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INSCRIPCIONES
CENTRO DE EDUCACION CONTINUA DE LA
DIVISION ' DE ESTUDIOS SUPERIORES DE
LA FACULTAD DE INGENIERIA, U. N. A. M.
Patacio de Mineria Calle de Tacuba No. 5 ]
México 1, D. F.
Horario de oficinas: _
Lunes a viernes de 9 a 18 h. : ' 4
Cuota de inscripcion $ 2,800.00 :
La cuota de inscripcion incluye:
® una carpeta con las notas de los profesores

© bibliografia sobre el tema
® servicio de cafeteria
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Requisitos -2 E
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de la empresa o institucién que ampare su c © 3
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del inicio def curso _ c®«
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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 administracion de
produccidon e inventarios. Igualmente a
ejecutivos de otras especialidades que ne-
cesitan obtener una comprension adecua-
da sobre produccién e inventarios.

OBJETIVOS

Proveer al asistente los conceptos funda-
mentales y las técnicas y practicas senci-
llas que le permitan identificar, compren-
der y analizar los problemas de su empresa
relacionados con la obtencion de maximo
servicio a los clientes, maxima eficiencia
de la operacién y minima inversién 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 valida
en el area de administracion de materiales
ya que la inversion y el gasto en estos es
generalmente cuantioso y en muchas em-
presas ambas partidas son las de mayor
importancia econdmica.

El desarrollo sobre estos conceptos, téc-
nicas y practicas ha sido explosivo en los
ultimos afios, tanto por el empuje que dio
la investigacién de operaciones como por
los medios masivos de manejo de informa-
cién que cada dia se instalan en mayor nu-
mero de organizaciones. Muchas técnicas
antiguas bien conocidas han sido modifi-
cadas o superadas y otras nuevas han he-
cho su aparicién para crear un nuevo en-
foque coherente de los conocimientos.

ESTRUCTURA BASICA

El énfasis en conceptos fundamentales
permite al asistente relacionarlos con los
problemas diarios de su trabajo y el énfa-
sis en técnicas sencillas le permite comen-
zar una aplicacion inmediata.

Asi mismo, el abordar diversos aspectos
de la problematica involucrada en el ejer-
cicio de las funciones primordiales, de la
administracion de produccion e inventarios.
le proporciona una vision de conjunto que
permite apreciar la interrelacion 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
PRONOSTICOSEN 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 DESEMPENO Y Sis-
TEMAS

PROFESOR
ING. FRANCISCO 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 Controlde Produccion e Inven-
tarios.

Los cursos tienen cupo limitado.

Es recomendable inscribirse con oportuni-
dad para garantizar su asistencia.
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A LOS ASISTENTES A LOS CURSOS DEL CENTRO DE EDUCACION
CONTINUA

Las autoridades de la Facultad de Ingenierfa, por conducto dei Jefe del
Centro de Educacién Continua, otorgan una. constancia de asistencia a -
guienes cumplan con los requisitos establecidos para cada curso. Lag
personas que deseen que aparezca su titulo profesional precediendo a -
su nombre en la constancia, deber&n entregar copia del mismc o de su =
cédula a mé&s tardar el SEGUNDO DIA de clases, en las oficinas del Centro
ccn la senorita encargada de inscripciones. ‘

El control de asistencia se llevard a cabo a través de la persona encar
gada 'de entregar las notas del curso. Las inasistencias serdn computa-
das por. las autoridades del Centro, con el fin de entregarle constancia
solamente a los alumnos que tengan un minimo del 80% de asistencia.

Se recomienda a los asistentes participar activamente con sus ideas y
experiencias, pues los cursos gue ofrece el Centro estén planeados para
que los profesores expongan una tesis, pero sobre todo, para que coordi
nen las opiniones de todos los interesados constituyendo verdaderos se-
iinarios. :

Es muy importante que todos los asistentes llenen y entregen su hoja -~
de inscripcién al inicio del curso. Las personas comisionadas por al-
guna institucidén deberdn pasar a inscribirse: en las oficinas del Centro
en la misma forma que los demds asistentes, entregando el oficio respec
tivo. )

2

.Con objeto de mejorar los servicios gque el Centro de Educacién Continua
ofrece, al final del cursc se hari una evaluacién a tréves de un cues--

tionario disenado para emitir juicios anénimos por parte de los asisten
tes.
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REQUIREMENTS PLANNING SYSTEMS

JOSEPH A. ORLICKY
1BM Corporation

INTRODUCTION

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

1. Siatistical Inventory Control (also called Order Point techniques — I will use these terms
interchangeably)

2. Regquiremenss Planning

Order Point is part-based, whereas Requirements Planning is product-oriented. Order Point
utilizes data on the tustorical behavior of a part, while Requirements Planning ignores history and
tnstead words with data on the relationship of components (the bill of material) that make up 2
product. Grder Point looks at the past. Requirements Planning looks toward the future (as defined
by a2 manufacturing master schedule).

Both types of these inventory management techniques are in current use, but Order Point
predomunates. The reason for thus is historical, and the field has been conditioned in favor of
statistical inventory control. The proneering theoretical work in inventory management that has
been done during the past decades is generally confined to the areas of Order Point and Order
Quantity.® «

Prominent examples of this fact are publications by such authorities as Evert Welch, Bob
VanDeMark, Arnold Putnam, and Robert G. Brown.

This work (and the word of others) has been stimulated by the fact that problems of Qtder
Point and Order Quantity lend themselves to the application of mathematical/statistical methods
— which have been known, 2nd available, for quite scme time. The inventory control problem was
perceived as being essentrally mathematical, rather than one of massive data handling, the means
for which have been unavailable in the past.

Thus tradition persists, despite the recent dramatic advances in computer technology, which
removed all obstacles to the kind of data handling and data manipulation required for inventory
control purposes. Statistical Inventory Control still dominates literature and academic curricula. In
this case, the literature and curricula are so unbalanced that the subject of Requirements Planning
is virtually excluded and ignored. This is so, probably because the mechanics and applications of
requirements planning techniques are considered vocational rather than scientific, and pedestrian
rather than sophisticated. '

Order Point is a fundamental concept of inventory management, and I stress that its
techniques are entirely valid. But Order Point does not always work, because that depends on
wheae you apply it. Order Point specialists tend to create the illusion of universal applicability,
which fosters misapplication. The fact is that in a manufacturing industry environment the
applicability of Order Point technique 1s quite limited, which I hope to demonstrate convincingly a
bide later on. Disappointing resuits of inventory management in many companies are directly
traceable to misapplication of this kind.

® See, liow cver, “Order Point or not to Order Point,” by O. W. Wight, Prod. & Inv. Mgmt. Journal, November
1958
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1 submit that, a5 we move into the Seventies, it is time to right the imbalance, to recognize
and avoid misapplication. The time has come to sirike » counterblow in favor of Requirements
Planning Systems, and to Inghlight their superiority as an inventory management tool in companies
that manufacture assembled products.

DEPENDENT-INDEPENDENT DEMAND

-The fundamental principle that should serve as a guideline to the applicability of Order Point
or Requirements Planning is the concept of dependent vs. independent demand. 1 first formulated
this principle in 1965 and I would like to define and inierpret it here as follows.

Control of total inventory is the sum of control actions planned, or taken, on each of the
individual items comprising that inventory. When using the various inventory analysis or
classification techniques, people examine the various atiributes of the individual parts, e.g., cost,
lead time, past usage, etc., but an all-important attribute, namely, the nature of demand, is usually
overlocked.

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

Demand fer a given inventory item is considered INDEPENDENT when such demand is
unrelated to the demand for other items, particularly higher level assemblies of products. Demand
is defined as independent when it is not a function of demand for other inventory items.
Independent demand must be forecast.

Cenversely, demand is considered DEPENDENT when it is directly related to, or derives
from, the demand for other items or end products. Such demand can, of course, be calculated.
Dependent demand nsed not, and should not, be forecast. it can be derermined from the demand
for those items to which it is component (as raw material or a component part).

SPEED GEAR BOX

GEAR

FORGING BLANK'

FIGURE 1
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Independent vs Dependent Demand
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FIGURE 2

All forecasting (intrinsic, as well as extrinsic) attempts to use past experience to determine
the shape of the future. Forecasting succeeds only to the extent that past performance is
repeatable. But in a manufacturing environment, future demand for a given part may be quite
unrelated to its past demand.

It follows then that we should not forecast unless we have 10. When do we have to? When we
can't extract, determune, denve 1t from something else. All forecasting methods are relatively
vnieliable. We should fall back on forecasting techruques only as a last resort. In cases of
dependent demand we don’t have to forecast, because dependent demand (by definition) is
denvable, calculable.

’ In compames that manufacture assembled products we typically face the kind of
relationshup as shown in Fig. 1, between raw materials, semi-finjshed parts, components, sub
assembhies and assemblies, each of which 1s considered as a part number in its own right, and as
such represents an inventory item that must be controlled. In my example the steel is made into a
blank which, 1n turn, 1s made 1nto 2 gear, wluch then becomes one of a number of components
used in assembling the gear box. We could trace this further: the gear box will “go” nto a
transmussion, which will be used to build the final vehicle, which is alsc an assembly.

I shouid point out that the demand for the end product (or a service part) may have to be
forecast, but none of its component 1tems (including raw material) need be forecast separately. It
can be calculated from the product forecast figures.

If | manufacture wagons, for nstance, I may have to forecast how many 1 wil sell, and
when. 1 do not have 1c forecast the wheels, however. (Provided, of course, that Engineering will
make available the information as to the number of wheels per wagon')
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This is certainly elementsry, bui my powmt s that the wagon wheels can be forecast
independently, peihaps using the most sephusticated statistical techmiques. Many people do, in
effect, just that. The resulis mus!, of course, be less than satisfactory.,

LIMITATIONS OF STATISTICAL INVENTGRY CONTROL

in most manufacturing companses the bulk of inventory items (purchased and manufac-
tured) are cuimponents _q_f_hjghly engmneered, most or less complex, assembled end products,
Statistical Inventory Control techiiques can be applied (they possess no inherent feafure to
prevent misapplication) but when applied tv DEPENDENT demand items, the outcome tends to
be unsatisfactory, and sometumes nothing short of disastrous. .

Order Pount rechniques are totally oblivious to the existence of pessible relationship of one
inventory item to other jtems. Order Point, 1n effect, lovks at the past behavior of a given 1tem in
isolation from the behavior of all other items. It is as though each part had a life of its own.
Sometimes, it does. But in a manufacturing company, in most cases it does not, as | have shown,

When components are ordered independently of each other, their inventories will not match
assembly requirements well, and the cumulative service level will be significantly lower than the
service levels of the parts taken individually. Thus is caused by the adding up of indindual forecast
errors.of a group of components needed for a given assembly. Even an amateur statistician wall
readily confirm that if there is a 90% chance of having one item in stock when we need it, two
related 1tems needed simultaneously will have a combined chance of 81% of being tn stock. When
we get to ten items, the odds of all of them being avalable have dropped to 33%. (Even with the
service level set at 95%, the odds on ten jtems would be no better than 56%).

This kind of service level would be unacceptable at the finished product level, but many
companies live with such a low service level between component and assembly. This is where
expediting, rush work, disruption and increase 1n manufactuning costs come in to compensate.

Order Point assumes relatively uniform usage, in small increments of the replenishment lot
size. The underlying assumption of gradual inventory depletion in Order Point, Safety Stock, and
Econ. Order Quantity will render all of these techruques invahid, when this basic assumption 15 -
grossly unrealistic.

For components of assembled products, requurements typically are anything but uniform,
depletion anything but gradual. Inventory depletion tends to occur in discrete “lumps™ due to lot
sizing at higher levels. The example in Fig. 2 shows this clearly. Y ou may thunk of the gear and the
forging blank from the previous example. Gears are not made in quantities of one. When we place
an order for a quantity of gears we must withdraw a corresponding quantity of blanks, which will
reduce the blank inventory in one sudden swoop, likely driving 1t well below reorder point.

Speaking of lot sizing, Romey Everdell of Rath & Strong has pointed out that literature s
obsessed with the problem of quantity (both triggering reorders and of the orders themselves), but
once lot sizes are introduced at any level the question of timing becomes more important than the
quantity — that is why you see lots being split in the shop.

Components often are not available when actually needed because they have been ordered
independently of the timing of end item requirements. Even with high safety stock, if two or more
different assemblies requure an Order Point component simultaneously, it may not be available in
sufficient quantity because Order Point assumes that annual demand will average out (on,
typically, a weckly basis). .

I might add that the square root approach in the EOQ calculation does nothing to balance
out the lot size with the timing of actual requirements. For that matter, neither does it do thus for
the quantity of actual requirements. Order Point only inphes timing, based as it is on average
usage. Working with average usage is wnappropriate in many cases, because average usage is
meaningless for most practical purposes in an environment of lumpy, dependent demand. Because

Order Point basically assumes continuity of demand, subject only to random variations, it also
assumes

1. that it is desirable to have at least some inventory on hand at all times
2. a need to replenish inventory as soon as depleted. This is clearly unnecessary with

Conference Proceedings 23N



discontinuous, lumpy demand (see Fig. 2 for an example of excessive inventory carried in
time of no need), and undesirable if inventory level is to be kept low.

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

MISAPPLICATION

To use Order Point techrques for inventory items with dependent demand is a gross
misapplication of a technique, not only in its parts but in the totality of its concept. Practically all
Statistical Inventory Control techniques spring from the branch of statistics known as Probability
Science, and from its mainstays, the normal distribution and the effects of random influences.
Seldom is a real check made in practice to see whether the normal distribution curve adequately
describes the situation in question. The most fundamental assumptions underlying the so-called
laws of probability don't obtain for dependent demand items.

Some of these assumptions are:

1. The continuity and relative uniformity of demand

. Independence of unit demands
. Actual demand ip a given period considered as random sample of the demand universe

H oW N

. Random fluctuation about the mean
. Normal distribution of random errors
. Gradual depletion as a result of all of the above.

FORECAST ERROR

[~

2600

12400

: :
2 R 2200

= £y mﬁazﬂm

— CTUAL 1800
® ggﬁ&dﬁlp ! 1600

4. § VRIS S P 'S
- — -o ——f -} 1400
1200
/ z 3 <« < 4
TAASE PERIODS
FIGURE 3
232 APICS 1870

None of these assumptions fit .« any degree, as far ac dependent demand items are
concerned. In reality, the demand is discontinuous, directly dependent on lot sizing at higher
assembly levels, there is no random influence on demand whatsoever, and non-gradual depletion is
the rule. It follows, therefore, that when Si_tistic ! laventory Control is applied, the results must
be completely invalid.

Let’s come down to cases:

1. Safety Stock

The function of safety stock is o assure a desired level of service, by corpensating for
the forecast error. This error is expressed in standard deviations (also in mean absolute
deviations or MAD) fromn the mean. The example in Fig. 3 comes straight from a
textbook and it shows tire normal distribution curve, which implies randomness of error.
Because of known properties of the area under the curve, we can calculate the likelthood
of occuirence, and set safety stock accordingly.

Pl4 4 4

Di{a|4 4 Dls |8
PRODUCT PR lerobucT il bl
16{ |10 10 P l2s 25
SUB pl1a{o |l 0|4 l10 SUB DJ|35/0]|0(35|0|0
ASSEMBLY | p |30 30 ASSEMBLY | p |35 as| | |

\

4
| DEMAND J65| 0 | o]asfo] o]
COMPONENT PART'

FIGURE 4§

But if the scatter -of actual demands is caused not by random factors but by the
dependence of demand, the whole approach is totally invalid. Consider that the forecast
(heavy broken line in Fig. 3) itself is a mean of presumably random past demands, and
the safety stock leans on both this mean and the probability of deviation from jt!

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

2. Order Point

Order Point is determined by forecasting demnand during replenishment lead time, and by
adding that on top of the safety stock quantity. Randominess of demand during lead time,
and gradual inventory depletion are the main assumptions here.

3. Order Quantity

The derivation of the EOQ formula assumes gradual depletion (see saw-tooth graph in any
EOQ text), therefore figures the average lot s‘zTe inventory to be one-half of order
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quantity. The classic EOQ equation also projects past usage into the future — a
questionable procedure for (dependent) components.

1 myself have in the past done enough work on, and with, EOQ to be able to state that
the only element of the Jonuula which is really accurate in any case is the *2” in the
numerator. It is interesting to note that a whole literature is devoted to making just a
hittle more accurate what is a conglomeration of inaccuraciss in the {i-st place.

DEPENDENT DEMAND AND
EXPONENTIAL SMOOTHING

\

o [tasT oL
FORECAST' * ©C | DEMAND ~ FORECAST

NEW
FORECAST

FORECAST 14 24 | 19 15 } 19 21

DEMAND, 65 0 0 351 30 0]

FIGURE & Average demand = 17

¢ = .2
EXAMPLES OF MISAPPLICATION

At this point, may I demonstrate the results of misapplying Statistical Inventory Control.
Fig. 4 depicts the relationship of a component part that is common to two subassemblies. Each of
these two subassemblies, in turn, is common to two (different) assemblies or end products.

In each of the httle inventory records the letter D stands for demand, P for production. Each
record extends six periods into the future. Please note that the demand for these four fictitious
end products is perfectly level and continuous. Each product, however, is actualiy being assembled
in some lot quantity which s different from the quantity of demand per period. Because
subassemblies will be needed every time 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 result1s shown in Fig. 4.

The subassemblies are produced in lot quantities of their own, and the demand on their
common component 1s denived 1n the same fashion. Thus example dlustrates the principle that the
demand for a component is a function of lot sizing at higher levels.

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

Having pre<calculated the component part demand, let’s now also apply exponential
smoothing and forecast 1t all over again. The forecasting technique itself is excellent where
properly applicable, but here the results can only prove unsatisfactory. If we feed the data from
Fig. 4 (assuming demand in tnmediately past period, not shown, to have been zero) into the
standard equation for first-order exponential smoothing, the results wall be as shown in Fig. 5. We
observe that there is a rather wide disparity between the forecast and the actual demand in every
single pericd.

Thus can be shown better in graphuc form (Fig. 6). We see immediately that the large error
between forecast and actual 1s consistent. What may require a second look 1s 1o note that where
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the forecast points up (periods 2, §, 6) the actual demand goes down. When in period 4 the
forecast points down, the actual demand goes up.

This is obviously worse than worthless. A roulette wheel would very likely produce better
figures. It is, in fact, hard to see how a worse job could be done 1n this case. (Actually, making the
smoothing more “sensitive’™ by increasing the alpha factor, will produce an error that will be
consistently even larger).

In this case, 1f you nsist on statistical forecasting, a straight average would work best.
Smoothing, in any degree at all, only apgravates the situation, as anyone can clearly see on this
example.

Misapplication of Statistical Inventory Control can be carried over wnto shop scheduling and
dispatching. I know of at least two comparues where what I am going to demonstrate in the next
example has actually been done. This example shows an improper application of the Cntical Ratio
sequencing technique. The technique itself is a good, sound ore. Like everything else, however, 1t
can be misapplied and abused.

In the next example, we will use the CR formula designed to be used with Order Point
inventory control, and will apply it to the component part from the previous example which, as
we remember, was under Order Point control.

Fig. 7 shows the basic CR formula. The 1dea here is to use

1. The disparity between the order pownt and the “on hand™ quantities as a measure of
need

2. the disparity between ‘‘time remaining” and “total lead time” (i.e., percentage of
completion of the manufacturing order) as a measure of response to that need.

Thus, when stock is, say, 30% below the order pownt quantity, the replemsshment order
should be 30% completed for an 1deal ratio of **1”, or *‘on schedule™.

Let's now apply this formula to our component from the previous example. In Fig. 8 we
assume that inventory at the start of the first perod 15 95, and that the order point is 60. We have
superimposed the demand (known from the previous example) and have computed ratios for every
period. As the first period demand reduces nventory to 30, a replenishment order s generated. At
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CRITICAL RATIO — ORDER POINT
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RATIO "A"
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FIGURE 7~

CRITICAL RATIO APPLICATION

INVENTORY: 95
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that point, nventory 15 0% of order point, but 0% of the work un the order is completed. The
cntical ratio of *.5” indicates a high priority (behind-schedule condition) accordingly.

The CR technique used here, which is designed for gradual depletion, assume: that penerally
the order will be released when the order pomnt is reached. The ratio at that puint would then
equal “1", representing an on-schedule snuation. in our case, however, we fell right through the
order pqint, down o 50%, due 10 one lump withdrawal.

The initial iatio, therefore, shows considerable alarm at “:5" and a high priority is
established The CR technique will push the order through the starting opeiations on a rush basis,
until the ratio changes {0 1" or on-schedule. This will happen when the order 1s 50% completed.

Because there 15 no further depletion in periods 2 and 3, the CR will hold the job low on the
priority list, and prevent further work from being done. The order is effectively frozen until the
next stock withdrawal in period 4. Then we need 35 pieces but only have 30 on hand - a
stockout. At thus point the disparity between “order point™ and “on hand” is total, The ratio of
*“0” indicates highest priority possible, and the job must be rushed-through on an emergency basis
- after it has sat there for two periods untouched. .

This is why some factory people call the CR priority schedule “the Yo-yo repornt.” The
typical reaction to this kind of perforinance is to conclude that the CR doesn’t work, the
compuier system doesn’t work. The starting department foreman tends to get all work “behuid
schedulz” and then notices that the order is not being worked on later on. The finishing
department foreman notices that when the orders that have just been *sitting™ get to him, they are
triple-rush.

I repeat that thic example is based on an actual casz. The people in that company said that
the CR system doesn’t make sensz and, in that context, it does not. When misapplied, the
technique does not work fer you, it definitely works against you. Again: there is nothing at 21l
wrong with the technique — if it is not grossly misapplied. Here we have seen both a wrong
approach to inventory control and the wrong type of zatio being applied.

When we ponder this example, it is difficult to imagine how it could be made worse — but
(like in the previous example) there is a way. Suppose we refine the whole system, make it more
sophisticated. Let’s introduce Floating Order Point. The order point will then shoot up in period
1, and the ratio will indicate an even higher priority. The goose eggs will pull the order point down
twice successively, thus inereasing the ratio and generally stopping work or the order socner, and
aggravating the whole situation at the time of the stockout.

These horrible examples of resulrs of misapplication lustrate a problem that siever should
exist at all, yet is encountered in ail 100 many manufacturing companies. Order Point is totally
inapplicable to inventory items with dependent demand. Using statistical inventory control
techniques inappropriately represents:

1. The use of a scientific method in an unscientific way
2. A sophisticated execution of an unsound plan

3. Force-fitting a technique onto a real life situation by neglecting to examine underlying
assumptions .
Requirements Planning Systems arc the correct answer here. Such systems embody z set of
rather straightforward techniques designed expressly for companies with assembled products
whose parts and raw materials have 2 demand that is, by definition, dependent.

REQUIREMENTS PLANNING SYSTEMS

This type of inventory management system is a set of procedures and decision rules designed
to determine requircinents of inventory items oa all levels below the end product, and tc generate
order action 1o meet these requirements.

Main input is the product forecast or the master manufacturing schedule, and the two
principal files are

1. Product structuze (bill of material)
2. Part master (inventory records)
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Many versions of Requirements Planning Systems are in existence — crede or refined, gross
or net requirements, product lot oniented, tune-period criented, etc, They differ from one another
in the scope of the planning honzen they cover and in the size of the so-called time buckets into
which they segment the record data. Some regenerate all requirements and allocations in every
requirements planning cycle. Som. re non-regenerative (called “Net Change™) 1n that they update
old record data by processing only net changes to the previous master schedule.

These systems also differ in the frequency of re-planning. The most advanced, and most
useful, version 1s a non-periodic, non-batch, Net Change system with time-phased (time senes)
requirements and an automatic order generation capability,

Because of the hugh data volume that must be handled by a Requirements Planning System
in a company with tens, and sometimes hundreds of thousands of records, as well as because of the
high frequency of re-planming, requirements planning represents a job that can only be doncon a
computer.

It is one of the classic computer applications, enabling us to do a job that would have been
impossible, or at least quite impractical, in pre-<computer days.

The best implementations of Requirements Planning Systems afford full information on

« Status ,

o Picture of the future demand
« Planned orders

o Currently required action

at all times up to date, for every item covered by the system. The system is *““transaction-driven”

(Maintzined), and all affected records are automatically updated (requirements and orders
re-planned) upon each pertinent change in records at higher levels. '

A SUPERIOR APPROACH

Where applicable — and this includes virtually all assembled products — Requirements
Planning Systems are a superior tool of inventory management, for these reasons:

1. Inventory investment is at 2 minimum

2. Order quaniities are related to requirements

3. The riming of requirements, order actions, etc., is emphasized

4. S}'slem provides a look into the future, on a part-by-part basis

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

Requirements Planning Systems are reactive, change-sensitive. They have an important
built-in capability to re-examine open order due dates, which is a prerequisite to truly good
dispatching and shop floor control. A sound Requirements Planning System constitutes a soid
baus, a gateway, for other applications, e.g., scheduling and purchasing.

Let me quote from the APICS Special Report #2, due to be published soon. This report is
based on a 1969 workshop on “Requuements Planning by Computer,” sponsored by Ploss! and
Wight, and attended by twenty-one individuals representing thirteen companies.

“In reply to the question of whether or not the introduction of requirements planning

generated benefits, the group’s answer was an overwhelming ‘yes.” Results can be found in four -

primary areas:

9

. Reduction of component inventory levels

. Ilmprovement of customer service

. Reduction in product cost, principally direct labor

. Reduction in inventory and production control personnel

o0 o

Company ‘A’ has decreased inventory by 36%.

Company ‘B’ has reduced component inventory by 33% Service has improved shghtly.

Company ‘C’ has reduced inventory by 22%. Service is up approximately 20%. The number
of people in inventory control handling the ordering of components has been reduced 35%.
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Compary ‘D' has reduced component inventery by 33%. The number of late orders (this s a
make-to-order compary) haz been reduced 90% 16 95%. The cost of the product 1s down 7%.
Indirect labor has been cediced by 735%.”

THE FUTURE

During the Seventies, Requirements Planning Systems will be more widely adopted by
manufacturing companies. The systems themselves will be further improved and advaned. In my
view, the advanced system of the Seventies will have the fellowing characternstics:

1. It will be non-batch, ie., will have the capability to operate continuously, in parallel with
the activities ii plans and cortrols, which also are continuous.

2. 1t will be designed on the Net Change concept. It will be non-regenerative and thus always
up-to-date.

(Another quotation from the mentioned workshop: “The more experienced companies at this
workshop used a Net Change System and felt strongly that Net Change was the only way to go.")

3. Inventory control and requirements planning will be integrated into one function.

4. Records for all items (incl. order point 1tems such as spare parts) will be time-phased, to
permit

a) explosion of component items and raw matenals along a time axis
b) projecting inventory into the future
¢) availabulity of planned-order loads.

5. System communications (and action) oriented with on-line terminals, providing timely
data flow between the factory, Purchasing, vendor, and customer.

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

1. Requirements Planning is a powerful tool, useful in a company making products that
have components with dependent demand.

2. The tool has proven its power and usefulness by successful application in a number of
companies.

3. The number of companies using the tool is a very small fraction of those who could
benefit from such use.”

This last statement is significant. As a matter of fact, it is shocking ls your company part of
that “very small fraction”? If not, 1t very likely means that you could reap large benefits by
changing your system over from staustical inventory control to requirements planning.

The future belongs to Requirements Planning Systems, today's Cinderella A supenor tool
for the inanagement of inventories has been fashioned — therefore cannot fail to triumph.
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CAFPACITY PLANNING AND CONTROL
George W. Ploss! and Oliver W. Wight

George W. Plossl

When we were invited in 1971 w address tae APICS Internztisnal Con-
ference in St. Louis, Oliver Wight and 1 sel=cted as our topie, capacity plan-
ing and control, with the focus on machine loading. We recognized the need
to prepare ourselves more fully to handle this interesting aspect of producticn
control. While it has been around a loag time, machine loading has not been
well understood and is rarely, if ever, well done. During the year, we visited
many companies and talked with many people who had experience using this
technique. This research culminated in a two-day conference in September at
Lake Sunapee to which we invited a small group to review our conclusions.

We regret that this work was not completed in time to have our presenia-
tion included in the Conference Proceedings, but we believea it more impor-
tant to verify our conciusions and present the latest thinking on the subject
rather than to meet 2 publishing deadline. We wish to thank the people who
gave so {reely of their time and experience tc help us assimilate their knoxl-
edge gained from actually using scheduling and loading techniques. Yhile
emphasizing that we assume fuil responsibility for the conclusicns presented,
we want particularly to express our appreciation to the following men: James
Burlingame, Twin Disc Incorporated; Dr. Joseph A. Criicky, IBM Corpora-
tion; Thomas Putnam, Markem Corporation; Alex Willis, I8M Corpora-
tion; and, of course, our associates, Walt Goddard and Ernie Theisen.

There is a great deal of confusion in the meaning of the terms “*Capacity”
and “Load.” While both are simple in concept, successful application
appears to be extremely difficult in the real world; part of the probleri is con-
fusion in meaning. Figure 1 uses a bathtub to illustrate the difference. The

OouTPUT

Figure 1. Load vs. Capacity

*This article was presented at the APICS International Confersnce in St. Louis, Missouri on
November 4, 1971,
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“Load™ is the level of water in the tub; the “Capacity™ (input or output) is the
rate at which the water is flowing. These are closely related concepts but
quite different in meaning.

Almost every company has tried machine loading but few succecd in really
making it work. Production control people are about equally divided between
the “haves” and the *have nots” and both groups appear to be equally
dissatisfied. Often, in speaking to APICS and other groups, we will ask the
group. “How many of you have a machine load program?" and usually
between 40 and 30 percent raise their hands. Our next question is, “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
hands. The obvious question, then, is, **Well, what do the rest of you want it
for?”" While it is the second oldest production control technique (only expe-
diting has been around longer) available since Henry Gantt showed us how to
make bar charts about 1503, it has had little effective use.

On the other hand, not too many companics have really tried capacity
planning. Recently, however, because of the availability of computer pro-
grams, there has been a rapid growth in interest in capacity planning and
more companies are attempting it now. This will be covered in more detail
later. - .

Let's review some definitions starting with “Infinite Loading.”” This is
really “loading to infinite capacity” and, shown in Figure 2, begins with a
schedule of work orders.

The schedule is based on calculations or estimates of the elements of lead
time shown in Figure 3.

Sctup and running time are frequently covered by labor standards; prepa-
ration and move times can be estimated along with want-to-move times, but
some rule of thumb is generally used to provide qucue times. Some sophisti-
cated scheduling systems may also include inspection time, calibration, or
similar operations following completion of actual work on the product.

Infinite loading is usually based on backward scheduling, starting with the
date wanted as shown in Figure 4. The total lead time calculated for opera-
tion S0 is deducted from the date wanted and this establishes the start time
for this operation in its work center. In like manner, the lead times for opera-

- 2 Preparation
Scheaule Work Orders ’ Setup

Load Work Centers [ Running Time .
Update - Remove Finished ‘ Move Time
Add New | Queue Time

Flgure 2. Infinite Loading Figure 3. Eloments of Lend Time
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tions 40, 30, 20, and 10 are deducted successively to set start dates in the
work centers involved. These starting dates determine the time periods in
which it is assumed the load will hit the individual work centers. As shown in
Figure 2, the second step in infinite loading is tu total up the load fr;om 'ail
jobs in each time period for the individual work centers. Updating an ir:finite
load is simple; completed jobs are removed and new jobs added as they are
released.

Finite Loading, really “loading to finite capacity,” is not simple and re-
quires considerably more work. As shown in Figure 5, it also starts with a
schedule of work orders determined in the same way as for infinite loading.

Schedule Work Qrders

Set Priorities - Components

" Set Work Center Capacities

Load Work Centers-in
priority sequence

Reschedule overloads

Update - Start Over

Figure 5. Finite Loading

Before finite loading can begin, however, priorities must be sct on indi-
vidual orders. Obviously, the highest priority orders should get first claim on
available capacity in each work center. The next step is to set limiting capaci-
ties for each work center. This is usually done with two values: *“'standard™
capacity and “maximum” capacity, the latter including overtime or an added
shift. The jobs are then loaded into the individual work centers in priority
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 requirement to load based on priority, a finite load cannot be
updated 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 ~
priority sequence and reloading.
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Figure 6 illustrates the difference between finite and infinite loads. The in-
Qnite load shows both overloads and underloads because the jobs were
loaded in vithout regard to capacity limitations. It identifies and measures
these overioads in addition to showing the time periods in which they will
occur. The detailed load information gives the specific jobs involved so that
overloads can be analyzed. The finite load, in contrast, docs not permit over-
loads:; it reschedules jebs to earlier or later time periods. It will show under-
loads. however, when the full nominal capacity is not utilized.

Fizite loading is supposed to develop realistic schedule dates based on
priorities assigned and the capacity limitations assumed for the various work
centers. It is interesting to note that if the Master Schedule covering' the
finished products to be assembled could be handled properly, the infinite
load picture in Figure 6 would lock like the finite load. In effect, then, in-
finite loading measures the inability to schedule properly at the end product
level,

Capacity planning answers the question, “How much is enough?”” showing
the output required to meet the total demand forecast and also bring the
total inventory to planned levels. Obviously, if the inventory is to be reduced,
the factory must produce less than is shipped and vice versa. The equation in

Fligure 6. Loading Methods

ls +P-S= lE
Where: Ig = total inventory at start of planning period
Ig = totalinventory at end of planning period
P = total productibn
S = total shipments
Figure 7.
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Figure 7 s used to calculate capacity needed.

A form of capacity plan more useful for individual work centers isshownin
Figure 8. Here, planned rates of both input and output are shown for future
weekly periods. In this particular example, output is planned to exceed input
by 30 hours each week and for three weeks to reduce the level 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. Deviations are calculated
for input and output and these are most useful figures. Applying these simple
concepts, though, has given many people serious problems.

Oliver W. Wight

Last year, in an attempt to solve some of the problems with standard
scheduling and loading techniques, I wrote a paper on a technique we've had
great success with called ““Input/Output Control.” The concept is simple:
First, for a given work center, you plan your capacity requirements; then you
average these to give the foreman a level, realistic production rate; then
actual production in standard hours is measured against this planned rate.
This planncd rate, of course, would be the *“output™ required. Output is
simply the number of standard hours completed by the work center.

I suggested also that we should plan the'input rate to a work center and
measure that also; that is, measure the standard hours of work coming into
that work center as well as going out. Now the reasoning behind planning
both the input and the output was very simple: lead time in practicaily any
company is a function of backlog. Backlog, obviously, is a function of the
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input/output relationship. 1i autput is higher than input, the backlog will
drop and the lead time will be reduced. If input is higher than output, the
backlog will increase and the lead time will increase. Input/Output Control
was designed to {ocus attention on this vital relationship.

In my article on Input/Output Control, I mentioned that, particularly for
starting work centers, there is no reason—and we have done this in practice
many times—why the actual input from the inventory system or the schedul-
ing system couldn’t be smoothed out. If, for example, a production rate of a
screw machine work center is planned at 240 hours per week, there's no
reason why planners can’t smooth out the release of work rather than releas-
ing 600 hours one week and 150 the next. If the input isn’t smoothed out,
larger backlogs or qucues will be needed in the work center to absorb the
fluctuation. T also mentioned that if backlogs started to build up in the shop,
it would be better to hold work back rather than keep feeding it in. I prob-
ably should have mentioned that this would be a temporary expedient since
the real cure for a backlog problem is to get the output or capacity and, if you
can’t get it, ultimately yvou will have to change the Master Schedule. So the
idca behind the input/output concept was to focus our attention on the pro-
duction rates that caused bucklogs and lead time problems when they get out
of control as opposed to focusing on the backlogs themselves. The /0 tech-
nique in application has proven to be very satisfactory. In retrospect, how-
ever. 1 do wish T had put a little less attention on leveling input to a starting
work center because I think this diverted many people's attention from the
real significance of Input/Output Control,

There has been a great deal of confusion in the minds of practitioners
about all three of the “'Capacity Planning™ techniques we've discussed. The
dcbate overinfinite loading vs. finite loading has raged for years with the “‘in-
finite loaders™ claiming finite loading wasn't a valid technique and vice
versa. In practice, both sides have been proven partially correct; neither tech-
nigye has been used very satisfactorily! Recognizing. then, that there has
been some misunderstanding, lct's look at the apparent problems with these
three techniques:

1. Infinite Capacity Is Not Infinite

The opponents of the infinite loading concept have objected to it be-
cause they recognize that you simply can’t load work into a plant with-
out regard for its capacity and assume that the plant is going to respond.
In fact, if production control simply accepts orders and actually loads
the plant to infinite capacity, they are doing little more than passing the
vuck. On_the other hand, proponents of infinite joading have hastened
to point out some scrious problems involved with finite loadir:g. Their
most vehement objection has been:

2. Finite: Deliveries Will Be Extended

Obviously, if each order comes along and is fit 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
have pointed out a problem with the third technique:

3. 1/0 Control: Difficult to Control Input

It takes quite a bit of effort to identify all of the items the inventory
system is likely to feed into a given starting work center and then to
smooth out this flow. Beyond that, of course, the problems involved in
smoothing out the flow of input to downstream work centers are vir-
tually insurmountable.

Before discussing these apparent problems any further. let’s go back to in-
finite loading and try to understand some of the real problems that have
existed with this technique in practice a little better.

Even where practitioners using the infinite Joading technique have tried
not to abuse it and have tried to load their shop as realisticaily as possible,
they have run into serious difficulties. The typical machine load repont
almost always shows a large backlog in the past due period. It is not only
large. but it's almost always unbelicvable. In one company. for example. 60
percent of the entirc Joad is past due in the fabrication department. yet the
plant superintendent points out that the factory is really *on schedule™ since
assemblies are going out the door on time.

What causes this situation? Obviously, if the machine load report says that
most of the work is past due and it really isn’t. little credibility will be given to
this report. Its value as a capacity plan will be seriously impaired.

Really, what we see here is due to a breakdown 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 inventory
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 system” simply doesn’t do it
well. Nevertheless, the priority problems vary from company to company. Let
us think of companies in four general categories from the point of view of
priority comiplexity:

1. Onc Piece. Make to Order Shop

This could be a shop that makes and sells forgings. The customer sends

in an order and he establishcs the order priority. Production contral tries

to fit it into the load somewhere and then acknowledges a delivery 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 customer doesn’t

sometimes change this duc date by requesting a reschedule. But even

when he does, it's easy (o sce that the due date is changed! In the more

complex types of businesses, from a priority point of view, one of the
great difficulties is knowing that the priority really has changed.

