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INTRODUCTION

0f the industries serving the American farmer, the mixed
feed industry 1s one of the largest and most important. Few
agricultural industrlies have shown comparable growth in size
and complexity durins the past twenty-five years, MNlixed feed
production has incressed from 13.1 milllon tons in 1930 to
35.0 million tons in 195}, an increase of more than 17l per

cent.1

Major changes and developments 1in the Iindustry have
taken place duvring this same period. Examples inclucde bulk
delivery, use of major new in;yredlents like antiblotics,
vitamins, hormones and preases, wldespread use of pelleted
and crumblized feeds, and feed company financing of livestock
production on farms.

The change and expansion in the industry has resulted
in the use of many different methods and patterns of ingredi-
ent procurement, feed manufacture, and feed merchandlsing
by the firms in the industry. Existing feed firms differ
widely in both size and type of overations. These factors
plus thre characteristlcally dynamic conditions In the in-
dustry malte planning and declsion-making rather complex in

most feed firms.

lA Prorress Report to the American Feeder. Feedstuffa,
¥inneapolis. 1955. Page 3.



Statement of the Problem

The level of profits achleved in any feed firm depends
upon the operational declsions as well as upon the lon; run
dectistons for the business. Once such decisions as plant
location, type of nlant and organizational structure have
heen made, the net earnings of the business depend largely
upon the onerational declsions of management. Frequently
the factors which need to be taken Iinto account in maklng
operational declsions are so numerous and comnlex that they
cannot all be considered simultaneously, even by the most
cepable general maneger.,

The management ol the feed manufacturing firm would be
agsisted greatly by a systematic method of organizing per-
tinent luformation so that 1t can quickly make sound opera-
tional decisions., Although the informaetion available from
the accounting records and elsehhere frequently may be
inadequate and lead to erroneous operational declsions, the
methods of organlzing the available informatlion may con-
tribute to even greater errors In declsion-making. The more
complex the avallable information, the more lilkely this 1s
to be true. Because of the complexity of thre information
affectiny many of the operational declsions within the feed
firm, management could often make more nrofitable declslons
1f a1l the avallable pertinent information were considered
simultsneously,

The technique of linear proyramming 1s one possible
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method which might be used to orpanize and consider simultane-
ously the pertinent informatlon for operatlonal decisions 1in

1 Prorramming 1s well sulted to this

feed manufescturing flrms,
type of problem and will assure an optimum solution on the
basls of the coefflclients and restrictions used for the solu-
tion, Two irvortant and somewhat related questions arlse,
howaver,

"irst, there i3 t“e practlical questlon of the coat of
pro;rammins the feed [lrm operations. The portinent infor-
mation and relationships may be sufficlently numerous and
comnlex that any nossible program could not be solved at a
cost low enough to make it feasible. If thls 1ls true, the
prosramming technlque will not be a useful tool of general
mana;-ement in feed flrms, regardliess of 1ts value for research
or other purposes,

Second, some question arlses as to whether a satls-
factory program can be developed which will provide a re-
alistic and helpful solution when the needed coefficients
and other information cannot be determined with precilsilon.

If prorramming 13 to be a workabhle tool of management of
feed firms, 1t ordinarily will have to be based on about the

same quallty or Informatlon now used by management in making

1F‘or information on the technique, assumptions, and
restrictlions of linear prosramming see:

A. Charnes, %, . Coon r and A. Yenderson. An Introduction
toﬂLinear Prosramming,., ilew York, John iilley and Sons, Inc.
1953,

Robert Dorfman., Application of Linear Programming to the
Theory of the Firm. Berkeley, Unlverslity of Califorania. 1951,



I

operational decislons. If it turns out to be necessary to
conduct resesrch to more preclsely wmeasure »production or
market coefficients bhefore nrosramming can be used with con-
fidence, the total costs of using thls technique as a tool
of managerent will nrobably be nrohibitive for most feed

f irms,
Objectives

The general objJective of the study was to apply the
technique of linear programmling to an operating feed firm
in order to determine the reallsm and feaslbllity of the
technique as & tool of oneratlonal management. It was felt
that 1f linear programming could be used by management to
increase the nrofits of feed firma, benefits would accrue
to farm producers as well as to the feed iIndustry. It was
felt that in time competition in the feed 1::.dustry would
make part of any lncressed profits in feed firms available
to the nroducers of feed ingredlents and to the users of
mixed feeds., 3ince he is both one of the wma Jor nroducers of
of feed 1Inrrecients and the major user of mixed feeds, the
fermer shcula eventually receive much of the benefit.

In order to delimit the research problem in scope, the
objective was limited to the formulation and solution of a
programming model to determine:

1. iihat feed formulas should be produced and sold

2. The most »rofitable volume for eaeh of these formulas
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In addition to this overall ohjectlive, the study had twb
sub-ob jectives, One was to find out if workable and realistic
coefflcients, rastrictions and prices for solution of the
program could be prepared from information in the firm's rec-
ords plus that estimated by management. The other was to
obtaln the solution of the nrogram at the lowest practical
cost In order to estimate the economic feasibility of the

actual use of such a nrogram by operating feed flrms,
l“ethod of Analysis

Linear programming was used to ascertalin the t;pe of
operations which would maximize the flrm's protflts. Of
course firm profits could be altered in several ways. The
reduction of manufacturing costs, the reduction of fsed
procurement costs, or the reduction of the sales force are
examples., The flrm profits may not increase due to these
courses of actlon, since sales may be reduced enoush to more
than offset the decrease 1n expenses. In order for off-
setting forces to be taken into account, a solution should
be obtained whlech simultaneously considers all availahle
information bearing on the n»roblem,

Prorramming was used in t'ls study to determine the
possiblility of Increassing profits by increasing the sales of

some feeds while decreasing the sales of other feeds. The
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gimnlex method) was vsed to determine which formulas were

to be producaed and the amounts of each one. This required
the computations of input-output coefficlents ané prices,
the determination and the computation of restrictions, and
the definition of the activities which could be conducted by
the firm,

The activitlies, restrictions, prices, and coefflclenta
were taken from information found in the firm's accounting
records or determined by management. The activities used
were the oroduction and sale of the diierent feed formulas
produced by the firm as of Wovember &, 1956, Ingredient
rrices and feed vrices were those for t'ie latest transactions
preceding the same date., Tre restrictions included factors
which limlted thre quentlty of any or all formulas that could
be oroduced by the flrm, whlle the coefficlents specifiled
te rate at which each activity used a glven restrictive
factor., The activities considered in the study were confined
to the productlon and sale of those feed formulas with which
the company had past experlence. They were taken from the
firm's wholesale price list published Hovember 6, 1956, Other
activlitles could have been considsred, but the company had

little basis for providing information relative to these new

lpor an easlly understoocd presentation of the simplex
method see:
Earl 0, 7eady. 3implified Presentation and Lo;-ical Aspects
of Linesr Prosramminc Technique. Jour. of Farm Econ., 36:1035.

195! .




activities.

Ingcredlent prices and feed prices had to be estimated
for the coming year. The offlice manager was given this task
since he was the person in charge of purchasing and feed
prices. The manufacturing coefficlents were estimated by
the machine operator since he regulated the time each feed
spent in the different machines. The manufacturing restric-
tions wero comruted by te author from Information supplled
by the machine operator and the offlice manager. The office
manarer supnllied the number of hours in the work week and the
machine omerator suppllecd the time lags caused by ldle time
and shifts betwesn formulas. The office managrer was also
consulted to determine the restrictions aid coefficients
which characterised the market for each fesd and the com-
petitive or compnlementary relationship between feeds. In
addition he and the sales manager supplied the material neces-
sary for the computation of the coefficlents deslignating the
amount of salesman time used in the sale of sach feed and the
material for computatlion of the restriction of salesman hours
avallable for use by the company.

The prograr could be solved by the simplex method with
the use of a desk calculator or by any of a number of slec-
tronic computlng devlices., The desk calculator has an advan-
tage that the nrice one must nay per hour 1s considerably lower
even if the price 1ncludes t™e wares of a competent operator.

The electronic computers are much faster alter the machine



has been prenared for a given operatlon. Tut for small »ro-
framrs, tre vreparstlion time may be ;onger than the actual
running time. 1In order to select the least cost of computa-
tion, the nroc-ram had to be vnrepared and cost estinztes made
for each of the two methods, carefully considering all short-

cuts avallsble for each nethod.l

Review of Related Studiles

Several feed studles using linear programming have been
published, but none were aimed at deriving the optimum profit
for the firm. Waugh investigated the practicability of the
use of linear programmlns; as 2.t001 to detgrmine the minimum

cost of producing a dalry feed with sveclfled nutritive re-

quirements.2 Other minimum cost feed studles have been made

Including one by Flsher and Schruben which carried iaugh's
stidy further by extending the application to the c;se of
two or more feads and to alternative price structures.3
Nelther of these two studles attempted to program an actual

firm's operatlion, since the maln interest of the authors was

lJames Ne P0les, 3hort Cuts in Programming Computations.
Jour, of Farm ilcon. 33:9%1. 1956,

2ppederlick V. #aurh.,  Tre Minimum-Cost Dsziry Feed., Jour.
of Farm Hcon. 33:299. 1951,

3ialter Ty I"isher and Leonard ./, Schruben, Linear Pro-
framming Appllied to Feed-Vixing under Different Price Condi-
tions. Jour. of Farm Econ. 35:Li71. 1953,
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to prepare new study procedures rather than to test the ap-
plication of the procedures,

Profit maximizatlion procecdures using linear programmlng
have been published for oil refining problems.1 Symonds has
presented an 1llustration showin; the selection of a maximum
profit program when three chemicals were used as Insredlents
in the production of a fuel oil. This 1llustration involved
the same tyrne ol problem as was presented by iWaurh, but the
price was assl¢nad to the finisred product as well as to one
of the lnrredlents. Instead of sesking the minimum cost of
vroduclings the fuel oil, 3Syrmonds was seeking the maximum
proflt he could get fror procducing and selling the fuel oll
and the marketable Ingredlieat. 3ymonds assumed & llimited
amount of each Iinrredlent to be available and an unlirited
market at the assumed price for the marketable merchandlse.
A gecond refinery prosram presented In Symonds! publlcation
was one 1in which four crude oils were to be refined to make
{ive fuels. The object was agaln to maximize profits glven
an unlimited market for each product at the fixed market
price and assuming a limited supply of crude oils.

Prosramming studies aimed at profit maximization have

~ifford ¥, Symonds. Linear Programming: The Solution
of Refinery Problems. New York, Zsso Standard 01l Comvany.

1955,



10

been made for typleal farm firms.l HYere agaln the assumption
has been made that all the products pgrown by trhr2 farm can be
sold at a stated price. The assumption of a perfectly elastic
demand to the indlvidual farm firm 1s realistic. The re-
strictions in thls case are resources such as quantity of
land, labor, bulldings, and capital.

Candler has developed a method whereby the profit mex-
imizatlon orocedure may be carrlied out allowin, capital or
some other selected restrictlon to vary.2 Not only does this
gshorten computation time when a number of pro-rems at 4ir-
ferent canital levels are to be solved, “Hut it also allows
the prosrammer to I'ind the caplitsl levels at which it would
be nrofitable to shift the firm's pattern or method of pro-
duction., Candler's method is based on the use of the simplex

method mentlioned earlier.3

1Bernard Joseph Bowlen. Production Planning of Crops for
Jowa Farms =-- Uslng Activity Analysls and Linear Programming.
Unpublished Ph,D. Dissertation. Ames, Iowa, Iowa State College
Library. 195l.

Frank Orazem., Adjustments to Improve Incomes and to
Meot Chanres ln Relative Prices on Dairy Farms in Northeast
Iowa. Unpublished Pb,D, Dissertation. Ares, Iowa, lowa State
College Library. 1956,

2,/11fred Candler. A Modified Simplex Solution for Linear

Programming with Variable Capital Restrictions. Jour., of
Farm Econ. 38:9,0. 1956,

B“eady. op. cit., ». 1035,
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Computational short cuts for programming have developed
quite rapidly during; the past elght years. Boles has prepared
an article with a number of short cuts.t One of the short
cuts mentioned 1n his study presents the princlple used to

reduce the slze of the program used in the present study.

lRoles. op.cit. p. 981.



12

C”ARACTERISTICS COF T'E ¥FEID kIRY PROGRANMMED

The firm selected for the study was an independent
incorporated feed flrm which was not lategrated with any
other form of manufacture such as soybean »rocessling or
renderings. The firm owned no retail outlet and had only
one plant., The ~lant was located in central Iowa and had
ready access to both rall and truck facllitles., It had a
capaclty of 20,000 tons for a 30C day year and employed &
total of eight people excluding t'e owner and the office
manarer, In addition to the plant personnel there are five
salesmen, a researc™ farrm operator, and three truck drivers,

The flrm purchased feed lngredlents from several states,
manufactured mixed feeds, and sold the feseds to Jowa retail
outlets. 1In addition, 1t purchased and mercrnandlsed three
non-feed ltems--grit, oyster shell, and yeast. The volume
of vroductlon fell in the ran;e 10,000 tons to 13,000 tons
per year.

The main objective of the firm was, of course, to make
proflts. The flrm trled to attaln thls obJective by produc-
Ing and sellinyg a feed thiet stimulated rapid growth of live=-
stock at as little cost to the farmer as possibls. In order
that the firm ovrosper it must et the reputation of selling
a feed which could nroduce animal products at lcwer per unilt
cost, than could feed m xed by other feed manufactursers or

by the farmer himself.
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Storapge space for the flirm conslsted of four larre
steel tanks for bulk inrredients and a large room on the
first floor for barped inrredlents and flnished feeds.
There was always need I'or more stora;e snace for targed
inrredients so the overflow was stacked al:ung tie walls in
the roomswhere the various machlnes were operating on the
first, second and third floors. The oflice manager said
there was room for two more steel tanks for bulk storage,
then any further expansion In stora;e facllities would re-
qulre coastruction of additional floors oa top of tne

present plant.

Plant Deslgn

The plant was organlzed as a batch operation aso that the
Inrredients of a crumbillized feed started out on the top
level of the building and iIn & continuous operation was
mlxed, pelleted, and then crumbllized, sacked, snd wheeled
Into stora;e on the maln floor or to trucks 1if shipment was
to L3 the next morning. The operation on the several levels
ave the ald of rravity tc the power equlipment used in move-
ment of materlials,

This flow of work was modified in cases where the feed
was pelleted but not crumbilized. In this case it was routed
around the crumbillizer to the sacking bin. Therc were also
some feeds whlch were manufactured and sold as meal; these

feeds used nelther the nelletins machlne nor the crumbilizer.
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It might be added that the pelleting and crumbillizing machines
operated as a unit, so that the crumbilizer was 1dle during
the manufacture of pelleted feeds.

