week and for three weeks te reduce the Je.,.el of work·in­
process inventory now in this work center. Actual data for both input and 
output rates are posted to the plan as they develop. Devi.1tior.s are calculated 
for input and output and these are most useful figures. Applying thcs.e simple 
concepts, though, has given many people serious problems. 

Oliver W. Wlght 

Lao;t ycar, in an attempt to solve sorne of the problcmo; with standard 
schcduling and loading teéhniqucs. 1 wrotc a papcr on a tcchnique we\·e had 
grcat success with callcd "lnput/Output Control." The conccpt is simple: 
First, for a givcn work center, you plan your capacity rcquircmcnts; thcn you 
average these to givc the foreman a leve!, reali~tic production rate: then 
actual production in standard hours is mcasurcd against this pllnned ratl!. 
This planncd rate, of cour~e. would be the "output" requircd. Ourput is 
simply the number ofstandard hours compkted by the work centcr. 

1 suggcsted also that we should plan the·input rate toa work ccnter and 
mea su re that al so; that is, measure the standard hours of work coming into 
that work center as well as going out. Now the reasoning behind planning 
both thc input and the output was vcry simple: lead time in practicaily any 
company is a functi~n of backlog. Backlog, obviously, is a function of tht: 
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input/output relationship. ¡¡' output is higher than input, the backlog will 
drop and th~ lead time ,,;11 be reduccd. 1f input is higher than output, the 
b:H;klC>g will incrcase and thc lcad time will increase. Input!Output Control 
was d~-signcd to focus attention on this vital relationship. 

In my anicle on Input/Output Control, 1 mentioned that, particularly for 
staning work centers, there is no reason-and we have done this in practice 
many timeS-\\hy the actual input from the inventory system or the schedul­
.jng system couldn't be smoothcd out. lf, for example, a production rate of a 
scrcw machine \\Ork Center is planned at 240 hours per week, there's no 
rea.son \\hy pl:lnners can"t smooth out the relcase ofwork rather than releas­
ihg 600 h0urs one week and 150 the ne:>.i. lf the input isn't smoothed out, 
!:J.rgcr backlogs or qucues "ill be ncedcd in the \\Ork center to absorb the 
fluctuation. I al so mentioncd that if backlogs started to build up in the shop, 
it would be bcttcr to hold \\Ork b:~ck rathcr than kecp fecding it in. I prob­
ably should ha,·c mentioncd that this wo·uld be a temporary expcdient since 
the real cure for a backlog pn.,bkm is to gct thc output or capacity and, ifyou 
c:1n"t gct it. ultimatcly you \\ill havc to changc thc Master Schedule. So the 
idea bchind the inputloutput conccpt \\asto focus our attention on the pro· 
duction ratcs thcJt callsl'd bc1cklngs and lcad time problei!IS when they get out 
of runtrol as op¡x1sed to focusing on the backlogs themsclves. The I/0 tech­
niquc in applicati0n has provcn to be vcry satisfactory. In retrospect, how­
cn::r. Ido wish I had puta little lcss attention on leveling input toa starting 
work center because 1 think this divencd many people's attention from the 
real significance oflnput/Output Control. 

There has been a great deal of confusion in thc minds of practitioners 
about al! thrcc of the "Capacity Planning" tcchniqucs we've discussed. The 
debate 01cr infinite loading \S. finite loading h.1s raged for ycars with the "in­
finite loaders" claiming finite loading wasn't a v:::lid tcchnique and vice 
,·ersa. 1 n pract ice, both si des ha ve bcen pro1·er. part iatly corrcct; neithcr te eh· 
niq¡tl' has bccn used very sati~factorily! Rccognizing. then, that thcre ha.-; 
bC~:n $Orll~ misunderstanding. lct's look at thc apparent problcms with these 
thn.·e tcchniqucs: 

J6 

1. lnfinitc (.:Ipadl) Is Not lnfinitc 
1l1c OPI'\'ncnls of thc intinitc loading conccpt have objccted to it be· 
cau~c thcy rcl'ognizl! that you simply can't load work into a plant with­
out rcgard for its capacity and assume th:1.t the plant is going to rcspond. 
In fact. if production control simply accepts orders and actually loads 
the plan! 1\) infinite c:~pac:tv, thcy :~re doing lirtlc more than passing thc 
buck. O,n.Jhe othcr hand, proponcnts of lnfinitc loac!ing ha ve h~stened 
to point o~t somc scrious problcms inmlvcd with finite loading. 'Ibeir 
most vchemcnt ohjection has becn: 

2. finitc: Dc!i\crics Will Ik E:\tcndcd 
Ob\iously, if cach arder comes along and is lit into the capacity avail-
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able and nothing is ever done to increase capacity when an increase is 
required, customer service is likely to be very poor indecd. Many people 
ha ve pointed out a problem with the third tcchnique: 

3. 1/0 Control: Difficult to C<lntrol Input 
1t takes quite a bit of effort to identify al! of the items the im·entory 
system is likely to feed into a given starting work center and then to 
smooth out this flow. Beyond that, of course, the problems in'"oh·ed in 
smoothing out the flow of input to do\\ilstream work ccnters are \ir­

tually insurmountable. 
Before discussing these apparent problems any further.let's go back to in­

finite loading and try to understand sorne of the real problems that ha'"e 
existed with this technique in practice a little better. 

Even where practitioners using the infinite Joading techi"Jique have tried 
not to abuse it and have tried to load their shop as realistically as possiblc. 
they have run into serious dimcu!ties. The typical machine load re?Ort 
almost always shows a Jarge back!og in the past due period. It is not only 
Iarge. but it's almost al\\ays wtht•licvahle. In one company. for e.umple, 60 
perccnt of the entire load is pa~t due in thc .fabrication depa:-tment. yet the 
plant superintendent points out that the factor)" is really "on schedule·· since 
asscmblies are going out the door on time. 

What causes this situation? Ob\iously. ifthe machine load report says that 
most ofthe work is past duc and it really isn't. littlc crcdibility will be ghen to 
this report. lts value as a capacity plan will be scriously impaired. 

Really, what we see here is dueto a brcakdov.n in the "priority planning·· 
system. By priority planning, we mean the system that puts "due dates" on 
orders. It tells us what material we want and when. Usually the imentory 
system, in most companies, does the "priority planning." This problem of 
establishing and maintaining proper priorities is a very serious one. As a 
matter of fact, in most companics. the "formal s:•stem" simply doesn't do it 
~\·el!. Ncverthclec;s, thc priority probléms \·ary f~om cpmpany to company. let 
us think of companies in four general categoriL'S, from the point of \Íew of 
pn'oriry complcxity: 

1. Onc Piccc.l\lakc to Ordcr Shop 
This could be a shop that makes and sells forgingc;. The customer senes 
in an order and he establishcs the ordcr priority. Production control tries 
to fit it into the load somewhere and then acknov.ledges a de1i,ery date. 

. This becomes the priority. In this kind of company, the date due is the . 
customer promise date. This isn't to say that the cuo;tomer doesn't 
sometimes change this due date by requesting a reschedule. But e<o·en 
when he does, it"s easy to sce that tlze due date is cltanged.' In the more 
complex types of businc·sscs, from a priority point of \·iew, one of the 
great difficulties is knov.ing that the priority really has changed. 

In the second type of company, the priority problem becomes much more 
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cornp!ex: 

2. Asscmblcd Product, l\tadc to Order 

In this t~'pe o( company. J1'1·on"tics arl! depender::. Any change in thc 
asscmbl:. ~..-i:l'dulc wi!l me~m ch:mt;ing the requ;:-ccl dates for all com­
p0nents. Anothcr typc ofrescheduling must take pl~ce when any one of 
thc romponents going ir.lo a sub-a.s!.cmbly cr assembly must be re­
scht-dukd bccaus:: thc o:iginallot was scwppcd. for ex¡¡mple. TI1cre is 
no scnsc in bringing through all uf ihe othcr parts whcn the assemb!y 
can 't be put togcthcr. This is what we meant abcut the difficu!ty of 
~cognizing a priority changc. In most companies. if one p.1rt is 

~ra~p':"l. the Ni_!:-~nal due d~tcs rcmain on all other parts cven though 
tt s 0,,n0us th:.t 1t \\C\Uld t-etar bctter to use a\"ailab!e capacity to make 
S<' m~ parts that could be put togcthcr into :m asscmbly and sh ipped. 

The thm.i tyrc nf rompan y ha.." a comewhat difTercnt priority problem: 

3. Onc Pir<-c Product, ::\bdc lo Stock 
~Icrc thc prohkm ís to updatc prioritics. •!ftt'r shop and purcha..-;e ordcrs 
h.l\"l' r.~·.:n rclcascd. A sh"'.:k rcplcnishmcnt ordcr. for .:xamplc. is re­
lc.lscd wh.:n a rcNdcr point is trippcd. TI1is rcordcr point ha'i built into 
ir :.~:>me kind ofc~timatc of future dcmand over lcad time. Ouviously. the 
de.: date pla.:cd on this rcpkni~hmcnt ordl·r \\ill be detcrmincd based on 
lh.1t lc:aci time. \\"hcnc'"cr thc forccast of dcmand. O'"er lead time isn't 
e:~:.::ctly right - and it's not likcly to be w:ry often - the due date on 
lh~ r.::plc:1ishmcnt ordcr should be updated. In pr;¡ctice, particularly 
\\Í<h m.mual 'iyst rms. th is \\ ::;.s ver y d ifficult todo and. as a conseauence, 
mos! cr•mpank-s tricd to prctcnd that the original duc date they -put on 
the ordcr wa~ ~Cling to be '"alid lhroughout the entirc lead time. The 
natur.ll r~·~ult was that many itcms wcnt oui of stock a11d thrn the 
cxp~o'l1i;ins st:tncd! And many nthcr ordcrs wcrc "late" but not nccdcd. 

l11c i0urth typl.' Clf ~·nmp:tny combinl><> thc prohlcms of -:ornpanics 2 ami 3: 
4 • .:\~~cmbh·d Producl: :'\tadc lo Siork 

Oli,iNr:o:.ly. thc stnd; rcplcnio;hmcnt duc· date-s ha,;: to be kept up to date 
~.nd this h:~s lo be rclatd to thc Cl'nlpC'IiH:nts going ínto thc asscmbly. 
0:1cc :.1!!:\in. if any onc 0f~hc comp0ncnts is scr:.ppcct nnd can't possib!y 
h~ ..:~~mrk~t•lt by th~ rl'quircd duc date. thc r•thcr con•pnncnts going into 
the asscm~ly s!wuld be rcs•:hedulcd to givc thcm val id priori:ics. 

With thc m:tnual sysh:m that companics h.1d for years. kccping prioritics 
\":JJid \\:IS \irtll:llly Ímp\>o;siblc in :11! but thc onc p~\.'CC, mal:c lo o~dcr type of 
rompany. Thc :J.n>ount of calcub4:.~n ar.d rccalculation ~imply wasn't prac­
tica!. So th:: Fomwl Syswn -usually dión"t attemrt :t. But somehow somcone 
h:~d tv tind out about at ka$t sorne of thc dl:~nc>cd •lrbri:ies in ordcr to kcep 

"' 1 
th~ factor-y 11pcrating and the bu1k ofthe shipmcnts gcing oul thc door. This 
beca me the expedit.::r's m a in task. E ven though pri·.:-:i~ies weren 't officially 
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updatcd. he found out abciut sorne of the material that ... as real(,· needed 
when the itcms sho,,ed up on shortage lists and backorder lists. 

The expcditers in a company m.Jl:ing an assemblcd product. for e:urnple. 
t!sually pulled the parts !"cquircd to rnake an assembly Qut of the stockr<?cm; 
"staged" (or "accumulated'') them; madc up short~ge lists; and npedited 
the missing parts. Of course, this lnfomral System always found the short: 
ages too late to de :mything about thcm without generating chaos ir. the 
factory, in the purchasing dcpartmcnt, and v.íth vendor;. As a re5ul!. ex­
pediting is a dirty word in most companies. But it's also a necessity '11·hen 
the formal priority planning system simply doesn't work. 

The four categories of companies listed abovc are in tended to be rcpresen­
tative rather than all inclusive. There are companies that don"t make 
assembled products, for example, that do have the dependent priority prob­
lem. Consicler a company making mechanic's hand tools. They make a 
forging, process it through sorne preliminary opcrations. and then put it into 
semi-finished imentory. Whcn they .,..;.,h to make a gh"en sizP. ofbox v.Tench, 
for example. thcy .... ;u draw the propcr forging out of imentory ano run it 
through the finish:ng opcration. One semi-finished forging could rr.ake a 
numbcr of dirfcrent wrcnch sizcs. Note that while this isn 't a classical 
assembled product. the demand on the semi-finished forg\ng is dependen t. 

In fact, a "bi11 of materia!" for this particular type of product would !ook 
"upside down" as comparcd \\Íth a nonnai bill ofmateria! for an assembled 
product. An assembled product is made up of a nur.~ber of par.:>. The semi­
finished item can be finished to make a number of diffen:nt items. 

The practitioner should :-ecognize that e•·en though he doesn 't ha;·e ;¡n 
assembled product, he may \·ery we!l haYe the depcnd'::nt priority tpe cf 
problem. The breakdo...,-n of the fonnai priority planning system is indicated 
whcn expediters must spend a large part of their time tl)ing to find out ....-hat 
thr: real prioritie:s are. 

The inability of most formal priority planning systems to keep priorities 
propcrly updatcd has bccn onc of the muc;t sign Úicant ca u .-.es of m a eh in e loa.d 
rcports that simply arcn't crcdiblc to shop pcople. One of thc reliable 
featun.:c; of the in formal priority syslcm ic; that it f.'Xprclitf.'s and IIC'"\ er une:rre· 
ditc-:s! Figure 9 attempts to show this graphica!ly. Thc \"Crticalline represents 
the original due date put on cight diffcrent shop or purcha~e orden. The ex­
pediter has discovered that four of thcse shop orders are needed sooner than 
originally planned. But he has not been ab!e to dctcnnine that a number of 
thesc orders should be reschedulcd toa later date. Aftcr al!. expediting takes 
a lot oftimc and effort. There is none left o•·er for unexpcditing. 

Thc result is a systcm that says. "Work on all the orders to meet t~e 
original dates unless thcy're needed sooner." or course, this means plenty of 
late orders that aren't really needed. The consequence is a machine load 
report that 's bad/y overstated in the early time periods! lt usually shows a 
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b:-ge p.lSt du·~ lo:1d bec3uc;c j•.lbs th;H :1rc nót Ol"Cdcd have not been re­
sch!C'Jui<.'J. Tn~ r~";ult: N,,hody hdic\·es thc mad1inc load r~port. 
W~ c.m condudc. thcn. that c::pacity pl.u111ing is not going to be very 

•:ff .. ·,:ti\c uniil poit1 rity planning is cffccti\'c. lf thcrc are many "late" jobs 
awun,l th;,t .1>\! 11l>t rc11ly nL·cdcd. capacity plans \\Íif always be ovcrstatcó 
and thcv _.,·nn't bc .:rcd:blc ro thc U<;Crs. A f'racquisite toan e.Jfective capacity 
f'!<It;n:ng ~_\Sft'l/1 is 1111 t:úi·ct¡'¡·,• pn"nrity p{anning S_l'S(i.'/11. 

Th.: fun.:-ti0n ,,fthc prioriry pl:mning S)Stcm is to put thc pwpcr duc dates 
on ordl.'"rs and tu lllJintain thosc duc dates so that thcy are correct. Until this 
c.1n 11 .! dt'n~ su.:ccssfully. capacity planning will not be ablc to generate 
¡;re,iibk iníom1ation. 

~é'orge W. Plo~~l 

:iucccs~ful s..:hl.,iuling and lo:~.ding rcqum·o; Jccuratc pnonttes for indi­
• ,Ju.Il jc-bo;: tb~e pri,~ritics are sct by the ordering 5y-;tcm. Thcre are two 
r'·l·;ic sy~tcr.,<;: ;h~ Onh:r Point/Ordt·r Qu:mtily Sy-;t:::n and ~fat..:rial ~e­

quirem::nts Pf:l~_ning. Figure IO ilit.:slrJtcs hc;w the r:rder point system works 
to sct p;-iori:ies. hc:m Y2L ~:ls l foreca.-a of 200 p-=~ pe .-:oé with an order point 
sct :lt 300, .•. lot size of bl..JÜ, and a lc:J.rl r.irnc of A pcriud. Tnerc ::re 700 on 
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Figure 10. 

hand at thc start of the planning pcriod and a quantity of bOO is on order. due 
in pcriod 2. 1f the 200 forecast for period 1 are actually used. the projected 
balance on hand will then be 500. U~ing another 200 and receh i:-~s 600 would 
give a balance on hand at the end of period 2 of 90')_ u~ing 200 pcr period. 
the available balance on hand \\Ould drop to the orcicr poin• of JOO in period 
S and the system \\ould then trigger a new order to be relcac;ed to replen:sh 
thc invcntory. With a lcad time of 1 pcriod. the order v.ould be scheduled to 
come in in period 6. This would ec;tablish itc; priority rclative to other orders 
in the system; thoc;c duc in earlicr week!> would h;l\e higher priority and tho~e 
dw.' l.ttcr \\Ould be lowcr. 

Figure 11 shows how Material Requiremcnt~ Planning scts prioritie->. Hcre 
the data shows rather lumpy demand in the 8 pcriods because thc YJL is re­
quired in a variety of assemblies at highcr le\els. The quantities sh0wn are 
calculated from the Master Production Schedule<; to make the er:d produ:t 
asscmblies. The order quantity is 350 and thc lc~d time is 2 periods v.ith a 
quantity of 400 pieces on hand to ~tart the planning period. Vsing the pro­
jccted requiremcnts, the on hand figure would drup to .100 in period l. 150 in 
pcriod 2. and would show a ncgati\·e balance of 120 in period 4. In req:lire-

() r, =, :·.'l L 7 • 2 

PERIOO 
YJL 

1 2 3 4 5 6 7 8 
PROJECTEO 

-6fDUIB.f.11ENTS 10~ 1~0 q~ • <r 1 ~.~ -;n , .. 
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JlEl,ElPTS 1'.0 "1:· 
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400 JCO tV! 11j ll~ 1 JO ... P':. , .. 
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RELEA SE JIO lS~ 

Figure 11. 
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itS p!anning. thís is the pcriod in which wc nccd more material and 350 
Id be schcd ulcd to be rcceivcd in period 4. 1l1is would establish priori.ty 
hi~ ítem rclative tn othcr ítems :1lso on crder. The release date would be 
..::ltcd by bJcking off ? pc~·!orls Gead timel; the first ordcr shoulu be 
Jscd in pr:riod 2. 
.:-c:~use of b:t5:c difli:renccs bctween the two systcms, significantly differ­
priC'rit!cs can b:: dc\'cl{lped. At the 1970 APICS lnternational Conference 
índnnati, Dr. J.A. Orlicky uscd an example to illustrate how unifonn dc-
1d for finished prorlucts results in \'ery lumpy demand for components. 
dat3 are shown in Figure 12. The demand for each of the four end 

ducts is unifonn in cach wcek. Thcir in\'cntories are replenished by run­
~ the lot sizes indkated on thc "Production" line . .The sub~assemblies 
, h;¡,·c d!:m:mds for 14 and JS in alternat,c time pcriods as shown in the 
ter Sl:C!ÍC'n. Thc part common to both sub-asscmblics has extremely 
1py dcm:~nd: al!hough its :m.:r:~gc dcmand is 17, individual pcriod de­
,,ds \',lry f:om 65 m:nimum tn O minimum. 
'he ordcr ¡wint systcm w0uiJ pl;;n rcplcnishmcnt ofthis itcm as shown in 
lippt·r sc-:tion of Figure O. Tnc dcmand would be forccast at !he average 
:7 arad n.:tual Jcmand would reduce thc availablc balanc:e wcek by week 
il it had dropped bclow thc ordt:r point of.85. The system would then say, 
;1rt 3 ncw ordcr and schedule it in at the end of its planned lead time of 
r v.c~ks." 
~ontrasted to thic;, thc bc:-:om scction of Figure 13 shows how require­
nts planning would handlc this. The rcquiremcnts would be cakulated as 
~~-n and thc :waibblc figure pr0jcc!cd ir.to the future indicating that the 
~ntory C'n h:1nd would be u sed up in thc last wcck shown. This would then 

8 8 8 

25 

o 35 o o 

O.P.:BS 

ORDER 
l.T.:4 · 

AVAILABLE 115 115 

AVAILABLE 115 115 

POINT 
O.H.=l80 

figure 13. 

be the due date for a new ordcr which would be sc:hcdu!cd to start the lead 
time of four weeks earlier. Notice the two wceks differcnce in prioriti~ for 
this item between the two systems. 

Many practitioners fecl they can overcome this problcm by installing a 
dynamic priority systern such as Critica! Ratio. Let's ex?Jnine how Critic:J 
Ratio would work under these conditions. Figure 14 illustratco; the basic for­
mula for Critica! Ratio with a numerator based on the balanet! on hand of 

CR- _QH/QJ: 
- LTR/LT 

WEEK 1 

OH 80 

OH/OP .94 

LTR/LT 1.0 

CR .94 

2 3 
-

50 50 

.59 .59 

.75 .50 

.79 1.2 

fi¡:arc J.$, Critica! Ratio 
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par.s remJining in stock and a dcnominator reflecting how thc replenish­
ment order is mc\·ing through the piara. Wht:n thc order point system 
'triggered an arder. the On Hand balance was 80 campared to the arder point 
of &S so the numerator ratio is O. 9-t Sin ce work had not been started, the full 
leJd time remains and the lead time ratio is l. The Critica! Ratio is then O. 94 
and the system says: ''':t"ou are essenti:tlly on time." Critica! Ratios betwecn 
O 95 and 1.05 indicare "on time": for smaller ratios, expediting is indicated 
and for larger ratios, slack time is available and the job can be set aside. 

In weck 2. an additianal quantity of JO has been uscd so the On Hand 
figure is now SO and the On Hand/Order Point ratio 0.59. Assuming the job 
progressed normally through the plant (since it was not being expedited), the 
le:1d time remaining is three weeks and this ratio is O. 75. The Critica! Ratio is 
O. -:-9 wh:ch says, "Expedite, yau are behind schedule." In week 3, no mor0 
p:lns \\Cre used so the numer:ltOr rcmains o:59: Á~stúiíing tha~ a Rdtmtti 
\l.C"t:k's work WJ.S accomplished, the lead time ratio wouid drop to O.S and the 
Criri.:-:1! Ratio would risc to 1.2, indicating th:1t the J·ob is no lonoer critica! 

~ o 

and s:1~ing. in effect. "You did it, fellows. you got back on schedule. In fact, 
you are now ahead and can relax." In week 4, however, an additional 
~uantit~· of JS was issu!:!d: dropping the num.:rator to tUS: Siiké iio eHi'a 
eiTort was bcing put dii the job. pcrhaps oniy onc \\Cck;s \~Ork was finished 
and the kad time ratio would be 0.25, indicating a Critipl Ratio ofO. 72. This 
~ys in eff~r. "Get on the ball again becaus'J.·: th~~ job 1~ MW Yrgently 
n<!'t.-ded." Ar rhc end ofweek S. with no more part~ ¡1¡:in~ used, the numerator 

• 1 • t ~. 

rcmJ.tns unchanged. \\'11J.tever work is done to n;_íH!~e the remaining lead 
time rr.ight drop the denominator to 0.12 and tll¡; -~Y~tem could easily again 
indicate sbck time a\"aibble. In this kind o( ~rí-~lronment with lumpy 
demand, Critica! Ratio beha\"cs likc a yo-yo. ':· · · 

Ohvi0usly. there is no way to copC' wi th use of the wrong orcleri ng system 
üm,ugh fJ.n(·y sch~.'duling. priority systcms. loadiflg. !li· any othcr tcchniquc. 
l 1sing the wrong ord.:ring systcm. thc \Hong duc dates will be established. 
With in~'\HTCCt dates. the schrduk. thc pri1'rities. ancl the projcction of when 
the )('3d \\ill hit indi\idual work ccntC'rs \\ill be fiction. 

In su'.:h an en\"ironmcnt. the informal systcm usually takes over and the 
~al prioriti('S ::~re ser by thc "hot list" b:tscd upon known shortagcs at 
asscmbly. The number of jobs apparcnrly pa..o;t due invariably riscs, but the 
fa.::10ry pc0ple know most of thcsc ::~re not rcally ncedcd and pay attention 
only ¡,1 the inf~.)mlal system prioritics. ll1c crcdibility gap widens until the 
f,1rn1a! system is ign0red or discardcd. I know onc company with 93 full-time 
exp~.-ditcrs \\f?rking to fi\·e ditTcrent priority systems-one indicatcs jobs 
n<:eJN 10 d~\ys hcnce. one S da)S hcncc. onc tonwrrow, and onc k:-~llcá the 
''dn1p de:~d"list.) co\-crs itcrns \\ithoul which thc a~scmbly linc \vill shul dO\m 
within the hour. Gucss '' hat thc fifth priority syslr:m is? That's right-when 
there are no high.:-r' priority jobs todo, work to tht: "d~t-: wanted" on the 
ord.::r. Only 8 p..::r~ent of the orders come through on the original wanted 
d::.te. No wo- ~·:r the credibility gap exists. 
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Effcctive scheduling and loading n.:quires the 
elements sh0\\11 in Figure 1 S. 

Plan 
Priorities 
Capacity 

Control 
Capar:ity 
Priorities 

fl¡:urr IS. 

There must be a priority plarn=ng <y~tem that worKs: this means using the 
proper ordering system for independent and dependen! demand items. There 
must be a capacity plan to insure that adequate capacity is available to 
handle the work. Thcre must be a control system to see that capacity is 
adjusted to meet changes in both customer requirements and in thc factory·s 
output. And there must be a priority control system to respond to changes .. 
adjusting priorities to bring the proper jobs rhrough in the right sequence. No 
machine loador scheduling system ,,;11 work when bascd on the \.vrong priori­
ties. Let's now take a closer look at infinite loading and how it works. 

Oliver W. Wight 

Remember that there are two fundamental ways to go about loading; one 
is to show the load in the time pcriod u.hcn it's c;chcdulcd rc¡:ardle.u of the 
available capacity (infinite capacity loading). and thc othcr is to load to 
"finite capacity" which means. of coursc. that e\ en though the load may be 
s~heduled in a given time period. if capacity hn't available in this time 
pcriod. thc load will be mo,·cd to ano! hcr time pcriod. 

Whocvcr coined thc tcrm "loading to infinitc capacity" rcally did the tield 
of production and inventory control a dis.scrvicc. Whcn you think about it. 
it's pretty obvious that a company should stan by doing sorne kind of 
"infinite loading." Certainly finite loading doe~n't e\·t:n show them the 
capacity they need! It just assumes that this cap~city is absolutely inflexible. 
The first step is to find out what capacity is nceded. You must start with 
"infinite loading" rather than "finite loading." 

Let's rcview thc stcps in scheduling and loading. Figure 16 show'i a typical 
shop ordcr. Note that this shop order is due on calendar day 412. We're 
working with a shop calendar that show~ only thc working day~ ro facilitate 
schcd uling. Note that thc ~tandarci hours for cach operar ion havc becn calcu· 
lated bascd on the quantity on the shop ordcr; in thio; ca'ic. 300 piecC'i. 
Assumc also that wc'rc working with sorne schcduling rules. In thi'> ca~e. our 
scheduling rules allow two day~ for ino;pcction and t\\O days "tran~it time" 
betwcen opcrations in diffcrent dcpartmcnts. Thc job is dueto be! complcted 
on day 412; it has to be out ofthe polishing operation on day 410. This com· 
pany works on cight-hour shift so rwo day'i will ha\.e ro be allo\\cd for the 
polishing operation. Since two days are allowed bctwcen opcratons in differ· 
ent dcpartments, the job must be completcd out of grinding on day 406. In 
this manner, the job can be "Back Schedulcd" to determine when each 
opcration must be finishcd (and/or started) and a "schedule date" can· be 

assigncd to each opcration. 
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Note that níne st;.mdard hours of poli~h1ng v.ork \\lllthc. required in 
work centcr 1003 :1nd mL•st be complctcd by day 410. Figure 17 shov.s the 
weekiy load report in star:dard hours. The nine hours haYe becn loaded in the, 
proper work cent<!r in the proper wcek. By doing this v.ith all of the shop 
orders, an "infinite capacity load" would be de\'eloped. 

As we've pointed out, ir's essential that we know wlzat capacity is nce.J .. ·d 
and only this kind ofapproach .,..;JI do that. We frankJy think that rh~ V¡;;.;?s: 
prohlem with il~finite capacit_v loadir:g is the name.' If we had l:Jetn astt:LC 

enough to give ita name that properly dc:;cribed the function, thls technique 
would have had far better acceptability and more intclligcnt use. M y nomir.a­
tion for a more descriptive tenn is CAPAC/TY REQU!RE.'vfE.'ITS 
PLANNJNG. 

We have Material R::~uircments Planning (MRP) that tells us "'hat 
material we need and whcn we need it. Capacity Requireme:-~ts Planr.ing 
should tell t·.s what capacity we need and ~·hen we nccd it. How is Capacity 
Requirements Planning diffcren.t from infinite loading? Sincc I have coined 
the tenn, allow meto define it. Capacity Rcquirements P!anning uses e.ot;a~ly 
the same logic as the old "infinite loading" v.ith onc minor dift'ercnce. In 
addition to picking up the rclcascd ordcrs or "load." it z.iso picks up the 
planned nrders from MRP. Thcse pianncd ordcrs are nt:Jt real shr_,p orders. 
MRP simply generatcs a part number, a quantity, anda time pericd v.hcn an 
arder is to be released. MRP uses these planned orders to generate lower levd 
material requirements. But they can <tl!.O be run against the routing file. e3ch 
planned order can be back-sc:hcdulcd and a forecas: of capaciry 
requiremen ts can thus be developcd. 

Capacity Requirement~ Planning is certainiy an essentiZ>J function in any 
production and inventO!"}' control system. But let's stop u:-;ing th.at emotion­
laden word ''Infinite" right now! Nobody can real!y load a plant to infinite 
capacity! But certainly we do need to ha ve an idea of capacity requirements 
before we start trying to load the plant toa givcn capacity. 

Remember Figure 15 that showed the four basic elemer.ts in a prod:.:.:tion 
and inventory control system: 

Plan Priorities 1 Plan Capacitics 1 Control Capacities 1 Control Priori¡ies 
Thc inventory control sy'item (:.~sually MRP) is the priority planning func­

tion. Capacity Requircmcnts Planning is thc capacity planning function. Dis­
patching is thc priority control function in thc shop. But how about capacit)• 
control? 

We frankly don't belíeve that the typical machinc load report wa.s eYer de­
signed to be a "control system." A control system ha.s four fundarr.ental 
elements to it: 

A NORM 1 TOLERAN CE 1 FEEPBACK 1 ACTI0:-1 
The wall thennostat is our favorite example of a control system. The tem­

perature is set to the desired leve!, then the actual tcmpcrature is monitored 
via a feedback system. Whenever the actual has deviatcd from the norm-or 
"Plan"-by a predetermined amount (tolerance), action is taken to get the 
temperature restored to the norm. 
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T!"!;nk ,,f !ht: t~pi,·;¡J m:~chin.: l,);td r<.:plln. ls th.:rc :1. nonn'! Whn.: i~ thcr.: 
a p!Jrt that's pr:~,·tic:~l? A plan that you can hold peoplc rcspousiblc for exe­
curi;;;g. Cen:~inly when you have tremendous variations in the amount ofload 
in a ,-.ork center each week, rhere's no ll'ay you can hold the fo:-eman respon­
sib!e for working to that production leve!. lt simply isn't practica! in most 
fact.--1:-ics to ha,·e dramatic fluctuations in capacity. Manpower and machine 
cap.1.:-iry are limired ar.~ it is most economical to hold them as st:~ble as 
pvssibk from one week to the ne:...'t. 

By the sarne token. where is the comparison of"actual" with "pian" in the 
rypkal machine load report? Very seldom docs the load report show the 
output from the work center involved and ifoutput is shown, it's usuaily only 
shov.n for one week. Qb,iously, output for one week is hardly representative 
of the abiliry of that work center to meet the capacity plan. Actual output 
should be comp:u-ed ''ith planned output for a m:mber ofw~eks. 

Ccnai:1ly two essentials that ought to be involvcd in any kind of "capacity 
ronrrol" or "out put control" system are: 

A pr:!cti.:-al plan 

Feedback tv romp:u-e "actual" 
v.;th the plan. 

1. 
2. 
3. 
4. 
5. 

284 6. 286 
61 7. 50 

321 8. 147 
139 9. 695 
531. 10. 176 

Fl¡:ur~ t8. Capacil) Rcquircmrnls 

Let's loo k briefly at a Capacit:· Requircmcnts Plan. When all of the hours 
by würk ccnter, by time pcriod. are accumulatcd, thc result would look some­
t.iing like Figure 18. This shows cap:1city rcquircmcnts for 10 wceks for a 
gi-.-en work cenrcr in standard hours. Note that therc is a random variation 
from wcck to wc·ek. 

H0w can this random \"ariation be smoothcd out? The most pract:cal way 
is sim¡.>ly to udd ir "1' and t.JI·rraJ!" ir out. The minute you get a week out into 
the fu!urc. your prcdiction of how many hours are going to be at what work 
ccnter at \\ hat time is an appro:...imation at bes t. The average wcekly capacity 
requiremcnt from Figure 18 would be 270 hours per wcek. 

Wl W2 WJ W4 WS 

PlAN NEO 270 270 270 270 270 
.. 

t.CTUAL 250 
1 

220 190 
. .. 

DEVIATION -20 -70 -1 se l -
fi¡:•1;e 19. Oulpul Cor.lrol 
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Nu11 l.:t'~ look ul thc c;,¡pacny cuntrol <1·~\ic..:. hgurt: 19 ~¡¡,,,\., th~.: \\J: ti¡,:, 

could be set up in an "Output Comrol" repon·: Rem..:mber that we're tr;.ing 
to <;how a "norm"-a realistic attainable plan that people can be held 
responsible for atta in ing. Below the plan, the actual standard hours of out put 
are shown. Below that, of course, we show the deviation. 

It would be a good idea, in practice, to determine a tolerance. How far 
away from the planned can tht :tc:t..J.! be allowed to drift? We\·e seen 
companies use this kind of report. By pre-detennining what the tolerance 
was, the foreman coming into the weekly production meeting knew whether 
or not they were going to be required to \\Ork overtime or do something else 
to increase capacity. They were told, for example, "If the cumulative dcvia­
tion is more than SO hours off the plan, the burden is on you to get extra 
capacity--quick!" Setting the tolerance in advance saved a lot of debates in 
production meetings. 

Infinite loading is dead; it has been replaced by Cupai::iry Rt>quirPmt?nts 

Planning. There is nothing \'.Tong 11ith thc technique ~(ir IISt>d pmperly! We 
certainly nced to plan capacity well out into the future. The term Capacity 
Requirements Planning--by definition-implics that we are using planncd 
orders out of M HP as wcll as actual relea sed orders. Then thc levclcd planned 
production rate is just the a\·crage of thc v.cekly capacity rcquirements 
usually planncd out thrce to four months in ad\·ancc. This <;ets the pro­
duction rate against which the actual output v.ill be mea-;ured. Many people 
spend a lot of time trying to figure out what their capacity is.,., hen the actual 
current capacity is very easy to determine by looking :lt labor \·ariance reports 
and other already existing reports that show thc numbcr of standard hours 
worth ofwork produced. 

Note that the report I showed yo u, the Output Rcport, is really part of the · 
technique that we called lnput/Output Control. Let's think a little more 
about the real significance ofthis technique. 

Gcorgc W. Plossl 

The traditional approach to developing a production and inventO!)' control 
systcm has bccn to first dcsign and install an ordcring -;ystcm-a ser ofproce­
dure<; lo triggcr ordcrs for both purchascd and manufacturcd parts. Thi-; has 
been gcncraliy callcd "fnventory Control." The next stcp is to release imme­
diately to vendar<; orto the factOr)' thc orders triggered by this system. :--iext 
comes an attempt to control the scqucncc in which thesc orders are workcd 
on by activities in the plant under the general heading of "Production 
Control." 

A popular technique among manufacturing pcople is to watch the back­
logs in a machine load and attempt to use them as a too! for adjusting 
capacity. Unfortunately, this rarely works. Increasingly popt;lar are shop 
floor control systems using dynamic priority techniques and da.ta collection 
equipmenl. The basic idea scems to be that if we know where each job is, we 
can get it through when we nccd it. This, unfortunately, dnesn't seem to-be 
very effective either. In fact, both approaches are not} but a mass1ve 
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.1ssuh L'll tne s~111pt,,ms ,., hil..: tlw b::~:.: dis~:a:..:s tll pGor priori:y j¡¡formati~m 
,1!l.i ,., i:1::J t>.:¡ u.11 t: c3p:lcity g0 un..::Jc.:kcd. 

We now h~w t\\O fint: on.l.:rií1g syst(-mS :J.nd a b:1sic pri0-cí¡Jle to tell us 
what to use e:1.:h of !hern. -r:.h~~ indcpe~dent/dependent demand prindple 
.:k.uly idt:ntitics where th:: <.•nkr poin~/urder qLI:l11tity systern shou!d be 
app!k-d :1nj wherc to use Material Rcqui:-cmcnts Planning. With bcth 
systems. h\.w•c\·~¡. ''e :;¡iJl nc.:d .!~?~o.d::¡b\e lcari times and this mcans that 
queut::s or b:1cklogs ofwork-in-prol'f!SS must be 1.mdcr ~ontrol. 

Th~.~e :m: !hn:c: rC:l'iOns why ~·.!eues (::md lt:ad timcsl are out of control: 
l. lnJJ.:'iuatr. Cap:~city--:f you an: ne:t mJking -:nough in total, then 

SL'f!lething must w:tit. queuP.:-. grow and lc::d times get longer :mcl morP. 
erratic. 

2 'Err:1:i.:- !r:put-;¡o ordering srstem rde::tSes work ata leve! rate matching 
t::l.' ~:\p,t.::ty of th~ plam. When tlic lum!Js and bunches of work 
tri1:~;t:n:d by c:ithcr of thc basic orctering sy~t.:ms hit thc shop. it is obvi­
uus t~;lt ::.!1 c::mnot rnovc stcad¡ly through the pl:l.nt. 8:1cklogs and 
qu:: 11C:~ \\ill incrl.'ase and lc:1d time ;;,jll ~ct !ongcr and more ~.:rr:-~tíc. 

.3. lnt1:H ... -J Ll':ld limes-it is nuw wdl r~cogni;d that wc can't "makc it 
e.1s.y" f~,r tht! pl:mt or fM thc ordcrin~ sys¡em b~· sin1ply allO\\Íng more 
t:.mc to s,et j.Jbs finishcd. lncrc::.sing pl:lnncd h~:td tim~s. triggcrs more 
orJ.:r> ar.d dumps more load into thc plant \1 ithout rcg:wd to its ability 
r,, h:dk it. L0ng.:r qucucs and c:rratk lcad times n:!>ulr. 

Lead lÍr:t~-s will r.c\·cr he controlkd ::md a plant will ncvcr be on schedule 
ar.!~~ ir .:\Jntrds ~·;¡p.1C!ty. The !nput/Output approach is the first available 
tool ... .-hi~h ha'i l--een succcssfully used in controlling cap:1city. UnHke the 
ry;i,·:..! rr..:~.:hin~ load sho\\11 in Fi~ure 20. lnp.ut/Output measures and 
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:mernpts to control the throu;:h·put. thc llC\'.\ in ancl Ol!t h\:r than th:: 
backlogs. Production contr,1i pcüplc luok at the pr..:~cnt O\t:rioads on the 
machine lo01d in Figure 20 and tcll the flwcman, "You're in troublc." The 
foreman look:; at the future unuerbads on the mach:ne k>:id and says. "You 
better believc it." Thcy're th inking of ::;omcth ing f:n tirely di ffcr~r.t. 

Rccently, I sat w¡th a pbnt man::~gcr. hi:; manufactur:~~s sup,rintcndent. 
and his production control manager looking at a rcpOit issur.d wcel<ly for 
each major work center in thc plant. This repon showcd st::.nd:ud machir.e 
hours of actual input, actual output, total backlogs and the past duc portirn 
of the backlog in euch work ccnccr. Thc manufacturing superir.H:ndent sai..i 
his people !ookcd oniy at the backlog figures. I <tsked why thcy did1o'i use th~ 
actual output information and he s;;id. "Notice how steady anG leve! the'><! 
figures are. They don't tell us much." l r.l.m askerl why they did not use the 
input figures and he said, ''Look how they jump up and rlo .... n. What does 
that really tell you? Wc've run out of work before and there is no indica e ion 
in these input figures we won't run out again. We use the backlog figur~s 
which are the only data giving us anyjoMard visibility at a·ork in the piant." 
Could you argut: with him? "With future planncd capacity data lacking. wh3t 
else cculd he do? 

· The biggest hangup on applying the Input/Output Control r.ppro:~::h 

seem~ to be the diflicu!ry of sc.:ing how !O control input in :.ecor.dary work 
ccnters. Input can really be <.:ontrollcd only at starting operations and at 
asscmbly or sub-a:;sembly areas wh<.:re wc havc control of the order; rclcas':d 
from the planning systcm to the plan t. Howe,·cr. an.>mge rat•·s of \~ork input 
can b<! planned and actual retes mcn.wred at J:t ... ork ccntcrs. This gi\CS \"f:rj 
vaiuable ínformation as illustrated in Figure 21. Ag:1inst a pl:lnr,cJ ~Yerage 
rate of 210 standaid hours pcr wcek, nctual output h:1s fallen shnrt by a 
cumulative total of 300 standard honrs. Looking at the output figures only, a 
logical conclusion would be that this department nceds more capacity. How· 
ever, the input figures make it obvious that the real problt:m must lie in thc 
dt:partmcnts feeding this work ccnter. lt~ input total is more than Jl'() llours 
bchind lhc plan. Mcasuring input focuses atrention on thc rcnl capacity 
problcm arcas. · 

Extcnding thc planncd ligurec; into thc futurc as shn .... n in Figure 21 gi,·cs 
manufaduring pcoplc that for.•:ard visibílity which Í'i '>O vital to them in con­
trolling capacity. Anothcr company dccided to apply lnput/Output Controls 
and immediately ran into diffu.:ulty in gening o;ufficicnt data to plan input 
and output rates and to measure input at major work ccntcrs. Thcy d·xided 
to go ahcad, howe\er, with the data thcy had. Thcy rankeri all new ordcrs re· 
·lea~cd by tht: invcntory planning system in priority scqucnce. ·rncy com?lt::ed 
the routings on all orders, cstimating time standards in major work centers 
whcre they wcrc missing. Using an infinitc cap:1city machinc load progr:1m 
they had running on their computcr, they tcstcd what load thcse ordcrs would 
place on each work center. Since thcy had no formal schcduling system, they 
ignorcd the time dday from starting an opcration in one work centcr ;lnd 
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WORK CENl ER 0162 

(ALL FIGURES IN STANDARD HOURS) 

WEEK sos S12 S19 
ENDING 526 

PLANNED 
210 210 210 210 INPUT 

ACTUAL no 1SO 140 
INPUT 130 

CUMULATIVE 
-100 -160 :-230 -310 

DEVIATION 

PLANNED 
210 210 210 

OUTPUT 
210 

ACTUAL 
140 120 160 120. 

OUTPUT 
CUMULATIVE 

-70 
DEVIATION 

-160 -210 -300 

fi¡:~:r~ 21. Inpui/Oulpul Control 

ha\·ing it rcac~ a s_uhscqucnt work centcr sorne days or weeks later. They 
ass_umed cach Jüh h1t cach \\Ork ccntcr immcdiatcly when it was relcased, just 
as 1fall v.crc startin!? 0pcrati,,ns. 

From PJ~Tl1 11 data. thcy l0~gcd thc actual hours of output in each of the 
m:tjor wnrk l'Cntcrs and cJrricd a II.CÍ¡:!htcd running average. When the 
schcdulcd ordcrs 10 be rclc:tscd cxcccclcd this :l\'eragi! actual output in any 
work ccnkr. thcy n:schlxiukd sorne ordcrs lo minimizc such ovcrloads. Their 
ot>jl"\:tin~ w:ts lo pur intn Cllch work ccnlcr lf'ss "·nrk thun it ¡¡·as tumin~ out. 
In a_ p~iod ofsix \\Ccks. thc work-in·proccss was rcciuccd almost 40 pcrcent, 
lcad ttmc.-s e ame do" n pr0¡x,rtion;~tcly ano rhcir abi!ily to gel necdcd jobs 
thn,t:gh thc p1ant incrcascd r:1thc.-r dr:lmJIÍc:J!I\·. 

The real use of Input: Output Control tcchn.iqucs is. of course, to measure 
ac_tu:1l vcrs'Js pl.1nncd dJtJ as a basis for control. Control of al! priorities and 
im entory lc\·cls dcpcnds on conlrolling cap;~city. Anwng the elerncnts of the 
effl'ctin~ prodt~ction CC'ntrol systcní shO\\n in Figur~ 15, thc key is c::ontrolling 
capacity. With Jdcqu:uc cJp..-;;':y. cvcn if you can't leve! out the input, you 
can mJn:lge long qucucs of \\'Ork and long average lead times ifyou ha ve a 
pn"on'ry rt.inning systc/11 rizar 1\'0r.'\S. Without adcq:wte C:l?J.City, you c.an 
only hof>1! to minimiz.e the pain or i:;o!ate it. 
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Figure 22. 

ROUGH CUT 
CAPACITY 

We've talked about planning and controlling prioritics and capacttles. 
Let's see how thc tcchniqucs \\C ha\·c discu-;~cd lit into this overall fonnat. 

Priority planning- the Matcn'a[ Requiremcnts Planning technique 
will be uscd in mo-;t companies. 

Capacity planning-this is where wc necd to uc;e Capacity RequirP· 
ments Planning. 

Capacity control - Input/Output Control. 
Priority control - Dispatchi..'lg in the shop. follow-up in Purcha~ing. 

Figure 22 shows the overall relationship of the elemcnts in a production 
and inventory control systcm. Starting v.ith a Master Production Schedule, it 
goes into a Matr.rial Requirements Plan; the Capacity Requirements Plan 
can then be developcd from both released orders and planned orders. Then a 
de.cision is indicatcd. Can the plant meet the capacity requi~ements? 
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O ti\ iously. they should try to mect thcse if th is is at ~¡¡ practica! and cco­
nomical. lf the capacity r~quircments !ook reason,;ble. Input/Output 
Contml rould be set up as a cc;:p1city control device. A Disp~tch List -· prob­
;;b!y issued to th.; shop d~ily ·- would ~e used to communicate pricrities to 
th::: shc-p fllXlr as ihc:; ~re n:vis::ó by the Material Rcquirements Plan. Look­
in~ ;;;, thi~ s.:-hcmatic. yo!! rc\"ognb:e tb.t it illustratcs thc ftrnctions c;f plan­
ning and rontrl)lling prioritics :md C;lpacitics. ·111e M:1.t~rial Requiremcn~s 
Plan is rn'nn'ry _rflliiiiÍFI~. (';:¡p;,¡city R:!quirements Pl::mning is cupacity plan­
ning. The !nj)ut:Outpt:t technique :s used fo( comrolling cc.pacity and the 
DiSF;ltch List ís used for controfhng pn'on'ties . 

