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Armbruster, Walter Joseph. ~.s. ~urdue University, 
June 1964. 1-'rogrammed Profit Analysis for 0ausage Manufactu+ing. 
Major Professor: Dr. James C. Snyder. 

Differences in volume and margins among the various products 

point up the importance of volume-cost-profit analysis adapted to 

the particular sausage manufacturing firms. The relationships of 

the various cost and revenue factors to volume are of extreme im-

portance in determining the profitability of the sausage manufactur-

er. 

The individual functional decision areas are closely related 

to overall volume-cost analysis. For purposes of this study, the 

functional decision areas considered included: formulation prob-

lems, raw material procurement, i.iroduct line policy, physical 

facility utilization, interplanting green materials and finished 

product, gang size for labor hiring, production planning, and the 

general area of sales policy, particularly distribution and pricing 

decisions. 

A normative linear programllling model was built to simultaneous-

ly consider all the decision areas and alternatives. The analysis 

was undertaken as a case study to permit incorporation of consis-

tent data in the model. In ·adai tion, it permitted building the 

model around the type of management analysis necessary for it to 

be useful in an operational setting. The model tested for the 

case firm contained '727 variables representine; activities of the 



firm a11d these activities were controlled by 58j constrairu,s. 

The model was designed as a weekly decision model representing 

xi 

a three-plant firm selling seven major sausage product lines in 

two major types of market~. The saus~ge division represented by 

the model could purchase up to lo ingredients frow job-lot, car• 

lot, or in-company sources. 

ihe firm is generally a price taker in both the product and 

ingredient markets. ~raceable variable costs were allocated to 

the avpropriate products, whereas common variable costs are a 

function of total output. The model was designed to maximize 

short-run contribution to fixed costs and profit. Maximization 

of the long-run contribution is the actual objective of the firm 

and this is considered in setting constraints on the short-run 

decisions. 

Four phases were analyzed for tne case firra. The first phase 

analyzed involved production capacity as the limiting factor. In 

the second phase ~nalyzed, market sales became the limiting factor, 

ceteris pari bus. Tihe third aud fourth phases liKewise were liw.i ted 

by market sales as the levels of ingredient and product ~rices 

crianged. 

~he optimal solutions obtaineu from the differ~nt phases 

showed changes ior the various decision areas. Ingredient procure-

ment sources and quantities of each ingredient used at different 

plants changed as prices varied. l?ormulas for products with their 

associated meat costs varied among plants under a given set of 

conditions and between time periods at the same plant as condi-

tions changed. .Production lo ca ti.on 1:ilso chhnged under varying 
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conditions even thoui;;;h total production volume rewaineu. constant. 

Closely related to these producti0n shifts were changes in the 

optimal labor-hiring _iJatterns. 

Contribution to fixed costs and profit varied widely with 

changing market conditions. rrlrn amount by which estimated p1'ufi t 

contribution exceeded the profit objective in the analyses in­

dicated the gene:r-al magnitude of profit improvement a"Ltributable 

to use of the moa.el. J.'hese figures represellted approximately 9 

percent increases in c6ntribution to profit above the profit 

objectives. 

Use of the moael adapted to the individual co~pany's condi-

tions way be expected to result in improved profits through re­

duction of su boptimali ty for the compa.n;y. 



dausage manufacturing firms have the same objectives as do 

firms ~n general, the chief of which is profit maximization. The 

relevant objective of a company is maximization of expected long­

term contribution to profit.l/ irofit maximization is affected 

be secondary objectjves of the firm and is further complicated 

for sausage manufacturers by large numbers of interrelated alter-

Y natives. Even though other factors enter and complications are 

many, within the restrictions dictated by competition and society 

11 
••• profits are the acid test of t.he individual firm's 

performance".i/ 

1 

The purpose of this study was to develop a quantitative model 

to simultaneously analyze the many factors involved in making the 

optimal decisions for routine operations of the sausage manufac-

turing firm. The various decision areas involved were investigated 

and quantified for inclusion in the model. "Sausage making in the 

past was mostly an art, but science is now needed._. ,.1:±/ 

i/ Dean, J. , p. 5 , ( 1 u) 

'l:} Snyder, J. C. and French, C. ~., p. 4, (26). 

'2} Dean, J. , p. 3, ( 10). 

':JJ Moulton, C.H. and L'.:!Wis, W. L., p. 361, (20). 
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CJ 

CompeLitive Structure 

The competitive structure of the sausage processing industry 

is such Lhat narrow average margins are typical fol' the individual 

firms. The earnings-to-sales ratio of 24 selected sausae;1;e rnanu-

facturers in 1962 was 1.49%.compared to 1.69% in 1961 and 1.96/a 

in 1960.2/ It is realized that these average figures are not 

directly applicable to an;y- 5iven company, but they are representa-

tive of industry profit margins. While this situation is not 

unique to the sausage industry, it does emphasize the difficulty 

management may have in maintaining profitable operations. 

Intense price compe.ti tion in the ingredient and finished 

product markets continues to exert a downward pressure on profit 

margins. In the ingredient. market, large numbers of companies 

compete for available ingredients, primarily as ~rice takers. An 

individual company is usually unable to influence the market price 

by its actions. Moreover, good sources of market price informa-

tion facilitate price discovery by all firms. 

In the product market price and non-price competition are im-

portant, particularly for the three top-volume products, frank-

furters, bologna, and pork sausage. Varying degrees of product 

differentiation have permitted development of brand loyalty; yet 

"When prices of national brands get too high, private brands 

emerge."2./ ~uality differentiation is not so great that it can 

offset product prices that are much above the market level. ~ro-

motional efforts to obtain a larger share of the market must be 

'j} Financial Facts About the Meat. tiacking Industry, 1962, P• 8, (15). 

-§./ .bavey, H.J., p. 119, (13). 
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evaluated in terms of their influence on product margins a.nd sales 

volume)/ Low profit margins and lack of strong consumer loyalty 

may seriously limit discretionary pricin~ and promotional policies. 

Still, management must evolve a successful marketing strategy based 

on maximizing company profitability. 

Volume-Cost-Profit 

Difference in volume and margins awong the various products 

point up the importance to management of volume-cost-profit analysis 

~n determining whet.her or not to ex"pand J?roduction and sales or 

.even contract them. 

In sausage manufacturing, the lower-volume items normally 

comprising a~proximately 15 percent of the non-specialized firm's 

total volume, are traditionally the ones whicL have the higher 

margins that raise the ave.cage margin to make the entire operation 

profitable. A one ~ollar drop in sales volume of salami will re-

quire a sales increase of several dollars of franks or similar low-

margin item to offset the reduced total margin. 

'l1he high,-volume yroaucts, though having low fJer unit margins, 

are very important in contributing to fixed costs and thus enh~nce 

the profitability of the total operation. Moore and Jaedick~ 
emphasize that profits are affected by volume of business done, 

various costs, prices at which products are sold, and proportions 

--- of different products sold. 'l1 se has stated that 11 'l1he unit cost of 

i/ Snyder, J. G., p. 4, (25). 

§./ Moore, c. L. and Jaedicke, R. K.., p. 407, (21). 
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a _product deB,ends U.fJOn the number of units pI'uduced anu sold. 'Ihis 

is due to the fact that different ty~es of costs respond different­

ly to changes in volume of o.perations" • .2/ Costs may be directly 

variable with volume such as meat costs, semi-variable such as 

operating labor costs, or fixed regardless of volume such as de-

preciation costs. The secretary of a leading sausage firm also 

recognized the importance of this relationship in a repor~ point-

ing out tne der;endence of profit or loss on the volume of produc­

tion, operating margin, and fixed costs.lQ/ Aiv1I })resident Davison 

observed that "Considering the imIJact which volume can have on 

procurement costs, sales realizations and expense factors, the 

importance in this industry of management skill i.a making volume 

decisions can hardly be over-emphasized.."11./ 

Functional Decision Areas 

The individual functional decision areas of sausage ma.nufac-

turing are closely related to oveTall volume-cost analysis. Eor 

purposes of this study, these individual decision a~eas included: 

formulation problems, raw material procurement, product line policy, 

physical facility utilization, inter-planting green materials and 

finished product, gang size for labor hiring, production planning, and 

ii Tse, J. Y. .LJ. ' p. 68, (29). 

w Planning for Profit, (25). 

lll Davison, H., p. 123, (9). 



the general area of sales policy, particularly distribution and 

pricing decisions. The interrelationships of the various areas 

are illustrated in Figure 1. 

li'ormula tion 

Formulation decisions involve determination of which available 

ingredients ~hould be used in which products in what combination. 

"Vii th today's present computers and the knowledge of technical 

people in preparing sausages, the substitutability of raw materials 

is great."g/ Within limits of product quality restrictions set by 

management :f'JOlic~y and government regulations, it is extremely im­

portant from a cost viewpoint to get the best combination of in­

gredients with the lowest possible cost. ~epending upon the product, 

ingredient costs range from ~U to 75 percent of total proauct costs. 

The importance of this area, commonly terme.u least-cost formu-

la.tion, is well recognized. · "Modern electronic computers are 

widely used to control cost and qu~lity of sausage production via 

a. mathematical technique knonn as linear _progra.mming. 11W Howeve~, 

this area is closely interwoven with many other areas includin~ 

product line, ingredient procurement, and product quality control 

as determined by goverrnnen t regulations and management specifica­

tions (Figure 1). As an example, a product line decision involving 

1J} ~ox, C. B., p. 8, (8). 

li/ Armbruster, W. J. and Snyder, J. c., p. 1, (2). 



.j, 
PBOCUBEMEifi' FORMULATION PRODtx;T I..INE',:: SAIES 

I I l I • • 
~ + • + 

Ingredient Government Company Quality Product 
Supply Regulations Spec1f1oat1ons Demand 

I .. + 
Market Company 

" Capaoi ty 

I 
~ + 

"' Production 

l 
Labor Physical Facilities 

~. l I 
Union Contract~Wagea Suppl1s, Etc. 

Contribution to Fixed Coste and Profit 

Costs 

' 

Direction of 
dependence 

• 

Figure 1. FunctiorBl Decision Areas as Related to Contribution to Fixed Costs and Profit of Sausage 
Manufacturing Firms. CJ\ 
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an additional product may require use of a revised combination of 

ingredients in another product. This would release some of a 

material for more profitable use in the added product to obtain 

total production at least cost. 

Ingredient Procurement 

Formulation decisions are closely related to raw-material 

procurement practices. Generally there are several supply sources 

from which ingredients are available. Typically these include the 

·car-lot national market, the local job-lot market, and materials 

generated from killing operations within :,he company. For multi-

plant firms, in-company supply sourcas will ~epend upon the loca-

tion of company processing plants and the related transportation 

structure. 

Absolute and rela~ive price relationships among ingredients 

are usually subject to daily or weekly changes.ill r1ihe least cost 

procurement pattern is likewise subject to change but is complicated 

by the partial substitutability among ingredients. In adci.ition, 

the different supplJ elasticities in alternative markets may affect 

least-cost patterns as the purchase volume -0f a given ingredient 

changes. 

Interdivisional costint; practices may also complicate buyine:; 

decisions. Ther~ are several acceptable methods of by-product 

costing. One of the most common ior ingredients, as by-products of 

major beef and pork killing operations, takes market value into 

ill l!"'or changes in prices of ingredients see .Program Analysis 
Group, pp. ~1-31, (24). 
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consideration as well as proportional weight. Ingredients '' ••• 

are bought and sold in their green state in sufficient quantities 

to provide the packer with acceptable market values as a basis 

for allocating live cattle costs, whether he wishes to sell 

these parts as they are or subject them to further processing."12/ 

.Product Line 

Another major decision area may be broadly termed product 

line policy inv~lving management decisions as to how many types 

of products to carry for maximum profit. Although it .is true 

tnat ocher considerations play an important role in this decision 

area, profit maximization is the desired end result. This deci-

sion requires simultaneous consideration of raw material procure-

ment, market dema:r1u., facility capacity, and production cost i11ter-

relationships. Sales commitments and company goals also must be 

given proper consideration in setting the limits on this decision 

area. Tne a~ount of eacn product directly influences variable 

costs and sales revenue, and hence vulume-cost-proiit analysis of 

product interrelationships is again necessary for optimization 

decisions. 

Labor and Facilities 

Physical facility and labor utilization are also closely 

.12.f Ni ck er son , C . B • , p • 2 0 7 , ( ~ 2 ) • 



connect~d with volume-cost-profit consideratio11s previous!~ 

mentioned. Some s~ecific decisions involve overtime labor, 

additional shift, excess ca.l:JaCitJ'-, and oottleneck problews. 

For example, it m~y be more profitable to run overtime at a 

hie~her wuge rate for limited additional production rattier tnan 

to add an addit~onal shift wirn the associated minimum labor 

cowwitm8nt. Or thi~ increased ~roduction may not be ~refit-

ablE: at al"1 due to increases in oUpJ.>lY costs and decreases 

in product marblns. Moreover, the location of physical facil-

i ty bottlerie cks and. resul Ling J_Jrofit reductions also need to 

be investigated in making these operating decisions. 

Interplanting 

Interplanting decisions on green materials and finished 

product are i'mportci.n t for multi !Jl e-plan t sausage manufacturers. 

Variations in in~redient prices and availabilities a~ong rnarketLl 

influence optimum procurement patterns, product line by plant, 

and distributive shi~ments. Thu~, it way be feasible to ship 

ingred_,_ents from 011e location to another for processin5 and then 

t . ill 
return i'..Lnished iJroduct to the saine or other plan s for selling. 

)J} l:'erishabili ty of products .nust be kept in mind here; fresh 
pork sausa~e may be held for two days at most, while franks anu 
bologna may be held no more than 5 days. It will be assumed that 
finished ~ruduct is in transport or in retail outlets and hence 
inventory ~roblems will not be explicitly dealt. with here. 



In addition, profitability may be increased thruu6h specialized 

production at one plant of a product to be sold at all plants. 