Feoeds with a hirh molasses content must be run through
a special nelletin machine. T"e principle of operation 1is
the same as trat for the pelleter mentioned above; however,
tre pellets from the nirh molasses fead pelleter were soft
and sticky and mad to be dusted with a flnely pround dust
made of alfalfa mean or cottongeed meal, This thin coating
of meal prevented the soft vellets from sticking or packing
torether,

Another nrocess performed in the plant was the operation
of a hammermill., The firm purchased corn aad oats whole and
operated the hammermlll in order to agssure adequate supvlies
of ¢round oats and corn,

The manpower used to operate the fesd milll consisted
of a machine man who operated all the machlines mentioned
above as well as the automatlc scales used In measuring the
quantlity of the bulky 1inrredients. Another man measured
and added the other inrredlents, a third man sacked the feed
and sewed the top of the sack, a fourth man stacked the
sacka, and a f1fth man carted thoe sacks of feed to storage.
The machines set the pace for the men except late in the
afternoons when the milll was 1dle and the five men in the
assembly line left their positions to nhelp clean up the mill

and to load trucks for the next day's deliveries. If the
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mill needed to continue production, the cleaning and loading
was performed by the truck drivers who had come in off their
dellivery routes. In addlition to the truck drivers, there was
another man who could help with truck loading. Hls regular
dutlies Included the unloadling and storage of 1irigredlents as
well as cleanins the mill,

The plant manufactured pre-mixes, concentrates, and full
feeds in additlon to the molasses feed mentloned above.”
These »nroducts are sold as poultry, hog, cattle, dairy,
sheep, and rabblt feed. A speclal sllage preservative was

also nroduced and sold,
3ales Onerations

The sales force was comprised of five men including the
sales manager. HBach salesmen had a portlion of Iowa as hls
exclusive territory. The dutles of the salesmen were to
Interest new dealers In handling their line of feed, to jro-
vide dealers with information about thelr product, and to
make gservice calls on farmers. The salesmen were paid a
flat wagre wit’ the exception of one man who had a commission

arrangement on thres retall outlets. The commission was pald

*There 1s no definite division lines between nre-mixes,
concentrates, and full feeds, Pre-mixes are penerally cone-
gidered to be made of only those Incredients which make up
8 minute nortlon of t-e diet of en animal, full feeds to con-
stitute the entire dlet of an animal, and co:centrates to be
qulite rich in protelin but still lacklng enoush bulk to be
fed alone.
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to get him to vork Northeastern Iowa where the firm's rotail
outlets were scattered,

The firm owned no roetall outlets, so it had to do a
good job of merchandising to its retall outlets in order to
keep them handllng thelr line of fesed. The terms of sale
were cash on delivery and deliveries were made approximately
two days after ttre order was placed, The firm's management
operated on the tellel that the retall outlets would prefer
to borrow money from the local banic and buy the feed at a
lower n»nrice than could be offered if credit buslness were
solicited.,

Orders for feed wers teken by the salesmen or were re-~
ceived by long-dlstance telephone calls in the maln off'ice.
All orders had to be wrltten on an order blank when the re-
taller placed it, The lonys distance phone charpes were pald
by the feed manufacturer on the purchase calls from the re-
tall feod dealers.

The company hes tried to insure prompt shipment on all
sales by keeping approximately & week's supply of feed on
hand. !'Janagement thought a one week time interval was the
best balance between the two evils; slow delivery and stale
feed,

One of the primary roals of the flrm has besn the ex-
panslon of total sales. I'‘anagement personnel wanted to hire
rore "good" salesmen and they wanted to -~et the sales first,

then make the feed I it was not alresady one of thelr existe
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ing formulas. The corpany has also strived to level out
seasonal peaks throurh expanding sales of hop and cattle
feed, Currently the peak output comes in the srorling due to

a heavy concentretion in noultry feed sales. Concentration
in thle area developsd because the firm was origcinally
founded to serve nrirarily poultry hatcheries., At the time
of the study the retall outlets were composed ol two-~-thlrds
hatcheries and one~-third slevators and farm supply businesses.
Since the hatcheries were primarlly intorested in poultry
feed, much of the otier feeds were sold by the elevators

and farm supply businesses.
Procurement Operations

All feod ingredlents were purchased by the office
menager who was also responsible for the plant operation
even thourh this responsihllity was delerated to the plant
foreman. Ingredients wers often procured in less than car-
load lots. Althourh buyings In carload lots often would have
resulted in lower nrices for the delivered raw materlals,
in the opinlon of the management, this advantare was more
than offset by crowded and inefficient storeronms and by
the loss of good working relations with local suppllers.

The latter reason was substantiated by the statement that
when an iIinrredient was out-of-season the firm must search
for sources of supply which was en expenslve procedure where=-

as they could readlily obtain supplies via telephone if they
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had besn dealiny rerularly wlth the local wholesaler. An-
other alternative would be to buy larpe stocks 1ln season and
then draw from stora;e t!roughout the remalnder of the year,
This cholce wovld necessitate rentinyg a warehouse, and pro-
viding large capital committments for inveutory, aud there-
Tfore was not followed, TFor purposes of the study, the hirgher
nrices of less than carload purchases were used since they

were the nrices nald by the feed company.
Other Characterlistlcs

The »roprietor of the business acted as genersl mana;er
of the firm. ‘e sment hls time 1n sales, orocurement, pro-
duction or any other phase of the business wihilch needed
special attention at the time. The fall of 1956 found him
svending a considerable amount of time and energy working
on the firm's experimental farm whlecl. had Just been activated.

Two people other than the offlce manager and the owner
were housed in the company's offlce., The two employees
looked after the general clerlcal and office work of the
company. They answered the telephone, kept the accountling
records, walted on counter trade, typed correspondence, and

made out checks,
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DETTZRMINATION O COLU+ICTEITS AMD PRICES USED

“anagement of a firm has readlly avallable to it the
accounting records of the firm and the information whlen 1t
experlences each day and whilch 1s often referred to as the
"feol" ol the business. This was the Iinformatlon sousht for
the study, since it was felt that coefficlents and nrlices
computed from more elaborate data wers probably too costly
for most firms, If the linear programming tool could not
yleld useful answers based on information readily avallable
to management, then it was felt the method would not be
sultable as an aid In making managerial declsions in the
operation of the fesd firm.

The procedure used In the collection of data was to
consult the records of the commany first. lManagement was
consulted if the records of the business falled to yield the
information needed to congtruct the coelffliclents, restric-
tions, and prices for the w»rogram. The office manager was
callead upon for most of the information, but otter employees
were consulted when they could more accurately estimate the
needed date.

The use of readily available information ylelded some
information which was highly reliable, some whlich secmed to
be reasonably accurate, and some which was hlghly subjective.
The quantitlies of each inyredient included in the formulas

were taken from the firm's records and were quite reliable.
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Hstimated nprices of feeds and inpredients were based on a few
minutes reflection and would be nlaced in the highly sub-
Jectlive cate;ory. !Machine input-output coefficients were
based on sstimates mede by the machine operator and should

be congidered reasonable estimates, sinc: the operator, in
performin; hils dutles, had to determine tre length of time
each formula was nrocessed, Otuer highly subjective informa-
tion included the sales coefriclents computed from manage-
ment's estimates of the difficulty of sales of each formula
and the competlitive and conplementary relatlonships anmong
gome feeds. The minimum sales needed to keep customer rood=-
will and the maximum sales possible wlthout a reduction in

margin would be classifisd as reesonable sstimates.,
Coefficlents

¥anapement was asked 1f there were any products which
when sold caused a reduction in the sales of some other for-
mula, ‘“hen the answer was 1ln the affirmative, manarement
was asked what feeds were competltive and to what extent they
were competlitive. Simllar questionin:: brought out the exlste
ence of complementary relatlons in feed sales. The nature
and extent of the relationships were also established.

The extent of the competitlive and coinplementary rela-
tionships was established by askling the question, "How much
would the sales of one feed be atfected 'f, through increased

sales pressure you increased the sales of a second feed?" If
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a one unit lncrease in sales of tre second feed brought a
decresse of one unit In ssles of the first feed, the two
feeds were competlitive on a one to one basls, If a five unit
increase in sales of the second feed enabled the firm to

make one unit of sales of the first fesd with less sales ef=-
fort than they would norrally be expended, the two feeds were
sald to be complementary on a five to one basis,

Management was unable to estimate the coefflclents
pilving the averapge tlme needed to sell & unit of each feed.
Thls made it necessary to obtaln an iadex of the difficulty
of sale of each formula and to use thils index with the quan-
titles of 1955-56 feeds sales to prorate the sales hours
used in 1955-56 to each formula. The 1355-56 feed sales
were found by consulting the accounts of the company. The
difficulty 1index was worked out in cooperation with the
office manager.

The offlce managrer was flrst asked to select one for-~
mula and sasign 1t the value of 100, TTe was then asked to
agsirn all the other formulas an Index relatlve to t':is
base, Thus, 1f another feed were twice as hard to sell as
the base feed, 1t would be asslyned a vualue of 200, or if
it were half as hard to sell, it would be assigned a value
of" 50, llext, the offlce manager was asked to assume that all
other feeds remaln at their »nresent sales level except the
one under question, Ye was then asked to s ive the seles

difficulty (relative to the original base) of the feed under
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question if the firm tried to sell only the minimum quan-
tity of thuis feed. After this question had been answered
for sach feed, the offico manager was asked to make the same
kind of eastimate assuming the fesd undor questlion was being
sold near the maxlmum sales level,

The difficulty indices were checked for accuracy through
inquiry about the difficulty relatlonship between feeds other
than the base feed. In other words, feed with a difficulty
index of 300 should be 50 per cont rore difficult to sell
than a feed wlth an 1ndex of 200, A spot check was also
made by asking the sales manager to estimate some of the

Indlces.
Computations for Yanufacturing Coefficilents

The manufacturing coefficlents were talkten from oral
data riven by the wschine onerator. e pave the number of
tons ver hour which could be run through sach of the ma~
chines for each fesd., These fliires were {or stralight run-
ning tive, so the office manacer was called upon to estimate
time lecst due to coffee breaks and delays hetwesen formulas.
Tris lost time was subtracted from the avallable machlne
hours used as restrictlons thereby allowing the direct con-
version of tons per hour required to manufacture a feed into

hours per 50 pound bag needed to manufactire this feed with
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the particular machine.*

The hammermill computatlons requlred ad:ditional manipu-
lation since the machlne operator had ;-iven the tona per
hour needed for corn and oats to Le ground in the mili. 1In
order to show the hammermlll hours necessary to produce a
50 pound bar of feed, the quantity of corn and oats in the
bay, of Tfeed haa to be computed, tlien the hamwermlll time for
this quantity of corn and oats was computed to yleld the

hammermill hours necessary to nroduce & bag of feed, ™
Restrictlions

Restrictions for the program were divided 1iato manu-
facturing restrictions and marketing restrictlons. The
manufacturing restrictlons were established by obtatining
the number ol hours of avalilable machine time from the
office manager. Marketing restrictlions were obtained from
the same person although only one of these restrictlions in-
volved hours avallable resource time.

The maximum straigsht time machine hours available were
computed for the mixer, pelleters, and crumbilizer by mul-
tinlying L2 (number of hours ln a resular work-week allowing

for delays and rest periods) times 51 (number of weeks in a

*3ee Table 7 for the 1ist ol feeds and machline coeffi-
clents (sexcept hamrermill),

“*3ee Table } for the computations of hammermill coef~
ficients,
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year after holidays had been deducted). The regular work
weok was taken from the records of the comrany and the sub-
jective judrment for delays was made by the machine operator.
"0lidays celebrated were also on the records of the flrm.
Yarketing restrlctions were thought of as beluy divided
into two ;roups: (1) salesman time and (2) customer accept-
ance., Salesman tl e had to be established to take account
of lost time due to travel. Customer acceptance had to be
ascertained so llmits could be set whilch would result in a
program recommending neither too much nor too little sales,
One of the most critical resources was the salesman
time. It also nroved to be one of the more difficult to
handle In t“e computations. Following 1s an account of how
the maximum or total salesman hours for the ysar was found.
First the sales manager rave what he termed a "very
rousrh" estimate of the amount of time each salesman worked
per week, Jext, he nrovided an equally "rough" estimate of
te percentasre of tre weeks tlme sgvent in sales contact with
rrospective customers. From thls raw materlal contact hours
per week per salesman were derived. Thls answer was multl-
plied by 5 (the number of salesmen) to determine total sales~
man time avallable to the flrm each week. Thls nroduct was
multiplied by 49 (weeks in a year after deductlons for
holidays and vacatlon).
In setting up the rsestrictions evolving out of the cus-

tomer acceptance ;roup it was necessary to set up a minimum
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below which sales of individual feeds could not fall and a
maximum above which they could not rlse. The office manager
was asked to glve the minimum quantlty of each formula which
the flrm would have to produce and sell in order to retain

the customers! rood will, Tho maximum was established by

the same person 1in response to the questlon as to the quantlty
of each formula which could be sold without an increase in
margin,

The estimation of insredient and mlxed Ieed vrices was
made by the offlce manager. 1Ilis first answer to the questlon
of expected prices for the comlng year was that he did not
know. After some insistence he agreed that Le needed to have
gsome ldza of estimated prices 1n order to nlan future opera-
tlons. e decided that the best estimate he could make was
to assume future prices to be those last received or pald by

the firm,
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ANALYSIS

In the application of linear programming to a problem,
the relationships between the variables can be stated as a
get of linear equations. The variables must be otherwise
independent and must exceed the number of equations. Mathe-
matically, this could bhe statoed: jé;i ay Xj = by (1 =1,
Resee my J =1,2 «vo n; n>m) whare the by refers to factors
which reatrict tme actlvities, Xj, gind thle alj are tie coef-
ficlents which express the functional relationshivngs between
the restrlictions and the actlvitiea.

Another nrojyramming requlrement 1s that no quantlity can
be negatlive. Thus, mathematically, X = 0 and b;Z 0. In
other words, the lmpossible situatlons of producing less than
nothing or of consuming more resources than were available
should be avoided.

The solution of a llinear programming study requlres a
goal which cen be maximized (or minimized). This requirement

can be also stated mathematlcally.

2

= c, Xﬁ = maximum (or minimum)

=

€ 4

(Y

where cJ is the price (or cost) per unit of the mectivlity
(Xj)and XJ 1s the quantity of the activity and the objective
ls to maximlze the nrofita.

In order to make tie appllcatlion to thils study, let the

Cy be the net price of the activitlies for the program, the XJ
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be the different feed »roduction and sales actlvitles of

the flrm, the by be the sales and manufacturing restrictions
or bottlenecks, and the aij be the coefficlents which repre-
gent the amount of the sales and manufecturing restrlictions
met when one unit of an actlvity 1s brought Into the program.
In addition to the solution for maximum profit for the firm,
computational cost for the atudy should be limited where
possible by taking advantage of short cut methods which do

not reduce the amount of useful information.

