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 Chapter 1

»'Introductioh

Recently;businessmen‘ﬁéve shown inéreasing‘inter-
est in inventory control. [Ihrﬁast.cenéﬁries Inventories were
coﬁsidered an indication of wealﬁh;'enormous stocks were
looked on as beneficial;‘ In faét;.a,mah!s weaith_was usually
assessed by the éize of his flodks; herds, and granaries. .
Mbﬁey was no more than anothér'class of_merbhandise: \

"It is true that ﬁsually the'heésure of

stock and ridhes is accouﬁted_bykmoney; but

that is réthef~in imaginétioﬁ'than reélityec.

The stock or riches of the kingdom doth not

oniy consist in our m&ney,‘but'alSO in our

commoditiés,éndfships fdf.ﬁrade,*and in our

ships for war, and.ﬁégagineévfufniShed with

a1l necessafy matéfials;"% |

"Riches, in*féSpect to a natibn,dare the
uﬁinrsal*pléntj of all hécessaries,bas food,
raiment, houses,'énd.furniture, provision for

war, etc."%*} ' | o

’Sinéé the;tﬁrh of the penﬁury; and espeéially_since_
_ the 1920'5, this'éttitude!has chaﬁged;i Wealth hés becomefin~f
creasiﬁgly'identified with money and a desire fof'liquidity
has replaced the previous pféféfencé’fof large stocks. There
- 5,'p;‘20.
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'has been a strong tendency to hold the means to purchase
- goods rather:than the goods themselveso’ Excessively large
‘ inventories:arefnow'viewed‘nithnalarm, whereas in former times
" no one would ever'have-doubtedrthat_they were’heneficial¢

» | A number”of.faCtors,have‘contributed to the,change -
in attitnde toward inventories; The development;of’mass pro}
duction and the resnlting'expansionvof markets; increased
complexity of products, and accelerated tempo of changes in
styles and specifications, are some of these factors.b The r
growth of the corporate form of organization has also focused"

Vattention on this area, for both the groups of professional

‘ management and diversified owners have demanded greater ef-
. ficiency. Increases‘in takes, both on property_and profits,
r,‘have also increased interestmln_improved inventory control.
Inventories represent approilmately one-third of
" industry's working capital; As a result of this, imbalances
can cause companies to suffer substantial losses, accordingly,7
the unfortunate consequences of "adequate" inventories are |
muchvmore a topic-ofvconversation,among'buSinessmen than such
beneficial aspects‘as1good‘customerﬁservice and'greater pro-
fits. Many firms look upon-inventories'aS‘a necessary evil .
rather than as an investment Whlch offers the same profit
potential as plant and equipment..- o h

_ Very few companies are completely satisfled with '

their method of managing inventorles. . of course, few give

4inventory management the same careful scrutiny that is



given to the vaﬁisitioﬁ and”utiiizatiqn'of newfp1ant and
,equipmenﬁ or to othéf aséets_of the’buéinéss., Fven fewer
- have developed a basic‘philoséphy on'inventOPy management
© in which they attempt to outline the’specifiq purpoée théy
‘hope to accomplish through their subsféntial invéstments in
- raw maférial, work-in-process, ahd finishéd good§. Inven-
toryvprograms as a rule are basediﬁpon judgements:of the
current business situation, without much thought as tovthe
- full or‘lohg range comnsequences of chosen coﬁrses of action.
Since the programs are limited to-cufrént cohditioné; de-
cisions usually come tbovlate to producé balancing effects.
- Quite often such decisions,abcentuate”the swings between
excessed and shortagéée | |

| This is probably a result of the inherent diffi-
culty ofAsoundvmanagement'Qf inventories. As will be seen, -
a good.system of‘ihventofy control requires a feliable fore-
cast of business conditions and,,in_some instances, a good
forecést by model. While'progréss'has been made in improving
fhe reliability of business forecésting, it ﬁemains‘a treach-
erous art. Even preseht_forécast,techniqueé, hoﬁever,
would help hany compahiés ﬁanége'their inventories more in=-
telligently. - | | |

Much attention has alséfbeen given other facets of

the;in?entory problem. . The piade of inventories in,fandf,
v‘their effect'on, the eégnémy has recelved, and still.is re-
ceiving a great deal of study. Particular émphésis is placed

. on the role of inventories in the business cyclé‘ Indeed,



.the'unwitting and terdi;y feoognizeo bnildfup,of excessi
stocksbis‘often-reoognized ;s‘a major'csuse.of:the 1920-21
depression. Again in'1949 there developed an inventory re=
cession, In this‘insbanoe,inventory aconmulation declined
from‘a'nete of nine billion dollars annually in the last
vouarter of 1948 to a liquidation'offinventories at the rate
of 1.5 billion dollars .in bhe foufth Quarter of 1949 - a
total decline-of'three billion d011ers in inﬁesbment innpro-
'ducers' durable eoulpment. This mainiy accOunted forwthe
recesslon.. Consumption expenditures decllned by only three
pillion. Unemployment beneflts increased from 80 mlllion
dollars per month in December, 19&8 to 170 million dollars
in December, 1949,

o Businessmen as'individuals'cannOt of‘coufse,'ex-
"pect to-eliminate entlrely the effect of inventory fluctua-
tions. Thls introduces another area recelving attention to-
day, that of control over inventories by forces otherethan
.vbusiness.itself;',_The_interestsvofientrepreneurs who are
installing.modernuinventory controlisystems are sometimes in
 conf1ict with the best;interests'of society. The question
‘arises as to whether or‘not social control over inventories
is desirabie.o First of4all, it should be.statedﬂthat the
objectives of social contfol of.inventories might be of an
entirely»different’sofb than of private enterprisea For ei- ‘

-ample, attempts might be made to usevinventorieS'in cyclical

% 2, p. 532



 $tabilization plans. iSociai contfol of in#eﬁtbries could
élsovplay an impbrtant role in attempts’to‘construct and im-
'_'plement productioﬁ programs fqr.thefecbnomy as a whole as
'ﬁsll as,in the expérimental programs in military inventory
‘now under way. It is almost beyond the range of conceive-
able possibility that sociél conﬁroi of‘inventofies could be
accomplished at the present time. Indeed, the failure of
the military servnces to establish effectlve inventory con-v
trol has been to a large extent due tO'the sheer magn;tude
~of the task. Social éontrol over industfiai inventories
presents an enormously larger range of problems even than
this. In addition, over and above the questlon of the fea~
sibility of such control is an equally broad subject - the
,des1rab111ty of such control in a free enterpriue system. .
| On ' a more practical level are many othee problems
reéeifing a good deal of attention today., The'subJect of
.inventory:managéhént ofganization is 6ne of these problems.
Smaller companles, of courﬂe, tend to place respon51b111ty

under one man usually the treasurer or controller, while

o 1eaving actual control to the plant management. This tends

to result in preésﬁre to keep the inventory value loﬁ. As
’a company incféasesvin‘siZe;:inﬁentoby policy, administraQ
tion,:and‘responsibility center in one person. Récognition
of_the‘need for éooperative:action hés caused some companies
to_esfablish awcommitfee to direct the inventory prcgram.

While most of these committees are merély watchdog or. -review



" groups, some come close to the actual adminietration of in-
.’vehtory objectives and exercise Sthongvcentral control ovef
inventery matters.'” Some cbmpaniesvintend their committees
'vto be review groups onlya While the deliberation of such
-commlttees produces a oertaln amount of coordlnatlon between
.sales, finance, and production, they»rely on indlvidual mem- v
bers to initiate actibn, Also, they often'leave‘the actual

_ administration'ofbinventories to-ablowef level of management.
' In contrast tduthercommittee approach te‘centrai-
‘ized management of.invehtories,'some companies:cfeate'a reg-
vlar department with a staff devoted ezclusively to problems‘
‘of inventory eehtrol'and produetion.planning.. What motivates
companies in thisAdirection'is the belief that committees
cannot find enough time to direct inventory programs properly,
and that committees do not ‘become well enough informed to do
mthe job adequately.

" In d1v1s10nallzed companies the most common prac-

: tice is to,place‘the‘main respon31b111ty for inventory con-
trol on the division managef. Even when there is a head-
quarters‘organization ereated to caffy out the inventory pro-
gram, a division manager'is usua1ly.a key member oflthis cen-
'tral organization. He is the connecting link between central
( management and plant management. - Many company executives
feel that the div131onal level is the loglcal spot to place

respons1bllity for 1nventory management. The division man-
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ager and his“staff'areuinﬁclose‘tonch'with pient operations'::
and'caniexercise"a mbre'1nte111génfrcontroi’bvér inventory .
.matters in accordance with the policies and objectives estab-:
lished'by headquarters. In some organizations divisions are
operated like separate companies,:and the division managers N
are almost solely responsible for their division's performancee"
_Within the division the actual control of inventories is often ,
the responsibility of one. member of the divxslon manager's
staff or of an intra-divisional cOmmittee.’ The div1sion man-l
ager carries out his responsibilities for inventory manage»'
'»ment by revieW1ng performance and consulting member of his i‘
staff. e R |
_ Another problem on the operating level is that of

'fpbthe mechanics of inventory control, record keeping systems.:g"h
':At the simplest level of~course, there is no record keeping;
the entrepreneur or his stock keeper keeps the record. in his
:ﬂhead. - From this sort of elementary system developed the two-vz
'“bin system in which a second bln's contents:represented safety‘
stock and reorder pointev. Here again there is no record
keeping as such’ action is instigated by observation of the-g
vlactual parts. Transferring balances to a ledger card, be it

on: the bin or collected into a central location, is a neces=
-sity for all but the simplest enterpriseo' '
o There are ds many types of 1edgers as there are

companies.' All containiat least“one balance, most commonly '
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a phys1cal balance, to which are. posted recelpts and dis-
bursements. Some show an avallable balance, a figure which
'diffefs from the actual balance'by the quantlty of pieces
reserved_for;cuStomers!icnders.g In addition to-these quanQ
tities on-order and in-processvcan be postedo Many prefer
,to include on-order quantities in the avallable balance.
As circumstances require, hlstorlcal data, costs, vendor .
'pinformation, minimum and max imum balances, ‘order quantitles,
~ . and othef~informat10n Offa permanent or‘semi-permanentvnao
ture may be shown. ” : V

~The form these neconde'takeoandvthe method of
sorting them are varied‘and'numerOuso A siZeable,industry
has developed to fill this demand and the outgrowth of it,
‘automatlc data prooessing;'cThe increasing“complexity of in-
ventory problems ‘has 1ed to the development of mechanical
devices to replace some or all of the clerical functlons in-
‘volved in the 1nventory'ledger. Punched~card equipment has.
V'beencso readily adapted to inventory reCOrd keeping that en-
’ntries are collected;,eorted -and summarized much more rapidly
tthan otherwlse possible;' The actual record file has not im=-
proved as noticeably but a number of alternatives have been |
devised. One is a ledger card of the same size and shape as
‘the normal punched oard, printed from information on a master
punched. card. Anotherlle a more conventlonal appearing
1edger;,printed on a epirit duplicatingtdevice with informa-

tion accumulated on a master punched card.



Enormously increased data-handling speed, flexi-
bility, and capacity has been made possible by the develop-
ment of electronic equipment. The first of these units
designed used continuous-flow memory devices, such as paper
or magnetic tape. With such machines it is necessary to
pass half of a tape through the reading section to find a
unit of information stored at its mid-point. This is not an
important disadvantage, however, for the fantastic speeds at
which such a machine operates allow it to process gargantuan
amounts of data in a very short time. The very complexity
of these devices and their resulting high cost, however,
limit their use to all but a relatively small group of companies
and even in these instances inventory records are less often
mechanized than accounts receivable, payroll, and other fi-
nancial fgcords.

A more promising development, especially for the
small concern, is the "Random-Access" memory device such as
the IBM 305 RAMAC. 1In this machine a unit of information is
available of the inquirer directly; the memory file consists
of a series of spinning disks on which information is stored
in the form of magnetized spots in tracks around the disks.
An access arm can be directed to any track, reading the de-
sired information immediately. The capacity and flexibility
of this type of equipment, together with its speed and rela-
tively moderate cost - in comparison with the larger equip-
ment - augur well for an auspicious future forlmechanized

inventory ledger systems.
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| The foregoing represents a summary of some of the

problems facing businessmen today in the area’ of inventory
: management.d This: study will concern itself not with those,'
except in passing, but with another area on the practical
'operating leVel. Thls is the recognition of the problems
of uncertainty and their reduction, with the goal of improv-:
ing operating efficiency,_ This is an area recelving some. |
' attentlon today, especially in the field of "Operations ’
Research." vThis»broad.term,covers;an approach to general-
vized, sometimes'indistinct,'business.problems through the"
7employment of*scientific‘methods. As,such,'thereris often -
~employed a good deal of mathematics. “lnasmuohﬂas thiS‘Studyv
fwill look at the problem from the viewpoint of” business man=-
"agement the mathematical approach will be held to a minimum.“
o The problems of uncertainty concern themselves with
l basic day«to-day operations. They are involved in the. formua
lilation of policy by top management and in ‘the day-to—day
’ddecisions at the operatlng 1eve1. _In diversified manuface -
_,turing, some of.the‘simplest'of these Can»bevsolved or‘at

least greatly reduced with techniques and knowledge avail-
‘i able to buS1nessmen today. fAs,time,passes and more study is
‘:agiven the.area,vprogressgwill_be-made against‘some of the,reé’a
'mainlng problems. 'ThermoSt~importantiof{them;"however;roanmf_ L

never be entirely SOIVed. This is-thevimportant pbint;‘recogbf



nition and reductlon of these problems, as will be shown in
this the31s is the most that can be expected

Statement of the various problems of uncertalnty,
and 1ndicatl0n° of the manner in whlch they may be reduced,
will form the body of thls paper.' The order in which they
are listed in the form-of chapter headlngs is, as closely as
possible, in ascehding‘order of difficuiﬁy. As might be ex-
pected, the eXietihg body of work on;these prbbiems is in
-inver se proportlon to thelr complexity.

The purpose of this thesis, then, is to define the
jproblems of uncertainty in inventory control,in diversified
manufacturing, indicate solutions where possible, and point
out the most pfomising,methods of‘reduct1on of problems where

no solution is possible.