. \'o:t• rhat 1/ rap<lrity is t!Gl a;·,ú!able, rhe Master Schedule must be 
ch.wgcd.' Thcrl! are rc::1lly two alter:utive:; whcn capac\ty requirement:; are in 
e:otccss of actual cap:~dty: 

Changc c::~pacily. 
Ch:J.nge the scncdule. 

:"'0!.;: l:ty thc \'Jy. th:lt a rou~h cut at c:~p::city rcquircmc!ltS might be made 
:1.$ p.:ut 0f the Master S.:hcduling function. In othcr v•ords. before going 
th:l'U¡::h the dct:1il of the :tctu:1l ~hlcri~l Rcqu:rcmcnts Plan and the 
C'apacit;- Rrquin:mcnts Flar:. somc long range d~krmin"1tion of require­
mc:nts a~ain'>t IT~N!rcl'S míght be ca!culatcd. This is a rough cut just to make 
surc tlut tlh.' ~f.utcr S.::h.:dulc is iil thc: ball park hcfore· going through the 
d~!a:kd c~l.:u!J:il,ns. 

TI1is c;..:l":.:matic is anything but thcory. There are compar.ies th:;.t have 
1\t:;\•:ri:ti l~cquircrrcnts Plann:ng. Capacity Requiremcnts Planning. Input! 
Ourput Ccmtrol. ::u~d Dispateí":ing working. And ver:• succcssfully, I rnight 
~dd. Once :hcsc t(-.;:hniqucs are f1Jnctioning properly. ~n cntirci_y differcnt 
appr0Jc-h tl• runn;n~ a m:lnuf:~C"turinr, comp::ny emerges. With a forma! 
~~tcrn li\.::: :hi!: th.;t work.s. do.:cisioils are put into thcir proper perspective 

~;r.1c of:imc. Lc:t me &i\"~ ycu :m c:t:unplc. · 
ÜHc ro;np:tny that l'n: w0rkro with has al! 0f tho.~ techniques mentioned 

,,l,..,we wNkin~ su~·cc~~fuily. Thc rcsults from using thcse t-.:chniquc~ h~ve im­
pr>:so:.cd rr.c. But thc thing tha~·s imprcs'\cd thrm mN"c than an)1hing c!~r; is 
~hl!i;· :~t.ility to spot pr0blcms ahc:~d of time and make gocd, str;!tcgic 

dl'I:ÍSÍlms. 
Thc Dircctl'r cf l\fanuf~cturing ior ti1is company tol.J me somc years ago 

th~t he'd be pic:tS~·d the day he could answcr some Qf the qucstions put to 
hi~To honcstly. For e:o;:ample. ·~·hcn thc Prcsident says. "We've got to get a new 
p~du~ out !he door ;.n much !ess t!"!an thc stand::~rd lead time, can we reu!ly 
do ir'!" Wi:hout thc kind of systcm that will gener:1te th!!i kind of in­
format!on. tho.: on!y cour.;e o;:··n Í<; ~o c;ay. "Y es," and tr¡. 

Let me show you ho"· ~his <:0mp;my handlcs thi~ type of problem today. 
This past September. the PrcsidcP.t said he \\~Hlted a particular prodilct in­
trc<iuccd into the scheclui<! im:ncdiately anc available for shipmcnt 
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No.-cmbcr 1st. Thc Director of Manufacturing had the load profile for tlris 
new product calculatcd on the computer and supcr!m¡Jascd on top of his 
c:Jrrent Capa;:ity Requirements Pbn, He could sec imrnedia:cly th:lt an im· 
possib1e backlog would have rcsulted in front of one of his ;1umerica!:y ccm· 
tro!led work centers. Tllerc wasn't any <:"hance of g<:tting this v:nrk sub­
contracted for a great many rcasons ir.dudi11g lr,~k of :wail:;í:l;; cap:tcity in 
the immediate gccgraphical arca. The detail~á b2.ckup rep·:Ht for th\: 
capncity plan showcd the actuai parts thi1t werc cau:;ing :he op2dty n:quirc­
ments. Looking at scmc of~hese parts, he tr~ced thcsc to thc as;emblies t~c\" 
wcnt int'J. Then he wcnt to the Prcsiéent ar.d sh0v;ed him ihat if one of th~ 
prvducts that was rle.:lining in sales coulci be remo\"cd from the Master 
Schedule for Ncvember, there would be enough capacity available to make 
the new product. llH: President readily agreed and this plan was imple­
mented. 1 might also add th:It the ncw product was introduced in Novembcr 
on schedule and everyo¡¡e was \·cry pleased. 

In the past, this Director of Manu!acturing pointed out to me tl:at he 
would have added the new product without being able to determine ahead of 
time what sorne of the altcrnate plans were. 1\nd he probably wouid ha\·e 
been criticized severcly ifthc product ~hat had the declining sales had e,;pcr· 
ienced longcr de!ivcry times! Since he had :he inforrnation available to call ir 
to the attention of the President ahe:J.d of time, !hh was anticipa1cd, znd 
when it matP.rialized, people und::rstood that this w<:>.s the co.>t oflaunching a 
new product in considerably less than standard lcad time. ' 

One manufacturir:g executivc made a vcry astutt' obscr;;otio:l ~m this. He 
said, "You know, a manufacturing exccutive without the proper info:mation 
can never say 'No.' Al! he can do is say 'Y¡;o:s' and try to mcct ¡mpossib!e pbns 
and then be criticized afterwards because something che sufiered!" 8ut what 
a new hall game. The ability to point out ahead of <ime what the alterr-:\tiH:s 
are, what the consequenccs are, and to pick out ah('ad oftime what will suffer 
and recognize why this choice was made. In the ne:\i fhe years. 1 hope to scc 
the emphasis changc fiOm dcvelopir.g systems to lcaming to U">e systcms to 
manage. Many managcments are going to ha\"c an entirci~· nt'w world to work 
in when they ha\"e the alternativc-; in front of thcm airead ~(rimP. 

Let's come back to cur overall schematic of production.and invcntol)· ~n­
troJ. One point should come through loud and clcar: 

Lesson #1: WORK LOAD ON A PLANT WILL BE LEVELED VIA 
THE MASTER SCHEDULE. 

Th~ fi~t job is t? get the needed capacity, if poc;sible and practical. \\ñen 
capacity.¡s not ~vailable, t~e Master Schedule mu-;t be reviscd. Large Jumps 
ofcapac1ty requ•rements \1.1ll be smoo:he~ Ot;t in the Master Schedule. 

Wc have talked a Iot about the Master Schedule. Perhap5 a couplc of 
words abo.ut the types ofMastcr Schedule that differcnt companies might ua;e 
would be m order. In a company operating strictly off backlog, the Master 
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Schdu: •• _.,, ,,u Id b~ primarily custom~:r orders. Most ccmpani~:s don 't have 

th~ lu:xury of ha\ing enough backlog to work from. They need to forecast 
wr.at orders they're going to ha\"e to manufacture. Under these circum­
st:.net>S. the fon:cast must be "bled out" constantly as actual demand mater· 
ia.lizt."'l. TI1e short term Master Schedule consists of actual customer orders, 
th~ middle term Master Sch~dule is a combination of forecast and actual, 
and the long t~rm consists of :.)n:c:tst only. 

T.'1e ~bsta Schedul~ in difTerent tytJeS of companies can take many dif· 

fe~nt forms. In :1 company manufacturing stocked finished goods, the 
Master Sch~dule would be the production plan that tells the total number of 
units ~hat thc:y're going to make for a particular typc ofproduct. This could 
then ~ alloc:ned for \'arious part numbers as a production forecast and that 
w.:~uld be used to crt::tte a Materi:ll Rc4uirt:ments Pl:.:n and Capacity Re­
qu:n:ments Plar.. In a foundry, thc M:tstcr Schcdule"might be expressed in 
Hry g~neral terms sho.,., ing the number of molds to be m a de per da y per work 
~ntet·. 

E\·ery comp:my has ene or more ~bster Schedulcs. even though they may 
not üplicitly recognize this! The Master Schedule drives MRP which drives 
t.~e rest of the p;-cduction :tnd imcntory m:10agement systcm. lt is also the 
key to better m:magemcnt stratc:gy. 

l..esson !Q:THE ~1.-\STER SCHEDULE CAN BE USED TO SIMU-. 
L\TE :\~D SHOW THE CONSEQUENtES ANO IMPLI-. 

CATIO:SS OF VARIOUS POLICY DECISIONS. 
Whcn a new product is to be introduced. when production is to be in­

cre:J.SC"d or dC"Cre:lscd. the Masto::r Schedule \\i\1 be the point of entry to show 
the co:-~5equcn~ of this ch:mge in plan. It's the vcry guts of production and 
im--entvry C\."~ntwl. Thcrcforc. ifthc compa.ny do1.-sn't explicitly rccognize that 
the,· h:t'e ro h:ne :1 ~1:lster Schedule. thcir ch:mccs of bcing able to control 
the-pn.,Ju.:ti0n ;:md in"entory fun .. "tion are very slim indeed. B:tck in the days 
of the infNmal system. fcw companics had a rccognizable Master Schedule. 

In the dl~"S offormal systcms. cn.:ry comp:1ny should. 
But as .,.,e k•(lk b:1ck :tl our schcmatic in Figure 22 again, there's something 

diS1urbing. H'hut bcúJmt' o( Finirc Loadin¡:? \Ve scem to have handled the 
f~'ur f.wd ~mcnt:1l fu nctions. of prod uction :tnd inventOr)' control without even 

tvu;:hin~ on Finitc wading! 

~rgc W. Plossl 

let's takc a rr.ore dct:tilcd loo k at finite load ing. As discussed earlier 1 jobs 
must be lo:J.de-d in priori()· st:qucnce, sincc we want ,thc highest priority jobs to 
h3xe first .:l:lim on :tv:tillble c:1pacíty. Whcn priorities change, \Ve must rerun 
the whole finit~ loading progrJ.m. The problem is furtha complicated by 
'\:kpendenr priorities." ComponerHs going into ;m asscmbly should hüve a 
priority deper.dent upon the status of other components. It is obvio•..!s that 
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therc is no nced to rush one part through if it \\ill just wait for others befare 

the assembly can be complctcd. 
Load data is really a forccast ofwhen work will hit the work center im·oh·ed 

and, like all forecasts, will be less accurate for periods farthcr out in the 
futurc; in other words, for longer lead times. It's certainly optimistic, at the 
least, to say, "Job 123 will hit this work centcr 15 wceks from now," and 
really believe it. With all these problcl"ls, fcw companies have attempted 
finite loading. It is a good qucstion ¡fanyofrhem has succeed('d. 

1l1e two best known computer programs for finitc loading are the PICS 
Capacity Planning and the CLASS program, both put out by 1 8~. In 
Bu~iness English, the PICS program says, "If yo u know all the products you 
are going to manufacture in the next year, if you have a complete bill of 
material for each ofthem, ifyou ha\·e routings and standards for each manu· 
factured item in tliis bill ofmaterial and ifyou ha~·e accur:tte c;tock status and 
open arder files, then the computer c.1n calculate for you the load on each 
work center in cach time period ovcr the planning horizon and. in addition, 
can rearrangc this load to mcct capacity limitations. Figure 23 shows the 
stcps in thc PICS Capacity Planning program. Using the ~atcrial Require­
mcnts Planning prof,rram (RPS). the computcr tr.J.nc;lates a Mac;tcr Produc­
tion Schedule into planncd ordcrs for components: it thcn schedule<; both 
planned anrl released ordcrs and dcvelops an infinite load pro!ile for cach 
work center. If the user elccts todo finite lo:~rling. thc computer will then 
reschedule orders with low priority which hit \\Ork ccnters ha\ing inadcquate 
capacity. The program will show which orders were rcscheduled, how many 

hours of load are in volved and the specific work centers affcctcd. The user 
must then analyze the reschedulcd orders to detennine the effects on the 
end product Mastt:r Schedule and decide whether he can live \\ith these or if 
he must make othcr changes. Thc user cJn assign job priorities or the systcm 
will use the Earliest Start Dates or the L:ttcst Start Dates developed by the 

CAPACITY PlANNING 

MASTEr! PRODUCTION SCHEDULE 

PLANNED ORDERS -· COMPONENTS 

SCHEDUlE All ORDERS 

INFINITE LOAD 

OR 

fiNITE LOAD 

ANALYZE ORDERS RESCHEDULEO 

REVISE MASTER SCHEDULE 

RE PE A T 

flgu.re 23. PICS 
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s;l':edulin._ ction oithe pack:lge. The us1!r must d::li:-~e c:1p:~city <Jrail;¡bJc in 
eJ.ch \H1rk ~::'ntcr; he l1:!S an optiun ofpurting in atable showing a pl~nned 
lev~l .:.1nd a rnaxi:nurr. !e\·e! of c.:apacity. Thc differcnce mig:1t be working 
S.lturda~"S or other on:ni~lc per:ods or tr:1nsferring a numher of men bc­
tw~n ,--.·ork .:en:.:1s. 1h~ ¡:>rG)j~:::n·. de<:<; not h:.mdle unplanned loads such as 
s.:-r:lp and re\Yvrk. mJ.chinl! IJreQ!-::Go">·ns, oper::ttor ~raining, and other 
ca p:~city -wast ing Jcth·i t il!:>. 
There h:J.S !:leen considerable publicity gl\'Cn to another IBM program calied 
called CLASS. CLASS st::md~ for C.1pcity Loading And Schcd uling System, 
a clls:ic finire lo:.ding pro~am deve!cped by Wemcr K.-aus for IBM in Ger­
ma!ly. The sequence of Jcti-.itic-s íollo-xed is sho11T1 in Figure 24. Unlike PICS 
caoadtv ola.nnin!:!. CLASS starts 11ith indi1idual work orders and does not 
require-:-1 ~b.teri~ R.:quiremcnts PlJ.!1ni1~g prog;-am to gwer11te them. h does 
n~ to know hov. thcse ordcrs relate in a produc.:t structure since it use:; this 
i:1fomt::1!Íon to tic 1he priorid~ of compcnents te that of the final assembly. 
The firsr step is to sc!le-dule :he .,.ork orders and.thc next to de.,·elóp an 
infinir:: k•Jd sho\-;.ing how each work cent:.:r wouid be affected ifthe schedule 
wer.; f ... --.l!ow-:d. The us.:r the,¡ adjusts work e-ente.- c::~pacit\es as best he canto 
mt!"!!t the !o3ds. 

B:!sed on us.::r-est::~tJiished priorities on the a!;semb;ies, the :;ystem dcvelops 
;, finite h.1::!-d .:mempting tn schecluh! the parts in a~sem~ly priority scquence 
te r.1.1t.:-h .1\·ai!J.b!c c·ara~ity in each work ccntcr. The user must then analyze 
ho::.~\\ ~ss::-mb!i<!S \verc yesclJ,~uled to see if he e~¡¡ live with this. 1[ he cannot, 
he mus! m:1ke oth(·r dcci~ions abnut capacity or priorities ¡md start over. 
CLASS hJ.S Jn interesting fe;![ u re in th:Jt it simulatcs thc pt:~)gress of each job 
thrnugh rhe phnt to see if it \\ill be affc:.:ted byfwure '!''• r{uad.;. lf jobs #1 
and ~'"::!~~re compcting fo:- cap.lciry in or,t work ccntt!r, bi1[ ill .,.,.¡¡¡be dclayed­
at l subscqucnt work c-cntcr, job #2 is givcn first cbim on c:;pacity. Both 
PICS C;;pacity PJ:~nning and CL-\SS are tr~ly r!cg.:mt compurer programs 
~d .ue b<?..lmifully dl!~ignd. Thcy ooth require mJs~ivc amounts of 
c-.)rnpGTcr time b~X:IUse 0fthe tren'cndous numbcr ofc:llculations involved. 

The b:~...o;ic r.:quirement.s for succcss with fin;!~ loading would appear to be 
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a \\cll-ordcrcd environmcnt, fcw Master Schedule ch:1nges. tlglH l.lt',c:<pl•n.: 
on data accuracy anda priority plun that is I'U!id. lt is hard ro imag:ne an 
operation where rhl! work offinite ioading progoarns \\Ould k justifi¿d ;)j' irn­
prt.wed resu!ts over simp:er, more effcctive techmqtie$. Oliver Wigr•< anc I 
havc wond'!red for a long time if fir:.ite !oading will ever be a pril.:(ical 
techniql!e. 

Olí ver W. Wieh: 

Finite lo:J.ding is r.~;;nain!y ar1 excelier.t exa:np!c of "lnrking up the \\T.:Jng 
trce." When a ccmpany finitc lo.1ris the individual shop orders. the1e's Lound 
to be one predictable result. Sorne orders won't be able to be COiT<;Jiet;:d on 
time. Obviously, if these orders can 't be completd on time, lhc (-!aster 
Schedule must be changed. But, as we pointed out bcfore. Capo.c;ti Rcqui(c­
ments Planning will quickly identify a capaciry rcquiremcnt that can·~ bt: !Tict 

and that the Master Schedule must be changcd. Why bother with all rhe 
sophistication of linitc lc:-ading? If ever 3 techniq¡_:e fcll in ~!"!t generai cate­
gor) of"using 300 horsepowcr to blow the horn," íinite l0:1ding is it. 

Beyond being an over-sopl-Jisticated te.::hniquc. !t simply isn't \·alir.l. !ffiníte 
loading were tn be dor.c correctly. it wouJd rcsult in <:ndies~ iterarion. Con· 
sidcr a company whcre they h:hc dependcnt priorit1es-p:lrts that gc into 
assembl:e:s, for e:~ample. Ifonc part can't be fit into the capacitr and ir~ due 
date has to be extended, thcn the Master Schedule should b;,:o L"h~t:-~ged for the 
assemblies using this part. Era when lhis ;\fasfer Schedule' is c!wnRI'd. the 

finite load that caused thc sclrcdz.le clrwrg<: is no lrulR['r ¡·ulid. Somc of the 
load that kept the part in question fro;n bcing made on time w;;,s prob~.bly 
being generated by other parts going !nto th~ same a:-,s~mbl\es. The minure 
the Master Schedule ls pushed out, ::.ame l'f this load will be pushed out. Now 
wc must finite load ngain. but. once ::~ga!r., snm!:!l~ing prnbai:Jiy won't be 
c:ompletcd on time. E:!o:k to the Masrtr ScheJulc! This. again. 'l.i!l generare 
the nced LO rccalcubtc the finitc load. !f done propcrly. finitc lo:1ding \\OUid 
be an endless itcration. One of the cor.1panics, using the IB~.-1 CLASS 
program on an IBM 360 Modcl 40 kcrtainly nota small computer!) rcquircs 
35 hours to rnake their computation. When \\e callcd to thcir attcntion the 
fact that it_'s importan! in most companies to have a daily disp:1tch !isr, they 
pointed out that while thcy wcre anxious todo this, they had yet to figure out 
how to squeeze 35 hours of computcr time into a 24-hour d ay! 

But what if we don't chang~ the Master Schedule? Suppose we don't re­
schedule all ofthe other parts that go into the assembly. \V el l. this is ccrtainly 
a waste of capacity. If any one ítem can 't be made, it's usually necessary to 
make sorne other ítem, particularly ifit's important to mect a monthiy ship­
ping budget of sorne kind. When this is true. it's essential to change the 
Master Schedule and thus reschedule al! the parts that aren't n.:eded so that 
capacity Y.ill be available to make the parts that are necdcd. 

One point comes through very cleJ.rly: Overloads wi/1 be resolved via rhe 
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.\f<1.Sra Sclzedule. Load leveling is going ro take place in the Master Schedule. 
The only load leveling left to be handled will be minar weekly variations in 
lo:td th:tt are usually not vcry significant or controllable! 

Finite lo:tding. then. was a great way to attack the symptoms, but, in prac­
tice. it doesn't \\Ork very well. Let's look at the problems witlzfinite loa1ing: 

l. As.sumc-s Prcdictablc Job Arrhal. 
G0ing through the precise detail of determining when each job will be at 
e:;.ch w0rk ccnter and lc\'cling out this work load assumes that we can 
predict \\hen jobs \\ill arri\'e at work centers in the future. The folly of 
this is ob,ious to anybody who has e\'er worked in a factory. 

2. Componcnt Prioritics Are Usually Dependen t. 
The liter:uure ofproduction and imcntory control. be it the order point/ 
order qu:mtity litcrature or thc literature on schcduling has been ob­
sessc::-d with methods for handling indi,idual indcpcndcnt items. In the 
re:tl world. most items simply arcn't indcpcndent. Thcy are parts that go · 
int,) assemblics. thc::-y are raw m:tteri:tls that go into a product. These 
prioritiC'i c:tnnot be ltx)ked at independcntly as so many people have 
trio:.'d to do "ith order point type systems "h ich apply only to indepen­
d..-nt priority items. By the same token. rhcy cannor 15e scheduled inde­
po!d .. nr!y. A new re,·ision in the schedule ofany ofthcse items will affect 
all of the other items th:l! are rebted to it. TI1is gets to be a complex 
prohlem J.nd we ha,·e to focus our attcntion on what's important and 
what isn't imponant. In a company that makcs an assembled product, 
f~1r cx:uo1plc. optimi:z.ing thc schedule of any oné componen! is an exer· 
cisc in tri\iality. Thc important thing is to gct all of the components to­
~~h~ at the right time to m:~kc thc product. Having any one of them 
~.~.·ithout thc rest of thcm is valuelcss. And. as we pointcd out above, the 
C'C'mput:.tions im~1ln·d in a gcnuine tinite lo:tding exercise whcre there 
are d~·p~ndcnt dcmand .:omponcnts would rcsult in endless iteration. 
On~ L'ftlle diflicultics. of roursc. is that at thc end ofeach one ofthese 

Ít.:rations. the ~f:lstcr xhcJuJe \\OU!d havc t\1 be reviscd. T11is wouJd 
require human intenention befare the program could continue in its 
o~ration. This probat-ly ''ouldn't be practica!. Thercfore. sorne people 
ha'~ su~f!I.'Stt'd that thc ~1astcr Schl-dulc should be rcviscd auto­
matic:tlly by the romputer. Do11·r do it.' There Í5 a major problem with 
finite loading: 

'J.Automalic :\Yastcr Schcduling Is Risky. 

óO 

As was pvintcd out. thc Master Schedule drives the entire production 
and inventor-y control system. :\ lot of consiclcr'atio.ns go into the Master 
S.:hedule. It's attempting to de:;.l "~th the real world where sorne large 
customers of a company may get prcfcrcntiai tre.!tment ín practice, 
whe:re things like a dock strike may cause an ex!Jort order to havc a 
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higher priority than it normally has and where an order for a _new :us· 
tomer who was sold based on the company's ability to gi,·e sen 1ce rn1ght 
have to be given prefcrence. Thcse are the normal day·to-day things that 
have to be addressed in the real world factory. To try to capture all of 
that logic in a computer program may intrigue the theoretician. The 
practitioner recognizes how futm. -and silly-it is. . 

The na me of the game is to plan capacity requirements and see 1f we 
have this capacity·. If we don't, get the capa.city or change the Master 
Schedule. Probably the greatest reason for not using tinite loading in 
most situations is: 

4. Therc Are Easier, Bctter Wa)S ToDo The Job. 
Finite loading assumes a very stable environment where a lot oflogic can 
be captured in a computer program and executed. lt is filled with 
pretentíous precision as it tries to predict which jobs will arrive at what 
time at what operation in a factory. Yet, in practice, the company that 
does finite loading only learns what they could have learncd by way of 
much simpler techniques: when thcre is a capacity requirement in excess 
of available capacity, it must be met- or the Master Schedule must be 
changed. 

Jfthis is true, why has finite loading e\·en gained crcdence? To be sure. it is 
not somcthing that most practirioncrs view as logical. But a few do. 

Well, Jet's take a look at one prime example. lt has oftcn becn stated that 
there are "200 users ofthe IBM CLASS program in Europe." First. we have 
to define users. What this really means is that there are 200 people who ha\·e 
accepted a free program from IBM. Thcn we are likely to hear that there are 
30 companies that are actually "running" it, but this usually means that 
these 30 companies have the program running on the computer. Whcther or 
not anybody uses the output is questionablc. As we tried to pin it do1.1.n fur­
thcr, we find that there are a few co~panics \\ho are actually supposed to be 
running their factories this way. The only one that has had much written 
about it actua!ly makes magnets. Fundamentally, a one·piece product with· 
out many dependent prioritics and a very simple manufacturing en­
vironment. Qucstíonable that they really need finite loading. The fact that is 
worked under thcse circumstanccs is interestíng. but not particularly sig· 
nifiant. 

We also hear that thcre are "a number of companies" using ít in the 
United States. We've tricd to track this do\\n and hare learned sorne very in· 
teresting things. At one company. for example, the Manufacturing Vice Pres­
ident and Data Processing peoplé speak very highly of finite loading. They 
are located in a corporate office in Chicago. It works there. Unfortunately, 
when you get_down to the plant in Moline, you find that it does not work. 

How can we determine whether finite loading works or doesn 't work? First, 
we've got to understand what the function of finite loading really is. It isn't .a 
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capaciry p1 .... ning techniquc; i; c~:nainly !sn't a capacity control tt~chnique; it 
isn't a priority control techniquc cithe!. i:"s rC'alfr a pn"on"ry phmníng IC'cl:­
niqu<'. h tJ.ki!s th~ pri0rities grncrJtro hy the M;¡terial Hcc¡uirements Pl;~n 
and Jrtt:mp's: tO re,·ise ~l\;~rn in ordcr to l::vel out the wo.-k ic:nd. Perhaps a 
mor-! appr,)priate n:!.nh!' fur 1t ·.m:.:ld be something like "Otdcr Rclease Plan­
nin!!:" since ir addr::!so:;c,;; t~~ problem of releasi:1g orders into stnrting work 
centers in :m attempt to Jc,·d wo!"k load. 

Ho1\· do you detern1ine if ti ¡-tite !~ading is actual!y working, then? The test 
is simple: D!)(·.s rlzt• comp,my using ir actual~\" nm ro rl:c priorit,l' list gí!ner­
ar.-J by rhc.ñnireloading s-_.-11cm? This is the only way you c;-.n determine if 
finire h1~ing is working. If thcy are not running to this priodty list, jinite 
lo..Jdin.!! dCit'S not h-ork. • 

1 wo:r.t toa rompany n'C"ently, for example. wht:rc thcy were using the 18M 
PICS Infinite Loading and Finite Loading pac!.:o.gcs. Thcy daim¿d great re­
suits fr,,m <he finitt= loading systcm. l was skep!ical. Lockir.g at thc priority 
list ~t'ncrat::d by thc tinitc loading n:ports confirmcd my skepticism. They 
~n.:~inly w.:rc no! foiJO\\ing :t. in fJct. thcy workeá to a hot li~t and then 
cros~e.i the job; off lht' w~kly computcr gcnerated pl'iori!ylist as they wcre 
done in th::- <o.equence did::ltC'd by the hot lisr. 

They did gl·t sorne lcad time rcductions. howc\·cr. llu:y-mistakcnly attribu­
tro this to fir.ite lo:hiing! In cakulating thc infinitc lo.arl-a prerequisite to 
ftnite loJding in the iB~f p:~ck:Jgt'-(hcy had :o dcveiop some schcduling 
ruk-s. Th;: resuit of using ihcst.' sd11~d uling rule!. was.to come up with shorter 
plannir.g k:~d times than thcy h::.d bccn using. Short~ning the !~ad times re­
duc•:d the input to thc fJ~tl,ry. Rcduc:ing thc input droppcd the baC'klogs. 
DIT'p¡Jir,g ihe bac~lo~ cut thc !c:~d time. Now nom1:;1ly this \\Ould rcsult in a 
r,,,,rnr.:ry r.·duaion in 1.-aJ rimc bt'rausc, in most co:np:lllics, since thcy're 
use-d to wr,rkin!! "ith the infom1Ji c:lp:l::ity planning sysrcm, the minute 
,;s¡¡;¡l hJcklo~ dccn:a'ie, thc output tcnds lo drop otT. But this company's 
pn'-.it:~ti,,n Cl~ntrol m:mJ!,!t:"r. '' ho is;; prcny cb·cr guy. had r.ome llí' with a 
!:.lpJ.:ity C\lntrol de·•kc \·cry simil:tr to lnput/Output Control. He took the in­
lir:itc l0:1d rq-.,;n, discnrmu.! ./() rcrct'llt ~~(tlrC' ba.-kli1¡¡ in ¡IJ¡· currt"l!t ¡wriod. 
and thl.'n :1\l!rJgc . .-d thJ! ¡,,3d out orcr thc ncu 12 Wl!cks. He thcn scl this as a 
pr,-.,ju~¡i,,n p!Jn and got tlie fl1rcmcn woddns to thio; pl:ln. Thc rcsult: 
HJr1ng r~-duu.'<i input and controllco output, b;;cklogs staycd dov:n, lead 
tim.: decreased. Finite lo~ding had nothing whatsoever to do wlth th<: ex-
cet!ent results these peopie attJincd. · 

P.:.-,ple oitcn ask us ho\•· lBM could havc prescnted the Finite Lo~ding 
p.:~d:. -~in PICS if ir isn't .1 lc~:itima~c tcchniqu~. The answcr is--it was an 
honc<;.;.mistake. Finitc IÓ::~ding Jook·~d good. \.V-::\·c got to reml!mber 1hát f\ !ot 
of lht" f.'.)mputer proplc .tend to f;-.\·or the soph!stica!ed. As TO\msend_.said, 
"Thc~e people .are comtJlicatcrs-not simp!ific::rs." '.Vhile bl~nket in­
dic.-rmc::nt$ lik~ th~r ::tre ne\,er fai.-. ir certJinly is t!ue tl)nt dat:t processing and 
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systems pcop!c gencrally ha ve Ía\''Jl cd the sophisticated approachcs. The .. 
peop!e who dcvelop application progran:s for computer companies are 
usuaily ·systcms· pcople, not practitioners. It's hardly surprising that they 
would pickup something iike tinite loading, especiaily since thc n:action of 

most practitioncrs to "Infinile I...Gading" was negari·.-e! 
Our rescarch this year, our disct.~.<.ÍviL with a loi oí pcople. indicares to u:. 

that not one resprmsible professirmalwe hal'f! túlked with bcliel'f!S that JiniTe 
/nadiug is a va/id schcduli:.g aud /oadiug technique ¡,,a ma::hilli.' .slwp.' 

I hastcn to add that Gcorge and I both are \·ery rnuch in íavor uf rhe !OM 
PICS package. We favor standardization rather than reinventing th.: whecl. 
We applaud IBM for their outstanding comributions w;th the:>e p;v:kages, 
such as the RPS or Material Rcquiremer~ts Planning portian of PiCS. W~ 
have a numbcr of clients who ha\'e used it and used it succcssfully. \Ve are 
very much in favor of the infinite loading or "Capacity Requircments Plan­
ning" p;,.rt of their capacity planning module in P!CS, buc we fcel obligated 
to tel! other practitioners th:H we simply cannot endo:-sc finite loading 3.S a 
val id production and invcntory control tcchniquc. 

Docs that mean that finite lnading will die"? Hard!;r. There is a lo:.tent ap­
peal tü finitc loading and thc chanccs are that it will be y;ith us for so:m: time 

to come. There are thrcc basic rcason~ for its appenl: 

1. It's the Apparcnt Altcrn:Uive to Infinile Lnading. 
Probably the biggest reason th<!t tinite loading W;]S c\·er imented is be­
cause of that inappropriate term, "lnfinite Lo;uiing." lf tbe two choíces 
are infinite loading and finite ioadíng, obviously any n:an in his. right 
mind is going to takc the Jlter<Jati\·e of tinite loading because ínfinite 
loadirig. by detinition, ju~t docsn't makc sense. Wh::n \I.C undcrstand 
how a production and inventory control system fits tcgcthcr, Wl! r>.:cng­
nize that thc actual "Finitc Loading" is going to take place ria the 
Master Schedule, not by sorne sophisticated detailed ~cheduling ::.nd 
loading algorithm. 

Perhaps <o more insidious rea'ion for wanting to use finite loading was 
the basic misundcrstanding of the relationship of the clements of pro­
duction and inventory control because finite loading was an: 

2. Apparent Way to Reschl-dule the Backlog. 

Where thcre is a large amount of past due work in a machine load re­
port. it's npparcnt that therc's a necd to reschedule. So it oftcn looks to 
top peoplc likc thc way to handle this is.finite loading. Reschcduling thar 
load will gct that backlog out of there and put the load out in a rcalistic 
time frame. Unfortunately, they don't see how the píeces of t~e systcm 
tit togcthcr. Reschcduling the load in front of screw machine, for cx­
ample, will only result in having to change the Master Schedule 
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l>t!\:':il!~~ s~·r~'' m::~chinc p:~rts won't be coming out Js schcdulcd. They 
.... sh0uld hJ\C detcm1incd aheJd of time '' h::~t the' capacity rcquirements 

were. ::~nd if rhey couldn't meet these capacity requirements, then the 
~f:J.Ster Schedule should l1:1ve bcen changed ahead of time rather than 
af.er J IJrge b::~.:klog hJd built up. So, finite !o:J.ding seems like a way to 

res.:hedule the backlog ''hen. in fact, that b::~ck!og is on)y really going to 
~ rcschedukd t-:· c!-.:?.r.ging the Master Scheduk. Why not do it direc­
tly? \\'hy go through JI! the nonscnse offinitc lo::~ding? 

In the cor.1p:my 1 mentioned JbO\ ~ '' here thcy were supposed to ha ve fiuite 
Jo::~ding work:ing. they h:1d to discount the infi.nite ioJd report by a sub­
stJnti:J.I am('Unt in ord~r to set up their actuJI capacity plan. Why did they 
h:!\e rhese !J.rge back:logs in the infinite Jo::~d report? For a very simple reason 
-they h:-.d a t-.bstcr Schedule th:lt was fceding the MarcrÍJI Requirements 

Pianning systcm and this M:J.Ster Sche-dule was no longer \'Jlid. There was a 

lor of work: in thcrc th.1t wJs !Jte and had ne\'er heen rescheduled. never put 
out in r~e time pcriods "hen it \\JS n:::~lly going to be produced. The result­
a l.Jrge p:J.St due back:log. Finitl' /oadi11g.for rhem was a mirage: it was an at-. 
r.·mrr ro r,·sdrt"J:dc rlrur bucklo¡:. \\ñ:lt 3 great way to ass::~ulr the symptoms. 
T:1e reJI di~ase w3s in the M:J.Stcr SchL-dulc. . 

Of course. in the twilight of thc agc of nai\'e sophistic::~tion, as 1 have 
eh osen w cJ.II the e:::~~! y years of c:omputcr application, we cannot fail to rec­
ogni7e th:::1t tinite lo:::~ding hJS an appcal: 

3.1t Is Sophisticatcd. 

Y~~u must rcmcmbcr thJt many people bclicve that thc more 
s.~phisticJtcd Jppro:::~ch is thc bctter one. This. of coursc, is nonscnse. It 
usu:-~lly rcsults in getting systcms so complicatcd that 110 fksh ami blood 
mona!~ c.:m u<;c thcm intclligcntly and thcse systcms soon crash down 
ar,1und rhe dc,ignc:r's ears. 1l1cy ncvcr sccm 10 rccognize tllJt if people 
d,,n't und.:rst:~nd systcms. thcy won'r use thcm intclligcntly. 

~!::1n~ ,,fyou kn,,w how 1 h:~,c·hccn on tlle warp~dh :1g:1insr sophistication. 
H,N· srr,1n~ly I fcd th;tt this is onc of the bi~gcst single rcasons for systems 
bilurc in n1<1q .:,lmpani~-s. Sn¡,!Iisricariun as tlll •'ntl ¡,, itsl'l(is c111 immarure 
rn·o,:,·,:p.llion. S..1 oftcn thc m:-~n ''ho dc,·d''P'i :1 sophi~tic:ltcd tcchniquc 
d,x-sn't r...•::Jlly un.icrst:lnd thc pwhkm. To cxpn:,s thi~. 1 h:wc formulatcd 
"Wi~ht's "'th Ll": \\'111:.\F\ 'J.'R PEOI'LE /JO 1\0 r U.\'!Jl.RSTAND FUN­
DA..\IE.\'T.-tL RELA T/0.\'SIIIPS. TI/E/ R. SOLUTIONS TO BASIC 
PROlJLí..\fS H'ILL BE O \'l:.'R·SOPIJ/STIC.-1 TED." 

Cen::~inl) finit'! loading f:::~lls into that c:ltcg,HJ! 
Finitc lo:.iding ,·iobtcs anothcr principie ¡;¡.~¡ is fund:Jment::~l in designing 

systcms: S'f"STE.\IS ARE TO SUPPORT PECfJLE. ,\'QT TO SUJ'PLANT 
TiiE.\1. 

Finitc lüaJing :mcmpts ro bu'dJ too much logi.: ¡nto thc computcr systcm. 
Mosr ofit is tri\·i::d logí.: th:::11 do-:sn't n:::lly maw:r in the real world. Thus, thc 

r¡atur:-tlit:\ult ¡, for pcople to tlirow up thl:ir bando; and I!Íther obry it bltmlly 
or ignore it completcly. People can under~tand the intcnt of systcm'i; if the 
systems are "transparent," they can use them quite intelligently. The systems 
designer who feels that he is doing something smart by sophisticating the 
system has a lot to learn-the hard way! This is not to say that Capacity 
Requirements Planning and Input/Output Control give us precise control 

over a factory. It's very question;:.tJ:\! ~=---t we ever will have precise scheduling 

and lo::~ding in thc real world of f::~ctories. The objcctive is to come up .,..ith a 
system that's better than what wc've got today. Many people tend to take the 
attitude that until :they can solve ::~11 of the problems, they aren't very in­

terested in solving any ofthem. It's wcll to remcmber: 

BEST !S THE ENEMYOF BETTER. 

We suspect that finite loading \\;11 be around for a long time. Many people 

will try todo it just to prove th::~t it can be done. Thcre's no quc'ition that it 

can be done, thc question is ~o~.hcthl!r it's a worthwhilc. pr::~ctical technique. 
Everest is there-rnust we. thl:refore, climb Evcrest? It certainly is not a 
responsible busine~s Jttitude to want ro try ro do things just for the sake of 
doing thcm when they ha ve. no practica! value and there are berter ways, sim­
pler w::~ys, ofdoing thc s::~me thing. 

Lct's review then, the app::~rent problems ~o~.ith the three techniques ....-e've 

talked about: 

l.lnfinitc: Capacity Is Not Infinitc. 
Of course, it isn't, but the purpose of Infinite LoJding-or bctter, 
Capacity Requirements Planning-is to determine what cap::~city is 
really necded. 

2. Finite: Extcnding Dclhcrics. 
That's righr. Loading to finitc capacity .,..;)( extend deliverics. As a result, 

the M:J'iter Schedule will havc to be ch::~nged. But we don't necd to go 

throt~gh al! thc gyration~ ofthe sophisticatcd finite loading computar ion 

to dct~.:rrninc that. 

3.Input/Output Control: Difficult to Ü>nlrollnput. 
Controlling input is fine. But control/in¡¡ output is the real importan! 
thing. Undoubtedly, too much emphJSis was put on the subjcct of con­
trolling input in sorne of the things ·thJt have bcen .,..ritten on Input/ 

putput Control. Pcrhaps a better namc for ir would ha,·c bcen Output/ 
Input Control sincc it is the only practica/ too/ thut 11·e hare seenj'c.Jrc(Jn­
trolling cap(lcity. Planning what thc input leve! should be and moni­
toring thc tot::1l number of hours going into the downstrcam work ccntcr 
can givc us valu::~ble inform::~tion. But the prime funcrion of Input/ 
Output Control is capacity control. It serves a purpose that río st:mdal'\:1 

C>'.FACITY PLANNfNGAND rONTROL ó5 



pro<!uction control tecí~f';que rcally adc!ressed. 
Let's e>.·aluate, :hcn, thi! o~inions we've atTivcd at about scheduling and 

loading t~hniques: 

l. L"'finite: Function ls "Capadty R.:quit-c~tcn!i Pbnning." 
Tnc te-.:hnique we •Jscc! to c:J!llnlinite Loading sho:.:ld be cal!cd Capacity 
Requirements Pianning and it should pick up the p!anncd orders out of 
~f:nerial Requirerr:ents Planning to ell.1end the planning horizon rather 
than just try tü mea.sure backlog. Ob,iously, no pl&nt can be Jo~ded to 
i~fi.n¡tc c:Jpacity. This is a planning technique, nota ioading technique. 

2. Flnite: 
A. \\'ORKS FOR ONE WORK CENTER. 
o. ~!lSGUIDED SOPH!ST!CAT!ON iN A MACHINE SHOP. 
C. LOAD LEVELED BY ~1ASTER SCHEDULE. 
TI:a~·s noquestion but that one startir.g work ccntcr---{)r, as I've called 
~hcm before. "g:lte\\'3.)' wcrk ccnters" (indic.lting the first significa!lt · 
u·ork .:er.tc:-r in the scquencc) can be finite lo:~ded. Work c:m't be pre­
cisdy rontrolkd going imo z.íl !he subscqu::nt \\urk centers. Thcre are 
too nuny od1·~r thi•~g!. l,L.1t ~!Tect the tlow ofwor~:.ti,o downstream work 
~mcrs. A detailcd finitc lo:.d c;:¡n be p!J.nncd o(:Jitpt!r. It certainly isn't 
g:-ing to wvrk c~i that way in:¡ i::ctory. :.- ··.· 

¡:jnite load in~ v.il! tdl us that cert:lin items ar~n·~ going to be finished 
· on time. Th::: resuit: The Master Schedule mus¡ i;!! ~-hJngeci. Actually, if 

th..: C:1p::.(ity Rcquin:ments Pi:ln is uscd. it cai¡ ,~¡:.,:;.~; us whcre capacity 
requiremeri!! excccd :.l'".1iL:~hlc capadty and wh, ¡",; l!.e ~·1::!\tr.; Schedule 
n::-cds !O be ch:ln~l-d ·,,ithout going throo~c;¡}· :·p¡l the dctaiis and 
s,lphi,ticatcd calcubtion of finitl! loading. ~~·;:~ ~,;_~bcr th:H the load 
e-. cntu:t!l)· v.íll ha,·c to be k\'ckd by changing tlH· ¡~ j;¡~itcr Schedule .. 

3.lnput • .'Outpul: Funct!on !s Caparit) Control. 
lnput Output Control i~ .1n cx.:dlcnt tcchniquc. Pcople havc uscd it and 
had \·..:r:1 ~ot-..1 rcsults. llte fa.:t th.n it ft.)cuscs :11tcntion on backlog and, 
ron~qucntly. le.1d tirnl'. is onc of its grcatc\t a:trihutes. Out, ir. csscnce, 
it's a cJ¡:>:1city control dcrice. li's a way to moni!o~ ih;: capacity planto 
see ifthe prodL;ctiCln rJ~e<> requiri!d to mee! thc Master S\:hct..lule are ac­
tually bcing :Htaincd-. 

We\·e spcnt a goC'd de:~i of time in the past ycar gatllcríng infoni1ation, 
\isiting C":lmpani.:s, Jearnillg more :~bout Finite Lo:1ding. We wcr.t into this 
'1\ith an ope-n mind. Ccrtainiy the la)t thing we w~mt todo is tcll pcop1c that a 
ti."Chnique isn't practic;1l :md later ha\·c it prO\·cd to be practica!. \Ve hate to 
take a negatin: stand on an}1hing. It's much c:lsicr to just ignore it and make 
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• 
belic\'1! :e docsn't exist, but ',':e fclt J rcsponsibility. A lot of pcop!c ha\ e a!okt.:d.r 
us about Finite Loading. A lot ofpcopie ha,·e asked us to C:;kc :1 stand to hel? 
thcm to understand it better. Wr have done o•Jr horr.e1>ock, Í"l our opinion. 
and we havf' taken our stand. We cir.n't believe that Ftnit~ Lo;~d!nz is a valid 
technique for scheduling and !0ading a machine shop. Certainly thi~ docs;l't 
say th~t any company that wishes to ~upport pure rese:m:h shouldn't punut! 
Fini:e Loading. For com¡.;Jnies that cannut indulgc in this luxury, the mirage 
ofFíni(e Loading should be avoiccd. 

G~orge W. Plos.sl 

To ~ummarize, we'vc becn discussing Input/Outpu< Control, Infini¡e: and 
!:¡~ite Loading. We have concluded that lr.put/Output might mere accu· 
rately be called Ontput/Input Controi and that lnfir.ite LoJding is really 
Capacity Requi¡emcnts P!anning. We scriously que~tion tha< finilc loading is 
a va!ld techniqu..:. Tne bcst that can be said for ir is that it may be a llne­
tuí1 ing dcvice for n;ry spccial applir.::H ions. 

We ha\'C: workcd harc to di~pP.l sorne ofthe fog !Urrounding this im?ortant 
area of production mJnagcmcnt. Production and inventor;.· wmrol is cb­
viously no longcr a collcction of loosely rclatcJ tcchniqucs. Thcre are! un­
derlying principies and sounc tcchniqucs for appiying thc··.c p•inciplcs. l't is 
now pos.>iu!c to see how a pl:tnt can be kcpt on schedule with ~ prio:-üy p:an­
ning system that wo:ks. Capacity Requiremcnts P!anning. control 0f output 
anda dynamic priority control system to respond to re;:d world c~ange-;. 

Keeping on sch~dule requirc~ thn:~ basic actions: 
1. Load levelirg via the Master Schedule. You mus¡ srnooth out th~ peaks 

and vo!!cys as mucb as po~siblc and schcc!uling only ·.;•hat you'r.: capztle 
ofprodur:ing. 

2. Sorne job:; must be startcd carly. You must rcJch ohad cither through 
the Ma,tcr Schedule or by indi\·idual starting opcratinm, and rekas~: 
sorne job-; f¡¡:(orC' thc p!:mning 'i)'i!cm 'i;l}'S it i~ O(.'CC'i'iJry. ll1e plant 
:nw;t bt.: fcd ata lercl rate with a balanccd mi."< ofwork. 

3. You nccd ;1 two-w;¡y priorily sy-;tcm "hich rccogni7~s jobo; nccdcd !a!er 
as wcll as tho-;c nccdcd carlier. Tom Putnam of Markcn Corporalicn Jt 
our SunJpcc confcrcncc st;,ted this rcry clcarly. He said, "You must 
push out the orders yo u don't necd." 

Jim Burlingame ofTwin Disc in his articlc: "Finite Capacity:" in the 2nd 
Quart~r. 1970 issuc of the APICS Journal, Production and lmwlfor,· .\fan· 
agcmenl, statcd thc basic fact as wcll as it can be said. "The a:ls~cr toa 
car-acity problcm is not to rctard the job but to find á way todo it." The \ital 
need is for adcquate capacity, not sophis-¡icated computer finite lo:lding and 
scheduling programs. 

CAPACIT't' PLA.NN!NG A.ND CONTROL ó1 
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1\!A.TERIALES 1 02 

SESION·s 

EJERCICIO 1 

OONSIDERE UN ARTIC1JLO CON UNA DEMANDA ANU!J.. DE 24 ,000 UNIDADES Y UNA 

CANTIDAD POR PEDIDO DE 1000 UNIDADES. EL TIEMPO DE REABASTECIMIENTO PARA 

UN ARTICULO ES DE SEIS SEMANAS Y LA .AININISTRACION HA ESTABLECIOO UNA PO­

LITICA DE NO l>1AS 2 "0" EXISTENCIAS POR AAO. 