!n the second type of company, the priority problem becomes much miore
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complex:

2. Assembied Product, Made to Order
In this type of company, pioritics are dependen:. Any change in the
assembi: sehedule will mean changing the required dates for all com-
ponents. Another type of rescheduling must take place when any one of
the comgponents going inlo 2 sub-assembly or assembly must be re-
scheduled because the original lot was scrapped. for exaniple. There is
no sense in bringing through all of the other parts when the assembly
can’t be put together. This is what we meant about the difficulty of
recognizing a priority change. In most companies, if one part is
scrwpcd the criginal due dates remain on all other parts even though
it's obvious that it would be far better to use available capacity to make
seme parts that could be put together into an assembly and shipped.

The third type of company has a comewhat different priority problem:

3. One Picce Product, Made to Stock
Here the problem is to update prioritics. after shop and purchase orders
have been released. A stock replenishment order, for example. is re-
leased when a reorder point is tripped. This reorder point has built into
it some kind of estimate of future demand over Icad time. Qbviously, the
due date placed on this replenishment order will be détermined based on
that lead time. Whenever the forecast of demand. over lead time isn’t
exactiy right — and it's not likely to be very often — the due date on
the replenishment order should be updated. In practice, particularly
with manual systems, this was very dlﬁicult to do and, as a consequence,
most companics tried to pretend that the ongmai due date they put on
the order was going to be valid throughout the entire lead time. The
natural result was that many items went out of stock and then the
expadiiing started! And many other orders were “late” but not needed.

The icurth type of company combines the problems of companies 2 and 3:

4. Assembled Prodact: Made to Siock
Ctiviously, the stuck replenishment duc dates have to be kept up to date
and this has to be related to the components going into the assembly.
Once again, if any one of the components is scrapped and can’t possibly
be completed by the required due date, the other conponents going into
the assembly should be rescheduled to give them valid priorities.

With the manual system that companies had for years, kecping priorities
valid was virtually impaossible in all but the one picce, make to order type of
company. The amount of calculacen and recalculation simply wasn't prac-
tical. So the Fosnad Sysiem usually dida’t attempt it. But somehow someone
had to find out about at least some of the changed priorities in ocder to keep
the factory nperating and the bulk of the shipments gcing out the door. This
becamee the expediter’s main task. Even though pricrities weren't efficially

L}
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updated. he found out about some of the material that was really needed
when the items showed up on shortage lists and backorder lists. .

The expediters in a company making an assembled product. for example.
usually pulled the parts required to rnake an assembly out of the stockrecm;
“staged” (or “‘accumulated”) them; made up shortage lists; and expedited
the missing parts. Of course, this [nformal System always found the short-’
ages too late to de anything about them without generating chans irn the
factory, in the purchasing department, and with vendors. As a result, ex-
pediting is a dirty word in most companies. But it's also a necessity »hen
the formal priority planning system simply doesn’t work.

The four categories of companies listed above are intended to be represen-
tative rather than all inclusive. There are companies that don’t make
assembled products, for example, that do have the dependent priority prob-
lem. Consider a company making mechanic’s hand tools. They make a
forgmg. process it through some preliminary operations. and then put it into
semi-finished inventory. When they wish to make a given size of box wrench,
for example, they will draw the proper forgmg out of inventory and run it
through the finishing operation. One semi-finished forging could make a
number of diffcrent wrench sizes. Note that while this isn't a classical
assembled product. the demand on the semi-finished forging is dependent.

In fact, a *'bill of materia!" for this particular type of product would look
“upside down"" as compared with a normal bill of material for an assembled
product. An assembled product is made up of a number of parts. The semi-
finished item can be finished to make a number of different items.

The practitiorer should recognize that even though he doesn’t have an
assembled product, he may very well have the dependznt priority type of
problem. The breakdown of the formai priority planning system is indicated
when expediters must spend a large part of their time trying to find out wkat
the real priorities are.

The inability of most formal priority planning systems to keep priorities
properly updated has been one of the most significant causes of machine load
reports that simply aren’t credible to shop people. One of the reliable
features of the informal priority system is that it expedites and never unexpe-
dites! Figure 9 attempts to show this graphically. The vertical line represents
the original due date put on eight different shop or purchase orders. The ex-
pediter has discovered that four of these shop orders are needed sooner than
originally planned. But he has not been able to determine that a number of
these orders should be rescheduled to a later date. After all, expediting takes
alot of time and effort. There is none left uver for unexpediting.

The result is a system that says, “Work on all the orders to meet the
original dates unless they're needed sooner.” Of course, this means plenty of
late orders that aren’t really needed. The consequence is @ machine load
regort that's badly overstated in the early time periods! It usually shows a
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large put due load because jobs that are nét necded have not been re-
scheduled. The result: Nobody believes the machine load report.

We can conclude. then. that capacity planning is not going to be very
efiective uniil prerity planning is effective. If there are many *“late” jobs
around that are not really needed. capacity plans will always be overstated
and thev won't be credible to the users. A prerequisite to an effective capacity
placning systemis an eprective prority planning system.

The function of the priority planning system is to put the proper due dates
on orders and to maintain those due dates so that they are correct. Until this

can be done successfully, capacity planning will not be able to genemte
vredible information.

Gearge W. Plossl

successful schaluling and loading requires accurate priorities for indi-
vidual jobs: these priorities are set by the ordering system. There are two
pasic systems: the Order Point/Order Quantity Systzin and Material Re-
quirements Planning. Figure 10 ilistrates how the order point system works
10 st priorities. ftem Y2L has a ferecast of 200 per peoiod with an order point
set at 300, ~ lor size of 640, and a lead rime of ¢ period. There sre 700 on
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Figure 10.

hand at the start of the planning period and a quantity of 600 is on order. due
in period 2. If the 200 forecast for period 1 are actually used. the projected
balance on hand will then be 500. Using another 200 and receiving 600 would
give a balance on hand at the end of period 2 of 900. Using 200 per period,
the available balance on hand would drop to the order poini of 300 in period
5 and the system would then trigger a new order to be released to replenish
the inventory. With a lead time of 1 perind, the order would be scheduled to
come in in period 6. This would establish its priority relative to other orders
in the system; those due in earlier weeks would have higher priority and those
duc later would be lower.

Figure 11 shows how Material Requirements Planning sets priorities. Here
the data shows rather lumpy demand in the 8 periods because the YL is re-
quired in a variety of assemblies at higher levels. The quantities shown are
calculated from the Master Production Schedules to make the end product
assemblies. The order quantity is 350 and the lead time is 2 periods with a
quantity of 400 pieces on hand to start the planning period. Using the pro-
jected requirements, the on hand figure would drop to ¥ in period 1. 1301in
period 2, and would show a negative balance of 120 in period 4. In require-

0° =10 LT -2
- PERIOD
| 2 3141516117 8
PROJECTED
__BF()UIB_E_!ENTS 109 150 iL] cer 1.0 ¥ v
SCHEDULED
RECEIPTS 320
ON HAND 400 ¢0 148 15 ;ig 130 an 4-: 1
LAHNNED ORDER .
RELEASE 350 150 _
Figure 11.
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its planning, this is the period in which we need more material and 350
1d be scheduled to be received in period 4. This would establish priority
his item relative to other items also on crder. The release date would be
cated by backing off ? periods (fead time); the first order should be
ascd in period 2
ccause of basic differences between the two systems, significantly differ-
priorities can be developed. At the 1970 APICS [nternational Conference
incinnati, Dr. JLA. Grlicky used an example to illustrate how uniform de-
1d for finished products mesults in very lumpy demand for components.
data are shown in Figure 12. The demand for each of the four end
ducts is uniform in cach week. Their inventories are replenished by run-
z the lot sizes indicated on the “Production™ line. The sub-assemblies
1 have demands for 14 and 35 in alternatg time periods as shown in the
ter section. The part common to both sub-assemblies has extremely
ipy demiand: although its average demand is 17, individual period de-
ads vary from 685 maximum to O minimum.
“he arder peint system would plan replenishment of this item as shown in
upper section of Figure 13, The demand would be forccast at the average
t7 and actual demand would reduce the available balance week by week
it it had dropped below the order point of 85. The system would then say,
art a new order and schedule it in at the end of its planned lead time of
rwecks.”
“ontrasted to this, the bettom section of Figure 13 shows how require-
ats planning would handle this. The requirements would be calculated as
mmn and the available figure projected into the {uture indicating that the
entory on hand would be used up in the last week shown. This would then
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be the due date for a new order which would be scheduled to start the lead
time of four weeks earlier. Notice the two weeks difference in priorities for

this item between the two systems.

Many practitioners feel they can overcome this problem by installing 2
dynamic priority system such as Critical Ratio. Let's examine how Critical
Ratic would work under these conditions. Figure 14 illustrates the basic for-
mula for Critical Ratio with a numerator based on the balance on hand of

CR: OH/OP O.pP=85

LTIR/LT

WEEK 1 2 3| 4 S
OH 80 | 505015 15
OH/OP |94 |{.59 |.59 | 18 | 18
LTR/LT 1.0 |.75 (.50 }.25 | 12
CR 94 .79 |12 |72 {15

Figare 14. Critical Ratlo
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paris remaining in stock and a denominator reflecting how the replenish-
ment order is moving through the plant.When the order point system
triggered an order. the On Hand balance was 80 compared to the order point
of 83 so the numerator ratio is 0.94. Since work had not been started, the full
lead time remains and the lead time ratio is 1. The Critical Ratio is then 0.94
and the system savs: ““You are essentially on time.” Critical Ratios between
095 and 1.05 indicate “on time"; for smaller ratios, expediting is indicated
and for larger ratios, slack time is available and the job can be set aside.

In week 2, an additional quantity of 30 has been used so the On Hand
figure is now 30 and the On Hand/Order Point ratio 0.59. Assuming the job
progressed normally through the plant (since it was not being expedited), the
lead time remain'mg is three weeks and this ratio is 0.75. The Critical Ratio is
0.79 which says, “Expedite, you are behind schedule.” In week 3, no more
parts were used so the numerator remaind 0:59: AS<UmmH tha' 4 Rotmai
weck’s work was accomplished, the lead time ratio would drop to 0.5 and the
Critical Ratio would rise to 1.2, indicating that the job is no longer critical
and saying. 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
guantity of 35 was issited: dropping the numerator to U 18: Siice rib extid
effort was being put ohi the job. perhaps only one week’s work was finished
and the lead time ratio would be 0.25, mdlcatmg a Critical Ratio of 0.72. This
says in effect, “Get on the ball again becausd’ ;hs job Is now urgently
needed.™ At the end of week 5, with no more party p,.mg used, the numerator
remains unchanged. Whatever work is done to ;,.q‘u:e the remaining lead
time might drop the denominator to 0.12 and thg 5y nem could easily again
indicate slack tme available. In this kind o: c,n”ronmcnt with lumpy
demand, Critical Ratio behaves like a yo-yo. a

Obviously. there is no way to cope with use of the wrong ordering system
through fancy scheduling. prority systems. loading, ur any other technique.
Using the wrong ordering system, the wrong due dates will be established.
With incorrect dates, the schedule, the priorities. and the projection of when
the load will hit individual work centers will be fiction.

In such an environment, the informal system usually takes over and the
real prorities are set by the “hot list™ based upon known shortages at
assembly. The number of jobs apparently past due invariably rises, but the
factory people know most of these arc not really needed and pay attention
only to the informal system priorities. The credibility gap widens until the
forma! system is ignored or discarded. 1 know one company with 93 full-time
expediters working to five ditferent priority systems—one indicates jobs
needed 10 days hence, one S days hence, one tomorrow, and one {calied the
“drop dead” list) covers items without which the assembly line will shut down
within the hour. Guess what the {ifth pricrity system is? That's right—when
there are no higher priority jobs to do, work to the “dats wanted” on the

rder. Only 8 percent of the orders come through on the original wanted
date. No wo- *=r the credibility gap exists.
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Effective scheduling and loading requires the

. Plan Control
elements shown in Figure 15. a

Priorities  Capacity
Capacity  Priorities

Figure 15.

There must be a priority plarning cyztem that works; this means using the
proper ordering system for independent and dependent demand items. There
must be a capacity plan to insure that adequate capacity is available to
handle the work. There must be a control system to see that capacity is
adjusted to meet changes in both customer requirements and in the factory’s

output. And there must be a priority control system to respond to changes,
adjusting priorities to bring the proper jobs through in the right sequence. No
machine load or scheduling system will work when based on the wrong 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 period when it's scheduled regardless of the
available capacity (infinite capacity loading). and the other is to load to
“finite capacity’ which means, of course. that even though the load may be
scheduled in a given time period. if capacity isn't available in this time
period. the load will be moved to another time period.

Whoever coined the term “loading to infinite capacity” really did the field
of production and inventory control a disservice. When you think about it,
it's pretty obvious that a company should start by doing some kind of
“infinite loading.” Certainly finite loading doesn’t even show them the
capacity they need’ It just assumes that this capacity is absolutely inflexible.
The first step is to find out what capacity is needed. You must start with
“infinite loading” rather than *finite loading.”

Let's review the steps in scheduling and loading. Figure 16 shows a tvpical
shop order. Note that this shop order is due on calendar day 412. We're
working with a shop calendar that shows only the working days to facilitate
scheduling. Note that the standard hours for each operation have been calcu-
lated bused on the quantity on the shop order; in this case. 300 pieces.
Assume also that we're working with some scheduling rules. In this case. our
scheduling rules allow two days for inspection and two days *transit time™
betwcen opcerations in different departments. The job is due to be completed
on day 412; it has to be out of the polishing operation on day 410. This com-
pany works on eight-hour shift so two days will have to be allowed for the
polishing operation. Since two days are allowed between operatons in differ-
ent departments, the job must be completed out of grinding on day 406. In
this manner, the job can be “Back Scheduled” to determine when each
operation must be finished (and/or started) and a “schedule date’ can be
assigned to each operation.
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Note that nine standard hours of polishing work wiil the. required in
work center 1003 nnd must be completed by day 410. Figure 17 shows the
weekiy load report in star.dard hours. The nine hours have been loaded in the
proper worl center in the proper week. By doing this with all of the shop
orders, an “infinite capacity load’ would be developed.

As we've pointed out, ir's essential that we know what capaciiy is ricedd

and orly this kind of approach will do that. We frankly think that t/iie bigges:
problent with infinite capacity loading is the name! If we had besn astuie
enough to give it 2 name that properly described the function, this teclinigue
would have had far better acceptability and more intelligent use. My nomirna-
tion for a more descriptive term is CAPACITY REQUIREMENTS
PLANNING.

We have Material Rzguirements Planning (MRP) that tells us what
material we need and when we need it. Capacity Requirements Planning
should tell vis what capacity we need and when we nced it. How is Capacity
Requirements Planning different from infinite loading? Since 1 have coined
the term, allow me to define it. Capacity Requirements Planning uses exactly
the same logic as the old “infinite loading™ with one minor difference. In
addition to picking up the relecased orders or *'load.” it 2iso picks up the
planned orders from MRP. These pianned orders are nat real shop orders.
MRP simply generates a part number, a quantity, and a time pericd when an
order is to be released. MRP uses these plarined orders to generate lower level
material requirements. But they can also be run against the routing file, each
planned order can be back-scheduled and a forecast of capacity
requirements can thus be developed.

Capacity Requirements Planning is certainiy an essentia! function in any
production and inventory control system. But fet’s stop usiiig that emotion-
laden word “Infinite” right now! Nobody can really load a plant to infinite
capacity! But certainly we do need to have an idea of capacity requirements
before we start trying to icad the plant to a given capacity.

Remember Figure 15 that showed the four basic elements in a prodiiciion
and inventory control system:

Plan Prionities / Plan Capacities / Control Capacities / Control Pricriiies

The inventory control system (usually MRP) is the priority planning func-
tion. Capacity Requirements Planning is the capacity planning function. Dis-
patching is the priority control function in the shop. But how about capaciry
control?

We frankly don't believe that the typical machine load report was ever de-
signed to be a “‘control system.” A control system has four fundamental
elements to it:

A NORM /TOLERANCE/ FEEDBACK /7 ACTION

The wall thermostat is our favorite example of a control system. The tem-
perature is set to the desired level, then the actual temperature is monitored
via a feedback system. Whenever the actual has deviated 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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Think of the typical machine load report. Is there 2 norm? Where is there
a plan that's practical? A plan that you can hold peoplc responsible for exe-
cutisy. Certainly when you have tremendous variations in the amount of load
in a2 work center each week, there’s 1o way you can hold the foreman respon-
sible for working to that production level. It simply isn't practical in most
factories to have dramatic fluctuations in capacity. Manpower and machine
capacity are limited ard it is most economical to hold them as stable as
possible trom one week to the next. )

By the saine token. where is the comparison of **actual” with “pian” in the
nvpical machine load report? Very seldom does the load report show the
output from the work center involved and if output is shown, it's usuaily only
shown for one week. Obviously, output for one week is hardly representative
of the ability of that work center to meet the capacity plan. Actual output
should be compared with planned output for a number of weeks.

Certainly two essentials that ought to be involved in any kind of “capacity
control™ or “output control™ system are:

A practical plan N 284 N 250
Feedback to compare “actual” 2. 61 7. 50
with the plan. 3. 32 8. 147
4. 139 9. 695

5. 531. 10. 176

Figure 18. Capacity Requirements

Let’s look briefly at a Capacity Requirements Plan. When all of the hours
by work center, by time period. are accumulated, the result would look some-
thing like Figure 18. This shows capacity requirements for 10 weeks for a
given work center in standard hours. Note that there is a random variation
from week to week.

How can this random variation be smoothed out? The most practical way
is simply to add it up and average it our. The minute you get a week out into
the furure. your prediction of how many hours are going to be at what work
cenater at what time is an approximation at best. The average weekly capacity
requirement from Figure 18 would be 270 hours per week.

w1 w2 w3 | w4 W5
PLANNED 270 | 270 | 270 | 270 | 270
ACTUAL 250 | 220 190
DEVIATION | -20 -70 | -i50

Figure 19, OQuipui Contro!
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Nuw let's look ut the capacuty control duvice. Figure 19 shoas the way thin
could be set up in an “Output Control” report. Remember that we're trying
to show a “norm’—a realistic attainable plan that people can be held
responsible for attaining. Below the plan, the actual standard hours of output
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 the ucicd! be allowed to drift? We've seen
companies use this kind of report. By pre-determining what the tolerance
was, the foreman coming into the weekly production meeting knew whether
or not they were going to be required to work overtime or do something else
to increase capacity. They were told, for example, "If the cumulative devia-
tion is more than 30 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 Cupucity Requirements
Planning. There is nothing wrong with the technique if it used properiy! We
certainly need to plan capacity well out into the future. The termn Capacity
Requirements Planning-—by definition—implies that we are using planned
orders out of MRP as well as actual released orders. Then the leveled planned
production rate is just the average of the weekly capacity requirements
usually planned out three to four months in advance. This sets the pro-
duction rate against which the actual output will be measured. Many people
spend a lot of time trying to figure out what their capacity is when the actual
current capacity is very easy to determine by looking at labor variance reports
and other already existing reports that show the number of standard hours
worth of work produced.

Note that the report I showed you, the Output Report, is really part of the -
technique that we called Input/Output Control. Let's think a little more
about the real significance of this technigue.

George W. Ploss]

The traditional approach to developing a production and inventory control
system has been to first design and install an ordering system—a set of proce-
dures to trigger orders for both purchased and manufactured pans. This has
been generally called “Inventory Control.” The next step is to release imme-
diately to vendors or to the factory the orders triggered by this system. Next
comes an attempt to control the sequence in which these orders are worked
on by activities in the plant under the general heading of *Production
Control.”

A popular technique among manufacturing people is to watch the back-
logs in a machine load and attempt to use them as a tool for adjusting
capacity. Unfortunately, this rarely works. Increasingly popular are shop
floor control systems using dynamic priority techniques and data collection
equipment. The basic idca seems to be that if we know where each job is, we
can get it through when we need it. This, unfortunately, doesn’t seem to-be
very effective either. In fact, both approaches are nott but 2 massive
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assult on the symptonss wiils the basie diseases ol poor priority information

and crinzdeguare capacity go unchecked.

We now have two fine ordering systems and a basic principle to tell us
when 1o use each of them. The indcpendent/dependent demand principle
clearly identifies where the order point/order quantity system should be
applied and where 0 use Material Requirements Planping. With beth
systems, however, we siill need Zependabl: fcad times and this means that
queues or backlogs of work-ii-process must be under control.

There are three reasens why gueues (and lead times) are out of control:

1. Inadequate Capacity—if you are nct making enough in total, then
something must wait, gueues grow and lvad times get longer and more
erratic.

2 Erratic Input—no ordering system rcleases work at a level rate matching
the capasity of the plant. When the lumous and bunches of work
triggered by either of the basic ordering systems hit the shop, it is obvi-
vus that oY cannot move steadily through the plant. Backlogs and
quzues will increase and lead time will get tonger and more erratic.

- Inflated Lead Times—it is now well recognized that we can't “make it
2asy” for the plant or for the ordering sysiem by siniply allowing more
tme to get jobs finished. Increasing planned lead times triggers more
ordens and dumps more load into the plant without regard to its ability
ta hadle it. Longer queucs and erratic fead times result

Lead iiracs will never be controlled and a plant will never be on schedule
anless it contrels capacity. The input/Output approach is the first available
tool which has been successfully used in controlling capacity. Unlike the
apivn! machine load shown in Figure 20, Input/Output measures and
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attempts to control the through-put. the flow in and out her than the
backlegs. Production controi people took at the present overioads on the
machine load in Figure 20 and tcll the foreman, “You're in trouble.” The
foreman looks at the future undevloads on the machine load and says, “You
better believe it."”” They're thinking of scomething =ntirely different.

Recently, I sat with a plant manager, his manufacturing supcrintendent.
and his production control manager looking at a report issued weekly for
each major work center in the plant. This report showed stzndard machine
hours of actual input, actual output, total backlogs and the past due portien
of the backlog in each work center. The manufacturing superintendent said
his people looked only at the backlog figures. [ asked why they didn't use the
aciual output information and he said, “Notice how steady and level these
figures are. They don't tell us much.” 1 also asked why they did not use the
input figures and he said, “Look how they jump up and down. What does
that really tell you? We've run out of work before and there is no indication
in these input figures we won't run out again. We use the backlog figures
which are the only data giving us any forwvard visibility at work in the piant.”
Could you argue with him? With future planned capacity data lacking, what
else could he do?

“The biggest hangup on applying the Input/Ouiput Contro! approach
seems to be the difticulty of sceing how to control input in secondary work
centers. Input can really be controlled only at starting operations and at
assembly or sub-assembly areas where we have control of the orders released
from the planning system to the piant. However, average rares of work input
can be planned and actuai retes meastred at all work centers. This gives very
vaiuable information as illustrated in Figure 21. Agzinst 2 planncd average
rate of 210 standard hours per week, actual output has fallen short by 2
cumulative totai of 300 standard houts. Looking at the output figures only, a
logical conclusion would be that this department neceds mare capacity. How-
ever, the input figures make it obvious that the real problem must lie in the
departments feeding this work center. Its input total is more than 300 hiours
behind the plan. Measuring input focuses atrertion on the real capacity
problem areas. '

Extending the planned figures into the future as shown in Figure 21 gives
manufacturing people that forward visibility which is so vital to them in con-
trolling capacity. Another company decided to apply Input/Output Controls
and immediately ran into difficulty in getting sufficient data to plan input
and output rates and to measure input at major work centers. They d=cided
to go ahcad, however, with the data they had. They ranked all new orders re-

“leased by the inventory planning system in priority sequence. They completed

the routings on all orders, estimating time standards in major work centers
where they were missing. Using an infinite capacity machine load program
they had running on their computer, they tested what load these orders would
place on each work center. Since they had no formal scheduling system, they
ignored the time delay from starting an operation in one work center 2nd
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WORK CENIER 0162
(ALL FIGURES IN STANDARD HOURS)

WEEK
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Figure 21. Input/Qutput Control

having it rcach a subscquent work center some days or weeks later. They
assumed cach job hit cach work center immediately when it was released, just
as if all were starting opcrations,

From payroll data. they logged the actual hours of output in each of the
major work: centers and carried a weighted running average. When the

scheduled orders to be released exceeded this average actual output in any

work center, they rescheduled some orders to minimize such overloads. Their
objoctive was to put into cuch work center less work than it was tunting out.
In a period of six weeks. the work-in-process was reduced almost 40 percent,
lead times came down proportionately and their ability to get needed jobs
through the plant increased rather dramatically,

The real use of Input- Qutput Control techniques is. of course, to measure
actual versus planned data as a basis for control. Control of all priorities and
inventory levels depends on controlling capacity. Among the elements of the
effective preduction control systent shown in Figure 15, the key is controlling
capacity. With adequate cap.z'sy. even if you can’t jevel out the input, you
can manage loag quéucs of work and long average lead times (fyou have a
prionity planning system thar works. Without adequate canacity, you can
only hope to minimize the pain or isolate it.
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Oliver W. Wight

We've talked about planning and controlling priorities and capacities.
Let's see how the techniques we have discussed fit into this overall format.
Priority planning — the Material Requirements Planning technique
will be used in most companies.
Capacity planning —this is where we necd to use Capacity Require-
ments Planning.
Capacity control —Input/Output Control.
Priority contro!l ~ — Dispatching in the shop. follow-up in Purchasing.
Figure 22 shows the overall relationship of the elements in a production
and inventory controf system. Starting with a Master Production Schedule, it
goes into a Material Requirements Plan; the Capacity Requirements Plan
can then be developed from both released orders and planned orders. Then a
decision is indicated. Can the plant meet the capacity requirements?
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Obviously, they should try to mect these if this is at ali practical and cco-
nomical. If the capacity requircnients look reasonable, Input/Qutput
Control could be set up as a capacity control device. A Dispatch List — prob-
ably issued to the shop daily — would be used to communicate pricrities to
the shop fleor as they are revised by the Material Requirements Plan. Look-
ing at this schiematic, you recognize that it illustrates the functions of pian-
ning and controlling priorities and capacitics. The Material Requirements
Plan is prionny: rlanning. Capacity Requirements Planning is capacity plan-
ning. The Input/Output technique is used for conrolling capacity and the
Dispatch List is used for controlling prioriies.

Nore thar [f capacity is not wvailable, the Muesier Schedule rmust be
charged! There arc really two alternatives when capacily requirements are in
excess of actual capacity:

Change capacity.
Change the schedule.

Noie by the way. that a rough cut at capacity requirements might be made
a5 part of the Master Scheduling function. In other words, before going
through the detail of the actual Material Requirements Plan and the
Capacity Requirements Flan, some long range determination of require-
ments against rescurces might be caleulated. This is a rough cut just to make
sure that the Master Schedule is in the ball park before going through the
detaiied calcularions.

This schematic is anything but theory. There are companies that have
Material Requiremrents Planning, Capacity Requirements Planning, Input/
Dutput Control. arnd Dispaicting working. And very successfully, T might
add. Once these tochniques are functioning properly. an entirely different
approach to running a manufacturing company emerges. With a formal
svstern like this thar works. decisions are put into their proper perspective
ahead of time. Let me give veu an example.

One company that I've worked with has all of the techniques mentioned
above working successluily, The results from using these techniques have im-
pressed me. But the thing that's impressed them meee than anything clse :1s
iheir ability 10 spot problems shead of time and make gocd, strafegic
decisions.

The Director of Manufocturing for this company told ine some years ago
that he'd be picased the day he could answer some of the questions put to
him honestly. For example. when the President says, “We've got te get a new
product out the door in much less than the standard lead time, can we really
do it? Without the kind of system that will gencrate this kind of in-
formation. the only course orrn is fo say, “Yes,” and try.

Let me show you how 1his company handlies this type of problem today.
This past September, the President said he wanted a particuiar product in-
treduced into the scheduie immecdiately and available for shipment
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November tst. The Director of Manufacturing had the load profile for this
new product calculated on the computer and superimposed on top of his
current Capacity Requirements Plan. He could see immediately that an im-
possible backlog would have resulted in front of one of his numerically con-
trolled work centers., Therc wasn’t any chance of getting this work sub-
contracted for a great many reasons including lack of availstle capacity in
the immediate gecgraphical arca. The detailed backup report for the
capacity plan showed the actuai parts that were causing the capacity require-
ments. Looking at scme of these parts, he traced these to the assemblies they
went into. Then he went to the President and showed him that if one of the
preducts that was declining in sales could be removed from the Master
Schedule for Nevember, there would be enocugh capacity available to make
the new product. The President readily agreed and this plan was jmnple-
mented. I might also add that the new product was iniroduced in November
on schedule and everyone was very pleased.

In the past, this Directer of Manufacturing pointed out to me that he
would have added the new product without being able to determine ahead of
time what some of the alternate plans were. And he probably wouid have
been criticized severcly if the product that had the declining sales had esper-
ienced longer delivery times! Since he had the information available to call it
to the attention of the President ahead of time, thiz was anticipated, z2nd
when it materialized, people understood that this was the cost of launching a
new product in considerably less than standard lead time.

Orne manufacturir.g executive made a very astute chservation on this. He
said, *“You know, 2 manufacturing executive without the proper information
can never say ‘No.” Al he can do is say 'Yes' and try to meet impossible plans
and then be criticized afterwards because something else sufiered!” But what
a new ball game. The ability to point out ahead of time what the alterratives
are, what the consequences are, and to pick out ahead of time what will suffer
and recognize why this choice was made. In the next five years, [ hope to sce
the emphasis change from developing systems to learning to use systems to
manage. Many managements are going to have an entireiy new world to work
in when they have the alternatives in front of them alicad of time.

Let’s come back to our overall schematic of preduction and inventory con-
trol. One point should come through loud and clear:

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

The first job is to get the needed capacity, if possible and practical. When
capacity is not available, the Master Schedule must be revised. Large lumps
of capacity requirements will be smocthe ott in the Master Schedule.

We have talked a lot about the Master Schedule. Perhaps a couple of
words about the types of Master Schedule that different companies might use
would be in order. In a company operating strictly off backlog, the Master
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Schedulawould be primarily customer orders. Most ccmpanies don’t have
the luaury of having enough backlog to work from. They need to forecast
what orders they're going to have to manufacture. Under these circum-
stznces, the forecast must be **bled out’ constantly as actual demand mater-
ializes. The short term Master Schedule consists of actual customer orders,
the middle term Master Schedule is a combination of forecast and actual,
and the long term consists of Drecast only.

The Master Schedule in different types of companies ‘can take many dif-
ferent forms. In a company manufacturing stocked finished goods, the
Master Schedule would be the production plan that tells the total number of
units that they're going to make for a particular type of product. This could
then be allocated for various part numbers as a production forecast and that
would be used to create a Material Reyuirements Plan and Capacity Re-
quirements Pian. In a foundry, the Master Schedule’ might be expressed in
very gzneral terms showing the number of molds to be made per day per work
eenter.

Every company has cne or more Master Schedules, even though they may
not exaplicitly recognize this! The Master Schedule drives MRP which drives
the rest of the preduction and inventory management system. It is also the
key to better management strategy.

Lesson #2: THE MASTER SCHEDULE CAN BE USED TO SIMU-.
LATE AND SHOW THE CONSEQUENCES AND IMPLI-.

CATICNS OF VARIOUS POLICY DECISIONS.

When a new product is to be introduced, when production is to be in-
creased or decreased, the Master Schedule will be the point of entry to show
the consequences of this change in plan. It's the very guts of production and
inventory control. Therefore. if the company doesn't explicitly recognize that
thev have to have a Master Schedule, their chances of being able to control
the production and inventory function are very slim indeed. Back in the days
of the informal system. few companies had a recognizable Master Schedule.
In the days of formal systems, every company should.

But as we look back at our schematic in Figure 22 again, there's something
disturbing. Whar became of Finite Loading? We scem to have handled the
four fundamental functions of production and inventory centrol without even
touchiny on Finite Loading!

George W, Plossl

Let's take a more detailed look at finite loading. As discussed earlier, jobs
must be loaded in priority sequence, since we want the highest priority jobs to
have first claim on available capacity. When priorities change, we must rerun
the whole finite loading program. The problem is fucther complicated by
“dependent priorities.” Componerits going inte an assembly should have a
prionity deperndent upon the status of other components. It is cbvious that
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there is no need to rush one part through if it will just wait for others before
the assembly can be completed.

Load data is really a forecast of when work will hit the work center involved
and, like all forecasts, will be less accurate for periods farther out in the
future; in other words, for longer lead times. It’s certainly optimistic, at the
least, to say, “Job 123 will hit this work center 15 weeks from now,” and
really believe it. With all these problems, few companies have attempted
finite loading. It is a good question if any of them has succeeded.

The two best known computer programs for finite loading are the PICS
Capacity Planning and the CLASS program, both put out by 1BM. In
Business English, the PICS program says, “'If you know all the products you
are going to manufacture in the next year, if you have a complete biil of
material for each of them, if you have routings and standards for each manu-
factured item in this bill of material and if you have accurate stock status and
open order files, then the computer can calculate for you the load on each
work center in each time period over the planning horizon and, in addition,
can rearrange this load to meet capacity limitations. Figure 23 shows the
steps in the PICS Capacity Planning program. Using the Material Require-
ments Planning program (RPS). the computer translates a Master Produc-
tion Schedule into planned orders for components; it then schedules both
planned and released orders and develops an infinite load profile for each
work center. If the user elects to do finite loading. the computer will then
reschedule orders with low priority which hit work centers having inadequate
capacity. The program will show which orders were rescheduled, how many
hours of load are involved and the specific work centers affected. The user
must then analyze the rescheduled orders to determine the effects on the
end product Master Schedule and decide whether he can live with these or if
he must make other changes. The user can assign job priorities or the system
will use the Earliest Start Dates or the Latest Start Dates developed by the

CAPACITY PLANNING
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Figure 23. PICS
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schedulin,  aion of the package. The user must d=iine capacity availible in
gach work center; he lias an option of putting in a table showing a planned
faval and a maximum level of cupacity. The difference raight be working
Saturdays or other ovetime periods or transferring a number of men be-
tween work cenicis. The progran: dees not handle unplanned loads such as
scrap and rework, machine breakdowns, operator training. and other
capacity-wasting activities. '
There has been considerable publicity given to another 1BM program calied
called CLLASS. CLASS stands for Capacity Loading And Scheduling System,
a ¢lassic fAinite loading program develeped by Werner Kraus for IBM in Ger-
many, The sequence of activities {nllewed is shown in Figure 24. Unlike PICS
capacity planning. CLASS starts with individual work orders and does not
require @ Material Requirements Planning program to geaerate them. It does
need to know how these orders relate in a product structure since it uses this
information to tie the priorities of compenents to that of the final assembly.
The first step is to schedule the work orders and the next to develop an
infinite load showing how each work center wouid be affected if the schedule
were followzd. The user thea adjusts work centec capacities as best he can to
meet the loads.

Based on uscr-cstablished priorities on the assembiies, the system develops
a finite load auempting to schedule the parts in assembly priority sequence
to match available capacity in each work center. The user must then analyze
how assemiblies were rescheduled to see if he ¢an live with this. If he cannot,
he must make other decisions about capacity or pricritjes and start over.
CLASS has aa interesting feature in that it simulates the progress of euch job
thavugh the plant to see if it will be affecred by furnre wy rfoads. If jobs #1
and #2 are competing for capacity in one work center, bist #1 will be delayed
at a subsequent work center, job #2 is given first claim on capacity. Both
PICS Capacity Planning and CLASSE arc truly elegant computer programs
and are beaurifelly designed. They both require massive amounts of
compurer time because of the tremendous number of calcalations involved.

The basic requirements for success with finite loading would appear to be

SCHEDULE WORK ORDERS
INFINITE (CGAD

ADJUST WORK CEMTER CAPACITIES
SET PRIORITIES - ACSEMBLIES
-FINITE LCAD

RESCHEDQULE ASSEMBLIES

UP-DATE =~ S5TART OVER

Flgure 24. CLASS
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a well-ordered environment, few Master Schedule changes. tight ¢iscwpiine
on data accuracy and a pricrity plan that s velid. 1t is hard to imagine an
cperation where the work of finite loading prograrns would be justified by im-
proved results over simpler, more effective techmigues. Oliver Wighi and I
have wondered for a icng time if finite loading will ever be 3 practical
techniqne.

Gliver W, Wigh!

Finite loading is reriainly an excelient example of “barking up the wrang
tree.” When a ccmpany finite Joads the individual shop orders, there’s bound
to be one predictable result. Some orders won't be able to be comiplet:d on
time. Obviously, if these orders can't be completed on time, the [lister
Schedule must be changed. But, as we pointed out befoce, Capacity Reguice-
ments Planning will quickly identify a capacity requirement that can’t be met
and that the Master Schedule must be changed. YWhy bother with all the
sophistication of finite leading? If ever a technique feil in the general cate-
gory of 'using 300 horsepower to blow tiie horn,” finite [oading is it.

Beyond being an over-sophisticated technique, it simply 1sn't valid. If finite
loading were to be done correctly, it would result in endiess ireration. Con-
sider a company where they have dependent priorities—parts that ge into
assembilies, for eaample. If one part can’t be fit into the capacity and its due
date has to be extended, then the Master Schedule should be ¢hanged for the
assemblies using this part. Bur when this Master Schedule is changed. the
Sinite load that caused the schedule change is no longer valid. Some of the
load that kept the part in question from being made on time was probably
being generatec by other parts going into the same assemblies. The minute
the Master Schedule is pushed out, some of this load will be pushed out. Now
we must finite Joad again. bur, once again, something probably won't be
completed on time. Back to the Masier Schedule! This. again, will generate
the need io recalculate the finite load. !f done properly, finite loading would
be an endless iteration. One of the companies, using the 1BM CLASS
program on an IBM 360 Model 40 (certainly not a small computer!) requires
35 hours to make their computation. When we called to their attention the
fact that it’s important in most companies to have a daily dispatch list, :hey
pointed out that while they were anxious to do this, they had yet to figure out
how to squeeze 35 hours of computer time into a 24-hour day!

But what if we don’t change the Master Schedule? Suppose we don't re-
schedule all of the other parts that go into the assembly. Well, this is certainly
a waste of capacity. If any one item can’t be made, it’s usually necessary to
make some other item, particularly if it's important to meet a monthiy ship-
ping budget of some kind. When this is true, it's essential to change the
Master Schedule and thus reschedule all the parts that aren’t nzeded so that
capacity will be available to make the parts that are needed.

One point comes through very clearly: Overloads will be resolved via the
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Mosrer Schedule. Load levelingis going to take place in the Master Schedule.
The only load leveling left to be handled will be minor weekly variations in
load that are usually not very significant or controllable!

Finite loading. then, was a great way to attack the symptoms, but, in prac-
tice. it doesn’t work very well. Let's look at the problems with finite loading:

1. Assumes Predictable Job Arrival.
Going through the precise detail of determining when each job will be at
each work center and leveling out this work load assumes that we can
predict when jobs will arrive at work centers in the future. The folly of
this is obvious to anybody who has ever worked in a factory.