Chapter IT

The Inventory Problem: Theory and Fact

Inventory Functions

Probably the most important reason for the existence
of inventories up until the developﬁent of mass production
industries was forward buying, or buying in anticipation of
price changes. ' Speculation of this type was carried on not
as an adjunct to the operation of a business but as its main
reason for existence. This practice is still common, of course,
especially in those industries 6oncerned with trading in the
commodities,

v Inﬁentories have developed to fill other purposes
as processes have become more complex. The physical inventory
of any business is made up of a number of stock-keeping items.
Two physical objects are the same item from a control point
of view if they are fully interchangeable; that is, inter-
changeable without adding any expense to either piece. A soap
company must view the same brand ahd size of soap package in
two warehouses as separate items because time and money are
required to move them; they are not directly interchangeable.
Similarly two shoes of different size on a store shelf, other-
wlse identical, are different items. A stock-keeping item is
held in a stock point. A warehouse or factory stockroom will
have as mahy as several thousand stock points, one for each

item held, In a manufacturing plant stock points will hold



raw4stores,'work-in—prooess;»and finished-goods; ,Materiali
is;tranéferredffrOm;one“of these to theinext'by means of an

zoperation;'the same'operation can change the category into

which the item falls by the type : of work performed on the ob- ;

ject -such as: machining, assembling, or . simply movingo

Stripped to its essentials an organization can be

nilseen, from an inventory point of view, as consisting of a

number of stock points and a number of operatlons, together
with a control system for these stock p01nts and operations.
’Each stock point is fed by one or more of these operations
and ‘is drained by . others, until the p01nt is reached where

the draln is the demand by customers .on the Finished products.
In principle, a flow chart can be constructed show1ng the

‘course of the flow from the sources of raw materials ‘through

‘the 1ntermediate stock pownts to the customers. This flow is

not steady in actual practice. Operations are'constantly‘be-

ing switched from feeding one stock point to feeding another,‘

or the rate of flow_through them is being increased, decreased,

or interrupted. Thefcontrolisystem governsithe'size of inven-
toriesvin the various'stock points by QOVerning‘the‘rate‘and '
Ndirection-of'fiow:throuéh'operations. :The,inVentories“in '
tdrn_make it.possible for;the individual operations to run -
efficientiyiand for the production syStem«as a whole to oper-
ate smoothly to gire serrice to the.consumer of the finished -
product. | | |

The Production'HandbOOk states'that inventories are

16
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: accumulatedhfor'Six mainireasons"vr |
1. Economies can often be made by buying S
_or produclng material in larger quantlties
fthanvthat required»for a speciflc orders
| 2. Industry custom sometimes dictates that
--finished items be available "off ‘the - shelf."‘ |
3. Sometimes difficulties'are anticipated |
-in procurement because of p0331b1e strikes or
_periods of high demand in relatlon to supply.;,
e Sometimes higher prices or costs are.
anticipated because of price increases in raw |
fmatsrials or labor rates. | |
5; Production schedules can be increased :
'fmore rapidly when raw materials and parts are -
?bcarried 1n stock._,.' f | |
5,6 The risk of not hav1ng raw materials:
- and parts on hand when'they are needed is re-;"
. duced thus minimizing the risk of shuttlng down
.Tproduction lines or not having work for produc—v,f'
‘tion workers.% ifjn- , | , :h_ “ |
- ?Excluding the forward buying consideration, whidh

has already been mentioned this b01ls down to the fact that

",;bas1ca11y inventories serve to decouple successive operations_.

in the process of‘making a product and gett;ng it to °°nsumersbd‘ .

%2, Section l, p. 2.



For example, inventeries’nake it possible fo make ' a product
;iaﬁ a distance fromvcustoﬁersicn suppliers, or to do two oper;
ations at a distanee,from one enother, even if only acress
the plant. Inventerieslmake it.possible to pfoduce without
pﬁecise connection with and dependence on sales, or, alterna-
'tively, to release consumptlon from adaptlng to the necessi-
ties of production. Inventories free one stage in the pro-

) duction process from the. next pbrmlttlng each to opeﬂate

‘ mere economlcally., The essentlalppoint is to determine when.p

the decouplingvprocessestops earning enough auvantage to
justify the 1nvestment requ*red. ‘ _
‘This decoupllng functlon has two aspects. The first

‘of these is that of timejinventories, required because it
- takes time to cempleﬁe'en operation and move'e product_from
,ione stagelto anoﬁher; ‘Tnis_can be thought of as process or p
movenment inventory. The;second aspecpris that of organiza-
.tional requirements, inventories CPeated fo allow one unit,
:be it a machine ob:ansindustry, tonSChedule its operations
uitheut direct reliance'en another. 'Bethlaspects concern
time- the second differs from the flrst in that more than time
is nvolved.

iMoveﬁent invenpories arise because of the time re-
quired'tO'moue stocks. frem'one”place to another. The inven- -
tory balances to f11] this purpose may not be recognized as

~such, or may be confused with others. The amount of movement

18



inventory at any one point is equal to the product of the rate
of demand, or sales, multiplied by the transit time through
that processing point. For example, if it takes two weeks to
move materials from a plant to a warehouse, and if the ware-
house sells 100 units per week, the movement inventory is 100
units times 2 weeks, or 200 units.

| The amoﬁnt'of movement stock changes only when the
rate of sales or transit tiﬁe changes. Since time ih transit
often is a result of the physical requirements of the method
of transportation, improvement in the method of transportation
will serve to decrease the size of movement inventory. This
ié especially true in the case of movement between distant
points, such as plant to warehouse, or mill to plant. However,
it is equally true iIn the case of movement inside a plant from
one machining operation, or in a retail store from stockroom
to display counter, Most manufacturing plants contain sub-
stantial stocks in movement from one location to another., In
fact, movement inventories have been the center of much atten-
tion by manufacturing management in recent years as the amount
of savings possible have become evident.

Organization inventories simplify organizational re-
quirements; the more of such inventories carried between
stages in a manufacturing-distribution process, the less co-
ordiﬁation is required to keep the proceés running smoothly.

Conversely, if inventories are at an efficient level, they

19



- can be cut only at the expense of more-expediting and schedu~
ling effort to work out the difficulties which unforeseen
disruptions at one point may cause-in the Whole process."
Despite superf101a1 differences among businesses in the na-
tture and characteristics of the inVentory they maintain,_the“
following three 1nventory functions are commons

l. Lot size inveutories.c These are maintained

!wherever the user makes. or purchases material. in larger lots
f?than are needed for his: immediate purposes‘ For example, it
'is-common practice.to buy raw materials in relatively’large-
'quantities to obtain quantity discounts, to avoid high shipping
'costs, and to hold down cler1ca1 costs connected with creating
requisitions, checking receipts, and paying bills.i Similar:

J reasons lead‘to long production'runs‘on eduipment requiring
,expensive set-ups. - | :

2. Fluctuation'stocks, These are. held’to cushion

vthe shocks arising from unpredictable variations in customer ,
' demand. Warehouses and retailers maintain stocks in order to
be able to supply customers on demand even when the rate of o
demand may show irregular and unpredictable fluctuations. ‘In:
turn, factories hold stocks to be able to replenish the ware—r
houses and retailers whose purchases from the manufacturer
vary, of necess1ty, equally widely‘ Short term fluctuations
fin the mix of orders -on a plant often make it necessary to-
.icarry stocks of parts or subassemblies to give assembly opero

~ations flexibility in meetingporders as.they arise, while_
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efreeing‘earlier operatlons, such as machlning, from the need
ftc make momentary adjustments in: schedules to meet assembly
requirements. Fluctuatlon stocks are also carried in semi-_
o f1n1shed form to balance out ‘the load among manufacturlng deé
"partments when orders received durlng ‘the: current day, week
fbor mouth may put a load on ind1v1dual departments wnich is
.out of balance Wlth 1ong-run requirements.

The more diversifled the manufacturlne establish-

| ment of. course, the more acute the problem¢ Fcr a company

"'vj,fmaklng one product in one 51ze, style, color, etc., the main

. problem is to malntain efficient stock levels at only one d

'-point that of sales or-ultlmate demand.< For'the company ’

| tv&maklng more than one. product but concerned only with standard

; parts, uncertalnty is. encountered not only at the p01nt of

i“sale but also back through the stage of final assembly further

"b.complicating the problem.- To handle thls 51tuatlon the manu-

facturer must elther stock larger quantltles of hlS finished
“product thereby 1ncrea31ng hlS inventory, or require hlS
customer to wait for the perlod of time required to assemble
the un1t.~‘ Still. more dlfflcult 1s the problem involV1ng cus-"
tom des1gn, or products 1nfrequently in demande . Hers uncer—v
'talnty extends through all the stagesvof manufacture and large
rfluctuatlon stocxs must often be carrled in the form of raw
materlal.

Thesejfluctuationfstocksgare'not‘éssential5intany
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';stage. rA business-can get'along without'them if it is willing
and able to make its customers wait until the necessary mater-
ial can be ordered received and scheduled into production as
circumstances permit. 'The pressure of competition, however,
‘always serves to oppose the natural desire to hold inventories
down. As the importance of rapid deliveries increasea so must
fluctuation stocks and, accordingly, the cost of doing busi-
',ness. In some cases such stocks are‘patently uneconomical'

no one stocks finished_battleshipsd_ In most cases‘anticipa-
ting all fluctuations'is'uneconomical,fiftnot impossible;"
:backlorders wili.occasionally occur. 'Fluctuation‘stocks are‘
* part,of the'price.we pay forgthe:éeneral business-philosophy B
Vrofsservingfthe,customers"Wants'rather;than having them tahe
what they can get.. . | |

3. Anticipation stocks.  These are used where'goods.5

are consumed on a fairlyfpredictahle‘but‘changing:pattern -

. throughout the'year and where it.is,possihle and desirable to
abSOrblSome of‘these changes by huilding'and depleting inven-
tories rather than by changing production rates W1th atten-
dant fluctuations in’ employment and additional capacity re-
quirements. For example, many products show a seasonally
changing demand- conversely the situation is often found. where
materials, such as agricultural products, are produced sea~
‘sonally, but the rate of consumption is relatively uniforme

‘ As more and more of these types of inventory are

' carried_less coordination andvplanning'are needed,llesshclerie'
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eal effertiie needed ﬁo handle ordeﬁs, and greatef savings
can be achieved in manufactuwlng and shlpplng. These gains |
are not achleved directly thh the increaswng costs of in-
ventory, however. As 1nventor1es 1ncrease, even if they are
‘kept well balanced the galns from addltional stocks become
prqportlonally less. -Indeed,eit is often the case that more
effoft is required, both’clerical and mahual, to control the
1arger stocks. The amount of control costs per dollar of in-
ventory may drop somewhat but the total control costs rise
with the increasing 1nventory. Along W1th control costs,
~ warehbuse, obsolescence, inSuranee,,taXes, and capital costs
aesociafedawithamaintaining inventefiee aleo ciimb at a rate
~with, or greater than, the 1nventor1es themselves. AS‘willv
tbe discussed later, these are the costs which rise with in-
aereasing inventories.-vThere are‘also;costs which decrease
‘Wifh bising inventories. Arriving at a‘baiance‘betweeh these
vtwo-sefs of cests while keeping inveatories consistent with
other requirements is one of the prlmary functlons of inven-
vtory management. | |

_ | The lack of eontfol over‘inﬁehto“ies in past years
- is in part due to the 1nherent dlfflculty of effective contn@L
and in part due to the phllosophy previously mentioned, that
nvehtory is moneyvand the more the merrier. This viewpoint
is stiillwidespread; fSaleSmeh kﬁow welllthat the larger the
invehtory thevshorter the‘deliﬁery and, aceordingly, the

~ easier it isito:make the sale. Foremen know that 1onger ma -~



~chining runs mean fewer difficult set=ups with their attendant

problems.‘-Factory‘superintehdents.know.that inventory reduc-
tion can ﬁeen idle.machines; underabeorbtion of overhead; and
~personnel and union- troubles.

'One of the most severe problems with which inven-
tory management ;s conoerned‘ls relating inventory levels to
changes in the salesjoattehn. In»the‘Shortvterm’thelproblem
is one of having.enough stock on hend‘to.fill an individual
order without-excesees;'infthe long run it is to successfully
anticipate savings:in-the cycle so ae.to be ready to meet a
’change in conditions wﬁen.it erfivee,'not six:months latef.
~ Actually, of‘owurse, changes in”totallinveﬁtoriesvand’in pro-
duction tend to lag behind changes in sales activity both in
perLods of rlslng and declining sales. |

| To illustrate thls p01nt consider the average:
medlum 31zed concern’ in such a cycle, a company which does
: not have an accurately detalled sales forecast¢ At the be-

. ginning of the cycle-management looks_forward'to a good year,

A rapid increase in orders. builds the backlog high and deliv-

-efy times w0rseh.- To avoid 103lng its share of the market
management decides to increase production., Purchases are
stepped_up and‘overtlme'beglns. An unexpeoted delay occurs

at this poiﬁt,'however;. Veﬁdore are in'the‘seme position asi
~their_customers. Delivery tlmes on purchased items have in-
'/creased, Shortagee occur,'lnterf lng with ochedullng through

the factory. _Thisvisycomplicatedvby.high labor costs arising
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from‘overtime'and-training.and‘selection’of new workefse
r-Gradually serv1ce 1mproves and in the general bustle of
tactlvity the danger spots are dlsregarded. When the peak is”
'3reached-and sales start.tO'drop«off sllghtly, a hlgh backlog
'vof orders decelves management 1nto malntalnlng the high level
1of product4on. ‘ When the need for action becomes obvicus the
i»same time 1ag manleoto itself ' Purchase orders have been"
-,{placed and cannotpbe.cancelled.v"Receiving and'inspection
- personnel must be netained tonrocess'this matepia1  ‘Raw

stores and" work in-pvocess must be fsnlshed in- order ‘that

ithey can be sold and turned 1nto needed cash The labor force'
| must be ma;ntained to process these materlals. ! WOrklng cap-f :

’,'1tal drops dangerously, banks become more 1nslstent on re-

"ductlon of sbort term loans." Generally speaklng about one
i,full turnover, or one complete cycle of goods processed 1s(‘
7requ1red»before anythingvllke-proper»balance~1s restored. Inf
Vthe course of this unhappy sequence of events, tbe hlgh pro-'
'fflts accumulated durlng the per¢od of good sales can be dras-:
ddtlcally reduced, or even 1ost completelye |

: Top managements of many companles that formerly.
'sgave little thought to the admlnlstratlon of ‘their 1nventories
© are now taklng steps to correct the sltuatlon. " There are a

:dnumber of. reasons for tbls.d' For one thlng, tight MOney has
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eforced the conservatlon of worklng capltal 'Organizations that