CALCULE EL PUNl'O ESTADISTICO DE REORDEN MENCIONP.NOO EL NUMERO DE 

UNIDADES A QUE DEBE REORDENAR EL MATERIAL. EL MAD PARA ERRORES SE?>1ANALES 

DE PRONOSTICO ES 200 UNilli\.DES. 

ASLNA SO SBvWit\S AL AflO Y USE LAS TABLAS DE SU TEX1D QUE CREA NECESA'­

RIAS •. SI EL VALOR QUE BUSCA NO ESTA EN LA TABLA~ USE EL MAS CERCANO. 



VOLANTE 1 

ADMINISTRANDO EL INVENTARIO MAS 
SIMPLE DEL MUNDO 19 • PARTE 

INSTRUCCIONES: Actualmente Ud. esta colocando 12 ordenes al 

afio (4 por articulo). Manteniendo el total de ordenes al afio 

en 12, Ud deberá determinar el número de ordenes por cada -­
artfculo que le de el más bajo TOrAL de inventario promedio. 

CONSUMO ORDENES CANTIDAD INVENTARIO 
CODIGO ANUAL AL ARO EN ORDEN PROf\IEDIO 

A $4900 '4 $1225 $612 

B 900 4 225 112 

e 400 4 100 -50 

TOTALES $6200 12 $1550 $775 

.-



ADMINISTRJu\fDO EL INVENTARIO HAS 

SIMPLE DEL MUNDO 2 2 • PARTE 

VOLA.:'lTE 2 

INSTRUCCIONES: Ud. esti a cargo de tres artículos: 

Parte A con consumo anual de $4900; parte B con consumo anua~ 

de $900; y parte C con consumo anual de $400. 
Ud. deberá "experimentar" con varios números de ordenes al -­
afio para cada artículo hasta que halle la respectiva cantidad 
más económica de ordenes al año (la de costo total más bajo). 
Para este ejercicio use 20\ para el costo de almacenamiento y 

$10para el costo de adq~isici6n. Su formato debe ~eguir el si 
guicnte ejelilplo: 

PARTE X (Consulilo Anual $10,000) 

(1) (2) (3) (4) (S) (6) 

ORDENES CA.1\IT I DAD INVE:-JTARIO COSTO DE . COSTO DE COSTO 

AL ARO E~ ORDEN PRmiEDIO AL~!ACEN ADQUISIC. TOTAL --·----

1 10,000 S 5,000 $ 1,000 10 1010 

2 5,000 2,500 500 2'0 520 

Etc. Etc. Etc. Etc. Etc. Etc. 

(2) = CONSUMO ANUAL/ (1) 

(3) = ( 2) 12 
(4) = (3) x COSTO DE ALM.A..CEN.AMIENTO (\) 

(S) = ( 1) x COSTO DE ADQUISICION 
(6) = (4) x (S) 
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TABLA- DE LOTES ECONm1I COS 

CONSU~IO 
~lf:NS VAL LOTE A ORDENAR 

($) (~!ESES) 

ARRIBA DE $ 2,400 o.s 
$ 800 $ 2,400 1 

$ 400 $ 800 1 • S 

$ 240 $ 400 2 

$ 160 $ 240 2.5 
$ 100 $ 160 3 

$ 60 $ 100 4 
$" 40 $ 60 S ('·\_ 
$ 25 $ 40 6 

), __ / 

$ 1 S $ 25 g 

$ 10 $ 1 S 10 
ABAJO DE $ 10 1 2 

COSTO DE ORDENAR: $ 10 

COSTO DE i-!ANTENER: 20% ANUAL 

EXACTITUD D:E LA TABLA + 1% 
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Volante I 

CONOCIENDO NUESTRO PROCESO 

ESTE PEQUEÑO CUESTIONARIO LE AYUDARA A ANALIZAR EL 
INVENTARIO EN PROCESO Y SU RELACION AL TIEMPO REAL 
DE ENTREGA. 

1 o- ASUMIENDO QUE UNA UNIDAD EN UNA PLANTA DE EN­
SAMBLE TIENE UN COSTO PROPORCIONAL AL AVN~CE 
EN EL PROCESO. SI LA UNIDAD DE PRODUCTO TER­
MINADO TIENE UN COSTO DE $1,200.00 Y LAS PIE­
ZAS QUE SE ALH!ENTAN AL PRINCIPIO DEL PROCESO 
TIENEN UN COSTO DE $600.00 ¿ CUANTO ES EL 
COSTO PRO~IEDIO DE LA UNIDAD EN PROCESO ? 

R: ------------------·-----------------------
2.- SI LOS ESTADOS FINANCIEROS INDICAN QUE EL IN­

VENTARIO EN PROCESO ES $3,600,000.0.0·¿CUk'iTAS 
UNIDADES HAY EN EL PROCESO? 

R: 

3o- SI LA PRODUCCION SEMANAL HA SIDO DE 250 UNIDA 
DES, ¿ DE CUA.'H AS SEM.A.l',!AS ES EL TIEMPO DE EN::­
TREGA PROMEDIO ? 

R: ------
4 o- SI EL TIE~!PO TOTAL ESTANDAR DE OPERACION POR 

UNIDAD ES DE 1. 6 SEMANAS, ¿ CUANTAS VECES ES 
~lAYOR EL TIE;,¡po DE ENTREGA QUE EL DE OPERACIQ;~? 

R: -----------------------------------------------
So-- ¿ CONOCE ALGUNA PLAJ\JTA QUE TENGA LA RELACION -

TIPICA DE LA PREGUNTA ANTERIOR ? 

R: -----------------------

Lh' 



W\TERIALES lCQ 
~-----

- SESI[X\J 8 

EJE~LO 1 PAGINA l 

lN GRUPO IE 5 ARTICULOS so·~ TOOOS PROCESADJS A TRAVES DEL MISr'D IfPARTN'ENTO 
Y TOfiOS ffQUIEFfN IEL r~IS~D TPJJBAJAOOR PARA PREP/-\R4R LAS f.'V\QUINAS AN1ES DE 
CADA TinO IE PRODUCCIO'·J. SU TIEVPO ESTA 100% SATURAOO E INCLUYE 31 HORAS -
B~ THAB.t\JO ftNU~L [f PFEPI-'.RACIO~ PAPA ESTOS 5 ARTICULOS. EL RESTO DEL TIEVt­
PO If TRABAJO ESTA OCUPAOO ca~ OTRAS PIEPAMCIQ'~ES EN OTROS DEPARTN:fJJTOS~ 
SU COSTO IE r~·Jo If OBRA ES LE $5/HORA. EL INVENTARIO TIB~E UN COSTO IE ---­
AtlACENAJE DE 2CVo AL A~. LOS Dt~TOS IE LAS PIEZAS SE ~U:STRPN EN LA TABLA -
A CO'HINU~CION : -----····-· ................... ! ............ - . . .. . 

- fPRT ICULO r ~TIUl\D ANUAL VALOR LrHmD TIEf1'0 IE PIEZAS EN CJillA 

J 
1 
1 l . 
! 

1 

1 
2 

L 
3 
4 
S 
-

! 
1 

: 

·<PIEZAS) 
: .. - -· ......... 
: 

: 
: 

1000 
980 
800 

5400 
2400 

PffPA.R~CIQ~ ORDEN <ACTU!\L-' 
' 
t . . . HRS/OPJJJt r·'ENTE). 
: 

-.-

í : 

0.1 2 500 
10.0 1 245 

: 4.0 4 400 : 

: 0.5 6 5400 
1.0 1 

3 8C() 
: 

CALCULE EL INVENTARIO ACTUAL IE LOTIFICACIQ~ DE ESTOS 5 ARTICULOS Y MUESTRE 7" . 

QUE ES POSIBLE PEDUCIRLO SIN AUrENTAR EL TIEf'PO IE PREPARACIQ~ REQifRIOO. 
¿ CLW_ ES LA ~V\GJITUD IE LA FEJUCCION '? 

USAR HOJA ANEXI\. 
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·MATERIALES 102 

SESION 6 

EJERCICIO 1 

TERMINAR DE tLENAR LOS DATOS FALTANTES EN LOS CUADROS ANEXOS 

PARA LOS SUB-ENSAMBLES Y2L E Y3L·~· Y LA PIEZA 10314~ LA CUAL . 
SE USA UNA EN CADA UNO DE LOS SUB-ENSAMBLES ANTERIORES. 

; . 
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TIE!>IPO UE ENTREGA 

EXISTENCIA 

:::::z 600 UNIDADES 

ENTR~GAS PROG~\MAUAS 

·-
ero~ DE PROYEC 
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PROYECCION DE' 
REQUERIMIENTOS BRUTOS .. 
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EXISTENCIAS. 
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CANTIDAD EN CADA ORDEN = 350 UNIDADES. 
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1 
TABLA DE CONVERSION DE 

INTERVALOS DEL PRONOSTICO 

CUANDO INTERVALO = 1 
Y TIEMPO DE ENTREGA: 

2 

3 

4 

5. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

M.d.D J!.. ... TUSTaDO = ~iill 

DESVIACION ESTANDAR 
O MÁD, MULTIPLICAR POR: 

2 .. 16 

2o64 

3c.09 

3 .. 51 

3 .. 91 

4 .. 29 

4o56 

5.,01 

5.,36 

5 .. 69 

6.,02 

6 .. 96 

7.27 

7 .. 56 
, T .E.. o.-:¡.. 
l n,:, P-) 

'...... o 
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SHORT RA!.t;E PU.l'N!NG A~JJ REPLA!,'NUC •.•.. NOT FEEDBACK REPORTI!.t; 

By Rick McKelvy 
Sheridan Associates 

Interactive Information Systems Division 

During tne past ftve years, I've been working for a company that spe<.ializes in 
coDputer systems for Production and lnventory Control. This includes sof~Jare, 1 

harc-.·are, and the necessary training/implementation support to resliz-e sn 
effect ive sys te m and obta i.n those magic resulta - reduced inventory, improved 
custorner service, and f¡¡¡proved productivity. My role has been one of defining 
the application design criteria for the various software modules and user 
assistance during pre anc post icple~entation activities, 

What this all means is that I've had the opportunity to visit :nffilerour. co01panies 
snd review their current syste~s (both mechanized and manual) with respect to 
ProducLion and Inventory Control .••• approximately 35 installationn in all. 
Perhaps the most significant fact realized from this exposure is that, among 
the =jor Xanufacturing system application~ (Shop Floor Control, Inventcry 
Control, MRP, CPY, anci BO~, Shop Floor Control is the leR•t understood. Some­
how, we've defined this rr~dule as a system that collects and reporta shop statuG 
info~~tion. Such data nay be e necessary input to Shop Floor Cortrol Syste~s, 
but che reporting of thi.s infornoation is not one of the a~Jpli.:atioi:l'a pri!Ild.ry 
objeccives. 

What, tl:en, ure these objecUves? This questio!l is the bssis for my presenta­
tion which i• structured in tnree part.s-. Part one develop~ the primary 
objectlves of a Sh~p Floor Control ~yslem. Part tuo discusses the data fiies 
required an~ c~jor processing logic necessary in a computer sysLem to support 
these objectives. Part three reviaws in detail the key output clocur.:>cnts such 
" ~ystem should generace. These documenta sre presented ir• s. prob!.em solving 
mode using a chain hoist as the ~~nu:actured product. 

il-':!fore Jua.ping into F"art one, however, I 1 d like to quicl<ly revie,.· cur p<:ct 
efforts wit~ respe~t to com~uter systems for ManufRctur.ing. This will provide 
sorne insig~t as to whe~e we are and how Shop Floor Control, as it exists today, 
was crcoted, 

PAS'! 

~~nufacturing systews started sowething like this •..• First the Controller 
decided he would alio" l-'.anufa::turing to use the computer (aftcr Accounting ancl 
Payroll, of;course). ~Nt>xt, a portion of thP programming sr:nff was spl:!.t off 
to develcp the required .soft".,are. This group went to vnrious shop personnel 
eP.d asked ",very logic:al question. _What 'a ya need? Our (the practitioner) 
response, howcver, was no~ so logical. .•• l.'e don' t knowl Not to be denied, the 
p~ogracmcrs then went off in their own directicn. They looked around for some­
thin¡; to mcch<:nize, carne up .;ith all sorts of .inforr.~ation, and started codin¡;. 
Finally,·we reflaced the key¡,-.:n,:hed car:i with dat-s collecti:>n deviceg which 
a~lo~ed fcr more dst~, faster. 

;..'he·.:-e did all lhis inforr.a~ion go end hrn-' was it csed? As eh<T.,•n on Exhibit 1, 
tb~- typical elata coll'i'cted was ehpscd hours by eo>ploy<>e, expense charges by 
employee, ffiaterial issues and ~cc€ipls by order, operation payoffn per opera­
tior. by wor;.oer, end ecrsp P.nd J·ej,-,c-t figLees by order. When date collcction 
C'!·.;ices \..'e::-e uscd, tht: lnfc,:.-matiou wss typicelly tranawitte.-! to n date pooler 
e.nd ther. oro to a centr2l p:::o::::essor für cser report1ng. Eut: o¡;,¡a .. 1 the user the 

. Production ar:d lnventory Controt department? After all, that'.a the group we 
startea out to help. l'.eturning to Exhibit 1, we sce nurnerous repcrts, only two 
of whiclo can be considered he!.pful data for controllin¡; ~'bat er.d vhen work 

85 

shculc be released (or worked on) in tloe shop. Furthcnncre, es dlecussed 
lnter in Part one, euch status reporta don't reelly support the pr > objec-
tfves of a Shop Floo:- Control System, 

DATA COLLECTION 
Exhi bit 1 

Elapsecl \lcurB Expense Cha rge~ Scrap, Rejer te 

Opera ti o a Payoffs 1 
l".aterial Issues, 

Rece'ipts ___ :..__._; . 

_j 

~ ·-T~ ,--~ 

r----'::-1 1 ,- ' E-----, ~ ·~ '"'"~ 1 

-- 1 

1 

~ l_, 
p o . ' 

~a~:~~~:sNT iU ATTE!>"DANCE, 
.JOB ORDER 

•Tl!-!E (:, ~ 

I
COSTING, '-'IP 

VALUATlON, 

~ 

W/C :1 ~ (INV S'l:A-Us-:1 EFFICIEN~i~, 1~ -JO~ ORO~r. '¡ 
SCRAP STATUS 

RE;:: l_-_,--r 
ANALYS IS, PJSr .JJ 
DUE SHIPMEl'>FSP 

~~~- .. 

Jle:<t cnrue ~he l"o.IU' crussde. It's thc::ne was simplP- enough .... n.e 1:-eot way to 
help Froduction and Inventor;• Co;:o.tt"ol is not t.hrough up-tc-datc ohop etatun 
infonnation, but rethc.r in aasí3tin¡; them devclop & >:ealiqtic !'len of materi-.1 
requi-en:ent& consist.ent vith custcm;er dereer.cs. In other word~, no mstter how 
a:,phie::~cated tr.e shop reporting 6y:.tem, if wc. atnrt with er_ ""~calistic plsc 
(ca?acity) or place emphasls on the "'7on¡; jobb (prioritiee), the best PUCh a 
aystec:·can éo is tell us :1o¡.; late and/o= cut of <.o:-otrol '"e .,.,.," earlier than we 
might ncte thlv ~ i t=t ion rr1mua lly. .Afte -e a few y<'at·s, wo; ciecicied thie theme 
'"'s' .probably ri¡;ht and in recent times han: switched our attentlons from 
detailcd chop reporting to ion~ range ~~~erial plqnning or imP • 

Thi& bringQ us to the! preee:'.t, Generally s¡::eai<in:;, theo XRP cr-u~a~e ia ove>:. 
If you haven't grasped the depcndent demand principle yet, I ~cg¡;cst you're 
rcsisting rnthcr lh.an trying to underatand.' Howr.v.er, MRl' in not e cure all. 

R6 APICS Ul/f. 



It has limitations. In fect, the limita tio.:s e f ¡~ provide the has !e freme­
uo:k·for defining the objectives of a Shop Floor Control System. Obviouaiy, 
th1s statement needs clarification which will follaw direct'y -irst h er 1 h - - . r • owever' 
one • na note on w ere we are. As practioners, once we realü:ed shop report-
ing was p~:obably last and not first in the de·:elop:nent sequem·e of !".5nufactur­
i~g systPms, we switched gears and started on MRP. GrPat¡ but along the way it 
·Y?ears we made an assumption I ~u3t now question. nle bSS~mption was that our 
e1forts in the shop, although out of sequence, will ~one the less provide us 
the information tools to pickup where MRP leavea 0 [;. That iD, controlling 
and executing the short range rel¿ase plan. However, oy experience to date 
with shop reporting systems does not support thia assu~ption .... a statement 1 
will also explore further in Part one. 

PART ONE - OBJECTIVES 

In the preceding paragraph I made a staternent aboc~t the limitationa ~,;f ~:r­
being the foundation for defining the objectives of a Shop Floor Control SysL<:m. 
Now.for sorne details. The majar limitation in MRP is that is does not consider 
capacity restrain!:s, particularly _ _when_reporting re-schedule situations (open 
jcb orders that should be moved up or back due to Master Schedule chenges 
c~cle count ~pdates, bill changes, etc). To compensare for this, an appltca­
tLon cslled Rough Cut Capacity Planning" is recm:rnended. This involves the 
development of a series of general routings that represent the required hours 
by majar work center for certain Master Schedule groups .... the idea being te test 
the !".aster Schedule agsinst these routings end determine feasibility with 
respect to plant capacity. There's no argurnent that this is a sound approach. 
Houeve~, let'a look at it from the standpoint of supporting shop activity en a 
day-to-day or weekly basis. FirsD, it 1 s a gross average and by now we should 
all be aware of the potential problems associated with auch figures. For 
example, consider the problema created when we took an item's yearly demand and 
divided by the lead time for arder point. Aren't we in fact making a similar 
assumption whetl "e state that if the Master Schedule looks good from a rough 
cut standpoint, it won't translate into daily or weekly capacity problems over 
the short range? 

Does ~his mean rough cut should be fine tuned to reflect capacity en a weekly 
basis. Certainly not. If we rana detailed CRP each week, reviewed its out­
put, adjusted the Master Schedule :ccordingly, ran MRP, we'd probably get our 
planning reports ene day befare its time te start regenerating. Furthermore, 
think about the computer time required te accomplish this task. The problem, 
however, is a real one and therefore must úe addressed by one of our ~~nufac­
turing System applications. I feel this application is Shop Floor Control 
wh~ch leads us to the definition of our first pri~ary objective. Namely, the 
ab1lity te translate the short range release plan as reported by MRP (orders­
scheduled for release or re-schedule four to eight weeks out) into detailed 
~iacity requirements by key work center based en the latest figures with re­
~ect to shop output restraints. Also, this ability must be provided en a 
timely basis since the mission of Production and Inventory Control personnel is 
clear once they receive their MRP output. This miss ion includes changing due 
dates en released orders, adding or revising planned orders, etc. If such 
changes are not feasible from a c&pacity standpoint, the user must know this 
almost immediately in arder to make adjustments. 

A second gray ares or limiting factor with MRP is lead time. Almost all of the 
operating MRP syste~ I'm familiar wi~h use a set of guidelines in this ares. 
For example, all machine parta gcing through heat treat tnight have ten days 
lead time; no heat treat, six days; assembly, ten days; etc. 1 don't quarrel 
with thia approach. Many users sp~nd too much time getting lead time data 
down te an exsct science only to fiad that MRP backs off from the eud date of 
the previous week whenever'it drops a level in the product structure. However, 
it does bring up the average problem again when considering work loada over 
the short range. Addressing this lirnitation then becomes the second primary 
objective of a Shop Floor Control -Syatem. Namely, including the capability te 
t~anslate eAch arder planned for release over the short range into a realiatic. 
~rü ~_operation schedule b&sed on ita particular build sequence. 
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The: thirC: pri,,~a~)'· cbje~...!~i\··~ of B Shop Floor C.ontrol Systen1 is not related to 
MJ:P. !l" fact, i:: can;t bco rrlated tu ~n/ ;.yfttm but r:.th"r Just h~ppens to be 
·the·..,ay t:Jin¡;s are. What I'm addressing is unp]a.,ned demanda like a press that 
has:n12ver gone d¿11~'t1 bPfore but ""·!11 be out 0l ccr>ni~sion for two wéeks; ora 
cust::>mer who has a fit-rn delivery date five '-'H.ks from P.crw b~t just cslled and 
..,culd like to kncnJ if "'e could posEibly ship this week .... and he's willing to 
\..~a:!i. ten minutes for the BPswel:. l-'..sny S'IS.ll conpanieo; are fai:e'd with twenty-
Hve to fifty of tla:se inquir~es each ~ay. ':~~-

For;the most pr.rt. MRP can't hclp you "''ith these problems. ¡t•¡j usually a 
rer~•mr•tive application report~d en a ~eekly basis. During the week, the 
s!top's en its m.>ra. Therefore, the problr-,-,s associated with unplanned demanda 
over the short range rnust be eddressed by the Shop Floor Control System ..,hich 
mea~s offering capabilities thst include: 

' 

l. On-line te.st for availability - this •·ould enable shop 
personnel te evaluate the feasibility of shipping a 
product earlier than scheduled. The ~ord test is impo~­
tant laere because if a change can't be r.aade, we don't 
•·ant material reserved or arder priorities changed 
unnecessari ly •. 

2. On-line rescheduling of problem orders - when rr.!!cl.ines 
go do-wn and we !'eschedule te alterna te- operations, doee 
this just move the botLleneck from ene area te another? 
We need to know this answer as sean as possible and, if 
it's a bad ene, try something else. 

So far we've discussed shop floor control from the standp_ .. e~t of its inlerface 
with MRP and modifying schedules or material allocations based on unplanned 
demanda. I consider these its prirnary objectives. However, executing the 
shott range plan and data accuracy rnust also be sddressed. This mcans includ­
ing :in tbe design of a Shop Floor Control System processing features such as: 

l. lmmediate allocation/de-allocation - where material, upon 
receipt, is automatically assigned in priority sequence to 
job orders in a reserved state that need the item. This 
i1.sures stock is being utilized consistent with the latest 
decisions of the Production and Inventory Control Depart­
ment. De-allocation is the reverse process. A good example 
would be cycle count updates that reduce the on-hand 
balance. For such updates, the system should in~ediately 
unreserve material allocated to reserved orders atarting 
with the lowest priority job. This insures shortage or 
backorder conditions created by deallocation will be 
reflected en the expedite list as soon as possible. 

2. File editin~shop completion entries at the operation 
level - this feature monitors shop feedback entries at the 
source and rejects any input where the quantity entered for 
a ~iven operation is greater than that recorded to date for 
the preceding operation (~ tollerance) or greater than the 
order's releasc quantity. If we've learned anything in 
the past about correcting record errors, it's the fact 
that the longer the time lag between when an entry was 
rnade and ita error condition noted, the longer and more 
cumberF-orne the correction process becornes. As is true 
with any system, record errara are its worst enemy. 
Therefore, we should include every check possible in 
our Shop Floor Control System to ensure this enemy is 
controlled. 

The ,list of procesaing features that should be included in a Shop Floor Control 
System te ensure the short range plan is executed accurately and in its proper 
sequ'ence is rather lengthy. Coupling this with the fact that ..--- oaper is aimed 
at the objectives discussed previously, additional cont~ol'fe• s will not be 
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addreseed. This by no means indicatee they are of lesser concern. One need 
only 1- '· at the HRP systems that have failed hecause of inaccurate inventor;; 
data alize their importance. 

PART lWO - TI'E SYSTEM 

It's probably evident that in order to support the primary objectives discuss­
eJ ,bove, so on-line interactive system is required. Before deciding such a 
aystem is too sophisticated or the expense far outweighs its advsntages (a 
typlcal response to on-line system suggestions in the psst), let 1 s_review sorne 
current facts. I believe they ne¡¡ate this re;ponse •. 

l. On-line systems are easier to operste and require 
leas training - this is true due to the eliminstion 
of numerous error reporta thst sccompsny batch proces­
sing systems •••. obviously because input edit and file 
updste errors can be detected upon entry. Aleo, every 
input trsnsaction flsshes the necessary data on the 
input device thus eliminating the requirernent that all 
shop personnel re~~ber the data ele~ents sssociated 
·.;j t-h es eh upds te entry. 

2. Almost every co:r.puter on the market todsy is structured 
to support on-line processíng. They believe it's the 
wsy of the future and for us not to utili7e this espa­
hí lit y seems feo lis h. 

3. Computers are getting fsster snd cheeper esch yesr. 
Consider the introduction of the mini compul"er.. Most 
of these machines offer processing power equal to maxi 
computer output retes only a few yesrs bsck, support 
on-line, axe ~bout one-third the size, ~nd cost 
considerably less. I don't know if they will follow 
the ¡:>attern of hand calculstors, but the trend 'seems 
comparable. 

4. Prograrrrnet·s underslsnd and a!"e now fully competent with 
respcct to on-line codi~g. 

In s~~~~c;, due primarily te lncresses in computer technology, on-line systems 
are no lonper a luxu1~ that only the rich can afford or the high volume user 
needs. 

O.K., so ln order to support the objectives outlined above we need sn on-line 
system. 1-I!'Int d!'.t~ files sn; required and what u>.ajor process ing logic io 
necesssry? First the deta files. As shown pictorally on Exhibit 2 ami 
discussed :briefly below the exhibit, five on-line files are required. These 
files need not be the m8süi"e data files typicslly ar-sociated with their. ns'"es, 
however. For e"•nr.ple, the Open Order file need only reflect job orders, 
cu~ tomer orders (finished e.ssemblies), snd purchsse orders scheduled for 
relesse over the shc::t range. Also,' these orders could be added to such a 
file '"echanicslly as so output of MR~. The same is truE for the Allocstion 
file snd Operation Detail file. They represent cc~ponent requirements (billa 
c•f C'.a.ter!sl) and opersticm &teps (routings) for all job crders on thc Open 
Orde:: fl.le. !h~refo-=e, they include only a Sinall portien of the total bill 
and routing file data in s Msnufacturing company. These files ll\-''Y aleo be 
•:pdeted mech~nically by extracting data from the l!lBSter files sfter en HRP 
gP.nerstion. 

As a point of iaterest this data, becr.use of ita relative size compared to the 
master files, could ~e placed on a mini computer which in ~urn could be locsted 
on the l!lllnufscturing floor. Thie is certainly a •ksirsble feature as it WOIJld 
give the Pro-luction and Inventory Control Department ita own comp:oter an·i 
eliminste three complaints vocslized almost everywhere by shop per3onn•1. 
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l. ! don' t fet my repu:·ts on time. 

2. we (the shop) never get processing pr!ority on the n~cr 

3. 1 know-we have dRla accurscy problems, but it PIU~t be the 
data handling op.,¡·ation upstairs. 

ON-LI!I'E DATA FILE5 

Exhibit 2 

RAT:\ ' ' ' \ ' WORK Ih'VEI\"IORY OPEN 
) ALLOCATIONS 

OPE 

1 
CH'rER MASTER / ORDER 1 1 

n¡;: ur_:_j 

Work Center- This file should contsin move, queuc, and capucity figures for 

each work center in the plant. 

Inventory X.%ter - This file shccld contai~ balance informstion such 85 on-hand, 
on-order, reserved, etc. for each ítem fsbricsted, assembled, cr purchssed by 
the manufscturing fc¡cility. 

Opcn Order - This file should contain a record noting due date, st10rt date, 
oua~tiLy ordered, quantity received, quantity scrappeó, etc. for sll open ahop 
~r purchase orders either active or scheduled for ::elea&e over t~e Ghort ~nng0 
horizon (four to eight ~eeks). 

AU.ocotion• - This file should <:ont2in the issue requirernents (billr. of 
material) for all shop orders Oi'! tl1e Open Order f:!le. 

Operstion Detsil - ·J'hi.s file should contsiu the st,.ndarcl run-tit:ile and sc~?P 
values for each operation required on sll job orders en the Open Order fLte. 

í'here are two major procescing features required in arder to add.-ess the 
primary objectives of a !:'hop Floor Control Systl'm as outlined in Pe.r.t Oae 
prioritization of orders and op~rations, snd scheduling of opersticn stnrt 
dates. The prefix "re" ehould. be added to both of these terms sincc todsy'c 
schedule& and priorities will no doubt be different from tomorrows. In fs~t. 
it's the reprioritizstion and reGcheduling that is the key rsther t~an design­
ing sophisticated slgorithms for each feature.. Consider the folJo,ang: 

' Esch week the Shop Floor Control System should shake l:ands with 
MRP and get it's new assign¡¡¡ents. Thís not ooly includes addi­
tionsl plsnned orders for the fut~re, but slso adjustments to 
current plsnned orders (qusntities, relesse ~ates, etc.) and 
expedite/de-expedi te messegca on open or re,;erved orders (move 
up, not needed on due date currently expected, etc.). After 
receiving this data the sy~tem, as qu'l::kly ss poss.ible, should 
then reprioriti~e and reschedule H& ~h;,rl: range plan snd 
verify feasibility from a capsc::..ty and muterit.l svsilability 
standpoint. :::f the ne" plan i¡; not feasible, thie fact IIIUE.t be 
communicated aB soon as posuil:>l~ in order for production •md 
inventory control personnel te sddi:'ess alter.1at!.ves. We &ll 
know it's essier snd less ccstly to adjust schedules so~ 
priorities on ordera that hsve no!: been released than it is 
to mo:lify wor.k-in-process jobs. 

A second, snd by no rnesna lesE importsnt "eason for tioely repr.ioritization , 
and .cescheduling is thoo fact that as socn s¡; ve vct'ify the feasi!>ility of ~ 11 

adjustmcnts snd/or new sssignmcnts o~r unplanncd demanda will hit uG (c~stcm~r 
rush order requeste ,:;nd production pr~1hlems). 'rherefore, these process1ng 

fe e. LtJres m·ust be on .. ~-~ne. 

l1ith r~g&rd to 2lüorithL.a, simple c~iticsl r3tio on jobs that have not been 
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releaaed is sufflc!ent foo· ranking ordero to determine ma.te~ial assignments. 
S la e k ratio is r:econr..ended when liddr:ess ing re leas e<! order:s to ,.Jete!:"mine top 
billing at o~chine centers, The scheduling algor:!thm should ~e a straight 
for:wsrd back-scheduling technique using move and queue values from the :;.;ork 
renter file and time standards from the Operstion Detail file. It~ oblective 
uf course, is to arrive st scheduled start dates per operation for eve~y Job ' 
order over the short rsnge. This would then be followed by a loading process 
that summed the standard hours for each work center by time period and pr:e­
sented a load profile of r:equir:ed capacity to actual capacity. The bsck­
scheduling logic is ~;.,o,-.; FictrJrally below, 

ORDER DUE DATE 

--~u~e~u~e~r-~~~--t-~~-1~~~-t~~u~c~u~e~--~''~~ 
OPERATION 

START DATE 
OPERAn m; 

START DATE 

There are two enhancernenlo Lo tn1s uack-scheduling technique that 5 i,;ollid tlL· 

oonsider:ed, One is the elimination of move and queue time values when con­
cur:r:ent operations are per:formed in the same wor:k center. The other is the 
ability to use less than a work cénter's full capacity when dete=ining the 
start date for a particular operation. For example, if a center has four 
!Mohines but only one is uscd for any single Job, the back-scheduling technique 
ahould only considcr eight hours a day (assuming one shift) as the allowed 
capacity and not thirty two (eight times four machines). 

PART THREE - THE TOOLS 

The primary output required to support the objectives outlined previously for a 
Shop Floor Control System include both video display and hard copy reporting, 
Although hard copy documenta are not discuesed in this paper, they are vital 
to the execution and control functions of the system. Typically these reporta 
list, on an_exception basis, Jobs that need expediting, shortages that have been 
filled du~ing the day's production effort, work center I/0 performance, etc. 
For the most part, the on-line display~ are used for planning, testing, and 
simulating re-plan decisions over the short range, Since this ares is my 
main emphasis, only on-line display output will be reviewed in detall. 

There are five basic displays that should be available on-line. These output, 
coupled w~th on-line_acheduling and loading, provide Production and Inventory 
Control personnel the tools necessary to deal with MRP's adJustment requests 
and/or unplanned demanda. For example, the allocation detail by order display 
shows the svailability of component parts in atores for any Job order that 
has not been released. If the order is in a reserved state, this display 
merely reporta the quantities allocated (or backordered if not available). If 
the order is in a planned state, howe_ver, the display simulates what the status 
would be if the order were released today. The term aimulation is important, 
because it allows for testing conditions and/or alternatives without tying up 
material unnecessar11y. Consider the example below. The order happens to be 
for a chain hoist assemb1y acheduled for release on November 10th (see Start 
Date field). Since today is October 24, this is a planned arder for the 
immediate future and its availability figures represent simulated values. The 

·display was triggered from a customer's request to ship this week, if poss!ble. 
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A LLOCATJ 0~13 F"O:t ORJIE r: 3 86 "/ LOT 0001 

LINE PART ffJ!'lBE!t 

001 5700439001 

002 59004 73195 

003 59U91067P 

004 60907412.78 

S 

o 

PRI 

1140 

Q1Y/ASY 

l. O 

1.0 

i:.o 
l. O 

START 

10-NO'J-75 

P.EQ .QTY 

250 

250 

250 

250 

DilE OR.D.QTY QTY. DUE 

17-:~0V-75 250' 250 

P-ES/PLN Boi_s.iL'l.T ISSUED 

100 150 

250 

250 

250 

As 1you can see, the display indicates sll parts are svailable except one 
(57

1

00439001) - .,Jiich'means the order can not be shipped this week. Or does 
Our~ output tools "·ould be remisa if they did not allow us to investigste 
fuÚher. For example, questions like: 

1 Could it be that inventory does exist for our short part but it's 
reserved for other orders? If true, could or should "'e borrow? 
Borrowing typically depends on "'hen we can give the nlRterial back 
~hich leads to a second series of questions. lf I borrow, when 
will additi ·.al material arrive to fill the shortage I crested 
robbing Pel, r to pay Paul? And if I don't horrow, is scditional 
malerial COQing in so that I can at least improve on my scheduled 
start date of November 10, 1975? 

The 1 next two videos addresa these questions. The first display is a reque3t 
for! the current ·allocations against our short part. 

1 

FOR PART 5700439001 DESC: LIFT WHEEL ALLc¡cATIONS 

1 

ORDER NUMDER LOT LINE S PRI START REQ .QTY RESERVE BKORDER 
' 

:3180 0001 004 4 1017 27-0CT-75 300 300 

!2211 0001 002 4 -1130 31-0CT-75 200 200 
1 

·3867 0001 001 o 1140 10-NOV-75 250 
1 

it? 

As ibdicated, there is more material on hand then the lOO we were able to 
utilize with our previous video. Hawever, ita reserved for other orders - 300 
agsinst sn order due to be released ear1y next week snd 200 against sn order 
scheduled for relea"se late next week. The third order listed is our problem 
ordet, It has nothing reserved since it is still in a planned state, 

i . 

Now ~e know it's possible to borrow which would eliminate our~material shortage 
problem. However, what about the "Rob Peter, pay Paul" question? This can be 
sddr~ssed with a request for s11 open replenishment orders for our missing parf. 
which is the -next display. 

SUMMARY FOR PART 5700439001 DESC LIFT WHEEL 

ORoER NUMBER LOT S PRI START DUE ORD,QTY QTY .REC QTY .DUE 

1704 001 6 1015 14-0CT-75 30-0CT-75 400 lOO 300 

As sliown there is l'resently a job order working in the shop that was re1essed 
for 4100 \as completed 100 and expects the remaining 300 on October 30, 1975. 
This findicateG that if we borrow 100 from order number 2211 to - ·' 1 our 

~hortage problem, ed:litional 11ft wheels should arri > atores 
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:eplacing the material before order 2211. ts scbeduled for relc•se (October 31, 
1975). Furtl re, our autumatic allocation feature wtll insure the parta 
are assigned rder 2211 upon receipt in atores. 

·'o far, so good. 'n'e 1 ve found a way at·ound our material problems, but what 
abuut capacity. After ap, we're moving a job up _three weeko from where it ie 
currently planned fcr release. What affect wil l this have on department A03, 
the ares where order 3867 ~st he assembled? This question leads us to our 
fourth on-line display - Work Cer.ter Load Profile by departr.1ent. 

WORK CENTER A03 LOAD PR0FlL8 

DESCRIPTION CHAIN HOIST ASSEMBLY 

PER 
START 
DATE 

DAYS 
/PER 

CAPAC 
HOURS 

RESERVE 
HOURS 

SCH 
HOURS 

LOAD TO CAPACITY 
07 ••..••• 100'7.. •••••• 2 004 

LOAD 
'%. 

1 

2 

3' 

4 

5 

f 

20-0CT-75 

27-0CT-75 

o3:Nov-75 

10-NOV-75 

17 -NOV-75 

24-NOV··75 

S 

5 

5 

5 

5 

320.0 

320.0 

320.0 

320.0 

320.0 

5 320.0 

290.0 

300.0 

170.0 

110.0 

100.0 

• XXXX."XXXXX 

.xxxxxxxxx 

.xxxxxxxxx 

.xxxxxxxxxx 
• )Q(J(X]ü(XJ{X){ 

90 

94 

87 

97 

95 

78 

1 7 01-DSC-75 S 320.0 

'-.~~~·~·-s ___ s __ -_~z_.o_.o 

50.0 

0.0 

0.0 

0.0 

o.o 
110.0 

200.0 

zos.o 
~00.0 

350.0 

285.0 

• xxx:r.NCXX 

.JG\XXXXX..'O:XX 

• XlCXXXXJQCX ----1~ 
This display indicates we have an extr~ 107. capa~ity thi.s week in department 

· AW wh:ch t..~ill allow us to 8hip our order as requested without jeop!lrdlzine 
the status of other orders due. in the snme time period. 

It should be noted thai nll of our ques~ions have been addressed in a simula­
tion o:: '"wha:: if" mode. As a result, up to this point nothing has bee<! 
cbange<.l .. only interrog<ited. Had che ans\/ers b¿en negative, we would nct hsve 
disrupted current prioriti~s, schedules, etc. On the other hand, our answers 
WÍ'1ere positive. Therefore, "'e s:1ould have the capability to enter this 
decision on-llne whi~h in turn should trigger the necess~ry processing steps 
to change priorLties and scnedules accordingly, These procecsing bteps have 
~een discussed earlicr and include; 

1. Re-allocation of l>ID.terial (part 570()1~3001) ftom arder 2? ~' 
to brder 3867. 

2. Res~heduling of m:áer 3867 to reflect assembly this week. 

3. Adjustment te the load profile for A03 to ahow an incress·2 
in ~e~k one (undet reserved hours) and s decrease in week 
three (under planned hours). 

Furtl~rmore, since all of fbese processing fzatures ate on-line, the changes 
are made in& tantaneously and our next !nterrogation procesa for an unplunned 
derr.aod or MRP adjust.~en•_ wlli be base.:! on in[ormation thet reflects the incor­
porati~n of oll prior declsior.a. 

Althougl' the data accuracy ar.d eY.ecution report~ng dicctplincs necessa::y for a 
comp1ete Shop Floor Control S)stem are P.ot addressed in detall i:1 th1s report, 
I would l!k;, to discuss ene on-line output ~elated lo these topics. It 
concerns the colTlnunication cf dec~Eions as developed above to shop perso:-~nel 
working on the floor. In other words, ~hat vehicle is used to insure chaoges 
in ordel' priorities are conmunicated to ares forerr.en so théy in turn can adjust 
their job sequencing on the vacio•Js r.>achJ.nes7 The ne>:t ·,¡ideo display addrP.sses 
this concern. It lists all jobs through a given date that are scheduled to 

Q3 

l•cgin in the requested '-'Ork cer.ter. '!!ecause this display io developed using 
1,e s~m" on-lí"c files thc plannin¡; cepartrr.cnt r.nnlyzes and/or munip· 'S whet. 
aling wlth chang"' rcquests, hoth schedule daten and priorities re! :he 

.ntest Producti~n and 1nventory Cont:col decislons. Thérefore, the 1c LB 

closed bet.·.·ecn oeciding en a last L'.inute change and conveying this information 
lo shop personnel. 

op:;¡v. TIOI\S FOR WORK Ct:!>TER A03 7P-~01'GH 25-0CT-75 

O ROER LOT OP PRI Lij.ST Ql"Y m:x:: ALLGT 
1\UHBER KO. PART NliMBEP.. NO NO w.c. A\"AlL w.c. HOURS 

3172 0001 8651100819 020 .88 A02 120 END 20.0 

3165 0001 5362849613 020 .93 A02 295 END 28.5 

3857 0001 54 7361+351R 010 1.01 250 El ID 26.1 

s;,~!A.RY 

Following is a list of key pointc or conch;sions prcse,ted in this paper. 
Their sequence follcws the report's cletailed text for easy .refer.e.nce to 
support informatlon. 

l. 

2. 

Among the major Hanufacturing System applications (Shop t"Ioor 
Control, 1nventory Control, ~. CRP, and E~, Shop Floor 
Control is the least undeéscood. 

The majority of Shop Floor Control Syctems currently c:>r,erating 
today do not address the appl~cntion's prjr.a::y objectives.· 
They only collect and repcrt shop &tatus and performancL éata 
afte:: orders are relea~ed .• 

3. The primary objectives of ~ Shop Floor Control System include; 

a. Interfacing with tffiP and dealing with its limitations over 
thc short range horizon - rough capncity averages, general 
lead tic:es end the assumption c!ue elata changes on open 
orders will not disrupt the shop. 

b. Handling unpla<1neC: detMnds such as custmr.er order re­
schedule requests. 

c. Controlling the execution of the short range releas!! pltm. 

4. To support the objectives listed above, an on-line lnteractive 
systec is needed with the folim;ing ca¡><lhilities: 

::1.. siu:ula~ed test for a1·ailsbility wfth re:>pE'ct to suppc.rt 
material for assembiies, sub-asue~blles, and customer 
orders. 

b. on-line e llocat1 on/de-a llocation of e tores inveutory to 
job orders in ¡:.riority sequence. 

c. cn-line priorit:izat!.on of jcb orJet" sr:heouled for release. 

d. on-lioe L>~ck-sc~eduli:;,g by ope::>:tic.1 Í:>r all job orders 
o ver f he sh•)rt rar.~:e re leas e hcrizC'In {fo".!:: ~e eight "el:!ks). 

e. on- E:w load ing of rec;,uired o.:epac i ty 'by work center by 
time period for .::11. shop orñcrs schedule<! for release­
ov~r tbe sho":""t range. 

S 
T 

p 

I 

y 
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5. The following cata files ~~st L~ on-line to ~upporl the capu­
bilities listed above. 

6. 

7. 

a. Inventory Master file - on-hnnd, on-order, reserved, etc, 
balance data for al! parta, 

b. Opcn Order Detsil file - qcantily and áue dale status for 
all shop snd purchese orders oren or schedul~d for rel~~ee 
over the short range. 

c. Work Center file - move, queue, snd cnpacity figures for 
each work center in the shop. 

d. Allocations file - single level bill requi~ements for all 
job orders on the Open Order file (short range horizon) 

e. Operation detail file - routing seqcence with time standards 
for all job orders on the Open Order file (short rang~ 
horizon). 

The following on-line displays ~~st be available to provide 
Production and Inventory Control personnel the information 
tools necessary to meet th~ priMary objectives of a Shop Floor 
Control System, 

a. 

b, 

c. 

d. 

e. 

Allocations by order - this display addresses the ''what if" 
question concerning rr.atPrial availability. 

Allocations by part - thia display lists all orders needing 
a particular ítem over the short range. 

Orders by part - this display reporta the current status 
of all replenishment orders for a given part or assembly, 

Work Center load profile - this display projects a load 
to capacity profile of all work scheduled through a 
particular work center over the short range horizon (in 
weekly time periods). 

Operations by Work Center - this display lists all 
operations scheduled through a particular work center 
by time period and priority. 

Due primarily to increases in computer technology (both hardware 
a~d software), the Shop Floor Control System presented in this 
report can be de&igned to function on a mini computer. Also, 
the necessary hardware could be located in the shop and operated 
by Production and lnventory Control personnel. Three companies 
in the eastern United States currently have such a system operat­
ing in their Nanufacturing Departrnent using a DEC PDP/11 mini 
c9mputer. 
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INTRODUCTION :. 

By V'liiioam B. To:fc: 
lnternational Busine~~ ~·]¡¡eh mes Cor pur¡¡tion 

:..'-. ' 
The ¡otJ oí rnapufarturin~ is ;rer¡uPntly described as the rnanagement of change. As soon as we lenrn 
to salve one g~eat ¡:;oblem, iJ•ooti.P; p?ps up. .-, ~. 

1 ' -

""' exao-:Jple of this has been in thE j\;,,terial fiequiremt:n;s Planning Crusade. MRP has becóme an 
Oll~ctanding su'ccess el helpi:-~g to rcdc.ce both inventones and lead times. But ene thing leads to 
ancther. Our ur.áerstanding of M RP ;;nd its technic;ues is being extended beyond simple arder 
launching by time periods i:Ho Priority Planning of orders to help do a better job of scheduling. 
Simultaneously, progress is !Jeir.g made in Master Production Schedule Planning. 

Continuous ¡;t~ention to better and better p!anning, however, needs to be counterbalanced by 
increasing arrcntion to the succ!!ssful execution ol these plans. Otherwise it will certainly leé.d to 
diminishing re1urns for cffort and resources invested. . 

1 

This paper add
1

resses the sutjer.t of feedback of data from the shop floor. 

Why the data is meded. 
How you :can get it. 
What value it has fo• you. 

The realization is becoming more widespread that planning and replanning cannot continually D. 
improved w1thout bettcr data abou: what happened to the plans previously made. 

FEEDBACK ; 
i 

Feedback is a strange word. Dces it mean the :-- j:,ack to you uf data collected from the shop floor 
~bout the state'of completion of each job and its location; or about the current load on each work 
center or production line; or the actual on hand and currently available inventory balance for each 
stocked item7 Ycs, it does. 

1 

1 

But rt also means the feedback from you to the shop floor about what to do next, about when the 
purcha,ed components are expected in Receiving, etc. 

Feedback is a r~·o-v.>Cy streer running between Planning and Execution, between Dispatching and 
Machining, bet,J.,.een feeder lines and production lines. More accurately it is Plant Dat-ª-.Communica· 
tions (PDC) among all personnel, all departments, all functions, all locations and up through the 
organi7.ational structure from bottom to top and back down again. ' 

lt is nothing new. Over the years we have called it many names, Data Collection being the most 
, common. But Data Collection, like most reporting is a one-way street and rarely benefit' the person 

collecting and reporting. Without being useful to the "reporter", it is frequently omitted, or illegible, 
inaccurate, latelor all of the above. Benefits to the user of a PDC system will be addressed la ter in 
this paper. 1 

Shop Floor coAtrol is another phrase frequently misused when referring to the use of terminals in 
the shop to report manufacturing activity, inventory transactions, labor and attendance, etc. Shop 
Floor reporting: is no more a control of the shop, than inventory reporting is a control of inventaries. 

l , 
Neither is Plant!Monitoring and Control synonymous with Plant Data Communications (PDC). 
1t is, however, descriptive of a great cluster of applications or functions, including PDC. Other 
applications are machine monitoring directly by instrumentation and computers or indirectly by the 
operator reporting what the machine is doing; machine control, such as Direct Nurneric Control 
(DNC) of machine tools by computer; or Direct Machine Control (DMC) of stacker cranes, conveyors, 
test stands, etc.¡ by computer. 

1 ' 

Rick McKelvy is a Program Manager with the IPteractive Infonnation Systems Di vi.; Plant Data Cornmunications (PDC) refers to the use of a system of terminals to: 
sion of Sheridan Associates in Cincinnati, Ohio, For thc past four ycars, he ! , 

has functioned as the application consultant on a mini computer based system Report toa dat~base the location·and status of people, jobs, inventaries, machines and other 
for Production and Inventory Control. He also directs the education, training, resources, eg. tooling. 
and imolementation activities for this ayslcm's installation in Hanufacturing Permitinquiryintothat database aboutthestatusofthatjoborresource. 
faciltties. Bcfore joining liS, Rick worked for Westinghouse at the Defense Create a visual display or printed copy of an exception notice toa particular station or individual. 

lhrough message switching capability, let ene person direct a message to another individual. 
and S pace Center ;n Baltirnore • 1-'.aryland, Let ene pe'rson directa broadcast message to all appropriate terminals simultaneously. 
Rick has a Bachelor of Science Degree in Industrial Engineering from the Univer-
slty of M<- 'nd and is a member of the APICS Chapter in Colurr.bua, Ohio, c-<entially, the~ Plant Data Communications is the two-way feedback of raw data, edited and 

ected data, plus already analyzed and processed information. A PDC ~\'Stem uses terrr 
sically connected by sorne form of communication lines to each other and through ce, 

• ¡ 
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c!o~,~~:s ~G a _host computer. The computer processcs and stores the data about every communicatoons 
Ha.l::.lJ':tiOn 1n 2 ,ase. - · --

~hat is al! prerty amtract. Let's be specif•_c by exar:1oni:-.g "'' L•,J·nple 0 ¡ one loa-:~.acloon Incidental! 
t. was ch_osen as !YP'_cal of the proc~dure tn me ·~ lrteral!v hun~. cc's 0 ¡ m 3 nufacturrng S tares y, 
-'ccounttng appltcattons of PDC. 

Consider the fol!owing ~ransaction. lt i!lustrates many of the concepts of PDC. 1t is only one 0 ¡ man 
ways todo one transactton on one of many kinds of terrt'inals interacting with a database. y 

1. A proauctoOP ,-.~ :..~r appears ata raw materials stockroom. 
2. He_ hands ~he stoc~room worker hrs idf:~t~fication b~dge anda requisition card ptevtously 

assrgned hrm by hts foreman. The reqursttton authorrzes him to draw 30 pieces ot Part 
Number 650793, for Shop Order ;:;' 45, Operation:; 10, tb be u sed at Work Center ~39 

3. The ~t_o~kroom ":"orker uses his terminal to enter the employee identification.and the · 
requtsttton data tnto the PDC System. 

4. The termi_nal reads_ the appropriate data frorr:' the e1"1ployee badge and from the requisition. 
5. The dat~ ts transmtned to the computer, whtch recognizes this as a va lid inventory requisition 

transactton. 
6. Pro~cams in th~ computer then cal! for segments of information from the database of infor­

ma! IOn stored m an on-line direct access device. 
7. The prograrns chec~ whether: 

a. this is a •;a!id ernployee dock number· 
b. th!s ~mplo~ee is currently assigned to\Vork Center 1; 3B; 
c. th~s ts a valod part number at the proper Er>gineer<ng Change leve!· 
rl. thts quanttty of pao:ts is both on hand and available, or reserved f~r Shop Order # 45 as a 

pre-planr.ed alloc.ltlon. _ 
8. In uur exarrple,_a:: is well and the stockroom ·;vorke1's termin?l drsplays an "OK to lssue' 

rnessage,_w~~rch mcludes the bin location of the 30 pieces of Part Number 650793. 
g_ ~e then 1ndrcates to the terminal that !he issue transaction is completed. The total elap,ed 

t:me wlil norr~.ally be only a few seconds. -
1 O. The wor_ker then goes !O that bin !oca don, draw:; the 30 pieces and har.ds them to the 

productlon worker. · 

~~;~•OL.~h i_t is a_~ood exercise to examine all the ''what if" questions, tirne and space do not permit 
L. "uff1~e 1t to >~'! here thot they can be, must be and are ansvvered in a reassuring !lumber or PDC 
s·,,st~ms tn operut1cn today. 

Nc;w look a~ what hoppeneci'as a result of t:1is transaction. 

1. 

2. 

., 
"· 

4. 

f.. 

T~e produ~~io!'l worker got ;-vhat_h_e n~ede~ in a min_imum of rime, without any paperwork. 
T .. e b¡¡dye '-: h1s permane!lt lder.tlftcatton. fhe requtsition had been generated and printed 
from a terrntnal by the Dospatching System. 
The stock1 oom worker: 
a. performed his task in the minimum time 
b. W1th n'? pa~e":"ork to write, or post to a~other record, 
c. v:as gUided m IS'iUing the parts as authorized, from a bin location he did not have to look 

up or remcmber . 
The_ ir,ventory records in the databas~ were updated to show fc1 Part Number 650793 as 
of r tght nov~': ' 
a. thP. new On-Hand B;;lance; 
b. the date, time of day and quantity issued; 
e: the new available or reservations balance reheved by this issue. 
1 heo Op~~-S;"rop Orde,r. rec.ords in_ the database were upd~ted to show, for Shop Ordcr #45, 
that O p •. ot.on # 10, d;aw 30 prece' of Part Nurnber 650793 from Raw Mal erial Stores" 
.,;as completcd dS of this date, and time-of-day by Man Nurnber 

6. 

r~e ~'roduct "Cost records in <he datJhase were t.pdated to shcw~-Shcp Order # 45 that 
3C p•eces of ?act Number 650793 were used at a material cost of $ 
Th~g_in Lo,~ati<Jn lnventory rrco~ds in !he datab~se were updatea to sh¿w that Bin Location 
t:_4 .• ':)2AP.: ·-no": ~"'P.ty, arod avodable for storage of any r.ew rec(ipt to that stockroom that -
11ts tt.at brn ci?.sstftcatron. 

CONS:DERATIONS OF THE EXti.MPLE 

r.:.o:• irn~·onant, ~erhap::_ i~ :hat !he c!~t~base records of inventory balances reflect what is o:-:-hand 
.1.a_tlabl0., l!.>scr'\iec Jr:d where every un11 1s stocked ~s of right now. This provides a new leve! 0 ¡ ' 
Vdhd•ty to the Matenal Re<.:¡uircmcnts ané associated Planning Systems. 

1t also contributes to_a higher level of inte!jrity to Srores Accounting. Locking the stockroom is 
necessary, but report1ng ~ the transactions accurately is vital. 
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on-line íi.e.,.lcr.-ninals lo a compuk· c'iltabase). real time (i e., two-way torr.r-;unicatiOn• 
en the systcm and the us~rl PDC systcm hclps overcome one of the fund2'T1ental prot 

,nufacturing. That is, in the ab~.ence of good p!anning, good drscipline, and gooa prodt 
(1 e., e>ecution of the plan}. wor>.ers do what they must to survive. 

In our ex<:mple, tl-¡e rt:served material was ~ued to the é!pp'opriate, author,zed shop arder. In 
many plants thi> would happen only by coincidence. Usually the o:~ly way to be su re of doing the 
jobs assigned when he is ready, is to draw the materials, the :ooling, the ¡;ages and ar>ylhing else 
requir2d as soon as the job is assigned to him. 

This results in stockpilcs or banks of Work-ln-Pror.ess in\entory out on th~ floor, physic~lly reserved 
till sorne future day when they will be used, m~ybe. lt creates congestion by occupying production 
cr aisle space. More irnportantly, it geperally means thdt a first come, first srrvcd issuing of stock 
de~troys any planned reservations, prio~ity planning or priority dispatching ~yslerns. r1:21erial needed 
for one job is not on-hand. lt was issued to another relcased shop arder which hada lower priority, 
a later due date, but a worker who is more fleet of foot. 

lf you w<>nt to consider !=a use and ef_f_l!f_t, consider the following. lf we report issues and receipts 
accurctely, when made, using a PDC System, then v.e can lea~n to dc;:>end on the quantit;es recorded 
in the database, rather than u pon card files or computcr inventaries updated by batches of 
cumpl~ted requisitions. 

lf we can depend on the inventory accounting records to accurately reflect the bal;mces as of right 
now, we can do a better job of Material Requirements Planning. The workers will gain confidence 
that when they go to draw stock, it will be there, reser;ed for :hem. Then we wtll reduce the need 
for physical allocations. Then we will reduce the arnount of excess Work-ln-Process. Then we wiB 
reduce the number and lenyth of shonage lists, and thr nced for stock chasing. 

\Ve could cominue this cause and effect examination righ\ on through Schejuling and Loading 
sirt'piification resulting from fewer jobs relEased to the floor compcting for capacity, less expediting, 
etc. 

Two final ¡loints. 

1. E,rery event, every change of pla:!s, every i~sue lrom stock, every piece tf!a! is scra¡.ped, every 
job requiring rework, everything that heppe•1~. ha~-- eith2r a big direct in•oact, ora less obviou~ 
indirect effect on productivlty. 

2. A FDC S¡-stem won't soive al! your pro'Jiem~ nor will it make the only contr:but:on tn 
productivity increases, but it can provide the tools and terminals <O report what ic happe: .h;: 
imo the daiabase. Once there, it is av;;ilahle to answer )'O:.Jr inquiries, or to generate a repon. 

Now let's move on to sorne of the difficulti~s cornmon to rnost e.•ery rn;;nufac-turer. Once ·N~ set b\r 
the symptom~ to the 'ea! problems thc solutions may becorr·~ prFtty obvious. 

,In any event, problrms identified can be opportunitie~ fo.- improvor.uont, leading :o iu>:;fiahle 
change. First the symptoms we recognize: 

1. Excc>sive Lead Times for: 

Product Design 
Custorner Order Processing 
Purchasino 
Shop Orders Paperwork Preparatir.r. 
M3nufacturing and Assembiy 

2. ExcessiiJZ materials: 

Raw stocks 
Work in Process 
Stocked Components - inc'uding service part.s 
Fini:hed Goods 

3. lnefficieot util:zation of stockrooms and other storage s;,3ce. 

4. Low util:7ation of capital equipment, which caus'!S bo~1i(nct:k~ d:aFOsed a:; lack of cap<-city. 

machinc tools 
mateoríal handling equipment 
tooling and fixtures 
inspection equipment and test s1ands 

gg APJCS 197! 
----------------~ 



5. Missing expensed items 

- hand tools 
- expendable supplies 
- gages and micromerers 

6. Excessive indirect overhead 

supervisors 
foremen 
manufacturing engineering troubleshooters 
s~ockchasers and expediters 

- t1mekeepers 
· !nspectors and quality assurance troubleshooters 

mventory analyzers 
set up men 
material handlers 
maintenance men 

REVIEW OF MANAGEMENT PRINCIPLES 

l. Policies 