2. Component Priorities Are Usually Dependent.
The literature of production and inventory control, be it the order point/
order quantity literature or the literature on scheduling has been ob-
sessed with methods for handling individual independent items. In the

real world, most items simply aren’t independent. They are parts that go -

into assemblics. they are raw materials that go into a product. These
priorities cannot be looked at independently as so many people have
tried to do with order point type systems which apply only to indepen-
dent prionity items. By the same token, rhey cannot be scheduled inde-
pendentdy. A new revision in the schedule of any of these items will affect
all of the other items that are related to it. This gets to be a complex
problem and we have to focus our attention on what's important and
what isn’t imiportant. In a company that makes an assembled product,
for example, optimizing the schedule of any oné component is an exer-
cise in triviality. The important thing is to get all of the components to-
gether at the night time to make the product. Having any one of them
without the rest of them is valueless. And. as we pointed out above, the
computations imvolved in a genuine finite loading exercise where there
are dependent demand compaonents would result in endless iteration.
One of the difficulties, of course, is that at the end of each one of these
iterations, the Master Schedule would have td be revised. This would
require human intenention before the program could continue in its
operation. This probably wouldn’t be practical. Therefore, some people
have suggested that the Master Schedule should be revised auto-
matically by the computer. Don't do it! There is a major problem with
finite loading: '
3. Automatic Master Scheduling Is Risky.
As was pointed out. the Master Schedule drives the entire production
and inventory contro! system. A lot of considerations go into the Master
Schedule. It's attempting to deal with the real world where some large
customers of a company may get preferentiai treatment in practice,
where things like a dock strike may cause an export order to have a
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higher priority than it normally has and where an order for a new cus-
tomer who was sold-based on the company's ability to give service might
have to be given preference. These 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 futue —and silly—it is.

The name of the game is to plan capacity requirements and see if we
have this capacity. If we don’t, get the capacity or change the Master
Schedule. Probably the greatest reason for not using finite loading in
most situations is:

4. There Are Easier, Better Ways To Do The Job.

Finite loading assumes a very stable environment where a lot of logic can
be captured in a computer program and executed. It is filled with
pretentious 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 learned by way of
much simpler techniques: when there is a capacity requirement in excess
of available capacity, it must be met — or the Master Schedule must be
changed.

If this is true, why has finite loading even gained credence? To be sure, it is
not something that most practitioners view as logical. But a few do.

Well, let's take a look at one prime example. It has often been stated that
there are **200 users of the IBM CLASS program in Europe.” First, we have
to define users. What this really means is that there are 200 people who have
accepted a free program from IBM. Then 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. Whether or
not anybody uses the output is questionable. As we tried to pin it down fur-
ther, we find that there are a few companics who are actually supposed to be
running their factories this way. The only one that has had much written
about it actually makes magnets. Fundamentally, a one-piece product with-
out many dependent priorities and a very simple manufacturing en-
vironment. Questionable that they really need finite loading. The fact that is
worked under these circumstances is interesting, but not particularly sig-
nifiant.

We also hear that there are “a number of companies” using it in the
United States. We've tried to track this down and have learned some very in-
teresting things. At one company, for example, the Manufacturing Vice Pres-
ident and Data Processing people 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

CAPACITY PLANNINGAND CONTROL 61



capacity piaaning technique; it certainly isn't a capacity control technique; it
isn't a prority contrni technigue either. it’s realiy a prioriny planning teck-
nigue. 1t takes the priorities generated by the Material Requirements Plan
and attempis 10 cevise thom in order to fevel out the work icad. Perbaps a
morz appropriate name fur it would be something like "“Ouvder Release Plan-
ninge.” since it addresses the problem of releasing orders into starting work
centers in an attempt to level work load.

How do you determine if finite loading is actually working, then? The test
is simple: Does the company using it actually run 1o the priority list gener-
ated by the finite loading svstem? This is the enly way you can determine if
finite loading is v.orlung If thc.) are not running to this priority list, finite
Iouding does not work.

1 went to a company recently, for example, where they were using the IBM
PICS Infinite Loading and Finite Loading packages. They claimed great re-
suits from the finite loading system. 1 was skeptical. Locking at the priority
list generated by the finite loading reports confirmed my skepticism. They
certainly were not following it. in fact, they worked to a hot list and then
crossed the jobs off the weekly computer generated oriority list as they were
done in the cequence dictated by the hot list.

They did get some lead time reductions, however. They mistakenly attribu-
ted this to firite loading! In calcuiating the infinite load—a prerequisite to
finize loading in the iBM package——they had to develop some scheduling
rules. The result of using ihese scheduling rules was.to conie up with shorter
pianning lead times than they had been using. Shertening the lead times re-
duced the input to the factory. Reducing the input dropped the backlogs.
Tropsing the backlogs cut the lead time. Now normsliy this would resultina
romporane reduction in lead time because, in most campanics, since they're
used to working with the informai capazity planning system, the minute
visual hacklogs decrease, the output tends o diop off. But this company's
production contro! manager, who is @ pretty clever guy, had come up with a
capacity control device very similar to Input/Qutput Control. He took the in-
firite 10ad repont, discounted 41 percent of the backlog in the current period.
and then averaged that joad out over the neat 12 weeks. He then sei thisas a
preduction plan and got the foremen wosking to this plan. The result:
Having reduced input and controlled output, backlogs stayed down, lead
time decreased. Finite loading had nothing whatsoever to do with the ex-
cellent resuits these peopie attained.

Pmple oiten ask us how IBM could have prosented the Finite Loading
pact o2 in PICS if it isn't a legitimate technique. The answer is-—it was an
hones; mistake. Finite loading looked goad. W='ve got to remember thit a lot
of the computer people tend to favor the soph'st\ca'ed As Townsend said,

“These people are comphcatcrs-—not simplifiers.” “While blanket in-
dictments like that are never fair, it certainly is true that data processing and

62 PRODUCTION & INVENTOR Y MANAGEMENT — 3ed Qir. 1973

— —— — —— o —————

systems people gencrally have favoied the sophisticated approaches. The;
people who develop application programs for computer companies are
usuaily ‘systems people, not practitioners. It's hardly suiprising that they

" would pick up something iike finite loading, especiaily since the reaction of

most practitioners to “Infinite Loading' was negative!

Gur rescarch this year, our discussivii. with a lot of people. indicates ta us
that net one responsible professional we kave talked with believes that finite
Inading is a valid scheduling and loading technique in a maching shop!

1 hasten to add that George and 1 both are very much in favor of the IM
PICS package. We favor standardization rather than reinventing the wheel.
We applaud IBM for their outstanding conrributions with these packages,
such as the RPS or Material Requirements Flanning portion of PiCS. We
have a number of clients who have used it and used it successfully. YWe are
very much in favor of the infinite loading or "*Capacity Requircments Plan-
ning” part of their capacity planning module in PICS, but we feel obligated
to tel! other practitioners that we simply cannot endorse finite loading as a
valid production and inventory control technique.

Does that mean that finite loading will die? Hardly. There is a latent ap-
peal to finite loading and the chances are that it will be with us for some time
to come. There are three basic reasons for its appeal:

1.1t’s the Apparent Alternative to Infinite Loading.

Probably the biggest reason that finite loading was ever invented is be-
cause of that inappropriate term, “‘Infinite Loading.” If the two choices
are infinite loading and finite icading, obviously any man in his right
mind is going to take the alternative of finite loading because infinite
loading, by definiticn, just doesn't make sense. When we understand
how a pruduction and inventory control system fits together, we recog-
nize that the actual “Finite Loading™ is going to take place via the
Master Schedule, not by some sophisticated detailed scheduling and
loading algorithm.

Perhaps a more insidious reason for wanting to use finite loading was
the basic misunderstanding of the relationship of the elements of pro-
duction and inventory control because finite loading was an:

2. Apparent Way to Reschedule the Backlog.

Where there is a large amount of past due work in a machine load re-
port, it’s apparent that there's a need to reschedule. So it often looks to
top people like the way to handle this is finite loading. Rescheduling that
ioad will get that backlog out of there and put the load out in a realistic
time frame. Unfortunately, they don’t see how the pieces of the system
fit together. Rescheduling the load in front of screw machine, for ex-
ample, will only result in having to change the Master Schedule
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because screw machine parts won't be coming out as scheduled. They

“should have determined ahead of time whart the capacity requirements
were, and if they couldn’t meet these capacity requirements, then the
Master Schadule should have been changed ahead of time rather than
after a large backlog had built up. So, finite loading seems like a way to
reschedule the backlog when, in fact, that backlog is only really going to
be rescheduled br changing the Master Schedule. Why not do it direc-
tly? Why go through all the nonsense of finite loading?

In the company I mentioned abose where they were supposed to havo finite
loading working. they had to discount the infinite ioad report by a sub-
stantial amount in order to set up their actual capacity plan. Why did they
have these large backlogs in the infinite load report? For a very simple reason
—they had 2 Master Schedule that was feeding the Material Requirements
Pianning system and this Master Schedule was 1o longer valid. There was a
lot of work in there that was late and had never been rescheduled, never put
out in the time periods when it was really going to be produced. The result—
a large past due backlog. Finite loading for them was a mirage: it was an at-,
tempt 1o reschedule thar backlog. What a great way to assault the symptoms.
Thereal discase was in the Master Schedule.

Of course. in the twilight of the age of naive sophistication, as I have
chosen to call the early vears of computer application, we cannot fail to rec-
ognize that finite loading has an appeal:

3. It Is Sophisticated.

You mwust remember that many people belicve that the more
sophisticated approach is the better one. This, of course, is nonsense. It
usually results in getting systems so complicated that no flesh and blood
monals can use them intelligently and these systems soon crash down
around the designer’s ears. They never secem (o recognize that if people
don’t understand systems. they won't use them intelligently.

Many of you know how 1 hase-been on the warpath against sophistication.
How strongly I feel that this is one of the biggest single reasons for systems
failure in most companics. Sophistication as an cud i itself is an immature
preoceepation. Soooften the man who develops a sophisticated technique
doesn’t really understand the problem. To express this, I have formulated
“Wight's “th Law: WHINEVER PEOPLE DO NOFUNDERSTAND FUN-
DAMENTAL RELATIONSHIFS, THEIR SOLUTIONS TO BASIC
PROBLEMS WILL BEOVER-SOPHISTICATED.”

Certainly finit2 loading falls into thar category!

Finite loading violates another principle that is fundamental in designing

sysiems: S)STE\IS ARE TO SUPPORT PECPLE, NOT TO SUPPLANT

THEM.
Finite loading attempts to build too much logic into the computer system.
Most of it is trivial logic that doesn’t really miatter in the reat world, Thus, the
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natural 1esult is for people to throw up their hands and cither obey it blindly
or ignore it completely. People can understand the intent of systems; 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 questionabie in .t we ever will have precise scheduling
and loading in the real world of factories. The objective is to come up with a
system that's better than what we've got today. Many people tend to take the
attitude that until they can solve all of the problems, they aren't very in-
terested in solving any of them. It's well to remember:

BESTISTHE ENEMY OF BETTER.

We suspect that finite loading will be around for a long time. Many people
will try to do it just to prove that it can be done. There's no question that it
can be done, the question is whether it's a worthwhile, practical technique.
Everest is there—must we, thcrefore, climb Everest? It certainly is not a
responsible business attitude to want to try to do things just for the sake of
doing them when they have no practical value and there are berter ways, sim-
pler ways, of doing the same thing.

Let's review then, the apparent problems with the three techniques we've
talked about:

1. Infinite: Capacity Is Not Infinite.
Of course, it isn't, but the purpose of Infinite Loading—or better,

Capacity Requirements Planning—is to determine what capacity is
really needed.

2. Finite: Extending Deliverics.
That's right. Loading to finire capacity will extend deliverics. As a result,
the Master Schedule will have to be changed. But we don’t need to go
through all the gyrations of the sophisticated finite loading computation
to determine that,

3. Input/Output Control: Difficult to Contral Input.
Controlling input is fine. But controlling output is the real important
thing. Undoubtedly, too much emphasis was put on the subject of con-
trolling input in some of the things-that have been written on Input/
Output Control. Perhaps a better name for it would have been Qutput/
Input Control since it is the only practical tool thut we have seen for con-
troliing capacity. Planning what the input level should be and moni-
toring the total number of hours going into the downstream work center
can give us valuable information. But the prime function of Input/
Output Control is capacity control. It serves a purpose that no standand
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procduciion control techrique really addressed.
Let's evaluate, then, the opinions we’ve arrived at about scheduling and
loading techniques:

1. Infinite: Function Is “Capacity Requirements Planning.”
The technique we used to call Infinite Loading should be called Capacity
Requirements Pianning and it should pick up the plenned orders out of
Material Requirerzents Planning to extend the planning horizon rather
than just try to measure backlog. Obviously, no plant can be loaded to
infinite capacity. This is a planning technique, not a ioading technique.

2. Finite:
A.WORKS FOR CNE WORK CENTER.
3. MISGUIDED SOPHISTICATION iN A MACHINE SHOP.
C.LOADLEVELED BY MASTER SCHEDULE.

There's no question but that one starting work center—or, as I've called

them before, “gateway work centers™ (indicating the first significant
work center in the sequence} can be finite loaded. Work can’t be pre-
cisely controlied going into ail the subscquent work centers. There are
too many otner things 1hat afect the flow ofwo(':i"ﬂo downstream work
centers. A detailed finite foad can be planned o’ iper. [t certainly isa’t
gring to work cui that way in a factory. :-‘

Sinite loading will tell us that certain iiems :1;'*,1 gomo to be finished
-on time. The resuit: The Master Schedule musi §.e ,,hanoed Actually, if
the Capacity Requircments Plan is used, it cap Pg a9 us where capacity
requirements exceed available capacity and w n‘: (l e Master Schedule
nceds (0 be changed without going throagy a(l the detaiis and
sophisticated caleulation of finite loading. 3., 52 .zbcr that the load
eventually will have to be leveled by chang.x.gt RIS ;»1:1 iter Schedule.

3. ]npu!,’Oulpu(: Functlon Is Capacil) Control.
Input Output Control is an excellent technique. People have used it and
had very geod results. The fact that it focuses attention on backlog and,
mns«:qucmly fead time, is onc of its greatest attributes. But, in essence,
it's a capacity control device. {i's a way ta monitor the capacity plan to
see if the production rates required to meet the Master Schedule are ac-
tually being attained-

We've spent a good deal of time in the past year gathering information,
visiting companiss, learning more about Finite Loading. We went into this
w»ith an open mind. Certainiy the last thing we want to do is tell people that a
technique isn’t practica! and later have it proved to be praciical. We hate to
take a negative stand on anything. It's much casier to just ignore it and make

&5 PRODUCTION & INVENTORY CONTROL — 3rd Qur. 1973

believe it doesn’t exist, but we felt a responsibility. A lot of people have asked,
us about Finite Loading. A lot of people have asked us to tzke a stand to helop
them to understand it better. We have done our hamewack, in our opinion,
and we have taken our stand. We don’t believe that Finite Loadine is a valid
technique for scheduling and !cading a machine shop. Certainly this docsn’™
say that any company that wishes to support pure research shouldn’t pursue
Finite Loading. For companies that cannot indulge in this luxury, the mirage
of Finite Loading should be avoided.

George W. Ploss!

To summarize, we've been discussing Input/Qutput Control, Infinize and
Fini.e Loading. We have concluded that Input/Qutput might mere accu-
rately pe called Qutput/Input Controi and that Infinite Loading is reaily
Capacity Requirements Planning. We seriously question that finite loading is
& vahd technique. The best that can be said for it is that it may be a fine-
tuning device for very special applications.

We have worked hard to dispel some of the fog surrounding this important
area of production management. Production and inventory contro! is cb-
viously no longer a collection of loosely related techniques. There are un-
derlying principles and sound techniques for appliying these principles. jt is
n.0w possible to see how a plant can be kept on schedule with a printity pian-
ning system that works. Capacity Requirements Planning, contro! of output
and a dynamic priority control system to respond to real world changes.

Keeping on schedule requires three basic actions:

1. Load levelirg via the Master Schedule. You must smooth out the peaks
and vatleys as much as possible and scheduling only what you're capatle
of producing.

2. Some jobs must be started carly. You must reach aiead cither through
the Master Schedule or by individual starting operations and rejease
some jobs hefore the planning system says it is necessary. The plant
must be fed at a fevel rate with a balanced mix of work.

3. You need a two-way priority system which reeognizes jobs needed later
as well as those needed earlier. Tom Putnam of Marken Corporaticn at
our Sunapee conference stated this very clearly. He said, “You must
push out the orders you don't necd.”

Jim Burlingame of Twin Disc in his article, “Finite Capacity:" in the 2nd

Quarter, 1970 issue of the APICS Journal, Production and Inventory Man-

agement, stated the basic fact as well as it can be said, "“The answer to 2
capacity problem is not to retard the job but to find a way to do it."” The vital
need is for adequate capacity, not sophisticated computer finite loading and
scheduling programs.
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MATERIALES 102

SESION 5

EJERCICIO 1

OONSIDERE UN ARTICULO CON UNA DEMANDA ANUAL 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 ADMINISTRACION HA ESTABLECIDO UNA PO-
'LITICA DE NO MAS 2 "0'" EXISTENCIAS POR ANO. |

, CALCULE EL PUNTO ESTADISTICO DE REORDEN MENCIONANDO EL NUMERD LE
UNIDATES A QUE DEBE REORDENAR LL MATERTAL., EL MAD PARA ERRORES SEMANALES
DE PRONOSTICO ES 200 UNIDADES.

ASUMA 50 SEMANAS AL ARO Y USE LAS TABLAS DE SU TEXTO QUE CREA NECESA-
RIAS. . ST EL VALOR QUE BUSCA NO ESTA EN LA TABLA, USE EL MAS CERCANO.

" inh®



VOLANTE 1

ADMINISTRANDO EL INVENTARIO MAS
SIMPLE DEL MUNDO 1°. PARTE

INSTRUCCIONES: Actualmente Ud. esta colocando 12 ordenes al

afic (4 por articulo). Manteniendo el total de ordenes al afio
en 12, Ud deberda determinar el niGmero de ordenes por cada --
articulo que le de el mas bajo TOTAL de inventario promedio.

CONSUMO -  DRDENES CANTIDAD INVENTARIO
CODIGO  ANUAL AL ARO EN ORDEN PROMEDIO
A $4900 4 $1225 © $612
B 900 4 225 112
C 400 4 100 | .50

TOTALES $6200 12 $1550 §775



INSTRUCCIONES:

VOLANTE

2

ADMINISTRANDO EL INVENTARIO MAS

SIMPLE DEL MUNDO 22. PARTE

Ud. est? a cargo de tres articulos:

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

de $900; y parte C con consumo anual de $400.

Ud. debera '"experimentar' con varios nimeros de ordenes al --
afio para cada articulo hasta que halle la respectiva cantidad

mis econdmica de ordenes al afio (la de costo total mds bajo).

Para este ejercicio use 20% para el costo de almacenamiento Yy

$10para el costo de adquisicidn. Su formato debe seguir el si

guiente ejemplo:

4

PARTE X (Consumo Anual $10,000)

(2) (3) (4)

(1) | (5) (6)
ORDENES  CANTIDAD INVENTARIO COSTO DE. COSTO DE  COSTO
AL AKO  EN ORDEN PROMEDIO ALMACEN ADQUISIC. _ TOTAL

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

2 5,000 2,500 500 20 520

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

(2) = CONSUMO ANUAL/ (1)

(3) = (2)/2

(4) = (3) x COSTO DE ALMACENAMIENTO (%)

(s) =

(6)

(1) x COSTO DE ADQUISICION
(4) x (5) -
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CONSUMO
MENSUAL

($)

ARRIBA DE §
800 - §
400 - ¢
246 - $
160 - §
100 - $
60 - 3§
40 - §
25 - §
15 - §
10 - §
ABAJO DE _ §

L B P A O S S 5 O o

COSTO DE ORDENAR:

COSTO DE MANTENER:

TABLA DE LOTES ECONOMICOS

2,400
2,400
800
400
240
160
100
60

40

25

15

10

LLOTE A ORDENAR

(MESES)
0.5
1
1.5
2
2.5
3
4
5 2N
6 7
g
10
12

$§ 10
20% ANUAL

EXACTITUD DE LA TABLA + 1%
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Volante 1

CONOCIENDO NUESTRO PROCESO

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

1.~ ASUMIENDO QUE UNA UNIDAD EN UNA PLANTA DE EN-
SAMBLE TIENE UN COSTO PRCPORCIONAL AL AVANCE
EN EL PROCESO. ST LA UNIDAD BE PRODUCTC TER-
MINADO TIENE UN COSTO DE $1,200.00 Y LAS PIE-
ZAS QUE SE ALIMENTAN AL PRINCIPIO DEL PROCESO
TIENEN UN COSTO DE $600.00 , CUANTO ES EL --
COSTO PROMEDIO DE LA UNIDAD EN PROCESO ?

R:

2.- SI LOS ESTADOS FINANCIEROS INDICAN QUE EL IN-
VENTARIO EN PROCESO ES $3,600,000.00 ;CUANTAS
UNIDADES HAY EN EL PROCESO? ‘

R:

3.- SI LA PRODUCCION SEMANAL HA SIDO DE 250 UNIDA
DES, ¢ DE CUANTAS SEMANAS ES EL TIEMPO DE EN-
TREGA PROMEDIO ?

R:

4.- SI EL TIEMPO TOTAL ESTANDAR DE OPERACION POR
UNIDAD ES DE 1.6 SEMANAS, ¢ CUANTAS VECES ES
- MAYOR EL TIEMPO DE ENTREGA QUE EL DE OPERACION?

R:

5;~ , CONOCE ALGUNA PLANTA QUE TENGA LA RELACION -
TIPICA DE LA PREGUNTA ANTERIOR ?

R:

Lh’




MATERIALES 102

SESION 8

EJEP’PLO 1 PAGINA l

(N GRUPO DE 5 ARTICULOS SGV TODOS PROCESADGS A TRAVES DEL MISMO DEPARTAMENTO
Y TODOS REQUIEREN DEL MISMD TRABAJADOR PARA PREPARAR LAS MAQUINAS ANTES IE

CADA TT10 IE PRODUCCION,

“SU TIEMPO ESTA 100% SATURADO E INCLUYE 31 HORAS -

I TRABAJO ANUAL Tt PREPARACICN PARA ESTOS 5 ARTICULOS. EL RESTO DEL TIEF-

(e e
'RY LI_

TRABAJD ESTA OCUPADO CON OTRAS PREPARACIONES EN OTROS DEPARTAFENTCS,

SU COSTO DE MAI0 DE OBRA ES IE $5/HORA. EL INVENTARIO TIENE UN COSTO DE ~--

AVRCENASE D 207 AL ARO. LOS DATOS IE LAS PIEZAS SE MUESTRAN EN LA TABLA -

A CONTINUACTON

ARTICULO |  CANTIDAD ANUAL | VALOR LVIDAD 'TIEf“PO DE | PIEZAS EN CADA
-« (PIEZAS) ~ .| PREPARACION | ORDEN (ACTUAL-
| b HRS/ORDEN, | MENTD),
1 - 1000 0.1 2 500
2 930 10.0 1 245
3 800 4,0 . I 400
o 5400 0.5 6 5400
5 2400 1.0 3 800

CALCULE EL INVENTARIO ACTUAL DE LOTIFICACION DE ESTOS 5 ARTICULOS Y MUESTRE -
QUE ES POSIBLE REDUCIRLO SIN AUMENTAR EL TIEMPO DE PREPARACION REQLERIDO.
¢ -CUAL ES LA MAGNITWD IE LA REDUCCION ¢

USAR HOJA ANEXA,




MATERIALES 102

SESION 8
EJEFPLO 1, HOUA 2
ARTICULO_| LSO AMUAL . | COSTOIE..| COSTOIE | CANTIDAD .| COSTOTE | . CANTIDADIE | CosTo DE| cavrinap | coste
- $ CPREP P/ | ALMACEN, | ACTUAL | PREP.ANU | PRUBBAEN | PREP, DE| LIMITEN| IF PI
- ORDEN $ P/AOY | ENCADA | ALACTUAL | C/ORDEN $ | PRUEBA | C/ ORDEN| LINIT
- 8 £l

ORDEN %~

$

ANUAL  $

$

g ~




'MATERIALES 102

SESION 6

EJERCICIO 1

TERMINAR DE LLENAR 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.



‘SUB ‘ENS’M’:E ‘DE 'PROYECTOR - Y2L

CANTIDAD EN CADA ORDEN
TIEMPO DE ENTREGA
EXL{STENCIA

ENTREGAS PROGRAMADAS

= 600 UNIDADES

=

I

1 SEMANA (0 PERIODO)

500 UNIDADES
600 UNIDADES EN 2 PERIODOS

—
P E R O b O
. 1 2 3 4 5 6 8
PROYECCION DE
REQUERIMIENTOS BRUTOS 200 200 200 200 200 200 00 200
ENTREGAS PROGRAMADAS 600
EXISTENCIAS 500
ORDENES PLANEADAS
POR LIBERAR
@
m
~
¥e)
~kt
(@]
-
o

VIOH®

-
[

NOIS3S

9
S3TVIHILYN

ot



QUL-LEVIIbLL UL EhUTLUIL ToL
CANTIDAD EN CADA ORDEK = 350 UNIDADES.

TIEMPO DE ENTREGA = 2 SEMANAS (0 PERIODGS)

EXISTENCIA = 400 UNIDADES

PROYECCION DE'
REQUERIMIENTOS BRUTOS -

-100

150

120

150

100

90

110

120

}ENTREGAS PROGRAMADAS ~ ~~

EXISTENCIAS -

400

ORDENES PLANEADAS

POR LIBERAR <

¢ VICH

L OIDIDY¥dfd

9 NDIS3S

201 STIVIYAIVA



LENTE D‘PRUYEC'J'L)R - No. 10314

CANTLDAD EN CADA ORDEN

TLEMPO DE ENTREGA A
SXLSTENCIA DE SEGURIDAD
EXLSTENCIA

REQUERIMLENTOS PARA REFACCLONES

1000 UNLDADES

2 SEMANAS (0 PERLOBOS)
200 UNIDADES

90O UNLDADES

100 PHR PLRLODO

o

)

PROYECCILON DE
RLOUERIMLENTOS BRUTOS

ENTREGAS PRIOGRAMADAS

EXLSTENCLAS 900

ORDENES PLANEADAS
POR LIBERAR.

‘1 012706313

¢ VIOH

9 KX0IS3s

IVIYALY

Rz

..
€3

1

-~
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FACTORES DE SEGURIDAD

i
NIVEL DE SERVICIQ USANDO D.E. USANDO MAD

50.00 % 0.90 0.00
75.00 0,67 0,84
80.00 0,84 1.05
84.13 1.00 1.25
85.00 1.04 1,30
89.44 1.25 1.56
90.00 1.128 1.00
93.32 1.50 1.88
94.00 1.56 1.95
94.52 1./60 2.00
95.00 1.65 2.06
96,00 1.75 2.19
97.00 1.88 2.35
- 97.72 2.00 2.50
98,00 2.%5 . 2.56
99.00 2.33 2,91
99.18 2,Mo 3.00
99.38 2./50 | 3.13
99.70 2,75 3.44
99.86 3.00 3.75
99.93 3,20 4.00

1 99.99 4,00 5.00




TABLA DE CONVERSION DE
INTERVALOS DEL PRONOSTICO

CUANDO INTERVALO = 1 DESVIACION ESTANDAR
Y TIEMPO DE ENTREGA: 0 MAD, WMULTIPLICAR POR;
2 1,63
3 2.16
4 2.64
5 3.09
6 3051
1 3,91
8 4.29
9 4,56
10 5.01
11 5.36
12 5.69
13 6,02
14 6.34
15 6.65
16 6.96
17 T.27
18 7.56
MAD AJUSTADO = KaD (JE—’E‘-——)D'?’

H‘ET el o
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SHORT RANGE PLANNING AND REPLANNING,....NOT FEEDBACK REPORTING

By Rick McKelvy
Sheridan Associates
Interactive Information Systems Division

-
During the past five years, I've been working for a company that specializes in .
computer systems for Production and Inventory Control. This includes software,
herdware, and the necessary training/implementation support to realize an
effective system and obtain those magic results - reduced inventory, improved
customer service, and improved productivity. My role has been one of defining
the application design criteria for the various software modules and user
essigstance during pre and post implementation activities.

1

What this all means is that I've had the opportunity to vieit numerous companies
end review their current systems (both mechanized and manusl) with respect to
Production and Inventory Control....approximately 35 instailations in all.
Perhaps the most significant fact realized from this exposure is that, among
the major Manufacturing system applications (Shop Floor Control, Inventcry
Control, MRP, CRP, &nd BOM), Shop Floor Control is the least understood, Scme-
how, we've defined this module as & system that collects and reports shop status
information. Such date may be e necessary input to Shop Floor Cortrol Systems,
but the reporting of this inforuation is not one of the applicatica’s primary
objecrives.

What, then, ure these cbjectives? This question i{s the basis for wy presenta-
tion which is structured in fhree parts. Part one develops the primary N
objectives of & Shop Floor Control System. Part two discusses the data files
required and wajor processing logic necessary in a computer system to support
these chjectives. Part three reviews in detafil the key output documents such
z system should generate. These documents sre presented in & problem solving
mode using a4 chain hoist a3 the cenufactured product.

Bafore lumping into Fart one, however, I'd like to quickly review cur past
efforts with respect to computer systems for Manufacturing. This will provide
some insight as to where we are and how Shop Floor Ccatrol, as it exists today,
was created,

PAST

1

e |
Manufacturing systems started something like this....First the Contreller !
decided he would allow Manufscturing to use the computer (after Accounting and
Payroll, of'course). HNext, & portion of the programming staff was split off
to develcp the required .software. This group went to various shop personnel
end asked u very logical question. What'a ya need? Our (the practitioner)
response, however, was nct 8c logical....we don't know! Not to be denied, the
pfopranmcrs then went off in their own directicn, They locked arcund for some-
thing to mechanize, came up vith all sorts of in_ornaLion, and started coding.
Finally, we rerlaced the keypunched card with datz collection devices which
allowed fcr more date, faster.

where did 8!l this information go and how was it used? As sghown on Exhibit 1,
tke typical data collected was elapsed hours by emplovee, expense charges by
employee, wmaterial fssues and receipts by order, operation payoffs per opera-
tior by worker, aznd scrap and rveject figures by order. When date collection i
davices were used, the Information was typically transmitted to a data pooler
and thern on o a centrael processor for user reporting. Fut waz the user the
_Production ard Inveuntory Coutrol department? After all, that's the group we
started out to help. Returning to Exhibit 1, we see numerous reperts, conly two |
of which can be considered helpful data for controlling what erd vhen work '
i
i

]
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should be released (or worked onm) in the shop. Furthermcre, es discussed

later in Part one, such status reports don't reelly support the pr y objec-
t{ves of & Shop Floor Control System,
DATA COLLECTION
Exhibit 1
Elapsed Hours Expense Charges Scrap, Rejects
Material Issues,
Receipts g OperatiijPayoffs
ook
L CENTRAL
PROCESSOR
. . ] PRCDUCTION & —‘F
ACCOUNTTING HMANUFACTURIN: INVENTORY FURCHASING %
CONTROL ' ’ . {
> A
4 % —o-l—-n—-———z
L PO

ATTENDANCE, COMAITIMENT

JOB ORDEK EFFICIENC‘;. -15 D;Z)a 2;‘3%;’ VENDOR __
COSTING, WIP SCRAP STATUS AFALYSIS, PEST
VALUATION, REPORTING DU SHIPMENTS

PAYROLL
PR it
- -~

lext came the MRF crusade., It's theme was simple enough....The best way to
help Production and Inventory Contwrol is not through up-to-datc shop status
information, but rather in assiating them develop & realistic plen of materizl
requi-erents consistent with customer dewends. In other words, nc matter how
aosphisticated the shop reporting system, if wa start with ac unrealistic plar
(capacity) or place cuphasis cn the wrong jobs (pricrities), the best eruch a
system can ¢o iz tell us how late and/oz cut of control we avn esrlier than we
might nste this situetion wanuslly. After & few yeavs, we deciged this theme
wag probably right and io recent times have switched our attentions from
detailed chop reporting to iong range maierial planning or iRP.

Thic brings us to the present. Generally spzsking, the MRP crusade 1s ovck.
If you haven't grasped the dependent demand princtple yet, 1 suggest you're
resisting rather Lhan trying to understand. Kowcver, MRP is not m cure all,

o APICS 1571



it has limitations. 1In fact, the limitations of MRF provide the basic Frame-
work for defining the objectives of a Shop Floor Control System. Obviouziy,
this statement needs clarification which will follow directly,
one final note on where we are. As practiouners, once we realized shop report-
iog was probably last and not first in the development sequence of Manufactur-
ing systems, we switched gears and started on MRP.
-ppeérs we made an assumption I must now question,
erforts in the shop, although out of sequence, will rone the less provide us
the information tools to pick up where MRP leaves off. Thst ig, controlling
and executing the short range relzase plan. However, oy experience to date
with shop reporting systems does not support this assumption..,.s statement I
will also explore further in Part one. :

PART ONE - OBJECTIVES

In the preceding paragraph I made a statement about the limitations oi tiF-

being the foundation for defining the objectives of a Shop Floor Control System.
The major limitation in MRP is that is does not consider

Now .for some details.
‘capacity restraints, particularly when reporting re-schedule situations (open
jeb orders that should be moved up or back due to Master Schedule chenges,
cycle count updates, bill changes, etc). To compensate for this, an applica-
tion called "Rough Cut Capacity Planning" is recocmended. This {nvolves the
development of a series of general routings that represent the required hours

by major work center for certain Master Schedule groups....the idea being to test

the Master Schedule against these routings and determine feasibility with
respect to plant capacity. There's no argument that this is a sound approach,
However, let's look at it from the standpoint of supporting shop activity on a
day-to-day or weekly basis. First, it's a gross average and by now we should
all be aware of the potential problems associated with such figures, For
example, consider the problems created when we took an item's yearly demand and
divided by the lead time for order point. Aren't we in fact making a similar
assumption when we state that 1f 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 this mesn rough cut should be fine tuned to reflect capacity on a weekly
bagis? Certainly nmot. If we ran a detailed CRP each week, reviewed its out-
put, adjusted the Master Schedule accordingly, ran MRP, we'd probably get our
planning reports one day before it's time to start regenerating. Furthermore,
think about the computer time required to accomplish this task. The problem,
however, is a real one and therefore must be addressed by one of our Manufac-
turing System applications. I feel this application is Shop Floor Control
which leads us to the definition of our first primary objective, Namely, the
ability to translate the short range release plan as reported by MRP (orders
scheduled for release or re-schedule four to eight weeks out) into detailed
capacity requirements by key work center based on the latest figures with re-
spect to shop output restraints. Also, this ability must be provided on a
timely basis since the mission of Production and Inventory Control personnel is
. clear once they recrive their MRP output. This mission includes changing due
dates on released orders, adding or revigsing planned orders, etc, If such
changes are not feasible from a capacity standpoint, the user must know this
almost immediately in order to make adjustments.

A gecond gray area or limiting factor with MRP is lead time. Almost all of the
operating MRP systens I'm familiar with use a set of guidelines in this area.
For example, all machine parts going through heat treat might have ten days
lead time; no heat treat, six days; assewbly, ten days; etc, I don't quarrel
with this approach. Many users spend too much time getting lead time data

down te an exsct science only to find that MRP backs off from the end date of
the previous week whenever' it drops a level ia the product structure. However,
it does bring up the average problem again when considering work loads over

the short range. Addressing this limitation then becomes the second primary
objective of a Shop Floor Control System. Namely, including the capability to
trarslate each order planned for release over the short range into a realiatic.
opers by operation schedule bzsed on its particular build sequence.

CONFERENCE PROCEEDINGS 87

First, however,

Great; but along the way it
The assumption was that our

The: third priuary cbjeciiva of & Shop Floes Control Systewm is not related to
MEP., In face, it can’t be related to ony system but rother Just happens to be
the way things are. What I'm addressing is unplanned demands like & press that
has never gone down before but will be out of cermission for €wo wéeks; or a
customer who has a firm delivery date five wecks {rom now but just called and
would like to know if we could posegibly ship this week....end(he's willing to
waii ten minutes for the arswer. Msny small companies are faég? with twenty-
five to fifty of these inquiries each éay. :Qf_

Fer |the most part, MRP can't help you with these problems, I¢'5 usually a
repcuerative application report:d on a weekly basis. During the week, the
shop's on its owm. Therefore, the problems associated with unplanned demands
over the short range must be addressed by the Shop Floor Control System which
means offering capabilities that include:

' 1. On-line test for availability - this would enable shop

' personnel to evaluate the feasibility of shipping &

‘ product earlier than scheduled. The word test is impor-
tant here because if a change can't be made, we don't
want material reserved or order priorities changed
unnecessarily,

2. On-line rescheduling of problem orders - when maclines
| go down and we reschedule to alternate operations, doee
; this just move the bottleneck from one area to another?
! We need to know this answer as soon as possible and, if
i it's a bad one, try something else.
|

So far we've discussed shop floor control from the standp..nt of its interface
with MRP and modifying schedules or materisl allocations based on unplanned
demands. 1 consider these its primary objectives. However, executing the
short range plan and dsta accuracy must also be addressed. This means includ-
inglin the design of a Shop Floor Control System processing features such as:

1. 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

insures stock is being utilized consistent with the latest

| decisions of the Production and Inventory Coutrol Depart-

I 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 inmediately

unreserve matevial allocated to reserved orders starting

with the lowest priority job. This insures shortage or

backorder conditions created by deallocation will be

reflected on the expedite list as soon as possible,

! 2, File editing of shop completion entries at the operation

} level - this feature wmonitors shop feedback entries at the
| source and rejects any input where the quantity entered for
( a given operation is greater than that recorded to date for

the preceding operation (¥ tollerance) or greater than the
order's release quantity. If we've learned anything im
the past about correcting record errors, it's the fact
that the longer the time lag between when an entry was
made and its ertor condition noted, the longer and more
I cumbersome the correction process becomes. As is true
with any system, record errors are i{ts worst enemy.
| Therefore, we should include every check possible in
| our Shop Floor Control System to ensure this enemy is
| controlled.
\
The list of processing features that should be included in a Shop Floor Control
System to ensure the short range plan is executed accurately and in its prcge:d
sequence is rather lengthy. Coupling this with the fact tﬁat r- paper is a me
at the objectives discussed previously, additional control fe: s will not bc
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addressed. This by no mesns indicates they are of lesser concern. One need
only 1- ™ at the MRP systems that have failed because of inaccurate laventory
data alize their importance.

PART TWO - THE SYSTEM

It's probably evident that in order to support the primary objectives discuss-
el sbove, an on-line interactive systew is required. Before deciding such a
system is too sophisticated or the expense far outweighs its advantages (a
typical response to on-line system suggestions in the past), let's review some
current facts, T believe they negate this response. .