'once had. 1itt1e concern as to the abllity to finance 1nventory

'»investment now have other‘demands onpthelr money, such as
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Plant'expansion énd'généféifeaﬁpAﬁY‘gfowth,ifNéw sources of
funds may. be very costly or unavailable. 'ThiS'has been es-
pecially noticeable since the war in the general desire to ine
crease and stabilize earnings by diversifying., Managements
‘concerned with acquiring new operations and adding new div1~' |
sions have found that inventories require strict regulation.;f
H Serious and recurring 1mbalances in inventory have.
'also embarrassed management.‘ Most companies occas1onally find |
themselves with serious inventory excesses or shortages and .
| thave to accept the reduced profits which usually accompany ‘
the . adjustment. Such situations ‘should be held to a minimum,
vlof course.v A survey'by the National Industrial Conference
ngoard finds a number of reasons quoted for the causes of such
.imbalances' B ' 'l .
3.5 lb‘ Lack of a controlling policy or program
2, Failure to delegate management responsibility
’g3.c Failure to recognize that inventory 1s a
:company-wide problem | | ‘
lh; Tendency to place too much emphasis on his-
_Atorical 1nformation , _ . |
5, Inability to forecast accurately
‘A_6.~ The natural inclination to hoard inventory v
.}7.' The difficulty of reflecting changes in the
'sales pattern in the purchasing and production
programs -
8. The need to accumulate inventories 1n ad-

~ vance of the selling season
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:9; AllOW1ng too many items in the line, or
”special order selling | ‘ii -
‘ﬂ_loa Failure to develop and maintain good
5:dsources of supply | "
rll Failure to find underlylng cause of in-
- ﬁventory imbalance ®* | '_ e | o
: ‘;}dTo this 1list could be added such factors as the lack _~
i,_of standardization of parts, the failure to maintain accurate
v;-_and up-to—date inventory records, sloppy storekeeping, inade-j |
5quate costing systems, and others‘» These w1ll be taken up in |
‘more detail in later Sections as they affect the major areas ‘
ﬂfiof uncertainty.l ) | " _' « "v'_ |
v L Another cause 1eading to more 1nterest 1n tighter
"siinventory control is the annual discevery of discrepancies

: 7between stated inventory values and year-end figures derived

“‘gfrom a physical count, Such studies often reveal heavy over-

“7'lsupolies or large quantities of obsolete equipment which

'?;must be sold at a discount or wrltten off"Just as often are
o found serious shortages which must come out of the year-end
:;afProfit« 5: | 1 | | k .‘ "e . ‘
,.’ A fourth cause 1s inabllity to follow an operat~ f-5
Zding program or to maintain a desired inventory leVel 1eading
. .some companies to study the causes of failure and seek new

“°tlmethods of control. }

% 9, p. 9.
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Management, especially sales management becomes
increasingly concerned about serv1ce to customers, or the lack
of - it in tlmes of tight competitiono_ For this reason tighter

1nventory control has received more attentlon also in thls area6
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 Chapter ITT

fPolicy and Practice

' While there are meny areas'of uncertaintv in the
field of inventory control'wbich are difficult; to define,
grapple with“and resolve, there is one which is not. This
is the problem of inadequate attention by top management ‘and
' the lack of clearly stated policies and goals. It is one "
thing to favor good inventory control' it is quite another to
provide the degree of management influence that appears nec-
essary for the achieVement of favorable results. Top manage—
ments' desires are not Often:supported byfa written policy or
the expression of.long rengebfundamental beliefs which can -
serve as a guide to operating management. -The feeling'exists
in some'qoarters that_a-rigid ihventory policy is unnecessary
or impossible to’state. It is true, of course, that such a
‘rigid policy can tend to reduce the flexibility of" inVentory
~management in dealing w1th new situations as they arise.

- However, there are certain objectives around which
‘inventory policiles can be based. They can be formally stated
and implemented in any number ofyways; Deviees to ﬁeasure
results against goals can be;establisheder A company may place

" nearly all of its emphasis on one of these objectives with p
slight attention to the otherS.or it may try to reach all of

bhe objectives atronee; As time: passes and conditions change,
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So may an organization shift its major emphasis from one area
to another. | o

One of the most frequently quoted management desires
is good service to customers. The ability to Fill customers'
orders in a reasonable time, regardless of how varied the re-
quests; is a major obJective of all inventory programs. Naturn
ally, companies differ in their interpretation of what consti-
tutes satisfactory speed of'service; Some companies strive
for high stock levels even at a relatively high investment with
its inherent danger of obsolescence.l Other organizations weligh
the penalties of delayed shipments more carefully against the
financial requirements of a higher inventorye

Factors that cause some companies to give unusual
weight to prompt service in planning their inventories are~

Competition, When price and quality are the same

for competing products, the delivery time period may be the
deciding factor in making the sale; at any rate, it will weigh
heaVily in the purchaser's decision. Many times delivery is
more important than other factors, snch as unique design
features or a price differential.

Public Responsibility. Some organizations cannot

fail to supply their products when needed because of their
responsibility to the public. vThis can take two forms - a
legal responsibility, as in the case of a public utility, or
a moral responsibility,'as in the case of an.ethical drug man-

ufacturer. In the first of these the law allows a monopolistic



'i situation to exist, guaranteeing a market and controlling the

prlce in return for ‘the high degree of responsibllity. In the

 second case whlle there are no 1egally created monopolies,

the consumer must pay for the inefficient operations resulting~

. from the unusually high inventories by paying a higher price

for drugs than wculd otherwise be the casee

Customer Serv1ce.' It is sometimes important to be
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'able to supply customers with replacement parts without delay.,~h

"Failure to do so may have serious effects on future sales.

This is often the case in the manufacture of expensive capital

‘;equipment.‘ The power plant buying a huge generator expectsJ
to be.able to obtaln spare parts for a considerable length of

V4time,- The policy a company established,as ‘to the. period when

,,hparts,will be made available‘depends on the value: of;the,original

-equipment the availability of‘replacementveouipment ‘the

o policies of competitive organlzations, and the nature of the

';wparts themselves.~ Obviously 1t would be uneconomical to forge -

_ one. small part for a replacement order, yet it would be diffi-’h

fcult to’ charge a customer the full cost of such a piece’.u,n

Some companies have the financial strength to pro~‘v

’vide prompt delivery even when it 1s not essential._ Most‘

.'fhowever, are forced to strike a reasonable balance between

- the. des1re to: provide prompt service and other requirements

~of inventory management. In essence, a company ‘tiles to match,

vg~'the cost of carrying those inVentories against the cost of




those it doesn't have, a cost which manifests itself in terms

of lost orders and customer dissatisfaction. A desire to

give prompt serviee usually has its greatest impaect on finished
goods Inventories since this is the point of ultimate demand.
In many cases this is also the point at which the inventory is
hardest to control because of the vagaries in customers! orders.

For those organizations which place heavy emphasis
on the aspect of service to the customer, advance plamnning of
operations and sales forecasts are of high importance. Greater
emphasis is also plaeced on the reliability of sources of sup—‘
ply,and efforts are made to acquaint vendors with anticipated
future requirements.

Another poliey influencing the establishment of in-
ventory control is also connected with an area outside the
company - vendor relations. A reliable source of supply of
raw materials and component parts is an important séfeguard to
steady produetion and good service and camn go far in reducing
uncertainty in the delivery of these parts and materials.
There are a number of practices which should be avoiaed when
possible:

l. Sudden changes in quantity reguirements

without giving proper advance notiece to the

vendor.

2. Frequent specification changes affecting

"open orders. |

3. Tendency to order on a rush basis.

32
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h. Incomplete 1nformation and specifications
| ;‘on the Purchase Order 1eading to. expensive
Viand/or 1naccurate shipments. v : v N
S. The practice of ordering and. then canelling
r_,all or part of the order, or ofvdelaying-the
a-required date, without regard to the supplier.v
5:,6; Lack of interest in the vendors‘ pro-_k,’ ”
.duction problems and‘his required lead'time,t
Many companies believe that by making an effort to o
'keep good vendor relations the suppliers are more. willing to
‘.extend themselves in providing service, as for example,‘in-
'-'maintaining stocks of parts and materials. By keeping the
»;Vendor 1nformed of its requirements ahead of tnne,:as in effect
'it would one of its own manufacturing departments, the vendor
- has an opportunity to provide goods more rapidly’when they are
/needed. " e .l..
| B - The idea of persuading vendors to carry inventory
'vis not a new one, of course, nor is it commonly-approved of by :
vendors; ‘The average concern considers itself as having prob—
,lems enough without unnecessarily taking on those of its cus— N
‘tomer, whlch is what 1t is d01ng when it ties up ‘its own money
~in wha't otherwise would be its customers' inventory. -All of the~
customers' worries of decrea31ng sales, obsolescense, deteri~
.'oration and the 11ke,'are then the concern of the vendor, To B
: quote a conVersation between Mro-E. J. Andrysiak Works Manager

of McRay Refrigerator Co., and Mr. Jo M. Kaufman, General Man-



3l

eger, Manufacturing, Fort Wayne aivision, The Weatherhead
Company: | |
| Andrysiak: "There are two basic ideas to work to-
ward in controlling inventory. First find a vendor who will
.keep the inventory-in his}partioular'plent. 'Seoond, have the
' vendor back his truck up %o your~door and work out of the
truck, " |
| Kaufman:‘ ”Samewhere,veome supplier‘is going to have‘
 a rough‘time. If you want us,to carry your inventory and our
suppliers are going to carry our inventory, the man in the
‘mines is going to have a rough time."“ .
These two statements reflect the two common schools
‘.’of thought on the subject. |
A common alternative to_the device of foroing the
vendor to carry t’he'vc'ustomersi stock 1s»the blanket order,
which is an order for a large quantity of parts of material to
be released at intervals over a relatively long period of time,
- This removes the financial burden from the vendor but‘still
'kgives the customer‘the'edvanfage;of small shipments, resulting
v in-a small invehtory at any~giveﬁ instanr, at a’low'quantity
price. Should the customers' sales forecast prove seriously»
.wrong, of course, he can be in trouble, for he is committed to
»'accept a relatlvely large quantity of goods°

Vendors can do other things for a customer in addi-

* 12, 1 90.



- tlon to carrying stock. When relationspare good, vendors may

be more willing to advise on-approachinglprice'ch&nges, to

honor existing orders at an. old price when a price does in— _lp

'crease, to give more generous terms, or to provide quicker de-
klivery. Mannfacturere of specialty’equipment can provide good
1customers with very‘veluable service from trained salesmen,and
':engineers, materially reducing product development costs.
Owens lists some practices of - the purchasing de~
’partment which may result in the loss of vendor good will:
| 1. Refusal to see ‘salesmen. .
26 ,Telling salesmen that the company is not
in the market at a time when ordersare actually
being placed; |
3. Makingbunreesonablefend unnecessarj delivery
reéuirements.
s Placing speculative orders with the intent
of cancelling them if-prices decline.
5. Attempting to:obtain.a low price which does
not afford a fair!profit to the vendor.
6."Pleying~ohe vendor.against*another by mis-
representihg.the prices asked crAthe'terms
”offered’by otherVVendors;_ |
Ts U31ng a quoted price on an inferior article
to drive down the price on & better one. l

8; Failing to accept delivery of merchandise.%

% h9 P’ 52&.
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Two other imporfant objectives of inventory manage-
ment are closely related, the maintainance of economical rates
of production and stable levels of eMplbyment. With careful
planning and a certainsamount'of luck, inventories can be -
balanced‘agéinst production. Most often, however, increases
and decreasés in invenﬁoryklevelsvcause cutbacks and cancel-
lations in production,'resultingfin highér prodﬁction costs
and lower mofale. | |

An inventofy policy geafed,td'thése aims is especi;
ally important in industries that are very price-cdmpetitiva,
'énd'in those using labor forces‘which_are hard to find or ex-
pensiie to train. 'There is also a parﬁicﬁlar moral responsi-
biiity where aVCOmpany;is the sole orrprincipal employer in
a cdmmqnity. S | R

‘The inherent difficulty of éécurafe forecasting in
divefsified manufacture makes a goal of a steédy produdtion
rate tenuous indeed. Accordingly, many'companies do not feel
the reéults worth the effort. |

Among financial people emphasis is liable to be
placed on maintaining low inventory balances. More than any
| other group they are aware of the~easé.wiﬁh which liquidity
may be impaired by overly 1arge’inventofies. Thisvphilpsophyv
‘may be‘given-mcre credence by top management in times of de=-

. pressed sales when inventories fesulting from excess optimism
in bettér‘tihes'may be'thefcaﬁselpf reducedVWOrkihg capital.
In beftervtimes; howéVer;_the objeétive is usually subordinated

to that~0f'pr6viding gOod’sérVice to customers. Like so many
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i‘other’facets of?inventorv controlllthis is to aigreat extent.
a result of the complexity of the subJect., Very.rarely have
_financial men ever proposed sound methods of inventory control blﬂi'
which take into account the oppOS1ng philosophies of customer ;
S service and low 1nventories. Because of the constantly chang-g.VV"
ting conditions of business life, few companies have ever been ;f
. able- to 1mpose dollar 1imits on, 1nventor1es. A more common
'deV1ce, but-one with many-faults, is the inventory turnOVer,
a: sales—inventory ratio established as an objectivee This,a,i,:,:
gsubject will be more fully discussed later. i |
All companies attempt to avoid deterioration and.
robsolescenoe, but in ‘some companies this is a- more serious
problem than in others.; Manufacturers of perishable products
‘5or those affected by style changes are most affected but |
. even durable basxc products llke steel and copper can corrode'
"aifvheldvtoo longrin 1nventory.ﬁ In addition to perishability
diand fashion changes, other things can result in obsolescence
"and scrap, such as, specification changes, introduction of newﬁbr |
.and better materials by the manufacturer, competitors, or -
'vendors, over-production, inadequate or improper storage fa-i:
| cilities, too 1arge a product line, and decentralized manu-‘
»facturing or distribution operations.v,‘ - » g
: For proper 1nventony management all these obJectives
must be considered in the light of a company's individual re-
quirements at a g1Ven moment._ Indeed the success of one ob-‘

.Jectivefdepends on,the others,;good service cannot be achieved



for the sales department without a sound productlon program.
A sound production program depends on reliable information
and cooperation from the sales department as well as good ven-

dor relations,

38
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Chapter IV

The Product Line |

_ The problem of inventory control is relatively sim= -

,'ple for the manufacturer who ‘has one product° As the product‘
1ine 1ncreases from such a utopian 31tuation,-the maintenancelp;
of proper inventory level becomes more difficult. Every part

, in every product complicates the situation.g- b‘

' | Many forces comblne to broaden a company's product
'line;‘ The passage of time brings changes in- customers' re—'vv
tquirements and aldemandlfor a greater variety of shapes,‘siaes,’

h’cOlors; accessories,'etc~ Technological 1mprovements force

bchanges in product design and construction. If for no other

:reason, a’ company must maintaln competltion's pace or eventu»
#”dally fail " | '7' | » ' |
| ' Generally speaking, inventory management is not con-,
H_:cerned w1th the 1nitial selectlon of additions to the product