~~~~¡~9~uidelines are nceded to explain to each leve! of employee what he ¡5 supposed 
10 

: few ex1~rr:'PI';s may help. Ask your;elf whether your company has clearly stated written 
own po •e• es m regard to the following. ' -

- Custom~r Service Levels, by productor family 
- ~conom~c purch¡:s~ arder quantities or guidelines for commodities speculation 

c.on_o~ntc prod'!ct1on arder quantities or lot-sizes 
Pnont1es to dec._de conflicts or where competition exists for a resource 
Stock1ng of serv1ce or spare parts 

Hodwl tod~efi)ne planning lead times (for MRP) and production lead times (for scheduling 
an 02 mg 
On what kinds of items will safety stocks be planned and used 

~~~~~~~~i~i~s~nf~~~\~~¡:cs m~y not have been completely essential in the past, but their continued 

2. Objectives 

~-or each policy, each function~ each department, there must be cfearly written objectives 
~rected to each employee at h1s leve! of responsibility. 

These objectiv~_s must ~e reasonable, precise, and measurable. Each of us has suffered that 
dnplea.sªnt an_x•ety wh1ch comes_ when we don't know whether a superior believes we are 

omg ~ ~ood J?b or no t. Worse, 1t m ay not be clear what _it is we are supposed to be doingl 

He re are sorne examples of specific, measurable objectives: -

Nho more than __ % of all jobs in process are allowed to remain behind schedule more 
t an _work days. 

Practice sensible !nputJOutput Control by releasing to the plant no more standard 
hours of work th1s week than was completed last week. 
Prepare shop paperwork no m~re than_days prior to release of the arder. 
Reduce the number of orders 1n queue or the backlog in at least "' o! the 

0 
k 

centers to no more than_orders. __ lO w r 

3. Systems and Procedures 

So much materi~l is availa~le on this subject that it is unnecessary to dwell on it. Suffice it to 
repe_a~ that, l?art1cular~y w1th ~DC Systems the ~ of the terminals, at every leve! must b 
J)artlctpants_m the des•~n ~nd 1mplementation of the system. Education on the ope;a~d 
almost contmuous remmdmg of the benefits to the users are vital. ' 

c.;,.\ r~o•NCE PROCEEDINGS 
99 

1 

1 
. ! 

1 

4. ~·,a1Lún,oq1 Techniyu~::;s 

Methods ~ust be des1gned to t•vnluate the r.e•.v sy<:~crr. .v~!fe iris being des1:qned, not a!ter 
installalion. Pride of authorship i~ ak.•ays involved and usually underestimated. In the ab•ence 
of obj~ctive cvaluation tt::Ch111QUCS, the system w::¡ k prometed, defe:1ded, and e>.planation~ 
wlll be readily <Lailabtr. to l'Xcuse any results e>. pe• ienced. 

1 

Example: W1th PDC Sy:.tems it is advisable 10 have oper11tor ident1fication be the first data 
entry element. By doinQ ~o •• 1\l &borted or inc0P1plete trar.sactio'1S can he sorted and anaiyzed 
to identift v.hich operalnrs need more training. lt is not done to penali7e the operator:but 
to hclp hirh becomc more prvdu,;tive S0{;'1er. This simple evaluat1on tec.hnique can n·,;;,~ure 
the succes~ of : L - _ ~, -;;t_or tíaining program. 

5. lnccntivesl 

The1 e must be incentive to succ·:;>f.ully achie1•e objectives, rewards for t:av1::g succeE-ded, ond 
options to!select for improving performance when unsa:isfactory. 

1 ' Example: F or a stockroom manager, public recognition and a cash bonus ior some !evel of 
inventory record accuracy. Agreement between database and cycle-count quantitics within 
sorne% of¡error is the measure o! accuracy. 

6. Proper Tools 
1 . 

The previdus five items are frequently problams because the\ are totally absent or woefully 
inadequate. Production and lnventory Control people always h3ve sorne tools al the trade: 

1 

1 

telephones 
weekly production reports (heavily annotated) 
red tags 
antacid tablets 
clip boards 
shortage and hot tists 
Ganit chans or other schedule board 

1 

A Production Control Manager 1 met hada blackboard in his office filled with a highly complex 
progress chan of every machine being constructed, with departmental loads, etc. lt kept ene 
Producti011 Control man busy four hours a day to maintain. When 1 inquired how he could 
intcrpret and use such a complex presentation, his reply was "Oh, 1 don't use it. 1 can hardly 
read it, but it's extremely valuable in keeping Marketing off my backl" 

! 1 

Those kinds of tools have kept us going in manufacturing for many, many years- and the 
habits anci traditions are strong. But those kinds of tools and procedures are inadequate today . 
They no longer work in an airlin.,s reservation system, nor in a wholesale distribution ware­
house, noÍ even in a process industry continuous flow kind of manufacturing or prot;!uction. 

A good PDC System offers the tools to provide the needed data- in the form needed, 
accurately, quickly, andas current as the last entry from an appropriate terminal. 

¡ 
Let us examine briefly where the data originares that many manufacturing people must use 
now. Alth.ough you may not use them all in your operations, or within your company, they are 
all pretty common. · · 

. 1 .. 

SOURCES OF DATA . 

Consider any O!)~ ~f your worki~g reports. Trace back hs content to the original source of the data. 
Not just dow_n tJ:lrough a couple of more detailed or more frequently prepared reports, tiut back to 
the original source. Sorne source documents are on pre-printed forms, others are sirnply :;craps of 
paper. In either Case they are filled out by shop people. 

1 
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movelticket 
labor .tickets- o! hours by job for a worker 
incentive labor production coupons 
production counts or process yield quantities 
scrap :tickets 
material requisitions 
inspection tickets 
machine dcwn-time tickets 
attendance cards 
rework authorizations 
routeior process sheet with entries for t.ours and quantities 
shop traveler, packet, job card or operation cards 

1 

1 

1 
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!h""'ae lists 
~ "·xpedite lists 

You can prm_, __ .y add sorne of your own to thrs lr~t Sorne points to consider: 

1. Are they accurate, cornplete and legible. 
2. Were al! of them prepared and gathered, or were some omitted or lost. 
3. What was the time lag between the event and the reporting of sorne data about the event. 
4. What was the time delay between the reporting and the analyzing, processing, transcribing 

and summarizing.That is, until the infonnation was available to each of those people that 
need it. 

A good PDC System p1aces terminals where the activities and events occur. They make it as simp!e 
as possible to capture as much data as is economical. This data is edited at the source, transmitted 
electronically toa computer, processed, and the database of information updated for immediate 
or future usage. 

· Keep in mind thzt this elirninates the proliferation of carbon copies, or transcribed reports of the 
same data in différent forms to different departments, etc. The information is available from the 
single source, the database, to anyone in any department at any time .vho is authorized to havc it. 
Everyonc is sharing the same information in its most r::urrent form. 

APPLICATION FOR PDC 

A f'DC System is a too!, justas a telephone system, an NC machining center, a forklih truck, ora 
conveyor line i> a too!. Where do we apply the too!? Anywherc in the plant where data must be 
communicated accurately, completely and fasr. 

Mos: of rhe data collccted, and most of the com!T'unications in the plant rnvolve the following 
tx~¡ic elements. 

1. Transactiqn tyoe- identifles th& piece of paper or kind of mP.s<age, eg. time card clock-in. 
2. Worker identrfication -a man, clock or social security nurnber 
3. Job, operation numbar 
4. 8Jtch, lot, or tub numbcr 
5 .. Ol!anti:y- received, ser:t, st~rted, completed, scrapped, rcwork, short 
6. Loc2tion - bir. identificatic>n, building, work center, depJrtmEont, machine, production line 
7. Date a'ld time 
8. Value - scale weioht, test value, instrument re3ding 
9. Requests for assistance -foreman, material handling, set·up ma;menance or repair man, 

in~ptctor, material, job ~>signn1ent. 
10. Messages- Ha~ry cal! Torn on extension 245 
11. lnquiries-:: ~tatus of job, man, machine; location of material; what do we do next. 

There ;;re other categorie!' of dat~ elements, but we are more concerned here with the application 
of PDC to ycur needs. Because the requirernents lo: information are almost limitless we cannot 
address them al!, but here are sorne of the most commonly used. 

1. Priority Dispatching Guidance 

Generally a •Jisual di~play is presented on a terminal in priority s~quenc_e, of the jobs, and the 
operaticns on those jobs, to be completed in this department. lt .'~a gur~e to the fore~an .. 
of what most n~eds to b:;' done. !~ : hcn ~~ work ba5Pd on hr~ experrencc, and avarlabrltty 
of his resour(es. · · 

1t can prcvide "comforcing view of the backlog that is d'amatically less expensive t!1an having 
tire physical work in process sitting there. lt also reduce!> the pressures on foremen rrom 
competíng expeditcrs. 

2. Jcb Assign:ne:lt 

R~!2t~d to the abt'V?, the foreman can assign the work in queue, based on prior;ty sequence 
~.,:.J av&il:;biiity of thr labor skills, tooling, rr•aterials and machine capability ne~ded for each 
job. This 2ppiies wh~ther he is d;strib:.rting jobs across a cluster of more or le;s tnte:cha:'geáble 
m:c:-tir.es ir. a job shop dfpcrtmcnt, or leveli'lg thc backlog of·work across prodt:ctron !mes 
or .;sse:nbly st<Jtions. 

3. ln•·P¡n:ory accounting 

A termi.1~l at ;he >lockroom counter simplífies the rr[J:>:"'ting of e ver y issue, receipt, :eturn to 
s:od: or adjustment - at the time of the e·,ent. This \ins distu~sed eJrlier in tl,e eYample. 
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¡01c;dentally, the inventory here may be any kind o! invell\ory which afiects shipping the 
product on tima. 

Raw Materials 
CoMponents, sub-a~sr.mblies and scr\•ice parts 
Frnished and packaged goods . 
Maintenance replacement pans for your own &qurpment 
Packaging materials 
Tools, jigs, dies, fixtures 
lnspection devices 
Expendable supplies 
Numerical control tapes . · 1 • 1 
Product accessorics- too! kits, installation kits. op~ratma or repa1r mamra s, sena 
numbcr or U.L. tags 

4. ¡,~anufacturing Activity Rcporting 

This is the basic 1 e por ting by the áirect '":orkers fo¡merly usiPg ~b~r a_nd f'!lo_ve ti~kets, or 
production line counts. Kinds of transactrons reported through o te. mrnal mdud~. 

Receive material 
Set·up start, complete, interrupte:l and reason .. 
Run start, complete, interrupted dnd reason, quantttres 
Tear down slart, complete, interrupted ~nd reason . . 
Machine down and reason - eg. hydraulrc, pneu~atrc, mechantcal 
Wail request - eg. lor móterials, foreman, ir.spectron. 
lndirect start, complete a'ld reason- eg. safety meetmg 

T rminals he re let the workcrs r~port thE activities the}' must report now, but withtJUt the 
:ncil pushing, legibility problems, and time deiays The d~ta has up?ated_l!te <?pen Ord;r 

~atabase. The data al'o can be u sed for othcr ar.alyses, _wr.h a;: •nachme utrlrzatron and r. asons 
for downtime. actual vs. standard set u p. run ;3nd tear oovJn t1mc. etc. 

S. Mdterial Handling Activity Reporting 

Requests for moves, and reporting of move~ from and to specific locations a~e cntered fron. 
terminals situated throughout the plant. 

6. Mair>tenance Activity Reporting 

This includes both Preventive Maintenance and Rt;pair Acti:rity. lt is used to ke~~p tr~ck o~ 
whcre e~ch wor!..er is; what he is doing; ho~ long tt takes h1m !o respo:-od t_o: cal!, diagno._ 
a problem, and to fix it. Maintenancc parts tnventory was prevrously rrrentto.red. 

7. Resource Tracking 

This generally involvcs terminal inquiries to locate resourc~. "Stockchasi~g" is probably the 
most common usage here. lt applies also to locating a person, a tool, ora ¡ob. 

There is certainly no magic invclved he.re. We hav~ just ~!scuss:d t_rarrsa~tions :vhi~h invo_l_v~d 
essentially al! workers reporting what tn_ey are d?rng, wht_le domg lt. Thrs ccntr~u;.¡us up;:tcttn~ 
of thc databasc records of open orders. mventone~. etc; s:mvl):' n1~ans that t~e '"!'?rmat1on 
tormerly available only on pieces of paper Ol b\' \'rsual mspe;:t10n tS now avatlabL tn the dam· 
ba~e. 

8. lnspection Activity Reporting 
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The impa::t of being ~ble to report scrap a~ it ;~ created, and rework requiremems, and test 
yield values as they are made is very signi ficant. . 

By doing 50 future shortag~s can be anticipated days_ or eve:r wPeks sooner. lt offers 
opportuniti~s to rnake corrective .dPcisíom tTluch eatlrer that .:ost much l¿ss. For example, 
the earlier. a 5 upplemenla~ or make-:up or~er ca.~ be mad~ t'J re,. lace a sho~tage:)he fcwer 
duplicate set·ups are required. !n hrgh voru:ne !'"~s. rlefP;ct occurrcnr.e ~rec,ucn':.es can be 
tallied in-line in time tu stop the production ltnc ror iod¡ust::>e.;r, grc~t:y r¡,ducrng sc:rap rates 
or rework cost~. 

Th~re are numerous other appiications which may. not affcclyou di~ectly. Examples are 
atter.dan~e reporting, and security guard route assrgnment and tracktng. 
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RESUL T ANO BENEFITS 

. There is a certain analogy to be drawn between the status of Bilis of Material ten years a::¡n a11d now, 
with the status of the re~t of the Plant Data. Tflat is, then it was common practice for each major 
function to have its own Bilis- Production Engineering, r.~anufa~turing, lnventory Maragement, a:-~d 
Costing. 

2. 

1 

Qpe<Jti.,gl l'ilanage~ 
i 

- by depa1 ¡n;~n1 or functiOI• 

_ Higher productivity by labor force . . 
1 

¡ T · 
_ Higher r10¿uctivity from uetter u_tif,zation.or cap•tal equ•pment and ot •er ac1 .'!'es 
_ Apprupr;ate yield or level of qual1ty 
- MinimaiTatic of indirect to direct labor 
_ Redud scheduling and sequcncing problems 
_ Reduce cler;ca! and administrative effert by manager:; 
- More accurate r~porting oí evcnts - f;;;ter . . 

The problems with that are well known; different str:..c-tures, Engineering change levels, maontenance. 
"One set of books" became the rallying cry, and now you have i! - Blll$ of Ma1erial in a computer 
database shared by all, who now enjoy curren!, consisten! and availabl~ informat1on about them, 
presented in a variety of formats to suit the user. 

The same is equally nece~sary for the rest of the Plant Data - capacities, loads, schedules, inventory 
position, location and status of things. Paper tickets, informal reporting, individual clerical files, 

_ Better status reportirJ of ;:nd control over h1s opcrat1ons 

1 3. Jnformatibn Systems or Data Processine Management 
'· 

lots of stockchasing, expediting, and "unofficial" safety stocks represen! the same kinds of problems 
that those multiple Bilis of Materials did. 

In addition to the previous discussions of transactions and applications here are sorne of the results 
available to you, as well asto all others within your organization who need the information. Much 
of what is mentioned is an almost incidental by pro<iuct of the PDC transaction logging within the 
system. 

1. Job or Product Cost buildup by direct labor, material, machine hourly usage. 
2. Job or Work-ln-Process status reporting. 
3. Production pE.>rforrnance or variancc from standard by job, contract, work center or production 

line, man or team, hourly, daily or periodically. 
4. Backlog reporting by work center or fine, that is by jobs en-schedule, or aged by date for past 

due jobs. · 
5. Machine utilization and downtime analysis. 
6. Comparisons of actual vs standard times for set·up, run, inspect, m ove, repair, maintain. 
7. Tool-life statistics for reconditioning schedules, vendor quality, lot·sizing. 
8. Scrap analysis for Engineering Changes to the productor process, and for operator learning 

curves and training. 
9. Attendance and labor reporting for absentee lists, manning stations on production fines, payroll 

accounting, efficiency reporting, overtime authorization accounting, and analysis of reasons 
for indirect labor time. 

10. lnspection results for adjusting Ouality Control procedures, for recalibration schedules, failure 
prediction, sampling statistics and yield analysis and test value documentation required by 
go~ernmental agencies. - . 

11. Security Guard monitoring for emergency assistance, security area entry control, insurance 
reporting. 

12. Maintenance crew analysis for response times, time allocation experience and scheduling, 
multiple shih resource allocation, preventive maintenance scheduling. 

BENEFITS TO THE USERS 

The above n?sults have to do with functions or organizational responsibilities. lt is important to view 
the subject of PDC from another perspective, that is from benefits to the users of the System. The 
understanding of how the System works, and why it is of vclue to the individual user is absolutely 
vital to its successful operation. lt requiresparticipation by users in the design of the System, and 
continuing education about its operation and value. 

A good rule to follow in understanding each level and its responsibilities is to remember that each 
man is Rrimarily interested in doing well those things on which performance measurements are 
applied to him, and for which he is paid. They are outlined below ... 

1. Executive level: President, General Manager, Vice Presidents 

- Shorter lead times offer competitive advantages to marketing, and financia! benefits through 
reductions in work-in-process and less complex scheduling. 

- Better customer service 
a. Ship the product he wanted 
b. Ship the quantity he wanted 
c. Ship at the right time 

- Optimize inventory investment 
- Higher productivity through better utilization of all resources 
- Appropriate level of quality, i.e., balancing Product Engincering against the cost of production 

inspection, rework and scrap. 
- Cost avoidance due to growth and inflation. 
- Tighter control ovcr operations by reacting faster to changed conditions 

CONFEFIENCE PROCEEDINGS 111'> 1 

- Contri~ution to productivity of the Cúmp~ny . 
_ Greater' c>sistance to the Production are as and acceptance .by them. 
_ Reduceld neE.>d for keypunching or other data entry operat•ons . 

!~ore p!oductive thruput from less cditing and fewer error correct10~s 
1 

f . 
:::: Faster 'more accun;te and complete updating of Datab;,>a that serv•ce allleve so execut•ve 

and operating management 

4. Direct labbr and other terminal users - non-managers 

_ Correctl paycheck resulting from accurate 1eporting and record keeping on labor hoiJrs and 
mar¡ id~nt•fication numbers. · · 11 

_ Potentia!ly higher earnmgs from g1eater productivity, particu!arly on an mc:ent1ve payro or 

other bonus system. 
_ Less pencil pushing and paperwork. . . . 
_ Pride in' doing the job for which they are bemg pa1d, w1th fewer delays. 

1 

SUMMARY 1 

M f 1 ·ng is a business so complex· that it is sometimes irresistable to ~e.lieve that success is 
ac~~~~=~ ~;:en the products are s~1 ipped on ti~e. Profitabilit\' and Rroduct1v1ty, so long a concern 
only for a few senior executives, 1s now the d~rect concern of everyone. , 

1 

1 
f bu~ines.s the complexity of manufácturing processes, the proliferation of new products 

~nd fe:~~~e options ~nd competition from unexpected sources have forced a change away f_rom 
business as usual. 

TI · - 11 lcts a firm belief that curren! conditions and future considerations absolutely demand 
th~: ~~Pd~ 'ae b:ner job of communicating. The inter-dependencies acro~ plants, departm~nts andh 

1 functions makes it im¡:¡erative that we use the best tools and systems avadable to comm,umcate w a 

is happening. ] 
0 t' Plans must continually be updated and adjusted to reflect c.hanged con.d_itions. Senior 

:r,~d~~~::~~! ~~~~~~v~~~~~;~~y~a:~oc~~:t7{i~~~~~~~a~~0~ean~~~~~~~~;;;s~P;~~~t;;d:~~e~~~~n 
to product quality and performance. _ -· . . __ 

Although it ma~ sometimes seem that we ar~ alr~ady eng~lfed in.da.ta, much of it is of linte value. 
Jt is deiivered too late, in the wrong form, w1th httle conf•dence m tts accuracy. 

lf we are 10 really know what is happening in the plant, to control it, to schc~ul7, loa~ a~d supp~~e 
· · h h 'er inventory we must have information. Plant Data Commumcat•ons .-~ ems m . 
~~ ~~~or\~~;r~~ution to profitable and productive manufacturing operations by prov•dmg rnnr.h Ol 

J • ' ··- . 
this informat•on. -

1 
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DESIGNING EFFECTIVE INFORMATION SYSTEMS 

OLIVER W. WIGHT 

Back in 1959, the production and inventory control field was full of promise, 
particularly for the application of computers. Ten years la ter, l'm not going to hand out 
any congrJtul:ltions - 1 think we have fallen far short of our potential. The number of 
companies having real success in applying computers to production and inventory control 
is extremely low. McKinsey & Company published the results of a survey of many 
companies titled, "Unlocking the Computer's Profit Potential"(l). This report said: 
"From a profit standpoint, our findings indicate, computer efforts in all but a few ' 
exceptional companies are in real, if often unacknowlcdged, trouble. Faster, costlier, 
more sophisticatcd hardware; larger and increasingly costly computer staffs; increasingly 
complex and ingenious applications: these are in evidence everywhere. Less and less in 
evidence, as these new applications proliferate, are profitable results." 

1 have to agrce with this; 1 think that most of the systems 1 have seen around the 
United St:!tes would fati into one general category: not good enough to use or bad 
enough to throw out. The picture is tragic; and it is imperative that we face up to it. \Ve 
could sum up efforts to apply the computer to production and inventory control in this 
t-C•Jnlry by paraphrasing \\'inston Churchill: "Never before in the history of human 
er.dcavor has so much been invested by so many toso little avail". More and more people 
see the similarity between "MIS" and MESS. Systems haven't paid off on their 
investment, either in money or in human time and effort. lt's heartbreaking to see 
frustrated systems groups and frustrated groups of users, as well as frustrated groups of 
executives, many of whom have put in hours of toil to develop systems that have not 
really been successful. 

Unfortunately, we seem to find an extension of a national pastime of buckpassing. 
Nobody seerns to take much responsibility for doing anything about the problem. The 
systerns people blame management for not giving them support and forcing people to use 
the system; they blame the user for being uninterested, and they blame the computer 
salesman for having romanced them into sorne embarrassing situations. Users of the 
systcms, production and inventory control people themselves, blame the systems people 
for picking up computer techniques and installing them without really solving any of 
their problems. They blame management for putting in a computer because "lt's the 
thing to do". Management blames the systems people for not having produced results; 
they blame the users for not being progressive. They blame consultants for having sold 
thcm sorne fancy techniques that don't really work as well as they should. They even 
blame professional 50cicties for the fact that so many of their people seem to be more 
intercsted in doing things they can boast about than in making the company profitable. 

Consultants tend to blame management: lf a consultan! is truly a management , 
consultant he should be able to detect management deficiencies before a system has been 
fully developed. lf he does, and decides to continue working on it, 1 ques_tion his 
professionali:;m. If he does not detect deficiencies, should he really call h1mself a 
manancmcnt consultant? There are a number of consultants today whose efforts are 
entirely dcvotcd to flow charting and programming; and most of them might more ' 
propcrly caU thcmselves systcms consultants. . . 

Thesc are harsh words, and are intended to be. Most people owe allegmnce to then 
company, and can hardly afford to think, much less say, what they actually believe.l owe 
allc¡;iance to no one, and feel strongly that it's time somebody jolted us out of our drcam 
world of computer systems, back into the real world of business. 

(1) McKin<ey & CompJny, lnc., 245 Park Avcnue, NeVJ York, NY l(l(ll 7 
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McKinsey & Company made a good point in thcir bucklct: "As yet, the real profit 
potential of the computcr has barcly bcgun to be tappcd." lt can be tapped; there is no 
qucstion about it. A few companies are successfully applying the computer in production 
and inventory control. Having obscrved thcm, as well as the large number of failures, 1 
propose sorne elcmcnts that 1 believe must be included into an effective information 
system. 

A systcm includes not only the machine and the programs, but also the people. ToCJ 
often this has been ignored. 

ELEMENT NO. 1: A DESIGN TEAM 

"Tea~n" is getting to be a hackneycd word, but it's a crucial word. lt is disappointing 
to see the tendency for polarization between users and systems pcople. Those of us who 
were interested in opera1ions research years ago rememb::r that the essential po:nt of 
operations research was the team approach - the idea of a scientist, a u ser, and pcople 
from various fields working together to sol ve a problem. In a very short period of time, 
though, the operations research people de' eloped their own jargon and their own 
interests. They found management ever more difficult to communicate with, while i~ 
became more and more fun to communicate with other operations research people. 
Management, meanwhile, found them more frustrating to work with. As a resuit, we hO.V 

see less operations research activity in business than befare. We've got to avoid this kind 
of polarization in systems if we're really going to achieve anything. 

Look at a basic question: Who is going to design the system? One tlteory says that 
only the user can design the system, since he will be responsible for running it when it has 
been insta!led, and he knows the most aboút his actual needs. Another theory says that 
only a systems man can design the system, because only he understands the new 
techniques and how to apply them on a computer. To read sorne of the artic!es in the 
data processing magazines, you would think that the man who understands computers 
can very ea sil y become a "systems superman" who understands al! facets of the business, 
can analyze problems in all areas, and develop and insta!! systems that will be used 
enthusiastically by responsible managers. Hardly. 

The user has to assume the responsibility for the design, and be thoroughly irw' 
in it. 1 have yet to see a systcm successful where this approach was not t · 
instances the systems man designed the system, but then they made hin 
made him run it.) 1 see a new role for the systems man. He should first i. 
problem, then develop general solutions in his own mind, and then for· -:rs 10 

design a system themselves, while he assists them. He- s.i.ould resist the . ,on to 
design the system, and he should always try to sell ideas to other people :r 1nem to 
accept them as their own. Too many systems men are trying to bl!ild m";tuments to 
themselves. Systerns work takes a mature ego. 

Too often, the relationship betwcen the nurnber of systems men on the job and 
progress seerns to be an inverse one. Nmhing seems to slow a task down Jike putting too 
rnany systems men in the acL. Some people are beginning to ask if sys!ems men won't be 
obsolete as the new breed of manager who is not mystified by the comput:er comes along 
Why will he need a go-between to communicate with the computerman? A very good 
point. However, we'll always have sorne systems technícians, although probably far fewer 
than we have to have today. This is good, because it means that W:!'ll have more systems 
people available to go into management. lf there's anything we really need, it's more 
system-oriented managers and more management-oriented systems pcople. 1 see the real 
systerns man as more than a technician. He meeds to be a good analyz.er, teacher, and 
"idea" salesrñan.l think the people who c:.n'i grów irito that new type of job are going to 
be re!egated to the computer room and kept out of the real world whcre we already havt 
enough elegant bul uselcss ~y:;:ems. 
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User respo!lsJbility cannot be cmphasizrd enough. [f you're developing a production 
control systcm, the production control ma;,Jgcr h1mself should be pulled Jway from his 
job, fui! time, until the system is installcd and work1ng. At the very kast, h:J.Ve his most 
logical successor as the responsible head of the sys tems ream. 1 f you can 't get this !Jnd of 
support and enthusiasm, it's just not worth cmbark.ing on a project that's going to resull. 
in one more lame duck computer system. So often systems pcople say, "lf we had to wait 
for the uscrs, we'd never accomplish anything," but when they're through, it becomes 
pretty apparent that they accomplished httle, brcause thc uscr won't m:~ke the system 
work. 

ELEMENT NO. 2: ADDRESSES REAL PkOBLEMS 
In this day of computers we must rcmind oursclves that: mechanization is nota v::;lid 

business objcctive. r offer another rule that might surprise many who've been wor!Jng in 
this field: never do anything on a computer that you can do well manually. Mechanizing 
the system you already have is an exercise in futility. Another rule that might sound like 
heresy: don't design a totally integrated managcmcnt information system. To quote 
McKinsey once again, " 'integrated total managcmcnt information systems' drawing on a 
single data base, which have so oftcn bcen touted as the w:~ve of the future, ... have not 
yet come to pass - and it is far frorn clcar that they ever will". McKinsey goes on to say, 
·'No company should embark on :1 program to develop a 111ajor managernent information 
system except to meet a specific, well-defincd need".2 

One of the problems to address is determining how the system really works. 1\fany 
companies have inven!ory systems on the computer that look awfully good. They 
generate plenty of printout and a lot of instructions to the users; the users are occupied 
fuUtime interpreting and analyzing the printout. Mea m\ hile, out in the shop, if you ask 
the plant superintendent how the system really works,hc'll tell you that it doesn't. lfyou 
ask him how he gets the parts through that he needs to manufacture the product, he11 tell 
you that he has a. parts inventory in cvery department. His foremen keep themselves well 
supplied. They also put heavy expediting efforts on parts thaÍ are going to be needed for 
next week's schedule and go to great lengths to pull assemblies from the storeroom far in 
advance. They ha vean expensive computer churning away, but the system that real! y gets 
the product out the door is the one that was used at the turn of the century. 

We've got to come up with real solutions to our production and inventory control 
problems, rather than picking up cookbook solutions. Much of what we read in 
prod~,Jction and inyentory control literature fails to define where a technique should or 
shouid not be used; but merely prometes techniques that are supposed to salve al! kinds 
of problems. An example is the statistical inventory control we've been hearing about for 
years. It has great application when an item can real! y be ordered based on past history, 
because that's all statistical inventory control dcals with. When statistical inventory 
control techniques are applied lo the parts that go into an assembled product, the result is 
always bad. This type of inventory control technique will not get al! the parts to the 
assembly floor on the d_ate the assembly is put together. 

Very few authors, particularly those who are.great proponents of statistical inventory 
control, ever tell you where it should not be used. 1 think this is irresponsible. The most 
significan! contribution to profitable inventory control application is the principie that 
Dr. Joe Orlicky of IBM suggested a couple of ycars back: the principie of 
independent/dependent demand. The demand for a.n ítem is independent when it doesn't 
tie in with anything else, such as an item in finished goods or perhaps a service part not 
used in curren! production. The demand for an item is depef!dent when it is a componen! 
being u sed on an assembly, wi th the dcmand "dependen!" on the necd to manufacture 
the assembly. The principie states that for dependen! demand items, it is bctter to 
calculate requircments through a bill of materials. For indcpendent demand items, a 
min/max or ordcr point based on past usagc may be used to reorder. 

(2) Op C' • "1ge 34 
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Figure 1 ~;!wws wh~· order 
points don 't work c)ll dependen! 
demand items. ~uppose tha: 
A s<.cmbly A had tl!c smvothesl 
demand cver :Jsked for - 1 O pcr 
month - but sub-asscmbly B is 
madc in Jot size.s of 20. The 
dcmand for componcnts going 
into sub-asscmbly B would be 
20, O, 20, O, etc. Part C is made 
in lots of 40. Raw material going 
into that pa1t will have a 
drmand of 40, O, O, O, 40, etc. 
An ordcr point on the material 
used in part e simply won't do 
the job. Some people have 
suggested that if that material is 
used in more than one part, an 
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B 

Pal"t 
e 
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FIGURE 1 

arder point probably would do . . 
lhe job. Can you imagine 3 sets of demands of 4U, O, O, O, 40 all comm? mto the same 
matt:rial? The demand doesn •1 tend to smooth out very m u ch. lnstead, 11 usuall~ loo~s 

¡¡k. 40 0 0 120 0 O 80 and anybody who can believe that an order pomt will 
more e ' ' ' ' ' ' ' . . f lf VOUI reaUy control an inventory with that type of demand has a great 1magma IOn. • . 
pcople don 't undcrstand this independent/dependent principie, don 't go any further WJth 
computer applications until they do. ·· . 

· h · h. h 1 don't see cnough recognition of the problcms anr. To cJte anot er area m w JC . . . . .1 proper solutions: lead time is a serious problem in most compan1es, a~d Jt Jslmnan ~a 
function of the amount of backJog a company has. The backJog out m the actory • 01 

, example, is a function of input versus the output. lf ~o u put i~ ~ore than you take _out, 
you11 build up backJogs and this will result in cxcess1ve e~pedJII~g anda crowded shop. 
You bring back.!og down by taking out more than you pul m an_d VJ~e versa. 

Among our "classical" approaches to controlling productwn m a factory, the ~ost 
conunonly used is the machine load, whieh tells you nothing about input, aJ~d v_ery htt~e 
about output. Usually, it tells the actual output for one week; but that doe~n t g¡ve much 
information, because it could have been much higher or lower the pr~v¡ous week. We 
neeci" to see it for at least a few weeks to know what our real output IS. Almost ev~ry 

' · Thi · the theoretJcal machine load report tries to specify a work center s capac1ty. s JS 
capacity; it almost never represerits what the department is really t~rning o~t. It only 
represents the number of men assigned to a work center and theu ~otentlal output 
adjusted by some efficiency factor. People go out of their minds trymg to kcep that 
tJ1eoretical capacity figure correct on a machine load report! . . 

In tJ1e future we're going to see more emphasis on the type of report show~ m Figure 
' H h 1 d · put is shown m terms of 2-an input/output report for a work center. ere t e P anne m . 

standard hours. Note that it is planned at 270 standard hours per week. The act~al mput 
is then monitored week by week. In the first week, we put in 270 hburs. ~f this were a 

Start1·ng work center such as screw machines or presses, this input could be controlled to 
· ' ' · · · th ·nput would be smooth it out. If this were an intermedia te work center, momtormg e J 

useful to see jf we're getting the right flow·of work into the work cen~er. ~ote that th_e 

f 3 ks · higher than the planned input. The obvwus mtent·here IS planned output or wee IS . . 
to bring down the in-process backlog. The cumulative de~iati~n s?ows us h~.":' the_~p~t 15 

going in comparison with the plan and how the output IS gomg m compar· " WJ P an. 



Oue rule that is uscd with ;.r; 

input/output report is: don't put m JTJore 
than is taken out the previous week. Tiús 
can 't be done in exact figures, be cause thc 
arnount put in usually has to be rounded out 
to lot sizes, but this approach shows how 
much is pul in, how much is taken out. This 
enables us to hold backlogs in production 
control, bu t show capacity deficiencics in 
the factory without having to put a lot of 
work out on the noor that will have to be 
expedited. Input/output control is a far 
more useful too! for controlling production 
than machine loading, because it tries to 
_·ontrol the cause of lead time. 

Another classical approach to 
production and inventory control is the 
economic order quantity, or EOQ. Few 
;Jeople claim profitable results from EOQ; 
mainly due to rnisunders!anding the 
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FIGURE 2 

lechnique. You don\ use EOQ by running numbers through a formula- you've got to 
compare what you're doing today with what you inter.d todo, pinpoint where the profits 
are going to cume from, and make sure YL'U get them. Much of our classical production 
and inventury cont~ol is unsound. There's information around on modero approaches to 
production control, and 1 ericourage you to understand them thoroughly befare 
i;nplementmg a system. 

ELEMENT NO. 3: DESIG;-\ED FOR THE USER 
Systems have to be designcd for t.I1e user; the system is mcrely a· too! to help him 

make better decisions. Let the user control thc information. He should be able to control 
the exceptions he gets fmm the system and be able to go into the computer again at least 
on¡;e a day whenever he nceds further information that wasn't planned in the original 
exceptiOil reports. One item on an exccption report can easily lead to needing 
m forma tion on three or four more items that were not printed out, based on the original 
exception rules. 

Make the logic obvious. It's IPt 17534!oo:3s!ss:17 ILY:5 1 
easy ~o program logic into a 
computer, but remember that 
the user is going to ha ve t.he wl w2 w3 w4 w5 w6 w7 

1214 11~~~~~~-E ~ 'cpo>~sibility for opera ting with 
Ú!S/ information. lf he doesn't 
unde¡stand it, he'll have one cf 
two r.hoices: igno1e H 
complctc!y or follow it blindly. 
Systems people are often 
fascinated with thc thi:1gs that 
they can program into the 
machine and baff!cd at the lack 
of success of thcif system. 

Rec¡¡'t 

On Hand'33 21 17 38 37 37 16 !47 

On 
1 35 35 cQ..rdell' 

Planned 1 .. 
Lor_d_er i 

Figure 3 shows. a FIGURE 3 
requiremcnt~ plan for Part No. 
17534, of which thcre are 33 unils' on hand. Requu~:mcnts havc bccn exploded down 
from the asscmblics that use this part, and they total 12 in Wcck 1, giving a prOJl'Ctcd on 
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1 
1 

1 

l.a!Hl b~l~ncc of 21 at the cnd of Week l. At th~ er1t! ofWcck 2, ::-.::r;:·.will be 17;at thc 
cnd of Wcck 3, the rcquirement of 14 would !cave a balance of 3 on bna, but here's an 
opcn llfflcr for 35, so the ncw projt'cled on hand wouid be 38. In Wcek 4, it would be 37; 
Wcek 5, 37, ¡¡nd the requiJcment of 21 in Wcek 6 would take the projectcd on hand 
balance down to 16. This is one bclow safety stock. The compu!er, then, counts off 
backwards for 5 weeks, sin ce this is the Jead time. It indicatcs that in \\'eek 1 wc 11 ha ve l!' 
release a planned order (indicated hy the zsterisks in Pcriod 1). But the computer .~1st: 
looks ahcad and noles there is an 01der open for 35 that's due in Week 7. 

Should we actually plan to order in Period 1 or ~hould we rcschedule lhe 35 fropc 
Week 7 into Week 6'! For that matter, since we're only going to be one below safetj' 
stock, is thcrc any nced to reschedule at al!. lrr:a¡;L'le programming this type of decision 
into a computer-lctting the computer automatically reschcdule based on the prrcentagf 
safety stock, tJ'¡e qu:.ntity of the order, the weeks thc open ordcr has to be rescheduleci 
by, how far along it is in progress, etc! This could be a systcms man's dream anda user'~ 
nightmare, as the computer automatically told hirn to reschedule an ordcr, and he hadn't 
the faiutcst notion why. [f we do pro¡;ram that kind of logic into the computcr, the 
responsibility for the rescheduling lies \\Íth the man who dcsigned thc system. Oftcn the . 
user can't dedpher why the computer did or didn't reschedule. 

This is why the logic must be obvious. People should make the significan! decisions 
which don't t;:;ke time. The tl1ing that takes time is gettirig the informatio¡;¡ needed to 
make a rensouable dccision. One problem that bothers people is how to train a new user 
on the system. In this day of personnel turno\'er, it's easy-1o put a lot of effort into a 
system and then find that the new user simply doesn't like it. So keep the system simple 
and ncxible, thcn the new user will be more likely to recognize it as a good, ba~ic 
production and inventory control system, rathe¡ than as a highly specialized system that 
he doesn't understand and doesn't careto use. So another systems de~ign r'ule is: e•chew 
originality. \Ve need a value analysis approach in dcveloping systems. lt's easy to come up 
with naively sophisticateá techniqucs that don't really add much to the system, but makc 
it a lot more complicated. Dcsign the systcm so that the user will understand it and has 
control ofit. 

ELEMENT NO. 4: A CONTROL SYSTEM. 

A system should be dcsigned not just to gcnerate information but to generate the 
kind of information that will provide control. The elements of a control system are e 
norm, a tolerance, feedback, and action. A tolcrancc should also be established ahead of 
time; the amount of deviation that we will accept as being within range. We ought to 
pre-detennine t.he leve! at which we will takc action and pre-determine what that action 
will be. No system will real! y control if we don 't decide what the norm is, providc ~ome 
tolerance around it, and pre-plan the action that we're going to take when it is 
exceeded. 

ELEMENT NO. 5: MODULARITY 

Initial experiences with attcmpts at "totally integrated" information systems were 
very sad. Those that wcre integrated tLJrned out te be impossible to modify without 
tearing the whole systcm apart and putting it together again. We can plug many systems 
into a common "Data Base" and draw ·on the same information through different, 
systcms, through one integrated system. Systems ~hould be des;gned so that they can be 
modified. 

ELEMENT NO. 6: INTEGRITY 

One of the toughcst things to show managers is thc rclaHonship betwecn basic s:,·stem 
integr!ty and results. Many managers. during a cost cuttin~ period will reduce tite numbct 
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of people bting used lo maintain 1:-asic information, like htlls of m~tcrial Later, they 
wonder why rhey t:an't gel th.: right pa:ts through lo gc:t th;: proJuct out the door on 
time, and why so many pcople are spending time h:J.ndhns crises and exccptions that have 
occurred because lhe systcm dc,:sr.'t. function properly. One of thc most di!"ficult arcas to 
get managcment interested in i'l stockrooms. In most rnanufacturing · companies;. 
stockrc-::•:ns ::re a disgrace. Somehow, it's easier to prognm cxpvnential smoothing than­
to puí a fence around <he stockroom. Why is it so hard to see ~he rr!:nionship between­
accurate inventory figures and performance, when a compar:y that makcs an ass.::mbled 
product knows that lack of one componen! can give the worst of all possible worlds. \Ve 11 
have a high inventory of all the other components, yet Iow service, because we're not 
iliipping the ¡:-roduct. But people would much rather sit armmd drawing flow charts than 
get down to the nasty business of showing managcment v. hat rcally needs atlention, if 
systems are going to work properly. There are a number of techniques that can be used lo 
genera te systems integrity, but 1 think the bes! one is to get people lo use the systern.lf 

_ _fqremen, fqr ~.xample, are actually using a dispatch report, they11 be a lo! more interested 
in keeping the information on it accurate than if th~X-dor(t use it. 

ElEMENT NO. 7: RESPONSIBLE MANAGEMENT 

Computers must be used intelligently, anda manager must :~cognize that this is the 
computer age and that we do need to ma.nage with systems today. Many managers haven't 
yet learned to use systems to manage; firefighting is fun, and generales a great (false) 
sense of "beiÍtg wherc the action is". Too often, managers look to outside consultants or 
computer companies to develop systems for them. This never seems to work very welL 
Consultants and computer companies can advise, but basically the company itself will 
have to develop what they're going to \lse. Managemcnt should be mature enough to loo\: 
at systems as a way to managc bctter, rather than as a substitute for management. 
Systems don't run businesses; they help people to run businesscs. 

THE TOUGH JOB AfiliAD 

To sununarize; tbe elements needed to develop a good infonnation system are: a 
design team, a system that addresses the real problems, and is designed for the user; is a 
control system, is modular, and that has integrity. A pivota! element is management that 
takes a responsible attitude toward the system. The users - right down to the planner, 
expediter, and foreman leve! - need to be involved in the system. Giving them doses of 
formal education on how "our" system works, d~sn't work. 

'There's a big payoff from the computer when it is used Wisely in production and 
invenlory control. When companies have reduced their inventaries substantially, 
improved their service, and reduced product cost because of better parts availability 
through the use of computer systems, one can't help but be excited about the prospects. 
But responsibility for making the business more successful through use of tite computer 
belongs to everyone: users, systems people, managers, consultants - and even compuler 
salesmen. We've .got to stop passing the buck, and starl working together. lt's going to 
take hard work to make computers really pay off, but don't be discouraged; we're still 
pioneers. We've only been at tlús for a little over ten years. Still, the time has come to 
change our ways.'·Systems are not toys for the technician; they're tools for the managerc. 
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OESIGNING ANO IMPLEMENTING A 
MATERIAL REOUIREMENTS PLANNING SYSTEM 

Tñis talk was given over two sessions ar rhe conference. George Plossl and Oliver Wight gave the 
talk together. Tñe text is noted to indica te the sections each of them covered. 

SESSION 1 

li'J(jJIT: lrrventory Management Using Material Requirements Planning. 

It's a sign of the maturity of production and inventory control as a discipline that principies 
lik~ the independent/dependent demand principie have been developed. This principie states that 
whcre demand is independent (finished goods items or service parts not use.:! in curren! 
producl!on) the arder point technique is app!icable. Where demand is dependen!, as it is for all 
components and semi·fmished inventory items that "go into" another inventory item, material 
!cquircments planning is a far more satisfactory technique. Certain!y this isn't to say that sorne 
luw val:te dependent demand items cou!d not be controlled reasonably weil with arder point, but 
:he service leve! require.:l would have lo be extremely high lo give even reasonably adequate 
scrvice, because an assembly can't be made unless al! parts·are available. 

lt has bP.en rather amusing over the years to see all of the articles that have been written on 
staustical inventor¡ control by peop!P. who obviously don't understand the practica! application of 
st~tistics to manufacturing i11ventory managemcnt. Compames manufacturing most products from 
metal goods to phannaceuticals are assembling a ~ries of components in one manner or another. 
W!len this,is true, even a very high scrYice levd on each of the individual components won't result 
in a very high service !evel for the assembly itself. A ten ítem assembly with:! 95% servici'level on 
each ítem wil! have only a 56% chance of having alJ of the components available v. hen required. 
Eut 1 find that a good many pcople dcn't understand this basic truth of statistics. 

T:tese pcople state that in their cornpanies, evert though service is notas good as it should be, 
;vP.!l though thcy do have parts short1ges, and even though they do have high inver:torics, they do 
¡jet $Omething sbpped. ,l f you were te believ~ the statisllcs, 11 would be virtually unpossiblc tu get 
a.ll t!:e pam tog~ther for a product with 100 compo~.ents! Of course, the reason that they have 
trouble equating this example with their own expenence IS the fact that most inventory systerru in 
e[fect toJay don 't really control the invcntory. Inevit~bly, if someonc te lis you that they are using 
order points to control dependent demand iterns like compo;,ents that g:. into asscmbiies, you'll 
fmd that this inventory system tries to gel the right things started in the plant or ordered from the 
vendors. This is the farmal system. Then thcre is an infonnal system that ccns!sls of pulling parts 
cut of the stockroorn and trying to "stage" them weU ahead of the time when they will be needed 
to meet the assembly schedule. By physicall)• laying out the parts, shortages can be detected, hot 
lim can be written and expcditing can swl!lg into full force. In effect, we have a fonnal "push" 
system and an infonnal "pul!" system. Tñe reason tlwt the company is able to S'..lrvive in the face 
of the Ol'erwlrelrr.ing statistical evidence tliatthe fomwl system can 't possibly work is rhe fact that 
the infonr.al system does most o[ the work in reallife. · 

We enthusiastically support Ll¡e independent/dependent demand principie and ronsider it to 
b.: !he single most significant inventory principie that has been developed. Certainly Ll¡e ABC 
concept is sigruficant. The idea of separating the v1tal few from the trivial many and concentrating 
our control effort on the "vital few". But tJ.is ts a universal principie not neccssanly conllned to 
inven!ory management. The mdependent/dependc01t demand principie is an inventory manag~· 
ment principie that helps to clarify the confusion about where to use order points and where to 
use requirements planning. One of the reasons thal we feel very strongly about this pnnciple is our 
own experience in many, many campantes. 

Sorne years ago when l was inventory manager at Raybeslo$, I had a \'ery serious problem 
keeptng brJke 1hoe boxes fed to thc ass~mb!y line. We kept a rnonth's supply of boxes on hand 

206 APICS 1970 

1 

fl! 
1 

and based our ordcring on past averJge u~age. Unfortunately, this n~vcr :;.;emed to work very well 
and it was a regubr experie:~ce to have the brake shoe pacbgin¡¡ for~.11an ca!l up .on Fridly 
afternoon te complain th3t one of the items thal was mo~t urgcntly .needed. -:ouldn t be made 
becausc we were out ofboxcs- once cgafn. . . . 

The only solution that we could see to the prcblem was to carry more !ioxes 1n mventory. 
Unfortunately, w~ rlidn't havc enough space to do that. A month's supply of cardboard cartons 
when you :uc turning out a product in very high volume takes up a tre¡;tendou_s an10unt ofspa~e. 
Finally, one of the >Upervisors carne up with a bright idea. He susgested that mstead of ordcnng 
boxes based on past average u>age, we take the actual schedule, whkh covered about twO wceks, 
plus a forecast of the schedule for the next rwo weeks, convert e<1ch part number to its box 
requirements and then surnmarize this by box part number. In effed, we were s~tching r:om an 
order point system toa material requirer:Jents plan and the results we¡e very sallsflctory mdeed. 
With no in crease in inv~ntory, mas! of the box shortages were elimina te d. In fact, boxe~ c~ased to 
be a very scrious problem from that da y on. . . 

He re is an exceUent example of the val u e of a principie. If we know a principie, we can appl; 
it to all kmds of applications no.matter what producl we are producing, no matter what compJny 
we are looking at. If we had known the independent/dependent demand principie back at 
R.aybestos, it would have been a simple matter lo recognize thal the demand upon the box 
inventory is depend~nt: you only need boxes when you are making brake shoes. Thus we would 
have been directed toward a requireme~ts planning system rather r.n~n an order point systcn,_ 

_hr:od Time 
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Schcc;ule<.l 
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Here we have a universal principie to help us in choosing between the two basic typu. of 
approaches to reordering. It is worth emphastzing also, that in spit7 of all_ the varieties :of 
reordering tcchniques, there really are only two basic approaches. Matenal requHements plaruung 
calculates requirements for raw materials, semi-fmished mate_rials o~ components. (parts, 
sub-assemblies) based on plans to make the ítem that these matenals go mto. Order pomt type 
systems, and these can include mL'l/m:u, two-bin, periodic review, _etc., al! assumc that an 
inventory item should be re-ordered based on averJge demand over lead tune. 

Let's take a loo k then at a typical materi.ll requl!emen ts plan. Figure ~ 1 shows a master 
schedule for th~ "end nem" and bdow it is the componen! material requirements pbn. Let's 
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Lmagine that the end item is a product like this projector that we are using today. We planto make 
600 projectors m week 6, 800 in week 9, and 400 in week 12. These requirements are posted 
against the componen! inventory record. There. are 900 units of this particular componen! on 
hand. Let's imagine it to be a sub-assembly - the projector heJd. In week 6, we have a 
requirement for 600 projectors that wt.ll leave us a balance of 300 projector head assemblies 
available; in week 9, we have a requirement for 800 projectors. In the terminology of requiremcnts 
plannmg, this 1s calléd a gross requirement. There are 300 units available. ln week 9, you can see 
that there is a net" requirement for SOO units. Since the lead time is 4 weeks, there will be a 
planned arder to be' released in week S. This is called lead time offsetting, the planned arder has to 
be backed off enough time periods so that it will be released at tl-¡e beginning of the lead time. 
Note that in period 12 the gross requirement equals the net requirement since there is no material 
available. 

The requirements plan makes a time shift as it m oves from one period to another. In the 
example shown in Figure # 1, each week an old week would be dropped anda new one added and 
any appropriate action wauld be taken by the computer. For example, as the time shift moved 
into week S, the computer would genera te a notice that an arder for SOO units of the componen! 
should be released. lf this arder were not released because of a shortage of one of the parts, the 
followmg week that planned arder release would show up in the "past due" column. 

Note that in this over-simplified example there was no lot-sizing and that requirements were 
sunply ordered m the same quantity as the net requirements. Obviously, in most instances in real 
life, this is not the case; sorne Iot-sizing does take place. We will be talking about that la ter. Note 
also, that m this simple example, there is ortly one end use for tlus projector ahead. Actually, there 