1. On-line systems are easier to operate and require
less training - this 1s true due to the elimination
of numerous error reports that accompany batch proces-
sing systems....obviously because input edit and file
update errors can be detected upon entry. Also, every
input transaction flashes the necessary data on the
input device thus eliminating the requirement that all
shop personnel remember the data elerents associated
with each update entry.

Almost every computer on the market today 1s structured
to support on-line processing. They believe it's the
way of the future and for us not to utilize this capa-
bility seems fcolish.

Computers are getting faster and cheaper each year.
Consider the introduction of the mini computer. Most
of these machines offer processing power equal to maxi
computer cutput rates only a few years back, support
on-line, are about one-third the size, and cost
considerably less. I don't know if they will follow
the pattern of hand calculators, but the trend seems
comparable.

4. Programmers understand and are now fully competent with
respect to on-line coding. .
In summary, due primarily to increases in computer technology, on-line systems
are no longer a luxury that only the rich can afford or the high volume user
needs. )

0.X., 8o in order to support the objectives outlined above we need an on-line
system, What data files are required and what major processing logic ig
necessary? First the data files. As shown pictorally on Exhibit Z and
discussed briefly below the exhibit, five on-line files sre required. These
files need not be the massive data files typically associated with their names,
however. TFor example, the Open Order file need only reflect job orders,
customer orders (finished assemblies), and purchase orders scheduled for
release over the shert range. Also, these orders could be added to such a

file wechanically as an output of MR?. The same i{s true for the Allocation
file and Operaticn Detnil file. They represent ccmponent requirements (bills .
of raterfal) and operatiovn steps (routings) for all job crders on the Open
Order file. Therefore, they include only a small portion of the total bill

and routing file data in a Manufacturing company. These files may also be
npdeted mechanically by extracting date from the mester files after an MRP
generation,

As a point of interest this data, becunuse of its relative size compared to the
master files, could be placed on a mini computer which in curn could be located
on the manufacturing floor. This f{s certsinly a desirable feature as it would
give the Production and Inventory Control Department ite own compnter and
eliminate three complaints vocalized almost everywhere by shop persocnnel,

8g

1. I don't get my repurts on time,
2. We (the shop) never get processing priority on the mact

I know we have data accuracy problems, but it rust be the
Jdata handling operation upstairs.

3.

ON-LINE DATA FILES

Exhibit 2
WORK INVENTORY OFEN OPERATION
ALLOCATIONS
CENTER MASTER ORDER DETAIL

'

Work Cent;r - This file should contain move, queue, &nd capacity figures for
each work center in the plant.

Inventory Master - This file shculd contain balance information such as on-hand.
on-order, reserved, etc. for each item fabricated, assembled, cr purchased by
the manufacturing facility.

Open Order - This file should contain a record noting due date, start date,
guantity ordered, quantity received, quantity scrapped, 2tc. for &ll open shop
or purchase orders either active or scheduled for relezse over the short range
horizon (four to eight weeks).

Allocatione - This file should contein the issuve requirements (biile of
material) for all shop orders on the Open Order file. -

operation Detail - This file shoul? contain the standard run-time end sctup
values for each operation required on all job orders on the Open Ordar file.

There are two major processing features Tequired in order to eddress the
primary cbjectives of s Shop Floor Control System as outlined in Part Ous -
prioritization of orders and opzrations, and scheduling of operaticn stsarg
dates. The prefix "re" chould be added to both of these terms since today's
schedules and priorities will no doubt be different from tomorrows. In fart, -
it's the reprioritization and rescheduling that is the key rather than design-
ing sophisticated algoritims for each feature, Consider the following:

N
Each week the Shop Floor Contrel System should shake kands with
MRP and get it's new assignments. This not cnly includes addi-
tional planned crders for the future, but rlsc adjustments to
current planned orders (quantities, release dates, etc,) and
expedite/de-expedite messages on open oY reserved orders (move
up, not needed on due date currently expected, etc.). After
receiving this data the system, as quickly as poss}ble, should.
then reprioritize and reschedule its short range pian and
verify feasibility from a capacity and muterial aveilability
standpoint, If the new plan is not feasible, this fact must be
communicated as sovon as possible in order for production and
inventory control personnel te address alteraatives. We &ll
know it's easier and less cestly to adjust schedules anil
priorities on orderz that have not been released than it is
to modify work-1in-process jobs.

i > -irely reprioritization
A second, and by no meana lesg important reasan for ticely
and tescﬁeduling is the fact that as socn s¢ we verify the feasibility of MRP's
ad justments egnd/or new sssignments our unplanned demands will hit us (c?stomet
rush order requests cnd production problems). Therefore, these processiog
feeiures mst be on-lline.

7ith regard to 2lgorithms, simple critical ratio on jobs that have not been
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released 1s sufficlent for ranking orders to determine mafe:ial assignments
Slack ratio is recommended when addressing rcleased orders to dete"m;ne to ’
billing at machine centers. The scheduling algorithm should be a ;;rai htp
forward back-scheduling technique using move and queue values from :he Eork
Center file and time standards from the Operation Detgil file. Itq-obigctive
of course, 18 to arrive st acheduled start dates pex operation For.eve;y job ’
order over the short range. This would then be followed by a loadin rocess
that summed the standard hours for each work center by time period argmdP re-
sznted a load profile of required capacity to actual capacity, The bacE-
scheduling logic is .hovi pictorally below, )

GRDER DUE DATE

__Queue ' Set-Up ' Run , Move l Queue ' Set-Up ' Run ' Move

OPERATICN
START DATE

OPERATION
START DATE

There are two enhancements L0 tnis vack-scheduling technique that stouid be
considered. (me 1s the elimination of move and queue time values when con-
current operations are performed in the same work center. The other is the
ability to use less than a work cénter's full capacity when determining the
start date for a particular operation. For example, if a center‘has.gout
machines but only one is used for any single Job, the back-scheduling technique
should only consider 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 cutput required to support the objective i

Shop Floor Control System include both video gispIaysa::téiggdcggsv:zuzliijor ¢
Although hard copy documents are not discuesed in this paper, they arg vita%-

to the execution and control functions of the system. Typicélly these reports
list, on an exception basis, jobs that heed expediting, shortages that have been
filled during the day's production effort, work center I/0 performance, etc

For the most part, the on-line displays are used for planning testing' and.
simulating re-plan decisions over the short range. Since thi; area 1s,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 with on-line_scheduling and loading, provide Production and Inventory,
Control personnel the tools necessary to deal with MRP's adjustment requests
and/or unplanned demands. For example, the allocation detail by order displa
shows the availability of component parts in stores for any job order that d
has not been released. If the order is in a reserved state, this display
werely reports the quantities allocated (or backordered if not available). If
the order is in & planned state, however, the display simulates what the status
would be if the order were released today. The terwm simulation ig important .
because it allows for testing conditions and/or alternatives without tying up
material unnecessarily. Consider the example below. The order happens to be
for a chain hoist assembly scheduled for release on November 10th (see Start
Date field). Since today 1s October 24, this {s a planned order for the
immediate future and its avallability figures represent simulated values The
"display was triggered from a customer's request to ship this week, if po;slble.

o1

T ™

ALLOCATIONS FOR ORPER 3867 10T 0001

ASSEMBLY 1AMBER 8 PRI START DUE ORD.QTY QTY.DUE
547354351R 0 1140  10-NOV-75  17-KOV-75 250, 250
LINE  PART NMBER  QIY/ASY  REQ.QTY  RES/PLN  BO/SHRT  ISSUED

001 5700439001 1.0 250 100 150

002 5900473195 1.0 250 250
| 003 591291067p 1.0 250 250
Qoa 6090741278 1.0 250 250 )

|

\

|

As}you can see, the display indicates a&ll parts are available except one

(5700439001) - which means the order caa not be shipped this week. Or does it?

Our; output tools would be remiss if they did not allow us to investigate

further. For example, questions like:

‘ Could it be that inventory does exist for our short part but it's

| reserved for other orders? If true, could or should we borrow?
Borrowing typically depends on when we can give the material back

] which leads to a second series of questions, If I borrow, when
will additj -.al waterial arrive to f11ll the shortage I created

' robbing Pet.r to pey Paul? And if I don't borrow, is additional

1 material coming in so that I can at least improve on my scheduled

| start date of November 10, 19757

Thenext two videos address these questions. The first display is a request
for!the current allocations against our short part.

ALLQCATIONS FOR PART 5700439001 DESC: LIFT WHEEL
ORDER NUMBER LOT LINE S PRI START REQ.QTY RESERVE BKORDER
33180 0001 004 & 1017 27-0CT-75 300 300
2211 0001 002 &4 1130 31-0CT-75 200 200
0001 001 O 1140 10-NOV-75 250

\ i3867

As indicated, there is more material on hand then the 100 we were able to
vtilize with our previous video. However, its reserved for other orders - 300
against an order due to be released early next week and 200 against an order
scheduled for release late next week., The third order listed is our problem
orde%. It has nothing reserved since it 1s still in a planned state,

i )

l ~
Now we 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

addressed with a request for all open replenishment orders for our missing part,

whicﬁ is the -next display.

i
ORDE% SUMMARY FOR PART 5700439001 ' . DESC LIFT WHEEL‘\§

) 1
C ORDER NUMBER LOT S PRI START

100

DUE  ORD.QTY QTY.REC QTY.DUEE
1704 400

| 0

As shown, there is presently & job order working in the shop that was released
for UOO, has completed 100, and expects the remaining 300 on October 30, 1975.
This 'indicates that if we borrow 100 from order number 2211 to ~"'1 our
immediate shortage problem, additional lift wheels should arri 1 stores

1015 14-0CT-75 30-0CT-75

00l 6
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:eplacing the material before order 221} {s scheduled for release f(October 31,
1975). Furtl re, our autumatic sllocation feature will insure the parts
are assigned rder 2211 upon receipt in stores.

We've found a way around our material problems, but what
After all, we're moving a job up three weeks from where it {is
currently planned for release, What affect will this have on department 403,
the area where order 3867 must be aazsembled? This question leads us to our
fourth on-line display - Work Center Load Profile by departnent.

“o far, so good,
about capacity.

‘\

WORK CENTER AO3 1LOAD PROF1LE
DESCRIPTION CHAIN HOIST ASSEMBLY
. START DAYS CAPAC RESERVE SCH LOAD TO CAPACITY LOAD
PER DATE /PER HOURS HOURS HOURS 0%......100%......200% %
1 20-0CT-75 5  320.0  290.0 0.0  .Y000000K 90
2 27-0CT-75 5 320.0  200.0 0.0  .X0OI00N 9%
3 03INOV-75 5 320.0  170.0 110.0  .XXCOO00GX 87
&4 10-NOV~25 5 320.0 110.0 - 200.0 90099000094 97
5 17-NOV-75 3 329.0 100.0 205.0 [19.9.0.0.6.99.0.0.0.4 95
6  24-NOV-75 5 320.0 50.0 200.0 XOOTHHKKK 78
7 01-DEC-75 s 1320.0 0.0 350.0  .XXCOOKONX 109
K\fy Q08-LEC-75 S 220.0 0.0 285.0 19.0.0.0.6.680.6 4 - 89

This display indicates we have an extra 107 capacity this week in department
A0 which will allew us to ship our order &g requested without jeopardiziog
the sratus of other orders due In the same time period. .

It should be noted that 21l of our questions have been addressed in a simula-
tion or "what 1f' mode. As a result, up to this point nothing has been
changed .- only Interrogated. Had the answers been negative, we would nct have
disrupteé current priorities, schedules, etc. On the other hand, cur answers
wnere positive. Therefore, we should have the capability to enter this
decision on~line which in turn should trigger the necessary processing steps
to change priorities and scnedules accordingly. These procecsing steps have
teen discussed earlier and include:
1. Re-allocation of material (part 570043001) from order 221!
to order 3867.

2. ResEheduling of order 3867 to reflect assembly this week,

Adjustment tc the lcad profile for AO03 to show an increasa
in weuk one (under reserved hours) and & decrease in week
three (under planned hours).

3.

Furthermore, since all of these processing fzatures are on-line, the changes
are made instantaneously and our next Interrogation process for an unplanned
demand or MRP adjustaent wili be based on information that reflects the incor-

poraticn of all prior decisions.

Although the data accuracy and erecution reporting digcciplines necessary for a
complete Shop Floor Control System are cot addressed fn detall ia this report,
I would like to discuss one on-line output related to these topics. It
concerns the communication c¢f decisions as developed above to shop personnel
working on the floor., In other words, what vehicle {s used to insure changes
in order priorities are communicated to area foremen so they in turn can adjust
their job sequencing on the various machines? The next video display addresses
this concern. It lists all jobs through a given date that are scheduled to

WEERENCFE PROCFFDINGS 93

begin in the requested work center. Becauvse this display is developed using

Lie same on-line [fles the planning department analyzes and/or manip ‘s when
aling with change requests, both schedule dates and priorities rei :he
.atest Production and iInventery Control decisions, Therefore, the 1. 48

closed between deciding en a last minute change &nd conveying this information
to shop perscrnel,

(

OPTRATIONS FOR WORK CENTER A03 TFROI'GH 25-0CT-75

2¢

ORDER LOT - OP PRI  LAST Q1Y IEXY ALLOW S
NUMBER NO. PART NUMBER KO NO W.C. AVATIL w.C. HOURS T
3172 0001 8651100819 20 .88 A02 120 END 20,0 P
3165 0001 5362849615 020 .93 A02 295 END 28.5A 1
k\i§67 0001 S547364351R 016 1,01 250 END 26.1 R}
SIMMARY

Following 1s a list of key points or cenclusions presented in this paper.
Their sequence follows the report's detailed text for easy reference to
support information. !

1. Among the major Manufacturing System applicatious (Shop Floor
Control, Inmventory Contrel, MRP, CRP, and BOM), Shop Floor
Control is the least undevstood,

The majority of Shop Floor Control Syctems currently operating
today do not address the application's pricary objectives.’
They only collect and report shop status and performance <ata
after orders are released,

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

a, Interfacing with MRP and dealing with its limitations cver
the short range horizom - rough capacity averages, general
lead tiges and the sssumption due date changes on open
orders will not disrupt the shop.

b, Handling unplanned demands such as customer order ree
schedule requests.

c. Controlling the execution of the short range releass plan.

To support the objectives listed above, an on-line interzcrive
system is needed with the foliowing capabilities:

simulzted test for availebility with respect to suppert

2.
material for assemblies, sub-assemblies, and customer
orders.
b. on-line cllocation/de-allecation of ctores inveutory to
job orders in priority sequence,
c. cn-line prioritization of jeb ordeis scheduled for releasa.
d. on-line Lack-scheduling by operztica fsr all job orders
’ over the short ranyc release herizen (four tc eight weeks).
' e. oun-line loading of required cepacity by work centér by

time period for =1l shop orders scheduled for release
over che short range.
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5. The following data files must be on~line to support the capa-
bilities listed above,

a. Inventory Master file - on-hand, on-order, reserved, etc,
balance data for all parts,

b. Open Order Detail file - quantity and due date status for
all gshop and purchese orders open or aschedulaed for relcase
over the short range.

c. Work Center file - move, queue, and capacity figures for ‘
each work center in the shop.

d. Allocations file - single level bill requirements for all
Job orders om the Open Order file (short range horizon)

e, Operation detail file - routing sequence with time standards

for all job orders on the Opan Order file (short range

horizon).
6. The following on-line displays must be available to provide
- Production and Inventory Control personnel the information
tocls necessary to meet the prlmary obJectLves of a Shop Floor
Control System, -
a. Allocations by order - this display addresses the "what {f"
question concerning material availability.
b. Allocations by part - this display lists all orders needing
a particular item over the short range.
c. Orders by part - this display reports the current status
of all replenishment orders for a given part or assembly,
d. 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),
1
e. Operations by Work Cemter - this display lists all '
operations scheduled through a particular work center
by time period and priority.

Due primarily to increases in computer technoclogy (both hardware
and software), the Shop Floor Control System presented In this
report can be designed to function on a mini computer. Also,
the necegsary hardware could be located in the shop and operated
by Production and Inventory Control personnel. Three companies
in the eastern United States currently have such a system operat- i
ing in their Manufacturing Department using a DEC PDP/Il mini
computer, ;
1
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T°5 HAPFEMIGIG QN THE SHOP FLOOR?

By witham B. Todd
International Busiress NMachines Corpuration

|NTRODUCT,ON

The job of manufacturing is frequently described as the management of change. As soon as we learn
to solve one grfeal problerm, anotier pops up. g

\ L.
An example of this has been in the Material Requirements Planning Crusade. MRP has become an
ouretanding success st helping to reduce both inventories end lead times. But one thing leads to
ancther. Our drderstanding of MRP znd its technigues is being extended beyond simple order
launching by time periods into Priority Pi?nn-ng of orders to help do a better job of scheduling.

Simultaneously, progress is being made in Master Production Schedule Planning.

Continunus stiention to better and better planning, however, needs to be counterbalanced by
increzsing airention 1o the successful execution of these plans. Otherwise it will certainly fezd to
diminishing returns for effort and resources invested.

This paper addlesses the sutject of feedback of data from the shop fioor.

—  Why the dan is needed.
—  How you can get it.
- What value it has for you.

The redhzauon is becoming more widespread that planning and replanning cannot continually oo
improved without better data about what happened to the plans previously made.

FEEDBACK |

|
Feedback is a strange word. Dces it mean the 1 - dback to you uf data collected from the shop ficor

about 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 item? Yes, it does.
|

|
But 1t also means the feedback from you to the shop floor about what to do next, about when the
purchased components are expected in Receiving, etc.

Feedback is a rna way sireet running between Planning and Execution, between Dispatching and
Machining, between feeder lines and production lines. More accurately it is Plant Data Communica-
tions {PDC) among all personnel, all departments, all functions, all tocations and up through the
organizational structure from bottom to top and back down again. .

It is nothing new. Over the years we have cailed it many names, Data Collection being the most
common. But Data Collection, like most reporting is a one- way street and rarely benefits the person
collecting and reporting. Wlthout being useful to the “reporter”, it is frequently omitted, or illegible,
inaccurate, latelor all of the above. Benefits 1o the user of a POC system will be addressed later in

this paper.

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

Neither is PIam:Momtonng 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 {OMC) of stacker cranes, conveyors,
test stands, etc. by computer.

Plant Data Comimunicatlons {PDC) refers 10 the use of a system of terminals to:
i N
—  Report to a database the location and status of people, jobs, inventories, machines and other
resources, eg. moling
—  Permit inguiry into that database about the status of that job or resource.
—  Create a visual display or printed copy of an exception notice to a particular station or individual,
—  Through message switching capability, let one person direct a message to another individual.
—  Let one person direct a broadcast message to all appropriate terminals simultaneously.

c-~centially, theq Piant Data Communications is the two-way feedback of raw data, edited and

ected data, plus already analyzed and processed information. A PDC System uses termr
,sically connected by some form of communication lines to each other and through cc.
- |
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desices 1G @ host computer. The computer processes and stores the data about every communications

transastion in @ Yase.

That is all pretty apstract, Let’s be specific by examuning an » anple of one 11ansaction !nciden:ally,

t7 was chosen as typical of the procedure in use 'n literally huna. s ds of manufacturing Stores
Accounting applications of PDC,

EXAMPLE

Consider the following transaction. It i'lustrates many of the concepts of PDC. It is only one of many

ways to do one transaction on one of many kinds of terminals interacting with a database.

1. A proguction w.c her appears at a raw materials stockroom.

2. He hands the stockroom warker his identification badge and a requisition card previously
assigned him by his foreman. The requisition authorizes him to draw 30 pieces ot Part
Number 650793, for Shop Order # 45, Operation # 10, 16 be used at Work Center 38,

. The stockroom warker uses his terminal to enter the employee identification and the

requisition data into the PDC System.

The terminal reads the appropriate data from the employee badge and from the requisition.

The data is transmitted to the computer, which recognizes this as a valid inventory requisition

transaction.

Programs in the computer then call for segments of information from the database of infor-

mation stored in an on-line direct access device.

The prograrns check whether:

3. this is a valid employee clock number;

b. this employee is currently assigned to Work Center #3B;

c. this is a valid part number at the proper Engineering Change level;

d. this quantity of parts is both on hand and available, or reserved for Shop Order %45 as a
pre-planred aliocation. -

B. Inour exar ple, all is well and the stockroom worker’s terminai displays an “OK to Issue’

rmessage, which includes the bin location of the 30 pieces of Part Number 650793.

8. He then indicates to the terminal that the issue transaction js completed. The tota! elapsed

time witl norm:ally be only a few seconds. -

The worker then goes to that bin location, draws the 30 pieces and hands them to the

production worker,

N s w

10.

Although it is a cood exercise to examine all the “what if”’ questions, time and space do not permit
it. Suftice it to say here that they can be, must be and are answered in a reassuring number ot PDC
systems in operaticn today.

Now ook ax what happened as a result of this transaction,

1. The production worker got what he needed in 8 minimum of time, without any paperwork,
The badge is his permanent idertification. The requisition had been generated and printed
from a terminal by the Dispatching System.

The stockicom worker:

a. performed his task in the minimum time,

b. with no pzperwork to write, or post to another record,

¢. was guided in issuing the parts as authorized, from a bin location he did not have to look

up or remember.

The inventary records in the dstabasa were updated to show fci Part Number 650793, as

of right now:

a. the new On-Hand Baslance:

b. the date, time of day and quantity issued;

C. the niew available or reservations balance reheved by this issue.

4.  The Open Shop Order records in the database were updated to show, for Shop Ordar 245,
that Operation £10, “draw 30 pieces of Part Number 650793 from Raw hMaterial Stores"
vias completed as of this date, and time-of-day by Man Number____,

£.  The Product Cost records in the datahase were updated to shew, for Shep Order #45 that
30 pieces of Part Number 650793 were used at a material cost of S .

6. The 3in Locatiun tnventory records in the databzse were updatea to show that 8in Location
#4552A4, is now empty, and available for storage of any new receipt to that stockroom that
fits that bin classification.

2.

[sy

CONSIDERATIONS OF THE EXAMPLE

Moz, important, perhaps, is that the database records of inventory halances reflect what is on-hand,
available, reserved snd where every unit is stocked as of right now. This provides a new level of
validity to the Material Requirements anc associated Planning Systems.

It also contributes to a higher level of integrity to Stores Accounting. Locking the stockroom is
necessary, but reporting all the transactions accurately is vital,

CONFERENCE PROCEEDINGS
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b

T on-ine {i.e.,.terminals to 3 compuie- database), real time (i e.. two-way communications
en the system and the user) PDC system helps overcome one of_ih»e fundzmental prot
mufacturing. That is, in the absence of good p'anning, good discipline, and gooa prody .
(v e., execution of the plan), workers do what they must to survive.

In our exzmple, the reserved material was issued to the appropriste, authonzed shop order. in
many plants this would happen only by coincidence. Usually thg only way to be sure of daing the
jobs essigned when he is ready, is 10 draw the materials, the tooling, the gages and anything else
requirad as soon as the job is assigned to him.

This results in stockpiles or banks of Wark-In-Process inveritory out on the tloor, physncc!!y rese.rved
till some future day when they will be used, maybe. It creates congestion by occupying pnf)ductc(on
cr aisle space. More importantly, it geperally means that a first come, fiest ser\"fd issuing of s|toc dod
destroys any planned reservations, priority planning or priority d:spatchmg.sys.ems. Ir\.a!ena nee
for one job is not on-hand. It was issued 1o another released shop o:der which had a lower priority,
a later due date, but a worker who is more fleet of foot.

accurately, when made, using a PDC System, then we can learn to depend on the quamtities recorded
in the database, rather than upon card files or computer inventories updated by batches of
compisted requisitions.

H you want to consider cause and effect, consider the following. If we report issues and receipts

1f we can depend on the inventory accounting records to acc.u:ately reflect the !ala'neqces as 9! right
now, we can do a better job of Material Requirements Planning. The workers will gain c?nfldence
that when they go to draw stock, it will be there, reserved for them. Then we will reduce lrze ne_?‘i
for physical allocations. Then we will reduce the amount of excess Work-ln_-Process. Then we wilt

reduce the number and length of shortage lists, and the need for stock chasing.

We could continue this cause and effect examination right on through Scheduling and Loading
simplification resulting from fewer jobs released 10 the Tloor competing for capacity, lgss expediting,

ete. -
Two final points.

tvery event, every change of plans, every issue from stock, every piece that is scrapped, every

1. . . - . . ,
job 1equiring rework, everything that happens has -- either a big direct imoact, or a less obvious
indirect etfect on productivity. o o

2. A FDC Systern won't solve alt your problems nor will it make the only centribution te

productivity increases, but it can provide the tools and terminals_ w0 report what ic happening
into the daiabase. Once there, it is available to aznswer your inguiries, or to generate a report.

Now let's move on to some of the difficultizs commen to most every manufacturer. Once we get by
the symptome to the 1eal problems the solutions may becomre pretiy obvious.

In any event, problems identified can be opportunities for improveraent, feading to justifiable

change. First the symptoms we recognize:

1.  Excessive Lead Times for:

— Product Design

— Custerner Order Processing

— Purchasing

-~ Shop Orders Paperwork Preparation
— Manufacturing and Assembly

2. Excessive materials: -
~— Raw stocks
— Waork in Process . .
— Stocked Components — inciuding service parts
— Finished Goods
3. Inzfficient utilization of stockrooms and other storage space.

Low utilization of capita! equipment, which causas botilenecke diagcsed as lack of capacity.

4,
«— machine tools
— material fiandling equipment
— tooling and fixtures
— inspection equipment and test stands
Qg
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5. Missing expen i
g expensed items ) 5 ‘
4, Iwvaluavon Techniques

~ hand tools

— expendable supplies . Methods nt1ust be designed to ovaluate the noew system whffe it is being o"es/gned, not after

— 8ages and micromerers installation. Pride of authorship is alvsays involvad and usually underestimated. In the absence
of objective evaluation techingues, the system will be promoted, defended, and explanations

will be readily @ ailable to excuse any results experienced.

6.  Excessive indirect overhead

A - . - . - -
— supervisors Examiple: With PDC Systems it is advisable 1o have operstor identification be the first data
- foremen entry element. By doing =0, nif aborted or incomiplete transactions can be sorted and anaiyzed
— manufacturing engineering troubleshooters 10 identify which operators nzed more training. It is not done 10 penalize the operator,‘but
— stockchasers and expediters to help him become more produsiive sooner. This simple evaluation technique can mizasure
— timekeepers the success of :* ~ _~: -a10r wraining program,
— inspectors and quality essurance troubleshooters .
— Inventory analyzers 5. Incentives
— set up men
— material handlers There must be incentive 1o succssfully achieve objectives, rewards for having succeeded, and
— maintenance men options ta;select for improving performance whien unsatisiactary.
- - /7
e leve] of

REVIEW OF MANAGEMENT PRINCIPLES Example: For a stockroom manager, public recognition and & cash bonus for som el o
inventory record accuracy. Agreement between database and cycle-count quantities within

A brief review of a few basic and almost universally accepted principles of management at any level some % of;error Is the measure of accuracy.

are in order here. This is a reminder that there is little ho i i
_ d i pe that any system will function :
svg\:?co:;{:;em H‘ﬂ;\ey do not exist, or whan poorly defired and improyperly applied, they g::fsgly 8. Proper Tofls
y 2 problems, ' [ . |
B | The previous five items are frequently problems because they are totally absent or woefully
L Policies inadequate. Production and Inventory Control peop'e always have some tools of the trade:
[
g ‘
Specific guidelines are needed to explai i - teleph
cif plain to each level of employee what h ietepriones i
be Going ploy at he is supposed to — weekly production reports {heavily annotated)
— red tags
A few examples may help. Ask yourself whether your company has clearly stated, written- - a?tagld tg?ets
3 — clip boar '

down policies in regard to the following. hort d hot ti
— shortage and hot lists

— Customer Service Levels, by produ;:t or family — Gantt charts or other schedule board

— Economic purchese order quantit; ideli . rer . )
— Economic groduZtion ordgr ggggl?tsi;rg:x:gilsnir\zissfo. commodities speculation A Production Contro! Manager | met had a blackboard in his office filled with a highly complex
— Priorities to decide conflicts or where com etition exists f progress chant of every machine being constructed, with departmental loads, etc. It kept one
— Stocking of service or spare perts P *or a resource Productior:r Contro! man busy four hours a day to maintain. Whin 'I inquired honll he cl’o\ulg|
— How to define planning lead times (for MRP) and i i . interpret and use such a complex presentation, his reply was “Oh, | don’t use it. | can hardly
and lozding) d ) and production lead times (for scheduling read it, but it's extremely valuable in keeping Marketing off my back}’
— On what kinds of items will safe ) ’
#lety stocks be planned and used Those kinds of tools have kept us going in manufacturing for many, many yearsd— and thed
Such policies and guidelin P . . its and traditions are strong. But those kinds of 100ls and procedures are inadequate today.
neglecpt is cause fO?:llgs:r':es m?y Aot have been completely essential in the past, but their continued i '?ilz;fsno longer'work in an airlgines reservation system, nor in gwho|esale distribution ware-
. house, nor even in a process industry continuous flow kind of manufacturing or production.
2. Objectives .
, ; A good PDC System offers the tools to provide the needed data — in the form needed,

F_or each policy, each function, each department, there must be clearly vrritten objectives accurately, quickly, and as curtent as the last entry from an appropriate terminal.
directed to each employee at his level of responsibility. i | ‘

| . . -
Let us examine briefly where the data originates that many manufacturing people must use
These objectives must be reasonable, precise, and measurable. Each of us has suffered that Il now. Although you may not use them all in your operations, or within your company, they are
unpleasant anxiety which comes when we don't know whether a superior believes we are all pretty common.

doing a good |9b or not. Worse, it may not be clear what_it is we are suppased to be daingl

' SOURCES OF DATA - -
T

Here are some examples of specific, measurable objectives: - - .
Consider any one of your working reports, Trace back its content to the original source of the data. .

Not just down through a couple of more detailed or more frequently prepared reports, but back to
the original source. Some source documents are on pre-printed forms, others are simply scraps of
paper. in either case they are filled out by shop people.

— No more than___% of all jobs in process are aflowed to remain behind schedule more
than __work days.
— Practice sensible Input/Output Control by releasing to the plant no more standard
hours of work this week than was completed last week. v \ﬁ ket
- ;r:(?j;g ::gp pa%erwofrk r;jo more than___days prior to release of the order, - .'L‘&,f ‘ﬁsk:ts — of hours by job for a worker
centers to n:‘;:';r:"tga:f e::r:j"egueue or the backlog in at least ____% of the work ‘ — incentive labor production coupons
- : — production counts or process yield quantities
~— scrap tickets
— material requisitions
— inspection tickets
- machine down-time tickets
— attendance cards
— rework authorizations
— route|or process sheet with entries for fiours and quantities
— shop ‘traveler, packet, job card or operation cards

3. Systemsand Procedures T

So much material is available on this subject that it is unnecessary to dwell on it. Suffice it to
repeat that, particularly with PDC Systems the users of the terminals, at every level, must be
partlmpiris_ln the design and implementation of the system. Educati'on on the ope;ation and
almost continuous reminding of the benefits to the users are vital. ’

t
|
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— thortage lists
-t ‘xpedite lists

You can prou...y add some of your own to this st Some points to consider:

Are they accurate, coinplete and legible. .

Were all of them prepared and gathered, or were some omitted or lost.

What was the time lag between the event and the reporting of some data about the event.
What was the time delay between the reporting and the analyzing, processing, transcribing
and summarizing.. That is, untit the information was available to each of those people that

need it.

PWN -

A good PDC System p'aces terminals where the activities and events occur. They make it as simple
as poss:t?le 10 capture as much data as is economical. This data is edited at the source, transmitted
electronically 10 a computer, processed, and the database of information updated for immediate
or future usage.

Keep in mind thet this eliminates the proliferation of carbon copies, or transcribed reports of the
same data in different forms to different departments, etc. The information is available from the
single source, the database, to anyone in any department at any time wha is authorized to have it.
Everyone is sharing the same information in its most rurrent form.

APPLICATION FOR PDC |

A PDC Sys}en} is a tool, just as a telephone system, an NC machining center, a forklift truck, or a
conveyor line is a tool. Where do we apply the tool? Anywhere in the plant where data must be
communicated accurately, completely and fast.

Mog‘. of the data coliected, and most of the cornmunications in the plant involve the following
nasic elements.

1. Transaction tyne — identifies the piece of paper or kind of message, eq. time card clock-in.
2. Worker idenufication — a man, clock or social security number
3. Job, operation number
4. Botch, lot, or tub number
5. . Quantity — received, serit, started, completed, scrapped, rework, short
6. Location — bin identification, building, work center, department, machine, production line
7. Date and time
8. Velue — scale weight, test value, instrument reading
3. Requests for assistance — foreman, material hangling, set-up maintenance or repair man,
inspector, material, job assignment.
10. Messages — Harry call Tom on extension 245
1. Inquiries — status pf job, man, machine; location of material; what do we do next.

There arg other categories of data elements, but we are more concerned here with the application
of PDC to ycur needs. Because the requirements fo: information are almost limitless we cannot
address them all, but here are some of the most commonly used.

1. Priority Dispatching Guidance

Generally a visual dizsplay is presented on a terminal in priority sequence, of the jobs, and the
operaticns on those jobs, to be completed in this department. It is a guide to the foreman

of what most needs to bg done, He then assigns work based on his experience, and availability
of his resources. T

It can previde @ comforting view of the backlog that is dramatically less expensive than having
the physical work in process sitting there. It also reduces the pressures on foremen from
competing expediters.

Jeb Assignment

Reizted to the sbove, the forerman can assign the work in queue, based on priority sequence
2nd aveilzbility of the labor skills, taoling, materials and machine capability needed for each
jub. This zppiles whether he is distributing jobs across @ cluster of more or less interchangesble
mzchines in a job shop departmient, or leveling the backlog of work across prodiction lines

or assembly stations. . .

inventory accounting
i

A terminal at the stockroom zounter simplifies the repoarting of every issue, receipt, return to
siock or adjustment — at the time of the event. This vvas discussed carlier in the example.

CONFERENCE PROCEEDINGS

Incidentally, the inventory here may be any kind of inventory which afiects shipping the
product on time.

Raw Materials )
Components, sub-assemblies and service parts
Finished and packaged goods )
i Maintenance replacement parts {or your own equipment
Packaging materials .
Tools, jigs, dies, fixtures
Inspection devices
Expendable supplies
Numerical control tapes ] . .
Product accessories — 100l kius, installation kits, aperating or repair manuals, serial

number or U.L. tags

4. Wanufacturing Activity Reporting

This is the basic 1eporting by the direct workers foimerly using labor and move tickets, or
production line counts. Kinds of uransactions reported through a terminal include:

— Receive material

Set-up start, complete, interrupted and reason .

— Run start, complete, interrupted and reason, quantities

"— Tear down siart, complete, interrupted and reason

— Machine down and reason — eg. hydraulic, pneumatic, mechanical
— Wait request — eg. {or materials, foreman, inspection.

Indirect start, complete and reason — eg. safetv meeting

© —

Terminals here let the workers report the activities they must report now, but without the
pencil pushing, legibility problems, and time deiays The dats has updated the Open Order
database. The data also can be used for other analyses, such as machine utilization and reasons
for downtime, actual vs. standard set up, run and tear down time, etc.

Material Handling Activity Reporting

Requests for moves, and reporting of moves from and to specific locations are entered fron.
terminals situated throughout the piant.

[$1]

Maintenance Activity Reporting

This includes both Preventive Maintenance and Repair Activity. It is used 1o keep track of
where each worker is; what he is doing; how long it takes him 1o respond to a call, diagnose
a problem, and to fix it. Maintenance parts inventory was previously mentioned.

Resource Tracking

This generally involves terminal inquiries to locate resources. ""Stockehasing™ is probably the
most common vsage here. It applies also to locating a person, a tool, or a job.

There is certainly no magic involved here. We have just discussed transactions which invo'lve_d
essentially all workers reporting what they are doing, whiie doing it. This centinuous updating
of the database records of open orders, inventories, etc. simply micans that tl_w mfgrmatlon
iormerly available only on pieces of paper o! by visual inspection is now availablz in the data-

base,
inspection Activity Reporting

The impact of being able to report scrap ac it is created, and rework requirements, and test
! yield values as they are made is very significant.

By doing so, future shortages can e anticipated days or even weeks sooner. It offers
opportunities to make corrective decisions much eartier that cost much Jess. For example,
the earlier, 2 supplementai or mzke-up order can be mads2 to renlace & shortage, the fewer
duplicate set-ups are required. !n high volume lines, defect cecurrenne frequcnc_:es can be
tallied in-line in time to stop the production line tor cdjustineat, greetly reducing scrap rates

or rework costs.

There are numerous other appliications which may not affect you directly. Examnles are
attendance reporting, and security guard route assignment and tracking.

APICS 1975
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RESULT AND BENEFITS

-There is a certain analogy to be drawn between the status of Bills of Material ten years a0 and now,
with the status of the rest of the Plant Data. That is, then it was common practice for each major
function te have its own Bills — Production Engineering, Nanutacturing, Inventory Maragement, and
Costing. B

The problems with that are well known; different structures, Engineering change levels, maintenance.
*One set of books’* became the rallying cry, and now you have it — Bills of Material in a computer
database shared by all, who now enjoy current, consistent and available information about them,
presented in a variety of {ormats to suit the user.

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

lots of stockchasing, expediting, and “unofficial” safety stocks represent the same kinds of problems
that those multiple Bills of Materials did.

In addition to the previous discussions of transactions and applications here are some of the results
available to you, as well as to all others within your organization who need the information. Much
of what is mentioned is an almost incidental by product 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-in-Process status reporting. . ’

3. Preduction performance or variance from standard by job, contract, work center or production

line, man or team, hourly, daily or periodically.

4. Backlog reporting by work center or line, that is by jobs on-schedule, or aged by date for past

due jobs.

Machine utilization and downtime analysis.

Comparisons of actual vs standard times for set-up, run, inspect, move, repair, maintain.

Tool-fife statistics for reconditioning schedules, vendor quality, lot-sizing.

Scrap analysis for Engineering Changes to the product or process, and for operator learning

curves and training.

Attendance and labor reporting for absentee lists, manning stations on production lines, payroll

accounting, efficiency reporting, overtime authorization accounting, and analysis of reasons

for indirect labor time.

10. Inspection results for adjusting Quality Control procedures, for recalibration schedules, failure
prediction, sampling statistics and yield analysis and test value documentation required by
governmental 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 shift resource allocation, preventive maintenance scheduling.