These decisions would depend primarily upon plant capacities, 

production costs including raw materials, and related trans-

portation cha~ges. For firms of over five plants, the number 

of feasible procurement, production and distribution alterna­

tives nay be very high.l.1/ 

Sales Policy 

Another major area of decision involves the closely related 

activities of pricing policy and sales promotional practices. 

as inaicated earlier, the efficacy of demand estimation ru1d de-

10 

mand creation are major determinants of the level of profitability. 

Implicitly, pricin5 policy must be tied to demand elasticity 

by product and market area. Varying brand loyalty among products 

creates differenc~s in ~ossible pricing discretion. ~ackaging, 

J.-'ersonal selling, point-of-sale promotion, advertising, anu 

technolo~ical innovation'may be used to create increased product 

differentiation and consumer loyalty. i.leterm.inin
0 

the optimum 

"mix" of 0.hese components of marketing strategy is the basic prob-

lem facing managellient. Competinci firms are usually aggressive in 

both Lhe ~rice and non-price areas, and continuing pressure is also 

faced from the large chain store buyers. 

Production ~lannin5 

.Production 11lanni115 must be closely tied to produ.cL sales 

opportunities and ingredient availabilities. Gang size, use of 

·overtime or additional shifts, plant capacity bottlenecks and 

i1J Henderson, A. and Schlaifer, R., (lb). 



working ca. 1 .. iLal i-Osi"Liun are indicai::;iv(;:! oi or.her· areas ~hat must 

be considered simul taneo'-'.sl..y. .l!:valua ti on of inui vidual areas in 

a sequential manner will inevitably bring subopLimi~ation. The 

high degree of interrelationship of the various areas underscores 

the need for simultaneous analysis if suboptimization is to be 

reduced. 

11 

~he prob~em investi~ated in this study was profit maximiza­

tion for a three-pla.nt sausage r.nanufacturer selling seven products 

in two major subrnarkets within each geographically limited plant 

market. The functional uecision areas were incorporated in tne 

model as appropriate for the operati11g conditions of the company. 

'l'he methodology and structure of the model will be dis­

cussed in Ghapter II. Followin~ that will be presentation of 

data and results of the model application in Chapter III. Finally, 

Chapter IV will contain a brief summary of the study and the 

conclusions reacheu. 



- -----------------. ----------·-------------------------

~1.i.A . .t''i.'L .. U. II 

Methodology 

A norma tci ve model of the major decision areas di~cussed above 

was developed within the framework of linear programming. Such 

a model makes possible simultaneous consideration of all the 

interrelated alternatives in order ~o choose the best combination 

for Lhe entire system. ~his is very important since the decision 

in any one area will be at least a partial determinant of the 

proper decision for one or several other areas. 

In order to build and apply an accurate model based upon 

operating conditions and data, this analysis was undertaken as a 

case study of a widwestern sausa~e manufacturer. 1his periliitted 

incorporotiog of accurate and consistent data into the model, 

even thoue_,h the confidential nature of this information precludes 

~ublication of portions of the data parameters used in developing 

the model. Generally, this does not limit the usefulness of 

the model. It is sufficiently representative to be widely adopted 

by most sausage wanufucturers in the rnidwest. 

12 
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Use of Linear Progrannning 

While much has been written in readily available publicationsl§/ 

regarding linear programming, a brief explanation seems appropriate. 

Linear programming is merely an alogrithm, in this case the aimp-

lex alogrithm, for maximizing or minimizing a functional subject 

to linear algebraic constraints. 

Algebraically the problem which may be solved by linear 

programming is as follows: Find values (~, • o ., xn) which 

maximizes the linear function 

n 
~c x 
j=l j .i 

subject to the constraints 

n 
~ a.jx !::b. 
.i=l 1 •j 1 

and 

i=l, • • • , m 

j=l, •• • , n 

(1-1) 

(1-2) 

(1-3) 

1Jil The following references present discussions of linear 
programming concepts and apolications: Boulding, K. E. and 
Spive~l, W. A. (4); Charnes, A. and Cooper, W. W. (5); Dorfman, R., 
Samuelson, P. A., and Solow, R. M. (11); and Ferguson, R. O. and 
Sargent. L. F. (14). 
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and where a .. , c. and b. are constants. 
l.J J l. 

As usea in the model of this study, the activities of the system 

j=l, ••• , n (1-4) 

represent a wide~range of business activities such as 

ing-redient procurement, sausage formulation and finished product 

sales. The constraints (1-2) on these activites represent such 

items as limitat:ions in plant capacity, market sales, formulation 

specificatioris and int;redient availability. The coefficients (a .. ) 
l. J 

are integer or decimal values expressing production and tec.hnica.l 

relationships between activities. These coefficients relate 

activitie~ to ~he constraints in the appropriate proportion per 

unit of activity. 

The effect of the activities on the contribution to prof it and 

overhead of the firm is given by c. in the linear form 
J 

(1-~) 

where c. represents the revenue dSsociated with each income pro­
J 

ducing activity and costs associated with each expenditure activi~y. 

Maximization of this linear for~ specifies the values of each 

activity, j:l, ••• , n, that will lliaximize firm profits. 

Necessary Mathematical Gonditions 

Certain implied mathematical conditions in the use of linear 

programming must be met in the aevelopment of an economic model to 

be analyzed by the techriique. An economic interpretation of these 

condi tio1.s is given below. 
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1. The ~usiness activities considered are additive in the 

sense that when two or more activities are carried on simultaneous­

ly, they do not complement or detract from each other. 

2. 'i'he per unit output of any activity remains the same for 

a given resource input irrespective of the volume or level of the 

activity. Moreover, the input-output ratio of individual activities 

remains constant. 

3. The business activities are divisible in the sense that 

resource in~uts and product outputs occur in fractional units. 

Structure of the Model 

The model developed and tested to aid m~nagement in short-run 

decision making for sausage operations will be presented in greatly 

condensed form. T~1is will permit discussion of each type of activ­

ity and constraint with only as much~tail as is necessary to ex­

plain the structure of the model. Although one or a few activities 

in this condense~ model may represent many more in the actual model, 

this reduced version contains all the important component0 of the 

model. It is of such a size that the structure and interrelation­

ships of tne var.ious segments of the model may be readily com­

prehended. 

Economic ~arumeters 

1i 1he model was designed as a weekly decision model for the 

case study firm. It represents a three-plant firm selling 7 

major sausage product lines in two major types of markets. The 

sau~age division purchases up to 16 different ingredients from its 
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own beef and po~k divisions or from local, national or import· 

markets. Lach plant has multiple product production possibilities 

that are limited by plant and financial capacity and labor avail-

ability. Interplant transfer of raw materials and finished product 

may occur as economic consider&tions dictate. 

Production technol.ogy is considered to be fixed for the 

decision making period analyzed by the model. This includes plant 

~ 

and equipment capacity, labor availability in terms of gang size, 

overtime and extra shifts, and the actual manufacturing processes 

used. 

The firm is a price taker in the purchase of raw materials in 

markets that approximate conditions of perfect competition. market 

prices and availabilities of raw waterial way fluctuate on a daily 

basis. Most of the lb ingredients are available in adequate 

amounts at the 'prevailing market prices, although shortages might 

develop if individual utilization rates were high. In addition 

to the raw materials obtained from the beef and pork divisions of 

the firm, purchases Hiay be made from any or all of the following 

sources: (1) the local job-lot market, (2) the national car-lot 

market and (3) the foreign import market for cowmeat and mutton. 

:Purchases from these company uni.ts are made only if they are .more 

attractive than open market purchases. 

In the area of product sales, the firm is al·so essentially a 

price taker. Several market segments exist, however. ior purposes 

of analysis, these are identified as market "A", market 11 B 11
, and 
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market "\;". In the market "A" segment, the probability is one that 

a given volume of output will be sold at an established price. In 

the market ".o'' segment, the probabil.ity is less than one that an 

incremental volume of output will be sold at the e~tablished price. 

The market "B" segment also may represent the situation where -the 

probability is one that all
0 

the incremental output will be sold at 

prices discounted below the market ••A" level. The third market 

segment re~resents sales commitment of epecified amounts to key 

accounts. These sales are priced at a slight discount below mar­

ket "A" prices, reflecting cost savings due .to volume. 

The basic cost cl~ssification is such that raw m~terial pro­

curement and similar aggregate activities are treated as comfilon 

variable costs not assigned to specific products for decision 

purposes. All traceable variable costs are allocated to individual 

products. Fixed costs are not included in the model for determin­

ing the optimal combination of activities. 

The model is designed to m~xDnize short-run contribution to 

profit and overhead. ~~e actual objective, however, is assumed 

to be long-run maximum profits. i.i1herefore, short-run profit maxi­

mization is bounde~ by long-run considerations in developing the 

model. Product quality specifications are an example of one im­

portant typ~ of long-run consideration incorporated. In the short­

run it may be profitable to produce & low quality product, but the 

long-run effect way be loss of customers who desire a higner-

quali ty product available from competitors. 
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Mathematical ;.:>ta.tement of the Model 

A condensed matrix of the sausage manufacturing model is 

shown in iigure 2. 1'his ~implifica tion is designed to clarify 

the overall structure of tne model. In the actual model tested 

there were 727 variables representing comp~cy activities and ~85 

constraints on these activities. The illustrative model represents 

these sa1ae basic activities 1vi th only 75 structural variables anti 

~ 
71 constrE<ints. 

One ingrectient is used to repl'esent all ingredients avail-

able. l'roduct formulation and _production are represented by a 

very few &ctivities and constraint equations for two vro<.iucts. 

Labor is in~gregate form only, but would actually be broken into 

enough cohlponents to represent all possibilities of overtime and 

additional shifts a-t differing wage rates. Only one of the two 

products is transferred through the distributive system to illus-

trate the technique used for all products. Finally, the volume-

cost-pr·ofi t analysis is also condensed by lumping all variable 

costs into one activity. 

The mathemntica1 statement of the model maJ be given ,as 

follows: ~.,ind values x. whicn maximize contribu tiori to iJrofi t 
J 

and overhead 

(1-6) 

subject to ~rocurement, manufacturing and sales constrhints 

75 
~ aij xj~b 2 i: 1, ••• , 71 (1-7) 
j:l 



Db1.ribu-

6t 



and the non-negativity constraints 

x. ~ 0 
J 

j: 1, ••• , 75 (1-8) 

Activities of the r'irm. The activities of the firm, j = 1, 

., 75 may be classified as follows: ingredi~nt procurement, 

20 

j = l, ., 11; ineredient use, j = 12, ., 16, 25, .,29, 

38, 42; formulation, j = 17, . 20, 50, • . . . ' . . ' . . ' 
., 46; prouuction, j = 21, • . . ' 24, 34, • . . ' 37, 47, • . ~ ' 

5 0 ; distribution , j = 51 , • • • , 5 9 ; s a 1 es , j = 6 0 , • • • , 71 ; 

volume-cost-profit su.llili"i.ary, j: 72, ••• , 75. Each of these 

areas will be considered in detail. 

Ingredient Procurement. Activities j = 1, ••• , 11 are in-

gredi~nt purchase activities whicri may be explained as follows: 

1. Activit) j = 1 represents ingredi~nt purchase from the 

national car-lot provisions m&rkeL. 

2. Activity j = 2 represents external market purchase on a 

job-lot basis from local sources. 

3. Activities j : 3, 4, 5 represent purchase of ingredients 

from plant one slaughter to be used in plants one, two, or three. 

Activities j = 6, • . . ' 11 ~epresent ingredient purchase from 

plant two and three ~laughter. ihe costs associated ~ith these 

internal tranfer ingredient procurement activities are car-lot 

market prices less costs of packaging and transporting to Chicag9; 

i.e., tbe cost for ingredien-Ls used at the plant produced. The 

cost of transportation between plants is included in the oost of 

materials to be shipped between plants. Thus all m~terial procure-

ment ~ctivities have a cost which is the cost to have the ingre-
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dients at the plant, since market purchases are sold on a delivered 

basis. 

The material procurement activities determine the optiraal 

amount of ingreQients to be obtained from each possible source. 

11he pu..rchase of any single type of ingredient may thus require a 

maximum of eleven activities. Imported ingredients require only 

one activity since there is no local or plant availabilitJ to 

consider. 

Ingredient Use. Ingredient use activities, j = 12, ••• ,.16 

may be classified as follows: 

1. Material distribution activities, j = 12, 13, 14 repre-

sent the sum of external purchases, internal transfer, and the 

sum of these two to determine the toLal amount of un ingredient 

available at a pl~nt for processing. These activities do not have 

a cost associated \Ti th them since they are merely summ.a tion 

activities. 

2. Material tranfer activities, j = 15, 16 likewise have no 

associated cos~s. The purpose of these activities is to allocate 

the total aoount of an ingredient to its optimal product use. In 

this condensed model, Tegular pork trimmings are used to represent 

all ingredients. These activities allocate the total regulars at 

a plant to their two possible uses in this moael, ~ork sausage or 

frank production. 

Formulation. 'ihe product formulation12./ activites, j = 17, 

12} :Product formulas may be flexible or fixed; a flexible formula 
is one in which a large number of different combinations of in­
gredients may be used to meet quality requirements for tne product, 
while a fixed formula is one in which the combination of ingredients 
is limited to a small number of predetermined formulas. 



• • • , 20 repre::-Jen t all the activities required to: { 1) formulate 

flexible formula products, (2) choose the optimal formula from 

among several possible fixed formulas for a product, and l5) 

determine whether or not to produce a product having only one 

fixed formula. Activities j = 18, 20 represent actual determina­

ti6n of the optimal amounts of two products to be produced. There 

are costs associated with these two activities which are variable 

manufacturing ~osts other than labor and ingredient cos~s. They 

are traceable to specific pr:.;ducts and thu~ may be assigned to 

these products. 