could be many end uses in which case the projected usage would show thr sum of all the 
requirements for projector heads based on the master schedules for d1fferent models of projectors. 

The projector head requirements plan shows planned orders in it. There are two basic 
purposes for planned orders· 

l. Planned orders genera te ma!erial requirement at the next lower leve!; 
2. Planned orders can be used to project capacity requirements. 
If we were to imagine another inventory record for thc lens in the projector head, we would 

need sorne way to project requirements for that lens. The planned orders for the projector head 
assembly would be used to genera te these requirements. In the example we have been using, these 
wauld be a requirement for 500 tenses in week S (because we are going to release an order to 
assemble 500 projector heads in wcek 5), and 400 in week 8. Of course, there might be many 
other requ1rements cpming from other proje,tor heads that use the same lens. There might Jlso be 
service requ1remcnts and these would be entered into the lens inventory record direc:!y so L'lat all 
requirements could be summarized. This 1s why 1 made the point above that ordet pomts should 
be used for service parts ortly when they have no assembly usage. When they are used in 
assembhes, as well as having an independent service demand, or.ce again the time phased 
requirements plan 1s the more practica! techmque. 

The planned orders can also be used to make a machine load projection petiodically. llús 
Wlll enable production control to forecast load requirements, rather than trying to detennine 
capacity requirements by looking only at released orders. 

Requ1rements planning became practlcal with the advent of the computer. lt was possible to 
make a material requaements plan manually or wnh punched cards, but keeping il up to date as 
schedules changed and component availability changed was never very practicJ.!. Requirements 
plannmg on a computer, however, in spite of all the comp!exJty and jargon th~t has surroundcd it 
m much of the hterature, is basically a simple technique very much hke we did it manually There 
are two basic files (we1l talk la ter about sorne of U1e other files that are requircd). These iiles are 
usua!Jy called the item master record :md the product stn1cture re.:ord. In production c.ontrol 
!anguage, as opposed to the jargon of data proce.ssing, this s1mply m<:an~ the im•e11tor/ record ~nd 
the biil of materiaL· Picture an inventory planner trying to calcula te parts requHem~nts using a 
m.uw~l system He piobably hJd a Kardex record and a bi!l of mat~rial sitt1ng ('f! hi~ desk. Hc'd 
look at the antJcipat~.d i!Ssembly schedule (the master sched .. !e) anci he wou!LI then check to .le~ 1f 
he ha.:\ ;j¡~ necC>Iif/"'sü'b-a,sem~l¡es available to meet thi; scheduie lf lhere was an msuiiiciwt 
qu.:n-tity of one of th·e sub.assemblies :1nd he r¡ecucd lo make mole, he'd •ef·~r to th~ :¡¡¡¡ of 
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materials to t1nd out what compouents that sub·assembly took. He would then refer to the 
inventory records for those components tn see if there were sufficient quantities of the 
components on hand so that he could releas:: a ;ub-assembly arder. This is exactly what the 

ON HAND QUANTITY 
PLUS ON ORDER 
MINUS GROSS REQUIREMENTS 

EOUALS NET REQUIREMENTS 

50 
150 
300 

-100 

computer is doing. lt is constantly 
r.ross-referencing between the item 
master record and the product struc­
ture records to determine parts avail­
ability to tell us when we .need to 
arder parts and also the dates when 
these parts will be due. 

Figura #2 The term rime-phasing or rime-
. . . . . series requirements plan is particularly 

SJgrufi.ca~.t.. F1gure. #2. ~ows an m.ventory .rec~rd. ~th what might be called "requirements 
~lan.nmg mformat10.n m 11, but the tnformahon 1sn t Urne-phased. According to the information 
m F1gure #2, 100 umts are needed immediately. No one knows when the 150 that are on arder are 
needej, but presumably they are needed im- ·, 
mediately too. Figure ~3 shows the gross Gross 
requirements broken out into time periods. SO Require~;nts 
units are needed on January 3rd, 30 on 
February 14th and so forU1. The first thing that 
becomes apparent, looking at the requirements 
in their proper time penods, is the fact that the 
ISO that is on arder is going to be needed by­
February 14th and rhar 1s one ofthe significan! 
values of time.phased requirements planning. 1t 
not ort.ly tells us that we need to arder material 

Date To Be 
Assembled 

it tells us when it is needed 3f\d by recalculatin~ 
our requiremenls plan, the formal inventory 

50 
30 
70 

100 
50 

Figure ~3 

Jan. 3 
Feb. 14 
Mar. 4 
Mar. 2i 
Apr. 25 

management system will change the priorities on items; thus we don't have to depend on informal 
back-breaking expediting to do it. 

Let's assume, in this example, that the lead time is four weeks and that this is the beginning 
of the new year - January 2nd. Actually, the lOO that Figure ~2 mdicated had to be ordered 
immediately doesn't really need to be ordered until the last week in February. The requirements 
for 50 on January 3rd W!ll be covered by the material on han d. The material on arder wjl! cover all 
of the requirements for February 14 and March 4th and half of the requirements for March 27th. 
A new arder will have to be released to cover the balance of the r~quirements on March 27th and 
requirements on Apnl 25th. 
. This example illustrates the fact that time-phasing not only helps with res.;heduling but also 
puts. proper arder release dates on items. And 'this is a significan! difference between material 
requuements plan~mg done. on a computer and old manual methods of requirements pl,anmng as 
well. as arder pomt techmques improperly used on dependen! demand items. The material 
requ1~ements ~Jan changes the responsibtlity of mventory control from just ordering matenal to 
ordenng maten.al, FUttmg the prop.er prioriry date on it, and mainraining the prvper priority date. 

To ~o th~s effec uvely, a requuements plan needs t~ meet a bare mimmum specificauon. The 
example m F1gure #2 could be cal!ed "Requirements Planning" but Ji is not a material 
requirem~nts plan by today's standards anymore than a 1903 Oldsmobde would be considered an 
automobile by the average driver today. We feel that the bare essentials for a requirements plan ·are 
as follows: 

l. The rilñe period must be no greater rhan one week or the fon .. ::l \j;tem will no¡ be JLú 
to put usable relative prionu~s on items. When a foreman is told what material"fte·needs•·­
to make. in a given mon:h, his first response WI!l be "that's fine, but which ones will you. 
need th1s week': 

2. TI1e requ.rcmenrs plan shou!d be rec~lculated- partially or compÍetely- at least wcekly 
so thJt It can 1~flect the !Jtest ch:mges in requiremenls as wel! as componen! availabduy. 
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This point about componen! aniJ?bilir¡ is prohably worth commenting on sir¡ce a 
requirtm~n!s p!an should be revised if any particular componen! is abso!utcly not going to be 
available. For example, if ~ caslin¡; is scrapped and after turning heavrn and earth and exertir.g aJJ 
the pressure· possible to get !he vender to deliver the·casting, ilie best promise he can give is 6 
weeks, the assembl:¡ m;:ster schedule should be revised lo reflect this. lf it's ClOt revised, parts wiU 
!Je coming through prod!!ction to an incorrect due dale. ln any compa.r¡y where fJbrication 
capacity is reasonJbly well 1egulated 10 need, it stands 10 reason any time parts t.h~t are not 
needed are l:leing madc, pam tha1 are needed will be pushed aside. In reaJ life, tJús is an intolerable 
Sltuation and oversl:ited t"quirements and false priori ties of this type orJy lead lo a breakuown in 
!he integrity cf the requirements plan itself since 1he informal system wiU soo!l demonstrate the 
old adage "the 1ruth will ou¡•·. 

So much for the mechani•;s of iequiremen ts planning, now !et's discus~ sorne of the actual 
t~chniques. 

PLOSSL: Updating the Plan 

Tllere are two bas¡c approaches to updating a material requirements plan: the first, called 
"reg~neratiun", involves literaliy throwLr¡g away the pr~vious plan and ~larhng over with a new 
master ~h.:dule. The xcond is called "Net Change·· and reworks the plan, in!roducing into the 
master $Cheáule ohly those cb.anges which ha~e occurred since the last plan was m~td~. Obviously, 
regener31ion reqt•ires considerably more computer time and is also much less specific in identifying 
the tnuneJiate effects of master schedule changes on computer requirements. 

Nt!t change permits identif.cauon of the particular effects of individual customer orders on 
parts mven1ory anC: shortagcs. However, it requires consider;¡hly more discipline in handling 
chru:ges in lead times, hlll of material structur:!, and other parameters of the system. For ex~mple, 
r.;geueration will purge the :;ystem d aU planned orders which app~ar in the wrong time bucket 
because lead times have been changed. Regeneration will :llso r..-store the proper requirements ancl 
diminnte unnecess:try orden wh~n items are added to or ornitted from bilis of materiaJ. Such 
c!ur.ges usually have to be made by manual alteration in a net change plan. 

Companies using materia! requirements planning usually start with a regeneration system. As 
~lt~y !eam how to handle changes, they switch to ne1 change to gain the benefits of reduced 
compu!er time and more specific information. in his presentation, Dr. ]oo;P.·'h A. Orlicky predtcted 
t!l3t the systems of thr. fut'Jre wi!l be predominate!y net o;hange s-¡stems. 

A company hav1ng relatively few schedule changes or forecast reviswns and many levels in 
their hills of m~terial would bene!it suhstan(iaily from getting into net c!J2.'Jge at the earliest 
po~ible mornent. On the other hand, ¡¡ve!)' few inventory !evels anda widely varying fo:ecast or 
master schedule resultin3 frorn maJar sales promotions wou!J indica te tita! a regeneration system 
m1ght continue to be r.e~ded. 

LOT·SIZiNG 

There are many techniqucs available for lot-sizing with material requirements planning. 
Figure #4 summanz~s these. The familiar Camp Square·root approach has application for end 
products and sorne high-level sub~sscrnblies but it's use is questionable for most components of 
assemblies. Let's refer back lo Figure # 1 to illustrate one of the more serious lirr.itatiom. The 
quantity of 900 on h:md at the beginning of the plan resulted from running an economic lot size 
based u pon the square-root formuL. The balance of 300 left after week 6 is not sufficient to mee1 
!he requirern~nts fo1 800 m week 9 so it is neccssary 10 bring a new lot \filo stock. This balance of 
300 obv10usly was no1 "econom•ca]", it was C4rned for quite a long period oi time in inventory 
with no ber¡efits. The square·root approach does no1hing to arder components in the sets req<Jired 
for assembues. Another majar limitation is the quest10nable vaJidity of !he assurr.ptton made in 
deriving the ~quare-root furmda that the usage will be uniform and the average inventory 
therefore, equal to half the order qL•antity. 

Dtscr~te lot-s;.zing techniques make no assumption of umfonn usage and do order parts in 
sets as they are required for assembl;es. Sever:tl techniques arr. listed m Figure o4. These 
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SOUARE ROOT E.O.O. 

DISCRETE LOT SIZING: 

LEAST TOTAL COST 
LEAST UNIT COST 
PERIOD ORDER OUANTITY 
LOT-FOR-LOT 
WAGNER/WHITIN 

FIXED OUANTITY 

Figu1"0 44- L<>l Sl¡lng 

( PART/Pf:c.<On \ 
\ BAL,;i'~C!:·~ ·. 4 

(i!,·hrúq<Jes de:etmine thc proper 
lot size. to run to fi!l non­
uÍúform net requirements such 
as are illustrated beiow. Their 
objectiv~ is lo determin~ hmv 
rnany of Lhe perio:l requiremen!s 
should lle combineC: into a single 
lo t. 

The Leas: Total Cost ap­
proach assumes (like the square­
root formub) that the total 
~osts related to !he lot-size deci­
sion will be a mínimum when 
the ordering costs are eoual to 

the inventory carrying costs. The tria! and enor solution lll Figure oS iliustrates h¿w th1s 
technique works. 1l1e net requiremen ts a.nd the weeks in which t..'1ey are needed are taken from 

Week4 
Week S 

50 
1050 

DISCRETE REQUIREMENTS 

Week 6 
Week 7 

100 
lOO 

Week 8 1050 

the discrete requirements s.'Jown above. Net requirements are totalled and th.: cumu!ative carrying 
costs ~alculated until their total is most neari'y equal to the set-up cost. In the exam¡:le in Figure 
#S this occurs for a cumu!ative !ot-size of 1300 pieces. 

PART NO, AB Z741 INVENTOR Y CCST • iiA% PEA WEf. < 
;_¡NIT COST • $4.0ll EACH SET !,;P COS"i • $30.~1 

NET WEEK CUMUl EXCESS WEEKS CARRYING COST SET UP 
REQ'T REQ'D lOT SIZE !NVENT CARRIED UNIT CUMUL COST 

50 4 50 o o o o $30.00 
1050 5 1100 1050 $16 80 $16.80 $30.00 
lOO 6 1200 lOO 2 $3.20 $2000 $3000 
lOO 7 1300 lOO 3 $480 $24,80 $3000 

1050 8 2350 1050 4 $67. 20 $9200 $3000 

rigure 5 - O•sc.rau Lnt s.zing 

. The. IBM PICS Requirements Planning Package uW1zes tlus basic technique WJ!h sorne 
modifications to the mathematics under the title "Part Penad Balancing". lt also has refinern~nts 
called "Look-ahead" and "look-back" attempting to develop more economicJI lot-sues t.smg a 
longer horizon of net requirernents. The value of th~se refinements is questwnable, pJrtlcu!Jr!y in 
.1 dynamic business where requirements are chaning significantly. Part Period BJ.!Jn~mg 1s, 
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however, basically the Least Total Cost approach. 
Another discrete lot-sizing technique called "Least Unit Cost" attempts to determine the 

econonucal lot-size based upon the cost per piece. The curnulative carrying cost and !he set-up 
cost in Ftgure #5, would be added and the total divided by the number of pieces in the Iot to 
gel a "Urut Cost". The lot-size would be set at that quantity which gave the lowest unit cost. 
ln the exarnple in Figure #5, the lot-size calculated th1s way would be 1200 pieccs compared 
to 1300 for the Least Total Cost approach, however. Tom Gorharn, in his first article 
"Dynanuc Order Quantities" published in the First Quarter 1968 issue of Production and 
lm·entory Management, the APICS Journal, analyzed the two approaches and ,discussed 
sirnulations which indicated that the Least Unil Cost approach was not as economical as Leas! 
Total Cost. In many cases, its use resulted in either excess sel-up costs or excess carrying costs. 
The results of Gorharn's investigations have been confirmed by Black & Decker In sirnulations 
comparing these two techniques. We do not recornrnend the Least Unit Cost approach. 

. The Period Order Óuatlnty technique ts a very simple approach which achieves the bulk of 
the benefits with a mínimum of effort. In this technqiue, the square-root formula is used to 
determme how many weeks supply would be ordered. This would be calculated by using the Camp 
formula to determine an order quantity, dividing this into an armual demand to determine the 
frequency of ordering, and then expressing tlus frequency as "weeks of supply". The material 
requirements planning program adds together the net requirernents to arder that many weeks 
supply. Using Figure #S, for example, a Period Order Quantity of "four weeks" would mean a lot 
size of 1300 pieces, the sum of the net requirements in periods 4, 5, 6 and 7. 

For assemblies, sub-assemblies, and components with very Iittle set-up cost, setting the lot 
size equal to the quantity required in each time bucket has severa! advantages. Called 
"Lot-for-Lot", this approach tends to minimize the lumping of requirements on lower leve! 
components which helps to develop more levelloads on manufacturing facilities. It also minimizes 
uJVentories of components which can be scheduled to match higher leve! requirements and 
probably will never really be made for stock. It also reduces the amount of calculations needed in 
the requirements planning program. 

A hig,hly sophisticated mathematical approach called the Wagner/Whitin Algorithm uses the 
full material requirements planning horizon and explores the various alternatives in setting 
ordering quantities to rninimize the total costs over the full period. This technique has had little 
application. It may find use in "fme tuning" a system in the future when its poten tia! economies 
warrant the extra complexity. 

A f!Xed lot-size is frequently the most sensible answer where too! life equiprnent capacity 
and other "real-life" lunitations influence the dect~ion. Forging dics, blanking dies, heat treating 
fumace and curing oven capacity may dictate a lot·size which is stgnificantly different from that 
calculated by any of the above techniques. Minimum purchase order quantit1es have a similar 
effect. Since the cost penalty for departing from the economic orda quantity is relatively small, 
particularly for larger Iot sizes, these overriding factors should set the lot sizes. 

SAFETY STOCK 

As with the order point/order quantity system, safety stocks are necessary in material 
requirements pbns to protect against demand variJ!ions for the end products and against s:.~pply 
variations for components. A sound approach is to carry safety stocks at the top leve! in cnd 
products and at the bottom leve! in raw mlten.tl. Tius pnwides shelf stock to meet normal demand 
variations for the fmished products and orders raw materiJI to peHnit releasing manufacturing 
orders early to leve! production on tl¡e plant and to react quickly to unexpected scrap losses or 
unusually high fmi~hed go0ds demands. Safety stocks might :.Uso be carried on semf.fin1~.ed 
compone¡Jls which· can be converted quickly into a wide varie:y oí higher-leve! itoms. This 
approach, combmed'.with reduced part manufacturing lead tin~<;s, :rsults in the greatest flexibiJity 
to mee! chang¡ng.4e·mmd wnh minimum.mventones 

l-lore the"oretic.al work r~mams to be don~ to deveiop ~ =~•~on.,! b1~:~ for se.tting ~afe!y stocks 
on de>Jwdent demand items similar to th~ statist¡ca! approacl1es uscd for mrlepend~nt rl~rnand 
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items. The defmitio.ns of "Customer- servic~" and "forecast error" are yet unclear when applied to · 
depe~dent demand .. tems. There are three different ways now used to gel safety stocks in materials 
requtrements plannmg. These are shown in Figure #6. 

1. 
2. 

3. 

SAFETY TIME 
INCREASE MASTER 
SCHEDULE 
FIXED OUANTITY 

Adding Safety Time involves bringing a com­
ponen! or raw material into stock earlier than the 
requir~mcnts plan mdicates it W!ll be needed. The safety 
stock ts actually the material left on hand when the new 
lot is recetved into stock. Obviously this quantity can 
vary considerably depending u pon 'the Iumpiness of 

Figura #6- Safoty Stock demand and may or may not be adequate to meet 

S-" T. requiremenl~ for the higher·level items it is intended to 
~over. iUety une has.the additional disadvantages ofinflat-
mg the planned lead ttmes, thus lending to increase work in 
process, and distorting the true priorities of work. Applieci 
t~ raw materials, however, two or three weeks of safety 
time would make material avatlable if it were desired to 
start work on .an ítem early ~ order to leve! load the plan. 
Problems ~f. mflated ·lead time and distorted priorities 
would be nummal for such materials. 

\ln:EKLY fOQECASf 

Safety st_ocks would be provided in thc top-level 
1 f UNIOUE COMMON 
tems o the mventory if the quantities in the Master ~ AvERAGE IRRO!I MRrs PARrs 

~hedule were increased. This tells the system we would w100r -ro- -l- --l- ---

like to have sets of parts in excess of !hose we really want wool 20 • 7 

5 to assemble. Care should be exercised, of course 10 avoid wrooJ rs 

providing excessive safcty stocks. The problem arlses when ~o~: !~ -iJ + -,-
2

-

the product line contains families of items which have 
many co~on compon~nts and is illustrated by Figure #7, PROa MAxifAMilYI' YUl• Cl!'•tll'•(i)' 

The bilis of matenal for the four individual models in 
this family of "W" produ<tts contain many common parts as 
weU as components whiéh make the models urúque. Based '" sus O# <OMMOH 

on a weekly forecast, tl\e average demand ¡5 projected to be MiliS 

75 total assemblies but tltis, of course, could be higher if Figuro 7 

customers .ordered the ~~mum po.ssible in any one week. Maximum figures for any model coulé 
be .determmed by statisucal analysts of the demand pattem and the leve! of customer servic• 
demed. :or e~~mple, ~e forecast error for the WI 001, based on past demand histo , indica te: 
that thre •. addi~!Onal uruts would cover the demand 95% of the time. Obviously, the se7s ofuni u­
parts requtred l~r each model must be sufficient to cover the maximum demand lo be satisfied 1u; 
the model m which they are used. 

. Ho~ever, in ~y week it is extremely unlikely that customers would order the maximum {or 
~ ltems :0 the famtly. Consequently, a safety stock of 23 sets of cornrnon parts woulrl obviously 

excesstve. The probable excess demand for the farnily of fmished models would be given by the 
~uare-root of the sum of the squares 1 of the excesses for the individu:~l models. As shown in 
Ftgure #7, 12 sets of cornmon parts would provide for the s~e 95% service leve! on the family of 
prod.ucts. The safety stocks of common parts need be only SO% of the 23 sets which the material 
requuements plan wou!d have generated had the maximum quantities of each model been u sed · 
the Master Schedule. m 

Compa~ies. havmg com~0nents common to many fmished goods models should try 10 
structure thetr bilis of. maten.al to recognize common parts and thus avoid pyramiding safety 
~o:ks. Data-Co~trol Systems ~~ Danbury, Cormecticut estimated they reduced safety stocks'for 

eu produ~t hne by . 40% usmg the square-root techntque described above with properly 
structured bills of maten al. 

IThe teohnique is fami!iar to qu.urty control people analyzing tolerance build·ups and ¡, u¡ed also rn reliabllr!y 
sru<hc• of complex aso,cmbllos lrke :rircrait and m.,,tles. 
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For many dependent dernand items, an esrimated ftxed qunntity is tl:c vnly approach 
a•¡i\iJable for s.etüng safery ~to~:ks. This could, for exa:npie, be the estimated ma'timum demand for 
higher-levei assernblit:s or parts likely to occur in any one time period. Such an amo~nt of safety 
stock wctJld guataii4ce that enoug.ft of tüe componen! would be en hand to me~t requirements if i¡ 
were desired tu start assemoly 01 manufacturé one wcek earlier !han planned. 

There 2.IP. two ways saier:y stock computations can be handled in material requirements 
planning. One of the'iP. is illustrated in Figure #8 where the 200 pieces of safety stock :1re 
deóuctcd from thc "On Hand" balancP. of 1500 before the plan is rr.ade. The plan then shows net 
requue:nents when the projected "On Hand Available" iigure drops to zero. An a!temative woald 
b~ to show net requiremer.ts whe!l the projected "On Hand Availab!e" figure has hit the saiety 
~tcck quantity. In effect, this would add 2CO to each of th~ projected ··on Hand" figures shown in 
F1gure #7, !lut the o:ders would still be generated in the same time perioás. The IBM PICS 
package ar,•J oLI¡er complner mak.:rs' software programs use tlt~ fcrmer ap¡;roach because it is 
e<U2~r to ha.,dle in the computer. In either case, engineering changes whlch permit using up the 
babnce of inventort of an item wou!d require altering the usual planning progra.rn to be sure the 
safety ~tocks were consumt!d. 

When manufactuirng orders ar" reieased for an ítem at one leve!, it is dcsirable to allocate the 
components of this item at 1ower levels. 1hts earmarks or reserves the nece>sary quantit.es of these 
compoaents íor this order so that they wil.l not be considered available to meet other demands. 

1:11 STOCK - 1500 

10314 SWITCH 

1 ~~gJ~~!E0:t-i iS R Ui. EME:¡ 1 
; SCHEDULtD 
1 BECEIPTS 
i ON HAND 700 
IPLANNED ORDER 

RELEASE 

R!:OTS: WEEK 2- Y3L 350 

SAFETY- 200 ALLOCATEO- 600 

r- PERIOD 
1 2 3 4 5 ' 6 7 8 

lOO 450 lOO !100 1050 lOO lOO 1050 

j 

600 150 50 

l 1000 1000 ¡ 

WEEK 5- Y3L 350 
V2L 600 

Figura 8 

1000 1000 
-50 -100 
?50 1900 

1000 
-350 

800 700 650 

1000 

WEEK 8 - Y3L 360 
Y2L 600 

Figure #8 shows one way of handling such allocations. Thc "quantity cf 600 for an order for a 
highcr-level assembly using th~ switch has been deducted from the av:ulable "On Hand" balance 
befor~ the plan is started. Tius is tht: approach adopted m the IB~t PICS package. \\lhen thls is 
used, care should be uken not to release orders for sul>-assemblies, assemb!Jes, or lugher-Ievel 
compor.ents too soGn, since tlus wot.:ld reduce the availabte quantities oflcwer lenl componen!>, 
tngg:r new orde:s, ::;:d inrtiat~ other requiremcnts earlier. This may distort the true prioriues and 
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cause limited capacity to be devotd to thc wrong items. Black & D~cker, 0Jta·Control Syste"ms, 
and othcr co;npanks wi•.h eY.p~rieHce in requimn~nts plannlng have ~ ~epJrate !ine in the plan ~cr 
"Ailocated" quanti!le~. Thcy ca.• time·pha\~ 3liocations for export or ot!t~! CL!Stomt:r orders wnh 
future delivery dates. Th!s shows the pl:L'!ner k:Jow!l commitmmts for specil1c orders, but avoids 
the troubles of allocating.too r~r in advan~e. 

Figure .,s also indica tes the use 0f the technique knowa as "pegging". Thls iden!iíles for 
each componen!, the specific Hem or ordcr al the next r.Jghtr·k•el which cause the requ!rement. 
For exainple, the q~ar.tity of i050 for a projec!ed requirement in '.Veek 5 c~n be traced U?ward _to 
350 required ior t.he Y3L ~ocket aml 600 required for the Y2L socket. (The other 10q are tor 
service r~quirements.) Thls perm1ts a p!Jnner to trace upward :luough the product 'stnJcture to 
find the so urce of dema:Jd when he must mlke rexhcduling decisions. Pegging can al so be IJóed for 
identil1c3tion of allocated quantllies. Peggmg may be as simple as identifymg on!y the higher·level 
componcnts whlch ha ve generated requirem~nts for the 'part or as complex as identiíying ea eh 
time period's requtrement or allocation with the speciftc hlg!ler-level item and arder whic 1

• 

initiated it. 

WIGHT: Aplications of the Technique 

~atéri;;J requirements plarming is cert.Jin!y one of t.lie most universally applic2ble •echniqu~s 
in produclion and inventcry control. It is thc proper inventory management tech.nique to •.rse L1 
.::ontroUing the following types of material: 

·l. Components. 
2. Raw Material. • 
3. Service parts also u sed in currem production. 
4. Semi-fmished material. 
5. Branch warehouse inventory feedback. 
6. Lumpy "indcpendeot" dernand. 

The applicJtlon of material requirements planning lo compon~nts h:!s been discu:>.~ed m the 
exainples ~bm·e. Raw mc,terial is also, of course, a dependent demand itcr.1, since raw ma!<:r':!lts 
not needed until the pan that is made from the raw mal~ricl is ¡;oing to :::e started. Since Ll¡;; F·''! 

is usually made in sorne kind of a lot size, once again thc 
OP Dl T + SS tirnmg of the dc!ivery of the raw matenal is the c;uc1al 

4 queslton and material requirements pl:l.nning w~rks better than LT 
o 
SS 

100 
250 

OP 650 
OH 1000 
ORDER- WK4 

order point type tecillliques. 
In the -examples above, we talked about using materd 

require;nents pllnning where service parts were also bdng "Jsed 
in curren! productíon. lt is worth also po:nting out that, while 
order points cannot show the time phJsed relationship, 
therefore, they cannot be used where requirements planning is 
the proper technique; the time phased materiul requirements 
planning formar can be u sed to express an order pof.'lt. 

Figuro #9- OP Systom Figure #9 shows an example using an order point. The 
, order point, of coursc:, consists of an estima! e of demand over 

lead time plus safety stock. The lea d. time in this exainple !s four weeks. The demand ts forecast at 
100 units per .week. The safety stock is 250 uruts. The order point, therefore, is 650. If there were 
1000 units on hand al the present time and usage actually was 100 per week, a replen_ishment 
order would be placed in week- 4. Let's Iook at that sJme example shown in a time-phased fonnJt 
In Figure 10. Onée again, the safety stock \S 250 units, the forecast is 100 per period, the lead time 
is 4 week~ and there are 1000 units on hand. In week 8, the projected on hand balance would be 
below safety stock; the !ead ume offset tells us, then, that a planned order release should tak.: 
place in week 4. This ¡s exactly the saine thing that the order point told us and illu>trates tl1e fact 
that order puints can be expressed tn a ume-phJsed forma t. In fact, there are severa! advan bgcs to 
doing :rus, not the leas! of whi~h is the rescheduling capability in the time·phJsed forntJI. As 
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SS= 250 FORECAST • 100/PERIOO LEAD TIME • 4 WEEKS 

PERIOD 
1 2 3 4 5 6 7 8 

1~JECTED:N· rs E UIREME T 100 lOO lOO lOO lOO lOO lOO lOO 
SCHEDULED 
RECEIPTS 
ON HANO 000 90C 800 tlüo ~00 50C 400 300 200 
PLANNEO ORDER - 1 
RELEASE .... 

Figuro 10- Tho Order Point ·Tima Phased 

requirements change, it teUs the planner that he should revise due dates on open orders. Thus, lhe 
inventory syslem can be used to keep the priorities up lo date. 

Semi-finished material, such as lhe door hinges thal a hardware manufacturer would keep in 
inventory unpainted, also has dependen! demand. The hinges could be plated in many different 
fm1shes. By projecting the finished goods inventory requiremenls againsl lhe arder points, the 
planned orders could be projected and these could be posted in the inventory record for the 
unfimshed hmge to mdicate when its supply would óeed to be replenished. 

The more we see appl!cations of matenal requirements planning, the more obvwus its 
advanrages becorne and the more universal its apphcat10n becomes. Inventory items that are 
maintained in a factory warehouse lo be supplicd to branch warehouses are really dependen! 
demand items. You don't need to have them unul a demand from the branch warehouse is 
genera red. Usuaily the~ orders from branch warehouscs come into a central inventory as complete 
surprises, just as service parts branch inventaries usual!y create havoc back at the main plant, smce 
they come in withoul warning and usually they require fairly short \ead tinle. By us1ng the 
time-phJsed formal, both at the branch warehouse and back at the central inventory location, 
planned orders can be projecled and the main location can see much mor.: clearly nvt only when 
future requiremenrs will be coming, bul also what the up to date prlorities really are. This, of 
course, 1s a by-product of lhe rescheduling capabtlity bullt inlo the 1irne-phas.:d requirements 
pla•mmg appru".:h. In shorl, requirements planning provides lhe ability to get "vis1bihty" from 
one l~vel of inventory into anoth~r. 

One of lhe most tnter~sting examples of the ap¡::lication of um~·phnsing we hJve seen was on 
indepenJent demand items lhat had lumpy demand. Picture ln item in fimshed goods inventory 
that hJs two slreams of demand, one is fair!y continuous serie~ of ordcrs :.nd rhe o:her 1s 

occas10nal, very large reqUirements for expart or for pramotions. How can lhes~ large 
requirements be sho~.~ with an arder point syst·"m~ This ha~ alvnys been a düemma. lf they are 
entered into the in,;enlory \ystem right away, that woulrt g.enératc <rpienislm;ent orders even 
though the lumpy dcrn~nd m1ght not be required for sorne tL~1e in rhe futtne On !he ot.~er hand, 
if they are nol e!)tered· mto the sysrem ngh1 away, how c~n ''e be s•:re that •.•.•e viill have lhe 
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components, raw malerials, etc. that are needed to handl~ t1J!s large demand. -. 
The answer, once again, IS to show the order pomt m a llme-phased format. The ~emand 

forecast that is used in the arder point might be 100 units per week. An export ~rder ~tght cal! 
for ¡ 000 units in week 8. By shówing the order poil"t in a ume-phased forma~, th1s requ1rements 
could be entered meLI]odically and we would be sure that it would generate - v1a planned orders-
requirements for any lower leve! componen1s al the right time. . 

As Dr. Orlicky pointed out, we probably wtll see a greater. an~ greal~r _trend to usmg the 
time-phased formal, both for requuemenls planning and arder pomt Jtems, m the future because 
of its far greater flexibility. 

lt is interesting to note that the nu~ber of pages written on independen_t demand type 
inventory systems outnumbers the number of pages written on requiremenls plan~ng by '."ell over 
100 to 1. The number of items in inventory that can best be conlrolled by matenal requuements 
plannirlg outnumbers those that can be controlled effective!y by order p~int in_ a~out th~ same 
ratio. (t is a sign of the adolescence of our field that the literature avaliable 15 U1 the mverse 
proportion to the applicability o~ the techni~u~s. . . 

When exponen tia! smoothing and stausttcal arder pomt fir~t carne along, w~ were am?~g the 
fust to use these techniques, and quite succe~sfully. We are not m any way denymg the vahdtty of 
statistical arder pomt concepts. The development of these concepts.had he~ped us to refine our _____ 1 

ability to handle independent demand inventor)' items and control lnventones more_ successfully 
than we could with the old "hunch" type arder poinls. Nevertheless, the profesSJonal should 
recognize where techniques apply and where they don't ap?ly. H~ should be knowl.ed~ea~l: about 
al! of the techniques and should not misapply good techniques SJnce the results willtnevlt .. bly be 

very disappointing. 

SESSION 11 

WIGHT: Forecasting and Bi/1 of .Material Structuring 

One of the most frequent objections that people present against using requiremen ts planning 
as opposed to arder points is the fact that they don't know how to foreca~t well enough to do 
requiremen ts planning. Certaily the volume 
of the forecasting can 't be the problem, 
since requirements planning approaches use LEVEL 

forecasts for sub-assemblies and assemblies o 
rather than parts. By definition, there are far 
fewer assemblies than parls to forecast. 
Sometimes the fact that an arder point 
system has an assumed forecast - even 1f it 
is just sorne kind of average past usage -
built in for each part thal has an arder poinl, 
is overlooked. 

More often than not, though, par· Figun1 11 - Fonoc:a>ting Optlons 

ticularly with the type of product that is . . . 
beoming more and more common in most companies, the forecaslmg proble~ hes tn the s~rucl~re 
of the btll of malerials. Figure # 11 shows tlus kind of problem. lmag¡ne tltis to be a eh a m h~1st, 
for example, t.hat can be made up of one of ten different pulley sizes (Module A:), one of eight 
different motors (hlodule B), one of six differenl gear boxes 0-!odule C) and two different ch~1ces 
of hoisting assemblies. Let's assume, for the sake of tlus e'l(ampi~. that any on.e of the motors:c~n 
be used with any one of the pulley, gear box, and ho\st ass.:mbhes, the _foreca_stmg problem_ even ~n 
this simple example qu¡ckly begins to gel out of hand. Ten pulle_ys umes e1ght motors l~es SIX 

gear boxes times two hoist assemblies gives a possible 960 d1fferent fm~ confi~urattons of 
product. Forecasting each of these fmal conftgurations is going to be almos! tm?oss1ble. ~ut the 
lead times to a~scmble these modules together is quite short and the real problem 1s forecasung the 
parts that go mto the modules ralher than forecasting the fin:ll configuration of the producl. As a 
consequence, it makes a grea1 deal more sense 10 forec~sl al leve! 1 rarher than leve) O. In other 
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words, instead of forccastinz the final product itself, we wil! fore.;asi <:acit of tile mo<iuic:s. Tiús is 
~e ~ay that the au_tom0~i!e lndustry hJs done its forec~stmg for year:i. Ycu couldn'l poss1bly 
::nagme anybody trymg te forecau Li.e fmal configuratiun of cach ~utomo\:li!e tlu.t is se;! d. 

We can learn something from the 2Lltomol:i!e indus!rv an:l ~ome of th~ other 
companies ihat have rccosnized the modularity in their product ~d stmctured their bilis of 
matwal this way. They don't carry bilis of material that comp:etely def:r.<: t1"1e product, but 

ASSEMBLY 
CARTS 

C0""'0'1 
PAIITS 

PECULIAR 

instead they carry moáules and assemble 
them togeth~r when they g~:t an order for 
the product. Before looking at an example 
of this approach, let's look at Figure ~ 12 
which shows a further extensicn of this 
concept. Many bilis of material .:onsist oi a 
group of comrnon parts that show up on 
rnany Nher bilis of material plus a few 
unique parts. Once a¡;ain, the concept would 
be to break bilis of material apart, so that 
there is one bill of material for cornmcn 
p:uts that go wit.i. each W type assembly and 
Li.en bilis of material for those parts that are 
unique to the assembly. Obviously, at sorne 

1 w 100' 'ltc Wm wh point in time, the bilis of material will have 

1 

w I002 IVc w'"" w, to be as~embled togethe~ again to make up 

'---

w 1003 w~ Wp wh the actual bill cf material reouired for a 
w 1004 

Wc wo w, specilic prcduc t. • 
The concept here re.Jiy revolves 

Fig~ro 12- "W"' Bit: of Matorial Vartat:ons around the computer's abtlity to inde:x büls 
of materi.ll qutcldy ?.nd oull th~m toge!her. 

w~ don't h1ve to maintain the bilis of maierial wit¡,Jn the ccmputer in :he fo~al in which we are 
go.ns to use th~m. sin.:e wc cnn get th~m out mjust about my fonnat t.1-tat we want. By the same 
tokP,n, we don't e'len have to r.1aint2L"1 complete bilis of material on the computer. Thu>, we can 
take éHiflial bilis of material and assemble them ~o suit our .--------------., 
'::\VJl needs. 1 :TEM A - :::CMMON PAR'-

fjsh~r Controlz in Marilialltown, Iowa ma.l<es an 
. f i1 1 2!.1_] __ ~:<.tcns1ve úne o I tlid cont10l dev:ces. They had a very , :..e>< 111 

;enous problem wtth thei< bills of material, not only in : >NCH ¡21 

being ahle te forecast end items which could take on J.imost 
an infinit~ number ofnriations, but also in copins with th~ 
shcer vulume of the bilis of material. Since there were so 
many combinations, thé chances of havi.ng a bill of 
marerial available whcn an arder was received from a 
customer were only about one in three. This meant each 
time an arder was received, they had to go to engineering, 
have one bill of material modified y,ith adds and deleles 
etc., to come up with a suitable bill to specify the part1cula; 
arder. 1: seemed th~ harder they work~d. the Jower the 
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percentage of actu<!.l orders they were able to specify with EM no, 1A3._s...!. c_o_E_F_ 
an ex.isting bill of material' No matter how fast LlJ.ev 
captured ~he bilis of matelial 311 ct got them · on th~ Figura 13- Typ-.¡ ~10 Gas R8l)ufator 

comp_uter, the en_gi~eers, rnsrketir.g ;¡eop!e, and .:ustorr.~rs were alway• tiúnking up new variations. 
And JUSI one vanatton -- perhaps the addition cfa teflon seat"VJ.!ve opt1on- could double al! the 
bilis of~1aterial :eql"ired for a product !!nc. Tht!y were working against a geometric pro¡;remon! 

Frsher dec1ded to go re th~ modul:"· bill of material. Figure -~ l3 shmvs pan of their order 
entry form for a tyre 31 O gas regd3tor. When an order is received from a customer this order 
entry forr:¡ is 11lled out, a card is pu:lc:hed up tha! goes into the computer to tell it whi~h modules 
to cJ!I out to generate a bill of material for rlris customer o:da. This blll of maten.ll may be 
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unique and ;¡ :my never ~" re¡'e~t:d ~:pi.•. The rJstory of demand ior caca module, of ccunc, wiÜ 
be capture<! within the system. 

At the bottom of Figu~e # 13, ·He have started !o fill in Lite arder ent.y form. Tne "2" fllled 
in behind Item A ir.diute~ that tr.b crrler will requirc comr:1on parts th:.t go with th~ two inch 
valve. The "9" filled in behlnd Item B indicates Lb.t LlJ.t pam asscdatcc! wilh the 70% c::pacity 
two inch vaJ•¡e will be requirec!. Thcse codes ::re used to retrie•·c the bill of matc:i1i module> 
requir~d to "custom assemble" a bill of material for Ll¡,is arder. 

What has this approach c!one for Fisher? Well, certainly i: has put them In •~ po>itic:t wher~ 
they can forecast much more rcadi!y thm L'ley could when they were trying :o fott>cast !he final 
configuration of each product. With the product indicated in the er.ample, the 310 gas rc¡;ulatur, 
the number of bilis of material has been reduced from 760 to 60. More importan! than Lhat, :he 
number of product structure records L'l the computer has be en reduced from a poten ti al 24,300 to 
a maximum of 260, since comrnon parts are not repeated over and over again in many bilis of 
·material. There are orher advantages su~h as red'.lclion in maintena,tce of btlls ofmatelia1 ~nd the 
ability to keep a meani:agful history on the usage of each bil! of material module. But the 
importan! ability is the abüity !11 forecast better for the. requirements pbr.. By the w::.y, the 
infor.:Jation that 1 havc used here about Fisher Contro!s was dr~.wn from the arlicle i.itlcd, ''Sto¡>: 
Befare You Use The Bill Processor ... " by Da ve Garwood of Fisher Controls th;:t appe:ued in the 
Producrion & Invenrory Management Joumal, Second Quarter 19'70. The article is v¡elJ worth 
re.:!d..ing. ' 

MASTER SCHE;)ULING 

The master schedule is L'le most importan! consideration ln requirements plannlng. This ls 
the schedule that goes into thc computer to tell it what assembli~s are going to be pu!led from the 
stock room on what dates so that the compute: will convert this to "due m stock dates" for the 
components required for the assembly. The master schedule hasn't receivect much atte'1tion ir. t.h• 
literature and yet it is the most importan¡ consideration in requirements planning. The ma.~te 1 
schedule is quite different from company to r.ompany. lt is the element cf requirements phnninc; 
that necds the most t:liioring to the individual cornpany. 

Sorne companies make up a m~stc:r sehedule strictly früm their arder backlog. A machlne 
too! ccmpany, for examp!e, with an order barklog that is extended out beyond their total Ieaé 
ti..¡ne, would decide on L'ic various "lots" of fmis.hed machines' they wer~ going to make and firm 
up thei.r mast~r ochedule many rr.unths in adn:1ce. This ·.vould then go L""lto the co1r:puter c..o.d start 
the requirements p!Jnnmg process ro!Eng. Tnis master schedule wou!d be modified fro:n tL-ne to 
time as particubr m2chines were reschedulea· or as lots of machines werc reschedu!~d becJuse of 
parts availability, capactty constricticns, changing customer needs, etc. 

Other companies deve!op a master schedule strictly from a forccast. One of the powor too! 
manufacturers, for example, has a master schedule that is first propcs:d by the marketmg 
department who actuaUy control the finished inventory. The manufacturing people then modify 
this master schedule bascd on their ability to produce. In other words, they are do1ng a rough 
capaciry piar: before they actually finn up the master schedule. There is no sense scheduling twke 
as mar;y power tools in onc month as the next, since it won't be poss.ible to get the parts through 
to satisfy this type of s;;hedule nor would it be realistic to expect this type of assembly capacity to 
be available. This master sch~dule, then, is a forecast supplied by the marketing department based 
upon the fmishe.:l goods mventory position. It is modified from time to !Jme as the forecast is 
revised. The master schedule is expected to be firm, however, for the next eight weeks smce th.ts 
company feels thJt they can't do very much to change thepJrls that are ccming throug.lJ. ín that 
short lead time. Obviously, 1f one of theu die castings y,ere scrapped and couldn't be rep!Jce.d, the 
manufacturing people would have to adjust the master schedule to reOe<:t the 1es.:hedule. Beyond 
the eight week horizon, t..'tere is another period of time when marketing can shift túmn¡¡ but nor 
shift quantities. For example, if they ha ve forecast that they are going to make a lot of 10,000 
seven inch saws they can change the timing of that lot to move it up a week or back a week 
wiLi.out too much difficulty. Once they start changing the quantity, tiús could senously di;rupt 
production since mmy cf the components have alrcady been started in Iots of 10,000. Beycnd tlm 
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second horizon, timing andquantities can be changed. Obviously, the second horizon is out near 
the end of the total accurnulated lead time down through the product structure levels. The reason 
for forecasting out beyond that period is to provide capacity planning information. ··. 

So here are two exarnples, one rnaking a mast~r schedule from a backlog, another making it 
from a forecast. A third and perhaps the most common approach of all is a combaintion of 
backlog and forecast. For many companies, the de!ivery lead time to the customer gives them just 
barely enough time to pull modules out of the stockroom and assemble them. They need to 
forecast componeñt requirements long befare they have an arder on hand. For this type of 

PERIOD 
J 2 3_ _'l 5 6 7 8 

FORECAST C>< C>< 150 150 150 150 150 150 

ACTUAL ORDERS X 50 180 110 180 140 250 110 

OLD MFG. PLAN 500 ' 500 

NEW MFG. PLAN ó'tJtJ SbtJ ~()t) 

Figura 14- Master Schedule Product No. 2031 

company, L'le master schedule is a combination of forecast and backlog. Well out on the horizon, 
the master schedule could be entirely forecast. There would be an interrnediate period when 11 
would be a cornbination of forecast and sorne known ba::klog. Over a short horizon, the master 
schedule would consist of actull custorner orders. Each week, the master schedule would be 
generated, rev1ewed in the light of changmg componen! availabiJity, changing customer 
requ1remcnts, and reinserted into the cornputer to genera te a new requirements plan. 

F:gure t.tl4 shows a master schedule for product 2031. !magín~ that this master schedule has 
just been generated and the plann~r is rnaking up the .. new manufacturing plan" based on the 
lates! customer requirements and the lares! componen! avallábility. Note that actual orders are 
running well ahead of forecast. The orders for week 1 have al! been released to the stockroorn to 
be puUed for assembly. There are sorne 50 actual orders that should be pulled out of the 
stockroom in week 2, but they haven't been released, probably because sorne parts are not yet m 
stock. Last week's manufactunng plan called for Jn arder for 500 units of product 2031 to be 
relea~ed to the stockroom m week 3. Note that tlus Wl!l not cover actual custcmer requirernents 
through week 7 when the next arder was originally planned to be released. Checking componen! 
requ1rements, assembly capacity, etc., the planner moves the arder for 500 up into penad 6. A 
little quick add.Jtion will show that he still hasn't covered all of the commitrnents thJt have been 
rnade to the custorners. A dtsturbrng situat10n, but undoubtedly more normal !han theoretical for 
rnost compan1es. It looks üke sornebody he re is mak.ing customer prornises and accepting orders a 
üttle bit opttrnistically. lt also looks like the foreca:;t in this case has not been very accurate·. 
Nevertheless, as is always the case in production anll inventory oxttrol, w~ have to cope v.:th the 
realittes. The plan!)~r looks down throug.f¡ sorne of the requirernents plans for key componeTt:s and 
perhaps he has a 1~!· of 500 scheduled severa! wee'<s our !n chéck:ng componen! ava1lab!l!ty, he­
decides that he can move 200 of that !ot up tnto week 8. :-:;s ne\'7 manufJ\:turing pbn (th~ hand 
written numbcrs);iheil rcfl'ects the very best he can do to rnat lne commitments that have been 
made on actual ord'~rs. This ne·,., m:mufJ:runng plan Wlll go in,;-. the computer as the master 
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schedule (when he gets through doing this planning, he ought to go talk- to the people who are 
doing the forecasting and also rnaking cornrnitments on custorner orders since lhey pul hirn in a 
very serious pos1tion; nevertheless, note that he !ried to put into the master schedule the truth to 
the bes! of h1s knowledge). 

A few key poin ts are worth nothing abo u t tite master schedule: 

l. The requirements plan indicates due dates into stores for all components. The master 
schedule then indicates the date that these cornponents are to be pulled from stores. Note 
that the master schedule does not really represen! either the assembly schedule nor does 
it represen! the shipping schedule. 

2. The master schedule was reviewed and re·rised before the regular run of the requirernents 
plan. Majar revisions might only be rnade monthly and minar revisions to rellect 
componen! availability, etc. would be rnade more frequently. 

3. Everything in requirements planning starts with a \naster schedule. The master schedule 
rnust be told the truth or componen! priorities w,ill not be maintained properly by the 
requirernen ts plan. 

Too. often people misunclerstand the function of the master schedule: they see it as sorne 
kind of performance commitment rather than as the "prograrn" that rnakes material requirements 
generate realístic requirements. As a result, they will not reschedule items in the master schedule 
even when there is no possibilíty of rnaking thern on the date originally planned. This results in 
unrealistic componen! priorities and a material requirements plan that doesn't really work as well 
as it should. The moral is very clear: 

TELL THE MASTER SCHEDULE WHAT YOU ARE REALLY GOING TO MAKE. 

PLOSSL: The Files Required 

Material requirements planning requires four basic ftles of dala. The first is the "ltem M¡¡ster 
Record" - this contains the data usually shown on Kardex inventory records such as part number, 
description, umt of measure, balance on hand, receipts, issues, etc. Applicatíon manuals published 
by computer manufacturers for their software packagés contain sarnple mes showing the iterns 
that should be considered for inclusion in this importan! basic me. 

In addlt1on to the iterns usually covered, however, severa! others can be use fui. To hdp level 
input into the factory, the flle should include set-up times, running times, and the key machine 
groups where each ítem begins its processing. A planne; seeking to leve! input to critica! work 
centers like screw machines, turre! lathes, die casting machines, presses, etc., can then ea5uy pick 
out items representing sign1ficant loads which are approaching a reorder condition. If these data 
are identilied in the item master file, it is unnecessary to search the routing ftles. Significan! set-up 
savings can be obtained 1f items in a farntly which require only minar modifications to the set-up 
can be run togetl1er. Such farnlly identúication can also be pan of the item master me so that the 
planner can see which items should be ordered together. 

The second majar me required is the "Product Structure Record" - really the bill of 
materill linkmg the various cornponents of the product together. As Dr. Orlicky emphasized, 
material requ1rements planning is product oriented and requires accurate, up-to-date knowledge of 
how the pr0duct is made from its components. The bill of material, therefore, is a vital part of the 
planning system. lt is not just a parts lis t. The way it ís structured can improve very cons1d~rably 
the abtlity to transbte a Master Schedule into coml!oncnt reqlllrements. ·. 

A third file is the "Open Order" ftle showmg all open manufacturing and purchase orders. 
This importan! ftle is one of the most difficult to keep accura.te; -the problem is deterrnining when 
an arder is really complete and when a small balance really represents material still due. 

A fourth file requíred is the "Master Schedule" showing the weekly requirernents for end 
iterns which will generate the whole requirernents plan. Thts schedule is denved frorn the forecast 
or the backlog of opcn customer orders, but it should not represen! quantities of product desued 
for siupment or for delivery mto mventory. lt should be the sets o[ parts desired to be sent to 
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assembly in each n •..• period. lt seems almost impossible for practitionea lo resist the templalion 
to develop a master schedule.using the q:~anlities th~y would !ike to put toge!..'ler rJther than the 
¡¡_uar.titie~ they acntally believe will be assembled. "Lying lo rhe systern" orders material wiúch 
\v'JI not be used. This not 01uy inflates in..-entories bul d:storls the real priorities. · 

An cptional fUe showing "Alloc;;lll';¡s'" in t.!te fu tt•1e time periods wculd ce of importance to 
.:ompani~s wuh l"ustomer order~ on !he books requ1ring fulure delivery. A real problem is 
d~'ermining v.hethe( such crders represel't a portian of the foreca~t or whether they will be 
addnions to lorec<:st quantíties. Sorne Gompanies, including Twin Oisc, use th: rule lhat th.: Master 
S:!ledule will be based on forecasl or actuJI orders, whichever is largeL T!m guara.ntees that 
ent'ue.h m~te:ial wiil be on hand to mee! the maximum rcquirement 1n a.n)l time penad. The 
~¡;proach ,fiould be :J~d •;cry carefi.JUy, however, te avo¡d inflation of invento.-ies. 

RECORD ACCURACY 

A fund:!mental requiremenl for successful applicatioP. ;¡f material rcqu1remen1S planning is 
file integrity, essentia! ii the campan y i;; !o be cperated with the system instead of fn spite oj the 
rystem. Accurate data is the four:d~tion u pon which good planning is bui!t. lt is as necessary as a 
good foun.:!ation under a m:umfacturing plant, and !ike that foundal10n, its development is dirty, 
ti:r.;e consuming, and c.~pensive. wt,en safety stocks, early delivcry into stores, and other 
cushions Jre eliminJted frcm the componen! inventaries, record errors become more critical. lf 
records are not accurale, the inevitable resuit will be the settmg up of expediung sub·systerr.s ¡o 
cope with assemb!y shortages instead of depending upon the material requirements planning 
>¡stem to insurc havmg the right components at the nght time. 

"T~~ iirst step in improving record integrity is, of course, to measure how bad th: records are 
ncw. Few companies have spec•fic kncw!edge of how many errors there reaily are or how much 
theso errors are co~ting. Error measures should be bascd upon cycle counting and shou!d ~how 
bo;h the percentage of items havin¡; a "significar.!" error and the <Jverage percentage of error. Fcr 
it~r.u coum~d by weighing st.ales, errcrs of less than 2% would piObab!y not be ~ignificant; 
low-~Jiue, comm~rc1al hardware items mJy t;.~ comídered under control when actual quantllies are 
•¡,itnm 5% of record !i¡;ures. "A" ite:ns wonld have a significan! error if records differc;d from 
a;r1ul count> by more than a few pieces. 

T:-;E: devdopment of a program to improve record accuracy will involv~ severai deparunems, 
a hrge ;¡um~er of records, and m::n¡ other acliviiks. Like any management prt.b!em, the best 
at;_;d: !.; determitllng the importam few causes whish ne crea:ing the bulk of tl¡e errors. 
CcmFO•t~nt stcckrooms where the rmjl'rity of tramanions occur are pwb3b!y the greatest source 
of potcnti~l erro:s. Wc know ;:.f no corr:pany witP ur.curate records that does not havc a locked 
sto~croont. "Point of use" stor<~:;:e is very attract!ve to ieduce materia! handltng costs, but it is 
~xtre,rel¡ destructiv~ of accurate re~ords. 1l1ere ~re clways obje•:tions to !ocking ü:e ;tockroom­
llSU:>.ily based on the misconception that the bas1c objective is to ¡::;revent tl-:eft a.ad pilferJge. It 