'line. There are, however, a number of ways that the experience ‘:

zrof 1nventory management can be employed. R o

Most notable of the contributions that the produc-;‘]'
tion man can make to product design is the encouragement of
standardization., Today the use of standards 1s so well accepted
that relatively little thought is giVen to their actual im~
u'portance. Their development and application are an almost

~routine activity of business operations. Yet many companies

are not availing themselves fully of the opportunities for ';
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increased efficieney and cost: savings that stﬁndards make pos- |
-sibleo | |

The ‘essence of standardization is tc many people a
provision for unifonmity. Objectlons to the creation of stan-
dards often stem from the preconception that the end result
'must be a deadly‘identity of products. It is true that the tool
of standardization,when misused,ean e#cessively restrict '
variety, retard innovation, and Crippie the process of invest-
| ing értiéles with e$thetic1or’art1§tic values. Yét without
‘standardizétion.and simpiification,'the‘elimination of needless
variation, the present level of American industrial efficiency
could never have been reached. It is a fortunate fact that
mannfacturing standardization, which permits longer production
runs, simpler tooling, faster productlon, better control of
quality, and other production-inereasing advantages, also per=-
mits industry to offer a richly varied array of goods. The
use of standard tools;'materials; éndvéomponents does not
automatiéally require that final,prbduéts 53 of limited variety
énd reduced to a common level of quality-of mediocrity of de-
sign. 'The family relationship between-a‘Chevroletvand a Cadii-.
lac or aberd and a Lincoln, which exists because some of their
‘partglare the same, does hot impair theif individualityo Moré-.
over, hundreds of cdmbinations_of staﬁdardiged features, such as
- ‘body styie, color, trim,_andloptional equipment can and do

appear in each line. Providing uniformity where it is desir-



able is one thiﬁg; providing unifoﬁmity for its ownbsake is
anothers | ' |

Fixity or permanenoe freddently isiﬁmplied as a
necessary characteristic of'ell standards; especially when

their supposed retarding influence on progress is the subject

of discussion. - This misconception arises from failure to dis-fp

-tihguish‘betWeen industrial standards and other kinds of stan-
dards.’ Physical constants such as the units for time, length
or speed of light are the standards of science and are nec-
‘essarily unvarying. Since the standards of science are ul-
timates, physical industrial standards finally depend upon
them._ Industrial stendards themselves, however, usually are
not, and should'not,be, treated as ultimates. They define _
knowledge as e point in time, usualiy sy stating what is most
suitable wﬁen judged bj«some_Set of criteria. When knowledge

b1

increases or criteria ehahges, the standafds'must and do change.

A motor manufactﬁrer, for example;.msy revise upward over time
the service rating of an eleotric hotor’it‘produces as its
design is improved.and-parts of_greeter durability are incor-
porated in it.  If new service conditions are to be provided
for, mannfacturing'standerds'may have to be made morevsevere
‘at some points or made to emphasize different-attributes of
the motor, as might ‘be the ecase if the*motor's starting char-
acteristics become more important than its heat dissipation.
Just_as opponents of_standardization misconstrue‘its

' purpOSeiand effect, sotdo'someiof its strongest.proponents.
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Obviously there are limits beyond which it is not feasible to
push standardization. For the individual company there are
appropriate and inappropriate directions to take. It is as
illusory to expect standardization to provide a universal ans-
wer to management problems as to expect that any other program
will provide it. By their very nature, the standards evolved
in industrial administration cannot be either perfect or per-
fectly comprehensive, any more than they can be permanent. To
try to standardize too much or too minutely may be nearly as
serious a mistake as not to standardize at all.

Opinions on the proper scope of industrial stan-
dardization differ somewhat, even among administrators who
recognize its importance. At one extreme it may be argued that
industrial standardization includes only those measures taken
to define products, to develop related standards for materials,
supply processes, and test methods, and to provide other guide-
posts which aid in the definition of products, such as stan-
dards of nomenclature, classification, and design, or drafting
practice., At the opposite extreme it is argued that industrial
standardization takes in all activities that result in stan-
dards, regardless of their application, such as standards of
performance fbr personnel, standard administrative procedures,
etc. While this latter definition may have merit, it dbes not,
of course, bear on the subject of inventory control.

A commonly cited objective of standardization is to

make possible the manufacture of better products in larger
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quantities and at lower costs. The,role.éf induétrial stan-
dérdization is perceived as that of assufing the use in the
company'of the best available materials (not necessarily,the
most expensivé);ythe best manufécturing methods, and the:béSt
,;eqﬁipment e ih’éh6ft,»thé thiﬁum aésortment}of préducﬁivel
factors. _ | | ._ - o | | |
i It is widely;gssertednﬁﬁaﬁ é'standard, by definition,
defines the'Bést“available sélution:to an operating Problém; |
whetﬁer it applies to a matefiél ﬁsed for a parficular pufpose,
~a process empioyed,to prbduge a given end reéult; é»product‘

“to fill a gpecific neéd, or some othér‘element'in prodﬁctioh.
It follows, then, that widening'appiicatibﬁ of standards should
- improve perfofmance,ireduce cosfs, faise average qualitj; and
allow mofe general ﬁtilization'of the,equipment and methodsAof
"mass production. These advantages are vélid»for;the individual
company. Their effect'is cumulative when inter-company inte-
gration of standards canibeua0¢omplished through’égreément be-
ﬁween suppliers and customers. s .

‘In.pféctice, standafdization cén.éérve.to improve
' operations ffomfthe point §f view of‘inventory management in
fouf'princiﬁal methods. ’One‘is the‘fedubti§n of needleséIyA
stringentvquality specifications; _Since'quanlity standards
normallj are standards of practical adequééy_énd not descrip-
tions of borderline-positions, ho‘dilutibnyof quality is imfl

plied if quality refers to apprbﬁriatenéss and not perfection.

# 8, p. 9.



' The reflection of'reasonable.stahdérds‘bf-quality in produc-
 ti0n'réquirements is the paring of operations to the point u
wherevstahdards are.mét ’comfortably° - As a conséquence of pro-
duct-quality standafdization.it_may'be possible to eliminate .
intricate;production'opefations, operations of high preoisidn
.handwork; and repéated close inspections; substitutions may be
made for scarce, expehsive, aqd hard;to-wofk materials; equip-
ment set-ups may be simplified, énd operators may be trained.
more easily. | . |
| The éecond,promising area for résults‘achieved from

standardization is Simplificaﬁion, eséeciallyxapplied to pro;
duct deéign ahd‘éomponents. 'The'savings induétry.has made
through product'deéign studies'are endrmOus, énd, innumerable
examples‘could be listed. For exémple,_manufacturing companiés
oftén cérry two typeéuof free”maéhining stainleés.steel.bars,
'such as typeé 303 and L16; one of these could be dropped. For

aﬁother example of'needlegs duplication, leaded steels are
often carried along with such others as SAE 1112 or 1113. The
1introdﬁctioh of commefciél3standards,byVVarious organizations
for such specifications as screw threads had done much to Te-
duce needless Variatioh.# Even thése'can be simplified, as,
foriexample, by using only coarse threads. Evefy type of raw
material or part eliminaﬁéd mgﬁns'that mdre money cah be in- |
vested in'anotheﬁlwith the result that the inventory will be

 better balanced and reduced in total, while at the same time

# See Appendix for list of such organizations.



the chances of an item being oﬁf of stock, and éécordingly, of
- an order Being held up, are reduced. |
Two exémples of savings by the International Harves-
ter Company w111 i11ustrat§ the point. First, a statement
’frém Mr. C. W. Andefson,kWorks.Manager, Fort Wayne plant:
"At one'time,_we’had~87kdifferent types of
cabs for’trucké assembled in Forthayne. Some-rv
‘one suggested that we could eliminate thebfire_
ﬁall frém'tne ass@mbliesﬁmadé'by our source in
Springfieid;VOhio. By'aésembling.the’fire wall
in Fort Wayne, we could reduce.the order to 27
'different'tyﬁés of cabs._,Nowrihstead of earfy-
ing an inventdrj of 87 different fypes of cabs,
and a‘two or three or five-week bank, we can
WOrk’from.aismaller.bank'of 27»typ§s of cabs.
This was ﬁot a cieancut Wnake;or-buy".decision
affectihg an entireiaSSembly, but we decided
to buy less of the assemblye-
‘"A gimilar case involved transmissions. We
vuséd to buy 87 different types of transmissions.
‘Now we buy nine skeleton types or models of
transmissions.’vWe stock additional’gears and
components}in 6&5 plant, and build variations

‘of basie types.":

* 12, pp. 73 and 89.
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Théfseéond example coﬁcetns.eﬁgine invantories;
"y stan&ardizationbprbgrém, cdﬁpied with
shifts in sequence and location of assembly
‘operations;'is produging substantial ernomic
advantages for Inﬁernational Harvester's Motor
Truck Division‘plantvat'Fornyayne, Indiana.
F"The main ad&anﬁage is the’reduction of
parp numbers_to,ﬁe échedtled and purchased.
~ This, in.ﬁurn; rédﬁced~thé'inVentory of en- .
gines normally held in stock to supply the
 _truck assémbly line. ‘The need fbf sﬁopking
fewer enginés.redﬁced storage space require-
ments, and the handling and shﬁffling nec=
_essary to seiect from a'ia:ga assortment when
specific engineé are.requiréd.on the aésémﬁly.
" 1ine. ‘k | '_ | |
. "The problem, simply stated, was one of
orderiﬁg and schéduling three ﬁasic engines
under 1iterally hundreds of part numbers,
and écheduling them. for s@ecifiedktrucks on
the aséémbly‘line. The Red Diambnd engine,
alone, had’hou part numbérs assigned to
" specify variations.‘ Stahdérdization eliminated
261, " R | |

Thefthird~way sténdardization can be used to reduce

* 13 9 pp. 81‘839
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inventory problems, is to reduce needless variation in the
product line. While improvements must be made if a company

is to stay in business, it is not necessary that additions

be made to the line needlessly. Unless a request for a new

product is scrutinized carefully, a manufacturer'is apt to
find himself with an enormous variety of products, some of
which do not earn their keep. The decision to produce a
line of items implies a number of connected decisions per-
taining to.the items and their relationships. If, for ex-
ample, the line of products is determined so that a minimum
number of individual items will cover the range of sizes,
grades, capacities, styles, or models included in the line,
and so that maximum interchangeability among the items of
standard component parts and materials is provided, design
criteria are likely to be much more explicit, systematic,
and satisfactory. |

Even in the face of considerable pressure, intel-
ligent planning may overcome problems of a widening product
line. For example, when competition in major applicances
became most severe, many manufacturers hit upon the notion
of offering a variety of finish colors on their large appli-
ances. Such a situation,'qf course, could make for a night-
mare of scheduling and stocking problems. One manufacturer,
Frigidaire, overcame its problem by making all the units
with a standard white finishvand, to stay abreast of compe-

tition, designed a series of colored panels which could be

r’
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fixed to the appliance by the dealer. This gave the con-
sumer a style choice without adding a single variation to
the plant production. ‘ | |

_ The fourth ma]or advantage of standardlzation to
g the manufacturer of a dlver31fied product line is that it
reduces the in01dence of,expensive engineering‘changeso
Changes~in a producc after its initial'release for produc-
‘tion are to be expected in the normal course of events.,
The fewer such changes the better, however._‘ESPecially
annoying are those changes which force obsolescence or
junking of parts. Such changes are usually in the minoritye‘
,When the change is such that supply of parts can be used up,
a very careful plan must be constructed to}insure the max-
imum:utilization of the old parts together with a smooth
transition to the new design}wifhout-runningrout of”stock
in‘the process. AS'standardization inproves the design fea-
tures of the product' engineering changes are reduced.

| Another subject requiring a statement of- managerial
policy is replacement parts. As products and parts become
obsolete, replaced by improved designs,»demand for;the old
unit is. generally reduced to spare parts orders.r'The 1ength
of thne that a company feels required to supply spare parts
along with the degree of service it should’ offer have a direct
bearing on the inrentory. This~policy is deﬁermined to.a
great extent by the initial expense and complexity of the

equipment initially supplied. - Whlle the manufacture of some
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obsolete parté is not a~pfob1em, often fimes the high produc-
tion tooling originally'designed for the part severely compli-
cates the manufactﬁre of a small number of’pieées-for a re-
plécement parts ihventory.' In addition, péttefns, dies,‘and'
sbecial tools must be Stored‘and maintained to prevent_deteri;
6ration. When such tooling is ¢wned by a supplier, an'additional
problem occurs in the form of the vendorfs'unwillingness to

store the tools for a long period of time.



50

Chapter V'
Uncertainty in Manufacturing

Cost Factors

It can safely be said that there are two major areas
of uncertainty in inventory control for any manufacturing con-
cern, both of which are intensified for a company producing a
diversified product. The first of these, and the most promis-
ing field of investigation, is uncertainty in the manufactur-
ing operation.

There are.a‘number»of‘pfdbiéms in manufacturing which
are influenced by uncertainty. This may be so for a nuﬁber of
reasons. Perhaps the'ﬁréblem could be resolved by better re-
ports or systems; perhaps péfsonhel are insufficiently trained.
More 6ften than not, howevef, uncertainty is a result of a
large number of complex;‘littleaunderstobd factors bearing on
each other. Propervahalygis of these factbrs ecan go far in
helping_managemenf establish effeéfive inventory policies and
controls. : - |

The subjéét 6f'éosts'is one of the most basic in
invéntcry discussions. Costs, and the balancing of opposing
costs, lie at the heart of iﬁventory.control‘problems, as well
as production problems. -Furthermore, the cost_elements egsen~
tial to a production or inventory control problem are not those
character;stically'reported in acepunting records. Accounting

‘records can supply cost information but usually the accounting
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costs must be restated to arrive at cost figures valid for the
problem at hand. At times costs must be derived by other
methods, such as statistical means. On occasion it is a problem
for inventory management not only to determine these costs but
to demonstrate to top management hdw they differ from account-
ing cost figures and theif»proPer use in inventory control.
Accounting costs are derived under principies of
accounting developed over many years and are strongly influ-
enced by tradition. In any companj'the methéds and the de-
gree of accounting skill and refineméntvwill vary, but in all
companies the basic objective of accounting procedures is'to
provide a fair; consistént, and conservative valuation éf
assets and show the flpw of values in the business. Accounting
methods have, accordingly, been devised in accordance with
these objéctives. Modern accounting’is also affected by legal
and tax considerations ahd the desire to reflect conservative
values in the face of pricé—level fludtuationso The constant
seareh by businessmen for better methods has resulted in the .
increasing use of accounting costs for control systems, but
rarely has the néed been recognized for questioning the tech-
niqueé of cost définitionlfof the purpose of Inventory and
production problems. | |
Accounting systems typi¢aily distinguish three types

of costs: direct costs, indirect cosﬁs, and.overheadf Direct
.costs'are those which cah*bé directly associated with a sﬁecific

job, order, batch of material, or item,as, for example, raw
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materials or the wages of workers operating production equip?=
ment, such as machine tools, or of workers assembling equipment
von a productionﬁline. Indirect costs include the cost of
supplies used to service a maéhine or line, wages of process
opefators where operator time is not directly related to spe-
cifie jobs, or auxiliary‘helb,sﬁch'as set-up mén, sweepers,
etce Indirect cost items vary wldely from‘plant to plant.
_Overhead items include factorj~overhead such as buil&ing and
equipment depreciation and factory’éupervision and general
overhead such as administration; Selling, etc. The 1isting of
overhead 1tems, too, varies widely from one company to another,
depending on individual requirementé aﬁd tradition.