Production. Labor utilization activities, j = 21, ••• , 23, 

represent labor use, including calculation of gang size to meet 

scheduled production needs. Facility utilization is siruilarly 

represented by x 24 • The only cost on this group of activities is 

the labor wage rate since facility use costs are a part of de­

preciation charges included in fixed costs. 

Activities j = 25, ••• , 50 for plants two and three are 

equivalent to activities j = 12, ••• , 24 for plant one. 

Distribution. Finished product distribution aotivities, 

j: 51, ••• , 59, represent allocation of production of the 

various plants to the individual plant markets in wh.ich they are 

to be sold. The costs as~ociated with these ac~ivities are the 

interplant~shipping costs. 

Sales. Sales activities, j - 60, ••• , 71, may be categorized 

as follows: 

1. Activities j = 60, 64, 68 represent the total sales in 

each plant market. 



2. Activities j: 61, ••• , 63,.65, ••• , 67, 69, ••• , 

71 represent the amounts of individual product sales in each 

plant submarket. Submarket "A" is the amount which is .certain to 

be sold at the associated revenue which is the quoted market price 

adjusted for selling and delivery expenses since ~he product is 

being sold throue;;h the company sales divisiun. Market "B" is the 

additional, uncertain amount of sales at the same market price, 
( 

but applying probability as explained later, requires associatin~ 

a lower revenue Nith the activity. l/iarket "C" is a committed mar-

ket which re~ul is from company agreernen ts w.ith large purchasers to 

take a given volume at a specified price which is ~.50/cwt. less 

than market "A" price. 

Volume-Cost-Profit 0ummary. Activities j = 72, •.• , 75 

summarize the volume-cost-profit analysis in the model. Activity 

j = 72 is the sum of the sales revenue. Activity j : 73 is the 

23 

sum of variable costs which include labor costs, meat costs, other ' 

variable manufacturing costs, and transportation and selling costs. 

Activity j = 74 is the contribution to profit and overhead which 

is determined by subtracting variable costs from sales revenue. 

Activity j : 75 is a ueficit activity necessary to prevent mathe-

matical overconstraint of the model under unfavorable economic 

d .. w con itions. 

Cost and Revenue ;:3unnary. 1'.he cost and revenue coefficients 

associated with the activities may be summarized as follows: 

1. c. ~ o, 
J 

j = 1, • 

hundred pounds of ingredient. 

. . ' 

'lS}) See explanation on page 27. 

11 are delivered costs per 



2. c. ~ o, 
J 

j = 18, 20, 31, 53, 44J 46 are traceable 

variable manufacturing costs associated with production of one 

hundred pounds of the product. 

3. c. ~ o, j = 21, 34, ~7 are hourly labor wage rates. 
J 

4. c. ~ o, j 52, ~;4' 56, 58 are interplant . ' . . . ' J 

shipping costs. 

c . ~ 0' j = 61, 
J 

• , 6 3, 6 J, • • • , b 7 , 6 9 , . • • , 71 are 

prices at w~ich prouucts may be sold. 

Oonstraints. The constraints of the firm, i = 2, ••• , 71 

may be classified as follows: int::redient supply limits, i = 2, 

., 6; ingredient use, i = 7, • • , 16; f orrnula ti on, i 17, 

• , 21, 27, • ' 31, 57 ' ., 41; production, i = 22, • 

26, 52, ••• , 36, 42, •.• , 46; product distribution, i = 47, 

., j~; sale~, i = 53, •.• , 67; volume-cost-profit, i = 68, 

• ' 71. 

. . ' 

Ingredient 0upply. Constraints i = 2, ••• , 6 establish an 

upper limit upon the supply of an ingredient from each possible 

sourc8. Any awount up to maximum availability at a plant from 

slaughter illbJ be used at any of t~e three plants. ~he plant's 

internal availability is L;.e maximum total of: (1) the amount 

transferred to that plant's processiug d.eyartment, and \2) ship-

ments to the processing a.epartments of the other two plants. 

Ingredient Use. The constraints for ingredient use may be 

classified as follows: 

1. Constraints i = 7, ..• , 15 control all material purchased, 

from either internal or external sources, for plant use. ~quation 

7 controls the to·tal of ingredient purch.ase from outside markets 

for use at the three plants. Equations 8, 10 and 12 total the 

amount of internally transferred materials which are available to 
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be used at each plant. Bquation 8 states that the internal materi­

al from plant one to be used at plant one, plus that at plants two 

and three to be shipped to one, is equal to the amount of internal 

supply of that ingredient to be used at plant one. Equations 9, 

11, and 1) total the quantities of internally and externally pur­

chased ingredients to get the total quantity of ingredient to be 

used at etch plant. 

2. Gonstraints i: 14, ••• , 16 transfer the total amount 

of an ingredient availabie at each plant to the various possible 

product uses which in this case are only franks and pork sausage. 

They assure that the total quantity procured for use at a plant 

equ&ls the sum of the quantities used in various products. 

Formulat~on. Constraints i = 17, •.. , 21 control the 

quality of the products. Por example, constraint i : 19 controls 

the amount of fat permltted to be in the finished product. In 

the actual model, these constraints control: the araount of meat 

used in the product, the amoun~s of individual ingredients or 

combinations Of ingredi8nts used in the product, f~t content 

of the product, moisture content, and the amoun~ of spice usea 

in the product. 

All controls are ia terms of percentage of finishea product. 

For example, the fat constraint in the model states that the sum 

of the fat contained in the ingreuients used must not constitute 

more than a given percent of final product. A detailed illus­

tration of c;he matrix segmeat for a flexible-formula product 

formulation is given in Appendix C. 
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Production. ~xplanatiun of the production constraints follows: 

1. Labor activities are subject to con~traints i = 22, 

., 24. Constraint i = 22 establishes the upper limit on the 

amount of labor which may be hired. Constraint i = 23 states that 

the total amount of labor hired is the amount which will be used. 

The coefficients for labor requirements per hundred pounds of each 

product d~termine the amount of labor to be used for each product. 

Since tuere is a minimum labor collllllitment, excess labor may be 

unused if it cannot be more profitably used after hiring. l!iquation 

24 converts the amount of labor hired into a gang size which is 

needed by management in specifying -che work force for the week. 

2. Constraints i = 25, 26 respectively limit the amount of 

facility capacity and allocate its use among the products, similar 

to constraints i = 22, 23 for labor. 

ConsLraints i = 27, •.• , 46 are for plants two and three 

the equivalent of constraints i = 17, .•• , 26 for ~lant on~. 

Distribution. Distribution of products from productio1, to 

selling is regulateu b.J' equation 47, ••• , 52. 

1. l:quations 47 o.nd '+8 distribute plant one 1Jroduction of the 

two products to the plants at which they are to be sold, i.e., to 

either plant one, two, or three. 

2. .Dquatioir 49, ..• , '.)2 distribute the produc Lion of plants 

two and tnree in the same manner. 

Sales. ~elling activities are constrained by i = 53, ... , 

1. ~quation 55 states that the total amount of product to 
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be sold at plant one will be the sum of: plant one product to be 

sold at ~lant one, plant two product to be sold a~ one, and plant 

three ~roduct tu be sold at one. 

2. Equation )4 trunsfers the total amount of the product 

to be sold at plant one to the submarkets in which it is Lo be 

sold. · 

3. Const~aints i = 55, •.. , 57 set the maximums or com­

mitted amounts to be sold in these submarKets. 

4. Constraints i = 58, ... , 67 have the same ~ur~ose ior 

plants two and three as do c011straints i = 5.5, ••• , 57 for J:Jlant 

one. 

Volume-vost-Pro1i t. Constraints i = 6a, ••• , 71 sulllillarize 

the volume-cost analJsis for the sausage company as rei:resented 

by the three plants. 

1. Equatioh 68 states that total variable costs will equal 

the sum of labor costs, meat-ingr~dient costs, other variable 

manufacturing costs, and trans1)or~ation costs. 

2. Equation 69 totals the sales revenue from the operation. 

3. Equation 70 summarizes a simplified operating statement 

including sal~s, variable costs, and contribution to fixed costs 

and profit. The inclusion of activity j = 75 associated with 

constraint i = 70 may be required to keep the model froru being 

mathematically overconstrained. It allows for the very real pos­

sibility that at times it may be optimal to operate at some 

level even though not meeting the entire profit objective, or 

possibily not even completely covering fixed costs. 

':J.1hus, it may well be optimal under a given set of market 
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circumstances to operate at less than the illinimum volume required 

to reach the specified level of fixed costs plus desired profit. 

~4. Constraint i=71 states the minimum contribution objective 

• 
which will cover fixed costs and realize the desired profit. To 

determine the actual contribution to profit and overhead, it 

would be necessary to subtract any deficit from the value of i= Jl. 

If the deficit 1 activity is not in the optimal basis, then the 

contribution is given directly. 

Volume-Cost-Profit Analysis 

To make the model a much more useful aid, management must 

adapt the volume-cost-profit analysis in the model to fit the 

particular conditions faced by the company. Ingredient costs 

provide an example ~f possible effects of volume changes. It may 

be possible thru~gh promotion to slightly increase sales volume, 

but an increase in volume requires additional raw ingredients. 

If the increased. volwne of' specific materials required does not 

exceed corresponding availabilities, then total material costs 

will vary directly with volume. Different ingreu.ients, or a 

different-priced supply of the same ingredient, may be needed to 

produce the additional volume. Total material costs may thus in-

crease more in total than would be expected lf the costs had been 

directly variable as before the increase in volume. With the 

decrease in sales price as a result.of uncertainty, and possible 

increase in material cost, the result is a smaller per unit con-

tribution than would be expected with a Bmaller production volume. 

In addition, the added volume may necessitate the use of overtime 
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labor at an increased wage rate. 

rlhe volume-cost a1)proach to the problem permits determina-

tion of the most profitable level of overall operation. ~he model 

readily adapts to inclusion of variable costs per unit over a 

certain range. A second, higher per unit cost may then be used 

for an additional ran~e of the same activity if this is an accurate 

representeition
1
.of the situation within the company. 
" 

Another area where the volu.ille-cost relations.::iip is of im-

portance is in the hiring of labor. A labor contract will probably 

exist which specifies a \teekly minimum number of hours for which 

an employee may be paid if hired. l-'lant operation requires a cer-

tain minimum number of men to be available. ~he minimum number of 

employees and hours thus determine the effective .minimum number 

of labor hours which must be paid. As explained earlier, it is 

not necessary that all the paid labor hours be productively used, 

although management may expect productive use to be more profitable 

under most circumstances. rl'here also will exist a maximum number 

of em1>loyees which may be productively used at any one time in the 

plant. The labor contract will normally specify a 40 hour maximum 

work week at the regular wage rate. 1he combination of these two 

factors deterhlines ~he upper limit on labor hours available at 

the regular labor rate. 

Hence, labor cost is fixed up to the minimum amo .mt which must 

be paid. Between Lbe lower limit and the upper limit of labor 

use, the labor cost will 1e directly variable. ~hen, over~iwe 

or second shift ~reduction may be utilized at a directly variable 
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cost, but at a higher cost rate than over the previous range of 

hours. Thus, one very important use of volume-cost analysis is 

in properly setting the constraint values in the model. 

To clarify the technique of including the labor specifications 

in the model, consider the following illustration. Suppose that 

management has determined that a minimum of 10 men is needed to 

operate the plant and 20 men i0 the maximum which may be effective-

ly used at a given time. 'l1he labor contract specificies a minimwn 

work vrnek of 36 hours. The maximum work week at the regular .jjl2 wage 

. rate is 40 hours, and maximum overtime labor is 10 hours per week 

at $3 per hour. The labor utilization rated for three illus~ra-

tive products follow: franks require 1.60 hours per hundred pounds, 

pork sausage requires 1.20, and salami uses .90 hours/cwt. 

Activities 

m i 
~ 3'0 +> s:: 3 
~Boo 

.,..... 
~ 
J.4 't 

:& 200 ~ 

§ 5 
~ 0 

0 
l, '·' 1.1. o., I ~ I 
1 "':t,ZS = 0 
i -.10 ::. 0 

Figure 3. Model Segment for Labor 
Hiring and Utilization. 

1
1

he numbered activities represent the following: 

1. Total frank production lcwt.). 

2. Total pork sausage production (cwt). 

3. Total salami production (cwt). 



4. Regular labor to be hired or "purchased" (hours). 

5. Overtime labor to be hired (hours). 

6. Total labor available (hours). 

7. Excess labor hired. but not utilized (hours). 

8. Regular labor gang size. 

9. Overtime labor gang size. 

The numbered constraints may be explained as follows: 

1. Profit row, here showing only the labor wage rate associated 

with the labor hiring activities. Traceable variable manu­

facturing costs for each 01 the products are only indicated. 

2. Regular labor hired (paid) must be equal to or greater than 

360 (10 x 36) hours. 

3. rtegular labor hired must not exceed 800 (20 x 40) hours. 

4. Overtime labor hired must not exceed 200 (20 x 10) hours. 

5. Total labor hours available equu.l the sum of regular and over­

time labor hours hired. 

6. Total labor utilization must be the sum of: (1.6 x cwt. of 

frank production), (1.2 x cwt. of pork sausage), (0.9 x cwt. 

of salami) and (excess of unused labor). 

7. Regular gang size will equal (.02) x hours of regular labor 

hired), assuming that each man will be used to the 40 hour 

limit. 

8. Overtime gang size will equal ~.10 x hours of overtime labor 

hired), assuming-full use of the 10 hour maximum for overtime. 

'I1he labor segment ·of the model would be handled in this 

manner, adapting as needed to fit the particular company and its 

}l 



labor contract or agreement. Second shift labor way also be con-

sidered but must be included without a minimum. 1'he labor with 

the lowest wage rate will be used first; thus, analysis of second 

shift and overtime labor both requires separate passes, excludin~ 

one of the two each time. ihe resulting profitability of the two 

alternatives may then be compared externally to the model, simul-

taneously considering whether enough labor will be uoed to justify 

the 1ninimum commitment associated with hiring a second shift. 