isn't. l.ocks don't keep out thieves; they just make it more chaUenging to gel m. The real purpose 
in !ocking íhe stockroo!Jl is 10 establtslz mt:aSl¡ring points to msure that dJta flowing t;:, the 
infotmanon systern pa•aliels tht> material flowing through the process. If t.'le system is te be used 
to comroi, there must be specifk means for it to know when and how much material realiy has lllOVed. • 

-Tcchniques bu!Ii iruo the sys~em like doubte CCUIÚing, useof hash tota!s, and checking 
liglts, and "reasonableness" checks (¡:articululy good to catch unit-of-measure errors) can help 
10 improvc lhe accurJcy of the data. Howevcr, the need for auditing records by actual counrs 
;riJJ never be eliminated. Cycle count:ng keeps record• accuratc thro•Jghutlt tlte ~eJr, uses 
1xperi~ncr.d pcrsonnel to the b.:st adv3ntage, and provides ch~cks of record accut.u.:y which san 
le related to the frequency of tramJctions on the items. 

True record integrity requires a managem~nt polky intolerant of errcrs. A zero defec¡s 
.pproach is necessary. lt is frequently argued that lhe w<Jge '>Cales of storekeepers. re~.:eiving clerks, 
te. are nut rugh enough to gd peop!~ capabl~ of high!v accurate wock. Th~ir wage;, however, are 
:sually higher than 1hos~ of t~nk ci¿;\:s. Eank pr~cioiun i;; a :esul; of the clima te of accuracy 
1aintained. Accurate records require that manageme11t estabiish such aclimate and ¡;rovide the 
;ecessary tools. How can people make good counts w1thout acciJrate counting scales, :)rderly 
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In d repair, etc.? Don'! overlook lh~ Storero-~ms, a rrun•~um variety of shop cor.lain_ ers. goo - b h 
~ v u" record is wrong, ut w en importance oi idcnllÍication. Wh~n a count lS In' error, one 

identification mistakes are made, two recurds ar<: wron¡¡, 

ENGINEERING eHANGES 

. 1 · l · ., require· that il too, be accmatt':. Aroy 
The vital importance of the ~~\off mate:lal m,¡P aontnbtn·"' ordered • En<ñne·c~ng change control is 

· 1 •d d in the b111 o matena wt. n • ~ · "" . d 
componen! not me u e b d rr . e on ''te date existing ccmponeuts Will be u~e u¡:, E . · h ges c~n e ma e e ecttV '· - · 
vital. ngmeer¡ng e an - . ·. ·,t lhat date Thcy may also be pha>d !n when J g¡ven 
altering the bill of ma~ena! ~~ the sy~tem;¡;~r mioht co··,er the rcquirement~ for spare part;. T\~:n 
quan!Ity of a co~ponenl ts ,eft. T~ts ·q~ .. Y ~er~g changes. !f ltern e is to re place !te m B, !hey 
IJisc has a.n ingemous method for 11!!11~5 eng¡~ - onent of B When B has been u sed up, 
set e up in the bill of ~a~erial im~edialei_Yhanut ~~e\'il~:r~aterial. This ~pproach e!Lrninates the 
the sy·st..:m ca!ls out e, glVl.ng the Signa. to C, ge d. T~ use of "blo··\: changes" grot:pi~g m~ny 
need to estima le w!ten avail~ble paíls will oe ~1~ t;p. ~'.'\, .. j~e the pr::blem~ o.f control uf blll of 
engineering changes to be madt> at the samc !lffie can ,,.,n 
material acct:racy. 

INSTALLING THE SYSTEM 

. ; . -; nin on a computer can be spt>edcd up greatly by lnstaihng the ma:enal requ.remcnh p.an g f 
1 

. Many of the techmques of 
· ·¡ bl f ost computer rnanu ac ur<!r~. 

using software programs avaJ a e ~orn m . ' t JI" common to requ!remenb plans for all 
iot·sizing, ftle maintenance, allocat:on, pegg¡dng~ e c .. h~to w·r.Ite his own proo-ram. The present 

• • • " n (1 there !S llO nee 10r eac · o-
comparues usmg L'l.fll _an • S· ro rarns n:lllable from lB M, are modular prcgrams 
software packages, t¡pi!Ied by the /JC P g_ ty of options 

10 
build its own cu!tom-tailor~d 

which pemút a company to selec~ ro~1 ~ ~a-~e -d windows dcor~ md even l::a!htDoms rather 
system. This is malogous to seflcctmg .. prte·hla {~~apr~•.fabncated ccm~nen:s can be assembled in a 
than buildiug your own house rom s~ra e ·~ • · 

b ··d t- ture most usetul te the owner. f . 
nriety ofway~ tu uu as ruc . . f analvsis routi,

1
es which are use u! m 

In additicn, sofiW2r~ pacbges provtde fa vdan~ty oThe ~ 'p"rnu"l investiv:trmg the im¡:;act of ·r f · · the sys<em o or ew1o-. • se • ~ . ~ 
studying the el ccts o cn~ngmg. ' . · d d .~ ~" •ff~cr "'1 compor.ent_ invenwnes ot 

. . d · · ,, "ggr""3le mvenUJr:es an stu ymg -~ • · '- . ~ · 
lot-samg eciSions o •. ~ -~· · . .. d t de¡ po\n'/ord"- quarmty systems. ::>uca 
the introduction of reql!Hement~ pl:u~iiUl~ corr;p:!!e h ? or "ople u~ders;;nd how the sysrem will 
ar.alvsi:; routines also provide educdtlonat toots to e!p \l• . 

fun¿tion. . · . . se a ,dut apptOach. Pick a product line \V:th as 
The best approach to gettmg mnmngd¡s tofu .. ~ as pu•s•'ble Li.J1;jtin~ ::le swp~ oí the 

· · b' "th other "fO uc! :UihdcS • · . ., 
few parts mtercnangea •: Wl • • . " .. 1 The bdls of materi:ll mould be checked, rechecked, 
program means fewer pro•Jiems to_ cop_c wtt l. This can be improv~d hy using btHs of material 
and che.:ked again to. ~tsure the highe>t accuracy~ts of JJ!s lo assernbly lines. All unplanned 
as pick iists from wruch lhe sto~eroom Is~u.e~ ' shcu~d be chet:ked in detail; the sources of 
transactions (covered by hand wrl!ten requmtlonsJ 

. d bill f materials can be corrected. 
errors w!ll &how up an s 

0 
. d h · time as requirements planning should be 

The number of changes m traduce at 1. e lsamt .e. and in planned lead times as G·Jssible in . . . ¡ · - d t ake as few changes m o ·SIZrng • . th 
numm!Zed. t lS soun_ . o .m ff the lant In converting lo requirements p!onnmg, e 
th.: early stages to rrunumze the e ect~ on d ~o re~chedule purch<~se and manufactunng orders 
greatest problem will·undoubtedly be e neeli te orders far in e~c•ss of real requirements 
airead y released_. Other ord~ring systerns ~su a 'X ~~::tlcally the flow of ~rders to vendors or 1ls 
No company will want lo cut off ~udden y an advmce to cut back gradually. : 
own manufacturing fldhtie_s and plans sho~ld ~em~~~ ~nannot be overemphasized. As Dr..Orlicky 

The need fa~ educJt~on of those us~ng r• !:ices a clerical routine with arder analysis. This 
cornmented, maten~! requirements plannmg . •f f aclions available to them. The system sintply 
requires understandu;g by pl<~nners of the ~an~ .Y o H should understand where the information 
informs the planner of data relating to the ilecbiSIIont~ ~~ Startmg to use requirements planning 
comes from and what alternatlve~ are ava a e . 
should be done very carefully- hke a father holdmg lus new baby. 
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BENEFITS 

Few projec_ts have more po_tential today for improving a company's profits and ~~erations 
than the _ms~alla_tJOn of computenzed matenal requirements planning. Figure# 15 summarizes the 
benefits, md1caung sorne typical figures achieved by companies wilh successful systems. 

REDUCED COMPONENT INVENTORIES: 
UP TO 50% 

FREOUENTLY 30% 

IMPROVED CUSTOMER SERVICE: 
UP TO 90% FEWER LATE ORDERS 
UP TO 75% LESS STOCKOUTS 

LOWER MANUFACTURING COSTS: 
UP TO 10% LESS ASSEMBLY LABOR 
UP TO .5% MORE PRODUCTIVITY OVERALL 

FEWER INDIRECT EMPLOYEES: 

UP TO 25% LESS - STOREKEEPERS 

- EXPEDITERS 
- TRUCKERS 
- CLERKS 

The greatest payback 
comes from reduced com­
ponen! inventaries resulting 
frcm the elimina tion of safe­
ty stocks on dependen! items 
and the timing of receipt of 
components to coincide more 
closely with assembly require­
ments. A reduction of 50% in 
such inventaries is not un­
usual; very fr!!quently, a 30% 
reduction is experienced. 

Since the well-designed 
and managed system plans 
components to m~et as­
sembly requirements, cus­
tomer servicc almost inevitab­
ly improves dramatically. 
Sub-systems are eliminated 
upsets are minimized, and as: 

Figure #15- Bonafits of Roquiram.nts Planning semblies are pul together the 
These . way they were des1gned. 
• ~es~lt ~ lower manufacturing costs. With less inventory and fewer up;ets, a company can 

r_duce 11~ mduect employees, parttcui:J.rly storekeepers, expediters, and truckers. 
lt IS easy _to justif~ all projec~ costs involved in implementing such a program. The savings 

due lo ~ed_uced mventor~es an~ the unproved customer service alone are usually enough. However, 
many Slgmfican~ pot~nltal savmgs may be overlooked if a detailed analysis is not made. Specific 
savmgs must be ident¡fied and plans made lo capture them or they will not be achieved. 

The production control_ manager of a mid-West manufacturing firm, now operating 
3 

very 
successful reqUirer,~ents plannmg system, told recently of an addit1Dnal benefit notlistcd in Figure 
~~' !5 .. He testtfie~ that he can now spend the bulk of his time planning [or the júture instead of 
reactmg to the cnse; caused by the mistakes of the past. 

lii!GHT: Diagnosing the Ineffective Material Requirements Plan 

!he minute computers becarne available for manufacturing companies and, inüeed even 
back t~ the days of thc p~nc~ed ca~d equi~ment, the idea of requircments plánrung wa~ very 
app~almg as a payoff apphcatton 1! IS the kmd of thing that can hardly be done manually and, 
obvwusly, can be done well with the computcr. 

Yet very few com?an1es today ar.: doing material requirer:1ents p!anninz successfully. We 
have prob1bly worked w1th more of the su~cessful ones that anyboJy ebe around and we've afso 
had the ch:mce to see a great many of the unsuccessful 0nes Frequently, peopJ~ reil us that they 
have tned the reqc1rements planmng that we and other people ltke Romcy Everdell have been 
talk1;1g abou:, but th~y certa_inly haven't gotte 1 anything_ ii.~e the pc!cmial results. !n fRc:, the 
odds _are v~ry stagg~nng agamst a company succeeding with requirements planning, if ¡m:s.:nt 
exp_enence 1s an~ md1cator. Neverthekss, the ~eJsons for l~ck 0f succPss are ver¡ few and very ea:; y 
to 1dent1fy. Let s loo_k_.at them bneOy. The lollowing is a di:,gnusis cl¡ecklist ba!d on obser~ing 
man.y c?m?ames thnt ·-~~:e bec~ unsuccessfui with requirementl ?ianning ar:d a few th;;_t h~ve hJd 
.he J\JOU or suc..:e;s thJt 1s poss1ble w1th thJs techntque These ue th~ areas wher~ probi~rns arise 
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l. lnventory record accuracy. 
2. Bill of material structure. 
3. Bill of material accuracy. 
4. Degree of u ser control. 
5. Master schedule. 

We've already talked about inventory record accuracy and it needs little further elaboratlon. 
Isn't it interesting, however, how much time we pul into sorne of the more esoteric areas of system 
development and how little effort so many companies have put into mai_ntairung the basic 
inventory records accurately! You can do third order exponential smoothmg or net change 
requirements planning against an inventory record that is inaccurate, and all you've got is garbage 
as a result. 

The problem of bill of material structure is usually indicated by the._symptom "We_ can't 
forecast our product requirements" or "We've got far too many bilis of m a fenal to even put m the 
computer". The modular bill of material is usually the answer. : . . . 

Bill of material accuracy is., of course, essential. With an order pomt system, each ttem IS 
ordered whether it is needed or not. With the requirements planning system, only !hose parts that ' 
are needed as indicated by the master schedule are ordered. lf ~ey don't show up on the bill of 
matenal, they cannot be ordered. ·. . . 

Someplace somebody got the impractical idea that computers were gomg to control 
inventory. Not that many people have the guts to actually let computers order in~entory, but 
usually when the systems design starts, this is the concept. The more systems de~1gners try to 
capture the logic for ordering inventory, the more they realize that it is highly fluid, dependi~g 
u pon strtkes, capacity bottlenecks, which customer . recently hollered_ the loudest, et~. It IS 
certainly not a well-structured problem. We always wmd up, then, havmg people checking the 
computer recommenda tions for releasing orders. . . 

Most of the time, a system hasn't been designed to Jet the uscr do this convemently and 
most of the time there is a great de al of naive sophistication built into the system so that the uscr 
doesn't feel like he really has control over it. The user mus! have the control over the system and 
useless sophisticatton must be eliminated_ from the system to make it as understandable and 
"transparent" to the user as is human! y possible. . . . 

Anorher aspect of u ser controlthat is critica! and can contnbute to his understandmg of the 
system is having the user responsible for the design of the sys~e~: V:e have yet lo se~ a 
requiremcnts planning system work when systems people took the millat¡ve for syste~ ~esagn. 
Only the user can be held responsible for results. Only he can asiUme the responslbil1ty for 
specifytng what the system should be. Obviously, he is going to need a lot of help from systems 
peop!e, but the user must assume respomibility for systems success. He must ~lways be ~ble to 
retatn control of the system to understand what it is doing, if we are to hold hirn responstble for 
results. Nobody has yet succeeded in holding a computer aesponsible for results. 

The master schedule is, of coursc, one of the key items and usually the place where 
requirements planning falls down. Overzealous users trying to catch up on al! of their past due 
schedules at once tend to dump into the master schedule an unrealistic plan that couldn't possibly 
be atta1ned. One company we know manufactured about 4000 machines a month. When they put 
m the1r requirements planmng system, they were introducing a new product, consolidating sorne 
pxoduct that had been made in another plan, and preparing for a strtke. In the first_ month, they 
couldn't rr..stst putting 19,000 units into the master schedule. The computer fa¡thfully went 
through its calculations and gcnerated ·a cornponent past due list that was monumental. Faced with 
the information genenred by the formal system that told them everything was la(~, both 
purchasrr:g lnd manufacturing people unmediately reverted to the informal system. Hot 1\sts and 
expedmng becama the order of the day and the reqUirements _planning system was certainly not 
succe;siul. We judge success by the degree of operating improvement that has been achieved, not 
whetha or not this system rum on the computer. 

In fact, this company prov1des a very interesting example because putting a requirements 
p!annir.g sysrem m the hands of people who ha ve ne\·er had tlus powerful a tool can sometunes be . 
dangerou, Obviou;iy, when then pul 19,000 machmes into their master schedule, the cornputer 
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'roce•dcd to general! floods of orde1s for components. Si..¡Jce thcy were bringing in more 
:ompon~ats thar. LI-te y wcre using in :.membly, Ll¡e inveutory went u p. Sine e the ma;ter schedule 
was oversta:ed, al! components were shown as late and priorities became meaningless. As soon as 
trlorities becar..~ meaning!ess, tJ-,ey wcre badc in the cid situatio:1 of h~ving :;¡::JSt of lhe parts for 
ill of the products mther L'lan the muatiofl that a good requirements plan shouh1 generate -
J¡¡¡~ing .zll cf th:: ¡¡arts for most ;)f ilic product~. Thi:; powerful too! can react so quir.kly that it t:3.Jl 

!~t:.!a!.!y pt!t a comp3.ny in mo:e serbus trouble than they could get into with an unr~sponsive 
Jrd~r ¡¡oir:.t type of :;ystem. This is, 'lf coursc, tru.: with any too!. A power s:lw can do a bcttcr job 
:ha;; a hand saw, but lt ca.1 ::hv be far more dangerous. A ~,;alpel is a ve:y effect1ve !col in the 
l<lnds of a surgeon. We cu, make :m exccllent ~as~ for replacing a Boy Scout kn!f<: with a sc:llpel, 
JUI that doesn't make its o·.vner a surgeor.. 

FerhaíJS thc most siyüficant problem w~ have, then, with requiremen!s plar.ning is strictly 
?~ychclo[;ical. Baci-: v1hen ,.,~ cid requirements planning manuJl!y, we couldn't really pul propcr 
nioritie> on items. Manual requi•emems p!Jm G! pu;¡ched card requirements plans couldn't be 
:ecalculated frequently enough to keep these priorit.ies up-to-date. Order point systems, of course, 
~ever even p•Jt the right pricrities on in the first place, and had no mcans of keeping them 
.!p-to-date to teU us what part~ we reaily r.eei.led a.'ld when. 

A~ a rest:it, ea.:h company had its formJI system and its informal system. With the advent of 
:omputerized r:quiremenb pl:inning, Wt have s.1methlng uniquc. An inventory systern ¡hat can te!! 
JS the truth! Eut most compmie~ have a big challenge ahead of them in making the transition 
from livu;g Y..i:h a veneer c'fforrna! system on top of a foumia ti en of informal system to mJnaging 
~-it~l a ~ysten1. 

lllany people. for cxamp!e, ask whethcr it is nec~s~ary ~o have more accurate inventory 
;ecords with rrquiremen!S pl:mnir.g. Since the technique is supposed to be better than order point 
!ecluúques for dependen! demar;d !t~~s. shouldn't they be better off even w1th their admittedly 
,>ODr hwen:ory record accuraey? The ar;swer is "NO!" In fact, they probably won't see ai1y 
J;iference at all sir:.ce the ir.formal sy~tcr:1 wi:l continue to control the büsiness and al! they l'ti!l 
t.ave changed is the form<l! syste:n veneer which pr0bably never mean! much anyway. Check in th~ 

.:ypical plant and yo u wül see many, many late ~hop orúeis that nobody is !ookir.g for and, tf you 
!S.~ th~ forem~n how he can pco;sibly ru:J this way, he will tcli you the tmth, "Whcn they reaUy 
vant i:, they'U o;e,1d ~n expediter around". 

Do we really need to go to thc uouble cf making the trmsition from manJging with the 
\niormcl systems to managing with systems? Thls probably depends upr-n the romp2_ny, h!Jt the,e 
~re very Iew ~;ompanics tcJay Ll¡at don't havo the problem of a more a.ild mure comtJ!ex pro<:!uct 
Yi!h more and more produ.:t v~nety awl greater turnover among rile people who used to heip run 
~l¡e busine,s "in spite of the S)istem". And, in most compdrues, the symptoms are the same. 
!nvent0ry is going up, service is not increasing. Slowly each year, you can see the business getlmg 
nore a.nd more out of control. The ccrrelation bdwe~n those companies that :ne showcase 
;~atopks of good material requirements pla.n.r:ing and high profits and growth is r.xtr~mely high. 

So, befare you start in with the expense and trouble cf developing rec¡utrements planrúng 
¡ys\ems, !!y to get your people- to face up to this problem of learning to mmage with a system. 
!~.os! putting this ki01d of system on a computer wvn't genera te results; i..n fact, it mJy give people 
,nore powerful tcols to get themselves in trouble. V.'hen the requirements planrúng system is 
~eveloped and used properly, it can proviée an exce!knt too! to help control the bs:ness betkr. 

Requi.Jements planning, of course, IS the gateway 10 othu applications. Capacity piJ;¡ning is 
a na!;¡ral offs.hoot of requiremenrs pbumng and, without capacity planning, there is r.o capacity 
'ontrol; without clpacity control, there is no control over lead time. R~quire:ncnts planning also 
provides the updatlng of pnont:e> so that J¡spat<:h lis:s showiug the latest priorit1es can be 
3encrated Many CO'llpanies ha;·e tried to put in shop f1oor control systems beicre pu :tmg in 
:equirernents planning and have on;y managed to gtve themselves better means for ~xecuu:¡g a plan 
when they didn't ha ve any real plan 10 ex.<xt:te. ~bterial requirem~nts plaon¡r,g comes fir,r. 

Here wc have a technique wi!h -:.xtre'11ely broad application. P!:!c!Íc:!Jly e~r.ry comi'.lnY has 
dependen! demand inventory iterr.>. lt is a system tlz11t can be imp:ementcd. T:1cre are fairly 
standard approaches to irnplcmen:q: It and we er.:our~ge the use of stanü:nd progrann like th.: 
IBM PICS program. It is far betkr to t.lke a standard approach and la!lor it to your :ndlv!Liual 
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requirements than it is to invent you1 own. The Jbiiity to maintair. thls systern and have it 
understood by users as we!l as the shortcned develcpment and iostaliJtior; lead tlm: lre most 
importan! considerations thJ: ma~~ standad approaches v~ry worthwhilc. 

We also havc, f¡,r t!:~ f~.::st time, a1: m~e:Jtory contwl tcchmoce that can :eil ihc. líu:h If 
people want to face th.: chai!e:-~gc, th~y can now il:!ve J formal systc~ tha: w!ll take a !ú: oi chi"os, 
confu~ion, exped!ting, and j·;st plain bu!i work 0c;: of production ancl inv~nt¡,ry conuol. Sor-1e 
companies h3ve :nade !l1e tra;.sltion from l"'~r:i1:n¡¡ ¡:rim:uily with an .::forma! sy.tem :o runr::.;g 
with a for:na! ~ys¡em. For r;¡a,Jy, it is the most importan! challer;ge they f~ce in li:~ near f.:nure. 

We s:>t thc other e·;erung think.ir.g Jbout this t3lk, Utinking about th<! lrernePdous appllcation 
potential of this too! :ha: we'vr. ,een. There ha·¡e been a number of lugiliy :mc~cs~;uj ~ompanies. 
WP. were also thinking abe e:! thc great numbe.r of compames that haven't rcally been ~ble to use 
!he too! effcctiveiy and we carne :o this <:onclusion- lt 's easy to s~e lww com¡;ünies ccd ln:.mage 
poorly with req1tirements plan•ri."rg, but it is hard !Osee how they can man~e ¡;¡¿/{ wirhcut it. 
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INTRODUCCION 

Todo el mundo habla de definir los objetivos educa. 
tivos, pero casi nadie hace nada al respecto. Los libros 
sobre educación frecuentemente hacen .hincapié en los 
objetivos; los manuales de programación enumeran el 
"definir los objetivos" como primer punto; y los mate­
riales de enseñanza, tales como las películas y tiras fil­
micas, frecuentemente contienen una descripción de los 
"objetivos". Pero, ¿con qué frecuencia se confeccionan 
las unidades educativas, sean grandes o pequeñas, en 
respuesta a las siguientes preguntas: 

l. ¿Qué es lo que debemos enseñar? 
2. ¿Cómo sabremos si lo hemos enseñado? 
3. ¿Qué materiales y procedimientos darán mejor 

resultado para enseñar lo que deseamos enseñar? 

No solamente deben ser contestadas estas preguntas 
para poder enseñar de manera eficaz, sino también es 
importante el orden en que se respondan. La primera 
pregunta debe ser contestada antes que las otras dos. 
La razón probable por la cual casi siempre se enumeran 
pobremente los objetivos es que son pocas las personas 
que saben cómo hacerlo. Esto no es una sorpresa, 
porque se ha escrito muy poco sobre la confección de 
objetivos--muy poco para los maestros. El trabajo de la 
enseñanza en sí ocupa todo su tiempo, y hace que el 
maestro estime que tiene sus objetivos bien "proyecta­
dos", y que no es necesario ni posible ser más específico. 

La Confección de Objetivos para la Enseñanza cons­
tituye un punto de arranque para la descripción de 
cómo precisar los objetivos. No se propone que sea la 
última palabra acerca del problema. Por el contrarío, 
es algo así como la primera palabra. Pero el salto de 
adelanto es grande y real. El libro no solamente pro­
porciona un enfoque valioso de la tarea de especifica. 
ción de metas, sino que también proporciona una orlen. 
tación que concibe la especificación de metas como un 
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pr~bl:-ma práctico e inevitable que necesita soluciones 
practicas. Este es un paso importante. · 

R?_bcrt Ma~~r ha visto la necesidad de ofrecer ins­
~uccion especifica en cuanto al enunciado de los obje­
tivos, Y ha trabajado sobi·e este problema. El éxito de 
sus esfuerzos será determinado, en parte, por los resuL 
~ado~ que usted obtenga en la prueba de examen 
mcl~da en el libro. Sin embargo, el valor fundamental 
del libro depende del grado de inspiración que derive 
usted para expresar sus propios objetivos didácticos. 

John B. Gilpin 
Asociado de Investigación 
Proyecto de Autoenseñanza. 
Earlham College, 
Richmond Indiana. 

PREFACIO 

Había una vez un caballito marino que reunió siete 
piezas de a ocho y salió a galope a encontrar su fortuna 
No había transcurrido mucho tiempo cuando se encoll­
tró con una anguila que le dijo: 

"Psst. Oye, socio: ¿Adónde vas?" 

. "Voy a encontrar mi fortuna," contestó orgulloso 
el caballito marino. 

"Estás de suerte," dijo la anguila "Por cuatro piezas 
de a ocho te doy estas rápidas aletas, y así podrás llegar 
mucho más rápido." 

"Qué bien," dijo el caballito marino, pagó el dinero, 
se puso las aletas y se deslizó a una velocidad dos veces 
más rápida. Al poco rato se encontró con una esponja, 
que le dijo: 

"Psst. Oye, socio: ¿Adónde vas?" 
"Voy a encontrar mi fortuna," contestó el caballito 

marino. 
"Estás de suerte," dijo la esponja. "Por una suma 

pequeña de dinero te daré mi moto de propulsión a 
chorro, para que puedas viajar más rápido." 

El caballito marino compró la inoto con el dinero 
restante, y salió a través del mar a una velocidad cinco 
v:eces más rápida. De pronto ~ encontró con un tibu­
rón, que le dijo: 

"Psst. Oye, socio: ¿Adónde vas?" 
''Voy a encontrar mi fortuna," contestó el caballito 

marino. 
"Estás de suerte. Si tomas este atajo," le dijo el ti­

burón, apuntando para su boca, "ahorrarás mucho 
tiempo." 

"Muchas gracias," le dijo el caballito marino, entran­
do rápidamente en el interior del tiburón, para ser 
devorado. 
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La moraleja de esta fábula es que si no se está se­
gur·o acerca de dónde uno se dirige, se puede ir a parar 
a otro lugar sin saberlo. 

Antes de preparar la enseñanza, antes de escoger el 
material, la máquina, o el método, es importante poder 
exponer claramente cuáles son las metas. Este libro 
ver.sa sobre los objetivos de la enseñanza. En el mismo 
tratélré de mostrar cómo exponer los objetivos que me.. 
jor resulten en la comunicación de sus propósitos a 
otras personas. El libro no trata sobre la filosofía de 
la educación, ni sobt·e quién debe seleccionar los obje.. 
tivos, ni sobre qué objetivos deben ser· seleccionados. 

Se supone que los lectoi.'cs estén interesados en con. 
fcccionar una enseñanza eficaz, y que hayan enseñado, 
estén cnseñanc

1
o, o se estén formando para enseñar. Se 

supone también que c~tén interesados en comunicar 
cicrl.ac; habilidades y conocimientos a sus alumnos, y 
comtmicársclos de tal forma que éstos puedan demostrar 
el lo.~;l'O de Jos objetivos clidácticos trazados. (Si usted 
no cstú interesado en demostrar el logro de sus objetL 
vos, <Jcaba de terminar la lectura de este libro.) 

P2.lo Alto, California, 
Noviembre de 1961. 

1() 

Robert F. Mager 

NOTA 
L ma or parte de este libro ha sido conf~cionada 

en fo~a ~stinta a la de la mayo;í~ de los li~= = 
usted ha leído En muchas de las paginas se le . 

. ta eua:ndo esto suceda, seleccione la me]o~ ~s.. 
p': Y .renútase al número de esta página que se :ca 

~ lado de la respu~sta. Dees~~~!ormy a~o~r~~~~tinu: 
· tará a sus propias nec • . 

a]US . . . d por explicaciones mne-el estudio sm ser mterrumpi o 
cesarlas. 

· ·nas de este libro no se leen Debido a que las. pag¡ yuda utilizar un mar-
ti ente sena de gran a 

consecu vam • eda ñalar el lugar donde está. cador para que pu se 

Remítase a la página 13 
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CAPITULO 1 

OBJETIVOS 

Una vez que el maestro decide enseñar algo a sus 
alumnos, tendrá que realizar varios tipos de actividades 
para tener éxito. El maestro debe decidir primeramente 
las metas que espera lograr al final de su curso o pro­
grama. Entonces debe seleccionar los procedimientos, el 
contenido, y los métodos que son apropiados a los obje­
tivos; debe causar una acción recíproca entre el estU­
diante y la materia adecuada, de acuerdo con los prin.. 
cipios del aprendizaje; y, finalmente, debe medir o 
evaluar el rendimiento del estudiante de acuerdo con los 
objetivos· o metas seleccionados originalmente. 

El primero de estos puntos, la descripción de obje­
tivos, es el tema de este trabajo. Si usted está interesado 
en preparar una enseñanza que le ayude a alcanzar sus 
objetivos, primeramente debe estar seguro de que sus ob­
jetivos están expuestos clara e inequívocamente. US­
ted no puede entrar a analizar el problema de seleccio­
nar la ruta más eficiente para llegar a su meta hasta 
que no sepa cuál es su meta. 

Específicamente, los objetivos de este libro son tales 
que, si se logran, usted podrá realizar las siguientes 
tareas: 

l. Dado uno o más objetivos docentes,_ usted podrá d • 
seleccionar aquéllos que se expresan en función 
del rendimiento. 

2. Dado un objetivo didáctico bien confeccionado, 
usted podrá identificar la porción del mismo que 
define el mínimo rendimiento aceptable. 

3. Dado uno o más items de examen para· medir el 
rendimiento, usted podrá seleccionar aquéllos que 
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rr:sultan adect1a.do3 para la evaluación· de -los 
objetivos. 

Cuando se haya adentrado más en el libro, usted 
comprenderá por qué razón no se ha señalado el "saber 
cómo confeccionar objetivos" como uno de los objetivos 
de este libro. 

Para ayudar a alcanzar estas metas, describiré aL 
gunliS de las ventajas que se derivan de la especifica. 
ción cuidadosa de los objetivos didácticos, describiré las 
características de los objetivos expuestos, proporcionaré 
alguna práctica en cuanto a reconocer las metas bien 
e.A--pueslas, proporcionaré cierta práctica en cuanto a se. 
leccionar los ítems de examen adecuados para la eva­
luación de un objetivo, y, finalmente, le proporcionaré 
a usted 1.'1 oportunidad de comprobar sí he tenido éxito. 

Al final de cada capítulo encontrará usted ciertos 
~fatci:"ia.!c::; Auxiliares. Se trata de puntos complementa­
rios que usted podrá considerar interesantes, inforrn.a­
tivos o útiles, pero que no son esenciales para alcanzar 
los objclivos enumerados anteriormente. 

Tres de los términos que serán utilizados necesitan 
definición: 

14 

Conducta . . . . . . . . . . . se refiere a cualquier activi­
dad observable realizada por 
un alumno. 

Conducta terminal. . . se refiere a la conducta que 
usted_ desea que el alumno 
demuestre cuando usted ter. 
mine ru enseñanza. 

Criterio. . . . . . . . . . . . . 10s una norma o· prueba me­

diante la cual se evalúa la con­
ducta terminal. 

' ·" 1 

A través del libro, las palabras m 0 -" aestr " y "pro 
gramador'' serán utilizadas indistintamente, ya que no 
hay diferencia alguna entre el aula Y ~1 P~. de 
autoenseñanza en cuanto a la importanCia. de especificar 
los objetivos. 
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!vlATERIAL AUXILIAR 
I k aquí un ejemplo de cómo, si no se enuncian cla_ 

r:u:1c.;~c los objetivos, las actividades del aula pueden 
ol:starulizar al alumno en un esfuerzo por lograr un 
objetivo. 

En un importante centro de enseñanza dirigido por 
el gobierno, se ofreció cierta vez un curso en el cual 
los cs;udiantes debían ~prender a manejar y reparar un 
si~! "Dl 1 electrónico grande y complejo. El objetivo del 
cut·;';o fue planteado de manera simple: Poder manejar 
y m:u·' cncr el Sistcm~. Blcctrónico XYZ. 

Dcl1ido a que era imposible proporcionarle a cada 
cs1L•dii!nte un sistema electrónico para las prácticas 
fdciJici') al costo exorbitil.11te), se decidió aumentar el 
núrncr·) ele discusiones diagnósticas· que hacía el estu.... 
di:mtc durante el cm~o, dándole alguna "práctica" tanto 
en el ;•ula como en el laborato;io. 

Durante los ejercicios de diagnóstico en el aula, el 
marst ro presentaba varios problemas para que sus alum­
nos !os resolvieran. Así, señalaba un componente de uno 
ele Jos muchos diagramas esquemáticos del equipo y 
prc~unt:~ba: "¿Qué sucedería si este tubo tuviera algún 
dcs:prTfecto?" Los estudi<!.ntes buscaban a través de los 
circuJio" (en el papel), en un esfuerzo por pronosticar 
los ~ í n~ !)lll:ts que aparecerían como resultado del proble­
ma hipolético planteado por el maestro. Se le daba un 
pJ-obk-ma al estudiante y se le pedía que indujera los 
sintcm:-ts. 

E..:le procedimiento, sin embargo, era exactamente 
lo o~w'~"! a a lo que se esperaba Ccl alumno en el examen 
final u f'n el trabajo, donde se le mostraría un síntoma 
carací erístico y se le pediría que localizara el problema 
Lo:-; J:J.ll'Stros esperaban que el alumno corriera hacia 
ackbr. í e, enseñándole a correr hacia atrás. 

lG 

.. ~ ........ --~,-------~ . -·-~~t.J'lioli@'i;l'il' .... 

Por lo tanto, por falta de un enunciado específico 
de los obJ'etivos los estudiantes no sólo estaban apren­

' h'b't estaban dlendo lo que no era, sino que los a I os q~e . , 
desarrollando en el aula estaban en contradi~cwn con 
los que . se esperaba que utilizaran en el trabaJo. 
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CAPITULO 2 

POR QUE NOS INTERESAN LOS OBJETIVOS 

Un objetivo es un propósito expresado en un enWl-
~· ciado que describe el cambio propuesto en el alumno • 

-un enunciado de cómo debe ser un alumno cuando 
haya terminado exitosamente una experiencia de aprell-
dizaje. Es la descripción de un patrón de conducta (rell­
dimiento) que queremos que el alumno demuestre. Se-
gún expresó cierta vez el Dr. Paul Whitmore, "el 
enunciado de los objetivos de un programa de enseñanza 
debe señalar los atributos mensurables que se pueden 
observar en un graduado del programa; de lo contrario 
sería imposible determinar si el programa logra o no 
sus objetivos". 

Cuando se ·carece de metas claramente definidas, se 
hace imposible evaluar eficazmente un curso o progr-a­
ma, y no existe una base sólida para seleccionar los 
materiales, el contenido, o los métodos didácticos ade­
cuados. Después de todo, un mecánico no escoge su he. 
rramienta hasta que no sepa qué operación va a rea. 
lizar. Tampoco un compositor hace el arreglo de la 
partitura hasta que no sepa los efectos que desea lograr. 
De igual forma, un maestro de obras no selecciona sus 
materiales ni especifica un programa de construcción 
hasta que no tenga en sus manos los planos (objetivos). 
Muy a menudo, sin embargo, uno escucha a los maes.. 
tros discutir sobre los méritos relativos de los libros de 
texto u otros materiales auxiliares del aula en oposi­
ción al laboratorio sin especificar nunca qué meta ha 
de ayudar a lograr el material auxiliar o el método· en 
cuestión. No es posible hacer demasiado hincapié en el 
hecho de que el maestro trabaja a ciegas hasta que no 
sepa lo que quiere que hagan sus estudiantes al final 
de la enseñanza. 
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(':¡_~ P motivo impürí ~JTltE: ;:¡~u·a enunciar claramente 
los l'lJj _,, ivos tiene que ver c0n la evaluación del grado 
en CPJe un alwnno es capaz de actuar en la forma de­
S0och L;;s pruebas y exameHes son como puntos indi­
cadcrf~~-- a lo largo del c;unino del aprendizaje, y son los 
que deben indicarle al maestro y al estudiante el grado 
de éxJí.(l r¡ue han tenjdo ambos en el logro de los ob­
jeth·os del curso. Pero si las dos partes no tienen una 
idea clara y firme de las metas, las pruebas son, en las 
mejores circunstancias, cngc1ñosas; en las peores circuns.. 
tancias, son inaplicables, injustas, o inútiles. Para que 
sean útiles, tienen que medir el rendimiento en función 
lle bs metas. A no ser que el propio programador tenga 
una visión clara de su propósito didáctico, no podrá se­
leccionar los ítems de examen que reflejen claramente 
la c<lpadclad del estudiante para poner en función las 
habilidarles esperadas, o que reflejen hasta qué punto 
puede demostrar el estuclio.nte su adquisición de la in­
fonnación esperada. 

Una ventaja adicion.:'ll de los objetivos claramente 
definidos es que al es~udiante se le proporcionan los 
medios para evaluar su propio adelanto en cualquier 
lugar a lo largo del camino de la enseñanza, y puede 
entonces orgaruzar sus esfuerzos en actividades apro­
piadas. Con objetivos claros en mira, el estudiante co­
noce cuúlcs son las actividades que son.apropiadas para 
lograr el éxito, y ya no le es necesario "descürar" al 
maestro. Como usted sabe, frecuentemente se invierte 
tma cantidad considerable de tiempo y esfuerzo por par­
te de los estudiantes en el aprendizaje de las idiosin.. 
eradas de sus maestros; y; desafortunadamente, casi 
siempre este conocimiento le es muy útil al estudiante 
con discernimiento. Este tipo de estudiante puede pa­
searse a través de un curso, armado de artimañas con­
fcccion<ldas para darle al maestro lo que éste quiere. 

An1 es de empezar a discutir lo que quiero decir con 
"objelJ\ o significativamente enunciado", seria bueno ase-
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gurarnos acerca de qué entiende usted que es un objetivo. 
Lea el siguie~te enunciado y después responda la. ~;e­
gunta a continuación. Verifique su respuesta rem~tien.. 
dose ·a.· m página que se encuentra aliado de la res(lue&ta 
que usted seleccione. 

Un estudio general de la organización Y 
administración de las bibliotecas en las 
escuelas primarias y secundarias, con en­
fasis en los métodos de desarrollo de la 
biblioteca como parte integral de la escuela. 
Incluye funciones, organización, servicios, 
equipo y materiales. · 

·Qué representa este enunciado? ¿Se parece más ál 
obj:tivo de un curso, o se parece más a la descripei6n 
de un curso? 

Al objetivo de un curso ...... renútase a la página 23 

A la descripción de un curso .. remitase a la página 27 
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¡Car.unba! No ha seguido l8s instrucciones. En nin­
~m~t parle de este libro se le indica que se dirija a esta 
P~tgma. Cuando se le haga w1a pregunta, debe selec­
Cionat: la alternativa que usted considere correcta 0 
2pro¡mrb, Y remitirse a la página indicada al lado de 
es..1. altemativa. 

r-:stoy tratando de ajustar mis comentarios a sus 
propias necesidades, pidiéndole que responda a algunas 
prcgunL1s en el transcmso de la lectura. De esta forma 
no será necesario aburrirle con explicaciones adicional~ 
cuando una sola es suficiente. 

. Rcg1:cse a la página anterior y lea nuevamente las 
mstruccwnes. 

22 

Usted dijo que el enunciado era un objetivo del curso. 
Aparentemente no me hice entender al principio, asi 
que trataré de nuevo. 

Una descripción del curso le dice algo sobre el con­
tenido y los procedimientos de un curso; un objetivo 
del curso describe un resultado esperado de un curso. 
Quizás el esquema aclare la distinción: 

salida 

~-- 1 -----.---

1 1 
V 

requisitos 
previos 

lo que debe saber 
hacer el alumno 
para entrar en el 
curso. 

V 

descripción 

lo que contiene 
curso. 

V 

objetivos 

el lo que un alumno 
exito.so puede ha-
cer al finalizar el 
curso. 

Mientras que un objetivo plantea cómo. debe ser el 
alumno como resultado del aprendizaje, la descripción 
del curso plantea solamente de qué trata el mismo. 

Esta distinción es importante, porque una descrip­
ción del curso no explica qué será aceptado como logro 
adecuado; no le comunica al alumno las reglas del juego. 
Aunque puede que la descripción del curso diga al alum.. 
no qué posición él va a jugar, no le dice dónde están 
las líneas de foul, dónde están situados los postes de la 
meta, o cómo sabrá cuándo ha anotado. 

Es útil poder reconocer la diferencia entre un obje­
tivo y una descripción; por lo tanto, pruebe con otro 
ejemplo. 

¿Cuál de los siguientes enunciados se parece más 
a un objetivo? 
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Ser capaz de explicar los principios necesarios para 
d~llar .la disposición para la lectura en los grados 
pnmanos. . . remitase a la página 25. 

Discusión de los principios, técnicas y procedimientos 
en el desarrollo de la disposición para la lectura en los 
grados primarios. . . remítase a la página 26. 
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Usted dijo que "Ser capaz de explicar los principios 
necesarios para desarrollar la disposición para la lectu­
ra" era el enunciado de un objetivo. 

¡Está usted en lo cierto! Este enunciado describe un 
objetivo en vez de un curso. No es lo mejor que se pu­
diera esperar, ·pero por lo menos trata de describir la 
meta en vez del proceso. 

Vamos a continuar. 

Remítase a la página 28 
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¡Vamos; vamos! La colección de palabras que le tra­
jeron a esta página es parte de la descripción de un 
curso, y no muy buena por :cierto. Espero que no ·se 
baya equivocado debido al hecho de que los catálogos 
universitarios están cÓmpuestos por frases parecidas. 
~o es un enunciado. de los resultados esperados del 
aprendizaje, y no tiene que ver con lo que nos interesa 
aqui. 

Déjeme tratar de explicar la diferencia de esta for_ 
ma: La descripción de un curso describe varios aspectos 
óe un PROCESO conocido como "curso". El objetivo de 
un curso, en cambio, es la descripción de un PRODUC. 

. TO, de lo que el alumno debe ser como resultado del 
proceso. 

Regrese a la página 23 y lea de nuevo el material. 

2G 

'~ ~ -·- ·---· ·---

Usted dijo que el emmciado era la descripción de : 
rso ·Y está usted en lo cierto! Est~y -~eguro 

cu . • nOCl· ó el enunciado como una descnpclOn de cur-que reco . "t . 
so extraida de un catálogo wuversi ano. 

· · t" ar · un último planteamiento sobre 
Antes- de con mu ' una descrip. 

las descripciones de cursob A~:~:: ::::ene un curso, 
ción nos dice bastante so ~os del éurso. Aún más im­
no nos. da los logrdios :~do se han alcanzado los logros 
portante, no nos ce . . . 
esperados. . . . . · . '· 

. u e la descripción de -un· curso puede 
Por eso, a~ente legitimo con un verdadero valor 

ser _algOoLAMEperfec NTE estamos int~resados en .los objetivos aqw S _ 
del curso. 

• re""ltiéndose a la página 28. Va bien; continue, .. ~ 

'' 

: t 
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MATERIAL AUXILIAR 1 
Hace pocos años, el director de un curso nlrntar de 

32 semanas de duración notó un hecho muy peculiar: 
los alumnos estaban obteniendo resUltados pobres 'en 
~ada .tercer examen. Los resultados 'eran bajas en e1 
cuarto Y altos e~ ~os próximos dos, y a.Sí sucesivamente. 
~ebid~ a que los' resul~dos _er~ · bajos ·;Y despriés altos 
mcluso con los alumn9S mas aventajados, el 'directhr 
llegó a la conclusión' de que 'esta :peculiaridad 1 no se 
debía al grado de inteligencia de los' alumnos. Efttonces 
decidió que, debido a que él mismo estaba tan: involu... 
c~do ¡en el cursO,- era probable que los árboles no le 
deJaban ver el bosque, y decidió' consultar con asesores. 

' 1 

Durante el análisis de la situact<_5n :estos conkutores 
· notaron que el curso ~ba , dividido en cinco subcur­

sos; y, durante cada ~bcurso, se le hacían tres exá. 
menes al alumno. Descubrieron que los alumnos obtenían 
un resultado pobre en la primera prueba porque no ~ 
les decia qué debían esperar; tenían que 'utilizar la prL 
mera prueba como un ~edio para descubrir lo que el 
maestro esperaba de ellos. Una vez que aprendían cuáles 
eran. los objetivos, el reSultado mejoraba mucho en los 
PróXImos dos exámenes de ese subcurso. Pero después 
venia otro equipo de maestros. Creyendo que los exáme­
nes ~erian similares a los del primer equipo, los alumnos 
se prepara_ban para. esto,. sólo para descubrir que las 
reglas ~ab1an cambiado sm su· conocimiento. Debido a 
es~o el resultado era pobre en la cuarta prueba {la pri­
~era p~eba del nuevo equipo de maestros). y asf con. 
~uaba a través del curso. Los objetivos eran impre­
CISOS, Y a los alumnos nunca se les dijo qué debían 
esperar. 

. ~na vez qu; estas condiciones fueron puestas en cono_ 
cmuento del director, el problema se resolvió fácilmente. 
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MATERIAL AUXILIAR 2 

Si usted ha confeccionado un enunciado explicito de 
los objetivos para su propio curso, estará en una exce­
lente posición para evaluar la idoneidad de los pro~ 
mas producidos comercialmente, comparando los obJe­
tivos enunciados por el productor del pr:ograma con los 
suyos propios. Si el productor del programa no ha enWl­
ciado los objetivos de su programa, la regla debe ser 
"cuidado antes de comprar'', porque estará usted en la 
situación de comprar un producto cuyas caracteristicas 
y cualidades· tienen que ser adivinadas. 

Seguramente, si la enseñanza programada triunfa. en 
cuanto a modificar a los alumnos, es razonable pedirle 
a los productores de programas que rios digan cómo 
cambiarán nuestros alumnos como resultado del estudio 
del programa, cuál debe ser el requisito previo. de co­
nocimientos por parte de nuestros alumnos, que. natu­
raleza tenia la población en la cual se desarrollo Y se 
probó el programa, y qué naturaleza tiene la población 
para la cual ha sido confeccionado el programa. 
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CAPITULO 3 

LAS CUALIDADES DE LOS OBJETIVOS 
SIGNIFICATIVOS 

Ya usted conoce que el enunciado de un objetivo 
describe el estado deseado en el alumno. También conoce 
que un objetivo se logra con éxito cuando el alumno 
puede demostrar su llegada a este estado. ¿Pero cómo 
confecciona usted el objetivo para elevar al máximo la 
probabilidad del logro del mismo? ¿Cuáles son las carac­
terísticas de un objetivo significativamente enunciado? 

Fundamentalmente, un objetivo significativamente 
enunciado es aquel que logra comunicar al lector el pro­
pósito didáctico del autor; es significativo según logre 
transmitir a otros una imagen idéntica a la imagen que 
el escritor tiene en mente sobre cómo será un alumno 
exitoso. Debido a que el enunciado de un objetivo es una 
colección de palabras y símbolos, está claro que pueden 
ser utilizadas varias combinaciones para expresar un 
propósito dado. Lo que usted debe buscar es aquel grupo 
de palabras y símbolos que comunique su propósito 
exactamente como USTED lo entiende. Por ejemplo, si 
usted le da un objetivo a otro maestro, y él enseña a 
sus alumnos para que actúen en una forma tal que con­
cuerde con lo que usted tenía en mente, entonces ·usted 
ha comunicado su objetivo de manera significativa Si, 
por otro lado, usted no está de acuerdo con que estos 
alumnos sean capaces de actuar de acuerdo con sus pro­
pósitos, si entiende que "tenia algo más en mente", o 
que su propósito fue "mal interpretado", entonces su 
enunciado ha fracasado en la comunicación adecuada 

Un objetivo signüicativamente enunciado, entonces, 
es aquél que logra comunicar su propósito; el mejor 
enunciado es el que excluye el mayor número de alter­
nativas posibles para la meta. Desafortunadamente, 
existen muchas palabras "cargadas", palabras de am-
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plia interpretación. Según el grado en qu~ usted. utilice 
~O~NTE tales palabras, se expone usted a la po­
Slbiiidad de una mala interpretación. 

Considere los siguientes ejemplos de palabras: 

PALABRAS CON MUCHAS 
INTERPRETACIONES 

saber 
conocer 
entender 
entender verdaderamente 
apreciar 
apreciar completamente 
captar el significado de 
disfrutar 
creer 
tener fe en 

PALABRAS CON MENOS 
INTERPRETACIONES 

escribir 
· exponer 

explicar 
identificar 
diferenciar 
resolver 
construir 
enumerar 
comparar 
contrastar 

¿Qué es lo que usted quiere decir cuando dice que 
d~a que un alumno "conozca" o "sepa" algo? ¿Quiere 
decir que usted desea que el alumno: pueda exponer 
resolver, o construir? Decirle simplemente que usted 
desea que él "conozca" le dice muy poco· la palabra 
puede significar muchas cosas. ~ 

Aunque se pueden incluir palabras tales como "en_ 
tender" ":( "apreciar'' en el enunciado de un objetivo, 
el e?~Ciado no es lo suficiente explicito como para 
se~. util ha_s~ qu~. usted no indique cómo piensa probar 
el entendimiento y la "apreciación". Hasta que usted 
no describa lo que estará HACIENDO el alumno cuando 
de.muestre que él "entiende" o que "apreeia", habrá des­
c?to muy poco. Por eso, el enunciado que mejor comu.. 
mea el propósito es aquel que describe bastante bien la 
conducta terminal del alumno, para evitar cualquier 
mala interpretación. 
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¿Cómo puede usted confeccionar objetivos que des.. 
criban la conducta deseada en el alumno? Bueno, puede 
haber un buen número de maneras de hacerlo, pero ya 
se sabe que el método descrito en las próximas páginas 
da resultado, y este es el método que yo he encontrado 
más fácil de utilizar. 

Primero, identüique la conducta terminal por su 
nombre: usted puede especificar el tipo de conducta que 
será aceptada como muestra de que el alumno ha al­
canzado el objetivo. 

Segundo, trate de definir la conducta deseada, des­
cribiendo las condiciones importantes bajo las cuales se 
espera que se realice la conducta. 

Tercero, especifique los criterios de actuación acep­
table, describiendo cómo debe actuar el alumno para 
que su rendimiento se considere aceptable. 

Aunque cada uno de estos puntos puede contribuir 
a que· el objetivo sea más especifico, no será necesario 
ir.cluir los tres en cada objetivo. La meta es confec­
cionar objetivos que comuniquen el propósito; las carac.. 
terísticas descritas arriba sólo son guias para ayudarle 
a saber cuándo lo ha logrado. N o es el caso que se tra­
baje sobre un objetivo hasta que tenga estas caracte­
rísticas; más bien, se trabaja sobre el mismo hasta que 
comunique claramente uno de los resultados educativos 
esperados-y uno puede confeccionar tantos enunciados 
como sean necesarios para describir todos los resultados 
esperados. 

Usted puede comprobar si un objetivo define clara­
mente un resultado esperado, si puede contestar "sí" 
a la siguiente pregunta: 

¿Puede otra persona competente seleccionar a los 
alumnos exitosos con respecto al objetivo, de manera 
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tal que usted, el que confecciona el objetivo concuerde 
con las selecciones? ' 

Los capítulos siguientes describen en detalle cómo 
SE' puede lograr esto. 

Remitase a la próxima página. 

MATERIAL AUXILIAR 

No hay por qué considerarse un total ignorante por 
utilizar palabras como "apreciar" y "entender" en el 
enunciado de los objetivos, siempre y cuando se explL 
que lo que uno quiere decir con ellas. Una forma de 
hacer esto es el incluir en el propio enunciado lo que 
uno quiere decir con la palabra. Otra forma es el uti­
lizar el vocablo en un objetivo general, meramente con 
vistas a identificar la materia adecuada, y confeccionar 
después tantos enunciados específicos como sean nece. 
sarios para comunicar el propósito. 
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CAPITULO 4 
' 

IDENTIFICACION DE LA CONDUCTA TERMI~AL 

El enunciado de un objetivo es útil en la misma me­
dida en que especifique lo que el alumno ha de HACER 
o REALIZAR cuando esté demostrando su dominio del 
objetivo. 

Como nadie puede determinar el conocimiento de 
una persona mirándole el cerebro, sólo se puede deter­
minar el estado del intelecto o habilidad del alumno por 
medio de la observación de algunos aspectos de su con­
ducta o actuación (el vocablo "conducta", según se usa 
aquí¡ significa acción. abierta). Ahora bien, la conducta o 
actuación del alumno puede ser verbal o no verbal. Se 
le puede pedir que responda a las preguntas oralmente 
o por escrito, para demostrar su capacidad de efectuar 
cierta ·habilidad, o de resolver ciertos tipos de proble­
mas~ Pero cualquiera que sea el método utilizado, usted 
(el programador) sólo puede inferir el estado o condi­
ción¡ del intelecto del alumno a través de la observación 
de sU actuación. 

Por eso, la característica más importante de un 
cbjetivo útiJ· es que identüica. el tipo de actuación que 
será aceptada como muestra de que el alumno ha al­
~a.n.Zado el objetivo. 

I:>or ejemplo, considere el siguiente enunciado de un 
objetivo: 

1 

Alcanzar una comprensión crítica del fll11-
cionamiento de la Pizarra de · Localización 
de Blancos. 

Aunque este puede ser un objetivo importante de 
lograr, el enunciado· no dice lo que estará haCiendo 
el alumno cuando esté demostrando que ha alcanzado el 
objetlvo. 

1 
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Las palabras que más se acercan a describir lo que 
el programador desea que el alumno pueda HACER 
son "comprensión critica", y es dudoso que dos perso­
n.as co~cuerden en cuanto al significado de esta expre­
&ón. Ciertamente, esta expresión no le dice al alumno 
cór_no. organizar sus esfuerzos para poder alcanzar el 
obJetivo. . 

A . contin~ación tenemos un ejemplo de un objetivo 
enunCiado mas adecuadamente: 

Cuando el alumno termine el programa de 
enseñanza, será capaz de identificar por su 
nombre cada uno de los controles situados 
al frente de la PizruTa de Localización de 
Blancos. 

¿Qué palabz::as nos dicen lo que estará haciendo el 
alumno. ~~and~ .demuestre su logro del objetivo? Las 
pala?ras Identü1car por ·su nombre". El objetivo le co. 
mw.uca al al~o el tipo de respuesta que se espera 
de el cuando se ponga a prueba su dominio del objetivo. 

La forma de confeccionar un objetivo que cumpla 
con e~ primer requisito es, por tanto, confeccionar un 
enunciado que describa uno de los propósitos educati­
vos, Y después modificarlo hasta que responda a la pre. 
gunta. 

c\Qué estará HACIENDO el alumno cuando demues. 
tre que ha logrado el objetivo? 

. ~amos a .ap~car esta prueba a varios ejemplos. 
¿~al de los sigwentes objetivos está enunciado en tér­
mmos conductuales o de actuación? 

Desarrollar una apreciación 
por la música ............. remítase a la página 39 

Poder resolver ecuaciones 
de segundo grado .......... remítase a la página 40 
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Aunque puedo entender por qué usted dijo que 
"Desarrollar una apreciación por la música" está enun­
ciado en términos de actuación, está usted equivocado. 

Vamos a hacer la pregunta clave con respecto a este 
objetivo. ¿Qué estará HACIENDO el alumno cuando 
demuestre que ha alcanzado este objetivo? ¿Qué estará 
haciendo cuando "aprecie" la música? Usted puede ver 
que, tal como está enunciado ahora, el objetivo no da 
la respuesta. Debido a que el objetivo no excluye ni 
define ninguna conducta, será necesario aceptar cuaL 
quiera de las siguientes conductas como muestra de 
que el alumno aprecia la música: 

l. El alumno suspira y se extasia cuando escucha a 
Bach. 

2. El alumno compra un tocadiscos de alta fidelidad 
y $500.00 de discos. 

3. El alumno responde correctamente 95 preguntas 
de selección múltiple sobre historia de la música. 

4. El alumno escribe un ensayo elocuente sobre los 
significados de 37 óperas. 

5. El alumno dice: "Oye, socio, esto es lo duro. ¡Está 
riquísimo!" 

Recuerde, no estoy sugiriendo que "desarrollar una 
apreciación por la música" no sea un objetivo impor­
tante de lograr. El problema es que con un objetivo tan 
vago como éste, nadie puede tener la menor idea del 
propósito del que seleccionó el objetivo. Puede ser un 
objetivo meritorio, pero, tal como está enunciado arri­
ba, no logra comunicar su propósito. 

Ahora regrese a la página 38 y seleccione la otra 
respuesta. 
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Usted dijo que la deducción de ecuaciones no podria 
ser una muestra efectiva de capacidad en la resolución 
de ecuaciones; si esto fue lo primero que usted escogio, 
va bien. 

¡Absolutamente correcto! El objetivo planteaba la 
conducta de resolución de ecuaciones, y no mencionaba 
la conducta de deducción. Si usted quisiera impartir la 
habilidad de deducir ecuaciones, debería comunicar esta 
meta confeccionando otro objetivo. 

Si usted confecciona él objetivo en términos signL 
ficativos (útiles), invariablemente llenará varias páginas 
para cubrir el curso completo. Mientras más objetivos 
incluya, mas éxito tendrél en comunicar su propósito. 
En todo céÍso, no seria honesto pedirle a sus alumnos 
que aprendan a resolver 'ecuaciones, y Bespués exami­
narlos con preguntas completamente distintas. La forma 
de evitar el convertirse accidentalmente en un "maes­
tro voluble'¡ es el aclarar sus propósitos docentes, tanto 
para usted Piismo como p~ra sus alumnos. 

Vamos a probar otro ejemplo. ¿Cuál de los siguien.. 
tes objetivos está enunciado en términos de actuación? 
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Poder reparar un radio ..... remítase ~ la página 43. 

' Saber cómo funciona un ·' 
amplificqdor .............. remítase a, la página 44. 

radio" está enun­
Usted d!jo ~ue "Poddercturealpesara~:UY bien! Este obje. 

. d ternunos con u . 1 • • til 