The methods by which these £ypes_of costs are re-
corded vary widely but are of two basié types; One of these
is based on actual éOStS.' In a éystem of this sort product
costs are based on an aécumulation df the actual direct costs
reported from a job or in making an item during a given time
period, as by labor time cards, periodiec ﬁhysical invehtory
counts, or material requiSifionsb Thus the cost of an item
under an actual system'will*vary.from batch to batch or from
“time to time. Under a étandardjéost system, prodqct’coéts
are based on "standards", or desired norms of direct labor
and materials cost which remaiﬁ‘fixed fof'substantial periods.
Undef a standard cosﬁvsystem,'actugl costs ﬁill also be col~-
lected’to varjing degrees of detéi},és a check on the relia-

bility of the standards and as a control device. The standard
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costs are usually‘used to value material in in-process or
finished inventory; differences'of,"variénceé" between actual
and standard coéts are considered as additions to or sub-
tractions from current profits rather than being included a§
ad justments to inventory vélue.; _ ~ |

| “Actual or standérdvéost'syétéms may In turn be based
on direct or absorption cosﬁihg. ﬁndér direot costing, only
~direet costs are included in,ﬁhe value placed on products in
inventory. UnderJabsorptidn costing, the value Iincludes not
only direct costs but,aléo,allocated overhead charges, usually
"only factory overhead;"A,variety of overhead allocation bases
are used; the estabiishment_of fair methods of ovérhead allo-~
cation has received a great‘deal of attention by accountants.

Methods of overhead absorption are based first, on

the assignment of expected overhead charges in total to work
" centers, and sécond on the allocation of the overhead charge
in each work center to the work done in that centef, based oﬁ
- an overhead rate. For eiample, the ovefhead may be assigned
to pfoducts in proportion to the direct labor charge incurred
on each. The o#erhéad rate;'or dollafs of overhead charged
per dollar of direct-labor costs, is cdnvéntibnally set in ad-
vance, baéed on an expected level of activity at the work cen-
ter. If, after the overhead rates are set, the actual level
of activity exceeds thé expected, mdre”overhead will be charged
to the ﬁroduct than was assigned to the center andIOVerhead

will be "overabsorbed." If actual activity is less than ex-
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pected, overhead is "underabsorbed."

Since overabsorptibn results in artificially high
costs and underabsorption the opposite, it is only natural that
the tradition of conservatism in accounting would tend to favor
the former. Accordingly, it is sometimes found to indicate &
sound‘operatien for reasons independent of inventory and pro-
duction control. On occasion, however, the matter ean affect
production planning; for example, sometimes there is a tendehcy
to balahce‘productiOn between two plants of’dlfferent effiecien-
cies to absorb overhead in the less efficient plant independent
of other reasons. At the other extreme, production may some-
times be shifted to the planf operating at a high level be-
cause of its low average costs restilting from spreading plant
overhead over a 1érger volume. Both of these fallacies should
" be avoided.

Contrasted with the principles and search for con-
sistency underiﬁihg accounting‘éosté, the defihition of costs
for production and inventory control may vary from time to time
depending on circﬁmStancééyandbthe length of time being planned.
This refleétslone of the uncertainties of cost recording and
control from the inventory manager's viewpoinfo Cost defi?
nition fof‘broduction énd ihven%bry control purposes is based
on two factors foreign‘to the common concepﬁion of panﬁfactur-
ing costs. First, these costs represent only part of product
expenditures in the form of cash actually paid out or of oppor-

tunities for profit foregone. Overtime premium paymeﬂtsvare
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out-of-pocket expenditures, deprepiation of equipment is not.
To the extent that étbrage spécé is available and cannot be
used for other producﬁivé‘purposés, no out-of-pocket cost of
space is incurred. To the extent that storage space is rented,
- representing out-of-pocket exﬁenSés;,or could be used for other
productive purposes, representing‘foregone opportunity, a suit-
able charge is justified. The charge for investment is based
on the out-of~poéket 1nvestment; in inventories or added fa-
cilities, not on the accounting value of the investment. The
rate of interest charged on the out-of-pocket investment may |
be based either on the rate’of interest paid banks, an out-
of-pocket expense, or on the raté of profit»that‘mighf reason-
ably have been earned by an aiternative use of the investment,
a foregone,opportunity,_dépending on the situation. A bank
rate could be used“for short term seasonal inventories and an
internal rate for long term growth reQuirements; |

The second stipulation'of peruction and inventory
cost definition is that.they shall represent only those whose
magnitude is affected by the schedule or plén. Many overhead
costs, such as supervi$ion costs, are out-of-pocket, but neith-
er the timing nor the size is affected by the schedule.

These definitibns may séem unreasonably sevére, as
well as ﬁnnecessarily compiex, at first glancse. Fortunately,
however, anofher difference between accounting and production

costs has been pro#en by experience. While accounting systems

,’ 3% 39 pO 27'



exhibit metieulous concern for precise detail, this is unnec-
essary for production cost analysis. As will be shown, inven-
tory decisions are relatively insensitive to small variatiqns,
in costs. Sinée it i§~absolutely impossible to determine mahy
costs accurately, regardleés 6f ﬁhe detall of the accounting
system, the uée by inventofyvmanagement of techniques relatively
independent of precise cosfs béqomes all the more important.
Therg are a number of typés of:costs which have to
be considered in any discussion of.in#entoryvcontrole One of
these is that grbup»Of’costs'dependent on 6rder quantity. The
most obvious of thesé,»of course, is’the quantity discount, a
. rate schedule varyihgawith the quantity of items purchased.
Quantity diécounts are ordinarily quoted in price breaks, or
brackets, voiume limits within which fixed unit prices apply,
or in terms of bercentage éllbwahcesvgranted for orders'of
more than a stated qﬁantiﬁy; The underlying logic behind this
principle is that the Suppiier is allowed to distribute his
fixed costs over a larger quantity of pieces. On contract
‘bids or special inguiries purchasers 6ften request estimates
"~ of price reductions obtainable with volume buying. Such data
often is misieading since it'may be compiled half;heartedly
and carelessly; and will fail to give the buying an understand-
ing of aetual quantity breaks which might infiuence his order-
ing. Some suppliers are reluctant to give quantity discount
figures, for the perceptive buyervcan_determine from them fixed

and variable costs and pfofit, figures which the seller does



not want disclosed.

FSimilar.to the quantity discount is the set-up cost,:
a fixed cost per run incurred by a manufacﬁurer. .This 1s true
in a factory operation, where machines must be adjusted before
produc ing goods,.as-well as in an office, where clerical rou-
tines are performed on each sales and manufacturing order.
Costs obtained from.accounting data must be checked carefully
where set-up is likely to be important. Variation in unit
manufacturing cost cannot always be traced to the existence
of a simple set;up cost for in machine tool operations several
alternate manufacturing processes may be available. For a
few pileces, set-up might bé negligible as the pieces wbuld be
made ésséntially by hand. As the demand for the item increases,
the method of manufacfure will change, reducing the'total time
émployedvto make the piece, but the more intricate hachinery
used will call for lbnger set-ups.‘ Véry long runs may justify
bexpensive’special tools, such as the diesvused to form auto-
motive body panels.

‘ SimilérAtb'set-ﬁp costs for a maéhine are learning
or "shakedown“ éosts associated with hiring and transferring
personnel. Output du£ihg thé.early part of a run may well be
deficiént In quantity or quality,and material-may,be spoiled;
These costs may effectively be considered as additions to the
direct set-up costs of the run. Another cost which should be

considered is that of overtime, the premium paid for working
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over eight hours per day of forty houré per'weekov Tﬁis'pre-
mium, usually fiftylpercenﬁ ofAthe‘regular rate, 1is ordiﬁariiy
an out-of-pﬁcket cost'fesulting from planning and scheduling
decisions., In addition to the wages paid for overtime work,
supervisory and other normdlly fixed'costs may inerease with
thé additional hours worked. Tﬁere are alsd important in-
direct 1abor'costs, such as sociai security, workmen's compen-
sation, pension, éhd gsimilar bénefit payments to be considered.
Too, overtime or éxtra shift operation may cause losses due to
inefficiency, fatigue, unskilléd supervision, or special rest
benefits. |

The cost of undercapacity operation maj be encoun-
~tered at times and is especially aptpto be found in slack times
where a basic labor forcé isvconsidered necessary;independeht
of volume. Forﬁunately, this is not a eommbn occurence in
lrmanufacturing organizations. Avmore_frequent cost is that of
hiring and training. Charges of this sort include interview-
ing, tests, physical examinations; and special training. The
low productive efficiency of the new workér is also a type of
training cost. Sometimes aggravating these costs :is seniority
rule which can result in a whole series of promotiéns, each in-
curring training costs, because 6f'one Jjob Qpeningo Even lay-
offs can cause training costs where "bumping® forces the dis-
. missal of a worker’who might otherwisé have‘been kept.
As has been pointed out, one of the common objectives

of inventory control systéms is proper customer service. An
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evaluation of the worth of customer service or, alternatively,
the losses suffered from its lack is an essential part of the"
derivation of an intelligent inventory control system. The
cost of customer service limitations must be weighed against
-the production and capital costs 1ncurred in improv1ng ser-
.vice. It 1sfn0rmally very difficult to obtain a figure on the
value of customer service from sales people,vand it is not hard
to understand their reticence. The usual reaction will be
that customer service is of immense importance and that, if
Aindeedpany value can be put on it, it is very high. The_most
.reasonable counter_to.such:avstatement is to show - that it can .
be determined how much mustvactually be paid to achieve a
given degree of customer service in terms of deliVery time or
other criteria. 'With suchpa demonstration estimates of the
value of customer servioe drop markedly. In illustration of
this point, a study made by the Bell Telephone Labs for one
1nventory item showed that with an allowable frequency of
_being out of stock once a year,_an‘inventory of $76,000 was
’carried; once ereryptwo years,.$100,000; every five years,
$13h,00d; everﬁ.ten years, $167,000; and when policy stipulated
‘never being out of the'item,.a‘total intestment'of $276,000
was.required.% '

| In somevcases certain limits can be placed on the
value .of customer service.i Invseasonal products, for instance,
the cost of being unable to fill an order immediately will varylv

 from time to time during the year;vDuring’peakksales periods

% 1k, p. 20. : R
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inability to fill an order immediately may cause the loss of
the order resulting in a loss at leaét equal to the profit of
the order. At other times,beiﬁg 6ut of stock may cost only
the extra paperwork oohnected.with the back ofder. In other
cagses it is not possible to arriﬁe at a reasonable statement
of the cost of being able té Till an order. For example,
the possible loss of customefs over a substantial period of
time due to insufficieﬁt’stbéks mightvwell.be unestimable.
Clerical dosts are one of the most difficult costs
aésociated with production and ihventbry control to measure.
Relatively 1little hés beén.dbne in many companies to identify
these costs clearly, ﬁo-measure them, for example by time
study or work sampling‘methéds, or to identify the work units
which originate clericai costé. Clerical costs include such
items as the cost of making out a réqﬁisition and placing an
order, the cost of - time of pepsonnel‘required for scheduling,
and the cost of periodic inventory reviews for ordering pur-
poses,among others. |
| One approach to Measuring order-handling costs is
to follow typical orders énd_requisitions through all the
handling steps, not;ng'the times required by individuals ﬁro-
cessiﬁg the item, the supplies used, and direct costs incurred
such as telephone 6r postage. The time that individuals spend
on handlihg an order may be estimatedey watehing to see how
long it takes to process sample orders, by spot Qhécks‘to see

how much 6f,the time an individuél is working on orders, or
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by counting to see how many orders each person handles in one
day. Order-handling time must be distinguished from other
duties, of course; and fixed costs, such as machine rental,
must be properly accounted for.

Since order—handling costs are difficult to measure
and distribute to Inventory they are generally not considered
in evaluating order prooedures. Inesmuch as they are part of
order eosts,‘however, they ehould not be ignofed; " As has
been pointed out, production costs need not be precise to the
penny. The important points are that they be roughly correct
- and that they accurately reflect the types of outeof-pocket
costs which would be affected.