Financial Analysis 

Another area of analysis which deserves elaboration deals w:i.th 

the financial coaditions which are of definite importance in the 

man~gement decisions involved. ile~ending upon the financial 

condition or the company and existing borrowing arran~ements, 

it may be desirable to include some type of current position 

t . 1 . d" tl . tn" e model.w ra io ana ysis irec y in 

To illustrate, assume a line of credit arrangement for work-

ing capital with a contract requiring that the "acid test" or 

"quick" ratio be maintained at a minimum level of 2.ci. All bor-

rowing must be repaid by 1:.he end of the following period. Si.nee 

"acid test 1
' ratio is d,:fined as Q_uick assets 

current liabilities 

straint would become G0 - C1 ~ 2.8 where: 
B ·-

the con-

( l) C represents quick assets which are cash and "near" cash 
0 

such as notes currently receivable, (.2) c1 re.t'resentB cash ex­

pm1ses payable at the end of the current period, and ()) B re~re-

sents borrowing outstanding to meet cash requirements for current peri~. 

W Ber an e k, ·,·.' • , p • 4 ~ ) , D ) . 



For inclusion in the model, the c9nstraint becomes: 

C - G l ~ ~ • 8) B or C - C 1 - ~2 • 8) B ~ 0. 
0 0 

When borrowing is not profitable, the ratio becomes ineffective 

and ·the constraint merely states that 01 may not exceed C • The 
0 

interest charge on the money borrowed may be readily included ~n 

the model an& for _purposes of illustration is assumed to be i'ivt; 

percent per period. 

Several assumptions are made in this analysis: 
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1. Cash expenses are payable by the end of the current period. 

~. Due to transaction time involved in sales and processing 

of payment, sales revenue is not available until the end 

of the following period. 

3. Cash receipts from the previous week's sales will be used 

4. 

to repay any borrowing of the previous period anci build 

up the cash balance for the next period. 

Beginning borrowin5 (b ) may thus be assumed as zero 
0 

since it must be repaid with the inflbw of casn from 

the ~revious week'8 sales. 

The following illustration demonstrates ~he technique 

of including such a constraint. 

Activities 

1. '3 

I -.or 
0) 

i. 0 ....., = ~ 
!5. orl 3 " 111 

b 't - Co 
OJ 

·5 s ~ J,..,>< 
0 

-2. ~ 0 

Figure 4. Model Segment for 
Financial Analysis. 



The activities are: 

1. Summation of cash expenses (~1) •. 

2. Quick assets at beginning ~f period ~C 0 ). 

3. Borro~ing outstanding for one period (B). 

The constraints are: 
x 

1. 

2. 

3. 

4. 

5. 

Profit row. 

Total cash expenses (dollars). 

C1 cannot be greater than C + B. 
0 

Defines level of ~ • 
0 

Defines upper limit on line of credit if such exists; (if not, 

this constraint is eliminated). 

64 States that C0 - c1 - (2.8) B ~ 0 as explained above. 

The ratio specified rnay be any other current position ratio; 

e.g., "current'' ratio, which would be handled similarly. This type 

of constraint may well be imposed by m~nagement as a safety margin 

rather than by a creditor as a condition for borrowing. The im-

portant thing is that such an analysis be included if applicable; 

and if included, it should properly de.:;cribe the company's parti-

cular conditions. 

Input Data Uncertainty 

A source of difficulties faced by management in applying such 

a model to actual operations is that of obtaining accurate input 

data. Estimating the supply functions for th~ ingredient markets 

is one of the first of these difficulties which must be faced. 

Moreover, the ingredients to be used must be chemically analyzed 

for purposes of formulation. l'roblems arise here because of 



varia. tion.. in composition of ingredien t.s obtained rrom diffe.ren t 

sources and from th~ sallie source in difie.rcnt time periods. iinal-

ly, uifficulties similar to those faced in estimating ingredient 

supply .functions are al:.rn encountered in estimatin0 _product demand 

functio11s. 

As an example of a metnod for handling uncertainty of input 

data, a simplified probability method may be used fur estimating 

demand. Assume that managewent has estimated that a plant has a 

market for at least 20,000 lbs. of franks at the market price. 

Sale of an add.l'tion&l 10,0UO lbs. is possible 95 percent of the 

time. 1l1ne uiar~~et price is :l;..40 per pound, implying an expected 

revenue of ~b,UOO (20,000 x ~.40 x 1.0) for GLe first 20,000 lbs. 

produced. Por the additional lU, 000 1 bs, t11e expected revenue is 

~j,uOO (10,000 x ~.40 x .9)). This implies an ex~~cted price 

of ~3,800 = ~.38 for this increwtnt of production. This value 
10,000 

is approaching the ~oin~ where variable costs wuuld not be covered 

for -che low-.war6in franks. It is economically ridiculous to 

consider an additional ic..creuen t of sal eu with -che associa teu 

smuller probability of sale. 

If the verishable ,product is fi.0t ::iOld bj r..he en(c of the 

period, it will be lost through spoilai::,e. rr:nus, tn.e effect is 

to reduce tne aver&6e price ~er unit ~ithin the ranee of produc-

tion to which a. given iJrobability perLains. This is one metnod 

of calculatin~ tne price to be inc~uded in the model for con-

sic.ering the desirability of .t)rO\iucin5 an adcn tional qu~J.n ti ty 

of a _t.)X'OUU.Ct. 
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CHA.t-'i 1!.R I I I 

~UD~L A~~LIGA~ION 

The general model developed in ~hapter II was adapted to the 

particular conditions of the case study firm and appli~d under 

four representative economic and technological conditions faced by 

the firm. The first phase involved determination of the optimal 

solution under conditions where processin~ capacity restricted the 

production level. Specifically, available plant labor consisted 

of predetermined gang sizes for regular and overtime labor. Par 

the second }Jhase, the production level was limitea only b.1 volume 

of product sales. Available labor, in this case, co11sist.ed of 

JJredeterw.ined gang sizes for regular and second shift. 

~he next two phases analJzed differed from tne second ~hase 

only in the ingredient and product ~rice parameters. ~hus, the 

optimal combination of activities for two-shift production capacity 

was analyzed under t.hree differl'.nt market 1·rice situations. Dif-

ferences among these situations are representative of possibl~ 

effects of weekly price changes. As such, it was possible to 

estimate the importance of keefing the analysis abreast of current 

market conditions. The other parameters were also subject to change, 

but were generully more stabl~ tnan market prices. 

Decision Guides 

The model is designed for use oµ a decision yeriod basis, normal-

ly a weekly period for sausa6e manufacturers. ~rices may be expected 

to vary enough to require a new analysis at least weekly. ~rhe analysis 

should, however, be made at any time changes indicate subopLimality. 
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Under operating conditions, the model would normally be run 

on Thursday - using predicted data parameters for tne forthcoming 

week. Alternative procurement, proc8ssing and sales plans can be 

evaluated in light of predicted economic conditions. Decision 

guides frlom these analyses could thus be obtained in time for the 

necessary action to be taken on Friday in terms of procurement, 

production scheduling, labor gang size and sales planning. 

lJue to the uncertainty problems involved with in1-jut dats., 

managment may wish to simulate a range of economic conditions 

for a given decision period. ~ach analysis would be based upon 

different possible values of the input parameters. ~he results 

obtained under the different assumptions could thus be used to 

evaluate the sensitivity of optimal solutions. 

The results of the analyses made at the end of the week 

may be made imhlediately available to management in the form of 

nJ computer generated reports. This is made possible through the 

use of edit routines which will structure the results in a format 

specified by management. 

'J.1he optimal solution reports must be considered as guides 

for management decisions rather than as final decisions for the 

period. A set of ~ossible management guides obtained from the 

test model runs will be presented here, with actual figures where 

disclosure of such will not violate confidential requirements of 

the case firm. It is important to realize that the form of these 

fj} Stafford, J. and Snyder, J. C., (27). 



reports is but one possible form which could be readily designed 

to suit the accounting system and technical conditions for the 

particular firm. 

In most cases, top management will be interested in aggregate 

cost and revenue comparisons and differences in optimal solutions 

at each of the plants. The production department will want only 

actual figures on the inputs for the products it is to process, 

and this information should be in a form that is directly usable 

by them; e.g., pounds of an ingredient per hundred pounds of a 

product. Those concerned with specifying gang size for the week 

need information regarding labor utilization. Similar guides are 

given for other functional areas. 

In total 727 variables were used to re~resent the activities 

of the firm. 'l'hese activities were controlled by ~)85 constraints. 

The structure of the model tested is similar ~o that ~iven in the 

preceding chupter. Its exact form and related parameter data are 

summarized in Appendix A. 

A further discussion of the input data actually used in the 
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model test(trial) is presented below in conjunction with the decision 

guides obtained for pb,ase one analysis. The results of the re-

maining analyses are 6iven in Appendix B. 

Procurement 

The practice in this company is to make ingreaient purchases 

from the car-lot market, the job-lot market, or from their own 

plants. The ingredient price used in the model is the delivered 

cost per cwt. of the ingredient. All car-lot p~rchas~s are in 
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frozen form and the quantities not illlllediately used are trans­

ferred to freezer inventory. Ingredients are removed from freezer 

inventory C:LS needed for production purposes. If the optimal solu­

tion called for ~urchase of less than a car lot of an ingredient 

and that am~unt were not available in freezer inventory, it would 

be necessary Lo purchase an additional car lot. The unused portion 

woulu be stored in frozen inventory for future use. If the freezer 

capacity were being useu to the extent that no aduitional car-lot 

purchases could le stored, it would be necessary to eliminate con­

sideration of any car-lot ~urchases. 

Available ingredients in the job-lot market represent pur­

chases from local sources, mostly small~r slaughtering firms un­

able to further process ingredients resulting from their o~erations. 

In most cases, the job-lot JJrice is higher than car-lot and hence 

this carket is not usually a profitable source of ingredients 

for this comrany. However, local distress supplies of job-lot 

ingreuients way become price competitive with car-lot supplies. 

Moreover, deli very delays of car-lo L ingredien tr3 may force yurchase 

of job-lot fill-in~. 

A smaller J?roducer may be unable to purcnase car-loL <J.w.oun.Ls 

because of limiLed ~rouuction requirements and freezer space, thus 

narrowing hi0 choice to plant-available or job-lot market 

ingredients. 

T
1

he material availability from plant kill operations is 

determined when slaugi1er volume is predicted. rl1hese tranfer 

materials are charged at market "A" prices less the packaging and 



shipping costs necessary to dispose of the materials on the 

market. These deductions are ~.50/cwt. for beef items which are 

sold loose, ~1.50 for pork trimmings which are bagged, and ~2.00 

for other pork items which must be boxed • 'rhe effect of .vricing 

company-available ingredients in this manner is to determine 

whether it is better to use company ingredients or sell them and 

purchase ingredients from other sources. 

The Ingredient Procurement and Utilization Guide l~able 1) 

shows the optimal quantities of each ingredient to obtain from , 

the sources specified. ·The prices, quantities, and price ranges 

are given. In addition to the source from which the indicated 

amount of an ingredient is to he purchased, quantities to be dis­

tributed to each plant for processing are indicated. 
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The price ranges indicate the amount of price variation 

possible for one ingredient, ceteris paribus, without causing the 

optimal combination to change. The price of beef head meat in 

market "A" is seen to be $28.00 per hundred which, ceteris paribus, 

could drop to i~7.50 or rise to ~2e.10 without chanciing the combina­

tion of activities which :is -optimaL. 

]
1 ormula ti on 

For the formulation .segment of the model, confidential company 

data must be us'°ed for ingredient chemical analysis, produGt formu• 

las and quality specifications. It is necessary to have formulas 

for fixed formula products and quality specifications for flexible 

formula products with which management is satisfied for production 



Tab1e 1. Xmgred1eat ProeuremeJrt aad Ut111zat1- Guide, Caee Stud7 1"1rm
1 

l.963
1 

Week r. 

Price Raage Quaatitz·bz Pr.ceeei..s Plaat IawecUeat Price Quantitz tweet Iii sheet i 2 3 $/cwt. cvt. dollars dellare cwt. cwt. cwt. 
Market A 

Ccw Meat 39.00 * 3-.73 102.24 * * Beef Head Meat 28.00 353 21.'° 28.10 1~8 65 l~O Muttn '> 

31.00 600 33.'° 219 108 273 -
Plaat 1 

Beet Hearts I 21.50 ,7 17.54 21.50 57 Beet Bead Meat 27.50 31 - 28.00 31 Beet Cheek Meat 32.00 76 - 32.00 76 Platee 23.00 179 23.00 23.50 179 Perk Cheek ••t 36.50 * 36.50 36.50 ... 
Regular P•rk '.htge 25. '° .. 2~.65 25.50 i. 95e IJ.0.50 * ~0.08 lt.1.29 * * Jwle 21.,0 223 21.50 21.50 223 He.a :rat 6.oo 19 - 6.93 19 

Plaat 2 
Beet Hearte 21.,0 26 19.17 21.50 26 Beet Bead Meat 27.50 39 - 28.00 39 Beet Cheek Meat 32.00 31 32.00 32.50 31 Platea 23.00 10~ 21.91 23.00 104 95a 41.,0 ... 41.i.8 42.00 ... Jewls 21.50 131 21.,0 21.50 131 Haa Fat 6.oo 22 - 6.61 22 

+- ...., 
I-' 



Tab1e 1. (COlltisued} 

I d1eat Price Qua.tit 
cwt. cwt. 

Plaat 3 
Beet Bearte 21.'° 110 
Beef Bea.cl Meat 27.50 ~ 
Beet Cheek Meat 32 .00 107 
Plate• 23. 00 1811. 
P.-k Cheek Meat 36. 50 * 
Regular Perk Trmge 25.50 383 
95• .. o.'° * 
J8Vl8 21.50 255 
Baa :rat 6.oo .. 7 

* ConfidentiBl 

Price Baage 
Leweet B1~heet 

dellare dollare 

21.50 ,21.50 
28.00 
32.00 

21.05 23.00 
32.00 36.,0 
2a..6; 2;.50 

Jt.1.;o 
21.;o 21.50 
6.00 6.95 

Qwa.•·t1-tz 'bz PreceaeiM Plaat 
1 2 

cwt. cwt. cwt. 