Computation of Variables

et price

Vet price was comnmuted from these four sources of in-
formation:*
(1) The firm's November 6, 1956, wholesale nrice list
of manufactured feeds and merchandised Iingredients.
(2) The 1list of formulas for feeds manufactured by the
| firm,
(3) The 1ist of nrices paid for each ingredient when the
firm made Lts last purchase prior to November 6, 1956.
(4) The accounting records contalning information on
fuel purchases.

The wholesale price list of manufactured foeds was pub-

“*Table 1 i1llustrates the net nrice computatlion for one
of' the feeds,
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lished by tre feed firm and distributed to 1lts retell outlets
each week. Thls vrice 1lst gave the »nrice per ton of each
feed sold by the company.

The feed formulas were adjusted so that each batch
welrhed one ton when mixed. The insredlents in each formula
were adjusted to dsrive & ton of formula whlch contalned the
same nercenta;e of each ingredient as 1t had in the original
formula,

The next step was to multiply the price of a pound of
each Ingredient in the formula tlres the numver of pounds of
the ingredient including bags and tags.* The sum of this
product for all ingredlents included resulted in the total
Ingredient cost per ton of feed,

The fuel cost expended to manufacture each ton of feed
was computed from data for the sumwer months of June, July
and August. Only these monts were used hecause fuel costs
for the firm during the other months included heating. The
sum of the 1lnsrredlent costs ner ton and fuel costs per ton
was subtracted from the selling »nrice ner ton. Thls gave the
net nrice ner ton of feed. This net nrice per ton was next
broken down to net price per unlt in which the feed was sold.
If the feeds were sold in 50 pound bags, then the net price
ner ton was divided by ;0 (number of 50 pound bags ln one ton)

to et the net price per 50 pound bag. Since some of the

*Raps and tap costs were computed in quantities used per
ton of feed, not 1ln pounds used per ton of feed.
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feeds are sold 1n packages of other slzes, thelr nst prlces
were converted accordlingly.

The foragoing computations include all of the costs
which were consldaered variable in this study. The other
costs were assumed to be [ixed over the time period con-
sidered in thls aialysls, The flxed costs lucluce some
which are sometires considered varlable, such as electriclity,
labor, sales comrlsasions, telephone and telegsraph, office
supnlies, nroperty tax on inventorlies, advertising, and
salesmenfs travel expense,

Blectricity was classiflied as a flixed cost because 1t
was not used for power on the heavy machlnery. There was
little variation in theelectric blll during the flscel year
1955-56 even though there was considerable variation in
output. The same was true of offlce supply cost, adver-
tising, and telep-one ancd telegraph., Property tax on in-
ventories thourh variable in theory were fixed in practice
according to management. Salesmen salarles are conslidered
fixed although one salesman receilves part of hls pay on a
commiagslon basis. Thls conmission amounts to little end
does not vary between formulas, Another ltem included in
salesren sslaries was salesman travel expense. The £~  ~gmen
are pald a set amount each month for travel so thls cost
did not vary wlth sales volume,

Labor expense was conflned to the pay of regular em-

ployees wlt» the nrovislon that time and a half would be
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paid 1f te plant had to operate more than the regular work
week, These employees could nroduce enough feed to satisfly
any quantity of salaes consldered within the range of this
study. The pay to regular emnloyees during the normael work
weeok were considered a fixed cost,

Sales of oyster shell and grit were made in conjunction
with some of the other feeds., This relationship was such
that t-e commany had to furnish the two Insredienta 1n
deflinite proportlions to ooultry feeds in order to maintsin
customer good will, Recognition of thls fact led to com=-
nruting the n»roportion of sales of oyster shells to sales of
laying feed and then multiplying this proportion by the nst
price of oyster siell per sack.” This ,ave the net price of
the quantlty of oyster shell which must be sold wlth a sack
of laying feed., Wwhen thls net orlce fl;ure was adced to the
net nrice for a bag of layin feed, the net price for the
composite activity of the laying feed and 1lts accompanylng
oyster shell was derived,

Similar computations were made to determine the net price
for sctivitlies which were composed of both poultry feeds and
rrit because the customer bourht them as a package.

Actlivities

The company's sales conslisted of MS different products

Including mixed feeds, yeast, grit and oyster shell, These

“See Table 15 for computation of the degres ol comple-
mentarity for oyster shell and prit.
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nroducts formed the hasis for the 51 roeal activities used in
the analysis. The increase from ;5 to 51 real activlities was
due to comnlications arisin; from some feeds having to bhe
entered twice hbecause threy had two different market rela-
tionships with other feeds (l.e., competitive with one feed,
complementary wlth another),

The increase in the number of activities above L5 came
about as & result of an lntricate marketlng relatlonship for
hog feed. A complementary relationship existed betwsen pig
pre-starter (Fj4) and several other hop feeds which naturally
Tfollow in the cycle from farrowins to marketing. F16 resulted
in more sales of F17, Fyq, Fl@’ FZO' Foys and Fsoe It was
necessary to enter each feed 1in order to take account of the
comnlementary relationshlv and then enter them agaln to teke
account of the competitive relstionship. Thus, wo had F17
and Fy71 (F)6), F13 and Fy3+ (F)7), Fyg and Fig, (Fl,3),

on and Foo (Fh9)’ Foy and Fyq, (FSO)’ and F,, and Fpoy (FSI)'

Restrictions

The restrictions entered were manufacturing restrictions
and merchandislng restrictions. Of the two, the merchandlsing
restrictions were far ;reater in number and lmportance 1in
the opinion of the management.

Manufacturing output of the firm could be restrlcted at
some level by the lack of time on the mixers, pelletlng ma-

chines, crumbllizer, or hammermill. Restrictions for each of
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theae machines were bullt into the pro;ram to take account of
this situation. The number of machine hours avallable in the
rerulsr work week for each machine was 2,12,

The marketing restrictlons were divided into five
clasgses: (1) individuval minima, (2) individual mexima, (3)
composite maxima, (l.) salesman hours, snd (5) artificial
maxima. The first two of these were taken directly from
interviews with management and have been explained previocusly.
The other three classes could be sxplained further.

Coimmposite maxima were couvputed to take accouut of com=
netitive relations between and amony feeds 1n sales, For
instance, F17 and F18 compete with each other for the
buyer's dollar on a one for one basis. The composite maxi-
mum was arrlved at by adding last year's sales of F17 and
F19 and then adding 1,000 bags of fifty pounds each. The
reason for adding the additional 1,000 fifty pound bags was
to allow the two feeds as a total to expand in sales at the
axpense ol the other feeds 1f thls nroved nrofitable. The
comnetition hetween the two becare efi'ectlve when the com=-
nosite maximum was reached. Teyond that polnt any addition
to salsa of F17 must be accompanled by a decrease 1n sales of

qu and vice versa, There are conputations for other more
compllicated maxima shown in Table 2 in the Appendlx.

Salesman hours avallable for use were computed from the
Information taken In an Interview with the sales manager.

¥is "rough" estimates of a salesman's contact time was ex-
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panded to take into account the number of saleswen and was
ad justed for holldays and vacation. These computations
showed thrat & maximum of 6,125 salesman hours were available
for use for the coming year.

Artificlal maxima were lntroduced into the program to
make effective the sales conditlon of complementarlty between
products. Complementarity applied to sales of several for-
mulas of hosr feed which follow plg pre-starter. Sales of
i nre-starter made it possible to sell the complementary
products with less sales effort. The artificlal maxima were
rlaced ot zero since »is pre-starter “ad to be sold before
any easy sales of the deneudent feed could e nade., The
discussion of coefficlents in the followin; section will
explain how the artificiel maxima were raised above zero.

Coefficlents

All minimum merchandising coeffliclents were set up as
one. The explanatlion for this was that any time we Iincrease
the sales of a feed by one unit, we have also fulfilled or
taken care of one unit of the minimum sales that we must
make of the feed. OSimilarly all maximum merchandising coef-
ficlents were treated as one for the same reason., In thils
case we did not have to meet the maximum, rather we could not
sell more than t:is amount,

Comnogite maxima. The comrosite maximum coefficlents

are more Intricate. 'ere the ohJectlve was to show a com-

netitive relationship between two or more feeds, For in-
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stance, F17 and FIS are both »igp starters. +‘hen a customer
buys plg starter he buys one or tle other, Consequently
any lncresse 1n sales of one tankes nlace at the exprense of
the othar. .hile thlis procedurse irnores the nossibility of
increasin.- the seles of one starter by sellin;; to a new
customer, such sales constltutes a small portlon of the
business at anytime and even then represent a continuation
of the competition since tle salesman can sell only one of
the starters to the new customer,

F17 then 1is corpetitive on a ba: for bag basis with
FlB (iee., an increase 1in sales of Fl7 1s accompanled by a
decrease in sales of FlS)' To ret the ef.ects of this re-
lationship the composite maximum for the two was 1lntroduced
as explalned In a nrevious section. Thus anytime there was
a sale of Fy7 or F13 one unit of the composite maximum was
used. It can reedlly be seen that once ths cornosite maxi-
mum was exhausted any further sales of F17 and Fyq as & total
were halted. Therefore any irncresses in sales of either will
have to come at the exmense of the other,

The relationship illustrated above for F17 and qu is
identical to the relationship between F19 and FEO’ le and
F22’ and F3 and F5' F, and F, have the same type relatlon-
ship also; however, competition ls at a rate of two units
for one (l.e., 2 unlts of Iy have to be sold in order to cause

a 1 unit decrease in FZ)'

A more complex relationship exlsts 1in poultry feed. It
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involves competition between flve feeds--Fu, F6’ Fg, FlO and

F Fh' Fé eand F., are complete feeds and compete with esach

11° 9
other on a bag i'or bar basls, FlO and Fll are concentrates
which also compete wilth esch other on a unlt for unit basls,
To meet nutritinal requirements,poultry producers substltute
one unit of Fy4 or Fqy for two units of Fj, F6, or Fg’
The coefflclents for the feeds competling for the com-
vosite maximum were one for Fh’ Fé’ and FO and two for FlO
and Fll' Thus, 1f Fqg were brougrht into the pro;ram two
unlts of the composite maximum would be met. If F¢ were
broupht tnto the »ropram one unit of the composite maximum
would be met. If enough of these five feeds were sold, the
composite maximum wo.ld be exhausted. ihen thls polnt was
reached an increase in the sale of one of tine five feeds re-
sulted in a decrease in the sale of one or more of the other

x
four feeds.,

Artificlal maxima. As was mentioned previously comple-

mentary and competltive sales relationships exist auong
several hos leeds., The presence of complementarity made it
possible to sgll some hoy feeds with less sales effort than
would have been nosslible in the absence of complementarity.
In order to show the affects of complerentarity in tre analy-
sls, 1t was necessary to put in restrictions called artifi-

clal maxime to act as & brake on the sales ol the hoy feeds

“Pable 3 shows the program for the flve feeds in thias
complex relationship.
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which could be aold with less effort due to complementarlty
with Fige This brake wasa applied through coefficients under
the columns for the hog feeds which were lnvolved 1n the
comnlementery relationship.

The coefflclents showling the comnlementsrity were by
the managrement and were as follows: Sale of one unlt of F16
will result ln the sele of .2 units of sither F17 or Fi3,
+03 units of eitrer Fyq or Fpg, and +0L unlts of Fsy or Fys
with 1little sales eflfort being expended on F17, Fl?’ FIQ’ Foq
or Fpre Thus, sales of one unit of Fyg in the analysis re-
sulted in the addition of .2 unlts to sales of Fi7 Fy3y arti-
ficial maximur, .03 units to t-e F19Fpp artificlal maximum,
and (Ol units to the Fpy vp, artificial maximum. when one
unit of F17 or F,g was sold then one unit was subtracted from
the F17 Fya artificlal maximum. This seme subtraction took
place Iin the other two artificial maxlma when sules were made
of thelr respective feeds., If thre artificiaeal maxlma wers at
zero then no sales could be made for F17, Fygs qu, F20, F21’
or F,, until sales had been made of Flé‘*

Salesmran tours. The most cruclal comrutations and

Judpments were t™oss made in obtalnings an estimate of the
amount of salesman time required for the sale of a fifty
pound bag of each feed, It was necessary to get from manage-

ment some ldea of the dAifficulty involved in selling each

*The sub-matrix for this sales relationship can be found
in Table i in the Appendlx.
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feed, then to convert the sales difficulty into sales time
per unit of feed. The followin; symbols were used in setting

up the computetlions:

Ly S Difficulty index of each feed.™

84 = Quantity of each feed sold in 1955-56.

D133 = Total diffliculty of all sales of an individual
feed,

i = 6,125 hours of sslesmen contact time.

™ = Dy3y + ToSp R R R I S 1o

Ci = Sales time per 504 “Hap of a sneciflc feed.,™™

The total difficulty of all sales of an i.dividual feed,
DySy, was sinply the difflculty of sales of a single unit
welghted by the amount sold In the previous yser. The TD,
of course, la the total t:e welghted difficultles for all
feeds sold and the !l 1s the estimated number of salesmen's
contact hours for the previous year:

2y dividing i by TD the salesmen's contact hours per

wel;hted difficulty unit was obtained. If this ratio is

desirnated as K, the C1 can then be found as follows:

| cp = i 213
| 1

In computing and interpretins thls estimated sales time

*he Dy for each feed can be found in Table 5 of the
Appendix,

“**he Cy for each feed can be found in Table 6 of the
Apnendix,
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per [ifty pound ba¢ of feed, Cy, the assumption has been made
that difficulty of sales bears a constant relationship to the
time required to make the sale. This assumption was made

by the author,

Machine hours, Yanagement's estimates of tons per

machine hour for sach formula had to be converted to hours
per unit in which the feed was sold. Thls was computed as

follows:

1
Ty ug

ikt

where the "i were the machlne hours needed to produce one
unit of a feed, T4 were the tons of feed output per machine
hour, and IT1 were the number of unlts of the formula con-
tained 1n a ton. ¥Yost feeds were sold in fifty pound bags,
but where this was not true the nrogram used other units of
sales such as ten pound baps or twenty-four pound cases.*
Hammermill input-ocutput coefficlents had to be processed
further because the output of this machine constituted only

a portlion of the formula., This was done a3 follows:

Gy
M, = M1

. Py Ky

where the ¥y were the hammermill hours needed to produce

enourh ground corn and oats for a unit of the finished for-

*Table 7 lists the machlne coefficients for each feed with
the exception of hammermlll coefficients,
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mula, the G. were the pounds of grain in a ton of the complete
feed, the By were the nurber of units of the feed contalned
in a ton, the P; were the pounds of ¢rain 1o a ton, and the

Ky were the tons of rrain ground per hammermill hour used.*
Reduction of “atrix Size

The matrix resulting from thls set of computatlions con-
sisted of Lj9 real activities and 91 restrlctions and since
all the squations 1In the matrix were in the form of inequall=-
tles a disposal activity was set up for each restriction.
This resulted in a matrix of size 1LO by 91, which made any
solutlion an expenaive undertaking. Tre next step was to
apply methods of reductlon in matrix size.