CJa o en . riterio de un enunciado u , 
tivo cumple el pnmer ~ haciendo el alumno cuando 
porque plantea lo que es . . Estará "reparando un 
demuestre el logro del obJetivo. 
radio". 

robar solamente un ejemplo más .. ¿Cuál 
Vamos a P . t• · os de ac-

de los siguientes está' enunciado en ernun 
tuación? 

Poder confeccionar un 
resumen de los facto-

res que condujeron a remítase a la página 45. 
la depresión de 1929. · · · · · · 

Comprender las reglas . 'tase a la página 46. 
l . . remi de la og¡ca .............. . 

Conocer 1~ _reglas remítase a la página 47. 
del balompie · · · · · · · · · · · · · · 
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do =~"dijo que b'~P~er resolver ecuaciones 'de segun.. 
tuales. es un o Jetivo enunciado en ténninos conduc-

C?rrect.o. Este objetivo nos dice lo que el alumno 
estara haCJendo cua~do demuestre que ha alcanzado la 
meta. Estará resolVIendo ecuaciones de segundo d. grao. 

Ima · gmes~ que el alumno pueda demostrar que él 
puede deducir una ecuación de segundo gr d . D · 
traría este ti d a 0 • ¿ emos-. . . po e actuación que el aluinno ha alcanzad 
eJ ObJetivo? o 

Sí lo baria · 
................ remítase a la página 41 

No lo haria 
· · · · · · · · · · · · · · ·remítase a la página 42 

Usted dijo "Si lo haría". Usted estima que si el 
alumno logra demostrar que puede deducir una ecua. 
ción de segundo grado, ha alcanzado el objetivo. Vamos 
a obsexvar de nuevo el objetivo, y fíjese con cuidado 
cómo está enunciado: Poder resolver ecuaciones de se­
gundo grado. 

' 
El enunciado no dice nada sobre deducir ecuaciones, 

¿no es así? Ahora, si usted estima que el alumno debe 
poder deducir una ecuación en particular, así como re­
solverla, entonces debe confeccionar otro objetivo que 
defma lo que quiere decir con deducir, o ampliar el que 
ya tiene, incluyendo la deseada habilidad de deducir 
ecuaciones. Pero tal como está enunciado, el objetivo 
no incluye la conducta de deducir entre las actividades 
que usted puede aceptar como evidencia de que el alum. 
no ha cumplido los requisitos del objetivo. 

No tiene usted que preocuparse por el hecho de que 
el objeti'vo enunciado abarque tan pequeña proporción 
de las habilidades y conocimientos que usted espera im­
partir durante el curso completo. Simplemente confec­
cione un objetivo que abarque cada clase de habilidad 
o de conocimiento que usted quiere que el alumno ad­
quiera. Mientras más enunciados de este tipo tenga, 
mayor éxito tendrá en comunicar su propósito educativo. 

Ahora regrese a la página 40 y seleccione la otra 
respuesta. 
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Usted dijo que "Saber cómo funciona un amplifica_ 
dor" está enunciado en términos de actuación. Pero ¿qué 
e~tará haciendo el alumno cuando demuestra que SABE 
cómo funciona un amplificador? 

Supóngase que yo le diera clases sobre amplifica­
dores y, que para demostrarme que sabe cómo funcio­
nan, usted dibuja un diagrama de un amplificador. Y su­
ponga que le suspendo, diciendo que el hecho de poder 
dibujar un objeto no significa que usted REALMENTE 
conoce cómo funciona. Entonces, suponga que usted se 
consigue una colección de piezas y algunas herramien­
tas, construye un amplificador que funciona, y que yo 
le suspendo de nuevo porque afirmo que construir un 
amplificador no· significa que REALMENTE se conoce 
cómo funciona. Seguramente que a estas alturas ya us­
ted querría ahorcarme, y con mucha razón. Me parece 
que ya entiende lo que le quiero decir. La palabra SA­
BER no es "incorrecta" --excepto que cuando se utiliza 
como único término explicativo en el enunciado de los 
objetivos, no logra explicar mucho. No logra comunicar. 

Ahora, el saber cómo funciona un amplificador puede 
implicar la capacidad para dibujarlo, para construirlo, 
para describir el objetivo de cada uno de sus com­
ponentes, etc. Cada uno de éstos puede ser un buen 
cbjetivo en sí, pero no está totalmente claro CUAL 
de ellos será sobreentendido en la palabra SABER. 

Regrese a la página 42 y seleccione la otra respuesta. 
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"Poder confeccionar un resumen de Usted dijo que · · d 1929" 
los factores que condujeron a la depr~~mn e 
estaba enunciado en términos de actuaciOn. 

Ab 1 tamente correcto! Aparentemente, aplicó. la 
1 os u b · ti deternunó gunta clave · a1 analizar este o Je vo, Y . 

pre 1 alumno debía estar ~·confecciOnan­
correctamente q~e ~1 alumno no estaría recitando un 
do un resumen · lista de 
resumen, o reconocien?o los factores en unEal alumno 

· · · dictando un resumen. factores, m siquiera . b · tivo ten-
sabría que para demostrar el lOgro de su o Je 

. nf 'onar un resumen de factores. dra que co ecCI · 

y hablando de resúmenes, remítase a la página 48. 
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Usted dijo que "Comprender las reglas de la lógica" 
está entmciado en términos de actuación. 

Bueno, vamos a efectuar la pregunta clave al a.na.. 
lizar este entmciado. ¿Qué estará HACIENDO el alwnno 
cuando esté comprendiendo las reglas de la lógica? ¿Es­
tará recitándolas? ¿Estará enumerándolas? ¿Estará SO­

lucionando problemas de lógica? Si es así ¿qué tipo de 
problemas? Este objetivo no lo dice. Usted debe decidir 
qué es lo que aceptará como evidencia de "compren_ 
der", y entonces describir esta intención en el objetivo. 

Regrese a la página 43 y seleccione otra respuesta. 

ed di . e "Conocer las reglas del balompié' Ust JO qu .. 
está enunciado en términos de actuaCion. 

Bueno, una vez más, vamos a formular la pregunta 
clave con respecto a este enunciado. 

. . tar. HACIENDO el alumno cuando demues­
¿Quehesl aado este ObJ"etivo? :Estará recitando las tre que a ogr · u • d 1 ? 

reglas? ¿Estará confeccionando una lis~ e reg ~ 
. Estará jugando el juego sin ro~per run~a de 
~eglas" . Estará mirando a otros JUgar, senalandodilos 

. ¿ • los detecta., El objetivo no nos lo ce. errores segun · 

ese a la págm" a 43 y seleccione otra reS­Ahora regr 
puesta. 
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PRIMER RESUMEN 

l. Un objetivo didáctico describe un resultado espe­
rado, .en vez de una descripción o resumen de 
conterudo. 

2. Una ~racterística de un objetivo eficazmente 
enunciado es que está formulado en términos con­
~uctuales o de actuación, términos que describen 
o que el alumno estará HACIENDO cuando de. 

muestre el logro del objetivo. 

3. El enunciado de objetivos para un programa com. 
pleto . ~e enseñanza consta de varios enunciados 
específicos. 

4. El _objetivo qu: esté definido con mayor eficacia 
sera el que meJor comunique el propósito docente 
de la persona que selecciona el objetivo. 

Remítase a la próxima página. 

IvlATERIAL AUXILIAR 1 

Suponga que yo le ofrezco venderle un carro en 
$500, y suponga que yo mantengo que el auto está en eX­
celentes condiciones", pero no le permito verlo. ¿Lo 
compraría? 

Suponga que yo le ofrezco enseñarle a sus hijos a 
PENSAR· LOGICAMENTE por $1,000. Si logro hacer­
lo, tendría usted una ganga. ¿Pero estaría de acuerdo 
con semejante trato sin decirle yo de antemano, explL 
citamente, lo que pienso lograr y cómo podríamos me­
dir el resultado? Espero que no. 

En cierto sentido, un maestro establece un contrato 
con sus alumnos. Los alumnos acuerdan hacer \ll1a cierta 
inversión a cambio de ciertas habilidades y conocimien.. 
tos. Pero, casi siempre, se espera de ellos que paguen 
por algo que nunca se define o describe cuidadosamen­
te. Se les pide que compren (con sus esfuerzos) un 
producto que no se les permite ver y que está descrito 
vagamente. El maestro que no especifica claramente 
sus objetivos didácticos, que no describe lo mejor po­
sible cómo piensa que cambie el alumno después de su 
enseñanza, se está aprovechando indebidamente de sus 
alumnos. 

MATERIAL AUXILIAR 2 

Quizás usted haya tenido experiencias profesionales 
similares a esta. Durante las sesiones de clase de un 
curso de álgebra para séptimo grado, el maestro orien­
tó muy bien la enseñanza de la solución de ecuaciones 
simples, y se aseguró de que cada alumno tuviera la 
práctica suficiente para darle confianza en su propia 
capacidad. Sin embargo, cuando llegó el momento del 
examen, las preguntas eran fundamentalmente proble­
mas enunciados con palabras, y el rendimiento de los 
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. . 
alwnnos fue pobre. La justificación que le da el maes­
tro a este "cambio de prueba" es que los alumnos no 
"entenderian realmente" el álgebra si no pudieran re. 
solver problemas expresados con palabras. 

Quizás el maestro tenía razón. Pero la habilidad de 
resolver ecuaciones es considerablemente diferente a la 
habilidad de resolver problemas expresados con pala­
bras; si el maestro quena que sus alumnos aprendieran 
A resolver los problemas expresados con palabras, debe­
rla haberlos enseñado a hacerlo. 

No espere que un alumno muestre la habilidad B 
simplemente porque usted le ha dado práctica en la 
habilidad A. 
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CAPITULO 5 

DE LA CONDUCTA TERMINAL 
UNA DEFINICION MAS AMPLIA 

Cuando usted haya confeccionado un objetivo que 
identifique la conducta que espera que sus alumnos 
muestren cuando terminen con éxito el programa, habrá 
confeccionado un objetivo menos equivoco que la ma­
yoría de los utilizados actualmente. En vez de esperar 
que sus alumnos adivinen lo que usted tiene en mente 
cuando utiliza palabras tan ambiguas como "compren.. 
der'', "saber'', o "apreciar'', habrá por lo menos iden­
tificado ·para él (y para usted mismo) el tipo de acti­
vidad que será aceptado como evidencia del logro. Y 
más importante, quizás, habrá comenzado a especüicar 
sus objetivos de manera tal que le. permitan seleccionar 
el contenido apropiado para la enseñanza, y que le pro.. 
porcionará una base para evaluar la enseñanza confec­
cionada por otros. 

Puede que no sea suficiente el simple hecho de es­
pecificar el acto terminal para evitar que sea mal en. 
tendido. Por ejemplo, un objetivo tal como "poder correr 
los 100 metros planos" probablemente está enunciado 
con suficiente detalle como para evitar equivocaciones 
serias. Pero un enunciado tal como "pcxler computar un 
coeficiente. de correlación" es otro problema distinto. 
Aunque este último objetivo nombra un acto tenninal, 
existen serias limitaciones en el enunciado; hay varias 
formas importantes en que el alumno puede interpretar 
mal el propósito. ¿Qué tipo de correlaciones se espera 
que compute el alumno? ¿Es importante seguir un pro­
cedimiento especifico, o solamente se considera impor­
tante una solución correcta? ¿Se le proporcionará al 
alumno una lista de fórmulas, o se espera que él trabaje 
sin ninguna referencia y sin medios auxiliares para el 
cálculo? La respuesta que se dé a cada una de estas 
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preguntas conllevará una diferencia importante en el 
énfasis y el contenido del programa, en la exactitud con 
que el alumno podrá dirigir sus esfuerzos, y en la si. 
tuación de examen adecuada para el objetivo. 

Para enunciar un objetivo que comunique con éxito 
su propósito educativo, tendrá a veces que definir la 
conducta terminal más ampliamente, enunciando las 
condiciones que usted impondrá sobre el alumno cuando 
esté demostrando su dominio del objetivo. A continua­
ción relacionamos varios ejemplos: 

Dado un problema de la siguiente clase ... 
Dada una lista de ... 
Dada cualquier referencia sobre la selec­
ción del alumno ... 
Dada una matriz de intercorrelaciones .. . 
Dado un juego ti pico .de herramientas .. . 
Dado un equipo en buen funcionamiento .. . 
Sin la ayuda de referencias ... 
Sin la ayuda de la regla de cálculo ... 
Sin la ayu_da de herramientas ... 

Por ejemplo, en vez de especificar simplemente "po­
der resolver problemas de álgebra", podemos mejorar 
la calidad de comunicación del enunciado al redactarlo 
más o menos así: 

Dada una ecuación algebraica de primer grado con 
una incógnita, el alumno debe poder ha.Uar la incógnita 
sin la ayuda. de referencias, tablas, o dispositivos de 
cálculo. 

· Cuán especifico debe ser usted en su definición de 
la ~nducta terminal? Debe usted ser lo suficientemente 
especifico como para asegurar que la conducta perse­
guida sea reconocida por otra persona competente, y lo 
suficientemente especüico como para que otras conduc. 
tas posibles no sean confundidas con la conducta de. 
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seada. O sea, debe ser lo suficientemente especifico 
como para que otras personas entiendan su intención 
tal como USTED la entiende. · 

A continuación relacionamos algunas preguntas que 
se puede hacer usted mismo sobre sus objetivos, como 
una guía para identificar· aspectos importantes de las 
conductas terminales que desea desarrollar: 

l. ¿Qué se le proporcionará al alumno? 

2. ¿Qué se le negará al alumno? 

3. ¿Bajo qué condiciones se espera que el alumno 
efectúe la conducta terminal? 

4. ¿Existen algunas habilidades que usted está tra­
tando específicamente de NO desarrollar? ¿Ex­
cluye el objetivo tales habilidades? 

Para ver si me he dado a comprender, observe el 
siguiente objetivo, y remitase a la página indicada de. 
bajo de la parte de la oración que usted crea que dice 
algo sobre las condiciones en las cuales debe efectuarse 
la conducta terminal. 

Dada una lista de factores 
que condujeron a impor-
irultes hechos históricos. . . . remítase a la página 54. 

el alumno debe ser capaz 
de seleccionar por lo me-
nos cinco factores que 
contribuyeron a la depre. 
sión de 1929 ............ remítase a la página 55. 
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Usted seleccionó "Dada mt:\ lista de factores que 
condujeron a importan.tes hechos _históricos" como las 
palabras que describen las condiciones o situación bajo 
las cuales debe efectuarse la conducta seleccionada. 

¡Muy bien! Estas palabras nos dicen que no se es­
pera que el alumno halle los factores buscando en una 
biblioteca, o en un ensayo sobre historia, o en su me­
moria. Se le dice al alumno que se le proporcionará una 
lista, y que se espera que él reconozm. en vez de recordar. 

He aquí otro ejemplo de un objetivo. ¿Contiene pa­
labras que describan las condiciones bajo las cuales debe 
ocurrir la conducta esperada? 

Dada. una. lista de 35 elementos químicos, el alwnno 
será capaz de recordar y escribir las valencias de por 
lo menos 30. 

Sí. ...................... remítase a la página 56. 

No ...................... remítase a la página 57. 
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Usted dijo que la frase "el alumno debe ser capaz 
de seleccionar, etc." describe las condiciones bajo las 
cuales se espera que ocurra la conducta seleccionada. 
Quizás todavía está pensando en la primera caracte­
rística de un objetivo eficaz, la que requiere la identL 
ficación de la conducta terminal. Si es asi, me alegro 
que todavía lo recuerde. Pero en estos momentos esta­
mos buscando palabras que describan las situación o las 
condiciones bajo las cuales se evaluará la conducta ter­
minal. Quizás le ayude a reconocer tales palabras en un 
objetivo la formulación de la siguiente pregunta: "¿Con 
qué o sobre qué cosa está haciendo el alumno aquello que 
está haciendo?" 

Regrese a la página 53 y seleccione la otra alter-
nativa ' 
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· Usted dijo que el enunciado el enunciado sí nos dice 
a!go sobre las condiciones bajo las cuales recordará el 
alumno .las valen~ias de los elementos. ¡Correcto! 
El enunCiado nos dice que se le dará una lista de ele­
~entos .. Hay otro rasgo muy interesante en este obje. 
tivo, élSl que vamos a examinarlo otra vez. 

_Dada una lista· de 35 elementos qwmioos, el aJumno 
sera capaz de recordar y escribir las valencias de por 
lo menos 30. 

~ijese que el enunciado también nos dice algo sobre 
e~ tipo de conducta que permitirá el "aprobado". Nos 
dice. ~ue 30 valencias correctas de un total de 35 es la 

· habilidad • · 
. Dl.ln.ím.a aceptable. (Si usted estima que esto 

se refiere a otra característica de un objetivo clara-
mente :nunciado, ha acertado de nuevo. Tendré más 
que d'71r . al respecto en el Capítulo 6, "Especificación 
del Cnteno.") 

Ahora pase a la págir.a 58. 
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Usted estima que el anunciado NO contiene palabras 
que describan la situación de prueba. Observemos nue­
vamente el enunciado. 

Da.da. una lista de 35 elernen.tos químicos, el alumno 
será capaz de reconlar y escribir las valencias de por lo 
menos 30. 

Es claro que el enunciado cumple el primer requisito 
y describe lo que el alumno estará haciendo cuando de­
muestre su ,capacidad de "aprobar" el objetivo: esta:á 
escribiendo las valencias de distintos elementos. ¿Nos dice 
también algo el enunciado sobre las referencias que se les 
permitirá utilizar a los alumnos, o los materiales que se 
les dará para trabajar mientras recuerdan? . Si, ¿no es 
verdad? Dice que se le dará al alumno una lista de ele. 
mentos para trabajar con ellos. 

Regrese a la página 54 y seleccione la respuesta 
correcta. 

57 



Muy frecuentemente, una manera muy buena de ex.. 
plicarle al alumno las condiciones bajo las cuales se espera 
que actúe consiste simplemente en enseñarle algunos 
ejemplos de problemas de examen. Muchos maestros 
tient:n la costumbre de enseñarle a los alumnos, al prin.. 
cipio del curso, por lo menos una página de ejemplos 
de examen para que los alumnos tengan una visión cla­
ra de las condiciones bajo las cuales serán evaluados. 

Cuando se utilizan los problemas de exametf~'como 
r!arte/'del enunciarlo de la meta, se pueden utiliza:r di­
versos proced.imientos.-.. tfno puede enunciar;' por ejem-

.] -ir. . . 'lo ~ 

plo, que: :'· ¡ 

o también, 

; 

El alumno será capaz de resolver el si~.liente 
tipo de ecuación: 

ax2 + bx +e -= O 

El alumno debe demostrar comprensión con 
respecto a las uormas del Estado sobre el 
plan de estudios, contestando correctamente 
a preguntas del siguiente tipo: 

A continuación se presenta un program:: d~ 
tallado de las actividades incluidas durante el 
día en una escuela primaria hipotética. In.. 
dique cuáles de estas actividades son ilegales 
según las normas del Estado, y agregue las 
actividades exigidas por las leyes del Estado 
y que no han sido incluidas en el programa. 
(El programa de actividades se incluye a 
continuación.) 

o también, 
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El alumno será capaz de demostrar su COin­

prensión de las reglas de la lógica, solucio­
nando correctamente problemas del siguiente 
tipo: 

. . entes enunciados está ilus-
¿Cuál de los s~gl.ll d Verm que aparece 
trado por el dmgrama e 
más abajo? 

l. Todos los animales son pájaros. 
• • 05 son animales. 

2. Algunos paJar 
3. Todos los pájaros son animales. 

· 4. · Ningún p~jaro es animal. 

animales 

\ piljaros 

\ 

1 1 
1 _____ 1 
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Independientemente de cómo usted decida pr'::sen­
tarlo, su. especificación del objetivo definirá !a co!"'ducta 
con mayor pr~cisión si contiene palabras que describan 
h situación (condic~ones riadas, autorizaciones, restric­
ciones) bajo la cual se espera que el alumno demuestre 
su logro del objetivo. 

Antes de resumir este capítulo y pasar a la última 
guia para la confección de objetivos útiles, he aquí un 
método para comprobar la claridad con que un objetivo 
describe la conducta te1minal deseada. 

Dado un objetivo y una serie de problemas de exa.. 
men, acepte o recha.oo cada problema de examen sobre 
la base de si es cierto o no que el objetivo define (in­
cluye) la conducta requerida en el problema. (Este pro. 
cedimiento es análogo al análisis de un contrato para 
ver qué situaciones están "abarcadas" por el contrato 
y cuáles no lo están.) Si usted se ve obligado a aceptar 
todo tipo de problemas de examen como adecuados, el 
objetivo necesita ser más especifico. Si el objetivo le 
permite aceptar aquellos problemas que se propone uti­
lizar, y le pennité rechazar aquellos que no considera 
pertinentes o adecuados, el objetivo está enunciado con 
suficiente claridad para ser útil. 

A modo de ilustrar este procedimiento, le propor. 
cionaré u·n objetivo y algunos problemas de examen. 
Escoja ustrd el problema adecuado al objetivo, cuyo 
problema. debe ser cor,sidC::rado justo porque representa 
el propósito descrito e!l el objetive.. 
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He aquí el obj~tivo: 

Cuando se le f01mule una pregunta en fran­
cés, el alumno f.erá capaz de demostrar su 
comprensión de la pregunVl. ~-~ contestar, 
en francés, con una oración adec'.lada. 

"•, . 

Ahc~4~, ¿cuál de las siguientes situaciones de prueba 
será ac1.ecuada al objetivo? 

Traduzca las siguientes 
orac•ones del francés ....... remítase a la página 62. 

Traduzca las siguientes 
preguntas del francés ....... remítase a la p:ígina 63 

Conteste, en francés, las - -,-. · 
siguientes preguntas ....... re mi tase a la página 64. 
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Usted escogió "Traduzca las siguientes .oraciones del 
francés." Quizás no fui claro con respecto a lo que 
usted debe ha~er. Debe usted tratar de identificar aque­
llos problemas o situaciones de prueba qt:~ son adecua. 
dos para w1 objetivo, y que digan algo con respecto a 
si un alumno ha logrado efectivamente el objetivo que 
se ha enunciado. Si usted comprende lo que debe hacer 
y a pesar de ello selet:cio!ló esta página, entonces está 
equivocado. El objetivo define cJara.'11ente la situación 
que será aceptable crJmo evidencia de "comprensión", 
y esa situación no es aquella en que el alumno traduce. 

Regrese a la pflgina f)l y observe bien el objetivo 
antes de seleccionar otra respuesta. 

Usted estima que la traducción de preguntas del 
francés al español nos dirá si un alumno puede responder 
en FRANCES a una pregunta hecha en francés. ¡Va­
mos, vamos! Este problema de prueba no es adecuado 
al objetivo enunciado. El objetivo especifica claramente 
el tipo de conducta que demostrará la aptitud del alum.. 
no y no es una conducta de traducir. 

Regrese a 1a página 61 y lea el objetivo con más 
cuidado antes de seleccionar otra respuesta. 
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Usted dijo que "Conteste, en francés, las siguientes 
preguntas" ayuda a medir hasta q':lé plinto ei alumno 
ha logrado el objetivo enunciado. 

¡Correcto! Absolutamente correcto. El objetivo enuncia 
claramente que la "comprensión" se verá. demostrada 
cuando el alumno responda, en francés, a las preguntas 
formuladas en este mismo lenguaje. 

Ahora pruebe este otro objetivo: 

Poder resolver una ecuación simple de prL>ner 
grado. 

¿Cuál de los siguientes problemas es adecuado a 
este objetivo? 
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1) Despejar X: 

2 + 4X = 12 ........... remítase a la página 65. 

2) Si siete martillos cues­
tan siete pesos, ¿cuánto 
cuesta un martillo? ...... remítase a la página 66. 

¡Excelente! Usted comprendió que. la única forma de 
saber si un alumno ha entendido cómo resolver C~..--ua. 
ciones es pedirle que resuelva algunas ecuaciones. 

Ahora vamos a ver lo que sucede cuando se aplica 
este procedimiento a un objetivo pobremente enunciado. 
He aquí el objetivo: 

Desarrollar un conocimiento de la historia 
de Estados Unidos. 

Y la pregunta es ésta: ¿Puede alguno de los siguien­
tes problemas de examen considerarse inadecuado para 
medir si un alumno ha logrado el objetivo? 

l. Discutir el significado de tres acontecimientos im­
portantes cualesquiera de la historia de Estados 
Unidos. 

2. Decir los nombres de los generales que comanda. 
ron las tropas estadounidenses durante la Segunda 
Guerra Mundial, la Guerra Civil, y la Guerra de 
Independencia. 

3. Decir tantos acontecimientos como sea posible 
que ocurriero:t en la historia de Estados Unidos 
entre 1850 y 1950, y decir la fecha de cada acon­
tecimiento. 

Sí: ....................... remitase a la página 67 

No ....................... rerrútase a la página 70. 
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Usted dijo que para evaluar un objetivo que pide 
una con?uc!~ de reparación podemos pediL" una conducta 
de localizacion. 

Vamos a ver nuevamente el objetivo. Dice: 

Dado un motor DC de diez o menos caba.. 
ll~s de fuerza que tiene sólo un funciona­
mrento. defectuoso, y dada una caja de 
herramientas y las referencias, el alumno 
d~be reparar el motor en un período de 45 
mmutos. -

~hora bien, "reparar el motor" significa hacerlo 
funciOnar. Por eso, HACERLO FUNCIONAR 1 ' · t es a con_ 
eme a deseada. El problema de examen sin embargo 
solamente le pide al alumno "localizar" 'un def t ' 
el func· · p ec o en ronam!:nto. or eso, el problema solamente prue-
?a. una porciOn de la conducta especificada por el ob­
Jetivo. Este problema es incompleto para poder evaluar 
l~ conducta enunciada en el objetivo. Para poder con­
srderar este problema como adecuado, es preciso que 
haya otros probl~mas adicionales para evaluar los res_ 
tantes aspectos del objetivo. 

Regrese a la página 67 y lea el material otra 
Entonces seleccione la respuesta correcta. vez. 

Usted dijo que el problema no es adecuado al ob­
jetivo. ¡Correcto! El objetivo especifica la conducta. do 
reparar, y no la conducta de localizar. Y no es justo que 
yo le pida una de estas conductas después de haberle 
pedido que desarrollara la otra. Si el objetivo no hu. 
biera sido tan específico, usted no hubiera sabido exaC­
tamente qué tenía que aprender, y habría desperdiciado 
gran parte de su tiempo, debido a la falta de información 
específica, tratando de hallar el tipo de examen que yo 
pondría,, tratando de detenninar mi gusto y de encon­
trar otros indicios sobre cómo aprobar. 

Cuando usted confeccione el contenido didáctico sin 
tener objetivos específicos, puede dejar de proporcionar 
información y práctica con respecto a las propias habi­
lidades que más interesado esté usted en desarrollar. 
Incluso puede caer en la trampa de igualar la dificultad 
de enseñar un concepto con la importa.nci.n. del concepto. 

Ahora regrese a la página 65 y trate de contestar 
cor:cectamente. 
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¡Muy bien! Usted t.:omprendió qtte cualesquiera de 
los problemas tendría que ser considerado como justo, 
o aceptable, o adecuado, de acu~:·rdo t..-on ln for-.ra en 
que ectá enunciado el objetivo. 

Por tanto, el procedimiento 0.e evaluar los proble­
mas de examen sobre la base de Su adecuación a los 
objetivos es muy útil para comprobar la precisión del 
propio~ objetivo. Si se enuncia el objetivo en forma tal 
que incluya todas las posibles situaciones de prurba 
que tienen que ver con la materia, entonces el objetivo 
wtá enunciado en fvnna demasiado vaga para comuni­
car sus propósitos al alurnn::>. Si, por otra parte, está 
enunciado en forma tal que incluye las situaciones de 
prueba que usted. piensa utilizar, y que excluye aquéllas 
que usted entiende que son inadecuadas, entonces el 
objetivo probablemente f'Stá enunciado con suficiente 
claridad como para comunicar su propósito. 

Pase a la próxima página. 

. ' 
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SEGUNDO. ~lESUMEN 
. ~ un enunciado que d& 

· didáct'co es 1. Un objetivo ~~~ •-a.U.o de la cnszña.nza. 
cribe el re;;ultn.dQ "'"'De~ · medida 

. '4':cativo en la nusma ~ , 
2. Un objetivo e~ sl.gm~. pósito didáctico al que .o 

en que comumque un er:ola misma medida en que 
lea y es~o se logra ~ucta terminal esperada 
d~cribe o define la conc. 
d€.1 alurr.no. 

rnúnal se det:ne: 
3. La conducta te l acto observab1t 

if y nombrar e. 1 ~.) Al idenf lCart . ·:como demostración de que e 
que se acep ara · ""· tivo 

h alcanzado el ouJe · 
alumno a dados 

cli iones (elementos . , 
) Al describir las con e sanas para exc1Ull' 

b restricciones) que son n~ se aceptarán como 
aquellas a:~cione~;~~ : 1umno ha alcanzado 
demostraclOn de q 
el objetivo. 

Pase a la próxima página. 
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MATERIAL AUXILIAR 1 
-En una organización indust . . . . 

senar a algunos emplead nal se hizo necesario en_ 
eléctricos". Ya que ec-te en: .a "poder leer contadores 
habilidades, y debido"' a Ciado ~en eral implica varias 
diera utilizar este enunc~~eo s;e que.n~ que el alumno pu­
~ara evaluar su propio aprov~bJet~vos como un medio 
~mal contenía un objetivo ha~le.nto, el enunciado 
ae la forma siguiente: que defuua cada habilidad 

l. Dado un contador el al. 
tif' , ' umno ser." 
. .l~~r· el valor indicado ~ ~paz de iden-
Ja,- con toda la prec· .. por la posicron de la agu_ 
contador. rsron que Pennita el tipo de 

2. El alumno será capaz d . 
dicado por la aguja en e Identificar el valor in­
no longitudinales, in ve . contado.r~s longitudir.ales, 

3 D d rsos, Y brd¡reccionales 
•· a o un cont d · a or ae una so'ct 

mutador de gamas 1 1 ! E-scala y un con 
tif' ' e a un'~ o ser. -zcar el valor indicad . - a capaz de iden_ 
una de las distancias ~C:tr dla aguja para cada 
dor de gamas. ra as por el conmuta-

4. Dad0 un t con ador con varias 
mutador de ~unas el al escalas Y un con-
tificar la escala q~e " Ulnno será capaz de iden_ 
del índice del conmu~odrrespod· nda a cada posición 

or e gamas. 
Espero que esté usted d 

enunciado de objetivos el al e acuerdo en que con este 
de lo .que se espera de él, q~;~? tendrá una mejor idea 
enuncJado en que simplement z se le. ~roporcionara un 
contadores eléctricos'', e se diJera "poder leer 
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MATERIAL AUXILIAR 2 

Si usted se ha documentado bien en cuanto a la 
teoría de la conducta, podrá apreciar que lo que aquí se 
llama "condiciones" podría definirse con mayor preci­
sión como descripción de la conducta.. Indudablemente, 
"calcular con una regla de cálculo" es una conducta 
diferente a "calcular con una máquina de sumar". De 
manera similar, "resolver una ecuación" requiere con. 
ductas diferentes cuando se efectúa con ayuda de refe_ 
rencias y cuando se efectúa sin la ayuda de refrendas. 

Aunque admito que toda actividad observable de tm 
organismo SE puede denominar como conducta, y aun­
que admito la precisión técrica de una afilmación tal 
como que "escribir con un lápiz largo requiere una con­
ducta distinta a la de escribir con un lápiz corto", man. 
tengo que la diferencia obstaculiza más que lo que ayuda 
en lo que respecta a la confección de objetivos didácti­
cos. Si usted se sienta a definir todos los aspectos de la 
conducta que piensa desarrollar, pronto se verá envuelto 
en una tela de araña d~ especificaciones triviales. 

Para contribuir a identi:icar aquellos aspectos de la 
conducta terminal que mere:en ser mencionados, debe 
usted describir suficientes condiciones para qli.e el obje. 
tivo implique claramente el tipo eJe problemas de exa_ 
men adecuados para evaluar la conducta que usted está 
interesado en desarrollar. 
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CP..PITULO 6 

ESPECIFICACION DEL CRITERIO 

Ahora que ya usted ha descrito lo que quiére que 
el alumno sea capaz de hacer, puede entonces elevar el 
nivel de comunicación de un objetivo, al decirle al alum­
no COMO usted quiere que lo haga. Esto se logra si se 
describe el criterio de actuación aceptable. 

Si usted puede especificar al menos la mmuna ac­
tuación aceptable para cada objetivo, tendrá una norma 
de actuación con la cual podrá evaluar sus programas 
didácticos; tendrá un medio para determinar si los pro­
gramas tienen éxito en el logro de sus propósitos di­
dácticos. Lo que usted debe tratar de hacer, por tanto, 
es indicar en su enw1ciado de los objetivos lo que será 
considerado como actuación aceptable, al añadirle pa.. 
labras que describan el criterio de éxito. 

Indique la afirmación que mejor describe su actitud 
en estos momentos. 

Enséñeme cómo describir la 
mínima actuación aceptable .. remítase n la página 76. 

Muchas de las cosas que en.. 
seño son intangibles y no 
pueden ser evaluadas ...... remítase a la página 79. 



Dado un receptor de TV que por lo demás 
funcione adecuadamente, de entre los si­
guientes modelos (aquí se inserta una re­
lación de los modelos adecuados) el alumno 
debe ser capaz de ajustar el captador de 
iones. 

¿Se describe o indica en este enunciado el criterio 
de una actuación aceptable? ¿Contiene las palabras que 
dicen cuándo se considerará que el alumno ha. logrado 
el· objetivo? 

Sí ........ -... : ...... ~· .. ': . remítase a la página 80. 

No ............. .' ........ remítase a la página 81. 

Bueno, está bien. . . pero si está usted enseñando 
habilidades que no pueden ser evaluadas, est:í. usted en 
la difícil situación de no poder demostrar que está en­
señando algo en primer lugar. 

Aunque es cierto, en general, que mientras más im­
portante sea un objetivo más difícil será el enunciarlo, 
se puede mejorar grandemente con ·respecto a lo que se 
ha hecho hasta ahora en cuanto al enunciado de obje­
tivos. Y estoy convencido de que pronto podrá hacerlo 
mucho mejor de lo que lo ha hecho hasta ahora. Cada 
vez que usted avance aunque sea una pequefla distancia 
hacia la especificación adecuada de un objetivo, obten­
drá todo el provecho y evitará todos l0s peligros que 
han sido señalados en este libro. 

Así que vamos a ver hasta dónde liega usted, aunque 
no podrá hacer todo lo que quiera, aun pasado mañana. 

Vaya directamente a las páginas 76 y 77. 
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Usted dijo que el enunciado describe o indica el cri­
terio de una actuación aceptable. Bueno, en "cierta 'forma 
tiene razón. Sin duda alguna el enunciado nos plantea 
lo que estará haciendo el alumno cuando demuestre 
que ha logrado el objetivo (ajustar el captador de iones}, 
Y nos plantea que recibirá un aparato de cierto modelo, 
en buen estado de funcionamiento, para realizar el ajUS­
te. Y por OMISION, nos plantea que CLALQUIER tipo 
de conducta de ajustar captadores de iones será con­
siderada como satisfactoria. Ya que no se fijan limites 
en la actuación, tendrá que aceptar como aceptable 
cualquier cosa que muestre el alumno con relación a 
la conducta de ajuste. 

Regrese a la página 78 y seleccione la otra alternativa. 
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¡Correcto! Usted comprendió que -el enunciado no des­
cribe o indica un criterio de actuación aceptable. 

Existen por lo menos dos formas en q'lle se puede me­
jorar este objetivo. La primera es el L11cluir palabr<:.s que 
describan qué aspecto tend:-á el receptor cuando se realice 
el ajuste adecuado. La segunda es el incluir palabras 
que definan el tiempo límite dentro del cual debe efec. 
tuarse el ajuste. Si le agrega estas mejoras al objetivo, 
éste quedará de la siguiente manera: 

Dado tm receptor de TV que por lo demás 
funcione adecuadamente, de entre los sL 
guientes modelos (aquí se inser~ una re­
lación de los rr.odelos ad~uados) el alumno 
debe ser capaz de ajustar el captador de 
iones para lograr un "raster'' uniforme 
dentro de un período de cinco minutos. 

(Nota: "Raster" es el término utilizado 
para describir una pantalla encendida, pero 
sin imagen.) 

Una de las formas de definir una actuación aceptable, 
por tanto, es el indicar UI'l tiempo limite-cuando se 
proyecte tener un tiempo límite. 

Otra forma de indicar el criterio de una actuación 
exitosa es el especificar la cantidad m'rama de respues.. 
tas correctas que usted aceptará, la canti<b.d de prin­
cipios que deben ser aplicados en una situación dada, 
la cantidad de principios que deben ser identificados, o la 
cantidad de palabras que . deben ser escritas correcta­
mente. Por ejemplo: 

Dado.un esqueleto humano, el alumno debe 
ser capaz de identificar correctamente y 
rotular por lo menos 40 de los siguientes 
huesos; no se restarán puntos por adivinar 
(aquí va una relación de huesos). 
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La habilidad mínima aceptable está especificada de 
acuerdo con la cantidad de huesos l:l. identificar. El alum­
no tiene r¡u2 identificar correctamente por lo mP.nos 40, 
y se le alienta a adivinar. Hay otro rasgo interesante 
en este objetivo que debe dar respuesta a una de las 
preguntas que probablemente le ha preocupado a usted 
a lo largo de este capítulo, ¿cómo se puede indicar 
precisamente cuáles son los criterios de evaluación sin 
insistir también en que cada alumno actúe exactamente 
de la mi!:ma forma que el resto de los alumnos? La 
respuesta se encuentra en el enunciado del objetivo 
dado. Todos y cada uno de los alumnos deben identi­
ficar correctamente por lo menos 4g de los huesos del 
esqueleto. El límite mínimo de actuación aceptable se 
especifica, pero cada alumno puede superar ese limite 
actuando en forma distinta al resto de los alumnos. 

Una alternativa para indicar la cantida.d es el indicar 
el porcentaje o la proporción. En tal caso, si es adecua­
do, se puede indicar que: 

El alumno debe contestar en francés gramatical­
mente correcto a un 95% de ·las preguntas que 
se le formulen en francés durante el examen. 

O !:;e puede especificar: 

El alumno debe escribir correctamente por lo me­
nos un '80% de las palabrél.S que se le 'dicten du­
ranlG el periodo de examen. 

O se puede especificar: 

El alumno debe escribir los nombres y direcdo­
ne~ ~.e por lo menos tres quintas partes de los 
médicos de Nueva York que recomiendan los in­
gredientes de la marca X. 

Otra forma de describir la conducta deseada es el 
definir las características importantes de la precisión 
de actuación. En el ejemplo sobre el r.juste de capta­
dores de iones en receptores de TV, se planteó que el 
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ajuste se consideraría satisfa.c:torio cuando el alumno 
log~·ara un "raster uniforme". En :::sto ca.so no es muy 
importante si existe o.lgu..Tla diserepancla sobre lo que 
pueden entender diferent;:;s personas eu cuanto a qué es 
un "ras~er uniforme". El aparato funcionará bien aun­
que haya un poquito de sombra aquí o allá en la pan­
talla. Pero existen momentos en que sí es importante 
lograr una actuación más precisa, y entonces es impor­
tante definir con más detalles la calidad de la actuación 
aceptable. 

Por ejemplo, una de las habilidades que debe des.. 
arrollar un mecánico de cohetes es el ajuste de una 
pantalla redonda de TV, llamada PPI. En la pantalla 
hay un marcador de recorrido, producido electrónica­
mente; uno de los trabajos del mecánico es ajustar ese 
marcador hasta que esté rell:mdo. Pero, ¿qué cosa es lo 
stúioientemcnte redondo? ¿Cómo podemos decirle al 
alumno qué precisión debe alcanzar antes de considerar 
satisfactorio su trabajo? 

Bueno, en este caso es importante que el marcador 
esté muy redondo. Usted podrá observar claramente 
que las palabras "muy redondo" no logran comunicar 
mucho, y por eso se debe buscar una mejor forma de 
describir su propósito con respecto a la calidad de ac.. 
tuación que usted busca. Una forma de hacerlo sería 
el definir la canti~ad de desviación. aceptable a partir 
de alguna norma. Se pudiera poner un patrón redondo 
en la pantalla, y decirle al alumno que el marcador 
será lo "suficientemente redonco" cuando en ningún lu· 
gar se desvíe, más de un octavo de pulgada del patróP­
El objetivo podrá S<'I' algo asi: 

83 



-..... 

Dado un sjstema de radar XX-1 que esté funcio­
nando adecuadamente, y un juego tipo de herra.. 
mientas, el alumno debe ajustar el marcador de 
recorrido del PPI hasta alcanzar una redondez 
aceptable, en un período de 45 segundos. La re­
dondez aceptable se define como una desviación 
de un octavo de pulgada o menos a partir del 
pá.trón. 

~uízás los siguientes casos. sean ejemplos más co­
munes con respecto a la forma en que a vec.cs se espe-
cifica la precisión de actuación: · 

••• Y para considerarla correcta, la solución del 
problema debe ser exacta hasta el número entero 
Más cercano. 

... el alumno debe utilizar la balanza de qulmica 
lo suficientemente bien como para pesar los ma­
teriales con exactitud, llevándolos al miligramo 
más cercano. 

· ... y _cuando se calcula con las escalas C y D de 
la regla de cálculo, los cómputos deben ser pre­
cisos al rúvel de tres cifras significativas como 
mínimo. 

Cuando usted trate de confeccionar objetivOs que sa­
tisfagan los requisitos discutidos en este libro, sin duda 
encontrará otras formas de especificar la calidad de 
actuación que usted se propone aceptar como muestra 
del éxito del alumno. Una forma muy buena de empezar 
es el revisar los exámenes que usted utiliza; ellos le dL 
rán lo que usted YA ESTA utilizando como norma de 
actuación, y así podrá mejorar los objetivos al exponer 
estas normas por escrito. Una vez que haga esto, puede 
formularse usted mismo las siguientes preguntas para 
probar la claridad y calidad de los objetivos: 

l. ¿Describe el enunciado lo que estará haciendo 
el alumno cuando demuestre que ha alcanzado el 
objetivo? 

2. ¿Describe el enunciado las condiciones importan­
tes (los datos dados, ·o las restricciones, o ambas 
cosas) bajo las cuales se espera que el alumno 
demuestre su capaciciad? 

3. ¿Indica el enunciado cómo será evaluado el alum· 
no? ¿Describe al inenos el limite mínimo de ac­
tuación aceptable? 

Si en alguna ocasión se encuentra usted imposibili­
tado de decidir si una frase que ha confeccionado debe 
ser considerada como una restricción o un criterio, pre.. 
gúntese si la frase dice algo sobre la calidad de actua­
ci.ón qu~ se espera del alumno. Si es así, se trata de un 
criterio. Si tod'l•Jia no ~stá S€:guro de qué se tJ·ata, tc:?:n­
quilicese. Después de todo1 lo importante no es el nom­
bre que se le dé, sino el grado en que cumpla con la 
función para la cual se confeccionó. 

Un comentario más antes del resumen final: Sola­
mente se han utilizado ejemplos de objetivos de conteniuo 
para familiarizarle con la estrategia de confección de 
objetivos. Pero, claro está, usted frecuentemente tra­
tará de alcanzar objetivos diferentes a los que sólo se 
relacionan con el contenido o la materia. En aquellos 
casos, por ejemplo, donde se espera que el alumno 
desarrolle cierto grado de "confianza" en su dominio 
de la materia, o donde se espera que adquiera ciertas 
"actitudes críticas", es adecuado decidir qué se aceptará 
como muestra de "confianza" o de "actitudes críticas", 
y describir estas conductas en objetivos separados. Los 
enunciados de objetivos deben incluir todos los resulta.. 
dos propuestos, ya estén relacionados o no con el con­
tenido; sólo cuando se logre esto tendrá usted una base 
sólida para seleccionar las experiencias de aprendizaje 
que serán incluidas en un programa docente. 

85 

·- ~-------- --·-- ~,..._..........~--,.. 
. . ' . ·-·- ....... .., 



·, 

Una . vez equipado con b. ti 
;resente el propósito de d o Jet vos claros, Y teniendo 
tra . emos rar su lt\O'rn 

usted listo para Pasar al r6 . ~b4 
..,, se encuen. 

didát1:ico-Ia confección del P xuno paso en el diseño 
examen de comprobación. 

Pase a la Próxima página. 

... 
i 

RE S U 011 E N FIN AL 

l. El enunciado de un objetivo docente es una co­
lección de palabras o símbolos que describen uno 
de los propósitos educativos. 

2. Un objetivo comunicará adecuadamente su pro.. 
pósito en el mismo grado en que describa lo que 
el alumno estará HACIENDO cuando demuestre 
su aprovechamiento, y cómo usted sabrá cuándo 
lo ha alcanzado. 

3. Para describir la conducta terminal (lo que el 
alumno estará HACIENDO): 

a) Identifique y describa el acto total de con­
ducta. 

b) Defina las condiciones importantes bajo las 
cuales debe realizarse la conducta (condiciones 
dadas, o restricciones, o ambas cosas). 

e) Defina el criterio de actuación aceptable. 

4. Confeccione un enunciado separado para cada ob­
jetivo; mientras más enundados tenga, mejor opor­
tunidad tendrá de hacer explicito su propósito. 

5. Si le entrega a cada alumno una copia de los ob­
jetivos, probablemente no tenga usted que hacer 
mucho más. 

Pase a la próxima pábina. 



.. 1 o MATERIAL AUXlLlAR. 1 

No hay razón alguna para que el enunciado de un 
objetivo esté contenido en una sola oración: al contra­
rio, usted enccmtra.rá dbiintas ocasiones en que se ne­
cesiten varias oraciones par<. comunicar clarameute su 
propósito. Esto es gen~ralmente cierto, por ejemplo, 
cuando se describen obj~tivos que reqderan una con­
ducta de síntesis o una actividad creativa por parte del 
alwnno. A continuación se expone un ejemplo de ect~ 
tipo: 

El alumno debe componer una p~cza musical con 
una sola base tonal. La composición debe tener 
por lo menos 16 rayas y 24 notas. El alumno debe 
demostrar su comprensión de las reglas de una 
buena composición, al aplicar por lo menos tres 
d~ ellas en el desarrollo de su partitura. El alum­
no debe terminar su composición ·en menos de 
. cuatro horas. 

A continuación damos otro ejemplo, tomado de un 
curso de relaciones humanas: 

El alumno debe confeccionar un análisis de cinco 
cualesquiera de los diez estudios de casos que le 
son dados en el examen. Estos análisis deben en­
sayar una discusión de los casos de acuerdo c~n 
los principios desarrollados durante el curso, y el 
alumno debe mostrar que ha considerado cada 
problema a partir de los puntos de vista de, por 
lo menos, dos de los participantes, al exponerlos 
con sus propias palabras. Se pueden utilizar re­
ferencias y notas, y se puede tomar un máximo 
de 24 horas para la confección de los cinco 
análisis. 
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MATERIAL AUXILIAR 2 
Para una mayor información sobre objetivos, los 

siguientes libros serán sumamente informativos: 

Taxonomy of Educational Objetives 
Handbook I: Cognitive Domain 
Benjamín S. Bloom, Editor 
New York, David McKay, Inc., 1956. 

Taxonomy of Educational Objetives 
Handbook. II: Affective Domain 
D. R. Krathwohl, B. S. ·Bloom and B. B. Masia 
New York: David McKay, 1964. 

BENJAMIN S. BLOOM 
Taxonomia de los Objetivos de la Educación 
La Clasificación de las Metas Educacionales 
Biblioteca: Nuevas Orientaciones de la Educación 
Editorial "El Ateneo" 
Buenos Aires, Junio de 1971 
Traducción de Marcelo Pérez Rivas . 
Prólogo de la Edición en Castellano: 
Profesor Antonio F. Salon.ia. 

Estos libros tratan sobre los diferentes tipos de ob­
jetivos que puede usted escoger y proporcionan muchos 
ejemplos sobre situaciones de examen ~ecuadas para 
cada tipo. 

No siempre es posible especificar un criterio con 
toda la precisión deseada, pero esto no debe impedirle 
el que trate de comunicarse en la medida de lo posible 
con el alumno y con otras personas. Seguramente usted 
podrá encontrar alguna forma de evaluar cualquier pllll­
to que usted estime lo suficientemente importante como 
para invertir una cantidad significativa de tiempo en 
enseñarlo. Si usted encuentra algo que· está seguro de 
no poder evaluar, el esfuerzo se debe centrar en encon­
trar la forma de evaluarlo. 
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CAPITULO 7 

AUTOEXA1\'1EN 

En las páginas siguientes encontrará un breve a~to-
en mediante el cual puede comprobar su capac1dad 

exam · -· t o no para determinar si los objetivos dados m~nltles an 
las caracteristicas discutidas en este libro. Responda 
a todas las preguntas y después busque las respuestas 
correcta en la página 101. 

Para que el autor haya logrado sus objetivos (enun­
ciados en la página 13 y 14} sólo puede usted cometer 7 
errores, como máximo, en. las 44 preguntas. 
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l. ¿Están enunciados los siguientes objetivos en térmi­
nos de actuu.ción (conductunl~)? ¿Nombra cada U.'10 

de ellos un acto que el alumno realizará cmmdo de. 
muestre que ha alc::L'lZado el objetivo? 

SI NO 
a) Comprender los prmc1p10s del arte 

de vender ..................... . 

b) Ser capaz de relacionar tres ejemplos 
de la falacia lógica del tipo X . . . -- --

e) Ser capaz de comprender el signifi-
cado de la Ley de Ohm . . . . . . . . . -- -

d) Ser capaz de nombrar los huesos 
del cuerpo humano . . . . . . . . . . . . . . -- --

e) Ser capaz da enumerar los principios 
de administración de escuelas secun-
darias .......................... - --

f) Conocer las obras de Sliakespeare -- -

g) Comprender verdaderamente la ley 
del magnetismo ............. , . . . - --

h) Ser capaz de identificar los objetivos 
docentes que indican lo que el alum­
no estará haciendo cuando demuestre 
que ha alcanzado el objetivo . . . . . -- --
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2. A continuación están dadas dos caraeterlstlcas de un 
objetivo docente: 
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A. Identifica la conducta que será demostrada por 
el alumno. · 

B. Indica tma norma o criterio de actuación acep-
table. 

¿Están presentes cada una de estas caracterlsticas 
en cada uno de los sigclentes objetivos? Para cada 
objetivo, verifique si cada una. de estas características 
están presentes. 

a) El alumno debe comprender la teo­
ría de la evolución. La demostración 
de comprensión estará dada por la 
redacción de un ensayo sobre la evo-
luci~n ......................... . 

b) El alurrufo: d~be completar 1m exa­
men 11e selección múltiple de 100 pre­
guntas sobre biología marina. El li­
mite mínimo de actuación aceptable 
será el respoñder correctamente 85 
pregu.11tas, en un periodo de 00 mL 
nutos ......................... . 

e) El alumno debe nombrar correcta­
mente cada objeto representado en 
ca.da uno de una serie de 20 mode-
los ............................ .. 

d) Para demostrar su capacidad para 
leer un modelo de montaje, e! alum­
no debe confeccionar el objeto repre­
sentado por el modelo entregado en 
el examen. Se le permitirá a los 
alumnos utilizar todas las herramien-
tas del taller ...............•..• 

A B 

.. 
e) Durante el examen final, y sin refe­

rencias, el alumno debe redactar una 
descripción de los pasos a seguir en 
la confección de un modelo ..... . 

f) El alumno debe sacar su revólver y 
disparar cinco veces, desde la cade­
ra, en un período de tres segundos. 
A 25 yardas de distancia, los prime­
ros cinco disparos deben hacer blanco 
en la silueta; a 50 yardas, por lo me­
nos dos de los cinco disparos deben 
hacer blanco . . . . . . . . . . . . . . . . . . . -- --

g) El alumno debe conocer bien las cin­
co reglas cardinales de la investiga-
ción de homicidio .............. . 

h) El alumno debe ser capaz de llenar 
el informe normal de accidente . . . . 

i) El alumno debe ser capaz de redac­
tar un ensayo coherente sobre el 
tema "Cómo Confeccionar Objetivos 
para un Curso de Comprensión del 
Derecho". El alumno puede utilizar 
todas las referencias mencionadas 
durante el curso, asi como las notas 
de clase. El alumno debe redactar 
su ensayo en el papel prcporcionado 
por el exarrJnador ............. . 
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j) Junto a cada uno de los siguientes 
principios psicológicos, el alumno 
debe ser capaz de nombrar los au.. 
tores de los experimentos en los cu&­
les se basan los principios (a conti-

A B 

nuación sigue la lista de principios) - -

k) Dada una lista de pbJetivos, el alum­
no debe ser capaz de evaluar cada 
WlO de ellos .............. ., .. , .. - -

·1) Enumerar las características impor­
tantes de los programas autodidácti. 
cos lineales y ramificados . . . . . . . . . -

m) El alumno debe ser capaz de nom.:. 
brar y dar un ejemplo de cada una 
de las seis técnicas de programación 
útiles para clicitar una respuesta 
correcta. Para considerarlas como co­
rrectas, las técnicas enumeradas por 
el alumno deben aparecer en el fo. 
lleta "Técnicas de Programación", 
distribuido por el maestro durante 
el curso ........................ . 

n) Desarrollar enfoques lógicos para la 
solución de problemas de personal. - -
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3. A continuación se muestra un objetivo pobremente 
enunciado: 

E! alumno debe ser capaz de comprender las 
leyes referentes a los contratos. 

Indique si las siguientes situaciones de prueba ten­
drían que ser ~onsideradas como adecuadas para eva... 
luar si este objetivo ha sid0 logrado. 

Situaciones de prueba 

a) Se le pide al alumno que 
nombre a cada uno de los 
jueces de la Corte Suprema 

b) Dado un contrato con cier. 
tos términos legales ence­
rrados en urt círculo, se le 
pide al alumno que confec­
cione una definición de cada 
uno de tales términos ... 

e) Dado un contrato legal y 
una lista de leyes sobre con. 
tratos, se le pide al alumno 
que indique cuál de las le­
yes, si és que hay alguna, 
se viola en la redacción del 
contrato ............... . 

d) Se le pide al alumno que 
conteste 50 preguntas de se­
lección múltiple sobre el 
tema de los contratos lega. 
les . :. :': ............... . .... , . 

No 
Adecw1a adecuada 
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4. ¿Cuáles de las siguientes situaciones -d'! prueba serán 
adecuadas para elicita.:.- el tipo de C·)nduda media!'te 

. ,. 

· "la cual se pueda deterzninar si el alunmo ha alean· 
zado el objetivo? 
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Objetivo: Dado un audiómetro de cualquier modelo, 
en buen funcionamiento, el alumno debe ser capaz 
de hacer los ajustes y cambios de control necesarios 
para realizar una prueba nonnal de audición. 

No 
Situaciones de prueba Adecuada adecuada 

a) Enumere los pasos, en el or­
den correcto, para el mon­
taje y posterior utilización 
de un audiómetro ...... . 

b) Vaya al audiómetro de la 
mesa número 5 y ármelo 
para que se pueda utilizar 
en la realización de una 
prueba normal de audición 

e) Describa los pasos que se 
siguen en la realización de 
una prueba nonnal de aU-
dición ................. . 

d) Analice el papel del audió­
metro en al laboratorio de 
audición ............... . 

Pase a la página 101. 

1. 

NOTAS 

l. 
1 
!· 
1 
1 

l. 
1 1 

~ 
! 

1 

i 

1 

1 

~.. ,.,.,.,. ' .. ' • •+;.~ ~'!'""' ' ,.. ' ... ' ,. .• ' 'r"·"""' ,..... ~· ' ........ """"~" .......... ~- ,.. .. ...,,, .. ' ' ... ,..,. " . '" ·-' '. - •. "'· - "" ,,. .. ,., " :' ....... ,; ) ; 
' 'r ' ' ' ' • ' 1 ' ¡ • ' r ' • ' ~- ' • • ¡ - • .,. •• r ,) •' • ' • \ •, ' 





·--·· '· -· 

DIRECTORIO DE ASISTENTES AL CURSO ,SEMINARIO DE ACTUALIZACION EN 
ADMINISTRACION DE PRODUCCION E INVENTARIOS DEL 8 AL 13 DE MA­
YO DE 1978 

NOMBRE Y DIRECCION 

1 • JOSE A VENDANO BAILAN 
Framboyanes No. 97 
La Perla 
Netzahualcoyotl, Edo. de México 

2. ING. ENRIQUE BELTRAN FERNANDEZ 
Wisconsin 118-3 
Col. Nápoles 
México 18, D. F. 

3. JORGE F. BERRON TRUJEQUE 
L6pez Cotilla 143S-.203 
Col. Del Valle · 
México 12,·D. F. 
Tel: S-S9-06-99 

4. SERGIO A. CANO GARCILAZO 
Atomo No. 3 
Parque Ind. Naucalpan 
Naucalpan, Edo. de México 
Tel: S-76-10-88 

S. ING. RAFAEL G. CARBALLO CH. 
Francisco Díaz Covarrubias 63-3er.P. 
Col. San Rafael 
México 4, D. F. 
Tel: S-46-3S-61 

6. RAFAEL MARTINEZ CASTILLO 
Bonao No. 1 4 7 
Col. Lindavista 
México 14, D. F. 
Tel: S-87-68-4S 

EMPPESA Y DIRECCION 

CITIBANK 
Plaza de la República No. 9 
México 1, D. F. 
Tel: 5-66-46-37 Ext. 140 

CASA DE MONEDA 
Legaria 631 
Col. Irrigación 
México 18, D. F. 
Tel: S-S7-80-99 

SPERRY -UNIVAC 
Av. Presidente Masarik No. 9 
Col. Polanco 
México S, D. F. 
Tel: 2-50-10-66 

LEVI STRAUSS DE MEXICO 
Atomo No. 3 
Parque Ind. Naucalpan 
Naucalpan, Edo. de México 
Tel: S-76-10-88 

·FACULTAD DE INGENIERIA,UNAM 
Ciudad Universitaria 

.México 20, D. F. 
Tel: S-SO-S2-1S Ext.4431 

ARTICULOS DE PIEL 
Poniente 114 No. 6S1 
Panamericana 
México 1S, D. F. 
Tel: S-87-68-4S 
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DIRECTORIO DE· AS'ISTENTES AL CURso· SE:MINARIO TIE ACTUALIZACION EN 
ADMINISTRACÍON DEPRODÜCC10N E INVENTARIOS ·e riEL. 8 AL 13 DE MAYO!l 

.. DE 197 8 ) · · 

NOMBRE Y DIRECCION 

7. ROMAN CONTRERAS RAMIREZ 
Bosque de Bolivia No. 7 
Fracc. Bosque de Arag6n 

Netza. Norte 
Edo. de México 

8. C.P. GUILLERMO GARCIA GUTIERREZ 

9. JOSE IBARRA GARCIA 

· 10. C.P. RICARDO JIMENEZ LOZANO 
San Francisco No. 68 
~~~~E8tt~~cD. F. 
Tel: 5-61-06-67 