110 

" 107 
l~ 

* 
383 ... 
25, 
i.1 

+ 
~ 



w and market 1ienetra tion purposes. '1.1he necessary figures for 

these purposes should ue obtainable from company experience, ·guided 

by pr~viously cited research and publications uealing with this 

type of data. 

rrhe lngret.iien t Use Guide for each plant ('rables 2, • ' 4) 

specifies the total amount of meat used in the products anu the 

formulas in ter.u,s of .bJOunci.s of meat per hundred pounas of J.Jrodul: t. 

This lcttter form is useful directly for mixing batches to be 

processea. Note Lhat meat cost per hundred pounds of product is 

also given for management 1 s use. ii'ormulas for flexi ble-forrnula 

franks, bologria, and special loaf vary iri percentage oompositon 

as well as in CTeat cost per hundred pounds of product. Meat cost 

also varies for fixea~iormula products among plants and time 

periods. 

The Value Gaide for Ingredients l~ot Used C~i:able 5) shows 

the venalty in profit reduction for u~in~ an ingredient not in 

the optimal formulas. In economic terms, this value (z.) is the 
J 

oyportunity cost associated with usin5 that ingredient, i.e., it 

is the incremental cost of meeting the quality restrictions by 

using the jth ingredient. r.rhis value is deducted from the current 

ingredient price to obtain the highest economically feasible price 

which could be puid to re~lace some ingredient now in the optimal 

production combination. 

ii/ F1or rnore di;;tails on formulation controls, see Appendix i..J. 



Table 2. :I11gredieat U•e Gu14e, Case Stud.7 1'1ra, 1963, Plaat 1, Week :C. 

Quat1tz l1H4 ta 
I~d1~at Tetal Quaat1 tz: Fr•ak• Bel!S!j Bew E 

ovt.. cwt. i •f' tp. cwt. et tp. cvt. 

Cn Meat * ... ... 
Beet' Hearts · ,7 28 3.7 15 ~.2 
Beet lfea4 Meatt 179 112 16.4 58 io.4 
Beet' Cheek Meat 76 ;3 7.8 9 2.a. 
Platea 179 112 16.a. '8 16.~ 
Perk Cheek Meat * * * 
Regular Perk Trmge 4 

9'• * * .. 
Jwle 223 120 17.6 83 23.5 
Ba.a Fat 19 19 2.8 
Mutt• 219 124 18.2 71 20.3 

T•tal '68 82.9 29- 83.2 ... .. 
Meat ceat per ovt. •t tp. $21.23 $21.37 $40.60 

$= 



Table 2. (c .. ~1aued) 

Q11aatit7 Ueed in 
Iasred1eat Sal'91 Special Leat 

cwt. J •t tp. cwt. J •t tp. 

Cev Meat 
!eet learte 12 
Beef Bea4 Meat!, 
Beef Cheek Meat 13 
Platea 
PRk Cheek Meat 
Regular P•rt Tn1ge 4 
9'a 
Jwls 7 
Baa :rat· 
Mutt• 12 

T•tal 48 

Meat c•st per ovt.. •f tp. 

fp. finished product 

~3.8 

25.e 

7.9 

13.9 

23.8 
95.2 

$25.7, 

2 
9 
1 
9 

13 

12 
>.6 

2.2 
10.2 
1.1 

10.2 

i-...a 
13.6 
52.1 

$13.42 

.+:­
.vi 
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Table 3. Iagredieat U•e Gu14e, Caee Stut17 J'ira, 1963, Plaat. 2 1 Week I. 

Quaatit1 Uaed 1• 
I¥[!41gt Tetal 9••t1 tz l'r'Ji' l.•l,-;. 

cvt. cwt. •t tp. cwt. er tp. 

Beet ·Beane 26 5 3.8 21 "·2 
Beef Beat Meat loJI. 22 16., 82 16." 
Beet Cheek Meat 31 31 6.2 
Platea \ l~ 22 16.5 82 16.i. 
Jwla 131 16 12.0 115 23.0 
Bq :rat 22 22 16.5 
Mutt• 108 21t. 18.o ~ 16.8 

Tetal 111 83.3 ~16 83.0 

Meat c .. t per cwt. flt tp. $18.35 $21.37 

For example, pork head meat from mark.et "A" is priced at 

$28.0U/cwt. and has a l:;enalty of .di2.10/cwt. profit reduction when 

used to re_fJlace an ingreaient 1;resen tly calculated to be in the 

optimal solution. This means tl1at if management were to pay more 

than ~25.90/cwt. for pork head meat, profit would be reduced from 

the maximum possible. 

Production and Distribution 

One type of data needed for this segment of the model in-

volves the hiring and use of labor. This data is determined by 

labor contracts and si~e of physical·facilities aD previously 

discussed. For this company, the minimum work week is specified 

at )6 hours. The contract s~ecifies )8.75 hours as the maximum 

productive time possible for regular labor, with ten hours per 

week being the maximum allowable overtime. l!!ach of these 



Ta'bJ.8 It.. Zagre4t.eat Use Gu.!.cle, Caae Stucl7 :J'ira,, 1963~ P1aat 3,, WCH!"lr- I:. 

Iure41eat i'.tal Quaatt·y l'r.U• --cwt. cwt. " et tp. CYt. J •f:· r,. 

Cw Mea.t * 
Beef Bearte 110 20 4.1 22 4.2 
Beef Bead Meat 18Jt. 80 16.4 86 16.4 
Beef Cheek Meat 107 5 1.0 29 5.5 
Platea 184 80 16.4 86 16.4 
Perle Cheek Meat * Regular-Perk 'l'r11g9 383 
95s * 
Jn le 25, 74 15.2 121 23.0 
Baa Fat - 47 47 9.6 
Mutten 273 100 20.5 92 17.5 

Tetal 4o6 83.2 436 83.0 

Meat ceet per cwt. ef fp. $19. 74 $21.38 

owt. 

363 98.0 

363 98.0 

$24.99 

+ 
-.J 

,~ 

\ 



Tabie ~. {Ceatinued) 

Ia12re4ient Nev El1anA 
cwt. er- tp. 

Cw Meat * • 
Beet Heart• 
Beet Bead Meat 
Beet Cheek· ~at 
Plate• 
Pert Claeek Meat * • 

. Regular Pwk -rr.s• 
9,. * * Jwla 
Ba Pat 
Milt ta 

Tetal * • 
Neat ceat per cvt. .r tp. $40.08 

guantitz Uaed in 
Salu.1 

cvt .. ~ et f.P. 

6Jt. 24.6 

67 25.7 

20 7.7 

3, 13.4 

62 23.8 
2~ 9,.2 

$25.74 

SJ!!xt•l Leaf 
cwt. "' •f tp. 

',c4 2.~ 
18 10.9 
6 3.6 

18 l0.9 

25 1,.2 

19 11., 
90 54.5 

$14.05 

,+:­
·W 
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Table 5. Value Gu14e fer Insre41eat• Net U•ed, C••e Stuq lira, 1963, 
Week I. 

Pr•t1t Righest Feaaible 
Ingredient Source Price Rfll!d:Uet.ia Price 'to Pa7 

i/cvt. . .'$/cwt. $/cwt. 

Market A 
~eet Beal"'te 22.00 .50 21,50 
Beef Cheek Meat 32.50 .50 32.00 
Lean Beet Trila1ngs 39.50 9.08 30.42 
Plates 

\ 23.50 .50 23.00 
Blade Meet 47.00 12.49 34.5l 
Pork !learte 25.00 2.00 23.00 
~rk Bead Meat 28.00 2.10 25.90 
Pork Cheek Meat 38.50 2.00 36.50 
Regular Pork Trmgs 27.00 1.50 25.50 
Special Pork 'fnags 4o.50 8.50 32.00 
958 42.00 .50 41.50 
Jowls 23.50 2.00 21.50 

Market B 
Beef Cheek Meat 34.50 2.,a 32.50 
Leen Beef T~ 41.50 11.08 30.42 
Platea 18.50 2.00 16.50 
Blede Meet 48.50 13.99 3i..5·i 
Pork Hearts 28.00 5.00 23.00 
Pork Bea4 Meat 28.50 2.60 25.90 
Pork Cheek M!·at 40.00 3.50 36.50 
Beguler Pork Trmgs 27.50 2.00 25.50 
Special Pork T.r.m.gs lt-1.00 9.00 32.00 
95• 43.00 1.50 41.50 
Jovle 24.oo 2.50 21.50 



50 

plants had different minimum and maximum numbers of men for ef­

ficient 01Jeration and hence different ranges oi' possible labor 

hours as given in ~able 1, Appendix A. The labor utilization 

rates for each product o.re needed to properly relate the labor 

used per cwt. product produced. Likewise, wage rates are neces~ 

sary for o~tainin6 production costs. 

The two classe~ of variabl~ production costs discussed have 

been ingredient u1d labor costs. 1.'he rel..'.laining variable production 

costs were categorized as other variable costs. Included in thi~ 

group are: employee benefits associated with direct labor, packag­

ine:; supplies, storage, the variable lJOrtion of power, and the 

transportation involved in interplanting of products. ,The freight 

rates for product shipment are the sam~ as those used to adjust ingred­

,, ient cost and are shown in rrable :::'., Appendix A. _ 

The Production 8,nd Distribution Guide (rrable 6) gives the 

quantity of each product to be produced in the specified pla.nt and 

the plant to which it should be shipped for optimal ~ales. For 

example, one pound packages of franks produced at plant one are 

to be sold partially in that plant's market and partially in the 

plant two market. The 57,000 pounds of pork sausage proauced at 

plant three are to be sold as follow::;: 10,000 pounds in -c;he plant 

one market, 15,000 pounds at plant two, and 12,000 at plant three. 

:Bologna is the only product for which the optimal specifies no 

interplant shipping. 

The Company Labor Utilization Guide (Table 7) sullllllarizes, 

for each plant, the a~ount of labor to be hired by the company. 
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Table 6. Production and Distribution Guide, Case Study Firm, 1963, 
Week I. 

Production Sell!~ Market 
Product Quantity Plant 1 Plant 2 Plant 3 

cwt. Ci't. cwt. cvt$ 

Plant 1 
rranks - 1 lb. 395 290 105 
Franks - 6 lbe. 287 140 147 
Bologna 350 350 
lev England 20 20 
Salami 50 50 
Special Loaf 88 50 38 

Plant 2 
Franks - 6 lbs. 133 120 13 
Bologna '°° 500 

Plant 3 
Franke - 1 lb. 487 137 350 
Bologna 525 525 
Pork Saueaee 370 100 150 120 
Kev Engl.and 120 75 i.5 
Sal8lli 26o 125 135 
Special Loaf' 165 165 

Both total_ labor hours and gang size are given for each of the labor 

categories. }lant~ one hnd three should use as much labor a~ ~ossible 

for them to hire una plant two should hire less than the maximum number 

of men ior ev€n the fir8t shift. No overtime labor is to be hired 

in this solution d.u0 LO rehsons cited earlier when discussing deter-

ruination of use of u8cond shift or overtime labor. The Plant Utilization 

Gu'ide, (Ta bl es 8, • • • , 10) 5·i ve the inf orma ti on ueeueci bJ the _t.Jlant 

mana(:','ers in t; [ eci fying tjang sizes for the week 1 s operations. 

Information of use in ~ longer-run analysis way also oe vrovided 

here in t er1a;:; of tne "shado H 11his "marginal value 11 mec.oures 

what it L,; wortn to al Ler restrictions stipuluted for the 1:.,COilOl1liC model. 

ID }'or J.c.iJ.i tJ.OiUJ.l economic interpretation see Dorfman, ri., SamuteLrnn, 
L A., ana 0olow, lL M., p. 15, 1,ll). 
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Table 7. CcapeJV' Labor Utili!ation Gu14e, Case StuQ' l'irm1 · 1963, 
Week I. 

Plant 1 Plant 2 Plant l 
Gang Gang Gang 

Labor Category· Hours Stze lloure Stge· Bouz:a Size 

Regular 813 21 727 19 1050 27 
Overtime 0 0 0 
Second Shift 813 21 0 1050 27 

Table 8. Plant 1 Labor Utilization Guide, Case Study Firm, 1963, Week I. 

Labor Ca tesorz-

Regular 
0Tert1• 
Second Shift 

Hours 

813 
0 

813 

GaDB Size 

21 

21 

Table 9. Plant 2 Labor Ut1l1zat1on Guide., Caae·S.tudy lira, 1963; Week··I. 

Labor Cate gory· 

Regular 
Overtime 
Seconc1 Shift 

Houre 

727 
0 
0 

Gans Size 

19 

Table 10. Plant 3 Labor Ut111~at1on Guide:; Caee·Stud)" P1TBt1 1963, Week I. 

Labor Ca tesorz 

Regular 
Overtime 
Second Shift 

Hours 

1050 
0 

1050 

Gans Size 

27 

27 
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Table 11. Labor Expansion Guide, Case Study Firm., 1963, Week I. 