The wilthdrawal of the majority of the minima was the
first step in reduclng the slze of the matrix. All those
minima which affected (or were affected by) only one activity
were withdrawn since we could find the opportunity cost of
maintaininge this nlnimum by consulting the z minus c¢ line
under tne activity in question.** If more than the minimum
was produced then the opportunity cost of the minimum could
not be determined; however 1f thls were the case, the oppor-

tunlty cost of the minimum would not be important. Since the

*see Table 3} for the computations of hamrermill coef-
ficlents,

“#he 7z minus ¢ line fives the marglnal revenue for each
activity.
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opportunity cost of all individual minima was desired, the
minimum restrictions accompanying F,g, F19, Fops Fp3» and
F5o were retained because they also were affected by Fh?’
th. th, FEO’ and Frye Doing away with all except these
five minima reduced the matrix by 2) restrictions and 29
artificial actlivities leaving a matrix of size 111 by 62.

This withdrawal of minima was also accompanlied by the
withdrawal of resources necessary to produce the minima.
The maxima for the sare feeds were reduced by the amount
of the minima. See Table 3 for the cowputations 1nvolved
in wlithdrawlng these minima,

Next, using the principle presented by Boles, the ratio
of the coefficlent showing the relationship of each re-
strictlion to each actlvity over the quantity of each re-
striction was computed for the four manufacturiig restric-
tions and the salesman hours restriction.l This ratlo was
Tfound for all real actlvities and then comnarlsons were made
of the ratlios for the five restrlictlions under consideration.
It was found that salesman hours had a smaller restio than
the mixer for all the activitlies. The mixer row was removed
Ifrom the matrix because at no point did the mixer restrict
production of any formula befors salesman hours.

Comparlsons were next made betwsen the ratios computed

for the salesman hours row and those ratlos computed for the

1poles. op. cit., 981.
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hammermill, the pelleting machlne, and the soft pelleting
machine. In each comparison 1t was found that salesman
hours had the smaller ratlo for all actlvities. It was
possible to eliminate these three manufacturing restrictlions,
slnce they did not restrict production of any formule before
the salesman hours had already restricted its production,
Thus, the matrlx was further reduced by four restrictions

and four artificlal activitiles.
Comnutation Costs

When all reductions 1in the slze of the matrix had been
made, t“ere still existed a »ro-ram which involved 53 re-
strictlons and 107 activities. Upon consulting three sources
for estimates of the cost of solving the wmatrix by an elec-
tronic computing device, %700 was found to be the most proba-
ble cost that could be expected. This cost estimate was not
regarded as hlghly accurate because the programming cost
estinrates were based on the number of iterations needed for
the computations. The number of iterations needed were
not easlly estimated. Due to the diffliculty of estimating
the number of iteratlons required, a range of costs was given
varylrg from a low of $300 to a high of §2,420 with a most
1ikely cost of #700 to $1,000.%

The next area for lnvestiration was to find an estimate

*mstimates made by Iowa 3tate College and by Remington
Rand in Mln-eanrolis, lMinnesota,
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of costs for the program solutisn if done with a desk cal-
culator, It was estimated that one mont» would be required
for one person to compute the solutlon to this matrix.” The
solution could have been made at a total cost of $229.36 1ir
20% of direct labor costs were allowed for overhead. Thls
computation time estimate could have baen o't ky 25% and the
desk calculator still would have siven a less costly solutlon
than would an electironic computer,

There was some Indeclsion on the part of the author
desnlite the apparent savings inherent in the use ol the desk
calculator method, The tire element was the satumbling
block., The solution computed would be more useful 1f it
were avallable within a few days. Approxirately elght weeks
would have been required to prepare and process the program
on a desk calculator under ldeal clrcumstances.

Fortunately, no decislion had to H»e made to determine
whether cost or time was more important. A way weas found to
divide the large matrix into five smaller matrlces, solve
them separately, and combine them again to get the solutlon
for the entire nro:ram. These computations were completed
by the avthor in two weeks; actual comnutation ti:e required
was thirty hours. 1If labor were nald 1,10 per hour and
overhead were 207 of direct labor costs, the total cost of

the comoutations would have been . 39.60,

*Bstirate made by Economics and Sociology Department
computing service,



43

Deviations from the Usual Simplex Procedure

It was found upon inapection of the matrix, after all re-
ductions 1n slze, that the only restriction conmon to all real
activities was te saslesman hours restriction. The other re-
strictions held for only one activity or for a small group of
activities, Five distinct groups of activities could be de-
tected when the salesman hours were ignored. The [irst group
were feeds whose sales were indevendent of other feed sales

except that they had to compete for the salesman hours,

The second feed group conslisted of a number of hog
feeds which 'ormed a complex of both complementary and
competitive relationship amony themselves in addition to each
feed having 1ts own maximum and minimum. This feed group
could be manipulated separately from all other groups be=-
cause the only scarce resource 1t shared with the others was
the salesman hours. 3alesman hours could be ignored for the
time since a way was found to splles the flve yroups back
tocether in the order of each [eed's return per salesman
hour spent in sellins the narticular feed. A sub-matrix
was then formed containing only the activitles and restric-
tlons of thils second group.* A solution was derlved by use
o' the ratic method of computatlon tec determine which feeds

were to be bought Into the sub-matrix next.l The d ratio

*39e Table I for tre sub-matrix for group 2.

1Candler. 02; Citcg pot‘),.l.O.
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used salesman hours as the variable resource,’

The third group was comorised of feeds F; &nd Fp which
formed a distlinet ;roup because of their competitive rela-
tionship wit" one another, They "ad an Individual maximum
to menst as well as a comrnoglite mexlmum which restricted the
cowbined sales »nf thre two. The sub-matrix for these two
feeds was also solved by the ¢ ratlo rethod.”~ “lere 400,
the salesmran hours were considered the variahble resource.

The fourth and f'ifth grouns of feeds had the same
reneral form as the t"ird group.*** Each of these latter
two proups was sot up 1In & sub-matrix and solved by tne d
ratio method usiny salesman hours as twe variable resource,

The feed wlth the highest d ratic was FhO; therefore,
F)o was entered Into the orogram first. The feed wlith the
second highest d ratio was entered next and so on until a
feed was encountered which was contained 1In one of the four
comnlex sub-matrices, ivthen such a feed was encountered,
the entire sub-rmatrix to which 1t was attached was brought
under conslderatlon. The solutlon of this sub-matrix was

entered 1nto the maln matrix nrovided the d ratio for all

*The ¢ ratio 1a the revenue derlved from the nroduction
and sale of an addltional vnlt of feed dlvided .y the sales-
man hoursg requ:ired to sell a unit of thla feed.

390 Table 12 for the sub-matrix for proup 3.

#¥50e Table 13 for the sub-matrix lor sroup l;. See
Table 3 for the sub-matrix for sroup 5.
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feeds enterin: the prosram from the sub-matrix were not
lower than ﬁre lowest estlimated d ratio enterin. the total
prosram,

As 1t turned out, the feed with the lowest d ratlo
(£25,20) entering the total prosram was Fog, consequently,
nearly all the feeds which entered the sub-matrices »rosrams
were entered in the complate matrix for they had ratlos
Jarcer than "25,20. There was one exception to thig--
rroup three at the fourth 1lteratlon showed 2ll d rutios
of feeds w leh had not entered the sub-matrix progsram to
be less than 25.20. All computations on this sub-ratrix
were stopred at thls »noint and the feeds which had entered
the nropgram then were transferred into the maln matrix.

These feeds enterlinrs the main procram were cut off at
the voint where salssman hours were sxhausted and then the
maln orogram was nleced together jlgsaw fasi;lon on one
sheet of naner with the nroper coefficients in each llne and
column snd with the z and z minus ¢ lines computed., This
nlecing torether would “ave been extremely difi'lcult to do
after the last iteration, so 1t was dons in the next to
last lteration before bringing F28 Into t'e prosram. The
last 3teratlon brourht with it drastlc changes 1n the z and
z minus ¢ as well as the Flllrow. These changes came about
because all Fyj31 was used up with the entrance of ¥Fpg into
the program. Flnally, the finlshed prosram was checked for

negative z mi.us ¢ quantlitles and was cross-checked for



computatlional eccuracy. There were no neratilve z minus c
quantlities so the program was assumed to .oe the optimum and
the checks were worked trough therseby lnsurlng the ac-
curacy of the firures 1n the final propgram.

Breaking of a larce matrix into small parts 1s an ex-
cellent method for solvins nroblems whlch have only one all
encompassling restriction coupled with several restrictions
which are apnlicable to a relatively small number of activi-
tiles, It would appear to be unwieldy when two or morse
restrictions were apnlicahle to all rcal activities; however,
no work has heen done n thls fleld yet as fsar as the
author knows., At any rate, 1n Instances where the manu-
facturing restrictions are in effect unimportant due to tnre
much more restrictive salesman tine, thls method would
ap-ear to be a frultful procedure since sales corplementarity
and corpetition amony vroducts of'ten run in clumps or clus-

ters as was the case in this study.

Computation of Total Net Price for 1955-56

and for the New Program

The total nst »nrice concept used here 1s somewhat
simllar to the rross profit in an accountant's financial
statements., In addltion to fesd incrrsdient costs the net
price flrure contalns costs lncurred for bags, tags, and
fuel. These costs werc deducted from the selling price of

each feed., This margin was totaled for all sales of every
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feed to find total net price,

The 1933-56 total net nrice was computed by using the
sales pattern of 175%-506 in conjunction with the nrices and
costs exnectel Zor Lhe coming yesr, 1357. The formula for
each feed was examined and the exnected price of each Ln=-
eredlisnt was multiplied by t"e quantlity of the lnsredient
in the feed, This cost was subtracted from the expected
nroceeds (expected feed vrice) and the difference was mul-
tiplied by the quantity of 1955-56 sales for this particular
formula., This flgure was computed for each formula sold in
1955-56 and then all of them were added to ret the total
net price.*

The same mark-up computatlons were used in the compu-
tations of the total net nrice for the new pro;ram as were
used for the 1955-56 sales pattern. Tre difference here was
that the gales pattern was svecliied by the answer derived
in -the »rosramming solution. This total net nrice fi:ure
for the fosed sales (which exceeded withdrawn sales minima)
came out ln tre F, column across from the z minus ¢ row;
however, the computations Iin the program were simllar to

those shown in table form in this thesis.™*

*See Table 10 for computatlions of 195.-56 net price,

#* See Table 11 for computations of programmed net price.
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3o0lution

The solutlon of the vrogram gave the quantitles of ocach
activity which must be produced to maximize profits. It
also pgave the total net orice to e derived from the pro-
duction and sale of each activity and the opportunity cost
of each restriction. The solution will be found tabulated
In the Avnpendix. The quantltles of actlivities produced
under the nrogram and the total nst price recelved for each
activity can be found in Table 11, The opportunity cost row
from the r'inlshed matrlix s tabulated In Table 17.
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INTERPRETATION AND R-COY BENDATIONS

The ootimum plan has been prepsred and the solution
nrasented. It must “e remerbered that this plan 13 for one
particular feed firm. Slnce sach feed firm has a different
resource structure, adjustments sugpested by tre program can
not ba recommended for any firm other than the one studied.
The interpretations will be made by comparins the pro;rammed
plan with 1955-56 operations and by inspecting opportunity
costs derived by the prosram. Recommendation will consist
of sug:restlons for future research and of limitatlons of
the study.

Comparison of Past Operatlon to HNew Plan

The changes su;sested by the new program would cell for
the sales of thirteen feeds belny decreased from thelr 1955-
56 level, twenty-elght feeds incresased and three feeds re-
malned unchanrsd.” The total naet nricc for the firm would
have lncreased too if these sales wers quite amall; however,
the totel feed sold under te new proyram was 12,509 fifty
nound bags rreater than was sold In 1955-56. The discussion
of net price will be considered tirst followed by discussions

of Iindlvidual feed and groups of feed.

*3ee Table 1} for the quantities involved in the changes.
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Net nroflta

The total net prlice derived by the prosram and the total
net rice comnuted for 1955-56 are shown in Table 10. The
195 =56 total net price wes computed using the quantlty of
sales of each feed for 1955-56 and the estlwated net prices
for esch feed for the ecoming yeer, These two total net price
fiyures can be comnared or tne fixed costs can be deducted
from each and corparisons made of the net profits.

If the 1955-56 fixed costs were subtracted from the
total net nrice for the same yesr and from the vprograwmed
total net nrice, & reasonable comnarlison could be made of
the two net »roflt fipures. The 1955-55 profit would be
“15,41%.7); and the prosrammed net profit would he 31,l1L.36,
The nrogrammed sales pattern shows an increase of 15,995.62
over the net profit nossinhle 1f the 1955-56 sales pattern
were followsed,

The return on invested capltal If the sales pattern of
the program were used would be 12.7 per cent, and if the
1955-56 sales pattern were [ollowed, t~s return on invested
capltal would be 6.2 ner cent. The prosram showed an in-
crease in return on invested capital of 104.3 per cent over

that of 1955-56,

Individual feeds

The feed, Fp, was cut hack bhecause it was competltive

In sales with F; on a two for one basls--that is, F2 decreased



one unit for each increase of two unlits of Fl. Since the two
feeds had the same net price, F2 3d1d@ not enter the program

until F, had reached 1ts indlvidual maximum. When F; reached

1
1ta individual, F2 entered the program untll the Fy; Fp com=-
posite maximum restricted its productlon. It came in only
bacause it nroduced more revenue per salesman hour used than
did a number of other fesds.,

F3 decreased bhecause 1t was competitive in gales with FS
on a one for one hasls and FS sales resulted 1ln a higher retum
per salesman hour. The Fq Fg composite maximum was never

reached, therefore, the only F, in the program was the minlaum

necessary to keep customer googwlll.

Fu, FQ’ and FlO are the rext feeds which the program
would have cut back., MWere the bottleneck hapnens to be the
Fh’ Fgs Fg, Fio» Fll composlite maximum. These five [eeds com~-
pete for the comnoslte maximum on a one, one, one, two, two
basis respectively &nd Fh’ Fg, and F10 were not anle to return
as hlpgh revenue per salesman hour as were the other two feeds.
Fl1 was brourht In to the full extent ol its individual maxi-
mum (15,000 bags) since it returned more revenue per salesman
hour used than any of the other four. Fg was then brought
in until the composite maximum was exhaustsed.