As for the costs of inventory itself, there are &
number of types. ~ Storage and handling costs,include heat,
light, stock handlers, trucking, loading and unloading. Taxes
on inventorj are sometimes overlooked as an intentory coste
Property taxes in some states are assessed on one day during
the year agalnst the inventory which is on hand on that par-
ticular day. This may create a distortion in inventory plan-
ning which can have eonsiderable impact. Manufacturers strive
to deplete their inventories by the assessment date and build
them up thereafter. '

ObSolescence.costs'are ueualij obtainable from his-
torical records. Obsolescence is not e material factor with
veome firms and #ith others it«iekeritiealo In style goods

and military products, for example‘automobiles,,appliances,



fighter planes, and clothing, changes occur at frequent inter-
vals rendering present linee obsoiete° As styles change, ex-
cess stocks must either be marked down or otherwise disposed
of. Since all items may have different risks involved these
obsolescence charges should be categorized by product lines
and prorated on snch a basiee | .
Deterioration.ie another common occurrence with items
stocked in inVentoryQ Steel items tend to rust and have to be
reworked or scrapped, silver tarnishes and must be reshined,
rubber deteriorates completely and may become useless. Bear-
ings and other moving precision parts are packed in grease and
must be periodically cleaned and repacked. These costs again
can be obﬁained from hietorical records and prorated as e per-
centage.against the inventory. Repackaging and rehandling
may occur, for exanple when as item‘is packaged in gross-size
boxes and must be repacked in dozen-size boxes to fill an order.
A final cost to be considered is that of the capital
invested in inventory. Since capital represents cash tied up
which the company expects to get back, its cost is not its
total amount but rather the value paid to obtain it. This may
be based on the rate Paid to oorfow the investment or the cost
of diverting capital from other possiole‘pces, or both. This
cost of cepital invested in inventory is the product of three
faectors: ‘the capital value of a unit of inventory, the time
a wnit of product is in inventory, and the charge or imputed

interest rate placed against a dollar of invested cash. The




63

‘imputed'interest’rate,is less often oonsidered by businessmens
than the other two elements»of'this‘definition, especially in
those cases where the 1nvestment 1s provided by the company?s
. own reserves rather than by borrow1ng°‘ ‘To 1gnore this, howe
ever, is to say that cashwwould otherwise not be used at‘alie
'df:course, thisbis not the case§ if nothing else the'cash :
fﬁould be placed in‘bonds to earn a return. Barring the need
for the capital, the money;should'be released to t:he’s.rl;'o.c-k’-=
holdersb» o | | | ’ | » |
Determination‘of the rate of return based on alterna-

tive‘uses of funds is not often easy. Some comnany managements
have determined‘ratesvwhioh fhey:want their operations tobearn.
While it might be argued that a complete study of a company’s
operations would be required to establish a realistie rate
based on alternative- uses of eapital -1t is generally true

that statements of the organization's financial and invest=
ment policies and estimates of ourrent totalvreturn on in-
vestment will prove effeetive'guides;f’Somefimes bus inessmen -
think of‘inventorj as a'snort-term‘investmentrandvthus rela-
tirely.liqﬁid and risklessfinasmuoh as it may turn over severeiw
. times a year; ‘While this mej be true, it ignores the fact that
at least part of théﬁ‘inventquVis'as permenent an investment
as‘the machinery and bﬁildingsé fThekinﬁentory must be main—b
tained to make operations possible as long as the business is
la going concern. The eash investment released by the sale of

one 1tem from stock must be promptly reinvestedvin new stock
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~and the inventory can be liquidated only when the company is
closed. v

Inventory in fashion lines or other types of products
having high obsolescence risk is hardly riskless. Its value
dependé only on the company's ability to sell it. If sales
are insufficient to liquidate the inventory built up, losses
result and considerable risk may be entaliled as a resuit of in-
ventory investments. Ihventory in stable product lines built
"up to absorb short term seasonal variations might be thought
of perhaps as bearing the least risk, since this type of in-
vestment is characteristiéally shorﬁ term.. Even in these
,cases,'however, if peak seasonal sales do not reach antici-
pated levels, substantiallj Increased costs of storage and ob-
solescence may bé incurred before the excess Iinventory can be
‘liguidated over the time up to the next sales pesk.

The rate of'return may depend on the type 6r invest-
ment. For example, permanent inﬁestment as in facilities ér
reléﬁively permanent base stbckiinventories may be financed
internally at on§ rate, while seasonal inventory stock may be
financed by a bank line of credit at another rate. Further-
more, depending onrﬁhe nature of the finaneial arrangements,
where the investment varies substantially from one time of the
year to another; the'cépital‘cdst,of inventory investment may
at tiﬁes be appropriate where cash released during low inven-
tory periods cannot be more profitably invested»elsewhefe.

Where tax rates are progressive, as in the case of
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an excess profits tax, a higher than.average rate must be
earned on the inecremental investment to maintain the average
over-all return. When tax rates are high, the cost of bor-
rowed capital - a deductible cost - represents a substantially
lower cost to'stockholders'than the coéf of internally supplied
funds imputed at similar rates. A gubstantially higher return
must be earned on internal capital to‘maintain the same return
on investment aftér taxes.

It is generally accepted‘that average or expected
earnings, whieh are only the equivalent of capital costs, are
not enough in risk bearing circumétances§ someﬁhing additional
is required to compensgté for assuming the risk, Manufactur-
ing and merchandisihg]organizatibns aﬁe, by definition, in
business to bear the fisks of theéé'acfivities and to earn the
resulting entrepreneurts profit. When the question of an ap-
propriate rate of returh tb charge agains£ investment is raised,
‘company officers sometimes suggest a bank rate, i;e. 3 to 5
percent-annually, when §h1§7ratefis in fact Inconsistent with
financial policy;;' Such an inconsistenéy should be pointed
out, since the use of a bank rate, when in fact the company
‘is not inclihed to uée outside funds, would result in é‘much
lower rate of imputedtintefeét and & much higher drain on
capital than is consistent with true company poliey. When
inventory or related faciiities investment is normally financed
internally, a rate of return between 10 and 30 percent is not

unreaSonable. In'selecting a truly appropriate rate, there
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are a number of factors to be considered° First, as has been
pointed out the source of the funds may be internal or ex-
'ternal. Secondy-is the question as to whether there are other
‘purposes for whicn the‘money oould‘be used and the rate of re-
" turn fromfthe albernative uses. Third is the length of time
before the investment will be recOVered. Fourth is the‘element .
“of risk in the form ofvslow:sales and obsolescence. The use

of capital cost based On‘internal'interest.rates; or for that
matter external interest‘rates, is not commonly found in ac-
counting records.- Nevertheless,it is implieit in many problems
kwhich‘arise in inventory,control. Capital cost‘illustrates 7
‘ the,bype~of operationalecost wnich must be esbablished entirely
outside the normal eoeounting'fremework and 1s typical of the

problems of_cost'nncertainty‘fécingpthe inventory manager.

Determining the Length of the Run

The preceding discussion of the problems of cost de- f
»vtermination for the inventory manager leads to one of the most
actively discussed_issues affecting the subject today, the
},problem of lot size. Whiie’methodS‘ere evailablevfor greatly
improving the art,eapplping them is»so inextrioably tied up
with\areas of uncertainty bhet, generally'speeking; little
progress has been made. .

The lot size problem arises because of the Very‘rea-_

sons that businessmen find it necessary to - carry inventory°



For example, raw materials are.puichased in larger quantities
than dre immediately required in order to reduce order and ‘
clerical costs, to obtain a_quaﬁtity price, and to hold down
. handl ing costs. Similarly, finished stocks maintained in
warehouses usually,come‘in shipments substantially greater
than the amount sold in ¢ne'ofder so as to redﬁce processing
and shipping costs. 1In manufacturing, the length of time re-
- quired to set up-maéhine tools br to adjust automatic equip-
ment has a similar effect. on order quantity. "The crux of the
question, however, is this: as these factors exert their
effect, inventories incréase commensurate with the_length of
the run, at the same time, the cost of owning the additional
stocks inereases too, until'fhey equal the savings obtained by
the larger ruh.-

An analysls of the costs previously discussed shows
that they are, to the inventory manager, of two types. One
set of these costs varies with the number of order that are
placed in a given time period; and can be called procurement
costs. Clerical and paperwork costs of thls type would be
found in Purchasing, Inspection, Requisitioning, Accounting,
Reeceiving, and Stores Départments;' Actual handling costs in-
curred would be fbund in receiﬁing, inspection, trucking, and

storekeeping. 1In addition to the costs of the supplies and

"materials used in the process of procurement should be included

such expenses as teiegraph'and telephone charges incurred.

- Processing costsfor placing an'order are commonly estimated to
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run from $5.00 to $15.00.

When the item is placed into manufacturing, the pro-
curement cost must include the cost of any set-ups, testing,
blueprint study time, and any such factors as inspection and
quality control. Essentially these charges apply whether the
item is purchasedbon the outside or manufactured in one's own
plant. 1In determining procurement costs, only those cosfs
which are acecrued as each order is placed are ineluded. In
other words, tool repair and resets are excluded from procure-
ment costs.

In determining set-up costs on machines and equip-
ment, it is frequently difficult to arrive at a fixed figure
because of the variability involved. On a machine, previous
set-ups may be utilized to reduce the actual set-up time. If
order A follows B the set-up may be only 2 hours, whereas if
A follows C the set-up may be 20 hours. Hence, the true set-
up 1s largely dependent upon the sequence of the orders and
the product mix of the time. 'In cases where orders are
placed in the shop to take advantage of sequencing, the set-
up costs shouid reflect these savings. In some companies
orders are grouped as families and placed into produetion for
stocking purposes; The first item run in the family will in-
volve a full set-up and subsequent items only partial set-ups.

When the set-up variations are a result of random
sequencing of jobs, the éet—up costs to be charged are the

average costs that have been experienced in the past. These
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may be obtained from cost variance reports when available, or
other data. |

The procurement costs, therefore, will include all
set-up costs, direct and indifédtgbburden charges for the time
involved, and any tooling'éf désign work that will vary with
the number of'ordefs placed. Procurement costs will also in-
~clude accepﬁance inspéction énd all paperwork costs relating
to initiating the order. In short, procurement costs are all
costs both in the office and the shop that occur with each
placement of an order, as distinct from those direct costs of
producing each successive pilece. | | |

| The second type of costs affecting the lot size afe

commonly called carrying charges. These are the costs which
ﬁary with the number of items placed in inventory eacﬁ time.
These are usually computed as a percentage>of the cosﬁ or
value of the part and assumed to be fairly constant for any
quantity. On rare occasions a firm_willladjust this figure
with the size of the inventory but such a variation is so dif-
ficult to determine accurately.that it is of doubtful value.

The items included in carrying charges fairly gen-
erally are: 1. interest 2. taxes 3. insurance L. storage
and héndling 5. maintenﬁnce of stock recérds' 6; obsolescence
7. deterioration 8. repackaging and rehandling. This list is
not all inclusive, of course, nor do all these eleﬁents affect
all orgénizations. In each case the particular value for each

specific item must be determined. W. Evert Welch states:
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Interest ' h% to 15%

Insurance 1% to 3%
Taxes 14 to 3%
Storage . 0% to 3%

Obsolescence and

Depreciation - _h% to 10%
N 1(5% to 34%
"Figures from 17% to 24% seem tb have the
most common acceptance but there 1is no reasoh
for you to use anything but the results of
your own determination.™s |
It is not often easy for a company to arrive at fig-
ures for their carrying and procurement cdsts that can be |
agreed on by all coneerned, but iﬁ is‘important that the es-
timates be as accurate as possible. | ’ | '
| When these two seﬁs of cbﬂts are plotted on a chart
such as on page 7l, it béc6m§3'appafent how,gach cost reacts
with volume. Since Qn order invélves costs of both types, it
follows that fhe.low pbint on the totalkcoét curve represents
the lowest possible order cost for that item. The low,point‘

on the total cost curve is élways at the point where the other

' two curves intersect; accordingly, the economical lot size for

any item is that quantity for which the carrylng costs and pro-
curement costs are equal.

It will also be seen that the total variable cost

#* 7, po 6h.
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Compiled by the author
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curve is one-half of a hYperbéla and 1is relatively flat in the
~area of its minimum point.  This flat areé of the curve indi-
cates that there is very little change in total variable cost
as the order quantity is varied within the range. This con-
cept permits the exercise of judgement in determining the
actual order quantity. For example, if the economic order
‘ quantityvshould bé fcund“tb bé 2;8 moﬁths supply to be ordered
at & time, it is possible to use & quarterly ordering poiicy
without a significant increase'in costs Since the total vari-
able cost curve ig flatter to the right of the.low point than
to the left, 1t is more edonomiéal té”increase the order quan-
tity than toldecréase it shculd“a change be indicated. Know-
- ledge of the flat around the minimum cost unit can be used to
increase the inventory turnOVef,vor it can be used to build
 stocks in anticipation of increasing usage or rising prices
without materially increasing costsc

Since construction af a chart to determine the eco-
nomic lot quantity for each item in a 1arge inventory would be
'1mpractical, a better way to arrive at the same figure 1is
through the use of an algebraiec formula defived from‘this data.
This formula is expressed as

JRS
Q=y{ K¢

where Q = economic lot size
"R = annual usage, in pieces.

= procurement costs
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K = ecarrying charge, as a decimal

C = unit price

For various applicationslit may be more convenient
to express usage in monthly rates or dpllar value, or to ex-
press the order quantity in dollars. In so doing, however,
it is important to be sure that the units used in‘the formu;a
are consistent. The basic principles are:

1. The o}der quantity should be‘expressed

in the same units as the usage rate, i.e.

both In physical units or dollar units.

2. The usage rate and the inventory cost

should be based on the same time.and material

units. If usagé is expressed in physieal

units, the inventory cost should be per the

physical unit. It usagé is expressed in

'dollars,>the.inVentory cost should be the

cost per dollar in inventory.

When a large number of items are being ordered, as
is often thevcase in a manufacturing concern with a diversi=
fied product line, it 1s not necessary to compute the order
gquantity individwally for each item or order. Sometimes or- .
dering tables can be used to short-cut the work of the com-
puting minimm;eost order quantities. Such a table or set of
tables ineorporating various inventory charges and ordering
costs can be readily computed by hand or mechanically and used

as a reference to look up order quantities for Individual
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items, For an example of this table see page 75

When a single’ ordering table is appropriate, some
companies have the table printed in semi-permanent form, e.g-
on stiff paper, for referral by inventory clerks. 1In other
cases the table may ‘be printed on the back of the inventory
ledger card on each item or on back of the requisition form
for ready reference. | |

Another derice for determining economic lot quan-
tities quickly is the nomogram. This device, as shown on
page 76, has the advantage over the ordering table in that
it allows use of varying procurement and carrying'costs.

This is a necessity in*cOmputingvecoﬁomical manufacturing

runs when set-up costs vary from one job to the next. In
using nomogreme One can expect seme initial reaction to their
non-linear scales, but with a 1ittle practice even the novice'
can read them with adequate accuracy° They can be printed

in pads and each computation pleced in the order file for a
permenent record or, like the order table, the nomogram can

be printed on the back of fhe reqﬁisition form.

There is one general characteristic of which inven-.
tory management should be aeutely‘aWare° Some items of any
inventory have a much higher annual dollar usage than others,
which causes a concentration of dollar usage in a relatively
small pereentage.of the total items. Dollarvusage is equa1
to the cost of the part multiplied by theknumber of items used

during a year or other time period. It is commonplace to



5 1
o~

w1013 AB52M20

. 1of 3 L PURCHASED TTIMS - O QUANTITY DISCOUNTS

:

I

++
P
)

. .
RO 1 B

T

rder Guantity Table

tio

‘.S .

L
o

]

3t

e

N

50

3
T

4

_Sample (

ton Co:

9.