Value Range· ot Tal..e Effect 
Lalu~r C a~~ory Preg1n~ l&i&1~ Ett1gt Love1s= &iweg:t 

hours dollars hours hours 

Plant 1 
Regular 813 0.72 693 832 
Overtime 0 
Second Shift 813 0.62 693 832 

Plant 2 
Regular 891 726 
Overt1• 0 
Second Shift 891 

Plant 3 
Begular 1050 2.10 915 1072 
0.ertillle 0 
Second Shift 1050 1.09 915 1072 

- not economically meaningful 

rl1nus 1 it meaoures re1urnu obtainable _lJer unit increase (or loss 

incurreu .t;er u11i t decrea::le) in •,he availability of a lirni t.u.,~ 

fa c t o r • ..i. he as ~ o c i 3 t 2 u r <:t n be i rd i c c:1 t e s the ex tr '2 lli e s to .il ii ch th E~ 

availability of tnc li::..i t-Lnb factor. maJ be changed. wit...i:1out a.l tt.;ring 

rr~1e La bur ~XI ansio11 Uuide \1'!..tble 11)' permi ttiag a loncer-l'Ull. 

t,1 i·e analysis, is u:.::H;ful in ueter1.1inine; dollar vc..:.lues ( sha<...iow 

prices) of more or less labor units \a limiting factor) than 

presently inu.icated. At l'lant three, if additional men could be 

used effectively, :11>2.10 increased .t-JI'Ol'it ; .. ould be made per .hour of 

additional rcc;ular labor whicn would be hired up to 1072 hours. 

'Ihis is 22 uOUI':::3 i:.ore th._111 l_,re~tntly possible and is less' than 



the 36 hour !Jiuirnum for an additional ;nan. l-rofi t could. t.;e increci0ea 

at, least 4~2.10 x 2~ = ., 1+G.2u but siace this man must be hired. an 

additional 14 nour;:,, furtner re_I;ercussions .w.ust be considereu. It 

is im~ossible to frecisely determine the profit effects uf t~ese 14 

additional hours. '1he value of these adui tional hours vdll be less 

than <1J:2 .10 ver 110ur but iilaJ technically be positive, zero or nega­

tive. '1'he maxim.um possible return would be ~2.09 for eaCJ1 of il1e 14 

hour~. 'i'he minimum possibie return would be zero for eat,;i1 of the ad­

ui tional 14 nours since the modr;;l provides explicitly for unused 

labor without invoking a penalty. This provision is based upon 

manage"aent k.c10wle,1e;e or T.ne effect of idle labor in the .f1lants. 

'l'hus, the rant;·e over which the value of marginal product from 

increasing the gang oi~e by one man coulu. vary would be from a 

maximum of ~ns.46 (~P2.10 x 22 + $2.09 x 14) to a minimum of ·:n.oo 

(~2.10 x 22 + 0 x 14 - ~2.dO x 14). A more precise aet~rmination 

of the effects would require additional analyses with appropriate 

constraint c.tw.n0 e3 or _t.larametric rJrugramming. 

In addition, if labor hired were reduced because the number 

of wen indic&t.ed could not be effectively supervised., the effect 

of .:.>uc~1 action is similarly indicated. La.b8r hireu cou.ld be re-· 

duced by as wuch as lj) hours, or by three men, anu profit wuul~ 

be reduced by ~2.10 per hour within this range. 

fi Ca~acity ~xpansion Guide giving the same type of information 

for facilicies ratner than labor would. also be 1>0ssible. It would 

give<:.. uollar value of additional facility capacity and hence 

would. be another lont;-run e:,ruide since facilities are fixed 

in t.lle sLort run. In this case, facility capacity wa:3 large 
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enough to make such a guiue unnecessary for the cona.itions analyzed. 

The ~lants were capable of processing ap~roximately the following 

amounts of bologna in a five day week: 7j,UOO pounds a~ plant one, 

100,000 pounds at plant two, and 125,000 at plant three. 

Sales 

The product selling prices used are adjusted market quotations 

for tn~ bhfilc date as ingredient prices and are presented in ~able 

4, Appendix A. These price~ .are adjusted for variable selling and 

distribution costs. The assumption is that the company is a 

11 price taker" in its product sales and will sell whatever amount 

possible at market price. Vnriation in market sal~s is largely in-

fluenced by nonprice competition such as produGt quaiity, adver-

tising and other promotional means. 

Generally, for low margin products lbologna, franks, and pork 

sausage) simplified probability is used in estimating the amounts 

of each product to be sold .at the prevailing market price. troduc-

tion in excess of the amounts of these perishable products which 

may be sold will lead to spoilage loss. ihe quantity estim~tes 

may be U.etermined from past records and adjusted in this manner 

to avoid repeated over-production. Although the parameter in~ 

eluded in this model shows a lower price for 1'ruarket B", this is 

not in violation of the assumption of ·"price taking" but is mere­

ly a method of es tirna ting the quc.:.n ti ty to be sold .£.2.1' 

ii/ In this case, the price parameter in the model for market 
"B" sales is equal to market price times pro-babili ty of sale; e.g., 
for plant one franks, 1 lb., the market price (147.00/cwt.) times 
~he probability of sale of an additional 9000 pounds \0,9)) is 
equal to ~44~60 (~47.00 x u.95). 
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Generally for high margin products, the firm is able to sell 

a given qua_ntity at a certain price and then obtain additional 

volume at a reduced price. Assuming that the incremental sales 

volume at the reducea price would not affect the original quantity 

and price, the model parameters for this situation may be handled 

e~actly as in the previous economic situation. An example would 

be a specialty sausage item where product differentiation is more 

important. 11he company could sell 10, 000 pounds at $40. 00/ cwt. 

with the possibility of selling an additional 5,000 pounds by re­

ducing the prices for this increm~ntal amount to $38.00/cwt. 

The Plant Sales Guide by Market for each plant (Tables 12, 

., 14) indicates the amount of each product to be sold in 

markets A, B, and c. In addition, the selling prices and the 

range over which the selling price~ may vary individually without 

'?hanging the optimal solution are given. r11his information should. 

prove very useful in making sales decisions. One pound packages 

of franks could ~ave been sold for as low as i35.81/cwt in the 

plant one market without changing the optimal. The lowest cor­

responding price in the plant two market would be ~36.74/cwt., 

while that for the ~lant three market would be ~35.79/cwt. 

total Sales by Product (rr·abl_e 15) is a ~mmmary re.port 

for com1Jany sales information based. on the various products, show­

ing the total sales of each product and the br~akdown according 

to market segment. 

The company total is then detailed for each plant usin~ the 

same classifications. 
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Table 12. Plant l Salee Guide by Market, Case Study Firm, 1963, Week I. 

Price RBDRe 
Protuct Pr.lee guantitz Lowest Bin••t $/cwt. cvt. $/cvt. $ cvt. 

Market A 
J'raDldJ - 1 ll>. 47 .00 llt.O 35.81 
rranks - 6 ll~a • 46.oo 6o 34.51 
Bologna 35.00 200 28.25 
Pork Sausage 36.00 50 30.51 
Bew Engl.and ,S.50 10 45.50 
Salaai 49.00 25 31.70 
Special Loat 41.00 30 32.47 

Market B 
hanke - l lb. 44.60 90 35.81 
hanka - 6 lbe. 43.70 30 3Je.. 51 
:Bologna 33.20 100 28.25 
Pork Sausage 34.20 20 30.51 
Bew England 55.6o 5 45.50 
Salami ~.6o 15 31.70 
Special Loaf 39.00 15 32.47 

Market C 
Franks - 1 lb. 46.'° 60 
Franke - 6 lbe. 45.50 50 
Bologna 34.50 50 
Pork Sausage 35.50 30 
llew England· ,a.oo 5 
Salami 48.50 10 
Special Loaf a.o. 50 5 



Table 13. Plant 2 Sales Guide b7 Market, Case StudJr. J'irm,; 1963, Week I. 

Price R!!§j Proauct Price Quant!~ Lov9at · ~1,::•t 
$/cwt. cvt. $/cwt. $ cwt. 

Mariet A 
rranka - 1 lb. 47.00 140 36.74 Franks - 6 lbs. 46.00 60 34.49' Bologne 35.00 300 28.19 Pork Sa uses- 36.00 80 30.42 lev Enslend '8~50 4o 46.11 Salami 49.00 8o 3L-72 Special Loaf 41.00 20 33.40 

Market B 
Franke - l lb. "~60 80 36.74 
hanks - 6 lbs. 43.70 20 3i.. ta.9 
Bolosna 33.20' 100 28.19 
Pork Sauaee 34.20 50 30.42 
New England 55.60 25 ~6.11 
Salami 46.60 35 31.72 
Special I.oat 39.00 10 33.~ 

Market C 
Franke - l lb. 46.50 22 
F~f:lnk• - 6 lbs. 45.50 ..0 
Boloena 34.50 100 
Pork Sausage 35.50 20 
Rev England 58.00 10 
Sa;lam. ~.50 10 
Special Loaf' ~.50 ~ 
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Table l~. Plant 3 Seles Guide by Market, Case Study Firm, 1963, Week I. 

Product 
cwt. 

Market.A 
Franks - 1 lb. 47.00 200 35.79 
Franks - 6 lbe. Ji6.oo 100 35.~9 
BoloSDB 35.00 300 27.46 
Pork Sausage 36.00 70 29.~7 
Bev England ,a.50 30 45.16 
Salami 49.00 80 30.77 
Special Loaf 41.00 100 32.57 

Market B 
FraDlcs - 1 lb. i.4.6o 100 35.79 
Franke. - 6 lbe. i.3.70 30 35.49 
Bolosna 33.20 100 27.166 
Pork Sausage 34.20 30 29.47 
lev Ensland 55.60 10 i.,.16 
Salsm.1 46.6o lt.o 30.77 
Special Loaf 39.00 50 32.57 

Market C 
Franta - 1 lb. 46.50 50 
Franks - 6 lbs. 45.50 00 
Bologna 34.50 125 
Pork Sausage 35.50 20 
Nev ED.Bl.and 58.00 5 
Salami 48.50 1' 
Special Loaf 40.50 15 



Table 15. ·Total Sales b7 Product, Case Stuq Firm, 1963, Week I. 

COfA1>a!!l Plant 1 Plant 2 Plant 3 
Product l'r1• Total. Market 't.otal Market Total Market Total Market 

$/cwt. cvt. cvt. evt. cwt. cvt. cvt. cvt. ovt. 

Franks - 1 lb. 882 290 242 350 
A 47.00 i.ao ' 14<> 14<> 200 
B 44.60 270 90 80 100 
c 46.50 132 60 22 50 

J'ranks - 6 lbs. 420 140 120 16o 
A .46.oo 220 6o 6o 100 
B 43.70 80 30 20 30 
c 45.50 120 50 ~ 30 

.Bologna 1375 350 ;oo 525 
A 35.00 Boo 200 300 300 
B 33.20 300 100 100 100 
c 34.50 275 50 100 125 

Pork Sausage . 
370 100 150 120 

A 36.00 200 50 80 70 
B 34.20 100 20 50 30 
c 35.50 70 30 20 20 

Bev Ensland 140 20 75 45 
A 58.50 80 10 40 30 
B 56.60 40 5 25 10 
c 56.00 20 5 10 5 

Salaai 310 50 - 125 135 
A 49.00 185 25 80 8o 
B 46.60 90 15 35 i.o 
c i.a. 50 35 10 10 15 

Spec_ial Loat 253 50 38 165 
A 41.00 150 30 20 100 
B 39.00 75 15 10 50 
c a..0.50 28 5 8 15 0\ 

0 
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In addition, if capacity limitations existed, it would be 

possible to prepare a guide evaluating cos"ts of producing the 

products not chosen for the optimal solution. rl1ne lilinimum sel­

ling price to make profitable the production of a prouuct fur sal~ 

could be found. Thus, if the price of the product ~ere to increase 

to the indicated level it would become optimal to manufacture 

tnat produ1;t. '11he iucreased }Jroduction would replace production 

of a present produc~. 

Information of value in a longer-run analysis is again avail-

able for product sales and {s shown in the Sales Promotion Guide 

(Table 16). The presen~ sales limits may possibly be altered by 

additional advertising or promotional efforts to increase sales. 

The value effect shows the gain in profit that would have occurred 

in this period if additional sales had been poosible. ~he same 

value also indicates how much profit would have been reduced. by 

lowering sales. This value effect applies for volume changes 

within the limits inuica ted for each product. .ti'or Market \.: 

product, management could determine the range over which such comit­

ted sales are profitable. If the analysis shows that couililitted 

sales are consistently below the upper limit for the value effect, 

management may compare possible added gains with the cost of ob­

taining additional comoitments • 

.Examination of these values and associated ranges, over a 

period of time, may indicate that a change is needed. ~
1

or examyle, 

between the lower limit un the range and tl1e present sales level, 

the.value of additional units sold may be less thar1 expenditures 

to obtain this greater volume. Thus, reduced promotional efforts 
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Table 16. Sales Promotion Guide, Case StucJy Firm., 1963, Week I. 

Present 
Product Sales Lilld. t Value E~fect 

cvt~ cwt. cvt. 

Plant l 
Jre.Dk& - 1 lb. A 1-.0 11.19 135 200 

B 90 8.79 85 150 
c 6o 10.69 55 120 

Franks - 6 lbs. A 60 11.49 '' 139 
B 30 9.19 25 109 
c 50 10.99 45 129 

Bologna A 200 6.75 195 281 
B 100 4.95 9.5 181 
c 50 6.25 45 131 

Pork Sauaaee A 50 5.48 11 256 
B 20 3.68 226 
c 30 4.98 236 

l'lev England A 10 13.00 34 
B 5 10.10 29 
c 5 12.50 29 

Salami A 25 17.30 20 94 
B 15 14.90 10 84 
c 10 16.80 6 79 

Spec1 al Loe.t A 30 8.53 22 122 
B 15 6.~)3 7 107 
c 5 8.03 97 

Plant 2 
Franks - 1 lb. A 140 10.26 135 200 

B 80 7.86 75 111-0 
c 22 9.76 17 82 

Franks - 6 lbs. A 60 11.51 55 138 
B 20 9.21 15 98 
c 40 11.01 35 118 

Bologna A 300 6.81 291 444 
B 100 5.01 91 244 
c 100 6.31 91 2" 

Pork Sausage A 80 5.58 41 286 
:e 50 3.78 11 256 
c 20 5.07 226 

lev England A 11-0 12.38 29 76 
B 25 9.48 lit- 61 
c 10 11.88 46 

Sal.aai A 8o 17.28 75 ll7 
B 35 llt-.88 30 72 
c 10 16.78 5 lt-7 

Special.Loaf A 20 7.6o 12 ll2 
B 10 5.6o 2 102 
c 8 7.10 100 
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Table 16 (Continued)--

Preaent Ra!;!Se, or.. Value Ettect 
h.oduct Sales Lim t Value Effect Lowest lli§!!eet 

cwt. $/cwt. cvt. cvt. 