Sales of four products were rsduced because the return
from the scarce resource, salesman “ours, was lower per sales-

man hour spent in selling these feeds than 1t was for those

feads put Into the program. These four products were th,
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F25, F3O’ F31, and F33. er was decreased but not all the

way to its minimum slince 1t ylelded s better return per

salesman hour than did qu, F25, F3O’ F31, or F33. This

formula had the lowest return per salesman hour of any feed

~hieh entered the nrogram other than those entering because

of comnlewentarity wit>» another feed., The salesaman hour

restriction was the fector whic» curtalled the sales of Iog.
Rafore dlscussing the rmext feed to he decreased, note

the aymhols listed below to denote feeds which were vnrogranmned

as two actlivities, one to account for & coupetitlve relation-

stin and the other to account for a coumplementary relatlon-

shin. Thers is no lon;er any need for tis sepsration of

a single feed; so the following substitutions will be ob-

served henceforth:

Fi' = F17+F)
Fig' = F134-Fu7
Fig' = F19+'Fu3
Fap' = Fao+Flg
Fa1' = P+ Fgp
Fop! = FpptFpy

The F17' was decreased hecause management had decided
that 1t should be slowly withdrawn fror the market sluce
qu' was, in thelr orinion, a better feed. An individual
maximum of 1,000 fifty pound bags was set for Fyop! which,
even though it was attalined in the »nrogranm, still left sales

of thls feod much lower than the 1955-56 levsl.,
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Foo' showed a slight decrease in sales because of com-
petition on a one for one basis with F19' for the F19 Fpg
comnosite maximum, on' did not return as much per salesman
hour as did F19' and, for thls reason, was at a dlsadvantage
In competing for the comnosite maximum. The Flg' feed was
for unthrifty hors, conssequently the maximum which could be
8old was quite low, therefore, t“ere was not much that 1ln
creased gales In thls feed could do to reduce sales of Fpp'.

Tre 1lncreases In sales of some of t"e feeds were brought
about due to thelr advantare of hirh return per salesman hour.
Thls advantage was allowed full or nartlal play by the In-
dividual maxlma and the comvosite maxima. In the poultry
feeds the advanta: e of hilgh returns was dlluted somewhat be-
cause of thelr comnlementarlty In sales witn Fl,» and/or Fl3
which showed very low returns per salesman hour.* 1In hog,
feeds, comnlementarlty helped increase the advanta;e of high
returns ner salesman hours for F16’ Followling 1s an explana-
tion of the increases in programmed sales over those of
1955-56.

Fq1 increased to the full extent of 1ts tadividual raxi-
mum dve to 1its hipgh return nsr salesman hour 1in relatlon to
the other feeda and to lts more efficlent use of thre Fq F»o
composite mreximum. FS sales 1lncreased because Lt had a high

rate of return vmer salesman hour relatlve to both F3 and to

*For computations of these comnlementary relatlionships,
see Tahles 15 and 16,
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some other feeds.

Fg and Fy4 had the highest returns per salesman hour
of any of the feeds Included 1in the Fh' Fé’ Fg, Fio» P11
composite maximum, Fll entered the propgram untll 1t reached
1t 1ndividual maximum at which time F6 came in untlil all of
the comnosite maximum was exhausted., An interesti:g point
involved in this situation was that the management of the
feed firm conslders Fg as & "loss leader" while Fu is con-
sidered a "hish mark-up" feed.

Formulas Fys Fas Fpos F13, Fé3, Fogs F27, Fgg, F323
F3h’ F35, F36' F37, F38’ F39, FhO' Fhl' Fhu and Fh5 were
increased bhecause they gave & hirh return per salesman hour
relative to some of the other feeds. Theabove feeds were
competitive with other feeds only because they nad to compete
for selesman hours., If salesman hours were not restrictive,
then each was expanded to the limit of its 1individual maxi-
mum,

Sales of Fh2 and FQB were increased since they were
complementary in sales with the lay'ng feed and poultry feed
respectively. The amount of Fh2 and Fh3 which the firm had
to sell in order to maintaln customer goodwill veried dil-
rectly wlith sales of the last two groups of feed.

The sales volume of Fq¢ lncreased because 1t resulted in
8 high return per solesman hour as dld F17'. Fig' had a lower
return per selesman hour than did F17’; however, the com-

posite maximum was large enough to take the latter to its
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individual maximum and sti1l1ll allow en increase in the sales
of qu'.

The sales of Flg' incressed because 1t had a higher
return per salesman hour than on' and some of the ot :er
feeds. F21' increased1n sales boecause 1t had a hiprher rate
of return per salesman hour than did F22' and soms of the
other feeds.

There were three feeds which remalned at the sume sales
level as that of 1955-56. Actually, this came about as a
reault of having the minimum set at the 1955-56 level of
sales, 3Since the three feeds were not relatlvely efficlent
consumers of salesman “ours, they were never carrled above
thelr respective minima. The feeds which remained at thelr

1955-56 sales level werse F)y s Fygs and Fpo'.

Comnarlsons o’ rrouns of feeds

Two groupings were made of the rroducts produced by the
commany in an effort to see 1If there was some group whilch the
rrorsram sugrested incroasiing or decreassing. One of the
grouplngs conslsted of poultry feeds, hog fesds, heel feeds,
dairy feeds, and other feeds a.id vroducts. The other group-
ing included pre-mixes and concentrstes, high molasses pro-
ducts, complete feeds, and miscellaneous products.

In the first of the groupings mentioned above 1t was
found that poultry feed sales increassed the eqiivalent of

15,962 £ifty pound bags for a 19% rise over the 1955-56 sales
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level. Likewise, hor fead sales lncreassed 3,055 rifty pound
bars (37 incresse), teef feed sales decreased /,l50 fifty
vound bags (33 decresse), dalry leed sales Iincreased 2,1&6
fifty pound bags (}}2% increase), and ~t'e- feed and product
sales decreased 1,10, fifty pound baps (3y decrease). Total
sales of feeds under the new progsram showed an lncrease of
12,599 fifty pound bacs or a l% increase over te 1955-56
feed sales.

It 1s readily noticeable that the li7 increase in total
sales did not result from an even percentagre lncresse 1n each
of the ;roups., Poultry feed showed the sreatest absolute
1ncrease 1n sgales and 1ts increase was exceeded percentage-
wlse only by dalry feeds. Hog feeds showed approximately
the same narcentaye lncrease as did totsl sales; however, besef
feeds and other feed and nroducts sales decreased, the former
by 337 and the latter by 3%. All the decrease in other
gales came through the complete droppin:: of one vroduct, F33,
whlle much of the decrease In besf feed sales resulted from
discontinuing the sales of F3O and F31. A closer look st
these three wlll be taken when we examline the second grouping
below,

The second grouping showed an lncrease of 13,017 fifty
pound bags (8% increase) for complete feeds which was the
larrest absolute increase in quantity sold of any in the
prouping. The 3% increase, however, was approximately the

sare percentage Ilncrecse as that shown by mlscellaneous
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products (10¥ increase) and pre-mixes and concentrates (9%
increasse). Ylscellaneous products showed an Ilncrease in
sales of 1,110 rifty pound bars while pre-rixes and concen-
trates increase 3,363 fifty pound bags.

The group labelsd “1vh molasses products showed the
most decislve chanpe in sales of any consldered. Thia
group consigted of F25, FBO’ F31, and F33, all of which
carry such a large percentage of molasses that they must be
soft pelleted. These feeds as & group had sales totaling
11,391 £ifty pound bags in 1955-56, but the program showed
zero sales for thls group. The reason for this was that
they had such a low net price per salesmen hour and that
management did not feel they had to set a minlimum restriction

in order to keep customer pgoodwill,
Interpretation of Opportunity Costs®

The comnleted nrogram not only plves us the kinds and
quantities of feed to sell in order to maximize prorlits, it
also shows us the factors which have restricted the nroductlon
and sales pattern. In addltion, it shows tue opportunity
cost accompanyling each restriction. Thus, if thers 1s some
method of removing a restriction we have a measure of de-
girability of removing sald restrictlon when we compare the

opportunity cost wlth the cost of removing the restriction.

*For an enumeration of the opportunlty costs see Table
17 in the Appendix.
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Individual minima and maxima

FSZ fa the restriction which designated the maximum
quantity of F; which can be sold without a decroase 1in mark-
up, This indlvidual meximum restrlcted sales of Fq. Thls
sales restriction, 1f lowered one unlt, would bring about a
reduction of .16 in tre total net price ff.-ure for all sales
of the company. This s e1b6 decresse in profit comes about
because the feed which would be sold in »lace of Fy; 1s v elb
less profitable to the company.

FSS is the 1ndividual meximum sales restriction for F?'
If more than this maximum is sold there wlll have to be a
decrease in mark-up, If this sales maximum were to be de-
creased by one fifty pound bap, then revenue for the firm
would po down .15, since the products sold in place of a

bag of F., would bring ..l5 less.

7
The individual maximum for Fg sales is the restriction
F;Q. A decrease in the restriction FS? of one unlt would
bring with it a .17 decrease 1in revenue since the sales
which would replace the Fq sales brinc .17 less than Fg.

F62 13 the maximum restriction for F Ir F62 were

11
reduced by one unit, then Fy3 sales would decrease and other
fesd sales would bhe 1lncressed, but lncome for the company
would be reduced by 2e36 because the other sales would be
less profitable.

The maximum sales restriction for Fio is represented by

F63’ F63 could be reduced but if it were, there would be an
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accompanyings reductlion in income, because the feed sales re-
placling one unit of F12 would bring .19 less than would the
fifty pound bap of Fpoe

The individual maximum, Féh’ designates the quantity of
F13 which can be sold without a decrease in tlie mark-up. The
revenue of the company would decline 1f this individual
maximum were reduced by one unlt, The decline 1n revenue
would result from having replaced F13 sales with ot':er less
nrofiteble sales. The reduction in revenue would amount to

6.

The 1ndividuel maximum for F,g 1s Fé?’ Sales of Fq4
reached this maximum in the prosram and could then so no
hipgher, I the maximum, Fé?’ had besen one unit smaller,
revenue for the firm would have been _.9l less since the
sales which would have replasced the unit of F16 would have
ylelded .9l less than a rifty pound bag of F16'

The individual maximum, Fgq, restricted sales of Fy7.
“Tad thls restrictlon been one unit smaller, lncome of the
firm would have been .69 less since the rosources of the
filrm would have been used on sales which were less profltable
than ons unit of F17.

The feed, FZO’ had an individual minimum sales figure
it had to meet, otherwlse t“e comvany would lose customer
coodwill, This Individual minimum, F73, made 1t nocessary
to nroduce more F,,y than would have bheen needed had this

minimum not exilstsed., *ad the minimum “een one unit lower
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then the revenue of t1e conpany would have been increased by
',03 since the feed sales replacing F5oy are that much more
nrofitable to the feed flrm.

T e individual minimum for F,, was F77. Had thls mini-
mum been lower by one unlt, then sales of feeds other than
F22 would have been macde and the feed flrm's 1. .come would
have Increased by .0l since the sales of t'e other feeds
would have heen more nrofitable than the sale of one unit of
Foo.

The individual maximum F7g indicated the largest amount
of Fo3 which can be sold without decreasing lts mark-up.

Yad thls maximum been reducsd by one unlt, the lncome of the
company would have been reduced by 1.3l since the feed
which would be sold in place of the unit of F23 was less
profitable,

The individual maximum restrliction for Fpy is designated
a3 Fqne Reduction of Fa, by one unit wovld result In a o2
drop in cormpany income because Fog would slve a grester re-
turn for the one unit than would sales of the fseds which
would renlsce Lt,

Reduction of the individual maximum FBB by one unilt
would be accomnanied by a reduction in Income to the company.
Thls reduction in income would come about as a result of a
decrease in sales of Foy &nd an incresse In sales of other
feeds., The sales of these other feeds would lack & fraction

of a cent being as profitable as one unit of F27.
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The individual maximum for Fpq was Fgg. Reduction of
ng by one unit would be accompanied b; a reduction in in-
come for the cormany. The reduction in income would amount
to #.,18 and would come about because the sales of one unit
of F29 1s more wrofitable than the 3amles of other feeds
which would replace lt,

The 1individual maximum Fqq restricts the quantity of
sales of F32. fad this maximum been one unit smaller, profits
of the comnany would have been ",1); smaller. This reduction
in income would have occurred because the feed sales which
replaced F3p would have ylelded #.1ll less than one unlt of
F32.

The individusl maxima FQO through F99 restrict the quan=
tity of feed sales for F3h through Fhl’ th and Fh5 respec-
tively. Il each one of thess individual maxima were reduced
by one unit and one at a tivwe in order of thelr number there
would be a reductlon in the lncome of the company of #1,10,

457, -7".OL|., 51,07, %3.00, ’7205[%: $5.01, $1.51, #.23 or #.1ll.

Composite maxima

In addltion to the individual maxime, there were some
formulse which were competitive in sales with others. To
simulate this commetition in the pro;ram, composite maxima
were set up whlch resatricted the sales of the total of the
feads which were competitive,

One such maximum was the composlilte maximum for Fq and
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F Thls maximum, FlOl’ restricted sales of F5 since Fp

2
was restricted by its individual maximum. Had the Fy] maxi=-
mum been reduced by one unit then sales of F, would have been
reduced by one f1fty pound bas; and income for the company
would be lowered by $.16 since the feed sales which would
replace F, would yleld a lower revenue,

Another composlte maxlmum was the F3 FS comnosite mexli-
mum, FllO' This maxlmum restrlicts the combined sales of F3
and FS to 17,L06 fifty nound bags. If this combined maximum
were decreased by one unit, theres would be a decrease of one
bag of Fg sales since this feed was the mors nrof'itable of
tre two, This decreased maxlmum would be accompanled by a
decline in profits of the flrm of ' .24 since the feed sales
replacing one bag of F5 sales would yleld that much less
revenus,

The third corposite maximum was the Fh Fé F; Fio Fll
composite maximum, FlOO‘ It restricted the comblned sales
of these feeds to 164,000 fifty pound bags. If this com-
bined maximum were decreased by one unit, there would be a
decrease ol one fifty vpound bag of Fg since thls was the
second feed bourht in and the restriction, Fip00» kept I ‘rom
attaining its individual maximum. Accompanying ti-ls decrease
in sales of Fg there would be a decrease of ‘el in firm
nrofits for the feed sales which would replace Fg would re=-
sult in less revenue,

The F17 Fi5 composite weximum, FlOS’ restricted the
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comhined sales of these two feeds to 27,626 fifty pound bags.
Any one unit decrease 1n thls corroslte maximum would result
in a decrease 1in Fyi sales of one fifty nound bag., Thls sack
of F1q would be replaced ln the nrogram by sales of otler
feeds; however, profits would decline by %.50 because the new
feeds would be less orofitable than Fyg3.