Masisa¢hus,

IR

ioehing

“INorwood),:

i

WA/ AR

TIRL /S A

DA oo s man

3

3)._ \am




Economic Order Quanﬁity Nomograph:
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find that 85% of the annual dollar usage in a given 1nvéntory
1s concentrated in 15% of the items making up thet inventory.
Exhibit 5-k, pagei78; shows such & value distribution. In-
tuitive approaches*to inventory control tend to lead toward
similar emphasis on each item in the inventory. The inclina-
tion is to schedﬁle, or méke, or buy the low cost items on the
same basis as the high coét items. ‘A'usage'distribution such
as that illustrated points up the fallacy in such a control
system, and suggests different treatment for different Seg-
ﬁents of inventory. General Electrie, in writings on the
subject, refers to "A-B-Cf.distfibution'where certain high dol-
lar usage items are classed as "A" items, the low value usage
items as "C" items, with an interhediate classification desig-
nated as "B”.items,’ The term "A-B-C”'has caught on fairly
broadly 1n industry. Some divisions of Weétinghouse separate
“inventory into two élaésifibations called "planned" and "pro-
bability" accounts, the names describing the different approaches
to the high and low usage value items. Other companies makiﬁg
only two distinctions, have used the terms "blue chip" and "red
chip" to designate the two categories. Others making three
divisions have designated them "X-Y-Z". - The more common "A-
B-C" description will be used here.

A When an A-B-C analysis is made it can be determined
how attention will be divided among the ihventofy items. Often
it 1s set up so that pfoducts in thé A classification are to be

carefully analyzed with respect to pfocurement and carrying
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charges and activity_pa{:terns° These products Are all or-
dered by formula. Products in classification'B are less
eritical and permit less accuracj. ‘These parts, too, are
ordered by formula. Producﬁs in classification C are usually
ordered accordiﬁg to a statéd'bolicy, such asvonce a year.

Another problem encountered in this area is that of

the families of parts which are of two types, related and non-

related, Non-related products occur in families when they
are brought together to form an>assembly° k Each paft may
have its own set-up and production processa These parts are
related only by usage. An économic.quantity can be caleu=
lated‘for each individual part in the assembly, thus creating
separate stock levels for each part. If the parts are used
solely in the assembly, it may be desirable to compute the
economic gquantity in terms of the assembly, using the com-
bined procurement costs to obtain the assembly procuremsent
cdsts. o | |

An analagous situation oceurs in ﬁhe production of
‘a product through several stages of manufacture. It 1s pos-

sible to compute the economic quantity for each stage, in

terms of semi-finished parts, or the economic quantity can be

calcuiated as the end prpduct. The economic.quantity in

terms of work-in-process inventofy requires a bank or storage

area between machines. It has the advantage of stocking goods

in the least expensive state and holds them ready for the next

stage of production.
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Work-in-process inventory also permité variations in
the end prqduct at 11£tie cost ﬁhich might not be possibie
otherwise, In this sense 6ne.bas1c item in in-process inven?
tory may be sufficient whereas finished'inventory may require
stocks of each variation of that item. Hence, work-in-process
1nventofy will generally total much less than a finished good
of a size to accomplish the samelpurpose, The disadvantages
are'theyneéd for.cbnsiderébleIStorége space between the types
of equipment and the longer lead time required to £ill a cus-
tomer's order. . Both metbods_aré'used and should be studied
carefully with‘reépeét tp»thé-specific'situation before one
plan is discarded in favor of another.

‘Related families;ére those products whichiafe only
variations of a ﬁyée of product. ' One method for handling
these has>been considered; that is, the product can be brought
up to the point.of compietion, just before the variations take
place, and étored, or each variation can be produced énd
stored. Since related families work from the same or similar
sét—ups, thé total set-up'tﬁne is prorated to each item if
separate order quantitiés are to be calculated.

The methods for détermiﬁing an eéondmic order quan-
tity previously described are based on the assﬁmption that
the unit purchase price is fixed. However, where quantity
diécounts are allowed, i.e. whére lower unit prices apply to
ordérs above fixed limits, a decision has tb be made whether
‘to buy the minimum'cost quantity at one price level or to in-

crease the order size to thé'minimum size for a lower unit.



Disecounts may be expreséed in many ways. One com=
mon method 1is to state diréctly the unit prices applying to
various quantities. -Anothef‘isrto state a price for the
smallest quantity bracket, showing pricés for larger quan-
tities as percentage discounts of thé first. A third method
is to quote é‘set-up cbst and a piece price.

The method of ‘analyzing the discount for the best
buy #aries with the type of,schédUle presented by the Vendora
When the supplier shows two prices, the solution is simple.
The set-up cost, being the suppliers! procurement cost, is
simply added ﬁo the purchasersf pbopurement cost and the cal-

culation can be carried out. When the suppliers' set-up cost
is not stated, the derivation of ah economic order quahtity
is'g little more difficult.  There ére_a number of methods
used in these circumgtances; One of the simplést works as
follows. Assume that in buying a easting the price is quoted
at $5.00 each in quantities up to 1,000 and $,.90 each for a
quantity of 1,000 to 2,000. The véndors"procurement cost

'~ can be determined with a little elementary algebra: 1let x be
the cost per casting and y be the cost of procurement. Then
1000x is the cost of 1,000 eastings and 2000x is the cost of
2,000 castings. By adding the set-up cost, ¥y, the total cost
of the order is reached. Hence, 1000 x+7y = $5,000. Similar-
1y, 2000 x+y is the total cost for 2,000 castings, or $9,800.
These two discounts have provided two equations with two un-

knowns:
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1. 1000 x +y = $5,000

2. 2000 x + y = $9,800

Solving these two equations simultaneously, we sub-
tract.the first equation from the second to get:

1000 x = $l,800

x = $ly .80
Therefore the cost per casting is $4.80. Since 1,000 east-
ings cost $l,800, the procurement or set-up cost, y, is $200.
This added to the purchasers' procurement cost will enable
him to caleuwlate an economic ordervquantify which will take
inte account the suppliers' discount schedules

The foregoing has dealt with'spme soiutions to one
of the great probiems of uncertainty in inventory mesnagement -
how much to order. Another equally é;rious prdblem of uncer-
tainty is less easily solved. This 1is the question of when
to order, or the determination of reorder points.

In édnsidering the subject, it is important to
realize that an\inQéﬁtory'of any item or material is made up
of two‘parts, a working stoek and & safety stock. The safety
stock is a resevoir used in times of unexpected high demand
or unusually long‘déliVery time from a supplier.

A typieal practice is £6 show a minimum point on
the inventory ledger card such thét stocks are réérdered ﬁhen
they hit this level. The4ﬁinimuﬁ point is based on the 1e£d
time or'length of time required to obtain the stock plus an

allowance as’protection against unusual usage during the lead



time, or safety stoclro The cushion or protective stocks are
set up in two ways. One methbd is to use a safety cushion e-
qual to the usage in e stated period, suchias a month or six
weeks.  Another 1is to use a percentage of the usage during

the lead time. If, for example, an organization using a safe-
ty stock figure of 33%'foundiusage-dﬁringvthe lead time of an
item to be 100, the safety stock would be 33. This is not

to be confused with the reorder pdiﬁt.- In the instance cited,
thg reorder poiﬁt would bé 133 pieces.

While common, reorder point and safety stock methods
such és these have many failings. They are designed to pré-
vent stock-outs, but they do not accomplish their objective
~well. As any préduqtion man will verify, stock-outs are a
cémmon occtrence when reorder §qints are determined in such a
manner., A more satisfactory’solutioﬁ is to base the reorder
point on the probabiiity of stock-outs. The reason for this
is that sales or usage will seldbm eéual the estimate during’
the lead time; accordingly, more or less will be used than
expected. The fluctuation of usage above or below the ex-
pected usage will usually follow a pattern known as a Poisson
distribution. This has been found to be particularly appro--
priate to problems involving usage, its yalue is that it is
valid under condition of very sméll as weil'as large usages.

The Poisson distribution may be described simply by
referring to the scatter of a rifle. If the gun in mounted
and fired a number of times, there will be a dispersion of

shots around a center point. This dispersion can be shown
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to be a Poisson distributioh. Invthe problem of reorder points,
the average stock usage during the lead time gives the center
point. By use of the Poisson distribution it is possible to
predict the probébly dispersion around this aVerage and thus

to predict the pfobability qr-using‘more than a certain amount |
‘of stock.  By adding units ihto’étock as a cushion, the.proba—
bility of the disperSion'exceeding the stocks on hand decreases.
The cushion can,<therefore, be’détermined on the basis of the
probability of funning out ofrstocka' If the cost of & stockf
out can be computed,'ﬁhe cost of carrying the safety stock can
be compared with fhe‘éostcof gtock-outs.

Not all’préducts require.the same prbtection against
stoek-outs. Important customers and prbdpcts may present
situations requiring?high'gfotectiéna Stoek-outs in other
items, such as "eat and‘dog" lines, may be completely accept-
able and éxpected by tﬁe_cﬁstémer, o
R Here, as in the determination of order quantities,
the A-B-C type of analysis is valuable. Parts and products‘

' can be categorized as "eritieal", "major", and 'minor" or some
 other classification applied: As has been shown, a high de-
gree.of_gtock-out protection’is expensive. Caieful analysis

of each item will prove worthwhile,» This analysis should

take thé form of'determining the allowable stock-outs, in terms
- of the allowable perqentage of times a stock-out will occur bée
fore replenishments are réceived. If, for example, an item 1is

ordered once each week and the reorder point 1Is so established



that only once each year, or once in e#ery 50 weeks, is the
stock exhausted when the new order is received, the allowable
peréentage of stock-out is 1/50, or 2%. If’the allowable oc=
curence of stock-outs were once in e&erj'two years, the figﬁre
would be 1%. |

The proper reorder point for any item can be deter=
mined by use of the formula:?

caen Voa
,:whefe C = reorder polnt
l A =baveragevusage during the lead time
D = factdrvderived from Reorder Polnt Determination
Tablé, page 86.

Like the economic order quantity, this formula can
_be expressed in graphical form allowing‘very~rapid determina-
- tion of the proper reorder point for any situation. Suchb
graphsvare available fbom ;ndustrial.cbnsulting organigations.,

The potential'benefits of this to a manufacturer of
a diversified produét line are enormous;‘perhaps'equal to the
',saviﬁgs>derived from eéoncmic order quantity analysis. For
example, in one case it was shown that a fixed reorder pdint
system allowed about 18 stock-outs a year out of every 20
.items carried in inventory. In other words, there would be
.almost one - stock-out for every item in that inventory. Actué
| ally, it happens that while some items are out of stock many
times during the year, others will hardly ever be depleted.
‘By applying,the method shown above, ‘'stock-outs were reduced

to a small fraction of their former gquantity, while at the
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same time reducing séfety stocks as much as 30%. Results
such as these are truly worthwhile, both in savings in in-

ventory investment and improved customer service.
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~ Chapter VI

Variatioﬁs in Sales Patterns

A manufactufing company that has an inventory jus-
tifies this investment on the grounds that it will be soldj
1t is anticipating demahd? This basic concept underlies the
fact that all inventories are the result of.a sales forecast,
whether stated or'implied,. _ Any company is in business pri-
marily ;o serve its customers! heeds in some way. Its sur-
vival depends on its ability to adaptvits operations to’cusf
- tomers' needs, to demonstrate or stimulate the needs, and to
service them adequately and efficientlvahen they érisee The
demand forecast is ﬁhe link betﬁeen the evaluation of external
facEOrs in the economy which influence the business and the
management of the compahy'svinternél affairs. A forecast
demand of some type exists at least implicitly whenever the
company managément makes é.decision in anticipation of fu-
ture demand, whether this dédision is to build a new plant or
to manufacture another run of a partiecular item to resﬁore in-
ventory balances. |

_ | Forecasting is not easy; for the manufacturer of a
diversified line of industrial goods, it may be impossible.
Alexander, Cross, and Cunningham point out:
"The estimating of sales can usually be done
much leés,accurately for an industrial good
than for a consumers'vgoéd. ‘Thié is because of

the relatively small number of possible buyers
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of industrial goods and the large lots in whieh
they habitually purchase. The ultimate users of
the average consﬁmers' good are numbered in the
millions. The failure of any one of them, or
even of a considerable number of them, to behave
as expected is not likely to cause very much in-
accuracy in the figure estimated. In the case
of an industrial good, a change in the patronage
pattern of a single large customer may cause a
highly significant variation from the estimated
sales figure. Moreover; changes in the patron-
age pattern of ultimate consumers usually oceur

slowly, except, for example, in fashion goods,

. while the introduction of a new process or a new

material may cause a slzeable shift in the use

- of ~an "industrial good within a short space of

time.

"The estimator of the sdles of a consumers!'
good can often find some statistieal series, such
as personal income payments, or sales of some
other article, which varies with the sgles of the
product whose volume he seeks to forecast, By
gearing his estimates to the projection of this
8eries, he can arrive at highly accurate fore-
casts. Such series are usually much less use-

ful, often entirely worthless, to the forecaster
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of the sales of an industrial good because of

the possible erratic behavior of a few impor-

tant individual customers. As a result of

these‘factors,Awhilé it is not unusual to hear

of firms making consumers' goods which fore-

castktheir sales within a few per cent of the

actual figﬁre, such accuracy 1s very rarely

poésible in estimating the sales of industrial

goods.M# 3

The difficulty of forecasting is ho reason that it
should not be'attempted; Once‘it is recognized that fofecasts
are not merely desirable but basically‘necessary, it‘must be
decided what fbrecasfs must be made. This concerns the type
6f forecast, the detail which is:necessary in the forecast,
~ the frequeﬁgy withﬁwhich 1t should be made, and the time per-
iod which must be covered.

| Business tend to make mistakes in both directions

in forecasting; they go into 1néufficient detail or they be-
~come too detailedakrThe former tendency is 1llustrated by gross-
~dollar demand or doliarvdemand by broad ﬁroduct groups or cus-
~ tomer groups. ‘The'difficulty-with formal forecasts of this
type is that they simply do not tell what the demands on the
various operations are. '

The second tendéncy;Vthét'of going into too much de-

tail, often follows as a reaction to the difficulties encoun-

b

1, p. 504.
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tered from insufficiently detailed forecaeteo The company
then goes too far”in'attempting ﬁo.deteil the forecasts to
make them useful te“mannfaeturing,‘witnout thinking out what
detail is‘most needed. For example, the manufacturing aepart—
ment of a company meking metallpreducts had over the course of
time built up a list of 125 detailed breakdowns of the sales
forecast that it wanted. . The sales debartment objected

strongly to these breakdowns, maintaining that their fore-
cast of the over~all dollar demand was good, the forecast by
product group was‘reasonably goed; but the forecasts in detail
by various combinations of size, shape, and material were nec-
essarny terrible. This debate led neturaliy to a good deal
of frustration and bickering, with the manufacﬁuring depart-
ment saying that the sales depertment's forecasts were no good
and the sales department‘maintaining that manufacturing de-
-partment demands were unreasbnébie; Both sides failed to- real-
ize that the manufacturing department did not need forecasts
v by individual»products except over- a very_short span to con-
trol finished-stoek safety 1evele,-andﬁthese could be obtained
 with adequate reliability by crude statistical devices. But
the manufacturing department did need forecasts of demand in
terms of activity in major operating centers if it was to have
-any hope of meeting sales service requirements gt reasonable
cost. - ‘b 3

The time period a sales forscast much cover depends

‘on the Inventory turnover.of the company making the forecaet;

" in other words, on the lead time necessary to make an adjust-
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ment to anticipated change in sales patterns or volumes. Such
& forecast is short range for the purpbses of planning, man-
agement must consider more than this. There are, to begin with,
seasonal fluctuations which in one way or another affect most
businesses. The-oilvéompanies have different patterns of de-
mand in summer and winter and there are many other examples.
This type of fluctuation tends to be highly regular, so one
~can usually prepare for 1t, ' '
| A second'majdr type of business fluctuation is the
business cyclé‘ There are all sorts of businessbcycles,lthe
oﬁe most'commonly théughﬁ of:ié the so-called ”1nventory cy-
~ele™, whieh in_fhe bbstwar period has averaged from two to
three years in length. This cyclical variety of fluctuation
.is more difficult to ﬁorééast; Both the timing and the magni-
tude tend to he morejifregular; ‘Moregver, the Impact on busi-
ness varies ndticeabiy from industry to industry.
| Finally, there‘i§_a truly long-run pattern of change
1h'the economy. Thié is the rate‘of change which derives from
basic growth factors - population.changé, productivity in-
crease, and the like. It is convenient to think of this Long-
run rate of change as b@ing represénted by some growth curve,
and it is about this‘cur§é that cyelical variations occur.
During normal periods, these are the major regular
varieties of change in the level of economic activity and,
thereforé, the major determinantsbof demand for the goods sold.