© wNoo

BENEFITS TO THE USERS

The above results have to do with functions or organizational responsibilities. 1t 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 value to the individual user is absolutely
vital 1o its successful operation. It requires participation 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 primarily 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 financial 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 alt resources

—~ Appropriate level of quality, i.e., balancing Product Engineering against the cost of production
inspection, rework and scrap.

— Cost avoidance due to growth and inflation.

— Tighter control over operations by reacting faster to changed conditions

NN PN AT DO CEMIANCC PY.T-}

Operating Managers ~ by depzrinient of functict

|
— Higher productivity by labor force

procuctivity from better utilization of capitel equipment and other facilities

— Apprupriate yield or tevel of guality
— Minima! 1atic of indirect 10 direct labor
cheduling and sequencing problems

— Mare accurate reporting of events — faster .

terical and administrative eficrt by managers

— Better stztus reportir; of and control over his operations L

2.
~ Higher
— Reducz s
— Reducec
3. lnformati?n

Systemns or Data Processing Management

_ Contribution to productivity of the company .
— Greater| assistance to the Production areas and acceptance by them.
_ Reduced need for keypunching or other data entry operations

— More pfo K & r ) .
- };asterp more accurate and complete updating of Databusy that service all levels of executive

and operating management

ductive thruput from less editing and fewer error corrections

| .
4. Direct labor and other terminal users — non-managers

— Correct| pay

idenufication numbers. . ) . .
— r;c?\r:er:?fé'.lylhigher earnings from gieater productivity, particularly on an incentive payroll or
other bonus system. ; .
_ Less pencil pushing and paperwork. ) o
- Pridepin| doing the job for which they are being paid, with fewer delays.

SUMMARY

Manufacturing is a business so corqplex'
achieved when the products are shipped

only for a few <enior executives, is now the direct concern of everyone.
|

The pace of business, the comp

check resulting from accurate reporting and record keeping on labor hours and

that it is sometimes irresistable to believe that success is
on time. Profitability and productivity, so long a concern

lexity of manufacturing processes, the proliferation of new products

and feature options and competition from unexpected sources have forced a change away from
business as usual.

This paper reflec

is happening.

Operating Plans must continually be updated and
management must have more accurate, current inform
and resource cabacity to prosper in a competitive environment.
1o product quality and performance.

Although it may sometimes see

1s a firm belief that current conditions and future considerlationsdabsolutelylden:jand
ter j icati i dencies across plants, departments an
hat we do 3 better job of communicating. The inter-depen S ]
;u?\::tions makes it i,mperative that we use the best tools and systems available to communicate what

it is delivered too late, in the wrong form, with little confidence in its accuracy.

If we are to really know what is happening in the plant, t

this information.

adjusted to reflect changed cond.iﬁons. Senior
formation about delivery capability, true costs
Consumerism demands attention

m that we are atready engulfed in data, much of it is of little value.

o control it, to schedule, load and supply

it with the proper inventory we must have information. Plant Data Communications Systems make

a major contribution to profitable and productive manufacturing operations by providing much o

AUTHOR’S BIOGRAPHY

William B. Todd is a Senior Representativ

Poughkeepsie, New York. Specializing in the application of computers and communications

terminals on the manufacturing shop floor, Bill spends much o

10 improve their productivity and profitability.
|

Bill developed and manages a
speaker on the subject. He
address PDC Systems. With a Masters Degree from t

and three children, and has been a member of APICS since 1968,

I
|
|

e in |BM's Manufacturing Industry Education Center,

f his time working with manufacturers
series of Plant Data Communications Workshops, and frequently is 8

e - “ch
d two 1BM publications and worked on severa! projects whic
e Ao, F he University of Hlinois in 1959, Bill has a wife

APICS 1975



22 centro de educacion continua |,
Aﬁsdivisién de estudios superiores @it
: facultad de ingenierfa, unam

SEMINAR IO LE ACTUALIZACION EN ADMINISTRACION
DE PROLDUCCION E INVENTARIOS

DESIGNING EFFECTIVE INFORMATION SYSTEMS

MAYO, 1978.

Palacio de Ml'ﬁ'érlc . Calle de Tacuba 5. primer piso saéxico 1, D. F Tel: 521-40-20 5 l.lnea‘s



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 later, I'm not going to hand out
any congratulations — I 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”(})- This report said:
“From a profit standpoint, our findings indicate, computer efforts in all but a f:ew
exceptional companies are in real, if often unacknowledged, trouble. Faster, cos'ther,
more sophisticated hardware; larger and increasingly costly computer staffs; 'mcreasmgl.y
complex and ingenious applications: these are in evidence everywhere. Less and less in
evidence, as these new applications proliferate, are profitable results.”

I have to agree with this; I think that most of the systems I have seen around the
United States wouid fall 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. W.e
could sum up efforts to apply the computer to production and inventory control in this
ccuntry by paraphrasing Winston Churchill: “Never before in the history of human
endeavor has so much been invested by so many tc so 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. It’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 seems to take much responsibility for doing anything about t!ne problem. The
systems 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 some embarrassing situations. Users of the
systems, production and inventory control people themselves, blame the systems people
for picking up computer techniques and installing them without really solvm% any of
their problems. They blame management for putting in 2 computer because “It’s the
thing to do”. Management blames the systems people for not having produced.resulls;
they blame the users for not being progressive. They blame consultants for having sold
them some fancy techniques that don’t really work as well as they should. They even
blame professional socicties for the fact that so many of their people seem to be more
interested in doing things they can boast about than in making the company profitable.

Consultants tend to blame management: If a consultant is truly a management
consultant he should be able to detect management deficiencies before a system has bee.n
fully developed. If he does, and decides to continue working on it, I question his
“professionalism. If he does not detect deficiencies, should he really call himself a
management consultant? There are a number of consultants today whose e_ffons are
entirely devoted to flow charting and programming; and most of them might more
properly call themselves systems consultants, ) ‘

These are harsh words, and are intended to be. Most people owe allegiance to their
company, and can hardly afford to think, much less say, what tl_\.ey actually believe. [ owe

allegiance to no one, and feel strongly that it’s time somebody jolted us out of our dream
world of computer systems, back into the real world of business.

(1) McKinsey & Compuany, Inc., 245 Park Avenue, New York, NY 10017

11}

McKinsey & Company made a good point in their bocklet: “As yet, the real profit
potential of the computer has barely begun to be tapped.” It can be tapped,; there is no
question about it. A few companies are successfully applying the computer in production
and inventory control. Having observed them, as well as the Jarge number of failures, 1
propose some elements that I believe must be included into an effective information
system. .

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

ELEMENT NO. 1: A DESIGN TEAM

“Team” is getting to be a hackneyed word, but it’s a crucial word. It is disappointing
to see the tendency for polarization between users and systems people. Those of us who
were interested in operations research years ago remember that the essential point of
operations research was the team approach — the idea of a scientist, a user, and pcople
from various fields working together to solve a problem. In a very short period of time,
though, the operations research people developed their own jargon and their own
interests. They found management ever more difficult to communicate with, while it
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 now
see less operations research activity in business than before. 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 theory says that
only the user can design the system, since he will be responsible for running it when it has
been installed, and he knows the most about his actual needs. Another theory says that
only a systems man car design the system, because only he understands the new
techniques and how to apply them on a computer. To read some of the articles in the
data processing magazines, you would think that the man who understands computers
can very easily become a “systems superman” who understands all facets of the business,
can analyze problems in all areas, and develop and install systems that will be used
enthusiastically by responsible managers. Hardly.

The user has to assume the responsibility for the design, and be thoroughly inv:
in it. I have yet to see a system successful where this approach was not 1
instances the systems man designed the system, but then they made hin
made him run it.) I see a new role for the systems man. He should first i.

problem, then develop general solutions in his own mind, and then for 218 o
design a system themselves, while he assists them. He should resist the .:on to
design the system, and he should always try to sell ideas to other people a- inem to

accept them as their own. Too many systems men are trying to build munuments to
themselves. Systems work takes a mature ego.

Too often, the relationship between the number of systems men on the job and
progress seems to be an inverse one. Nothing seems to slow a task down like putting too
many systems men in the act. Some people are beginning to ask if systems men won’t be
obsolete as the new breed of manager who is not mystified by the computer comes along
Why will he need a go-between to communicate with the computer man? A very good
point. However, we'll always have some sysiems technicians, although probably far fewer
than we have to have today. This is good, because it means that we'll have more systems
peopie available to go into management. If there’s anything we really need, it’s more
system-oriented managers and more management.oriented systems people. I see the real
systemns man as more than a technician. He meeds to be a good analyzer, teacher, and
“idea” salesthan. I think the people who can't grow into that riew type of job are going to
be relegated to the computer room and kept out of the real world where we already have
enough elegant but useless svsizimns.
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" User responsibility cannot be emphasized cnough. If you're developing a production
control system, the production control mauager humself should be pulled away from his
job, full time, until the system is installed and working. At the very least, have his most
logical successor as the responsible head of the systems team. If you can't get this kind of

support and enthusiasm, it’s just not worth embarking on a project that’s going to result

in one morc lame duck computer system. So often systems people say, “If we had to wait
for the uscrs, we’d never accomplish anything,” but when they're through, it becomes
pretty apparent that they accomplished little, because the user won't make the system
work. ’

ELEMENT NO. 2: ADDRESSES REAL PKOBLEMS

In this day of computers we must remind ourselves that: mechanization is not a valid
business objective. I offer another rule that might surprisc many who've been working 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 management information sysiem. To quote
McKinsey once again, * ‘integrated total management information systems’ drawing on a
single data base, which have so often been touted as the wave of the future, . . . have not
yet come to pass — and it is far from clear that they ever will”. McKinscy goes on to say,
*No company should embark on a program to develop a major management information
system except to meet a specific, well-defined need™.2 .

One of the problems to address is determining how the system really works. Many
companies have invenlory 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
fulltime interpreting and analyzing the printout. Meanwhile, out in the shop, if you ask
the plant superintendent how the system really works, he’ll tell you that it doesn’t. If you
ask him how he gets the parts through that he needs to manufacture the product, he’ll tell
you that he has a. parts inventory in every department. His foremen keep themselves well
supplied. They also put heavy expediting efforts on parts that 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 have an expensive computer churning away, but the system that really 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
production and inventory control literature fails to define where a technique should or
should not be used; but mercly promotes techniques that are supposed to solve all 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 really be ordered based on past history,
because that’s all statistical inventory control deals with. When statistical inventory
control techniques are applied to the parts that go into an assembled product, the result is
always bad. This type of inventory control technique will not get all the parts to the
assembly floor on the date 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. I think this is irresponsible. The most
significant contribution to profitable inventory control application is the principle that
Dr. Joe Oticky of IBM suggested a couple of years back: the principle of
independent/dependent demand. The demand for an item 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 current production. The demand for an item is dependent when it is a component
being used on an assembly, with the demand *“‘dependent™ on the need to manufacture
the assembly. The principle states that for dependent demand items, it is better to
calculate requirements through a bill of materials. For independent demand items, a
min/max or order point based on past usage may be used to reorder.
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. example, is a function of input versus the output. If you put in more than yo

Figure | shows why urder
joints don’t work on dependent
demand itemns. Suppose tha
Assembly A had the smoothest

demand cver asked for — 10 per Assyml !

month — but sub-assembly B is A 110 10|{10/10|10(10|10
made in lot sizes of 20. The -

demand for components gdai;g

into sub-assembly B would be

20, 0, 20, O,elc.yPartCis made Sléb 20| 0 |20] 0 {20} O {20
in lots of 40. Raw material going

into that pat will have a

demand of 40, 0, 0, 0, 40, etc. —

An order point on the material P'-':!crf 40/0/0/0|40/0 | O

used in part C simply won't do —
the job. Some people have .
suggested that if that material is FIGURE 1

used in more than one part, an

order point probably would do o
the jobp. Can x;'ou imagine 3 sets of demands of 40, 0, 0, 0, 40 all coming into the same

’ d, it usually looks
terial? The demand doesn’t tend to smooth out very mu-ch. Instead, / K
r:;rznljke 40, 0, 0, 120, 0, 0, 80, and anybody who can believe tha.l an prdt?r point will
really contro’) a’n inventory with that type of demand ha.s a great, xmaglnallon.hlf _vo'u;'
people don’t understand this independent/dependent principle, don’t go any further wit

computer applications until they do. . )
'll:')o cilep:rl)nother area in which I don’t see cnough recognition of the problems anc

proper solutions: lead time is a serious problem in most companies, a{1d it 1sfprnnanl¥ a
function of the amount of backlog a company has. The backlog out in the factory, for
u take out,
you'll build up backlogs and this will result in excessive e.Xpedi(in.g and a crowded shop.
You bring backlog down by taking out more than you put in an.d vice versa. e most
Among our “classical” approaches to controlling pro(?uchon m.a faclor)é, the T";

commonly used is the machine Joad, which tells you nothing about input, an‘ very li ;
about output. Usually, it tells the actual output for one week; but that doe:sn 1 give ;Tu\tre
information, because it could have been much higher or lower the pr?v;ous week.
need to see it for at least a few weeks to know what our real output Is. Almost every
machine load report tries to specify 2 work center’s capa.city. This 1s'the tl:ec;rteh:la]
capacity; it almost never represents what the department 1s really t}Jrnlng Olfai (: u);
represents the number of men assigned to a work cenle.r an.d their .potenuk"nou t;})m
adjusted by some efficiency factor. Peopl;lgo]ou; of thte'lr mmd§ trying to keep

ical capacity figure correct on a machine load report: o
ﬂ]eolfttl;:]futzre, \};/e’rg:going to see more emphasis on the type ‘of rep'ort showp in Fxgur;
2-an input/output report for a work center. Here the planned input is shown in (e]rr.ns o!
standard hours. Note that it is planned at 270 standard hours per wee'k. The act}xa -mpu
is then monitored week by week. In the first week, we pu.t i'n 270 hours. !f this ;/e(rieta
starting work center, such as screw machines or presses, this m'put.cou]d b‘e contro tlad bo
smooth it out. If this were an intermediate work center, monitoring the input wtc})]u lhe
useful to see if we're getting the right flow-of work into the work cen}er.Note Ahat e
planned output for 3 weeks is higher than the planned il"]pl.lt. The obvious m:}e}nt. ert: is
to bring down the in-process backlog. The cumulative de\:'nahc?n shows us h(:)‘v‘/-\ \:i:;pula:
going in comparison with the plan and how the output 1s going in compar plan.
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One rule that is used with an
input/output report is: don’t put in more
than is taken out the previous week. This

can’t be done in exact figures, because the INPUT /OUTPUT
amount put in usually has to be rounded out
to lot sizes, but this approach shows how ) I )
much is put in, how much is taken out. This VRFUT 1wl w2 w3 w4
enables us to hold backlogs in production plan 270;270:270:270
control, but show capacity deficiencies in actual [27012651250
the factory without having to put a lot of E
work out on the floor that will have to be dev. 5 4=25 /
expedited. Input/output control is a far OUTPUT |
more useful tool for controlling production plan 300{300300 2701
than machine loading, because it tries to actuai {305/260/280
ontrol the causc of lead time. d . -

Another classical approach to ev- 3 r 331=55
production and inventory control is the
conomic ord tit EOQQ. F
economic order quantity, or Q. Few FIGURE 2

people claim profitable results from EOQ;
mainly due to misunderstanding the
technique. You don’t use EOQ by running numbers through a formula - you've got to
conipare what you're doing today with what you intend to do, pinpoint where the profits
are going to cume from, and make sure you get them. Much of our classical production
and inventory control is unsound. There’s information around on modern approaches to
production control, and I encourage you to understand them thorbughly before
inplementing a system.

ELEMENT NO. 3: DESIGNED FOR THE USER

Systems have to be designed for the user; the system is merely a tool to help him
make better decisions. Let the user control the information. He should be able to contro!
the exceptions he gets from the system and be able to go into the computer again at least
once a day whenever he needs further information that wasa't planned in the original
exception reports. One item on an exception report can easily lead to needing
information on three or four more items that were not printed out, based on the original
exception rules,

Make the logic obvious. It’s
easy to program logic into a
computer, but remember that
the user is going to have the
-~cponsibility for operating with
tivs” information. If he doesn’t
understand it, he’ll have one cf
two choices: ignore it
completely or follow it blindly.

Pt 17534l0Q=35/ss=17 [LT=5 |

wil w2 w3 wiwbwbd w7

Req't 124 14|10 (21} 4

Systems people are often On
fascinated with the things that Crder 35 35
they can program into the Planned
machine and baffled at the lack _Order *e
of success of theif system. -
Figure 3 shows.a FIGURE 3

requirements plan for Part No.
17534, of which there are 33 units' on hand. Requirements have been exploded down
from the assemblics that use this part, and they total 12 in Week 1, giving a projected on
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On Hand33!21/1738/37|37 16|47

Land balance of 21 at the end of Week 1. At the cnd of Week 2, (oo will be 17; at the
cnd of Week 3, the requirement of 14 would leave a balance of 3 on hana, but here’s an
open order for 35, so the new projected on hand would be 38. In Week 4, it would be 37;
Week S, 37, and the requirement of 21 in Week 6 would take the projecicd on hand
balance down to 16. This is one below safety stock. The computer, then, counts off
backwards for 5 weeks, since thisis the lead time. It indicates that in Week 1 we'll have to
release a planned order (indicated by the asterisks in Period 1). But the computer 2lsu
looks ahead and notes there is an order open for 35 that’s due in Week 7.

Should we actually plan to order in Period 1 or should we reschedule the 35 from:
Week 7 into Week 67 For that matter, since we’re only going to be one below safety
stock, is there any need to reschedule at all. Imagine programming this type of decision
into a computer—letting the computer automatically reschedule based on the percentage
safety stock, the quantity of the order, the weeks the open order has to be rescheduled
by, how far along it is in progress, etc! This could be a systems man's dream and a user’s
nightmare, as the computer automatically told hirm to reschedule an order, and he hadn’t
the faiutest notion why. If we do program that kind of logic into the computer, the

responsibility for the rescheduling lies with the man who designed the system. Often the

user can’t decipher why the computer did or didn’t reschedule.
This is why the logic must be obvious. People should make the significant decisions

which don’t take time. The thing that takes time is getting the inforination needed to

make a reasonable decision. One problem that bothers people is how to train a new user
on the systerm. In this day of personnel turnover, it’s easy-to put a lot of effort into 2
system and then find that the new user simply doesn’t like it. So keep the system simple
and flexible, then the new user will be more likely to recognize it as a good, basic
production and inventory control system, rathe: than as a highly soec.ahzed system that

he doesn’t understand and doesn't care to use. So another systems design rule is: eschew -

originality. We need a value analysis approach in developing systems. It’s easy to come up
with najvely sophisticaied techniques that don’t really add much to the system, but make
it a lot more complicated. Design the system so that the user will understand it and has
conirol of it.

ELEMENT NO. 4: A CONTROL SYSTEM

A system should be designed not just to generate information but to generate the
kind of information that will provide control. The elements of a control system are &
norm, a tolerance, feedback, and action. A tolerance should also be established ahead of
time; the amount of deviation that we will accept as being within range. We ought to
pre-determine the level at which we will take action and pre-determine what that action
will be. No system will really control if we don’t decide what the norm is, provide some
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 attempts at “totally integrated™ information systems were
very sad. Those that were integrated turned out te be impossible to modify without
tearing the whole system apart and putting it together again. We can plug many systems
into a common “Data Base” and draw-on the saine information through different
systems, through one integrated system. Systems should be designed so that they can be
modified.

ELEMENT NO. 6: INTEGRITY

One of the toughest things to show managers is the relationship between basic s;'stem
integrity and results. Many managers. Guring a cost cutting period will reduce the number
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of people being used to maintain basic information, like hills of material Later, they
wonder why they can’t get the right parts through to get the product out the door on
time, and why so many people are spending time handling crises and exceptions that have
occurred because the system daasr’t function propeily. One of the most difficult areas to
get management interested in is stockrooms. In most manufacturing- companies,:
stockreams are a disgrace. Somehow, it’s easier 1o program exponential smoothing than-
to put a fence around the stockroom. Why is it so hard to see the relationship between
accurate inventory figures and performance, when a company that makes an assembled
product knows that lack of one component can give the worst of all possible worlds. Well
_have a high inventory of all the other coinponents, yet low service, because we’re not

shipping the product. But people would much rather sit around drawing flow charts than
get down to the nasty business of showing management what really needs attention, if
systems are going to work properly. There are a number of techniques that can be used to
generate systems integrity, but I think the best one is to get people to use the system. If
__foremen, for example, are actually using a dispatch report, they'll be a lot more interested

. _ in keeping the information on it accurate than if they don’t use it.

ELEMENT NO. 7: RESPONSIBLE MANAGEMENT

Computers must be used intelligently, and a manager must ;zcognize that this is the
computer age and that we do need to manage with systems today. Many managers haven’t
yet learned to use systems to manage; firefighting is fun, and generates a great (false)
sense of “being 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 use. Management should be mature enough to looi: .
at systems as a way to manage betier, rather than as a substitute for management.
Systems don’t run businesses; they help people to run businesses.

THE TOUGH JOB AHEAD

To summarize; the elements needed to develop a good information 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 pivotal element is management that
takes a responsible attitude toward the system. The users - right down to the planner,
expediter, and foreman level - need to be involved in the system. Giving them doses of
formal education on how “our™ system works, doesn’t work.

"There’s a big payoff from the computer when it is used wisely in production and
inventory control. When companies have reduced their inventories 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 the computer
belongs to everyone: users, systems people, managers, consultants — and even computer
salesmen. We've .got to stop passing the buck, and start working together. It’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 this 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 manager.
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~ DESIGNING AND IMPLEMENTING A
MATERIAL REQUIREMENTS PLANNING SYSTEM

This ralk was given over two sessions at the conference. George Ploss! and Oliver Wight gave the
talk together. The text is noted to indicate the sections each of them covered.

SESSION |
WIGHT: Inventory Maragement Using Material Requirements Planning,

it’s a sign of the maturity of production and inventory control as a discipline that principles
like the independent/dependent demand principle have been developed. This principle states that
where demand is independent (finished goods items or service parts not used in current
production) the order point technique is applicable. Where demand is dependent, as it is for all
components and semi-finished inventory items that “‘go into” another inventory item, material
tequircments planning is a far more satisfactory technique. Certainly this isn’t to say that some
low vahie dependent demand items could not be controlled reasonably weil with order point, but
the service level required would have to be extremely high to give even reasonably adequate
service, because an assembly can’t be made unless af! parts are available,

It has been rather amusing over the years to see all of the articles that have been written on
statistical inventory control by people who obviously don’t understand the practical application of
siatistics to manufacturing irventory management. Companies manufacturing most products from
metal goods to pharmaceuticals are assembling a series of components in one manner or another.
When this is true, ever a very high service level on 2ach of the individual components wgn't result
in a very high service level for the assembly itself. A ten item assembly with 2 95% service level on
each item will have only a 56% chance of having all of the components available when required.
Zut [ find that a good many people den’t understand this basic truth of statistics.

Tiiess people state that in their companies, even thoush service is not as good us it should be,
even though they do have parts shortages, and even though they do have high invertories, they do
set something shipped. If you were to believe the statistics, 1t would be virtually impossible to get
all the parts together for 4 product with 109 components! Of course, the reason that they huve
trouble equating this example with their own expenence 1s the fact that mosr inventory systems in
effect today don't really control the inventory. Inevitzbly, if someone tells you that they are using
order points to control dependent demand items like components thai go into assembiies, you'll
find that this inventory syster tries to get the right things started in the plant or ordered from the
vendors. This is the formal system. Then there is an informal system that consists of pulling parts
out of the stockroom and trying to “stage™ them well ahead of the time when they will be needed
to meet the assembly schedule. By physically laying out the parts, shortages can be detected, hot
lists can be written and expediting can swing into full force. In effect, we have a formal “push”
system and an informal “pull” system. The reason that the company is able to survive in the face
of the overwhelming statistical evidence that the formal system can't possibly work is the fact that
the informal system does most of the work in real life. ’

We enthusiastically support the independent/dependent demand principle and consider it to
be the single most significani inventory principle that has been developed. Certainly the ABC
concept is significant. The idea of separating the vital few from the trivial many and concentrating
our control effort on the "viral few”. But this ss a universal principle not necessanly confined to
inventory management. The independent/dependeat demand principle is an inventory manage-
ment principle that helps to clarify the confusion about where to use order points and where to
use requirements planning. Oue of the reasons that we feel very strongly about this pnaciple is our
own experience in many, many companies.

Some years ago when I was inventory manager at Raybestos, I had 2 very serious problem
keeping brake shoe boxes fed to the assembly line. We kept a month’s supply of boxes on hand
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and based our ordering on past average usage. Unfortunately, this never scemed to work very well
and it was a regular experieace to have the brake shoe packeging foreman call up on Friday
alterncon tc complain that one of the items that was most urgently meeded. couldn't be made
because we were out of boxes — once cgain, .

The only solution that we could see to the prcblem was i0 carry more boxes in inventory.
Unfortunately, we didn’t have enough space to do that. A month’s supply of cardboard cartons
when you are wirning out a product in very high volume tukes up a trermendous amount of space.
Finally, one of the supervisors came up with a bright idea. He suggested that instead of ordering
boxes based on past average usage, we take the actual schedule, which covered about two weeks,
plus a forecast of the schedule for the next two weeks, convert each part number to its box
requirements and then summarize this by box part number. In effect, we were switching from an
order point system to a material requirements plan and the results were very satisfactory indeed.
With no increase in inventory, most of the box shortages were eliminated. In fact, boxes ceased to
be a very scrious problem from that day on. N

Here is an excellent example of the value of a principle. If we know a principle, we can apply
it to all kunds of applications no matter what product we are producing, np matter what company
we are looking at. If we had known the independent/dependent demand principle back at
Raybestos, it would have been a simple matter to recognize that the demand upon the box
inventory is dependant: you only need boxes when you are making brake shoes. Thus we would
have been directed toward a requirements planning system rather than an order point systen:

End 1tam Moster Schedule

PAST
DUE WEEX
4 5 6 7 8 9 10 11112 13
— | -—]eco| — | —|800] — | — l400[ —
Component Materlals Plan
Lead Time 4 Wea's _
PAST
DUE WEEK
4 5 6 7 8 9 10 I i2 13
Projscted
Usage — | —|600| — | — |800| — | — [400]| —
On Hond 900] 800] 300| 300 ]| 3C0
Scheculed
Recaipts —|—|—]=—1{500] — | — {400| —
Planncd Order
Ralease —|8CO} — 1 — 40| — | — = — | —

Figurs 1t =~ ‘Assembly Requirements

Here we have a universal principle to help us in choosing between the two basic types of
approaches to reordering. It is worth emphasizing also, that in spite of all the varieties of
reordering techniques, there really are only two basic approaches. Material requirements planning
calculates requirements for raw materials, semi-finished materials or components (parts,
sub-assemblies) based on plans to make the jtem that these materials go into. Order point type
systems, and these can include min/max, two-bin, periodic review, etc., all assume that an
inventory item should be re-ordered based on average demand over lead time.

Let’s take a look then at a typical materiad requirements plan. Figure &1 shows a muster
schedule for the “end ttem™ and below it is the component material requirements plan. Let’s
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mnagine that the end item is a product like this projector that we are using today. We plan to make
600 projectors in week 6, 800 in week 9, and 400 in week 12. These requirements are posted
against the component inventory record. There are 900 units of this particular component on
hand. Let’s imagine it to be a sub-assembly — the projector head. In week 6, we have a
requirement for 600 projectors that wul leave us a balance of 300 projector head assemblies
available; in week 9, we have a requirement for 800 projectors. In the terminology of requirements
planning, this 15 called a gross requirement, There are 300 units available. In week 9, you can see
that there is a net'requiremenr for SO0 units. Since the lead time is 4 weeks, there will be a
planned order to be released in week S. This is called lead time offsetting, the planned order has to
be backed off enough time periods so that it will be released at the 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 moves from one period to another. In the
example shown in Figure #1, each week an old week would be dropped and a new one added and
any appropriate action would be taken by the computer. For example, as the time shift moved
into week 5, the computer would generate a notice that an order for 500 units of the component
should be released. If this order were not released because of a shortage of one of the parts, the
following week that planned order 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
sumply ordered in the same quantity as the net requirements. Obviously, in most instances in real
life, this is not the case; some lot-sizing does take place. We will be talking about that later. Note
also, that 1n this simple example, there is only one end use for this projector ahead. Actually, there
could be many end uses in which case the projected usage would show the sum of all the
requirements for projector heads based on the master schedules for different models of projectors.

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

1. Planned orders generate material requirement at the next lower level;

2. Planned orders can be used to project capacity requirements.

If we were to imagine another inventory record for the lens in the projector head, we would
need some way to project requirements for that lens. The planned orders for the projector head
assembly would be used to generate these requirements. In the example we have been using, these
would be a requirement for 500 lenses in week S (because we are going to release an order to
assemble 500 projector heads in week 5), and 400 in week 8. Of course, there might be many
other requirements coming from other projector heads that use the same lens, There might also be
service requirernents and these would be entered into the lens inventory record direcily so that all
requirements could be summarized, This 1s why [ made the point above that order ponts should
be used for service parts only when they have no assembly usage. When they are used in
assemblies, as well as having an independent service demand, onrce again the time phased
requirements plan s the more practical technique.

The planned orders can also be used to make a machine load projection peiiodically. This
will enable production control to forecast load requirements, rather than trying to determine
capacity requirements by looking only at released orders.

Requirements planning became practical with the advent of the computer. it was possible to
make a2 material requirements plan manually or with punched cards, but keeping it up to date as
schedules changed and component availabdity changed was never very practical. Requirements
planning on a computer, however, in spite of all the complexity and jargon that has surrounded it
in much of the literature, is basically a simple technique very much Iike we did it manually There
are two basic files (we'll talk later about some of the other files that are required). These files are
usually called the itemn master record and the product structure vecord. In production control
language, as opposed to the jargon of data processing, this simply means the inventory record und
the bill of material- Picture an inventory planner trying to calculaie parts requirements using a
manual system He probably had a Xardex record and 2 bill of marterial sitting o his desk. He'd
look at the anticipated assembly schedule (the master schedidle) and he would then check 10 seef
e hed the necewsdiy 3ub-ussemblies avadable to meet this scheduie If there was an insufficient
quzntity of one of the sub-assemblies and he needed to make more, he'd sefer to the biil of
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materials to find out what compouents that sub-assembly took. He would then refer to the
inventory records for those components to see if there were sufficient quantities of the
components on hand so that he could releasz a sub-assembly order. This is exactly what the
computer is doing. It is constantly
cross-referencing  between the item
master record and the product struc-
ture records to determine parts avail-
ability to tell us when we need to
order parts and also the dates when
these parts will be due.

The term fime-phasing or time-
o series requirements plan is particul
s:gmﬁ.czmt. ‘Figure #2 shows an inventory record with what mczght be ca]il’ed “re‘;uirem:r:lt);
Planpmg" information in it, but the information isn't time-phased. According to the information
in Figure #2, 100 units are needed immediately. No one knows when the 150 that are on order are
needed, but presumably they are needed im- "

ON HAND QUANTITY 50
PLUS ON ORDER . 150
MINUS GROSS REQUIREMENTS 300

EQUALS NET REQUIREMENTS  -100

Figure #2

mediately tocl;. ll:igure. #3 shows the pgross (I3ross Date To Be
requirements broken out into time periods. S di o

units are needed on January 31?d, 30 og Rqulrements Assembled

gebruary 14th and so forth. The first thing that 50 Jan. 3
ecomes apparent, looking at the requirements

in their proper time periods, is the fa?:t that the . 30 Feb. 14
150 that is on order is going to be needed by $ 70 Mar. 4

February 14th and rhat 1s one of the significant 100 Mar. 27

values of time-phased requirements planning. It 50 Apr. 25

not only tells us that we need to order material,

it tells us when it is needed and by recalculating Flgure #3

our requirements plan, the formal inventory
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
PF the new year — January 2nd. Actually, the 100 that Figure #2 indicated had to be ordered
immediately doesn’t reajly need to be ordered until the last week in February. The requirements
for 50 on January 3rd will be covered by the material on hand. The matesial on order will cover all
of the rzquirements for February 14 and March 4th and half of the requirements for March 27th.

A new order will have to be released to cover the balance of the requirements on March 27th and
requirements on Apnl 25th.

This example illustrates the fact that time-

‘ phasing not only helps with rescheduling but also
puts proper order release dates on items. And"

this is a significant difference between material

. Tequirements planning done on a computer and old manual methods of requirements planning as

weu'as order point techniques improperly used on dependent demand items. The material
requirements plan changes the responsibuity of inventory control from just ordering material to
ordering material, putting the proper priority datz on it, and maintaining the proper priority date. *
To <.io this effecuvely, a requirements plan needs to meet a bare mimmum specification. The
exan?ple in Figure #2 could be called “Requirements Planning™ but 1t is not a material
requirements plan by today's standards anymore than a 1903 Oldsmobile 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 fime period must be no greater than one week or the fon. .zl system will noi be able

to put usable relative prionties on items. When a foreman is told what material'ie'needs® ~-

to make in a given month, his first response will be “that’s fine, but which ones will you,
need this week”"

. The requirements plan should be recalculated — partially or compietely — at least weekly
so that it can reflect the latest changes in requirements as wel! as component availabiity,
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This point about component availebility is probably worth commenting on since a
requirements plan should be revised if any particular commponent is absolutely not going to be
available. For example, if 2 casiing is scrapped and after turning heaven and earth and exerting all
the pressure  possible to get the vendor to deliver the:casting, the best promise he can give is 6
weeks, the assembly master schedule should be revised to reflect this. If it's niot revised, parts will
Ye coming through production to an incorrect due daie. In any company where fabrication
capacity is reasonably well regulated 1o need, it stands to reason any time parts that are not
needed are being made, parts that are needed will be pushed aside. In real life, this is an intolerable
situation and overstated requirements and faise priorities of this type only lead to a breakdown in
the integrity of the requirements plap itself since the informal system will soon demonstrate the
old adage “the truth will ou™, )

So much for the inechanics of iequirements planning, now let’s discuss seme of the actual
techniques.

PLOSSL: Updating the Plan

There are two basic approaches to updating a material requirements plan: the first, called
“regeneration”, involves literaliy throwing away the previous plan and starting over with a new
master schedule, The second is called “*Net Change™ and reworks the plan, introducing into the
master schedule oily those changes which have occurred since the last plan was made. Obviously,
regeneration requires considerably more computer time and is also much less specific in identifying
the immediate effects of master schedule changes on computer requirements,

Net change permits identificanon of the particular effects of individual customer orders on
parts inventory and shortages. However, it requires considerably more discipline in handling
charges in lead times, bl of material structure, and other parameters of the system. For example,
regeneration will purge the system of all planned orders which appear in the wrong time bucket
because lead times have been changed. Regeneration will also restore the proper requirements and
climinate unnecessary orders when items are addad to or omitted from buls of material. Such
changes usually have to be made by manual alteration in a net change plan.

Companies using material requirements planning usually start with a regeneration system. As
they leun how to handie changes, they switch to net change to gain the benefits of reduced
computer time and more specific information. in his presentation, Dr. Jose~h A, Oilicky predicted
that the systems of the future will be predormninately net change systems.

A company having relatively few schedule changes or forecast revistons and many levels in
their hills of material would benelit substantiaily from getting into net change at the earliest
possible moment. Cn the other hand, a very few inventory levels and a widely varying forecast or
master schedule resulting from major sales promotions would indicate that a regeneration system
might continue to be readed.

LOT-SIZING

There are many techniques available for lot-sizing with material requirements planning.
Figure #4 summanzes these. The familiar Camp Square-root approach has application for end
products and some high-level subassemblies but it’s use is questionable for most components of
assemblies. Let’s refer back to Figure #1 to dlustrate one of the more sericus limitations. The
quantity of 900 on hand at the beginning of the plan resulted from running an economic lot size
based upon the square-root formulu. The balance of 300 left after week 6 is not sufficient to mzet
the requirements for 800 1 week 9 so it is necessary to bring a new lot into stock. This balance of
300 obviously was not ‘‘economucal™, it was carned for quite a long period of time in inventory
with no benefits. The squarz-rcot approach does nothing to order componeats in the sets required
for assernblies. Another major limitation is the questionable validity of the assumpuon made in
deriving the square-root formula that the usage will be uniform and the average inventory
therefore, equal to half the order quantity.

Discrete lot-sizing techniques make no assumption of uniform usage and do order parts in
sets as they are required for assemblies. Several techniques ace listed mn Figure #4. These
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SQUARE ROQT E.O.Q. tachniques determine the proper
lot size. to run to fill non-
uniform net requirements such

as are illustrated beiow. Their

DISCRETE LOT SIZING:

LEAST TOTAL COST ( PARTIFEION

BALANCH!, ! objective is to determin: how
LEAST UNIT COST many of the period requirements
PERIOD ORDER QUANTITY should be combined into a single
LOT-FOR-LOT lot.

The Least Total Cost ap-
proach assumes (like the square-
root formula) that the total
costs related to the lot-size deci-
son will be a minimum when

) ) ) . the ordering costs are equal to
the inventory carrying costs. The trial and erior solution n Figure #3 iliustrates how th:s

technique works, The net requirements and the weeks in which they are needed are taken from

WAGNER/WHITIN
FIXED QUANTITY

Figuro #4 — Lot Sizing

DISCRETE REQUIREMENTS

Week 4 50 Week 6 100 Week 8 1030
Week S 1050 Week 7 1co

the discrete requirements shown above. Net requirements are totalled and the cumulative carrying
costs _calculaled until their total is most nearly equal to the setup cost. In the examgle in Figure
#3 this occuss for a cumulative lot-size of 1300 pieces.

PART NO, AB 2741 INVENTORY CCST = 0.4% PER WEF <

JNIT COST = $4.00 EACH SET UP COST = $30.CD

NET WEEK CUMUL EXCESS  WEEKS CARRYING COST SET uP
REQ'T REQ'D  LOT SiZE INVENT  CARRIED UNIT CUMUL Cost

50 4 50 o O O o $30.00
1050 5 noo 1050 1 $16 80  $16.80 $30.00
100 6 1200 100 2 $3.20 $2000 33000
100 7 1300 100 3 $480 32480 $3000
1050 8 2350 1050 4 $67.20 $9200 $3000

Figure 5 — Discrota Lot Sizing

_The IBM PICS Requirements Planning Package utiizes this basic technique with some
modifications to the mathematics under the title “Part Penod Balancing™. It also has refinements
called “Lock-ahead™ and “look-back” attempting to develop more economical fot-sizes using a
longer horizon of net tequirements. The value of these refinements is questionable, pacticularly in
4 dynamic business where requirements are chaning significantly. Part Period Baluncing s,
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however, basically the Least Total Cost approach.