Plant 3 
rrana - 1 ll>. A 2-00 11.21 195 26o 

B 100 8.81 95 160 c 50 l0.71 45 110 
Franke - 6 lbs. A 100 10.51 95 178 

B 30 8.21 25 108 c 30 10.01 25 108 Bologna A 300 7.53 295 379 
B 100 5.73 95 179 c 125 7.03 120 20ll. 

Pork Sausage A 70 6.53 31 276 
B 30 4.73 236 c 20 6.03 226 lf ev England A 30 13.3,. 19 66 
B 10 10.44 10 46 c 5 12.SJi. 41 

Salami A 80 18.23 75 ll7 
B i.o 15.83 35 11 c 15 17.73 10 52 Special Loaf A 100 8.48 92 196 
B 50 6.48 42 146 c 15 7.98 1 111 
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and consequently sales would actually improve profit. Similarly, 

it may be determined that the ~rofit to be gained by additional 

efforts to increase sales would more than cover additio~al costs 

incurred; hence, increased efforts would be desirable • 

. Consider the effect of increased efiorts to obtain additional 

sales of one pound packages of franks in the plant one market. 

Ea.ch 100 pound increase in salt.:s would be worth ~11.19, assuming 

this volume increase is of a long-rurt nature increasing the sales 

amount of ~hich management is certain. This affect will hold up 

to 20,000 pounds while the present limit is sales of 14,000 ~ounds. 

If the cost of obtaining added volume in this range is lee~ than 

ill.19 per hundred, management would be justified in expanding 

promotional efforts to i:.iick up this added volume. It must be 

remembered that these considerations are of a long-run nature; hence, 

the results from any give.1.1 week may be misleading. It is necessary 

to examine a series of weekly results before making a~cision based 

upon the analysis. 

Operating 0ummary 

Before the operating summary is discussed, the nature of the 

fixed costs includ~d here needs elaboratio~~. The fixeu costs are 

broken only into two general categories for this study. flant 

operating expenses include such items as: indirect labor and as­

sociated e1i";.ployees benefits, the fixed :gortion of ~_;ower, deprecia­

tion, insurance, taxes, and repairs. Ihe other class of fixed 

expenses contains locaf general, administrative, and selling ex­

fJenses for the plan ts. 



.B,or the operc--J. tion to make a profit it is necessary that enough 

contribution from revenue in excess of v~riable cost be made to 

surpass this fixed cost. If total revenue exceeds variable costs 

but not total costs, operation is desirable to reduce the loss 

incurred from fixed costs. Marginal revenue is then greater than 

marginal cost and each unit of product sold contributes something 

toward covering fixed ~ost and reducing loss. 

The Estimated Operating Stateuent (Table lf) for the week 

provides iuanagement with a financial summary of the calculated op-

timal operations. The stdterne:nt shown here involves onl.1· major 

cate~ories but does highli 6 ht Gome of the impor~ant revenue and 

e~pense components. Meat cost is approximately 70 percent of 

variable cost~ and wages comprise more than 10 percent accountint;; 

for tne two large single categories of variable ~xpenses. 

~ompany practice is to set a _?rol"it objective for each }?erioci. 

This is included in the opera~ing statement and permits rapid eval-

uation of the results. In this phase, the profit contribution ex-

ceeds the profit objective. 

Results of ~arameter Changes 

Variations in optimal solutions arising from parameter chani.Ses 

were examined for severul economic conditions. nesults of 

ar .:. CO'"P' c'•red.~ ~rice cnanges and labor hiring alternatives ~ ~ • 

~roduction Capacity 

The effect of processing capacitJ restrictions were investiga-

ted by.limiting available labor ~o one shift with overtime. Tnese 

ID Ingredient prices and associated product prices are presented 
in Tables 3 and 4, hppendix A. 
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Table 17. Estimated Operating Statement, Case Study Jina, 1963, Week I. 

Salee 
Meat cost 
Gross ·margin 
Variable coat.AU 

Wages 
Other T&riable expenses 

Contribution· to f"ixecl·costs 8lld protlt 
J'ixed coats: 

Plant operatillg·expenaes 
Local selling, general and ac1ain1strati•• 

expenses . 
Contribution to profit (loss) 
Profit obJeotlve 
Oftr (under) profit ob.ject1ve 

$12,653 
20,317 

24,500 

8,000 

$153,598 
82,419 
71,179 

32.970 
38,209 

32,500 
,,709 ,,. 

$ a.09 



results were Lhen compared with those where available labor con-

sisted of two shifts. 

Using .Veek I _µrices i'or 8Uci1 a comparison, Table 18 shows 

that hiring two dhifts (~eek I) is much more profitable than hir­

ing one shift with overtime (Week la) .W 1l 1wo shifts resulted in 

a contribution to profit, afte~ deductin6 fixeu costs of ~5,700. 

Use 0£ only one shift and its allowable overtime resulted in a 

loss of ~5Uv, ceteris paribus. Since it is not analytically con-

~istent to specify a minimum use level for second shift labor, the 

profitability of second shift versus overtime is most easily com-
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pared as in the above simulations. It must be recognized that labor 

union contracts specify minimum gang size for regulo.r and secoHd 

shift operations. Under the conditions unalyzed, second shift 

operation is far more profitable than single shift with overtime. 

Market sales limits determine the level of production when second 

shift labor is available. When considering one shift with overtime, 

labor becomes the limiting factor. When second shift labor is 

available in plants one and three, ~lant two uses only one shift 

With less than the maximum number of men (23) but more than the 

minimum number (15). 

Production capacity may become limiting· in the form of either 

facility constraints or labor constraints. Capacity restrictions 

of physical facilities were not limiting for this company under 

present market conditions. liowever, for many compani~s facility 

capacity rather than sales would be the constraint effectively 

m Vetailed results for Week I are presented here in Tables 1, 
., 17 and those for Week Ia are given in rl'ables 1, ••• , 7, 

Appendix B. 



Table 18. Operating Statement Component• tor AlteraatiTe Labor Hiring 
with Week I Prices, Caae Stu47 Firm., 1963. 

Results 
Com.popent Week Ia 

Sales $131, 335 
Meat Coet 71,969 
Gross M5rg1n 59, 366 
Wages l0.693 
Other variable expenses 16., 686 
Contr1bu'\1on to t'ixed coat and protlt 31,987 
Plant operating exper.ees 24,500 
Local selling, general and administrative 

expenses 
Contribution to pro~1t (loss) 
Profit obJective 
Over (under) obJective 

8 000 
l513) 

5,300 
(5,813) 

Week !"}' 

$153,598 
82,419 
71,179 
12,653 
20,317 
38,209 
24,500 

8,ooo 
5,709 
5,300 
~ 

Table 19,. Procurement and Utilization of Regular Port Trimmings as 
Prices Change, Caee Study Firm, 1963. 

Procurement Util!zation 
Source Quantity Plant 1 Plant 2 Plant 3 

Week I 
Plant 1 ... 
Plant 2 
Pl.ant 3 383 383 

Week II 
Plant 1 272* 272 
Plant 2 89 89 
Plant 3 585* 585 

Week llI 
F·lant 1 272* 272 
Plant 2 302* 31 200 71 
Plant 3 585*. 585 

*Indicates :maximum amount eve.1le.ble from plant slaughter. 

68 



limiting the level of productiono 

Prices 

Tables 19, a a o, 23 summarize the variation of optimal 

solutions as cost and price para.meters change, given labor 

availability of two shifts at all plants. Sales maximums limit 

the level of production for all parameter changes considered 

under these conditions. 

Ingredients 

Optimal procurement and utilization of the 16 ingredients 

varied greatly as parameters changed. Table 19 illustrates the 

changes for one selected ingredient (regular pork trinnnings) as 

ingredient costs and product prices vary, ceteris paribus. Pro­

curement and utilization of other ingredients changed in a 

similar manner. 

In Week I, regular pork trimmings were not used to a great 

extent. Week II changes require purchasing all of the ingredient 

available from plants one and three, and all purchases are used 

at the plant from which they are obtained. Week three optimum 

indicates purchases of all the plant-available supply at each 

plant and shipment of parts of the quantit;r purchased from plant 

two (30,200 pounds) to plants one (3,100 pounds) and three 

(?,100 pounds) for processing. 

Thus, interplant shipment of ingredients may be necessary for 

maximizing profits and the amounts of an ingredient to be purchased 
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from a given source may vary as prices change. In addition, 

different quantities of a given ingredient raay well be useu. at a 

plant in different price situations, even~ production at each 

plant doE:s not chanc;e. '11his ..i.atter is tL.e case for ¥'/eeks I and Il 

when the amuunts of various froducts are produced at each plant 

but the amount of regul~r pork trimmings used at each plant changes 

quite drasticallj. 

Meat Oost 

Examination of table 20 reveals that meat cost varies marked-

ly as prices change. It also varies considerably among plants for 

a given price situation. For plant O..:i.e, meat cost for franks 

varies from ~21.2)/cwt. in Week I to .d>lo.93 i11 '11eek. lll. irank 

meat cost variation among _tilants for Wee;.{ I was .;P2.88/cwt. ~~eek 
I 

II franks show a weat cost range of ~2.07 amon~ plants and for 

WeeK III franks "the range is .a>l. j2 arnor1g plan ts. 

G110ice of differe11t formulas and ingredient sourcBs for 

~reduction at differtnt plants is important in terms of cost 

reduct.ion. 'l'his c0.i1parison alone should do much -r,o indicate the 

merits of an overall model as opposed to the "least-cost" formu-

lation model which wv~~ld choose a single formula and hence meat 

cost for all frank prouuction. 

If the frank formula for plant two (\.;ith meat cost of 

$1~.41/cwt.) were used at all plants for ~eek III production, the 

total meat cost for franks would be quite different. Total frank 

:production for the three pJ ants is 130,.200 pounds iH Week III. 



Table 20. Meat Cost Variation Between Plants as Prices Change, Case 
Study Firm, 1963. 

Product 

Week I 
Franks 
Boloe;ne 
Pork Sausage 
1f ev England 
Sal8.Jlli 
Special Loar 

Week II 
Franks 
Bologna 
Pork Sa usa·ge 
1'e1i' England 
Salami 
Special Loar 

Week Ill 
Franks 
Bologna 
Pork Sausae:e 
New Ensland 
Sal8.11.1 
Special Loot 

Plant 1 
i/011t. fp. 

21.23 
21.37 

40.60 
25.75 
13.42 

18.05 
16.44 

. 37. 70 
23.36 
11.11 

16.93 
15.50 

37.50 
22.70 
10.68 

Meat Cost 
Plant 2 
$/cvt. fp. 

18.35 
21.37 

15.98 
16.94 

15.41 
16.03 

Plant 3 
$/cwt. fp. 

19.74 
21.38 
24.99 
40.08 
25.74 
14.05 

16.49 
17.11 
15.19 
37.91 
23.43 
11.35 

15.53 
16.12 
13.24 
37.71 
22.85 
l0.55 



With the meat cost of ~15.41/cwt., total meat cost for franks 

would be $20,065. ~he meat costs actually indicated for each 

plant would result in a total meat cost of $21,120 for franks. 

The optimal meat cost for franks, considering the interrelutio11-

shiys, is ~l,050 greater than it would be if the cheapest frank 

formula for the week coulu be used at all plants. fhus, in this 

instance, use of fra'.nk formulas .vith higher meat cost was neces­

sary to minimize total meat cost for the company. 

Table 21 indic.;ates that o_fJtimal operation may require s.nift­

ing production locations evbn though the same total quantities 

of each product are_ produced to meet maximum sales possibilities. 

For Weeks I and II no production shifts are necessary. however, 

1;eek Ill prices cause a chane;·e in the optimal operation pattern. 

An additional 6,000 one-pound packages of franks are to be pro­

duced at plant one; consequently 8,300 pounds fewer of six-vound 

bulk packages of franks may be produced at this plant, since the 

maximum amount of labor available with two shifts is being used. 

~he e,500 pounds of bulk packaged franks previously produced at 

plant one would now be 1-JI'Oduceu at plant two. The one-pound pro-

duction added .to plant one was removed from pl~nt three. 

'l.'hus, price changes alone ma.y effect production location. 

Here we have assumed that efficiency of tne vlants has not changed 

which may not be the case over a period of time. If these relli­

tionships change, they may increase or reduce amounts of produc­

tion shifting. iuis inuicates another important reason for usinG 

such b model to consider all interactions. 
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Table 21. Production Location as Prices Change, Case Study Firm, 1963. 

Production guantitz 
f!:oduct Week I Week II Week III 

cwt. cwt. cwt. 

Plant 1 
Franks - 1 lb • 395 395 455 
rranke - 6 lbs. 287 287 204 
Bolosna 350 350 350 
lev England 20 20 20 
Selami 50 50 50 
Special Loaf 88 88 88 

Plant 2 
Franke - 6 lbs. 133 133 216 
Bologna 500 500 500 

Plant 3 
Franks - 1 lb. i.87 487 427 
Bolosna 525 525 525 
Pork Sa usage 370 370 370 
New England 120 120 120 
Salami 260 26o 26o 
Special Loaf 165 165 165 
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Labor hiring for "the different weeks is summarized in Table 22. 

weeks I and II require the same number of men, in each plant, with 

plants 011e and three hiring the maximum number of men for both 

regular and second shifts. Plant two uses less than the maximum 

nu~ber of men on the regular shift and none for seco11d shift work. 