The restriction qu on compos ite maximum, Fi069 restralins
the c-'rwbined sales of Fy, and Fpp at 16,185 rifty pound bags.
If this restriction were diminished by one unit there would
be a sales reduction of one ba- of Fy, since Fjg was produced
only at its minimum and could not be raduced. There would
also he a decrease in proflits because the feed sales replacing
F19 would not be as profitable to the cornany. This decreoase
in proflts would amount to {.32.

The next composite maximum, FlO?’ was tre Fpp Fpp com-
posite maximum, It reatricted the comblined sales of these
two feeds to 27,700 fifty pound bags. A one unit decrease
in this maximum would decrease sales of Fp] slnce sales of
F22 are at thelr individual minimum and cannot be rsduced

further. Dus to roplacement of F2 with less proflitable sales

1
of other feeda, there would be a :,23 decreasse in profit for

the firm.

Artificial maxima and salesman hours

In addition to individual and corposite maxima there was

another type restriction, artiflcial maxlma., Thess artifi-
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clal maxima were instituted to take account of the comple-~
mentarity between plg nre-starter and other hng feeds, F17

through F These artificlal maxima were organized in

22°
three sets: F,,, for the Fy; Fyg artificial meximum, Fi0j

for the Fiq Fpp artificlal maximum, and Fpp) for the F21 Fpp
artificilal wmaximum. A decrease of one unlt of F,4, would

have been accompanled by the decrease of .02 in firm proflts.
A decrease of one unit of F103 woul have resulted 1n a de-
crease of &,0l, or a decrease of one unit of Fy0), would be
followed by a .03 decrease in profits. These changes in
profits are the value of the complementarity and can be
ascertained by flnding the value of salesman hours saved
because of the complementarity.

Salesman hours, Flll' was the one restriction which
applied to all feeds., If this restriction were to be re-
duced by one unit (one sslesman hour) there would be an
accomnanying decrease in firm oroflits of ;25.20 siice the
sales would be curtailed so that the firm's markeup would be
reallzed on smaller volume, The salesman hours referred to

atove are thne salesman hours spent 1a customer contact.

Individual minima withdrawn before pro;ramming

Some of the individual sales minima were not used as
restrictlons in the programming computations. Instead the
resources necessary to produce and sell the minimum quanti-
tles were subtracted from the available resources. The re-

ralning resources were those entered in the propramming com-
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putations,

To determine the opportunlty cost of the wlthdrawn mini-
ma 1t was necessary to first find the feeds for which no
quantities above the minima were sold. The marginal revenue
row in tre completed program for these feeds displayed the
revenue the firm would rain 1f it wereo ahle to vnroduce one
less unit of the feed and renlace it with another feed. This
firure also represented the cost of the lost unit of the
minimum restriction. A decrease in sales of F3 would bring
an lncrease in revenue of .10 since F5 could e sold to
rreater advantage,

The nroduction of the last unit of Fh necessary to ful-
r1ll the Fh minlmum resulted In 8 proflt which was onl; a
fraction of a cent ($,002) less than 1t would have been had
the minimum actually been one unit lower. Thls was the re-
sult of Fg (which was brought into the program) being only
sllghtly more profitable than Fu. Fg and F,5 held the same
relatlionshlip to Fg; however, the fulfillment of the last
unit of the F9 minimum resulted Lln a profit which was .69
smaller and the F1g minimum resulted in a nrofit which was
1.0023, smaller than would have been the case 1f.thoir re-
spective minima had heen one unit lower,

The Flh or FlS minima if reduced by one unit, would have
resulted in an Increased vrofit of ; .1l or ,22, respectively.
The 1lncresse would have come about because salesman hours

could be utillized more advantageously b; other feeds.
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The nroductlon of' the last unlt of Fpp necessary to
fulfill the Fp minimum resultad in a proflt w.ich was 201
below what 1t would have been had Fjg been allowed to be
80ld in place of this last unlt of Fyy sales, Fy, held the
game sort of relationship wilth F21 and profits would have
been increased by .;,02 had the last unlt of Fpo been re-
placeable with Fpo1.

The last unit produced of th could have been replaced
with sales of other feeds with a resulting %.19 increase in
nrofits, 1If one unit of F25 had been vproduced there would
have been a decrease 1n profits o~ *1.,53. Ry the same token
an Iincresse of one unit in sales of eilthsr F3O, F31, or F33
would have resaulted in .'.05, .07, or :.2li decrecase in

profits, respectively.
Sugrestions for Future Research

A number of questions arose in the process of com-
pleting this analysis. There appesred to be a number of
avenues whilch needed the revealing light further research
could shed, A few of these avenues are mentioned as a
challenge to some enterprising soul possessing a slow car
and an extremely effliclent set of head lights,

Estimatlion of Ilnpredlent prices for a particular loca-
tion for a year, a quarter, or even a month ahead is diffi-
cult and risky. The establishment of a simple method which

could be used by manarors of feed firms in planning and
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timing purchases would be helpful., At present, some firms
operate on the assumption that ingredlent prices will be the
same as at present., The same question could be investigated
from the standpoint of estlmuting feed prices or margins on
feed,

Further investigation 1ls needed to better ascertaln the
amount of saleaman time necessary to sell a given gquantity
of feed., Is the method usad in this study the most accurate
tool for this purpose or can a more exact time measurement be
made? A more sensitive method mirht estimate the change 1n
sales time needed as the quantity of sales of a formula in-
croased.,

The firm used in thls study had several feeds they
thought were competitlive In sales and a number of other
products which had commlementary relationships in sales,

Was thelr judgment correct as to those relationships and more
importantly, were thelr estimates of coefflclents regarding
the magnitude of these relationships accurate. A study in-
vegtlratiig the directlon and magnitude of these relatlionships
would be Iinteresting.

The next query 1s highly subjectlve; however, it ls an
important question to the trade in thls day of rapidly chang-
ing feed formulse., To what extent ls customer goodwill affect-
ed when the feed flrm removes a product from the market? If
only a few sales are lost, then droppings some formulas might

be profitable; 1 otherwise, 1t could be disastrous.
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Another program could be made for the present firm in
which the salesman hours restrlction was relaxed. VYanagement
coul? also use results from programmlrg carried on with in-
éreased margins on some of the formulae.

An Interestling point ceme to the author in the process
of pathering material for this study. [t lnvolved the
process of "killing" (gradually but deliberately dropping)
feeds. There were different moethods emwployed on different
feeds--one method involved stopoln: any advertising on the
particular formula, sanother Involved ralaxing of all sales
effort, a third one was to "push" another feed which was com-
petitive In gales wlth the feed belng "killied", and a fourth
and more determined method was an increase in the mark-up of
the outgolng formula. This last method has the effect of
moving up along the demand curve for the feed. How does this
demand curve change ove~ tlme after such an increase in
mark-up? Toes the demand for thls feed bLecoms more elastlo
over-time as wore and more peonle resalize thls feed 1is
priced high? The feed manufacturer could well use the
anawer to this problem in any effort to maximize his nrofits.

A large part of the total cost of feeds is t%e cost of
Ingredients. For this reason there exlsts a need for a
programming study to establish a nrocedure designed to in-
crease storare efficlency. Increased storage efficlency
would make possible better utilizatlon of quantity purchase

discounts. There exlists all the facts of a progremming
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problem in that there are several sources of material; rall,
truck and parcel post; several storage rooms and at least
two destinations coupled with an ever changling disappearance
pattern for the varilous ingredients.

Another Interesting study which could be made uslng
known techniques 1s to find the least cost feed taking 1lnto
consideration not only the nutrltive requirements and
palatabllity but also the criterion used by the farmer in
selecting a feed (for instance, hoy feed must have an oder
and be a fresh-looking yellow)--you sell the feed to the
farmer then to the hos; not to or for the hor alone.l

Other studies might revolve around the cost of bulk
versus bagred feeds, cost of custom mlixing versus fixed
formules, or the cost of selling financing with the feed
versus selli:y for cash or on 30-day open account,

Dne last supgestion for study 1s the ildea that linear
programming might be used to make possible maximum utlliza-
tion of storage space through time, thercby enabling the
company to ret more quantlty dlscounts on large purchases,

On the typlcal warehousing program there 1s a dispersion of
products over space which must, after a storage period in
limited warehousing, be dellvered to a more or less dispersed
area all at the least transportation cost. For the feed firm

there 1s a dispsrslon of ingredlents over time which must be

1Nauph. op.cit.
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stored in warehousling for & limited time and then be withdrawn
to be delivered to the mixer but dlspersed over time. A pro-
gramming study could be made to yleld an answer which would
indicate the proper time to purchase the firm's ingredlents

in order to minimlze ingredlent costs,
Limitations of the Study

The maln lirltations have been 1lndirectly cited in the
previous section undor sup:estions for ruture research. The
accuracy of the coefficients themselves 1s probably the
bigrpgest question mari, since 1t is quite difficult to deter-
mine the exact measure of corpetltive or complementary rela-
tions In sales. The salesman hour coefficient i{s further
complicated by having been derived from management's estimate
of sales difficulty. This estimate of sales difficulty was
assumed to have a llnear relationship (within the ranre con-
sldered) with salesman hours nesded to make a sale, If this
llnear relatlionship does not exist the concluslons from this
study may be invalid. Another linitation ls the possible
errors In estimates of prices of feeds and ingredlients.

The llnear programming method used ia this study 1is
qulte complete in 1itself, The only real criticism the author
has after working with 1t for the flrst tine 1s that the
answer derived with its use i3 stlll quite sketchy even 1if
all coefficients, restrictions, and sctivitles were corresct.

The results 1t glves leaves unanswered several questions.
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For instance, one can only speculate on what would hapren to
profits and sales 1f one of the feeds had 1ts merglin lncreased,
Second, how would increased sales pressure in one sales
territory affect the sales pattern prescribed by the program?
Next, what would a sizeable chanre in the price of a major
Ingredient do in changing the most profitable combination of
sales? hile 1t i3 truve that these questions could be

answered by further programming, there 1s still the possi-
bllity that additlional programming will be too expensive for

the irm to afford.
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SUMMARY AND CONCLUSIONS

This study refers to an independently owned feed firm
with a single nlant located in central Towa. An ontimum
plan has heen determined for the firm in an effort to nro-
vide for managerment's need for an accurate and systematlc
aild to solution of operationel firm problems, Two important
questions arise in determining the ootimum plan., One 1is
the question of the computational cost of obtaining this
optimum nlan. The second ls the questlon of whether a
satlisfactory program can be developed which will provide a
realistic and helpful solutlion when the needed coetf'ficients
and other information cannot be detsrmined with precision.

The speciflc objectlives of this study were: (1) to deter-
mine what feed formulas should be produced and sold; and (2)
to determine the moat profitable volume for each of these for-
mulas. Two sub-objectives were: (1) to find out if workeble
and rsalistic data for solution of the vrorram could be nre-
pared fror lalformation normally avallable to management, and
(2) to obtsln tlie solution of the nrorram st the lowest prac-
tical cost ln order to estirate the sconomic fessiblllty of

the actual use of such a »nro;ram,

Linesr programming has besn used as a tool for analysing
the noasibllity of increasing profits by Ilncreasing the sales
of some feeds while decreasing the sales of other feeds., The

desk calculator wes used in makinpy the computations alfter an

estimate was obtalned to determine the posslble cost of get-
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ting the computations done on an elsctronic computing device.

The firm selected for the study 1s a typlcal leed
comnany. It owned no retall outlets and had only one plant
which nroduced and sold L2 mixed feeds and merchandised
three ingredlents., Insredients wero purchased frow suppllers
in several states but sales were made almost entirely in
Towa where the comrany merchandlsed to hatcheries and ele-
vator and farm aupply buslnesses,

The principle followed in determlination of coefficieunts,
restrictions, arnd prices for t-e prosram was that no informa-
tion wouldé be used whlich was not readily avallable to manage-
ment., It was felt that 1f programming was to be a workable
tool of feed rirms it would ordinarlly have to be based on
about the same quallty of informatlion now used. For this
reason the data used in the prosram were, in part, subjective
Judgments of management.

The simplex method was used in the solution of the
prosrram, The matrix whiich encompassed the totsl program
wag dlivided Into five swaller sub-matrlices. These sub=-
matrices werc solved and rsturned to the maln matrix. The
criterion for determining which activities entersd the
prorram of the maln matrix was the revenue per salesman
hour for each activity. If the activity brought a high net
profit per saleaman hour used it would go in first; If it had
a very low net proflt per saslesman hour used it might not

enter the vrogram of tine maln matrix. The problem was solved
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with the aid of a desk calculator because this means of
solution was cheaner than solutions using electronic com-
puting devices.,

The optimum plan derived is a plan for one narticular
feed firm, 3ince each feed firm has a different resource
structure, adjustments su rested by thls nropram cannot be
'recommended for any firm other than the one studled.

Comnarison of 1955-56 overatlons with those called for
by the ontimum plan show several Iinterestiny chanpes. let
profit for the propgram was . 31,414.36 and ror 1955-56 it was
#15,418.7h. Thus, it was found that the program plan pro-
vided ;15,795.62 more net orofit than 1955-56 sales. The
profram also increased tihe quantity of total feed sales by
12,599 fifty pound bars.

The increase In the quantlty of feed sales shown by
the new progrem was a result of both lneresses and decreases
In sales of Individual feeds. The new pro;ram called for
Increases Iin sales for twenty-elght feeds, decrezses 1in sales
for thirteen feeds, and sales unchanged for three feeds,

T™wo sroupings were made of the products produced by
the commany In an effort to see if there was some group which
the program had Increased or decreased. One of these classi-
fications consisted of roultry feeds, hoy feeds, beefl feeds,
dairy feeds, and other feeds and products. The other group=-
ing included pre-mixes and concentrates, nigh molasses

products, complete feeda, and mlscellaneous products.
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In the first of the proupings mentioned above 1t waa
found that programmed poultry feed sales increased 19 per
cent over the 195:-56 sales level. Yop feed sales increased
three per cent; beel feed sales decreased 33 per cent, dairy
foed sales increased |2 per cent, and other feed and product
sales decreased elght per  -cent.

The second grouping showed an elght per cent increase
in complete feeds, miacellansous products a ten per cent
Increase, and pre-mixes ané concentrates a nine per cent 1in-
crease in sales over the 1955-56 sales., "igh molasses
products showed tle moat declsive chanpge in sales. This
proup showed 100 per cent decrease in sales from the 1955-56
sales level,

The restriction which curtailed expansion of nrotfits
moat drastically was salesman hours, The firm operating
under the »rosram could have made $25.20 more net profit if
there had been another hour of sales contact at no additional
cost. "If they could have bought thls additional hour for
£20.20 they could have added :5.00 to net profits.