11. ING. JUAN C.R. MARTIN M. 
Igualdad 10-B 
México 1, D. F. 
Tel: 5-88-21-37 

12. C.P. RICARDO MENENDEZ TREJO 
Perseo 146 
Col. Prado Churubusco 
México 13, D. F. 

13. JUAN JACOBO MONROY P. 
Esperanza 1004-12. 
Col. Narvarte 
México 12, D. F. 
Tel: S-67-11-44 Ext. 238 

14. ENRIQUE OVIEDO SANCIPRIAN 
Margaritas 46-3 
Col. Florida 
México 19, D. F. 
Tel: 5-24-02-92 

. EMPRESA Y DIRECCION 

NACIONAL DE COBRE, S. A. 
Poniente 134 No. 719 
Col. Industrial Vallejo 
México 16, D. F. 
Tel: S-67-11-44 - 238 

COMISION DE AGUAS DEL VALLE ·DE 
MEXICO 
Balderas No. SS-2o. Piso 
México 1, D. F. 
Tel: 5-85-50-66 Ext. 204 

SPERRY-UNIVAC 
Av. Presidente Masarik No. 9 
Col. Polanco 
México S, D. F. 

GONZALEZ VILCHIS Y CIA, S.C. 
Paseo de la Reforma No. 243 
f:ol. r.uauhtemoc 
.MeX1C.0 !>, D. 1'. 
Tel: S-38-10-00 

QUIMICA UNIVERSAL, S. A. · 
Avena No. 456 
Granj.as-México 

GONZALEZ VILCHIS Y CIA, S.C. 
Paseo de la Reforma No. 243-So.P. 
México S, D. F. 
Tel: 5-33-10-00 

NACIONAL DE COBRE, S. A. 
Poniente 134 No. 719 
Col. Vallejo 
~1.éxico. 15, _D. F. 
Tel: 5-67-11-44 

F.M.C. L. BELL MEXICANA, S. A. 
e. v. 
Santa Clara Edo. de México 
Carretera México Pachuca Km.14.~ 
Tel: 5-69-·23-22 



DIRECTORIO DE ASISTENTES AL CURSO SEMINARIO DE ACTUALIZACION .EN 
ADMINISTRACION DE PRODUCCION E INVENTARIOS ( DEL 8 AL 13 DE ~~YO 
DE 19 7 8 ) 

NOMBRE Y DIRECCION 

15. ING. ARTURO PORRAS GONZALEZ 
Mar Mediterraneo No. 272-C-11 
Col. Popotla 
México, D. F. 
Tel:5-67-15-00 

16. LIC. JOEL PRINCE VILLEGAS 
Paseo de Francia No. 97 
Lomas Verdes 
Edo. de México 
Tel: 5-72-77-60 

17. ING. JUAN VALENCIA GONZALEZ 
Economi~tas'134-101 
Col. Sifón 
México 13, D. F. 
Tel: 6-57-08-00 

EMP.RESA Y DIRECCION 

PROCTER & GAMBLE DE MEXICO, 
S. A. DE C. V. 
Poniente 146 No. 850 
Col. Vallejo 
México, D. F. 
Tel: 5-67-15-00 Ext.171 

INDUSTRIA DE TELECOMUNICACION, 
S. A. . 
Arcos de Belem No. 58-P.B. 
México 7, D. F. 
Tel: 5-88-28-51 

COLCHAS MEXICO, S. A. 
Canela 660-3er. Piso. 
GTanj as 
México 13, D. F. 
Tel: 6-57-08-00 