Another discrete lot-sizing technique called “Least Unit Cost™ attempts to determine the
economical lot-size based upon the cost per piece. The cumulative carrying cost and the set-up
cost in Figure #5, would be added and the total divided by the number of pieces in the lot to
get a *“Unt Cost”. The lot-size would be set at that quantity which gave the lowest unit cost.
In the example in Figure #5, the lot-size calculated this way would be 1200 pieces compared
to 1300 for the Least Total Cost approach, however. Tom Gorham, in his first article
“Dynanuc Order Quantities” published in the First Quarter 1968 issue of Production and
Inventory Management, the APICS Journal, analyzed the two approaches and discussed
simulations which indicated that the Least Unit Cost approach was not as economical as Least
Total Cost. In many cases, its use resulted in either excess set-up costs or excess carrying costs,
The results of Gorham’s investigations have been confirmed by Black & Decker in simulations
comparing these two techniques. We do not recommend the Least Unit Cost approach.

The Period Order Quanuty technique 1s a very simple approach which achieves the bulk of
the benefits with a minimum of effort. In this technqiue, the square-root formula is used to
determime 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 annual demand to determine the

frequency of ordering, and then expressing this frequency as “weeks of supply”. The material

requirements planning program adds together the net requirements to order that many weeks
supply. Using Figure #35, 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 little set-up cost, setting the lot
size equal to the quantity required in each time bucket has several advantages. Called
“Lot-for-Lot”, this approach tends to minimize the lumping of requirements on lower level
components which helps to develop more level loads on manufacturing facilities. It also minimizes
wnventories of components which can be scheduled to match higher level requirements and
probably will never really be made for stock. It also reduces the amount of calculations needed in
the requirements planning program.

A highly 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 minimize the total costs over the full period. This technique has had little
application, It may find use in “fine tuning” a system in the future when its potential economies
warrant the extra complexity.

A fixed lotsize is frequently the most sensible answer where tool life equipment capacity
and other “real-life” limitations influence the decision. Forging dies, blanking dies, heat treating
fumace and curing oven capacity may dictate a lot-size which is significantly different from that
calculated by any of the above techniques. Minimum purchase order quantities have a similar
effect. Since the cost penalty for departing from the economic order quantity is relatively small,
particularly for larger lot 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 plans to protect against demand variations for the end products and against supply
variations for components. A sound approach is to carry safety stocks at the top level in end
products and at the bottom level in raw matenal. Thus provides shelf stock to meet normal demand
variations for the finished products and orders raw materidl to peimit releasing manufacturing
orders early to level production on the plant and to react quickly to unexpected scrap losses or
vnusually high finished gonds demands. Safety stocks might uiso be carried on semi-finished
components which' can be converted quickly inio a wide variety of higher-leve! items. This
approach, combined with reduced part manufacturing lead times, results in the greatest flexibility
{0 meet changmgge‘m'md with minimum inventones

More theoretical work remains to be done to deveiop z :zilon! bass for setting safety stocks
on dependent demand items similar 1o the statistical approaches wsed for independent demand
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items. The definitions of “Customer service” and *“forecast error” ar. i ’
: € yet unclear when applied t

depe.ndent demand_ltems. There are three different ways now used to get safety stocks in ?niterialz
requirements planning. These are shown in Figure #6.

Adding Safety Time involves bringing a com-

1. SAFETY TIME ponent or raw material into stock earlier than the

INCREASE MASTER requirements plan indicates it will be needed. The safety

SCHEDULE lstoc}c is actuz:ill)f the material }e_ft on hand when the new

3. FIXE ot is recenved into stock. Obviously, this quantity can

D QUANTITY vary considerably depending upon the lumpiness of

Figure #6 — Safoty Stock demand and may or may not be adequate to meet

_ requirements for the higher- i itisi -
cover. Safety Time has the additional disadva.?uages of inflat- Bherlevel ftems it i intended to

ing the planned lead times, thus tending to increase work in
process, and distorting the true priorities of work. Applied
10 raw materials, however, two or three weeks of safety
time would make material available if it were desired to
start work on an item early in order to level load the plan,
Problems of inflated lead time and distorted priorities
would be minimal for such materials, WEEKLY _FORECAST  SAFEIY SKOCK
Safety stocks would be provided in the top-level UNQUE  COMMON
ftems of the inventory if the quantities in the Master | MO0 Averace t2Ro asrs  pans

S..chedule were increased. This tells the system we would | ¥°® ® 3 ? _
like to have sets of parts in excess of those we really want :3} Y . -
to assemble. Care should be exercised, of course, to avoid W04 ;; : : _

providing excgssive safety stocks. The problem arises when | rom ) n 2
the product line contains families of items which have
many ;ﬁn?jn c;_)mponents and is illustrated by Figure #7, | oe max tawin): V< 07 s (o @
e bills of matedal for the four individual models in =V
this family of “w” produdts contain many common parts as e .”.:,,:f,,
well as components whi¢h make the models unique, Based mp::“ e i
on a weekly forecast, the average demand is projected to be s l
75 total assemblies but this, of course, could be higher if Figure 7
customers 'ordered the maximum possible in any one week. Maximum figures for any model coulc
be .determmed by statistical analysis of the demand pattern and the level of customer service
desired. For e)-ca.mple, d}e forecast error for the W1001, based on past demand history, indicates
gz::stig;eﬂa:!éh;_:onal l;lmts ;/?uld co;er l}}?demand 95% of the time. Obviously, the sels'of'uniqu—
red lor each modcel must be sufficient to i i i or
e modl in whach dhey et T cover the maximum demand to be satisfied for
However, in any week it is extremely unlikel i
] _ s ! e y that customers would order the maximum fo
all items in the family. Consequently, a safety stock of 23 sets of common parts would obvioufs'l;
be excessive, The probable excess demand for the family of finished models would be given by the
;Suare-root of the sum of the squares! of the excesses for the individual models. As shown in
igure #7, 12 sets of common parts would provide for the same 95% service level on the family of
pr:lcli.ucts. T;he ?afety stlcz!cl;ls of common parts need be only 50% of the 23 sets which the material
requirements plan would have generated had the i it i
e Moengs plan ¥ maximum quantities ofeagh model been used in
Companies having components common to man i
ties : y finished goods models should try to
s:mitsurc their bills of maten.al 10 recognize commen parts and thus avoid pyramiding s?;'ety
stocks. Data-Contrel Systems in Danbury, Connecticut estimated they reduced safety stocks' for

their product line by 40% using the square-root te ] i
Stractied bils oo o quare-root techmque described above with properly

1 hrigue i farmiti '
The technique is familiar to quality control people analyzing tolerance build-ups and is used also reliability
studies of complex assemblies like aircraft and mussiies,
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For many dependent dernand itemis, an estimated fixed quantity is the anly apnroach
available for setiing safety stocks. This could, for exampie, be the estimated maximum demand for
higher-level assemblies or parts likely to occur in any one time period. Such an amount of safety
stock weuld guasanice that enough of the component would be cn hand to meet requirements if it
were desired to start assembly or manufacturé one weék earliér than planned.

There are two ways safety stock computations can be handled in material requirements
pla{m'mg. One of these is illustrated in Figure »#8 where the 200 pieces of safety stock are
deducted from the “On Hand” balance of 1500 before the plan is made. The plan then shows net
requurements when the projected “Cr Hand Available™ figure drops to zero. An alternative would
be to show net requirements when the projected *On Hand Available™ figure has hit the safety
stock quantity. In effect, this would add 200 to each of the projected *On Hand” figures shown in
Figure #7, but the orders would still be generated in the same time pericds. The IBM PICS
package ard other compurter makers’ software programs use the former appraach because it is
eac’zr to handle in the computer. In either case, engineering changes which permit using up the
balance of inventory of an item: would require altering the usual plarning program to be sure the
safety stocks were consumed.

When manufactuirng orders arc reieased for an item at one level, it is desirable to allocate the
components of this item at lower levels. This earmarks or reserves the necessary quantities of these

compoaerts ior this order so that they will aot be considered available to meet other demands.
AN

1N STOCK — 1500

SAFETY - 200 ALLOCATED ~ 600

10314 SWITCH T PERIOD
< 4 5 6 7
PRGJECTED - | 8
REQU]REME_E@ 10C {450 | 100 | 100 {10501 100 1100 |1G50
3CHEGULED :
RECEIPTS : 1000 11000 1000
-50 1-100 © =350
-fN HAND 700 16001150 | SO [ 950 |900 800|700 1650
FLANNED ORDER
RELZASE 1000 {1000 1000
REQTS: WEEK2- Y3L 350 WEEK5- Y3L 320 WEEK 8 — Y3L S50
Y2L 600 Y2L 600
Figura 8

Figure #8 shows one way of hundling such allocaticns. The ‘quantity of 600 for an order for a
higherdevel assembly using the switch has been dzducted from the available “On Hand” balance
before the plan is started. Thus is the approach adopied tn the IBM PICS package. When this is
used, care should be wken not to release orders for sub-assemblies, assemblies, or higher-level
components too socn, since this would reduce the available quantities of lcwer level components,
tngg:r new orders, and inttiate other requirements earlier. This may distort the tree priorives and
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cause limited capacity to be devoted to the wrong items. Black & Decker, Data-Control Systems,
and other companies with experience in requitements planning have a separate line in the plan fer
“Allocated” quantities, They can time-phass aliocations for export or other customer orders with
future delivery dates. This shows the plunner known commitments for specific orders, but avoids
the troubles of altocating.too fur in advance.

Figure #8 also indicates the use of the technique knowa as *“pegging”. This identifies for
each component, the specific item or order at the next fugher-level which cause the requirement.
For example, the quartity of 1050 for a projected requirement in Week S cun be traced upward to
350 required for the Y3L socket and 600 required for the Y2L socket. {The other 100 are for
service requirements.) This perruts a plannier to trace upward through the product ‘structure o
find the source of demand when he must make rescheduling decisions. Pegging can ulso be uced for
identification of allocated quanirties. Pegging may be as simple as identifymg only the higher-level
componénts which have generated requirsments for the part or as complex as identifying each
time period’s requirement or ailocation with the specific higher-level item and order which
initiated it.

WIGHT: Aplications of the Technique

Matérial requirements plasining is certainly one of the most universaily applicable technigues
in production and inventery control. It is the proper inventory management technique to use ia
controlling the following types of materiai:

. Components.

. Raw Material. .

. Service parts also used in current production,
. Semi-finished material.

. Branch warehouse inventory feedback.

. Lumpy “independeat” demand.

A bW -

The application of material requirements planning to components hzs been discussed in the
examples above. Raw material is also, of course, a dependent demand item, since raw materal is
not needed until the part that is made from the raw materiz] is going to te started. Since ths pait

is usually made in some kind of a lot size, once again the

OP = DLT + SS timing of the delivery of the raw matenal is the crucial

LT = 4 question and material requirements planning works betrer than
D = 100 order point type teciiniques.

In the-examples above, we talked about using materizl

88 = 250 requirements planning where service parts were also being used

in curreat production. It is worth also pointing out that, while

op = 650 order points cannot show the time phased relationship,

OH = 1000 therefore, they cannot be used where requirements planning is

ORDER — WK4 the proper technique; the fime phased material requirements

planning format can be used to express an order point.

Figure »9 shows an example using an order point. The
: order point, of course, consists of an estimate of demand over
lead time plus safety stock. The lead time in this example {s four weeks. The demand 1s forecast at
100 units per week. The safety stock is 250 unts. The order point, therefore, is 650. If there were
1000 units on hand at the present time and usage actually was 100 per week, a replenishment
order would be placed in week 4. Let’s look at that same example shown in a time-phased fonnat
in Figure 10. Once again, the safety stock 1s 250 units, the forecast is 100 per period, the lead time
is 4 weeke and there are 1000 units on hand. In week 8, the projected on hand balance would be
below safety stock; the lead time offset tells us, then, that a planned order release should taks
place in week 4. This is exactly the same thing that the order point told us and illustrates the fact
that order points can be expressed in a tume-phased format. In fact, there are several advantages to
doing thus, not the least of which is the rescheduling capability in the time-phased format. As

Figure #8 — OP Systom
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S8 = 250 ’ FORECAST = 100/PERIOD ~ LEAI'.S TIME_T-QWEEKS
T3 PERIOD

475761718

PROJECTED

REQUIREMENTS » 100100 100|100}100{100 1001100

SCHEDULED :

RECEIPTS _

ON HAND 1000{90Q800[70 06OOI50C 400300200

PLANNED ORDER =

RELEASE =

Figure 10 — The Order Point - Time Phased

{equirements change, it tells the planner that he should revise due dates on open orders. Thus, the
inventory system can be used to keep the priorities up to date.

. Semi-finished material, such as the door hinges that a hardware manufacturer would keep in
inventory unpainted, also has dependent demand. The hinges could be plated in many different
fimishes. By projecting the finished goods inventory requirements zgainst the order points, the
planned orders could be projected and these could be posted in the inventory record fo; the
unfirushed hinge to ndicaté when its supply would need to be replenished.

The more we see apphcations of matertal requirements planning, the more obwious its
advantages become and the more universal its application becomes. Inventory items that are
maintained in a factory warehouse to be supplied to branch warehouses are really dependent
demand items. You don’t need to have them until a demand from the branch warehouse is
gener.ated.. Usually thesz orders from branch warchouses come into a central inventory as complete
surprises, just as service parts branch inventories usually create havoc back at the main plant, since
lhey come in without warning and usually they require faiily short lead time. By using the
time-phased format, both at the branch warehouse and back at the central inventory location
planned orders can be projected and the main location can see much more clearly not only wher;
future requirements will be coming, but also what the up to date priorities realiy are. This, of
course, 1s a by-product of the rescheduling capability built into the tirne-phased requireme:nts
planning approach. In short, requirements planning provides the ability to get “visibility” from
one lzvel of inventory into another.

. One of the most interesting examples of the apglication of ume-phasing we have seen was on
independent demand items that had lumpy demand. Picture an item in fimshed goods inventory
that has two streams of demand, one is fairly continuous series of orders and the other is
occastonal, very large requirements for export or for promotions. How can these large
requirements be shown with an order point system? This has always been a diiemma. If they are
entered into the inventory system right away, that weuld gencrate replenishinent orders Je-.'en
.though the lumpy demand might not be required for some time in the future On the other hand
if they are not entered wnto the system nght away, how can rve be sure that we will have the'
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components, raw materials, etc. that are needed to handle this large demand. -

The znswer, once again, 15 to show the order point in a time-phased format. The demand
forecast that is used in the order point might be 100 units per week. An export order might call
for 1000 units in week 8. By showing the order poirt in a ume-phased format, this requirements
could be entered methodically and we would be sure that it would generate — via planned orders —
requirements for any lower level components at the right time.

As Dr. Orlicky pointed out, we probably wil see a greater and greater trend to using the
time-phased format, both for requirements planning and order point items, in the future because
of its far greater flexibility.

It is interesting to note that the number of pages written on independent demand type
inventory systems outnumbers the number of pages written on requirements planning by well over
100 to 1. The number of items in inventory that can best be controlled by material requirements
plannirg outnumbers those that can be controlled effectively by order point in about the same
ratio. It is a sign of the adolescence of our field that the literature available is in the inverse
proportion to the applicability of the techniques. .

When exponential smoothing and statistical order point first came along, we were among the
first to use these techniques, and quite successfully. We are not in any way denying the validity of
statistical order pont concepts. The development of these concepts had helped us to refine our
ability to handle independent demand inventory items and control inventories more successfully
than we could with the old *hunch” type order points. Nevertheless, the professional should
recognize where techniques apply and where they don't apply. He should be knowledgeable about
all of the techniques and should not misapply good techniques since the results will inevitably be
very disappointing.

SESSION 1l
WIGHT: Forecasting and Bill of Material Structuring

One of the most frequent objections that people present against using requirements planning
as opposed to order points is the fact that they don’t know how to forecast well enough to do
requirements planning. Certaily the volume
of the forecasting can’t be the problem, 3
since requirements planning approaches use LEVEL - -
forecasts for sub-assemblies and assemblies | ¢ .
rather than parts. By definition, there are far E]
fewer assemblies than parts to forecast. - -
Sometimes the fact that an order point [ ] 1
system has an assumed forecast — even if it e Qe ore il ne of
is just some kind of average past usage - A E B owt
built in for each part that has an order point,
is overlooked.

More often than not, though, par-
ticularly with the type of product that is
beoming more and more common in most companies, the forecasting problem lies in the structure
of the bul of materials. Figure #11 shows thus kind of problem. Imagine this to be a chain hoist,
for example, that can be made up of one of ten different pulley sizes (Module A), one of eight
different motors (Module B), one of six different gear boxes (Module C) and two different choices
of hoisting assemblies. Let's assume, for the sake of this exampie, that any one of the motors'can
be used with any one of the pulley, gear box, and hoist assemblies, the forecasting problem even in
this simple example quickly begins to get out of hand. Ten pulleys times eight motors times six
gear boxes times two hoist assemblies gives a possible 960 different final configurations of
product. Forecasting each of these final configurations is going to be almost impossible. But the
lead times to assemble these modules together is quite short and the real problem is forecasting the
parts that go wnto the modules rather than forecasting the final configuration of the product. As a
consequence, it makes a great deal more sense to forecast at level 1 rather than level O. In other

Figurs 11 — Forecasting Options
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words, instead of forecasting the final product itself, we will forecasi zach of the modules. This is
the way that the autemcbile indusiey has done its forecasting for years. You couldn’t possibly
imagine anybody trying te forecast the final configuration of cach automobile that is sold.

We can learn something from the automotile industry and tome of the other
companies ihat have recognized the modularity in their product and structured their bills of
matenal this way. They dor't carry bills of material that completely deflne the product, but
- instead they carry modules and assemble
! them together when they get an order for
! w . the product. Before looking at an example
of this approach, let’s look at Figure #12
which shows a further extension of this

concept. Many bills of material consist of a

) 1 group of common parts that show up on

| many other bills of material plus a few

Vi ot Wy we Yin or Wy unique parts. Once again, the concept would
be to break bills of material apart, so that

there is one bill of material for common
parts that go with cach W type assembly and

PARTS | PARTS it ia
ASSEMBLY Covmon | PECULIAR Lht?n bills of material for t.hos.e parts that are
el —_— unique to the assembly. Obviously, at some
W 100 We HER L) point in time, the bills of material will have
W 1002 We ] to be assembled togethe: again to make up
wioe ¥ o W o the actual bill cf material required for a
w1004 We ; Wg W)

specific preduct,

The concept here really revolves
around the compuier’s ability to index bilis
of materidl qulckiy and pull them together,
= don’t have to maintain the bills of maierial within the ccmputer in the format in which we are
go.ng to use them, since we can get them outin just about any format that we want. By the same
token, we don’t even have to maintain complete bills of material on the computer. Thus, we can
taxe partial bills of material and assemble them o suit our
~wn needs. EM A - COMMGN  PARTS

Fisher Controls in Marshalltown, lowa makes an

Figura 12 — *“W* Bill of Material Vanations

extensive iine of fluid contiol devices. 'They had a very %’ m
serious problem with their bills of material, not only in T owew | {2
being able to forecast end items which could take on aimost e | @
an infinite number of variations, but also in coping with the e | L

sheer volume of the bills of material. Since there were so -
many combinations, their chances of having a bill of | " 8 - W

material available when an order was received from a 9zE b noi b owmcnb N foNon
customer were only about one in thres. This meant each 304 capf G} (@ ] W
time an erder was received, they had to go to engineering, 03 car| ) W | | @
have one bill of material modified with adds and deleies, /0% carl = {9 [ 00 b

etc., 10 come up with a suitable bill to specify the particular oox car] (@} 0k j ] s

order. It seemed the harder they worked, the lower the
percentage of actual orders they were able to specify with Jem w1428 9 ¢ o & r__
an existing bill of material’ No matter how fast they
captured the Dbills of material and got them on the  Foure 13 —Typy 310 Gas Regulator
computer, the engineers, marketing people, and custerrars were a]waya thinking up new variations.
And just one variation -- perhaps the addition cf a teflon seat valve option — could double all the
bills of material required for a product line. They were working against a geometric progression!
Fisher decided to go to the modular bill of materal. Figure %13 shows part of their order
entry form for a type 31C gas regulator. When an order is received from a customer, this order
entry form is filled out, a card is punched up that goes into the computer to tell it which modules
to call out to generate a bill of material for this customer o:der. This bil of material may be
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unique and it may never be repeztzd z2ain. The history of demand for each module, of course, will
be captured within the system.
At the bottom of Figure #13, we have ctarted to fill in the order entry form. The “2" filled

“in behind Item A indicates that this cxder will require common parts thut go with the two inch

valve. The “¢" filled in behind Item B indicates that the parts asscciated with the 70% capacity
two inch valve will be required. These codes zre used to retrieve the bill of mateiiai modules
required to “‘custom assernble” a bill of material for this order.

What has this approach done for Fisher? Well, certainly it has put them n 2 positicn wherz
they can forecast much more readily than they could when they were irying to foiecast the final
configuration of each product. With the product indicated in the exampls, the 310 gas regulator,
the number of bills of material has been reduced {rom 760 to 60. More important than that, the
number of product structure records in the computer has been reduced from a potential 24,300 to
a maximum of 260, since common parts are not repeated over and over again in many bills of

‘material. There are other advantages such as reduction in maintenance of bills of material And the

ability to keep a meaningful history on the usage of each bill of material module. But the
important ability is the ability tn forecast better for the requirements plan. By the way, the
informaticn that I have used here about Fisher Controls was drawn from the article titled, "Stop
Before You Use The Bill Processor. ..” by Dave Garwoed of Fisher Controls that appeaied in the
Producrion & Inventory Managemenr Joumal, Second Quarter 1970. The article is well worth
reading. :

MASTER SCHEDULING

The master schedule is the most important consideration in requirements planning. This is
the schedule that goes inte the computer to tell it what assemblies are going to be pu'led from the
stockroom on what dates so that the computas will convert this to “due in stock dates” for the
components required for the assembly. The master schedule hasn't received much attention in the
literature and yet it is the most importani consideration in requitements planning. The master
schedule is quite different from company to company. It is the element of requirements planning
that needs the most tailoring to the individual corapany.

Some companies maxke up a master schedule strictly fram their order backiog. A machine
tool company, for example, with an order backlog that is extended out beyond thzir total leac
time, would decide on the various “lots” of finished machines’they were going to make and firm
up their master schedvle many months in advance. This weuld then go into the computer 2nd start
the requirements planning process rolling. This master schedule would be modified from time to
time as particulac machines were rescheduled or as lots of machines were rescheduled because of
parts availability, capacity constrictions, changing customer needs, etc.

Other companies develop a master schedule strictly fiom a forecast. One of the power ool
marnufacturers, for example, has a master schedule that is first propesed by the marketing
department who actually controi the finished inventory. The manufacturing people then modify
this master schedule based on their ability to produce. In other words, they are doing a rough
capacity plar before they actually firm up the master schedule, There is no sense scheduling twice
as many power tools in one month as the next, since it won't be possible to get the parts through
to satisfy this type of schedule nor would it be realistic to expect this type of assembly capacity to
be availzble. This master schzdule, then, is a forecast supplied by the marketing department based
upon the finished goods inventory position. It is modified from time to tme as the forecast is
revised. The master schedule is expected to be firm, however, for the next eight weeks since this
company feels that they can’t do very much to change theparts that are coming through in that
short lead time. Obviously, if one of ther die castings were scrapped and couldn’t be replacad, the
manufacturing people would have to adjust the master schedule to reflect the teschedule. Beyond
the eight week horizon, there is another period of time when marketing can shift {im:ng but not
shift quantities. For example, if they have forecast that they are going to make a lot of 10,000
seven inch saws they can change the siming of that lot to move it up a week or back a week
without too much difficulty. Once they start changing the quantity, this could seriously disrupt
production since many cf the components have already been started in lots of 10,000. Beyond this

Conference Proceedings ’ 219



second horizon, timing and quantities can be changed. Obviously, the second horizon is out near
the end of the total accumulated 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 examples, one making a master 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 delivery 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 component requirements long before they have an order on hand. For this type of

PERIOD
T2 (3145161718
FORECAST 150 150 150|150 {150 {150
ACTUAL ORDERS 50 [180 | 110 [180{140[250| 110
OLD MFG. PLAN i Jele! 500
NEW MFG. PLAN ' 177, S00 7

Figure 14 — Master Schedule Product No. 2031

company, the 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 intermediate period when 1t
would be a combination of forecast and some known backlog. Over a short horizon, the master
schedule would consist of actual customer orders. Each week, the master schedule would be
generated, reviewed in the light of changing component availability, changing customer
requirements, and reinserted into the computer to generate a new requirements plan.

Figure #14 shows a master schedule for product 2031, Imagine that this master schedule has
just been generated and the planner is making up the “new manufacturing plan™ based on the
latest customer requirements and the latest component avadability. Note that actual orders are
running well ahead of forecast. The orders for week 1 have all been released to the stockroom to
be pulled for assembly. There are some 50 actual orders that should be pulled out of the
stockroom in week 2, but they haven’t been released, probably because some parts are not yet in
stock. Last week's manufactunng plan called for an order for 560 units of product 2031 to be
released to the stockroom 1n week 3. Note that this will not cover actual customer requirements
through week 7 when the next order was originally plannzd to be released. Checking component
requirements, assembly capacity, etc., the planner moves the order for 500 up into period 6. A
little quick addition will show that he still hasn’t covered all of the commitmenis that have been
made to the customers. A dssturbing situation, but undoubtedly more normat than theoretical for
most companues. It looks like somebody here is making customer promises and accepting orders a
little bit opumistically. It also looks like the forecust in this case has not been very accurate.
Nevertheless, as is always the case inn production and inveatory control, we have to cope v.ith the
realities. The planner looks down through scme of the requirements plans for key components and
perhaps he has a lot. of 500 scheduled several weeks out In (‘w:k’ng component avatlabdity, he
decides that he a.an ‘move 200 of that ot up into week &. tlis aew manufacturing plan (the hand
written numbers): then reflects the very best he can do to meet the commitments that have been
made on actual orders. This new manufaztunng plan will go in.s the compuer 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 making commitments on customer orders since they put him in a
very serious position; nevertheless, note that he tried to put into the master schedule the ruth to
the best of his knowledge).

A few key points are worth nothing about the master schedule:

1. The requirements plan indicates due dates into stores for all components. The master
schedule then indicates the date that these components are to be pulled from stores. Note
that the master schedule does not really represent either the assembly schedule nor does
it represent the shipping schedule.

2. The master schedule was reviewed and revised before the regular run of the requirements
plan. Major revisions might only be made monlhly and minor revisions to reflect
component availability, etc. would be made more frequen ty.

3. Everything in requirements planning starts with a master schedule. The master schedule
must be told the truth or component priorities wﬂl not be maintained properly by the
requirements plan. .

i
Too_often people misunderstand the function of the master schedule: they see it as some
kind of performance commitment rather than as the *‘program” that makes material requirements
generate realistic requirements. As a result, they will not reschedule items in the master schedule
even when there is no possibility of making them on the date originally planned. This results in
unrealistic component priorities and a materal 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 files of data. The first is the “Item Master
Record” — this contains the data usually shown on Kardex inventory records such as part number,
description, unut of measure, balance on hand, receipts, issues, etc. Application manuals published
by computer manufacturers for their software packagés contain sample files showing the items
that should be considered for inclusion in this important basic file.

In addition to the items usually covered, however, several others can be useful. To help level
input into the factory, the file should include set-up times, running times, and the key machine
groups where each item begins its processing. A planner seeking to level input to critical work
centers like screw machines, turret lathes, die casting machines, presses, etc., can then easily pick
out iterns representing sigmificant loads which are approaching a reorder condition. If these data
are identified in the item master file, it is unnecessary to search the routing files. Significant set-up
savings can be obtained f items in a farmly which require only minor modifications to the set-up

an ke run together. Such famiy identification can also be part of the item master file so that the
planner can see which items should be ordered together.

The second major file required is the “Product Structure Record” — really the bill of
materal linking the various components of the product together. As Dr. Orlicky emphasized,
material requirements planning is product oriented and requires accurate, up-to-date knowledge of
how the praduct is made from its components. The bill of material, therefore, is a vital part of the
planning system. It is not just a pacts list. The way it is structured can improve very consnderably
the ability to translaie a Master Schedule into component requirements.

A third file is the “Open Order” flle showing 2!l open manufacturing and purchase orders
This iniportant file is one of the most difficult to keep accurate; the problem is determining when
an order is really complete and when a small balance really represents material still due,

A fourth file required is the “Master Schedule” showing the weekly requirements for end
items which will generate the whole requirements plan. This schedule is denved from the forecast
or the backlog of open customer orders, but it should not represent quantities of product desired
for snipment or for delivery 1nto inventory. It should be the sets of parts desired to be sent to
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storerooms, a minimum varety of shop corntainers in good repair, etc.? Don’t overlook thes
imporstance of identification. When a count is in error, one record is wrong, but when
identification mistakes are made, two records are wrong,

ENGINEERING CHANGES

The vital impertance of the bil of material in planning requires that it. too, be accurate. Asy
component not included in the biii of material will not bs ordered. Enginecring change contro! is
vital. Engineering changes can be made effecuve on the date existing components will be used ug,
altering the bill of materiai in the systen after that date. They may alse be phased in when 2 given
quantity of a component is left. This quantity might cover the requirements for spare parts. Twin
Disc has an ingenious method for timing engineering changes. If temn C is to replace Item B, they
set C up in the bill of material immediately, but as a component of B, When B has been used up,
the system calls out C, giving the signal to change the bill of materisl. This approach eliminates the
need to estimate when available paits will be used up. The use of “block changes" grouping many
engineering changes to be made at the same time can minimize the prcblems of control of bill of
material accuracy.

INSTALLING THE SYSTEM

. Instailing the marerial requirements planning on a computer can be speeded up greatly by
using software programs available from most computer manufacturers. Many of the techniques of
iot-sizing, file maintenance, allocation, pegging, etc. are common to requirements pluns for all
companies using them ana there is no need for each to write his own program. The present
software packages, typitied by the PICS programs available from IBM, are modular pregrams
which permit a company to select from a variety of options to build its own custom-tailored
system. This is analogous to selecting pre-fabricated windows, dcors, and even tathicoms rather
than building your own house from scratch. The prz-fabricated components can be assembledina
variety of ways to buiid a structure most useful tc the owner.

In additicn, sofiware packages provide a variety of snalysis routines which ure useful in
studying the etfects of changing the sysiem of ordering. These permit investigaring the impact of
lot-sizing decisions on zggreuate inveniories and studying the effece o component invencories of
the introduction of requirements planiing compared to order point/order quantity systems. Such
analysis routines also provide educational toois to heip people understand how the system will
function.
The best approach to getting mnning is to use a pot appioach. Pick a product line with as

few parts interchangeable with other product fauies as possible. Limiting the scope of the
program means fewes problems to cope with. The bils of materizl should be checked, rechecked,
and checked again to insure the highest accuracy. This can be improved by using tills of material
as pick iists from which the storeroom issues sets of parts to assernbly lines. All unplanned
transactions (covered by hand written requisitionsj should be checked in detail; the sources of
errors will show up and bills of materials can be corrected.

The number of changes introduced at the same time as requirements planning should be
mirimized. It is soGnd to make as few changes in lot-sizing and in planned lead times as passible in

. the early stages to minimize the effects on the plant. In converting to requirements planning, the
greatest problem will'undoubtedly be the need to reschedule purchase and manufacturing orders
already released. Other ordering systems usually generate orders far in excess of real requirements
No company will want to cut off suddenly and dramatically the flow of orders to vendors orits
own manufacturing facilities and plans should be made 1n advance to cut back gradually. *

The need for education of those using the plan cannot be overamphasized. As Dr. Crlicky
commented, material requirements planning replaces a clerical routine with order analysis. This
requires understanding by planners of the variety of actions available to them. The system simply
informs the planner of data relating to the decisions. He should understand where the information
comes from and what alternatives are available to him. Starting to use requirements planning
should be done very carefully — Iike a father holding his new baby.
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BENEFITS

. ui:ew prcijlec_ts have more po.tential today for improving a company’s profits and o‘perations
. : : ¢ wnstallation of computerized matenal requirements planning. Figure #15 summarizes the
enefits, indicating some typical figures achieved by companies with successful systems )

REDUCED COMPONE . The greatest payback
UP TO 50% NT INVENTORIES: comes from reduced com-

_ ponent inventories resulting
FREQUENTLY 30%

frem the elimination of safe-
ty stocks on dependent item:
IMPROVED CUSTOMER SERVICE: and the timingpsg r:::lei;)fl;;
UP TO 90% FEWER LATE ORDERS
UP TO 75% LESS STOCKOUTS

components to coincide more
closely with assembly require-
ments. A reduction of 50% i
LOWER MANUFACTURING COSTS: un
up TO‘10% LESS ASSEMBLY LABOR
UP TO 5% MORE PRODUCTIVITY OVERALL

such inventories is not un-

usual; very frequently, a 30%

reduction is experienced.

Since the well-designed

FEWER INDIRECT EMPLOYEES: and managed system plans

UP TO 25% LESS — STOREKEEPERS combly oo [fo meet as

ExPE sembly requirements, cus-

- DITERS tomer service almost inevitab.

—~ TRUCKERS ly improves dramatically.

— CLERKS Sub-systems _are eliminated,

. upsets are minimized, and as-

Figure #15 — Benaefits of Requiremunts Planning semblies are put together the

. . way they were designed.

These r.esu_lt in lower manufacturing costs. With less inventory and fewer ups);ts a com anl\%n:an
reduce its indirect employees, particularly storekeepers, expediters, and truckers, ' pans

saving'srmusl be ide'ntiﬁed and plans made to capture them or they will not be achieved
rhc; prod_uctlon control' manager of a mid-West manufacturing firm, now operating 1 very
successtul requirerrents planning system, toid recently of an additional benefit not listed in Figure

#!5. He testified that he can now spend i$ ti 7
. pend the bulk of his time plana; i
reacting to the crises caused by the mistakes of the past. praning Jor the future instead of

WIGHT: Diagnosing the Ineffective Material Reguirements Plan

The minute computers became available for manufacturing companies and, indeed. eve
back in the days of the punched card equipment, the idea of requirements plhn;u'mhwa’s y
uppf:almg as a payoff application 1t is the kind of thing that can hardly be ~d(‘m ; I o
obviously, can be done well with the computer. 7 " manually and,
. Yeé':’ery few compantes today are doing material requirernents planning successfully. We
ave probably worked with more of the successful ones that anybody else around and we've also
had the chance to see a great many of the vnsuccessful ones Frequently, people r*:il us that the(
have tried the requirements planning that we and other people like Ro}r.ey F;'er:iell have be ;
alking about, but the.y certainly haven't gotten anytning iike the no'eniial rt;sulls In fact tle1r~l
cdds are very staggering against a company succeeding with requilremems plannin' ) if pres: :
experience is any indicator. Nevertheless, the reasons for lack af suceess are very few ag:ld vepfcs\;?‘
to identify. Let's lock at then: briefly. The following is a disgnusis checklist bz;ved on obry ing
man'y companies '.hat’!}_!a‘ve been unsuccessful with requiremer;lﬁ nlanning and a f::w that h'nsjr\:ng
she Xund of success that'is possible with thus technique These are the areas .whcre pxogic;r;s :ri;:::
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1. Inventory record accuracy.
2. Bill of material structure.
3. Bill of material accuracy.
4. Degree of user control.

5. Master schedule.

We’ve already talked about inventory record accuracy and it needs little further elaboration.
Isn’t it interesting, however, how much time we put into some of the more esoteric areas of system
development and how little effort so many companies have put into maintairung the basic
inventory records accurately! You can do third order exponential smoothing or net change
requirements planning against an inventory record that is inaccurate, and all you've got is garbage
as a result.

The problemn 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 bills of material to even put in the
computer”. The modular bill of material is usually the answer. ;

Bill of material accuracy is, of course, essential. With an order point system, each item is
ordered whether it is needed or not. With the requirements planning system, only those parts that*
are needed as indicated by the master schedule are ordered. If they don’t show up on the bill of
matenal, they cannot be ordered. R

Someplace, somebody got the impractical idea that computers were going to control
inventory. Not that many people have the guts to actually let computers order inventory, but
usually when the systems design starts, this is the concept. The more systems designers try to
capture the logic for ordering inventory, the more they realize that it is highly fluid, depending
upon strikes, capacity bottlenecks, which customer recently hollered the loudest, etc. It is
certainly not a well-structured problem. We always wind up, then, having people checking the
computer recommendations for releasing orders.

Most of the time, a system hasn't been designed to let the user do this conveniently and
most of the time there is a great deal of naive sophistication built into the system so that the user
doesn’t feel like he really has control over it. The user must have the control over the sysiem and
useless sophistication must be eliminated from the system to make it as understandable and
*“‘transperent”™ to the user as is humanly possible.

Another aspect of user control that is critical and can contribute to his understanding of the
system is having the user responsible for the design of the system. We have yet to see a

requirements planning system work when systems people took the initiative for systems design.
Only the user can be held responsible for resulis. Only he can assume the responsibility for
specifytng what the system should be. Obviously, he is going to need a lot of help from systems
people, but the user must assume responsibility for systems success. He must always be able to

" retain control of the system to understand what it is doing, if we are to hold him responsible for

results. Nobody has yet succeeded in holding a computer 1esponsible for results.

The master schedule is, of course, one of the key items and usually the place where
requirements planning falls down. Overzealous users trying to catch up on all of their past due
schedules at once tend to dump into the master schedule an unrealistic plan that couldn't possibly
be attained. One company we know manufactured about 4000 machines a month. When they put
wn thewr requiremesnts planning system, they were introducing a new product, consolidating some
product that had been made in another plan, and preparing for a strike. In the first month, they

" couldn’t resist putting 19,000 units into the master schedule. The computer faithfully went

through its calculations and generated 'a cornponent past due list that was monumental. Faced with
the information generated by the formal system that told them everything was late, both
purchasing and manufacturing people unmediately reverted to the informal system. Hot Hsts and
expediting becams the order of the day and the requirements planning system was certainly not
successful. We judge success by the degree of operating improvement that has been achieved, not
whether or not this system runs on the computer.

In fact, this company provides a very interesting example because putting 2 requirements
planning system in the hands of people who have never had this powerful a tool can sometimes be.
dangerous Obviously, when then put 19,000 machines into their master schedule, the computer
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sroce~ded to generatz floods of orders for components. Since they were bringing in more
tomponzuts than they were using in assembly, the inventory went up. Since the master schedule
wzs overstated, all components were shown as late and priorities became meaningless. As soon as
riorities became meaningless, they were back in the cld situation of having most of the parts for
! of the products rather than the situation that a good requirements plan should generate —
saving 2/l of the parts for most of the products, This powerful tool can react so quickly that it can
wimally put 2 company in morez serious trouble than they could get into with an unresponsive
ardar point type of system. This is, of course, true with any tool. A power saw can do a better job
*hais 3 hand saw, but 1t can alsc be far more dangerous. A scalpel is a very effectve tool in the
ande of 2 surgeon. We cun make aa exccllent case for replacing a Boy Scout knife with a scalpel,
sut that doesn’t make its owner a surgeon.