The foregolng dlscuasion has shown that the linear
prosramming method can be adapted to feed firm problems in-
volving scarce resources and marketing complications such
as ll»tted markets and competitive or comnlementary rela-
tlonships among feeds sold., The program also has shown that
there 1s a combination_of sales of the various products

which will provide the firm with greater profits.
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The coefflclients and restrictions provided by manage-
ment are not preclse, therefore the solution to the program
cannot be used ags a formula to higher orofits. The author
faels, however, that manarement can use this analysis with
a falr derree of coufidence vprovided common sense is used
in interpreting the results.

The cost of computation using the short cut solutlion as
employed in this dissertation would not be too expensive
eapeclally after a person gained facility in the use of the
method. It would ap~ear, however, that the higher costs
of electronlc comnuters micht not be justified for small
feed firms. Large companies might benefit enough from the
program that they could pay the hlgher price on problems

which could not be solved by the short-cut method.
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APPENDIX



Table 1.

Computations of net ~rice for Fl.

(cuantity (lbs.) Price of Ingredient
in ton ol feed in red. cost per
per 1lb. ton ol feed
Seles nrice (per ton) +39,00
Less: Costs
Ingyredient costs
Corn 351.06 .02286 ; 1~) ugs
Rran 199,13 .022
Shorts . 139.1 .0218 4.123
Alfalfa (17%) 9.5 .031 2
Soybean meal 4125.53 .0255 10.851
Cluten meal 9l;.56 .038 3. 533
Fish meal 37.33 +10 3.733
Dried milk 23.37 .115 3.263
Calcium L7.23 . 005} «2553
Deflourineted Phosphate 23.62 .039 .9220
Salt J. .011; .132
Trecse mineral 1. 123
Poultry mix 75 3.,02
Bags Lo ghS/bag 338
Tars Lo .00 /bag .
Total ingredient costs w60.5723
Fuel cost for manufacturing only .1223
Total ingredient and fuel cost +60.6951 .60.70
Net price (per ton) -23.30

0y
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Table 2. Computations for composite 50# bags maxima sales

restrictions,

Formula Naximum Actual Differ- Amount added Composalte
gales sales a.ce to sales of maximum
which of the Dbetween 1350-56 to al- used in
can be fiscal max lmum low for expan- matrix
made at  year and sion of these (sales of
existing 1955-56 actual groups in rela-1955-56
margins tion to all plus

Teaed sales. amount
Add 1000 bags added
or ‘10% of dif-
ference, which-
ever 1s largest
F 25,000 22,733
F‘; 8 :7111_8 1,718
Total 33,71h 31,502 2,212 1,000 32,502
Fr 6,000 li,500
Fz 13,000 11,9060
Total 19,000 16,406 2,590 1,000 17,406
F 2l ,000 19,000
F 60,000 3,966
F9 10,000 8,299
Fig 90,0008 63,4308
Fll 0,0008 1 9534
Total ™ 20,000 159,353 Ll , 347 L,435 161,000
Fi7 1,000 5,622
P13 27,000 21,00l
Total 23,000 26,626 1,374 1,000 27,626
Fi5 20,000 16,724
Fs4 éz,ooo 23,461
Total 2,000 H;T{ﬁg 6,15 1,000 16,185
e e
] 2 )

Total 32,500 26,700 5,300 1,000 27,700

83ples estirated fror first months of 1956-57 since Fg

s a new fesd.

booncentrates which are given double welght because one
pound of concentrate willl feed the same number of po..*rv as
two pounds of full fesd,



Table 3. 3ZBeginning sub-matrix for activities F), ¥4, F9. Fi0, and Fy3.

hctivities Fo Fg5 Fgy Fgg Fgy Fgp Floo Fill ¥, Fg Fq Fio ¥y
Hestrictions
Fss 14,000 1 1
Fsy 10,034 1 1
Fgo 2,500 1 1
¥Fgy 10,000 1 1
Foo 9,000 1 1
F100 24,5% 1 1 1 1 2 2
Fj1q 0 1 .0258 .0154 .0229 L0174 .0188
z-C 0 -.79 -.53 -.65 -.72 -1.12
d 0 30.62 .42 20.38 41.98 59.57

[
N
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Table 4 Beginning Sub-Matrix for Activities F16 - F22 and Fh6 - FSl

Activities o 3 Foa F69 I"f‘:o Fr"l F72 F»B Fr‘.vh_ Fr»(r) Fr(‘6 FY'{'
Restrictions
Fg7 8,000
Fsg 1,000 1
Feg 15,000 -1
Foo 27,000 1
Fn 5,000 -1
Fao 20.000
Foa 2'7.000 -1
F Th 32,000 1
Foo 22,000 -1
Fog 26,500
17 3,525 -1
Fog 6,000
Floe 0
F03 0
Fiok 0
Fio05 27,626
F06 46.185
Fio7 27,700
3071-5045

Fi1a







3 Py Fys Fig Foy

Fog Fiop

"03 Fioh Yios Fios Fioy Fin

-1
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Table , (Cont!nued).

Activities F

Restrictions

Feq 1

F68 1l

T69 1
F70 1l
1'71 , 1
1"72 1
13

F, 1

1 1
Fi11 .0224 0202 .0163  .028: .0191 .0191  .OX!
2-C -1.50  <l.72 =93 =107 =75 =Tk .70







Foo Faa  Fz2 Pus Py Fus. Fyg F50 Fg
1
1
1
1
1
1 1
1 1
1 1
1 1
1 1
1 1
1
1 1
1 1
1 1 1
1 1 1 1
84 ,0191 .0191 .0197  .022h .0172  .0299 .0202 .0202 0202
75 =4 =070 =172 =93 =107 <75 =.TH =70







15

Table 5. Sales difiiculty index (F6 = 100).

Formula ‘‘easurement of sasurement of “easurement of
difflculty of difficulty of diffliculty of
seles at nresent sales from win- sales from what

imum to what 1lsa 1s presgsently sold
sold at present to the maxlimum

Fy 105 105 105
Fp 105 105 105
Fq 110 110 110
F), 170 170 170
Fg 125 125 125
Fg, 100 100 100
Fog 120 120 120
Fa 120 120 120
Fy 150 150 150
F1o 110 110 110
F11 120 120 120
Fio 120 120 120
Fy4 160 160 160
Fy) 250 250 250
Fig 250 250 250
F16 150 150 150
Fyq 140 140 140
Fi3 110 110 110
Fig 195 195 195
Fog 130 130 130
Foy 130 130 130

Fop 133 133 133




%6

Table 5. (Continued).

Tormula Measurement of "gasurerient of ‘easurement of
diffleulty of difficulty of difficulty of
gales at present sales fror mine- sales from what

imur to what 1is 1s presently sold
sold at present to the raxlimum

Fa4q 200 200 200
Fa), 300 300 300
Fag 500 500 500
Fag 200 200 200
Fa7 175 175 175
Fog 170 170 170
Faq 140 140 140
Fao 125 125 125
Fy3 135 135 135
F32 150 150 150
Fq3 120 120 120
F3), 120 120 120
Fag 125 125 125
Fa4 110 140 140
Fap 200 200 200
F39 200 200 200
Fig 200 200 200
Fl,0 200 200 200
Fl,1 175 175 175
Fl2 90 90 90
FhB 1Y) 90 90

Fuu 115 115 115
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Table 5. (Continued).

Formula Messurement of Heaggurement of Yeasurement of
difficulty of difficulty of difflculty of
sales at present gales from min- sales from what

imum to what 1s 1s presently sold
sold at present to the maximum

FhS 115 115 115
Fhé 150 150 150
F7 115 115 115
F)3 200 200 200
Fiig 135 135 135
Fgo 135 135 135

Foy 135 135 135
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Table 6. 7alesran hours needed for sale of one feed unit.

(tnit is 50# bar unless noted differently)

Formula 3elesman hours Formula 3alesmran hours
F -015% Fa7 0261
Fas .01583 Fog .0254
Fq 0169 Faq . 0209
F) .0253 Fyq .0137
Fyg .0191 Fa1 «0202
Fg, 0150 Fip . 022l
F7 . 018l F33 .0179
Fq 013 Fs), (25# bag) .0179
Fg +0229 F3g .0187
Fio OLT7h Fag .0209
Fiq .0188 F37 (10# vag) .0299
F1» 0180 Fag (10# bag) .0299
F13 0213 Fag (10# bag) .0299
Fi), 0374 Fl,o (2b# cases).0299
Fig 0374 F)q .0261
Fi16 .022)) o .013l
F17 .0202 F|;3 013l
Fig 00163 Fll, 0173
F19 .023]; F),5 .0172
Fo, 01751 Flg 022l
Foy .0191 - Py .0172
Fan .0197 F)3 . 0299
Fzg .0299 Flg .0202
Fal +0Li48 Fgo .0202
Fog 0746 Fgy .0202
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Teble 7. Yachlne hours needed for productlion of one feed unit,

('nit 1is 50# bar unless noted otherwise)

Formula Vixer ‘lfard pelleting Sol't pelleting
machline machlne
Fy . 001l .005
Fp .001L . 005
Fq .001), .005
F), .0014 . 005
Fg . 001l . 005
Fg + 001l .005
Fo . 001l .005
Fq .001h . 005
F, . 001l .005
Fio 001l . 005
Fi3 .0021
Fis .001L +005
F13 .001) . 005
Pyl .001l; .005
Fig 001} 005
F16 .0031
Fi7 .001L 0036
F19 . 001l .0036
F1g .001l .0033
Fao 001} . 0033
Fyy . 001 .0033
Foo .001ly .0042
Faq 001} . 0036
th . 001} .0036
Fog . 001} .0071

Faog, .001} .005
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Table 7. (Continued).

(*nit 1s 50# bay unless noted otherwlse)

Formula I*ixer Tard pelletling Soft pelleting

machine machine

Fo7 .001l . 005

158} .001h .005

Fon .001l .005

F35 .001) .0071

F3y . 001} .0071

F3 . 001 . 005

F3q JOC )y .0071

Fq), +0007 (25# bag) .0042 (25# bag)

F3g L0001l .0036

P36 .0031

a7 .0003 (10# bag)

F33 .0003 (10# bag)

Fig .0003 (10# bag)

FhO

Flj1 .0021 (23# can)

Fly2

Fy3

th . 001l .0036

F) g 001l .0033

Fl,6 001l .0036

Fh7 .001L .0036

F),8 .001Y .0033

th .001l .0033

Feo 001 Lo0k2




Table 9.

Yammermlll innut-outnut coefficlent computation.

(Six ton ner hour for both corn and oats (.000033 hours per lb.;

Formula Lbs.of oats No. of 50# ILbs.of outs Hammermill hours “ammermill time

corn in sacks in ton corn in 50# per 1lt. of grain per 50§ sack »f

ton of Fy sack of Fq feed for each j
Fy 351,06 L0 21.28 .000083  .001766
Fy 350.26 Lo 21.26 .000083 .001765
Fq 363.22 40 21.58 .000033 L0017
Fh 671.14 1,0 16.78 .000083 .001333
Fg 583,66 Lo 14.59 .0000833 .001211
F¢, 363.22 10 21.58 .000033 .001791
Fqp 1023.76 Lo 25.72 .000033 .002135
Fg 1020.41 1o 25.51 .0000833 .002117
Fq 293,60 Lo 7.22 .000083 .030599
Fio 331.13 Lo 8.23 .000083 . 000637
Fyo 666.51 140 16.66 .000033 .001333
F13 1018.52 Lo 25,16 .000083 .002113
551.98 Lo 13.30 .000083 .0011L5



Table 3.

(Continued).

(Six ton per hour for both corn and oats {(.000033 hours per 1lb.)

Formula Lbs.of ocats No. of 50# Lbs.of oats Harmmermill hours Hammermill time
corn in sacks in ton corn in per 1lb. of grain per 50# sack of
ton of Fy 50# sack of 7 feed for each Fy
Fig 713.95 Lo 17.35 .000083 .001482
F1¢ 465,77 Lo 11.64 .000033 .000966
Pyq 941.95 o) 23.55 .000033 .001955
F18 1115.63 Lo 27439 .000083 .002315
Foq 1270.14 Lo 31475 000083 001428 RS
Fa), 688.47 e 17.21 .000083 .000369
Fog 179,03 Lo L5 <000083 .001467
Fog 707.03 40 1763 .000033 . 00096}
Fap Lo 25 L0 11.61 .000083 .gggSgg#ogaéooou
Fa), 383.16 e 9.70 .000083 .001309
F3g 372.10 L0 21.30 .000033 +001L66
Ll 706.21 L0 17.66 .000083
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Table 9. Computatlons to chanre restrictions necessitated
by withdrawal of the sales minima from the matrix,

Restrictions Yaxima Vilthdrawn minima Remalning maxima
Fop 25,000 22,733 2,212
Fij3 L,257 2,000 2,257
Fu), 6,000 l;,500 1,500
Frg 21,000 10,000 14,000
Fgp 13,000 11,906 1,094
Fgy 60,000 149,966 10,034
Fg3 5,000 2,800 2,200
Fgg 1,500 1,200 300
F6o 10,000 7,500 2,500
Foy 40,000 30,000 10,000
Fg o 15,000 6,000 9,000
F61 100 20 80
Fo), 1,000 Loo 600
Fés 150 60 90
Feg, 300 160 110
Fg o 10,000 2,000 3,000
F79 700 300 1100
Fao 6,500 100 6,400
Fas 1,300 900 oo
FQB 6,000 3,000 3,000
Fg), 8,500 Iy, 000 1,500
Fyg 10,000 5,000 5,000
Fag 500 11 39




Table 3. (Continued).

0l

Restrictions Taxima withdrawn minima Remainlng maxima
Fro 53l 533 1
Fg1 150 330 120
ng 5,000 1,000 ly,000
Fgg 6 L 2
Fgq 141 140 1
Fag 553 552 1
F1 00 16l;,000 139,466 24,530
F101 32,502 26,738 5,714
102 0 - 1,00 1,00
F103 0 - 160 160
Flou 0 - 80 80
Fi110 17,406 16,106 1,000
F111 6,125 3,045.5613 3,079.4387
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Table 10, Total net -rice for 1)95-56 sales® and ror the new
program sales,
Formula Total sales Net nrice esti- Total net et nrice
1955-56 mated for each vrice If firm of the
feed for the iad gare sales new pro-
comlng year pattern as in .ram (from
1955-56 table 11)
Fyq 22,748 71 16,179.48 17,750.10
Fp L,357 .71 3,093.47 2,663,21
Fiq 6,527 .56 3,655.12 2,520.00
F), 19,000 .79 15,010.,00 7,900,00
Fs 072 ‘r-) '2"92.32
F() Lo »966 «53 26,131,993 29,945.00
g 3,00l H1 1,332k 3,050,00
Fa 1,200 .63 756.00 9,5.00
Fg 3,29() 065 5:3‘)&-35 )-,'::;75000
Fio 3,215 .72 2h,634.80 21,600,00
F11 6,97) 1.12 7,516.43  16,300.00
Fio 20 .6l 12,30 6l;., 00
Piq 1,98 1.47 732,06 1,470.00
F1g 160 .72 115,20 115,20
F16 3,600 1.50 5,4,00.00 15,000,00
Fyg 21,00l 93 17,533.72  24;,762.18
"9 16,72l 1.07 17,394.68 20,527.95
F»o 23,461 .75 21,345.75  20,250.00
Fpy 23,175 Tl 17,149.50  17,839.50
Fap 3,525 .70 2,167.50 2,,67.50
8ad justed to refloct the net »rice estimated for each

feed for the coming year,




Table 10. (Continued).