There are, of course, alwéys random developments which no one
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- can really foresee, Such things as wars, earthquakes, and féds
occur, and have major effé¢té-on the business climate of many
firms. : |

If one so chooses, he may identify the need for short-,
medium-, and long-range forecasting with seasonal, cycliecal,
and trend movemenﬁs, respectively. This, howefer,,would be a
greét simplification. The long and the short run for most
firms depend primarily on the nature of their business. For
’firms using raw méteriais whose prices vafy.drastically in the.
space of days or weeks, a couple of months may be a long run.
For firms whose capital installations take several years to
complete, anything under two years may be a short run,

Whatever the situation of the individual firm; the
distinetion between long and short iun is usuwally meaningful,
and - within the context of the probleﬁsbwhich the firm faces -
little confusion between the two is 1ikely to arise. Fre-
quently, problems have aspéctshof both_the short and the 1ohg
run about them. ‘ |

Once the decision has been made as to what is re-

" quired of the salés forecast, the second point to be settled
is how it will be made. = Once again the problems of the com=
pany itself will determine the methods used. ‘

Where product or produét'group forecasts are made as
a basis for producvtioh planning, .thes,'e;m"u.st'be exploded or
converted into demand for the various types of manufacturing
activity and purchésedvmateriél the company wishes to control.

Explosion of ehd-product demand into parts and time require-
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ments is one of the fundamental techniques in prqduct1on plan-
ning and control. It is’uséd not only tovconvert end-product
or product grdup forecasts into parts demand forecasts,.but
also to convert actual demand or shipment reports into usage
of componehtse n o

One way to_make explosions is to start with a parts
and operations list or bill of materiél, showing the type and
amount of materials,'parts, and sub~éssemb1ies which go into &
single unit of the item. Operatipn centers and unit operating
can also be shown. The unit;'material, and time requirements
are multiplied by. the forecast quantity of the item to give the
total demand resulting from the forecaste

When manufacturing operations call for several stages
of part and sub-assembly-manufacture, the bill of material can
show‘either the parts and sub-assemblies uséd directly and the
 operations requifed to complete the end product, or the parts
and operations list can carry requirements back, breaking sub-
‘assemblies into their componeht parts. This latter method,
while inVolving more work to determine the loﬁest level of
cbmponents_involved for every sub-assamblj in the final pro-
'duct, elimiﬁates the pyfamiding of pﬁrts resﬁlting from the
artificially large demand often shown by the first me thod.

Using bills of material to explode parts require=
ments is readily performed on punched-card ~equipment. A
punched-card master‘requirements file is set up containing a
deck of cardé showing the materials and operations réquired

to make each end item. Each card in the file shows how many
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of a specified item are needed in a specified end-product or
how much time in a specified operating center is needed. To
compute part and time requirements:

l. A card is punched for each end-product, showing
the quantity forecast in as much detail by time period as is
needed.

2. These cards are used to select corresponding
detail part and time cards from the master file. The fore-
cast quantity cards are collated with the selected part and
time cards, and end-product total quantities are transferred.
Unit requirements are extended by total forecast quantities.

3. Extended part and time cards are sorted by part
and operating-ecenter number and added to obtain total require-
ments of each material or operafing center.

The most common approach to forecasting is the easy,
though highly subjective, one of surveying the sale's organi-=
zation and soliéitingfopinion. The advantage to this approach,
besides being simple and direct, is that it is made by the
people closest to the situation and that it takes into account
all the intangibles that ﬁore formal systems cannot. On the
other side of the coin this technique suffers from the fact
that it is always colored by human weaknesses of optimism or
pessimism. Recent events tend to make field people welight
their forecasts improperly; if sales have taken a short-term
dip, the situation for the coming year looks dark, or if sales
have improved or a few good customers have been landed in the

recent past, the view may be overly optimistic.




This tendency is exaggerated as ﬁhe forecast passes
from salesmen to district manager to home office to manage-
ment.v' Each succesive supervieor may add or subtract a per-
centage to the'figure he has been given, as he is impressed
'by‘the immediate situation. The difficulty also always ex-
ists that where an estimate is arrived at presumably based en
collective opinion, the final result may depend far more on
the opinions of one or two influential or persuasive indivi-
duals than the group from which it was drawn. Suech indivi-
duals may or may not be more perceptive then their fellows.,
The two approaches to forecasting which are mosf
~objective and which show the most.promiseeare the use of the
sciences of economics and statistics° Improper application
of these techniques has given them a bad reputation in some
companies but this is not a failing of these methods as such.
Some companies have‘found it possible to correlate sales in
their indusffy or company with such economie indices as the
‘Federal Reserve Board Index of Industrial Production, various
estimates of personal income, disposable income, the F. W.
Dodge indices of eonstructien contracts awerded,fetca When
an index can be found to which sales are ciosely correlated,
but with a lag, eorrelation teehniques may be nighlyvusefulo
If the lagkis 1ong enough ﬁhe reported index fignres can be
used as a basis for forecasting future demand. Where the |
lag is insufficient for forecast requirements, correlation
with the reported index leaves the cpmpany with the need to

predict the index itself. Even so, in the hands of an econo-
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mistbsﬁch cdrrelations mayibé véry useful,

A number of other statistiéai techniques have been
found usefule_ For exaﬁple,”a number of methods exist for de-
'Veloping seasonal indices of demand based on past experience.
These are often useful in breaking down broader forecasts
based on field opinion or économic'studies.into an expegted
patfern of sales month by month. Extfapoiation of sales
trends, for example, is a rather éommonly used‘approachs. This
has obvious dangers since extrapolation depends on conditions
holding in the future which have éauséd the past trend. Trend
extraﬁolatﬁons‘have.beeh particularly useful in méking short-
run forecasts for adjustment of production levels and estab-
lishing reorder points. Bejond such relatively simple tech-
niques‘lie some of the newer forecasting techniques such as
the waitingeliné, or queuing, theory, linear programming, game
' theory, and non-numerical logic.

The final proﬁisioh in a properly planned forecaéto
ing program is control and review to insure that the effort
being appiied is worth the results. The quality of the fore-
césts can be cheeked by comparing it against results. This
checking process will enéble the forescaster to improve his
sccuracy. The quantity or detail of forecasts is also worth
checking., All to often some of the information originﬁlly
thought necessary is no longer needed, even though it is pfo-

duced month after month.
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Chapter VIT

Conclusion

This paﬁer, as has been stated, has examined several
of ﬁhevproblems of uncertainty enéountered in inventory con-
trol in diversified manufacturing. These problems génerally
have been stated in qrder_of_increasingvdifficultye The meth-
ods for recognizing, defining, and soiving thesé.problems with
their relative advantages and disadvantages‘have also beén
shown. | o |

| ' It1is certain that p?ogréss will be made in yhese
areasyin‘ﬁhe future. Two'devices that will certainly come
‘into‘greater'usé are now under investigation. Operations
analysis techniques haQe focused new light on production sched-
uling and inventory eqntrdl.problems. ’These problems are be-
ing found'SO'complei and dynamic that they are well suited for
operations fesearch;projeetse - The»solutions often seem to be
in mathematical modelSor»siJnulations° Inventory control
models and production eontrol simulations have béen constructed
to include‘many'of'tﬁe variables that should be considered.
These models assign loglcal mathematlecal weight to the maﬁy
factors which are usually cénsidered.qnly-intuitivélya Mr. H.
Ford Dickie, of General.Electric, explainsvtheir‘work in this
areaé | | , |
"We are now completing mathematical models
of key portions of their manufacturing opera-

tion. With these models we can develop better
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scheduling and flow plahs for these shoﬁs. Our
three-foldrobjective'here‘1s meeting schedules,
keeping men and machines well utilized, and do-
ing both with minimum inventorj.

"These models are representations of typical
manufacturing job shops. But they are explana-
tory rather than descriptive. By this I mean
that we use them‘to predict how varilous plans of
operating this shop might affect our three key
result areas - meeting‘schedules, utilizing men
and machines, and keeping inventory at minimum.

Consequently we can make these manipulatiﬁﬁ§>\\

without disturbing the shop.
erate in parallel with it. *Ehe oé@é%-
tunity to solve problems where men;gnd thfimes‘

in complex relationships, experienci%g %:rdgu
\/IV 3;;?“

larities, are too complicated for mathematical

solution. . . . For example, we try‘to balance -

the.improﬁed utilization of men and machines

against the increased cost of earrying the higher

inventory."% |

The second of these promising developments in a sense‘
makes the first possible._ This is the electronic computer.
The speed and capacity of these machines make it possible to

use the new opérations analysis methods which would be imprac-

* 11, pPe T2,
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ticalltofapproachrﬁith hahuél device$°.\Whi1e the cost of such
machines is high; their use can somet1mes be justified by allo-
cating time between such gfbupé as engiheering, accduhting, and
productione Again to quote Mr. Dickie. |
| - "On two mathematical models we are. using

large-scale computers. This way, we get rapid

and ecomomical runs in our "cut-and-try" devel=-

opmenflof quantitative scheduling and manufac-

turing éontrol pians9 In fact,;the availability

of the large comﬁutei made it feasible to do |

this mﬁch needed reseérého<ouo o‘I think you'll

need access to some kind of computer'=‘although'

not necessarily a 2, large one. There are several

reasonable solutions° | B ;

"First, consider an original research or. de-
velopment simulation° If'a large camputer is
'required as it may well be, you can rent timev
at anyvnumber of computer installations. The
maenufacturers offer ser&icg-éenter facilities. "
Others who havévcomputérs'(indnStries, umiver-
‘sities, etc.) ofteniwilltrent t ime on-théir ma -
ehines, eépecially second- or third-shift time.

Once this development has been checked, simula-
tion to be used in shop control mayrfeasibly be
reduced so it is sultable for running on a medium

sized computer. . . o



"This type of approach should lead to‘a funda- |
~ mental change away from the inconsistent rule-
v_ofrthumb’intﬁitive'prodﬁctioh,planning.aﬁd sched- -
uling.based lergeiy on experience. It should
-make available 1ogically derived, consistent,
quantitative—formula schemes of control. We be-
blieve this may be as‘important_an advancement as
has been made in production control in many -
years."x | ‘ | | | |
The other edVantege.of»the_modern electronic equip-
ment is the instantaneous acceSSfto large quantitieetof stored
information which improves the accuracy and flexibility of
inventory ledgers.{
Undoubtedly other methods will be devised to improve
1nventory control in years to come. The nece551ty for under-
standing and defining the elementary problems, hOWever, ie‘and

will continue 'to be the basis for 1ntelligent operation.

# 11, p. 72.
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- Appendix

The following'is a partial list of societies,
assoclations, and other organizations that participate in

the formulation of industrial standards in the United States.

Aluminum
Americen
American
Amerioén
American
American
Americen
American
'American
American

.American

Association

Association of Engineers

Brush Manufacturers! Associaﬁion
Bufeau of Shipping

Cefamic Society, Inc.

Drug Manufacturers! Association
Electro-Platers' Society

Gage Design'Comnittee

Gas Association

Gear Manufaeturers' Association

Institute of Architeets, Department of

Technieal Services

American

Institute of Bolt, Nut and Rivet Manu-

faoturers

American
American
American

American

Institute.of Chemical Engineers

Institute of Consulting'Engineers
Institute of Electrical Engineers

Institute of Mining and Metallurgieal

Engineers

American Iron and Steel Institute

American

Ordnance Assoclation

American Petroleum Institute



American
American
American
American
‘American
American
American
American
American
American
American
American

Asbestos

Pharmaceutical Manufacturers! Association

Railway Car Institute

Raiiﬁay Engineefing‘Association
Rocket Society, Inc. |
Society of Agricultural Engineers
Soéiety of Civil Engineers
Society of Mechanical Engineers
Society for Testing Mgterials
Sﬁecifiﬁation Institute
Sténdards Association, Inec.
Welding Societyv

Zine Institute

Textile Institute

Asphalt Institute
"Association of Ameriqan Battery Manufacturers
Association pf American Railreads
Brass and Bronze Ingot.Institute
Conveyor Equipment ManufacturerS' Association
Copper and Brass Reseércthssdéiation, Ine.
Farm Equipment Institute 'v |
Gray Iron Founders' Society, Inc.
Industrial Safety Equipment Association
Institute of Makers of Explosives
Institute of Radio Engineers, Inc.

Instrument Society'of America'
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Lead Industries Association
Machine Screw Nut Bureau

Malleable Founders"Society
Manufacturing Chemists! Association, Inec.

Mellon Institute of Indusﬁrial Research
Metal Powder Institute »
vNational'Aipcraft Standards‘Commiﬁteg
National Association of Bedding Manufacturers
National Association of Fan Manufaeturers
National Association of Flat Rolled Steel Manu-

facturers '

National Association of Pipe Nipplevaanufacturing
| Nat ional Associétion of Purchasing Agents |
Nationél Associétion of Radio and Television Broad-

casters
National Board‘of Fire Underwriters
‘National Serew Machiné Products Association
Society‘of Automotive Engineers, Iﬁc.,
Society of Motion Picture and Television Engineers
Socket Screw Products Bureau . |
Special Tool, Die, and Machine Shop Institute

United States Cap Serew Servicé Bureau
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