Perhaps the most significant problem we have, then, with requirements planning is strictly
ssvchological. Back vhen we did requirements planning manually, we couldn’t reaily put proper
sriorities on items. Manual requirements plans or puached card requirements plans couldn’t be
recalculated frequently enough to keep these priorities up-to-date. Order peint systems, of course,
rever even put the right pricrities on in the f{irst place, and had no means of keeping them
ap-to-date to tell us what oarts we reaily reeded and when.

Ar a restit, each company had its forma! system and its informa! system, With the advent of
somputerized tsquirements planning, we have something unique. An inventory systemn that can tell
1s the truth! But most companies have a big challenge ahead of them in making the transition
rom living with a veneer ¢f formal system on 1op of a foundaticn of informal system to managing
with a system. ’

Many people, for example, ask whether it is necessary io have more accurate inventory
;acords with requiremenis planning. Since the technique is supposed to be better than order point
techniques for dependent demand items, shouldn’t they be better off even with their admittedly
>o0r inventory record accuracy? The answer is “NO!” In fact, they probably won’t see any
1:fference at all sicce the informal systera will continue to control the businsss and all they will
uve changed is the forma! system veneer which probably never meant much anyway. Check in the
Sypical plunt and you will sce many, many late shop orders that nobody is looking for and, if you
15k the foreman how he can pessibly run this way, he will tell you the tiuth, “When they really
vant it, they’ll send an expediter around”.

Do we really need to go to the trouble cf making the transition from managing with the
niformal systems to managing with systems? Tius probably depends upon the company, but thece
wre very few companics teday that don’t have the problem of a more and more complex product
with more and mote product vanety aud greater turnover among the people who used to heip run
‘he business “‘in spite of the system™. And, in mosi companies, the symptoms are the same,
nventcry is going up, service is not increasing. Slowly each year, you can see the business gettng
nore and more out of control. The cerrelation betwesn those companies that are showcase
sxasaples of good material requirements planning and high profits and growth is extramely high.

So, before you start in with the expense and trouble of developing requirements planning
sysiems, try to get your people to face up to this problem of learning to manage with a system.
Just putting this kind of system on a computer won’t generate results;in fact, it may give people
more powerful tcols to get themselves in trouble. When the requireiments planning system is
leveloped and used properly, it can provide an excellznt tool to help control the business better.

Requitements planning, of course, 1s the gateway 1o other applications. Capacity pianning is
a natural offshoot of requirements plauning and, without capacity planning, there is no capacity
sontrol; without capacity conirol, there is no control over lead time. Requirements planning also
provides the updating of prionities so that dispatch lisis showing the latest priorities can be
sencrated Many companies have tried to put in shop floor control systems before putting in
requirements planning and have oniy managed io give themselves better means for executing a plan
when they didn’t have any real plan (¢ execute, Materiul requirements planning comes first.

Here we have a technique with exrremely broad cpplication. Practically every company has
dependent demand inventory items. It is a system that can be impiemented. There are fairly
standard approaches to implementing it and we 2ncourage the use of standard programs like the
{BM PICS program. It is far better to tuke a standard approach and tailor it to your :ndividual
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requirements than it is to invent your own. The ability to maintain this system and have it
understood by users as we!l as the shortened develepment and installation lead fime are most
important considerations that make standard approaches very worthwhile.

We also have, for tha fizs? time, ar nveatory contiol techmique thet can seil iie zuzh, If
people want to face the challenge, they caa now have a formal system thas will take a lot of chaos,
confusion, expediting, and jusi plain buli work 2ut of production and invantury contiol. Sonie
companies have mace the wraisition from rurning primarily with an wxforina! system {0 runcisg
with a formal syscem. For maay, it is the most important challenge they face in 1his near fature.

We sat the other evenung thinking about this talk, thinking about the tremendous application
potential of this tool thai we’ve sezn. There have been a number of highiy successiul companies.
We were also thinking abcu: the great number of companies that haven't really been able to use
the tool =ffectively and we came o this conclusion' Jt’s easy to see how companies can 1anage
poorly with requirsments planning, but it is hard to sez how they can manage well withoui 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 educacién frecuentemente hacen hincapié en los
objetivos; los manuales de programaciéon enumeran el
“definir los objetivos” como primer punto; y los mate.
riales de ensefianza, tales como las peliculas y tiras fil.
micas, frecuentemente contienen una descripcion de los
“objetivos”. Pero, ;con qué frecuencia se confeccionan
las unidades educativas, sean grandes o pequefas, en
respuesta a las siguientes preguntas:

1. ;Qué es lo que debemos ensehar?

2. ;Cémo sabremos si lo hemos ensefiado?

3. ;Qué materiales y procedimientos daran mejor

resultado para ensefiar lo que deseamos ensefiar?

No solamente deben ser contestadas estas preguntas
para poder ensefiar 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 razon probable por la cual casi siempre se enumeran
pooremente los objetivos es que son pocas las personas
que saben cémo hacerlo. Esto no es una sorpresa,
porque se ha escrito muy poco sobre la confeccién de
objetivos—muy poco para los maestros. El trabajo de la
ensefianza en si 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 mas especifico.

La Confeccion de Objetivos para la Ensefianza cons-
tituye un punto de arranque para la descripciéon de
cémo precisar los objetivos. No se propone que sea la
ultima palabra acerca del problema. Por el contrario,
es algo asi 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-
cién de metas, sino que también proporciona una orien.
tacion que concibe la especificacion de metas como un

7



pr<.)b1f3ma practico e inevitable que necesita soluciones
practicas. Este es un paso importante. /

Rp_bcrt Mager ha visto 1a necesidad de ofrecer ins-
chmon especifica en cuanto al enunciado de los obje-
tivos, y ha trabajado sobre este problema. El éxito de
Sus esfuerzos sera determinado, en parte por los resul.
Fados que usted obtenga en 1la pruet;a de examen
mclu{da en el libro. Sin embargo, el valor fundamental
del libro depende del grado de inspiracién que derive
usted para expresar sus propios objetivos didacticos.,

dohn B. Gilpin
Asociado de Investigacién
Proyecto de Autoensefianza.
Earlham College,
Richmond Indiana.

PREFACIO

Habia una vez un caballito marino que reuni6 siete
piezas de a ocho y salidé a galope a encontrar su fortuna.
No habja transcurrido mucho tiempo cuando se encon-
tré con una anguila que le dijo:

“Psst. Oye, socio: ;Adbnde vas?”

-“Voy a encontrar mi fortuna,” contest6 orgulloso
el caballito marino.

“Estas de suerte,” dijo la anguila. “Por cuatro piezas
de a ocho te doy estas rapidas aletas, y asi podras llegar

mucho mas rapido.”

“Qué bien,” dijo el caballito marino, pagé el dinero,
se puso las aletas y se desliz6 a una velocidad dos veces
mas rapida. Al poco rato se encontré con una esponja,

que le dijo:

“Psst. Oye, socio: ;Adoénde vas?”

“Voy a encontrar mi fortuna,” contestdé el caballito
marino.

“Estas de suerte,” dijo la esponja. “Por una suma
pequefia de dinero te daré mi moto de propulsion a
chorro, para que puedas viajar mas rapido.”

El caballito marino compré la moto con el dinero
restante, y sali6 a través del mar a una velocidad cinco
veces méas rapida. De pronto se encontr6 con un tibu-
rén, que le dijo: / .

“Psst. Oye, socio: ;Adonde vas?”

“Voy a encontrar mi fortuna,” contest6 el caballito
marino.

“Estas de suerte. Si tomas este atajo,” le dijo el ti-
bur6én, apuntando para su boca, “ahorrards mucho
tiempo.”

“Muchas gracias,” le dijo el caballito marino, entran-
do rapidamente en el interior del tiburén, para ser
devorado.



La moraleja de esta fabula es que sj no se esti se-

8uro acerca de dénde uno se dirige, se buede ir a parar
a olro lugar sin saberlo

Antes de preparar 1la ensefanza, antes de escoger e
material, 1a maquina, o ¢] método, es importante poder
expener claramente cuales son lag metas. Este libro
versa sobre los objetivos de la ensefianza, En el mismo
trataré de mostrar cdmo exponer los objetivos que me.
jor resulten en la comunicacién de Sus propositos a
otras personas. El libro no trata sobre Ia filosofia de
la educacion, ni scbre quién debe seleccionar los obje.
tivos, ni sobre qué objetivos deben ser’ seleccionados,

Se supone que los lectores estén interesados en con.
feccionar una ensefianza eficaz, ¥ que hayan ensenado,
estén ensefando, o se estén formando para ensefhar. Se
Supone también que estén interesados en comunicar
ciertas habilidades y conocimientos a sug alumnos, y
comunicarsclos de ta) forma que éstos puedan demostrar
el logzro de los objetivos didacticos trazados. (Si usted
no esta interesado en demostrar e] logro de sus objeti.
vos, acaba de terminar Ia lectura de este libro.)

Robert F. Mager

Palo Alto, California,
Noviembre de 1961.
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NOTA

La mayor parte de este libro ha sido lconi;gccion:ﬁ:
isti la mayoria de los libros
n forma distinta a la de ria S
telsted ha leido. En muchas de las paginas s;a l(:n 1;?.;: ru::
" to suceda, seleccione la ' I
pregunta. Cuando es y one [ melor res-
i 1 nimero de esta pagina g .
puesta y remitase a Jue se niica
De esta forma, e
al lado de la respuesta. : ] o
j A i dades, y podra con
ustara a sus propias necesi odré nuar
:: estudio sin ser interrumpido por explicaciones inne
cesarias.
Debido a que las paginas de este hb?c? no se leen
onsecutivamente, seria de gran ayuda utilizar unt ’mar
gador para que pueda sefialar el lugar donde esta.

Remitase a la pagina 13

11
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CAPITULO 1
OBJETIVOS

Una vez que el maestro decide ensefiar algo a sus
alumnos, tendra que realizar varios tipos de actividades
para tener éxito. E] 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 accién reciproca 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 descripcién de obje-
tivos, es el tema de este trabajo. Si usted esta interesado
en preparar una ensefianza que le ayude a alcanzar sus

- objetivos, primeramente debe estar seguro de que sus ob-

jetivos estin expuestos clara e inequivocamente. Us-
ted no puede entrar a analizar el problema de seleccio-
nar la ruta mas eficiente para llegar a su meta hasta
que no sepa cual es su meta,

Especificamente, los objetivos de este libro son tales
que, si se logran, usted podra realizar las siguientes
tareas:

1. Dado uno o mas objetivos docentes, usted podra
seleccionar aquéllos que se expresan en funcién
del rendimiento.

2. Dado un objetivo ‘didactico bien confeccionado,
usted podra identificar la porcidon del mismo que
define el minimo rendimiento aceptable.

3. Dado uno o mas items de examen para  medir el
rendimiento, usted podra seleccionar aquéllos que

13



resultan  adecuados para la evaluacién- de - log
objetivos,

Cuando se haya adentrado mas en el libro, usted
comprenderd por qué razén no se ha sefialado el “sabey
como confeccicnar objetivos” como uno de los objetivos
de este libro.

Para ayudar a alcanzar estas metas, describiré al
gunas de las ventajas que se derivan de la especifica_
cién cuidadosa de los objetivos didécticos, describiré las
Caracteristicas de los objetivog expuestos, proporcionaré
alguna practica en cuanto a reconocer las metas bien
éxpuestas, proporcionaré cierta practica en cuanto a se.
leccionar los items de examen adecuados para la eva-
luacion de un objetivo, y, finalmente, le proporcionaré
a usted la oportunidad de comprobar si he tenido éxito,

Al final de cada capitulo encontrara usted ciertos
Materiales Auxiliares, Se trata de puntos complementa-
rios que usted podra considerar interesantes, informa-
tivos o atiles, pero que no son esenciales para alcanzar
los objetivos enumerados anteriormente,

Tres de los términos que seran utilizados necesitan
definicién:

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 su ensefianza.

Criterio........... .. €S una norma o prueba me-
diante la cual se evalia la con-
ducta terminal,

14

A través del libro, las palabras “maestro” y ‘“‘pro-
gramador” seran utilizadas indistintamente, ya que r;o
hay diferencia alguna entre e.l aula y le programi?. e
autoensefianza en cuanto a la importancia de especificar

los objetivos.

15



MATERIAL AUXIL1AR

He aqui un ejemplo de como, si no se enuncian clg_
rameate los objetivos, las actividades de] aula pueden

obstaculizar g alumno en un esfuerzo por lograr un
objetivo,

En un importante centro de ensefianza dirigido por
el gobierno, se ofreci6é cierta VEZ un curso en el cual
los esiudiantes debian aprender g manejar y reparar un
siclenyy clectrénico grande y complejo. El objetivo de]
Curso fue planteado ge Manera simple: Poder manejar
Y mar‘ener el Sistems, Electrénico XYZ

Dehido a que era imposible Proporcionarle a cads
estudiante un  sistemg clectrénico para las practicas
{dehidn a] costo exorbitante), ge decidi6 aumentar el
namern de discusiones diagnaosticas que hacia el esty
diante Adurante el curso, dandole alguna “practica” tanto
en el cula como en el laboratorio.

maces{ro presentabg varios problemas para que sus alum-
nos los resolvieran. Asi, sehalaba un componente de uno
de los muchos diagramas esquematicos del equipo y
brequniaba: “; Qué sucederia si este tubo tuviera algin
desperfecto?” Los estudiantes buscaban a través de los
cirewto: (en el papel), en un esfuerzo por pronosticar
los sinfomng Que aparecerian como resultado de] proble-
ma hipotético planteado por el maestro. Se le daba un
problema gl estudiante y se Je pedia que indujera los
sintemas,

E«e procedimiento, sin embargo, era eXactamente
1o onvests g Jo que se esperaba ol alumno en ¢] €Xamen
finnl o en ¢ trabajo, donde se Je mostraria un sintomga
caracicristico y se le pediria que localizara e] problema.
Los 1nacstrog esperaban que el alumno corriera hacia
adelar.ie, cnsefiandole a correr hacia atris,

16

Por lo tanto, por falta de un enunciado especifico
de los objetivos, los estudiantes no sc?lc_) estaban apren-
diendo lo que no era, sino que los habitos que .e‘staban
desarrollando en el aula estaban en contradxqcxon 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 propodsito expresado en un enun-
ciado que describe el cambio propuesto en el alumno
—un enunciado de como debe ser un alumno cuando
haya terminado exitosamente una experiencia de apren-
dizaje. Es la descripcién de un patrén de conducta (ren-
dimiento) que queremos que el alumno demuestre. Se-
gun expresé cierta vez el Dr. Paul Whitmore, “el
enunciado de los objetivos de un programa de ensefianza
debe sefalar los atributos mensurables que se pueden
observar en un graduado del programa; de lo contrario
seria 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 progra-
ma, y no existe una base s6lida para seleccionar los
materiales, el contenido, o los métodos didacticos ade-
cuados. Después de todo, un mecanico no escoge su he.
rramienta hasta que no sepa qué operacién 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 construccién
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-
cion al laboratorio sin especificar nunca qué meta ha
de ayudar a lograr el material auxiliar o el método-en
cuestién. 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 ensefanza.

19



Ciuie inotivo imporisnte para enunciar claramente
Jos cbjivos tiene que ver ¢con la evaluacion del grado
enn e un alumno es capaz de actuar en la forma de-
seada. Las pruebas y exameiles son como puntos indi-
caderes a lo largo del camino del aprendizaje, y son los
que deben indicarle al maestro y al estudiante el grado
de éxite que han tenido ambos en el logro de los ob.
jetivos del curso. Pero si las dos partes no tienen una
idea clara y firme de las metas, las pruebas son, en las
mejores circunstancias, engafosas; en las peores circuns.
tancias, son inaplicables, injustas, o inutiles. Para que
sean Utiles, tienen que moedir el rendimiente en funcién
de Ias metas. A no ser que el propio programador tenga
una vision clara de su proposito didactico, no podra se-
leccicnar los items de examen que reflejen claramente
la capacidad del estudiante para poner en funcién las
habilidades esperadas, o que reflejen hasta qué punto
ruede demostrar el estudiante su adquisicion de la in-
formacion esperada.

Una ventaja adicional de los objetivos claramente
definidos es que al es‘udiante se le proporcionan los
medios para evaluar su propio adelanto en cualquier
lugar a o largo del camino de la ensefianza, y puede
entonces organizar sus esfuerzos en actividades apro-
piadas. Con objetivos claros en mira, el estudiante co-
noce cuales son las actividades que son.apropiadas para
lograr el éxito, y ya no le es necesario “descifrar” al
macsiro. Como usted sabe, frecuentemente se invierte
una cantidad considerable de tiempo y esfuerzo por par-
te de los cstudiantes en el aprendizaje de las idiosin-
cracias de sus maestros; y, desafortunadamente, casi
siempre cste conocimiento le es muy util al estudiante
con discernimiento. Este tipo de estudiante puede pa-
searse a través de un curso, armado de artimaiias con-
feccionadas para darle al maestro lo que éste quiere.

Antes de empezar a discutir lo que quiero decir con
“objetiv o significativamente enunciado”, seria bueno ase-

20

gurarnos acerca de qué entiende usted que es un objetivo.
Lea el siguiente enunciado y después responda la pre-
gunta a continuacién. Verifique su respuesta remitién-
dose a1 pagina que se encuentra al lado de la respuesta
que usted seleccione.

Un estudio general de la organizacion y
administracion 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 esc.ufala.
Incluye funciones, organizacioén, servicios,
equipo y materiales. '

;Qué representa este enunciado? f',Se parece rr.lés. al
objetivo de un curso, 0 se parece mas a la descripeién
de un curso?

A;l objetivo de un curso. ..... remitase a la pagina 23
A la descripcién de un curso. .remitase a la pagina 27




iCaramba! No ha seguido las instrucciones. En nin-
guna parte de este libro se le indica que se dirija a esta
pagina. Cuando se le haga una pregunta, debe selec-
cionav la alternativa que usted considere correcta o

apropiada, y remitirse a la pagina indicada al lado de
esa alternativa.

F:sto,v tratando de ajustar mis comentarios a sus
propias nccesidades, pidiéndole que responda a algunas
pregun'tns en el transcurso de la lectura. De esta forma,
no serd necesario aburrirle con explicaciones adicionales
cuando una sola es suficiente,

' Regl:ese a la pagina anterior y lea nuevamente las
instrucciones.
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Usted dijo que el enunciado era un objetivo del curso.
Aparentemente no me hice entender al principio, asi
que trataré de nuevo.

Una descripcién 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.
Quizas el esquema aclare la distincion:

| entrada \-‘P ROGRAM AH salida l
{curso)
I | ' |
| | |
v v v
requisitos descripcioén objetivos
previos
lo que debe saber lo que contiene el lo que un alumno
hacer el alumno curso. exitoso puede ha-
para entrar en el cer al finalizar el
curso. curso.

Mientras que un objetivo plantea como, debe ser el
alumno como resultado del aprendizaje, la descripcion
del curso plantea solamente de qué trata el mismo.

Esta distincién es importante, porque una descrip-
cién del curso no explica qué serd aceptado como logro
adecuado; no le comunica al alumno las reglas del juego.
Aunque puede que la descripcién del curso diga al alum-
no qué posicién él va a jugar, no le dice donde estan
las lineas de foul, dénde estan situados los postes de la
meta, o como sabrda cuando ha anotado.

Es ttil poder reconocer la diferencia entre un obje-
tivo y una descripcién; por lo tanto, pruebe con otro
ejemplo.

;Cual de los siguientes enunciados se parece mas
a un objetivo?

23



Ser capaz dc? explicar los principios necesarios para
de§arrc?uar la disposicién para la lectura en los grados
primarios... remitase a la pagina 25.

Discusién de los principios, técnicas y procedimientos
en el desa.rroll0 de la disposicién para la lectura en los
grados primarios... remitase a la pagina 26,

Usted dijo que “Ser capaz de explicar los principios
necesarios para desarrollar la disposicién para la lectu-
ra” era el enunciado de un objetivo.

iEsta 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,
Remitase a la pagina 28



)

. iVamos;, van‘m.s! La coleccién de palabras que le tra-

ieron a esta pigina es parte de Ia descripcién de un

hurso, y no muy bu?r;a por cierto. Espero que no se
aya eguwocado debido al hecho de que los catilo

] up1vers1tarios estan cémpuestos por frases parecidga(;S
No es un enunciado . de los resultados esperados dei

aprendizaje, y no tiene qu i
oo ) que ver con lo que nos Interesa

Déjeme tratar de explicar la djferéncia de esta for.
ma: La descripcién de un curso describe varios aspect s
de un PROCESO conocido como “curso”. E] objetivo gs

/un curso, en cambio, es la descripeién de un PRODUCe

TO, de lo que el alumno debe ser como resultado del -

proceso. |

Regrese a la pagina 23 y lea de nuevo el material.
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Usted dijo que el enunciado era la descripcion de un
curso. ;Y estd usted en lo cierto! Estoy seguro de
que reconocié el enunciado como una descripcion de cur-
so extraida de un catalogo universitario.

Antes. de continuar,‘ un Gltimo planteamiento sobre
las descripciones de curso. Aunque a veces una descrip-
cion nos dice bastante sobre lo que contiene un curso,
no nos da los logros esperados del curso. Adan més im-
portante, no nos dice cuiando se hap alcanzado los logros
esperados. . S .

Por eso, aunque la descripcion de un' curso puede
ser algo perfectamente legitimo, con un verdadero valor
aqui SOLAMENTE estamos interesados en los objetivos
del curso. o : |

Va bien; continie, remitiéndose a la pagina 28.



MATERIAL AUXILIAR

Hace pocos afios, el director de up curso militar de
32 semanas de duracién noté6 un hecho muy peculiar:
los alumnos estaban obteniendo resultados pobres ‘en

incluso ‘con los alumnos més '_aventajaaos, el fdirect'or
llegb a la conclusién’ de que esta jpecuh'aridadf no se
debia al grado de inteligencia de Ios alumnos. Entonces
decidi6 que, debido a que é] mismo estaba tan: involu
crado ‘en el curso, era probable que los arboles no le

dejaban ver el bosque, y decidi6' consultar con asesores.
Durante el anilisis de 1a situacién :estos coniwltores

' Dotaron que el curso estaba . dividido én cineo subcur-
S0s; y, durante cada subcurso, se le hacian tres exa.
menes al alumno. Descubrieron que los alumnos obtenian

- un resultado pobre en Ia primera prueba porque no se

les decia qué debian esperar; tenian que 'utilizar la pri.

mera prueba como un medio para descubrir lo que el
maestro esperaba de ellos, Una vez que aprendian cuiles
eran los objetivos, el resultado mejoraba mucho en los
préximos dos examenes de ese subcurso. Pero después
venia otro equipo de maestros. Creyendo que los exame-
nes serian similares a los del primer equipo, los alumnos
se’ preparaban para esto, sélo para descubrir que las
reglas habian cambiado sin sy’ conocimiento. Debido g

esperar,

Una vez que estas condiciones fueron Puestas en cono-

Gimiento del director, e] problema se resolvi facilmente.

MATERIAL AUXILIAR 2

Si usted ha confeccionado un enunciado exphcm; ccl?
los objetivos para su propio curso, gstaré enl unarsm
lente posicién para evaluar la idoneidad de osl P e
mas producidos comercialmente, comparando Oion e
tivos enunciados por el productor del pxjogramah n o
suyos propios. Si el productor del programa no dab -
ciado los objetivos de su programa, la rggla . eg ; °r
“cuidado antes de comprar”, porque estara ust on e
situacién de comprar un producto cuyas caracteris

y cualidades tienen que ser adivinadas.

, si la ensefianza programada triunfa. en
cuaﬁ'fgu;arr:ggitfeicar a los alumnos, es ra}zonaple ped’llxr'llg
a los productores de programas que nos d:igelm szdio
i nuestroi ?ilut:nn:esr c:lmx?e;;lﬁigadporev?o ede Co-

a, cual debe ]
giiﬁfic;iii;npor parte de nuestros alumnos, qultle’ nattsx;
raleza tenia la poblacién en la cual se desarro gl :'Cién
probd el programa, y qué ngturaleza tiene la po
para la cual ha sido confeccionado el programa.



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
qgue un objetivo se logra con éxito cuando el alumno
puede demostrar su llegada a este estado. ;Pero como
confecciona usted el objetivo para elevar al miximo la
probabilidad del logro del mismo? ;Cuéles son las carac-
teristicas de un objetivo significativamente enunciado?

Fundamentalmente, un objetivo significativamente
enunciado es aquel que logra comunicar al lector el pro-
pbsito didactico del autor; es significativo segin logre
iransmitir a otros una imagen idéntica a la imagen que
el escritor tiene en mente sobre cémo serd un alumno
exitoso. Debido a que el enunciado de un objetivo es una
coleccién de palabras y simbolos, estd claro que pueden
ser utilizadas varias combinaciones para expresar un
propésito dado. Lo que usted debe buscar es aquel grupo
de palabras y simbolos que comunique su propésito
exactamente como USTED lo entiende. Por ejemplo, si
usted le da un objetivo a otro maestro, y €l enseha a
sus alumnos para que actien en una forma tal que con-
cuerde con lo que usted tenia en mente, entonces ‘usted
ha comunicado su objetivo de manera significativa. Si,
por otro lado, usted no esta de acuerdo con que estos
alumnos sean capaces de actuar de acuerdo con sus pro-
positos, si entiende que “tenia algo mas en mente"”, o
que su propésito fue “mal interpretado”, entonces su
enunciado ha fracasado en la comunicacién adecuada.

Un objetivo significativamente enunciado, entonces,
es aquél que logra comunicar su propdsito; el mejor
enunciado es el que excluye el mayor nimero de alter-
nativas posibles para la meta. Desafortunadamente,
existen muchas palabras “cargadas”, palabras de am-
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glcl)a interpretacién. Segiin el grado en qué usted.utilice
. .LAME_ NTE tales palabras, se expone usted a la po-
sibilidad de una mala interpretacién,

Considere los siguientes ejemplos de palabras:

PALABRAS CON MUCHAS PALABRAS CON MENOS

INTERPRETACIONES INTERPRETACIONES
comecer e
entender ::g?igg
ex}tenfier verdaderamente identificar
aprec}ar diferenciar
apreciar completamente resolver
g?ptar el significado de construir
d riix;utar enumerar

co
tener fe en co:;g::f:r

(Qué es lo que usted quiere decir cy i
desga que un alumno “conozea” o “sepa” ﬁgg?d%eui%g:
decir que usted desea que el alumno: pueda e(;cponer
resolver, o ‘construir? Decirle simplemente que usteci
desea que é1 “conozca” le dice muy poco; la palabra
Puede significar muchas Cosas, ,‘ '

Aunque se pueden incluir palabras tales como “en.

tender” y ”apreciarn en el en .
unciad ;
el enunciado no es ] . 0 de un objetivo,

el “entendimiento” ¥ la “apreciacién”

no describa lo que estars Hicmg%%.ef{m: iulzla.nStgg
de_muestre que €l “entiende” o que “aprecia”, habra des-
cr.'lto muy poc?. Por eso, el enunciado que mejor comu.
nica el propésito es aquel que describe bastante bien la

conducta terminal de] alumno i cualqui
mala interpretacién, P eviar e
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;Como puede usted confeccionar objetivos que des
criban la conducta deseada en el alumno? Bueno, puede
haber un buen niimero de maneras de hacerlo, pero ya
se sabe que el método descrito en las proximas paginas
da resultado, y este es el método que yo he encontrado
mas facil de utilizar,

Primero, identifique la conducta terminal por su
nombre: usted puede especificar el tipo de conducta que
serd 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 actuacién acep-
table, describiendo c6mo debe actuar el alumno para
que su rendimiento se considere aceptable.

Aunque cada uno de estos puntos puede contribuir
2. que’el objetivo sea mas especifico, no seria necesario
ircluir los tres en cada objetivo. La meta es confec-
cionar objetivos que comuniquen el prop6sito; las carac-
teristicas descritas arriba sélo son guias para ayudarle
a saber cuindo lo ha logrado. No es el caso que se tra-
baje sobre un objetivo hasta que tenga estas caracte-
risticas; mas 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 “si”
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 capitulos siguientes describen en detalle cémo
se puede lograr esto.

Remitase a la préxima pagina.

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 expli-
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 especificos como sean nece-
sarios para comunicar el propésito.
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CAPITULO 4
IDENTIFICACION DE LA CONDUCTA TERMINAL

El enunciado de un objetivo es Gtil 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 mirandole el cerebro, sblo se puede deter-
minar el estado del intelecto o habilidad del alumno por
medio de la observacion de algunos aspectos de su con-
ducta o actuacién (el vocablo “conducta”, segin se usa
aqui' significa acciéon.abierta). Ahora bien, la conducta o
actuacién 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) so6lo puede inferir el estado o condi-
cion; del intelecto del alumno a través de la observacion
de su actuacion.

Por eso, la caracteristica mas importante de un
cbjetivo util' es que identifica el tipo de actuacién que
serd aceptada como muestra de que el alumno ha al-
canzado el objetivo.

Por ejemplo, considere el siguiente enunciado de un
objeFivo:

Alcanzar una comprension critica del fun-
cionamiento de la Pizarra de Localizacién
de Blancos. I

Aunque este puede ser un objetivo importante de
lograr, el enunciado no dice lo que estard haciendo
el alumno cuando esté demostrando que ha alcanzado el
obje‘ltivo. -
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Las palabras que més se acercan a describir lo que
el programador desea que el alumno pueda HACER
son ‘“‘comprensién critica”, y es dudoso que dos perso-
nas concuerden en cuanto al significado de esta expre-
sién. Ciertamente, esta expresién no le dice al alumno

cémo organizar sus esfuerzos para poder alcanzar e]
objetivo, :

A 6ontinuaci6n tenemos un ejemplo de un objetivo
enunciado mas adecuadamente:

Cuando el alumno termine el programa de
ensenanza, sera capaz de identificar por su
nombre cada uno de los controles situados

al frente de la Pizarra de Localizacién de
Blancos,

¢Qué palabras nos dicen lo que estard haciendo el
8lumno cuando’ demuestre su logro del objetivo? Lag
palabras “identificar por 'su nombre”. El objetivo le co.
munica al alumno e] tipo de respuesta que se espera
de él cuando se ponga a prueba su dominio del objetivo.

La forma de confeccionar un objetivo que cumpla
con el primer requisito es, por tanto, confeccionar un
enunciado que describa uno de los prop6sitos educati-
vos, y después modificarlo hasta que responda a la pre.
gunta.

$Qué estari HACIENDO el alumno cuando demues.
tre que ha logrado el objetivo?

Vamos a aplicar esta prueba a varios ejemplos,
¢Cual de los siguientes objetivos esta enunciado en tér-
minos conductuales o de actuacién?

Desarrollar una apreciacién

por la musica........... .. remitase a la pagina 39
Poder resolver ecuaciones
de segundo grado.......... remitase a la pagina 40

Aunque puedo entender por qué’ l..lsted di’jo que
“Desarrollar una apreciacién por la musica” esta enun-
ciado en términos de actuacion, esti usted equivocado.

Vamos a hacer la pregunta clave con respecto a este
objetivo. ;Qué estara HACIENDO el alumno cuand?
demuestre que ha alcanzado este objetivo? ;Qué estara
haciendo cuando ‘“aprecie” la misica? Usted puede ver
que, tal como esti enunciado ahora, el objetivo no da
la respuesta. Debido a que el objetivc? no excluye ni
define ninguna conducta, serd necesario aceptar cual-
quiera de las siguientes con<.iuctas como muestra de
que el alumno aprecia la misica:

1. El alumno suspira y se extasia cuando escucha a
Bach.

2. El1 alumno compra un tocadiscos de alta fidelidad
y $500.00 de discos. :

3. El alumno responde correctamente 95 pregt’m.tas
de seleccién miultiple sobre historia de la miusica.

4. El alumno escribe un ensayo elocuente sobre los
significados de 37 éperas.

5. El alumno dice: “Oye, socio, esto es lo duro. ;Esta
riquisimo!”

Recuerde, no estoy sugiriendo que “desarrolla.r una
apreciaciéon por la musica” no sea un objeti\{o Aimpor-
tante de lograr. El problema es que con un ob]e.txvo tan
vago como éste, nadie puede tene}' l.a menor idea del
propésito del que selecciond el objetivo. Pue<.ie ser un
objetivo meritorio, pero, tal comq estd enunciado arri-
ba, no logra comunicar su propdsito.

Ahora regrese a la pagina 38 y seleccione la otra
respuesta.
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Usted dijo que la deduccién de ecuaciones no podria
86r una muestra efectiva de capacidad en la resolucién

de ecuaciones; si esto fue lo primero que usted escogi6,
va bien.

iAbsolutamente correcto! El objetivo planteaba Ia
conducta de resolucién de ecuaciones, y no mencionaba
la conducta de deduccién. Si usted quisiera impartir Ia
habilidad de deducir ecuaciones, deberia comunicar esta
meta confeccionando otro objetivo,

Si usted confecciona el objetivo en términos signi-
ficativos (ttiles), invariablemente llenara varias paginas
para cubrir el curso combleto, Mientras mas objetivos
incluya, mas éxito tendré én comunicar su proposito.
En todo €aso, no seria honesto pedirle a sus alumnos
Que aprendan a resolver 'ecuaciones, y después exami-
narlos con preguntas completamente distintas. La forma
de evitar el convertirse accidentalmente en un “maes-
tro voluble” es el aclarar sus propésitos docentes, tanto
para usted mismo como para sus alumnos.

Vamos a probar otro ejemplo. ;Cuil de los siguien.
tes objetivos estd enunciado en términos de actuacion?

Poder reparar un radio. . . .. remitase a la pagina 43,

Saber cémo funciona un ;
amplificador.............. remitase a, la pagina 44.
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Usted dijo que “Poder reparar un raglio’: E:Ststi e;)ujz:
ciado en términos conductuales. ;Muy bien! ste oble
tivo cumple el primer criterio de‘dunl i;lunmi guandc;

4 haciendo el alumn
ue plantea lo que esta.lza. ] 1a do
gg:nques'g'e el logro del objetivo. Estara reparando
radio”. o

Vamos a probar solamente un e]emplo _mas. d(,C\;ai
de los siguientes esta enunciado en términos de
tuacién?

Poder confeccionar un
resumen de los facto-

res que condujeron a

. toina 45.
la depresion de 1929....... remitase a la pagina

Comptender las reglas.
de la légica...............

Conocer las ’reglas
del balompié.......coevese

remitase a la pagina 46.

remitase a la pagina 47.



Usted dijo que
do grado”
tuales.

" y
.Pc.>der resolver ecuaciones 'de segun.
s un objetivo enunciado en términos condue-

Correcto. Este ob
estard haciendo cuan
meta. Estari resolvi

jetivo nos dice 1o que el alumno
do demuestre que ha alcanzado Ia
endo ecuaciones de segundo grado.

Imaginese que el alum
puede deducir una ecua
‘traria este tipo de actu
el objetivo?

Umno pueda demostrar que €]
c1‘6n de segundo grado. ; Demos-
acién que el alumno ha alcanzado

................ remitase a la pégina 41
............... remitase a ] PAgina 42

Usted dijo “Si lo haria”. Usted estima que si el
alumno logra demostrar que puede deducir una ecua-
cién de segundo grado, ha alcanzado el objetivo. Vamos
a observar de nuevo el objetivo, y fijese con cuidado
cémo esta enunciado: Poder resolver ecuaciones de se-

gundo grado.

El enunciado no dice nada sobre deducir ecuaciones,
;no es asi? Ahora, si usted estima que el alumno debe
poder deducir una ecuacién en particular, asi como re.
solverla, entonces debe confeccionar otro objetivo que
defina lo que quiere decir con deducir, o ampliar el que
ya tiene, incluyendo la deseada habilidad de deducir
ecuaciones. Pero tal como estd enunciado, el objetivo
no incluye la conducta de deducir entre las actividades
gue 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 objetivo enunciado abarque tan pequeiia proporcién
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 mas enunciados de este tipo tenga,
mayor éxito tendra en comunicar su propésito educativo.

Ahora regrese a la pagina 40 y seleccione la otra
respuesta.
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Usted dijo que “Saber cémo funciona un amplifica.
dor” estd enunciado en términos de actuacién, Pero ;qué
estard haciendo e] alumno cuando demuestra que SABE
cémo funciona un amplificador? ,

Supéngase que yo le diera clases sobre amplifica-
dores y, que para demostrarme que sabe cémo funcio.
han, usted dibuja un diagrama de un amplificador, Y su.

ted querria ahorcarme, y con mucha razén. Me parece
que ya entiende lo que Je quiero decir. La palabra SA_
BER no es “incorrecta” —excepto que cuando se utiliza
como Unico término explicativo en e] enunciado de Jog
cbjetivos, no logra explicar mucho. No logra comunicar,

Ahora, el saber como funciona un amplificador puede
implicar la capacidad para dibujarlo, para construirlo,

ponentes, etc. Cada uno de éstos puede ser un buen
cbjetivo en si, pero no estj totalmente claro CUAL
de ellos sera sobreentendido en g palabra SABER.

Regrese a la Péagina 42 y seleccione la otra respuesta,

Usted dijo que ‘“Poder confeccionar un resumenzg,e’z
los factores que condujeron a la deprgsmn de 19
estaba enunciado en términos de actuacion.

| Aboslutamente correcto! Aparepte:mente, apllco. lg
pregunta clave ‘al analizar este ‘ob]etlvo,“ y n(fietgmnrrll::l >
correctamente que el alumno debia esta._r *conl te;cn ionan-
do un resumen”. El alurrlmo fnot estsar::rml 1:;:; no

en, o reconociendo los factore

;:ztu;:es,, ni siquiera dictando un resumen. bE}lﬁsLux;r::
sabria que para demostrar el iogro de 511 (o) ;e
dra que confeccionar un resumen de factores.

Y hablando de resiimenes, remitase a la pagina 48.
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Usted dijo que “Com
| : prender las reglas de ica”
estd enunciado en términos de actuacfigén. 1 16gica

i Bueno, vam9s a efectuar la bregunta clave a] ana_
ar este enunciado. ;Qué estara HACIENDO el alumno
cua‘ndo gste comprendiendo las reglas de g légica? ;Es-
tar.a recitandolas? ;Estara enumerandolas? °Esta..ré6
lucionando problemas de légica? Si es asi.'((iué ti s((i)-
prcfblemas? Este objetivo no Jo dice. Usted 6debe dzcc)idii
que" es lo que aceptard como evidencia de ‘“compren_
der”, y entonces describir esta intencién en ¢] objetivo

Regrese a la pagina 43 Y seleccione otra respuesta.