Formula Total salesa HNet price estl- Total net Net price

1955-56 mated for each price if firm of the
feed for the had same sales new pro-
coming year pattern as in rram (from

1955-56 table 11)
Foq 563 2,06 1,159.73 1,L1,2.00
Fa), 6,267 b 55390493 94400
Fag 316 .35 110.60
Fag 1,106 1.17 1,294.02 1,521.00
Fo7 Iy, 043 66 2,671.68 3,960.00
Fog 7,331 6l 5,011.34 3,267.20
Foq 6,082 o71 }4,318.22 75100,00
Fip 3,267 b2 1,372.14
F3y 5,335 iy 2,369.40
Fap L1l .70 287.70 350,00
Fi3 2,423 .21 508.833
F3), 533 1.55 326.15 B27.70
Fag 330 1.0} 343.20 468.00
Fag 5533 .57 2,533.91 2,950.00
Faq 20 1.32 36.40 72.30
Fap Lo 3.75 150,00 375.00
Faq 5 3.29 16,45 32.90
Flo i 5.76 23,0l 31456
Fl 135 2.17 292.95 379.75
F,2 lj,617 These are included in net price
Fli3 1,541 for poultry and laying feed.
F 140 67 93.30 9l 147
F)g 552 5L 298,08 243,62
22%,327.24y  2L),B822.86




Table 11. Comrutations of total sales and total nst »rlce under new pro.ram,

Formula Yinima which Additlonal quan- Adjustments Total sales et Total net

were set up tities produced due to same under new price prlce

as bein; pro- and sold as dic- feeds being vlan

duced before tated by the " under two

the program prosram activitlies?®

was computed
Py 22,738 2,212 25,000 .71 17,750.00
Fy 2,000 1,751 3,751 .71 2,663.21
Fq 1,500 I},500 .56 2,520.00
Fg 11,906 1,000 12,906 .72 3,232.32
Fg, 9,966 6,534 56,500 .53 29,945.00
Py 2,800 2,200 5,000 .61 3,050.00
Fq 1,200 300 1,500 .63 945,00
F, 7,500 7,500 b5 l4,375.00
F{o 30,000 30,000 .72 21,600,00
Fip 6,000 3,000 15,000 1.12  16,300.00
Fyo 20 30 100 RN 61 .00
Fyq 1100 600 1,000 1.47 1,470.00
o ¢ 60 .30 43.00
rlh_ 30

83ome formulas werec computed as two actlvitlies due to diff'erences in sales rela-

tions with other feeds.

This division was no longer necessarye.



Table 11, (Continued).
Pormula ‘inira w-ichk AdJltinnal quan- Adjustments Total sales et Total net
were set up tities oroduced due to sare under new orice price
as belng »ro- and sold as dic- feeds being plan
duced before tated by the under two
the ~ro:rram  nrogrem activities®
was comnuted
Fig 160 160 .72 115.20
F16 2,000 1,000 10,000 1.50  15,000.00
Fi7 1,000 1,000 1l.72 1,720.00
F13 600 26,026 26,626 .73 2l,762.13
Fig 640 13,545 19,135 1.07 20,527.35
Faq 27,000 27,000 .75 20,250,00
Foq 320 23,355 24,175 <7l 17,839.50
F2p 3,525 3,525 .70 2,467.50
Fo3 300 1,00 700 2.06 1,442.00
Fal, 100 100 et 9L, 00
F25 .35 20,00
Fof, 300 400 1,300 1.17 1,521,00
Fa7 3,000 3,000 65,000 .66 3,360.00
Foq 1y ,000 1,105 5,105 bl 3,207.20
Foq 5,000 5,000 10,000 .71 7,100,00
Fag 42 0uU.00
oLly 00.00



Table 11. (Continued).
Formula ¥inima which Additional quan~ Adjustments Total sales Net Total net
were set up titles produced due tc same vunder new price price
as being pro- and sold as diec- feeds being plan
duced before tated by the under two
the vrogram program activities®
was computed
F3p 1 39 500 .70 350.00
F33 .21 00,00
F3), 533 1 534 1,55 327.70
Fag 330 120 h50 1.0k L68.00
F34 1,000 l;,000 5,000 .57 2,350.00
1. 2 n
F33 100 100 3.75 375.00
F39 10 10 3.29 32.90
Fla 175 175 2.17 379.75
Fy P 5,100 5,100 These are included in
h2 net price for poultry
feead
F)‘Bb 1,701 1,701 These are included in

net price
feed

Tfor laying

bComputations showing the quantlty of oyster shell and ¢rit sold under the new

program can be found in tables 19 and 20.



Table 11. (Continued).

Formula Yinima whtich Additional quan- Adjustments Total sales Net Total net
were set up tities produced due to same under new price price
as being vro- and sold as dic- fesds belng plan
duced before tated by the under two
the nrogram  ~»rogram activities®

was computed

1, 140 1 1h1 .67 ol L7
Fl,g 552 1 553 .5k 293.62
F,6 000 All quantities trans-
ferred to F1
Fly7 26,026 -26,026 000 All quantities trans-
ferred to r13 ,
Fl\q 13,545 -13,5.5 000 41l quantlities trans- =
R ferred to Fy o
Fq 27,000 -27,000 000 All guantitiés trans-
+7 ferred to F
0
F 23,855 -23,855 000 All quantit%es trans-
50 ferred to Fp3
Fgy 3,525 - 3,525 000 All quantities tr:ns-

ferred to F22

2L} ,322.86
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Table 12. PReglnning sub-matrix I, and F, for activities.

Activities Py Foo Fgy 101 Fiqg o Fa

Restrictions

F52 2,212 1 1

F53 2,257 1 1
Fio1 5,71 1 1 2
F111 0 1 . 0158 .0153
Ze=C 0 - .71 - .71

a 0 Ll .ol Ll .9l

Table 13. Teglnnings sub-matrix FB and Fp for actlvitles.

Actlvities Fo Fgp ¥s6 Fiyo Fipn Fq Fg
Restrlictlions
Fep 1,500 1 1
Fog 1,09k 1 1
F110 1,000 1 1 1
Fl11 0 1 .0169 .0131
zZ=C 0 - .56 - .72

d 0 33.14 37.70




Table 1. Total sales during 1955-56, total sales under new plan, chai.ges 1n sales
hetween tlie two, and minima and naxima for sales of each feed,

Formula Total sales Total sales Tncrease (+) or linima set by ‘~axima set
during under new decrease (=) mana;emsnt by managemert
1755-56 plan over 1755-56
Fy 22,738 25,000 2,212 22,733 25,000
Fp L5357 3,751 - 606 2,000 ly»357
Fj 6,527 Iy 500 - 2,027 14,500 6,000
F), 19,000 10,000 - 3,000 10,000 2l,000
Fo “ew feed 12,906 12,926 11,906 13,000
123 9,966 56,500 6,534 19,966 50,000
Fo 3,00l 5,000 1,996 2,300 5,000
F; 1,200 1,500 300 1,200 1,500
Fq 9,297 75500 - 799 7,500 10,000
Flo 34,215 30,000 - L,215 30,000 140,000
F11 6,979 15,000 3,021 6,000 15,000
Fio 20 100 30 20 100
Fyq 1,08 1,200 502 oo 1,000
Fy), 60 60 60 150
Fig 160 160 160 300

F14 3,600 10,000 6,400 2,000 1.:,000

cC™



Table 1li. (Continued).

Forrmula Total sales Total sales Increase (+)or Minima set by Yaxima set
during under new decrease (-) management by management
195556 plan over 1955-56
Fio Flg 5,622 1,000 - },622 1,000
P13 F7 21,00} 26,626 5,622 15,000 27,000
Fig th 15,72k 12,195 . 2,451 5,000 20,000
Fag  Flig 29,L61 27,000 - 1,h61 27,000 32,000
Fa1  Fgo 23,175 2,175 1,000 22,000 26,500
Fa2 Fg 3,525 3,525 3,525 6,000
Fa3 563 700 137 300 700
Faly 6,267 100 - 6,167 109 0,500
Fog 316 - 316 LLoo
Fog 1,106 1,300 194 900 1,300
Foy li,043 6,000 1,952 3,000 6,000
Fog 75331 5,105 - 2,726 l;,000 3,500
Foq 6,082 10,000 3,913 5,000 10,000
Fag 3,267 - 3,267 ly ,500
F3q 5,335 - 5,335 6,500
F3 hi1 500 39 411 500



Table 1l;. (Continued).

Formula Total sales Total sales Increase (+) or ¥inima set by Maxima set
durin under new decrease (- management by management
1955-56 plan over 19355-5
F33 2,h23 - 2,423 5,000
Fa), (25% bags) 533 53l 1 533 53k
Fag 330 Li50 120 330 150
F36 l;,533 5,000 167 1,000 5,000
F37 (10# bags) 20 1o 20 0
Faq (10# bvags) ;0 100 60 100
Flio (24# cases) L 6 2 N 6
Fi,1 135 175 4o 175
‘ Flo 1,617 5,100 433 .027 of complete laying
feed sales.
F) 3 1,541 1,701 160 .0073 of complete
poultry feed sales.
P, 140 1kl 1 1.0 il

Fi,5 552 553 1 552 553
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Table 15, Computations for complementarity between th and
all poultry feeds.

Poultry Last yesar's Last year's Last
feeds sales sales adjusted year's
(50# bag) for concentrates sales
(50# bag) of Fh?
Fy 22,738 22,738
Fa LHBS? 1&:357
Fq 6,527 6,527
Fh 19,000 19,000
FS 0 0
e 49,966 49,966
Fo 3,004 3,00l
Fg 1,200 1,200
F9 8, 299 8, 299
Fio (concentrate) 34,215 X 2 68,4308
F; (concentrate) 6,979 X 2 13,9588
F12 20 20
F13 1498 1498
Fi), 60 60
Fig 160 160
Fi6 140 140
198,407 1,541

F)p sold per 50# bag of poultry feed = 1541+ 193,407 = ,0078
F) o sold per 50# bag of concentrate = ,0078 x 2 = ,0156

8F19 of Fyq will foed twice as many birds as an equlva=-
lent amount of }ull feed therefore, twlce as much grit (Fuz)
must be supplied.,
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Table 16. Computations for complementarlty between Fl3 and
all laying feeds. *

Taying T.ast year's l.ast yesr's sales Last year's
Feeads sales ad justed for con- sales of FuB
(50# bag) centrates (504 hag)
F3 6’527 6’)527
Fh 13,000 19,000
F 0 0
5
3 49,966 49,966
Fo 3,00l 3,00
Fq 1,200 1,200
Fq 3,299 8,299
Fio 3,215 x 2 63,4308
F1q 6,979 X 2 13,9598
Fiy 1498 498
170,332 L,617

Fh3 sold per 50# bag of laylny feed = l,617<+170,832 = .027
Fu3 so0ld per 50# bag of concentrete = ,027 X 2 = .05h

aFlO or Fq4q will feed twice as many hirds as an equiva-
lent amount of full feed, therefore, twlce as much oyster
shell (Fb3) must be supplied.
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Table 17. Opportunity costs for all actlivities programmed.

Formula Opportunity Formula Opportunity

costs costs
Fy .71 Fp), 1.13
Fy .71 Fog 1.83
Fy .66 Fog 1,17
F) 79 Fp7 .66
Fg .72 Tag .6l
Py .53 F29 .71
Fq .61 Fap A7
Fg .63 F31 .51
Fy .72 F3p .70
Fig .72 F33 45
M1 l.12 FBM 1.55
P 6l F35 1.0l
F13 1.47 F36 57
Fy) W9 F3; 1.32
Fig 9l Fag 3.75
Fi6 1.50 Fig 3.29
Fq7 1.72 Fl,0 S.76
F19 .93 Fl1 2.17
F1g 1.07 Fl), 67
Fag 76 Fl,5 Sk
Foy 74 Fl,6 1.75




Table 17. (Contlnued),

Formula Onnortunity Formula Opportunity

costs costs
Fego o7l Fiq .08
Fsl 070 F—]h .OO
Fgo .16 Fis .00
F'53 .00 F76 .00
FSS . 00 F7-,3 . OO
FS() .00 I 79 1. 31
Fgo .36 Fgg .18
F63 .19 Faé .00
F65 .00 Fgg J1l
Fég .00 Fgo .0l
F?O .00 F93 1,07

Fn .00 th 3,00




Table 17. (Continued).

Formula Opportunity Formula Opportunity
costs costs
F!}6 5001 Iﬂloh, . 03
Fi01 .16 Fi11 25 .20

Fio02 02
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Table 18. Computations for gquantity of Fuz sold under new

program.
Formula Total laylng feed Degree of com- Total th sold
sold under new nlementarity under new
program program
Fy l,500 .027 121.5
Fh- 10,000 .027 270.,0
Fg 12,706 027 34346
F 56,500 027 1525.5
F7 5,000 .027 135.0
Fq 1,500 .027 0.5
Fg 7,500 . 027 202.5
Fio 30,000 .05 1620,0
Fiq 15,000 .05l 810.0
F13 1,000 .027 27.0

5100,46
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Table 17, Computations for quantity of F,3 sold under new
prosrram, ‘

Formula Total poultry feed Darrese of com= Total F) sold

s0ld vndar new nlerentarity under 'few
“APosram pro;ram
Fy 25,000 .0073 155,0
F, 3,751 .0073 29.258
Fq l; 500 .0073 35.1
F), 10,000 0073 73.0
Fg 12,906 .0073 100,667
F¢, 56,500 0073 L1j0.7
F, 5,000 .0073 39.0
Fg 1,500 .0073 11.7
Fg 7,500 .0073 53.5
Fi0 30,000 .0156 L63.0
Fyq 15,000 . 0156 23,0
Fio 100 .0078% .78
F14 1,000 .0073 743
Fi), 60 .00793 L63
Fig 160 .0073 1.248
Fl), 141 .0073 1.0998

1701.3208
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