Usted dijo que “Conocer las reglas del balompié’
esta enunciado en términos de actuacién.

Bueno, una vez mas, vamos a formular la pregunta

_clave con respecto a este enunciado.

¢ Qué estara HACIENDO el alumno cuando dentues-
tre que ha logrado este objetivo? :Estara recitando las
reglas? ;Estard confeccionando una lista de reglas?
JEstard jugando el juego sin romper ninguna de las
reglas? ;Estard mirando a otros jugar, sefialando los
errores seglin los detecta? El objetivo no nos lo dice.

Ahora regrese a la pagina 43 y seleccione otra res-
Fuesta.
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PRIMER RESUM‘EN

1. Un objetivo didactico describe un resultado espe-

rado, en vez de un incié
a descripcion o resum
contenido. en de

2. Una paracteristica de un objetivo eficazmente
gnuncxado es que esta formulado en términos con-
uctuales o de actuacién, términos que describen

lo que el alumno estari HACIEN
DO
Mmuestre el logro del objetivo. cuando de.

3. El enunciado de objetivos para un programa com.

Pleto de ensefianza consta ¢ i i
d e varios enu
especificos, nelados

4. El objetivo que esté definido con mayor eficacia

csier? el que mejor comunique el propésito docente
e la persona que selecciona e] objetivo,

Remitase a la préxima pagina,

MATERIAL AUXILIAR 1

Suponga que yo le ofrezco venderle un carro en
$500, y suponga que yo mantengo que el auto estd en ex-
celentes condiciones”, pero no le permito verlo. ;Lo
compraria?

Suponga que yo le ofrezco ensefiarle a sus hijos a
PENSAR- LOGICAMENTE por $1,000. Si logro hacer-
lo, teridria usted una ganga. ;Pero estaria de acuerdo
con semejante trato sin decirle yo de antemano, expli-
citamente, lo que pienso lograr y cémo podriamos me-
dir el resultado? Espero que no.

En cierto sentido, un maestro establece un contrato
con sus alumnos. Los alumnos acuerdan hacer una cierta
inversién 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 estd descrito
vagamente. El maestro que no especifica claramente
sus objetivos didacticos, que no describe lo mejor po-
sible ¢cémo piensa que cambie el alumno después de su
ensefianza, se esti aprovechando indebidamente de sus
alumnos.

MATERIAL AUXILIAR 2

Quizas usted haya tenido experiencias profesionales
similares a esta. Durante las sesiones de clase de un
curso de algebra para séptimo grado, el maestro orien-
t¢ muy bien la ensefianza de la solucién de ecuaciones
simples, y se asegur6 de que cada alumno tuviera la
practica suficiente para darle confianza en su propia
capacidad. Sin embargo, cuando llegé el momento del
examen, las preguntas eran fundamentalmente proble-
mas enunciados con palabras, y el rendimiento de los
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alumnos fue pobre. La justificacion que le da el maes-
tro a este “cambio de prueba” es que los alumnos no
“entenderian realmente” el algebra si no pudieran re.
solver problemas expresados con palabras.

Quizis el maestro tenia razén. Pero la habilidad de
resolver ecuaciones es considerablemente diferente a la
habilidad de resolver problemas expresados con pala-
bras; si el maestro queria que sus alumnos aprendieran
a resolver los problemas expresados con palabras, debe-
ria haberlos ensefiado a hacerlo.

No espere que un alumno muestre la habilidad B

simplemente porque usted le ha dado practica en la
habilidad A. '

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, habra
confeccionado un objetivo menos equivoco que la ma-
yoria 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”, habra por lo menos iden-
tificado para €l (y para usted mismo) el tipo de acti-
vidad que serd aceptado como evidencia del logro. Y
mas importante, quizas, habrd comenzado a especificar
sus objetivos de manera tal que le. permitan seleccionar
el contenido apropiado para la ensefianza, y que le pro.
porcionara una base para evaluar la ensefianza 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 esti enunciado
con suficiente detalle como para evitar equivocaciones
serias. Pero un enunciado tal como “poder computar un
coeficiente. de correlacién” es otro problema distinto.
Aunque este ultimo objetivo nombra un acto terminal,
existen serias limitaciones en el enunciado; hay varias
formas importantes en que el alumno puede interpretar
mal el propésito. ;Qué tipo de correlaciones se espera
que compute el alumno? ;Es importante seguir un pro-
cedimiento especifico, o solamente se considera impor-
tante una solucién correcta? ;Se le proporcionara al
alumno una lista de fé6rmulas, o se espera que él trabaje
sin ninguna referencia y sin medios auxiliares para el
cilculo? La respuesta que se dé a cada una de estas
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preguntas conllevard una diferencia importante en el
énfasis y el contenido del programa, en la exactitud con
que el alumno podra dirigir sus esfuerzos, y en la si-
tuacién de examen adecuada para el objetivo.

Para enunciar un objetivo que comunique con éxito
su propésito educativo, tendra a veces que definir la
conducta terminal mas ampliamente, enunciando las
condiciones que usted impondra sobre el alumno cuando
esté demostrando su dominio del objetivo. A continua-
cién relacionamos varios ejemplos:

Dado un problema de la siguiente clase. ..
Dada una lista de...

Dada cualquier referencia sobre la selec-
cién del alumno...

Dada una matriz de intercorrelaciones. ..
Dado un juego tipico de herramientas...
Dado un equipo en buen funcionamiento. ..
Sin la ayuda de referencias. ..

Sin la ayuda de la regla de calculo...
Sin la ayuda de herramientas. ..

Por ejemplo, en vez de especificar simplemente *po-
der resolver problemas de algebra”, podemos mejorar
la calidad de comunicacién del enunciado al redactarlo
mas o menos asi:

Dada una ecuacion algebraica de primer grado com
una incognita, el alumno debe poder hallar la incégnita
sin la ayuda de referencias, tablas, o dispositivos de
calculo.

;Cuan especifico debe ser usted en su definicién de
la conducta terminal? Debe usted ser lo suficientemente
especifico como para asegurar que la conducta perse-
guida sea reconocida por otra persona competente, y lo
suficientemente especifico 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 sa intencion
tal como USTED la entiende. '

A continuacién relacionamos algunas preguntas que
se puede hacer usted mismo sobre sus objetivos, como
una guia para identificar aspectos importantes de las
conductas terminales que desea desarrollar:

1. ;Qué se le proporcionari al alumno?
2. ;Qué se le negarid al alumno?

3. ;Bajo qué condiciones se espera que el alumno
efectiie la conducta terminal?

4. ;Existen algunas habilidades que usted esti tra-
tando especificamente 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 pagina indicada de-
bajo de la parte de la oracién 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-
tantes hechos histéricos. ... remitase a la pagina 54.

el alumno debe ser capaz
de seleccionar por lo me-
nos cinco factores que
contribuyeron a la depre-
sion de 1929............ remitase a la pagina 55.
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Usted scleccioné “Dada una lista de factores que
condujeron a importantes hechos histéricos” como las
palabras que describen las condiciones o situacién bajo
las cuales debe clectuarse la conducta seleccionada.

iMuy 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 proporcionara una
lista, y que se espera que él reconozca en vez de recordar.

He aqui 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 quimicos, el alumno
sera capaz de recordar y escribir las valencias de por
lo menos 30.

Sl remitase a la pagina 56.

No.........oooiiiiii, remitase a la pagina 57.

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.
Quizds todavia esti pensando en la primera caracte.
ristica de un objetivo eficaz, la que requiere la identi-
ficacion de la conducta terminal. Si es asi, me alegro
que todavia lo recuerde. Pero en estos momentos esta-
mos buscando palabras que describan las situacién o las
condiciones bajo las cuales se evaluara la conducta ter-
minal. Quizis le ayude a reconocer tales palabras en un
cbjetivo la formulacién de la siguiente pregunta: “;Con
qué o sobre qué cosa esta haciendo el alumno aquello que
estd haciendo?”

Regrese a la pagina 53 y seleccione la otra alter-
nativa. ‘

55



o Usted dijo que e} gnunciado el enunciado si nos dice
‘go sobre las condiciones bajo las cuales recordara el
glumno .las va]engias de los elementos, iCorrecto!
£l eémncxado nos dice que se le dara una lista de ele-.
: n os.' Hay otro rasgo muy interesante en este obje
tivo, asi que vamos a examinarlo otra vez. )

Dada una lista 'de 35 elementos quimi ‘
) quimicos,
Sera capaz de recordar y escribir ‘las valencias de por

Ahora pase a I3 pagira 58.

o6

Usted estima que el anunciado NO contiene palabras
que describan la situacién de prueba. Observemos nue-
vamente el enunciado.

Dada una lista de 35 elementos quimicos, el alumno
sera capaz de recordar y escribir las valencias de por lo
menos 30. .

Es claro que el enunciado cumple el primer requisito
y describe lo que el alumno estara haciendo cuando de-
muestre su capacidad de “aprobar” el objetivo: estara
escribiendo las valencias de distintos elementos. ;Nos dice
también algo el enunciado sobre las referencias que se les
permitira utilizar a los alumnos, o los materiales que se
les dara para trabajar mientras recuerdan? Si, ;no es
verdad? Dice que se le dard al alumno una lista de ele-
mentos para trabajar con ellos.

Regrese a la pagina 54 y seleccione la respuesta
correcta.
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Muy frecuentemente, una manera muy buena de ex.
plicarle al alumno las condiciones bajo las cuales se espera
que actle consiste simplemente en ensefiarle algunos
ejemplos de problemas de examen. Muchos maestros
tienen la costumbre de enseflarle a los alumnos, al prin-
cipio del curso, por lo menos una pagina de ejemplos
de examen para que los alumnos tengan una vision cla-
ra de las condiciones bajo las cuales seran evaluados.

Cuando se utilizan los problemas de examen “como
rartefdel enunciado de la meta, se pueden utilizar di-
versos progedimienj:os.«{fno puede enunciar; por ejem-
plo, que: =% 7”7

El alumno seré capaz de resolver el sigulente
tipo de ecuacion:

ax? +bx+c =90
o también,

El alumno debe demostrar comprensién con
respecto a las normas del Estado sobre el
plan de estudios, contestando correctamente
a preguntas del siguiente tipo:

A continuacién se presenta un programsa de-
tallado de las actividades incluidas durante el
dia en una escuela primaria hipotética. In-
dique cudles de estas actividades son ilegales
segun 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
continuacién.)

o también,
El alumno serd capaz de demostrar su com-
prensién de las reglas de la légica, solucio-

nando correctamente problemas de] siguiente
tipo:
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mas abajo?
1. Todos los animales son pajaros.
2. Algunos pajaros son animales.
3. Todos los pajaros son animales.

"4, Ningin péjaro es animal.

—

animales \

P

™

NS st

|

e
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Independientemente de cémo usted decida presen-
tarlo, su cspecificaciéon del objctivo definird la corducta
con mayor precision si contiene palabras que describan
la situacién (condiciones dadas, autorizaciones, restric-
ciones) bajo la cual se espera que el alumno demuestre
su logro del objetivo.

Antes de resumir este capitulo y pasar a la altima
guia para la confeccién de objetivos Utiles, he aqui un
método para comprobar la claridad con que un objetivo
describe la conducta terminal deseada.

Dado un objetivo y una serie de problemas de exa.
men, acepte o rechace cada problema de examen sobre
la base de si es cierto ¢ no que el objetivo define (in-
cluye) la conducta requerida en el problema. (Este pro-

cedimiento es anélogo al analisis de un contrato para
ver qué situaciones estdn *“abarcadas” por el contrato

y cuéles no lo estan.) Si usted se ve obligado a aceptar
todo tipo de problemas de examen como adecuados, el
objetivo necesita ser mas especifico. Si el objetivo le
permite aceptar aquellos problemas que se propone uti-
lizar, y le permité rechazar aquellos que no considera
pertinentes o adecuados, el objetivo esti enunciado con
suficiente claridad para ser Gtil

A modo de ilustrar este procedimiento, le propor-.
cionaré un objetivo y algunos problemas de examen.
Escoja usted el problema adecuado al objetivo, cuyo
problema. debe ser corsiderado justo porque representa
el proposito descrito en el objetive.

He aqui el obj~tivo:

Cuando se le formule una pregunta en fran-
cés, el alumno serd capaz de demostrar su
comprensién de la pnregunta ol contestar,
en francés, con una oracién adecuada.

-

Ahcra, jcudl de las siguientes situaciones de prueba
serA adecuada al objetivo?

Traduzca las siguientes

oraciones del francés....... remitase a la pagina 62.
Traduzca las siguientes o
preguntas del francés. ......remitase a la pagina 63
Conteste, en francés, las - p . o
siguientes preguntas....... remitase a la pagina 64.
61



Usted escogié “Traduzca las siguientes .oraciones del
francés,” Quizds no fui claro con respecto a lo que
usted debe hacer, Debe usted tratar de identificar aque-
llos problemas o situaciones de prueba que son adecua.
dos para un 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 selecciond esta pagina, entonces esta
equivocado. El objetivo define claramente la situacién
que serda aceptable como evidencia de ‘“‘comprension”,
y esa situacién no es aquella en que el alumno traduce.

Regrese a la pigina 61 y observe bien el objetivo
antes de seleccionar otra respuesta.
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Usted estima que la traduccién de preguntas del
francés al espafiol nos dira 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 demostraré la aptitud del alum-
no y no es una conducta de traducir.

Regrese a la pagina 61 y lea el objetivo con mas
cuidado antes de seleccionar otra respuesta.

- > ok
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Usted dijo que “Conteste, en francés, las siguientes
preguntas” ayuda a medir hasta qué punto el alumno
ha logrado el objetivo enunciado.

1 Correcto! Absolutamente correcto. El objetivo enuncia
claramente que la “comprension” se verd. demostrada
cuando el alumno responda, en francés, a las preguntas
formuladas en este mismo lenguaje.

Ahora pruebe este otro objetivo:

Poder resolver una ecuacién simple de primer
grado.

(Cuél de los siguientes problemas es adecuado a
este objetivo?

1) Despejar X:
2+4X =12........... remitase a la pagina 65.

2) Si siete martillos cues-
tan siete pesos, ;cuinto
cuesta un martillo?...... remitase a la pagina 66.

iExcelente! Usted comprendié que la Unica forma de
saber si un alumno ha entendido cdmo resolver ecua-
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 aqui 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?

1. 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 ocurrieron en la historia de Estados Unidos
entre 1850 y 1950, y decir la fecha de cada acon-
tecimiento.

3 remitase a la pégina 67
No..... Ceerieranas .......remitase a la pagina 70.
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Usted dijo que
para evaluar un objetivo que pid
- r e
una conducta de reparacién podemos pedir una condgcta

de localizacién.
Vamos a ver nuevamente el objetivo. Dice:

Dado un motor DC de diez 0 menos caba.
Hgs de fuerza que tiene sélo un funciona
mlento' defectuoso, y dada una caja dz;
herramientas y las referencias, el alumno

debe reparar el motor en .
i un
minutos. In periodo de 45

Ahora bien, “re
: parar el motor” significa h
acerl
glllr;i;onsr. Pgr els:o, HACERLO FUNCIONAR es la cono
eseada. El problema de examen, si .
solamente le pide al alumno “ T Pviali
! . 0 “localizar” un defecto
E; ft;rrllmonam'lgnto. Por eso, el problema solamente pr-uizn
a porcion de la conducta especifi )
ba pecificada por el ob-
Jetivo. Este problema es incom o evale
! pleto para poder eval
1{1 conducta enunciada en el objetivo. Para pode:aclgir
ixd‘erar este problema como adecuado, es preciso uc;
aya otros probl:mas adicionales para evzluar lo b
tantes aspectos del objetivo. S

Regrese a la pégina 67
! Y lea el material o
Entonces seleccione la respuesta correcta, fra vez.

Usted dijo que el problema no es adecuado al ob-
jetivo. ;Correcto! El objetivo especifica la conducta de
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 especifico, usted no hubiera sabido exac-
tamente qué tenia que aprender, y habria desperdiciado
gran parte de su tiempo, debido a la falta de informacion
especifica, tratando de hallar el tipo de examen que yo
pondria, tratando de determinar mi gusto y de encon-
trar otros indicios sobre como aprobar.

Cuando usted conteccione el contenido didactico sin
tener objetivos especificos, puede dejar de proporcionar
informacién y practica con respecto a las propias habi-
lidades que mas interesado esté usted en desarrollar.
Incluso puede caer en la trampa de igualar la dificultad
de ensehar un concepto con la importancia del concepto.

Ahora regrese a la pagina 65 y trate de contestar
coriectamente.
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iMuy blen! Usted comprendié yue cualesquiera de
los problemas tendria que ser considerado como justo,

o aceptable, o adecuado, de acuerdo con la forira en
que actd enunciado el objetivo.

Por tanto, el procedimiente de evaluar los proble-
mas de examen sobre la hase de su adecuacién a los
objetivos es muy util para comprobar la precisién del
propio objetivo. Si se enuncia el objetivo en forma tal
que incluya todas las posibles situaciones de prueba
que tienen que ver con la materia, entonces el objetivo
estd enunciado en furma demasiado vaga para comuni-
car sus propdsitos al alumno. Si, por otra parte, esti
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 rsti enunciado con suficiente
claridad como para comunicar su propésito.

Pase a la proxima pagina.
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SEGUNDO' R ESUMEN

1. Un objetivo didactico es un

enunciado que des-

shanza.
cribe el resultadn zsperado de la onse

ooty 1
2. Un objetivo €s significativo €n

a misma medida

T 8!

lea, y esto se logra en

del alumno.

3. La conducta terminal se define:

a) Al identificar ¥, nomb

i erada
describe O gefinc 1a conducta terminal esp

car e! acto observable

] el
e se aceptara como demqst}'acxén de que
('ﬁxmnno ha alcanzado el objetivo.

i dos,
b) Al describir las condiciones (elementos da

aquellas actuaciones

demostrac'xén de que €l

el objetivo.

i ara excluir
restricciones) que son necesarias p

que no se aceptaran como

alumno ha alcanzado

Pase a la proxima pagina.



1. Dado un co
. contador, e] alumn A
do lor, 0 sera i
tlfxpgr el valor indicado por la po;c?gsac?ecﬁ —
agu.

ja; . e
Ja; con toda Ia precision que bermita e} tipo d
e

contador,

mutador de amas
tificar Ja escga'Ia » ¢ aluiano se

del indice del conmutador de gamas
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MATERIAL AUXILIAR 2

Si usted se ha documentado bien en cuanto a la
teoria de la conducta, podra apreciar que lo gue aqui se
llama *“condiciones” podria definirse con mayor preci-
sién como descripeion de la eonducta. Indudablemente,
“calcular con una regla de calculo” es una conducta
diferente a “calcular con una rnaquina de sumar”, De
manera similar, ‘“‘resolver una ecuacién” requiere con-
ductas diferentes cuando se efectia con ayuda de refe-
rencias y cuando sc efectua sin la ayuda de refrencias.

Aunque admito que toda actividad observable de un
organismo se puede denominar como conducta, y aun-
gue admito la precisién técrica de una afirmacién tal
como que ‘“escribir con un lipiz largc requiere una con-
ducta distinta a la de escribir con un lapiz corto”, man-
tengo que la diferencia obstaculiza mas que lo que ayuda
en lo que respecta a la confeccién de objetivos didacti-
cos. Si usted se sienta a definir todos los aspectos de la
conducta que piensa desarrollar, pronto se vera cnvuelto
en una tela de arana de especificaciones triviales.

Para contribuir a identificar aquellos aspectos de la
conducta terminal que merecen ser mencionados, debe
usted describir suficientes condiciones para gue el obje.
tivo implique claramente el tipoc de problemas de exa-
men adecuados para evaluar la conducta que usted esta

interesado en desarrollar.,
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CAPITULO 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 comunicacién de un objetivo, al decirle al alum-
no COMO usted quiere que lo haga. Esto se logra si se
describe el criterio de actuacién aceptable.

Si usted puede especificar al menos la minima ac-
tuacién aceptable para cada objetivo, tendrd una norma
de actuacién con la cual podrd evaluar sus programas
didacticos; tendra un medio para determinar si los pro-
gramas tienen éxito en el logro de sus propdsitos di-
dicticos. Lo que usted debe tratar de hacer, por tanto,
es indicar en su enunciado de los objetivos lo que sera
considerado como actuacién aceptable, al afadirle pa-
labras que describan el criterio de éxito.

Indique la afirmacién que mejor describe su actitud
en estos momentos,

Enséfieme cémo describir la
minima actuacién aceptable. .remitase a la pagina 76.

Muchas de las cosas que en.
sefip son intangibles y no
pueden ser evaluadas,..... remitase a la pagina 79.
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Dado un receptor de TV que por lo demas
funcione adecuadamente, de entre los si.
guientes modelos (aqui se inserta una re.
lacién 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 actuacién aceptable? ;Contiene las palabras que
dicen cuando se considerard que el alumno ha.logrado
el' objetivo?

Stoouv.... e .....remitase a la pagina 80.

No.....ovvvnnnn, e remitase a la pigina 81.
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Bueno, esti bien... pero si estd usted ensefiando
habilidades que no pueden ser evaluadas, esta usted en
la dificil situacion de no poder demostrar que esta en-
sefiando algo en primer lugar.,

o . . -
Aunque es cierto, en general, que mientras mas im-
portante sea un objetivo mas dificil sera 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 podri hacerlo
mucho mejor de lo que lo ha hecho hasta ahora. Cada
vez que usted avance aungue sea una pequeita distancia
hacia Ia especificacién adecuada de un cbjetivo, obten-
dra todo el provecho y evitard todos los peligros que
han sido sefialados en este libro.

Asi que vamos a ver hasta donde liega usted, aunque
no podra hacer todo lo que quiera, aun pasade mafana.

Vaya directamente a las paginas 6 y 77.
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'Usted dijo que el enunciado describe o indica el cri-
t.eno de una actuacién aceptable. Bueno, en cierta forma
tiene razoén. Sin duda alguna el enunciado nos plantea
lo que estara haciendo e! alumno cuando demuestre
que ha logrado el objetivo (ajustar el captador de iones),
¥ nos plantea que recibird 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 sera con-
siderada como satisfactoria. Ya que no se fijan limites
en la actuacién, tendra que aceptar como aceptable
cualquier cosa que muestre el alumno con relacién a
la conducta de ajuste.

Regrese a la pagina 78 y seleccione la otra alternativa.

iCorrecto! Usted comprendi6 que el enunciado no des-
cribe o indica un criterio de actuacién aceptable.

Existen por lo menos dos formas en que se puede me-
jorar este objetivo. La primera es el incluir palabras que
describan qué aspecto tendra el receptor cuando se realice
el ajuste adecuado. La segunda es el incluir palabras
que definan el tiempo limite dentro del cual debe efec-
tuarse el ajuste. Si le agrega estas mejoras al objetivo,
éste quedara de la siguiente manera:

Dado un receptor de TV que por lo demés
funcione adecuadamente, de entre los si-
guientes modelos (aqui se inserta una re-
lacion de los modelos adecuados) el alumno
debe ser capaz de ajustar el captador de
jones para lograr un ‘“raster” uniforme
dentro de un periodo de cinco minutos.

(Nota: “Raster” es el término utilizado
para describir una pantalla encendida, pero
sin imagen.)

Una de las formas de definir una actuacién aceptable,
por tanto, es el indicar un tiempo limite—cuando se
proyecte tencr un tiempo limite.

Otra forma de indicar el criterio de una actuacién
exitosa es el especificar la cantidad m'zima de respues.
tas correctas que usted aceptard, la cantidad de prin-
cipios que deben ser aplicados en una situacién 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, ¢l alumno debe
ser capaz de identificar correctamente Yy
rotular por lo menos 40 de los siguientes
huesos; no se restardn puntos por adivinar
(aqui va una relacién de huesos).
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La habilidad minima aceptable estd especificada de
acuerdo con la cantidad de huesos a identificar. El alum-
no tiene que identificar correctamente por lo menos 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 capitulo, ;como se puede indicar
precisamente cuales son los criterios de evaluacion sin
insistir también en que cada alumno actlie exactamente
de la micma 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 49 de los huesos del
esqueleto. El limite minimo de actuacién aceptable se
especifica, pero cada alumno puede superar ese limite
actuando en forma distinta al resto de los alumnos.

Una alternativa para indicar la cantidad es el indicar
el porcentaje o la proporcién. 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 se puede especificar: )
El alumno debe escribir correctamente por lo me-
nos un '80% de las palabras que se le‘dicten du-
ranic el periodo de examen.

O se puede especificar:

El alumno debe escribir los nombres y direccio-
nes de 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 caracteristicas importantcs de la precisién
de actuacion, En el ejemplo sobre =i cjuste de capta-
dores de iones en receptores de TV, se planted que el
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ajuste se consideraria satisfuctorio cuando el alumno
lograra un “raster uniforme”. En =sto caso ne es muy
importante si existe alguna discrepancia sobre lo que
pueden entender diferentcs personas eu cuanto a qué es
un “raster uniforme’”. El aparato funcionari bien aun-
que haya un poquito de sombra aqui o alla en la pan-
talla. Pero existen momentos en que si es importante
lograr una actuacidon mas precisa, y entonces es impor-
tante definir con méas detalles la calidad de la actuacién
aceptable.

Por ejemplo, una de las habilidades que debe des-
arrollar un mecanico de cohetes es el ajuste de una
pantalla redonda de TV, llamada PPI. En la pantalla
hay un marcador de recorrido, producido electrdnica-
mente; uno de los trabajos del mecéanico es ajustar ese
marcador hasta que esté redondo. Pero, ;qué cosa es lo
suficientemente redondo? ;COmo podemos decirle al
alumno qué precisién debe alcanzar antes de considerar
satisfactorio su trabajo?

Bueno, en este caso es importante que el marcador
esté muy redondo. Usted podrd observar claramente
que las palabras “muy redondo” no logran comunicar
mucho, y por eso se debe buscar una mejor forma de
describir su propdsito con respzcto a la calidad de ac-
tuacién que usted busca. Una forma de hacerlo seria
el definir la canticad de desviacién aceptable a partir
de alguna norma. Se pudiera poner un pairén redondo
en la pantalla, y decirle al alumno que el marcador
serd lo “suficientemente redondo” cuando en ningan lu-
gar se desvie, mas de un octavo de pulgada del patrén.
El objetivo podrd ser algo asi:



Dado un sistema 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 periodo de 45 segundos. La re-
dondez aceptable se define como una desviacién
de un octavo de pulgada o meénos a partir del
patron,

Ruizds los siguientes casos sean ejemplos mdas co-
munes con respecto a la forma en que a veces se espe-
cifica la precisién de actuacion:

...y para considerarla correcta, la solucién del
problema debe ser exacta hasta el nimero entero
mAas cercano.

...el alumno debe utilizar la balanza de quimica
lo suficientemente bien como para pesar los ma-
teriales con exactitud, llevandolos al miligramo
mas cercano,

+...y.cuando se calcula con las escalas C y D de
la regla de cilculo, los computos deben ser pre-
cisos al nivel de tres cifras significativas como
minimo.

Cuando usted trate de confeccionar objetivos que sa-
tisfagan los requisitos discutidos en este libro, sin duda
encontrara otras formas de especificar la calidad de
actuacién que usted se propone aceptar como muestra
del éxito del alumno. Una forma muy buena de empezar
es el revisar los examenes que usted utiliza; ellos le di.
ran lo que usted YA ESTA utilizando como norma de
actuacion, y asi podrd 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:

1. ;Describe el enunciado lo que cstard haciendo
el alumno cuando demuestre que ha alcanzado el
objetivo? '

2. ;Describe el enunciado las condiciones importan-
tes (los datos dados, ‘0 las restricciones, o ambas
cosas) bajo las cuales se espera que el alumno
demuestre su capacicad?

3. ;Indica el enunciado cémo serd evaluado el alum-
no? ;Describe al menos el limite minimo de ac-
tuacion aceptable?

Si en alguna ocasién se encuentra usted imposibili-
tado de decidir si una frase que ha confeccionado debe
ser considerada como una restriccién o un criterio, pre-
gantese si la frase dice algo sobre la calidad de actua-
cién que se espera del alumno. Si es asi, se trata de un
criterio. Si todavia no éstd seguro de qué se trata, tran.
quilicese. Después de todo, lo importante no es el nom-
bre que se le dé, sino el grado en que cumpla con la
funcién para la cual se confeccionod.

Un comentario més antes del resumen final: Sola-
mente se han utilizado ejemplos de objetivos de contenido
para familiarizarle con la estrategia de confeccion de
objetivos. Pero, claro esta, usted frecuentemente tra-
tara de alcanzar objetivos diferentes a los que s6lo se
relacionan con el contenido o la materia. En aquellos
casos, por ejemplo, donde se espera que el alur.m}o
desarrolle cierto grado de ‘“confianza” en su dominio
de la materia, o donde se espera que adquiera ciertas
“actitudes criticas”, es adecuado decidir qué se aceptara
como muestra de “confianza” o de “actitudes criticas”,
y describir estas conductas en objetivos separados. Los
enunciados de objetivos deben incluir todos los resulta-
dos propuestos, ya estén relacionados o no con ¢l con-
tenido; s6lo cuando se logre esto tendra usted una .bas'e
solida para seleccionar las experiencias de aprendizaje
que seran incluidas en un programa docente.
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RESUMEN FINAL

1. El enunciado de un objetivo docente es una co-
leccién de palabras o simbolos que describen uno
de los propésitos educativos.

2. Un objetivo comunicard adecuadamente su pro-
pésito en el mismo grado en que describa lo que
el alumno estard& HACIENDO cuando demuestre
su aprovechamiento, y cémo usted sabrad cuando
lo ha alcanzado.

3. Para describir la conducta terminal (lo que el
alumno estara 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, 0 ambas ccsas).

¢) Defina el criterio de actuacién aceptable.

4. Confeccione un enunciado separado para cada ob-
jetivo; mientras mas enunciados tenga, mejor opor-
tunidad tendrd de hacer explicito su propésito.

5. Si le entrega a cada alumno una copia de los ob-
jetivos, probablemente no tenga usted que hacer
mucho mas.

Pase a la prdéxima pagina.
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MATERIAL AUXILIAR . 1

No hay razén alguna para que el enunciado de un
objetivo esté contenido en una sola oracién: al contra-
rio, usted encentrard distintas ocasiones en que se ne-
cesiten varias oraciones para comunicar claramente su
propésito. Esto es generalmente cierto, por ejemplo,
cuando se describen objetivos que requieran una con.
ducta de sintesis o una activided creativa por parte del
slunno. A continuacién se expone un ejemplo de est2

tipo:

El alumno debe componer una p‘eza musical con
una sola base tonal. La composicién debe tener
por lo menos 16 rayas y 24 notas. El alumno debe
demostrar su comprensién de las reglas de una
buena composicion, al aplicar por lo menos tres
de ellas en el desarrollo de su partitura. El alum-
no debe terminar su composicién -en menos de

.cuatro horas.

A continuacién damos otro ejemplo, tomado de un
curso de relaciones humanas:

El alumno debe confeccionar un anélisis de cinco
cualesquiera de los diez estudios de casos que le
son dados en el examen. Estos andlisis deben en-
sayar una discusién de los casos de acuerdo con
los principios desarrollados durante el curso, y el
alumno debe mostrar que ha considerado cada
problema & 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 maximo
de 24 horas para la confeccién de los cinco
analisis.
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MATERIAL AUXILIAR 2

' Para una mayor informacién sobre objetivos, los
siguientes libros seran sumamente informativos:

Taxonomy of Educational Objetives
Handbook I: Cognitive Domain
Benjamin S. Bloom, Editor - :
New York, David McKay, Inc., 1956.

Taxonomy of Educational Objetives

Handbook IT: Affective Domain

D. R. Krathwohl, B, S.-Bloom and B. B, Masia
New York: David McKay, 1964.

BENJAMIN S. BLOOM
Taxonomia de log Objetivos de la Educacién
La Clasificacién de Jas Metas Educacionaleg

Biblioteca: Nuevas Orientaciones de la Educacién
Editorial “El Ateneo” . :

Buenos Aires, Junio de 1971

Traduccién de Marcelo Pérez Rivas .

Prélogo de la Edicién en Castellano:
Profesor Antonio F. Salonis,

Estos libros tratan sobre los diferentes tipos de ob.
jetivos que puede usted escoger y proporcionan muchos

ejemplos sobre situaciones de examen adecuadas para
cada tipo.

No siempre es posible especificar un criterio con
toda la precision 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
podréa encontrar alguna forma de evaluar cualquier pun.
to que usted estime lo suficientemente importante como
para invertir una cantidad significativa de tiempo en
ensenarlo. Si usted encuentra algo que estid seguro de
no poder evaluar, el esfuerzo se debe centrar en encon-
trar la forma de evaluarlo.
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CAPITULO 7
AUTOEXAMEN

En las paginas siguientes encontrard un breve a}lto-
examen mediante el cual puede comprobar su capacidad
para determinar si los objetivos dados mgnmestan 0 no
las caracteristicas discutidas en este libro. Responda
a todas las preguntas y después busque las respuestas
correcta en la pagina 101.

bjetivos (enun-

Para que el autor haya logf‘ado Sus o
ciados enqla pagina 13 y 14) sdlo puede usted cometer 7
errores, como indximo, en las 44 preguntas.
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1. ;Est4n enunciados los siguientes objetivos en térmi-
nos de actuucion (conductuales)? ;Nombra cada uno
de ellos un acto que el alumno realizard cuando de-
muestre que ha alcanzado el objetivo?

a)

b)

c)

d)

e)

f)

g)

h)

Comprender los principios del arte
de vender ......ccivcieiiiianins

Ser capaz de relacionar tres ejemplos
de la falacia logica del tipo X ...

Ser capaz de comprender el signifi-
cado de la Ley de Ohm .........

Ser capaz de nombrar los huesos
del cuerpo humano ..............

Ser capaz de enumerar los principios
de administracion de escuelas secun-
darias v..veveeervecearrsassacnns

Conocer las obras de Shakespeare

Comprender verdaderamente la ley
del magnetismo ...vieveeveeennn

Ser capaz de identificar los objetivos
docentes que indican lo que el alum-
no estara haciendo cuando demuestre
que ha alcanzado el objetivo .....

SI NO
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2. A continuaclén estan dadas dos caracteristicas de un

objetivo docente:

A. Identifica la conducta que serd demostrada por
el alumno, '

B. Indica una norma o criterio de actuacién acep-
table.

(Estan presentes cada una de estas caracteristicas
en cada uno de los siguientes objetivos? Para cada

objetivo, verifique si cada una de estas caracteristicas
estin presentes.

A B
a) El alumno debe comprender la teo.
ria de la evolucién. La demostracién
de comprensién estard dada por la
redaccién de un ensayo sobre la evo-
Iucidn oo —— —

b) El alumrio’ débe completar un exa-
men (e seleccién multiple de 100 pre-
guntas sobre biologia marina. El 1.
mite minimo de actuacién aceptable
serd el responder correctamente 85
preguntas, en un periodo de 99 mi.
MULOS viviiiiiineiiiiinnennnn... —_—

¢) El alumno debe nombrar correcta
" mente cada objeto representado en
cada uno de una serie de 20 mode-

o e mm——— —

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 permitird a los
alumnos utilizar todas las herramien-
tas del taller ...:..0vvvunnnnn. oo —— e—

e)

f)

g)

h)

1)

Durante el examen final, y sin refe-
rencias, el alumno debe redactar una
descripcién de los pasos a seguir en
Ia confeccién de un modelo ......

El alumno debe sacar su revolver y
disparar cinco veces, desde la cade-
ra, en un periodo 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 cirico disparos deben
hacer blanco ...................

El alumno debe conocer bien las cin-
co reglas cardinales de la investiga-
cién de homicidio ... ............

El alumno debe ser capaz de llenar
el informe normal de accidente ..

El alumno debe ser capaz de redac-
tar un ensayo coherente sobre el
tema “Cémo Confeccionar Objetivos
para un Curso de Comprensién 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 examinador ..............
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b))

k)

2y

m)

n)

Junto a cada uno de los siguienies
principios psicologicos, el alumno
debe ser capaz de nombrar los au-
tores de los experimentos en los cua.-
les se basan los principios 7a conti-

nuacién sigue la lista de principios) .

Dada una lista de objetivos, el alum-
no cdebe ser capaz de evaluar cada
uno de ellos ..oviiviviiinianaan

Enumerar las caracteristicas impor-
tantes de los programas autodidacti-
cos lineales y ramificados .........

El alumno debe ser capaz de nom:

brar y dar un ejemplo de cada una .

de las seis técnicas de programacion
utiles para clicitar una respuesta
correcta. Para considerarlas como co-
rrectas, las técnicas enumeradas por
el alumno deben aparecer en el fo-

lleto “Técnicas de Programacion”,

distribuido por el maestro durante
€l CUrSO ..uivviinminrrennnenas

Desarrollar enfoques 16gicos para la
solucién de problemas de personal.

3. A continuacién 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-
drian que ser consideradas como adecuadas para eva-
luar si este objetivo ha side logrado.

No

Situaciones de prueba Adecusda adecuada

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 un circulo, se le
pide al alumno que confec-
cione una definicion de cada
uno de tales términos ...

¢) Dado un contrato legal y
una lista de leyes sobre con-
tratos, se le pide al alumno
que indique cual de las le-
yes, si és que hay alguna,
se viola en la redaccion del
contrato ................

d) Se le pide al alumno que
conteste 50 preguntas de se-
leccion maltiple sobre el
tema de los contratos lega-

)

les ...0 e
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4 ¢Cudles de las siguientes situaciones.d- prueba seran ’
: adecuadas para elicitar el tipv de conducta mediarte . NOTAS
-la cual se pueda determinar si el alunino ha alcan- ;
zado el objetivo? |
f
Objetivo: Dado un audiometro de cualquier modelo, r
en buen funcionamiento, el alumnc debe ser capaz ;
. de hacer los ajustes y cambios de control necesarios
para realizar una prueba normal de audicion.
- No
Situaciones de prueba Adecuada adecuada
a) Enumere los pasos, en el or-
den correcto, para el mon-
taje y posterior utilizacién
de un audiémetro ....... —_— —_— ‘
]
b) Vaya al audidmetro de la ,’
mesa nimero 5 y armelo
para que se pueda utilizar | ‘.
en la realizacibn de una ;
prueba normal de audicibn =~ —— —_—
\
¢) Describa los pasos que se f ‘
siguen en la realizacién de i
una prueba normal de au- !
diciéon «..vievinnn B, —_— |
d) Analice el papel del audié- 3
metro en 2l laboratorio de
audicion ..eiveiereciians — —_—
’ Pase a la pagina 101.
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Tel: 5-46-35-61
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Tel: 5-87-68-45

EMPPESA Y DIRECCION
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Tel: 5-57-80-99
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Tel: 5-76-10-88
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