Week III production changes previously examined necessitate changes 
. 

in labor hiring. Flant one retains the maximum number of men for 

both shifts, while plant three maintains maximum for regular 

shift but drops three men from the second shift. llant two re-

quires the maximum number of men for regular shift but still no 

second shift work is to be done at that plant. 

Changes in pr~fit contribution as prices change are presehted in 

Table 23. Tqtal sal~s are seen to change little as would be expect~d 

since all sales volumes are at maximum aillounts and few chaµges in 

product prices have occurred. However, the meat cost changes are 

large enough to result in large changes in the groes margin. 

~·or Week I prices, the gross margin is olli71, 200 which compares 

to i82,400 for Week II prices and ~85,400 for Week III prices. 

The profit objective is changed with each price change since in-

gredient cost has such an important effect upon profit contribu-

tion. The profit contribution for Week I is 15700, il5,000 for 

Week II,_and il8,000 for Week III. 

~xamination of the amount by which profit cont:ribution ex-

ceeds the profit objective, makes possible some estimate of the 

value of using the model. A precise determination of the profit 

increase attributable to the model would require comparison of 
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Table 22. Variation in Labor BlriDB aa Prices Change, Case Study Firm, 
1963. 

Gags Size 
Labor Category Maxim Week I Week II Week III 

Plant 1 
Regular 21 21 21 21 
Second Shirt 21 21 21 21 

Plant 2 
Regular 23 19 19 23 
Second Shift 23 0 0 0 

Plant 3 
Regular 27 27 27 27 
Second Shift 27 27 27 24 

Table 23. Variation in Operating Statement Components as Prices Change, 
Case Study Firm, 1963. 

Week 
Co1monent I II III 

Sales $153,598 $149,069 $148,418 
Meat coat 82,419 66,660 62,972 
Gross margin 71,179 82,4<>9 85,446 
Wages 12,653 12,653 12, 723 
Other Tariable expenses 20,317 20,301 20,242 
Contribution to fixed coats and 

profit 38,209 49,455_ 52,481 
Pl.ant operating expenses 24,500 24,500 24,500 
Local selling, general and 

adlll1n1strat1Te expense& 8,000 10,000 10,000 
Contribution to profit (lose) 5,709 14,955 17,981 
Profit obJective 5,300 13,700 16,500 
Over (under) pr~it objective 409 1,255 1,481 
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results of management decisiot.s with and without the aid of the 

model uncler actual weekly operating conditions as they may chc.:.nge. 

The purpode of this study was the tievelopment of u suitable model 

to fit a sausage processing firm's management decision neeus ana 

illustrate the use of such a model. However, assuming that the 

p~ofit objectives used here are realistically determined upon tne 

basis of management ex~erience1under similar conditions, it may be 

concluded thtit substantial profit increases could be expected from 

adapting such a model to be used in making routine Op8rating 

decisions. 

Computation 

All model development and application was done on the IB~ 7090 

electronic computer using the LF/90 operating system for linear 

programming.~ However, there is no reason that the model can-

not be utilized with any computer and software prograCT capable of 

handling the size problem which defines a firm's operations. Nor 

is there any necessity for a firm to own a computer and maintain 

a staff of linear programming experts. Gomputational .facilities 

are conveniently available at a reasonable cost for most firms 

able to benefit from integrating such a model into their 

operations. 

The variations presented here were all computed by using 

magnetic tapes to store the previous optimal solution for re-

starting computations. This facilitates quick, efficient calcu-

lation of the new optimum. Computation costs for the variations 

illustrated ranged from $85 to U40 to obtain the new optimum. 

ii/ Details of the system may be found' in the LF/90 Usage 1'/ianual {18). 
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Cost~ could be expected to be within this range for weekly runs 

involving price changes for which the new optimal combination of 
I 

activities would be printed into reports. lliis cost must be 

weighed against the change in profit frohl one week to the next 

to determine if weekly runs are appropriate. 0maller companies 

having a single plant could do a very comprehensive job of 

quantifying their operations wi.th a much smaller model, subs tan-

tially reducing the computational cost. 



CHA.l:-'rl1 ~.t· IV 

SU!VlliuiHY AND GONCLUSIONS 

Summary 
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The competitive structure of the sausage processing industry 

requires careful analysis of the individual firm's alternatives to 

choose the best combination of activities for the company. Within 

the restrictions dictated by competition and society, the objec­

tive of the sausaG"e manufacturer is to maximize contribution to 

fixed costs and profits. Gompany strategy for maximizing profita-

bility must therefore be evolved within this framework. 

Differences in volume and margins among the various products 

point up the importance of volume-cost-profit analysis adapted to 

the particular firms. The relationships of the various cost and 

revenue factors to volume are of extreme importance in determining 

the profitability of the sausage manufacturer. 

The individual functional decision areas are closely related 

to overall volume-cost analysis. For purposes of this stuQy, the 

functional decision areas considered included: formulation prob­

lems, raw material procurement, product line policy, physical 

facility utilization, interplanting gr~en materials and finished 

product, gang size for labor hirin~, production planning, and the 

general area of salas policy, particularly distribution and pric-

ing decisions. 



A normative linear programming model of the major decision 

areas was built to simultaneously consider all of the interrelated 

alternatives. The analysis was undertaken as a case study to per­

wit incorporation of consistent data in the mbdel. In addition, 
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it permitted building the model around the type of management analy­

sis necessary for it to be useful in an operational setting. The 

model tested for the case firm contained 727 variables representing 

the activities of the firm and these activities were controlled by 

585 constraints. The model was designed as a weekly decision model 

representing a three-plant firm selling seven oajor sausage product 

lines in two major types of markets. The sausage division repre­

sented by this model could purchase up to 16 ingredients from job­

lot, car-lot, or in-company sources. 

fhe firm is generally a price tuker in both the product and 

ingredien~ markets. Traceable variable costs are allocated to the 

appropriate ~roducts, whereas common variable costs are a function 

of total output. Tne model is designed to waximize the short-run 

contribution to fixed co~ts and profit. kaximization of the long­

run contribution is the actual objective of the firm and this is 

considered in setting constraints on the short-run decioions. 

Four phases were analyzed for the case firm. The first 

phase analyzed involved production capacity as the limiting factor. 

In the second phase analysis, market sales became the limiting 

factor, ceteris paribus. The third and fourth phases likewise 

were limited by market sales as the lGvels of ingredient and pro­

duct prices changed. The resulting variations in the optimal 

solutions were then compared for the different phases. 
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From examination of the ~esults obtained, it became evident 

that optimal pat t.erns of operation chane:;e as conditions change. 

For this company, the effective limiting factor for productive 

capacity was labor. Operation with two shifts in two of the plants 

and a single shift in the other was seen to be a much more profit­

able situation then o~erating all plants with a single sai~t and 

the asaociated overtime. 

I~gredient procurement sources and quantities of each in­

gredient used at the different plants changed as prices varied. 

As an example, for regular pork trimmings the optimal purchase 

quantitie~ from the various sources ranged from ze~o to the maxi­

mum available as prices _changed. In addition, interplant shipment 

of this ingredient was required in Week III but not for other weeks. 

The amount of the in6 redient to be used at each plant also varied 

with different prices. 

The formulas and product meat costs varied among plants with­

in a given time ~eriod and for the same plants between the periods. 

For Week I, meat costs for flexible-formula franks varied from 

$18.35 at plant two to ~21.23 at plant one while fixed-formula 

New ~ngland sausage had variation in meat cost from ;ui40.08 at 

plant three to $40.60 at plant one. ~lant three frar~s snowed 

meat cost variation from ~l~.74/cwt. in Week I to 115.53 in Week 

III. Pork sausage produced at plant three from a single ingredient 

fluctuated in meat cost from j24.99/cwt. in ~eek I to il3.24 in 

Week III, indicating the effect of ingredient price changes upon 

costs of the finished product. 
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Production location also changed in different time periods, 

even though the same total quantities of products were .uanufactured. 

In the model test, production of 6,000 pounds of one-pound packages 

of franks wa-s shifted from plant three in Weeks I and II to plant 

one during Week III. An accompanying production shift of bulk­

packaged franks resulted in 8,300 pounds formerly produced at 

plant one being produced at plant two. 

Closely related to these production shifts were changes in 

labor hiring. Flan t one required tt1a t the 1naximurn number of wen 

be hirt;ll. for two shifl;s for all weeks. rlant -t.wo used regular 

shift labor at less than the maxim.um for Weeks I and II and at the 

rnaximum level only for Week III. Plant three required the maximum 

number of mun for r·eeSUlar shift work for al 1 weeks, while the maxi­

mum second shift was indicated for only the first two weeks. 

Finally, profit cont.ribution varied widely with chan~in~ 

market conditions. The amount by which estimated profit contribu­

tion exceeded the profit objective in tae analyses indicateu the 

general magnitude of profit improvemertt attributable to use of 

the model. These amounts were $400 for Week I, ~1,250 for Week II 

and ~l,~00 for Week III. These figures re~resented approximately 

9 percent increases in contribution to profit above the profit 

objectives. 

Conclusions 

Use of the model to aid in making routine operating decisions 

for sauoage manufacturing may be expected to. improve profits suf­

ficiently _to warrant regular runs as data parameters change. 



Although the model tested here was for a multiple-plant firm, the 

principles are the same for large and small firms. furchasing, 

selling and Lhe other functional decisions considiered are common 

problems among sausage manufacturers. ~maller firms may be ex-

pected to require everything exc~pt in~erplanting. Deletion of 

this consideration from the model would greatly r~duce the size of 

the model necessary to analyze the optimal course .of acti0n ior 

smaller firms. 

Use of the model to simultaneously evaluate interrelated de-

cisions may be exvected to substantially reduce subopti@ality for 

tne sausage rnc:nufacturers. l·lanagement of the particular firm umst 

be able to supply the data parameters necessary for use of the 

model. Although this may be expected to be a source of difficulty 

in applying the model, it should not be aD insurmountable problem. 

Adaptation of Lhe data from which m~nagefilent presently makes de-

c.;isions should !Jrove _adequate to make -r;he model very useful. 

Further Study 

lossible further research tnat would see~ appropriate includes 

application of operational models for various sizes of firms against 
. 

ac,tual company opera ti on. 'l1his would allow approximation of pot en-

tial profit increases from adopting such a model for regular use. 

~hoosing the firms to be re~resentative of each size group would 

expedite building models more nearly suitable for direct applica-

tion by firms in each of the size groups. 

Another area which is directly related and seems to offer 

real opportunity for contributions is that of improving methods of 



obtaining input data which is needed for u3e of tne model. ~he 

present state of estimating data parameters does not permit full 

exploitation of the model. 
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.Mathematical Deacription of Test Model 

The mathematical deeer1pt1on ~ the model tested is g1 ven below. 

The activities of the firm may be SUDU11ar1zed as follows: 

1. Procurement" ·aQt1 vi ties 

{ .1- : 1, • • • , 154) 

2. Ingredient use activities 

( .1 = 155, • • • ' 197, 294' • • • ' 336' 4 33' • • • ' 

3. Product tonrmlat1on and production activities 

(J •. 198, ... , 293, 337' ••. ' 432, 476, ••• , 

571) 

4. Product distribution aot1v1t1e• 

( j • 572' . . . ' 
5. Product sale• activities 

(J : 636, ••• , 720) 

6. Volume-coet-prot1t SUDllPJ7 activ1t1ea 

(J = 721, ••• , 727) 

The constraints on·theee activities •7 be-etated as follows: 

1. Ingredient procurement acti Ti ties are 11m1 ted by 

( 1 : 1, • , • • ' 70) 

2. Insredient use act1v1t1ee are controlled by 

86 

(1 = 11, .•• , 173) (k = i;5, 294, 433) 
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3. Product tormuletion and production activities are subject to 

( 1 = 174, • . . , 262, 263, ••• , 351, 

352, • . • • I 450) 

( r : 198, 337 I 476) 

4. Product distribution activities are regulated by 

635 
2- aiJ XJ = 0 (1 : 451, •• • , 471) 

3:572 

5. Product sales aot1v1 tea are controlled by 

720 
~ aiJ XJ ~bi (1 = 472, •• • , 577) 

"J= 636 

6. Volum-coet-protit summery activities are controlled by 

727 
~ a1J x.1 ~ b 1 (1 = 578, .• • , 585) 

J:721 
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Table 1. Labor Hiring Ranges, Case Study ·F1ra, 1963. 

Available Hours 
Limits 

Plant 1 
M1n1muru 
Maximum 

Plant 2 
Minimum 
Maximum 

Plant 3 
Minimum 
Mex1mum. 

Gane; Size 

12 
21 

15 
23 

17 
27 

RefU).ar Shift 

468 
813 

54<> 
891 

612 
10~0 

Table 2. Freight Ratee ~etveen Plante, Case Stud1 Fira, 1963. 

Origin 

Pl.ant 1 

Plant 2 

Plant 3 

Plant 1 

.81 

1.04 

li:~1sat ~~ t2 
Plapt 2 

.93 

.95 

Overtime 

0 
210 

0 
230 

0 
240 

Plant 3 

.98 
LOO 

SB 
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Table 3. Ingredient Pr:tces for Model Test, Case Study Firm, 1963. 

Ingredient 

Merket A 
Cow Meat 
Beef Hearts 
Beef Head Meet 
Beef Cheek Meat 
Lean Beef' Trmgs 
Plates 
Blade ·Meat 
Pork Hearts 
Pork Beed Meat 
Pork Cheek Meat 
Regular Pork Trmge 
Special Pork: Trmge 
95& 
Sknd Jcnrle 
Imported Mutton 

Market B 
Beef' Hearts 
Beef Heed Meat 
Beef Cheek Meat 
Lean Beef 'frmge 
Plates 
Blade Mee.t 

, Pork: Hearts 
Pork: Head Meat 
Pork Cheek Meat 
Regular Pork Trm.gs 
Special Pork Trmgs 
95e 
Sknd Jowls 

Week I 
$/cwt. 

39.00 
22.00 
28.00 
32 .50 
39.50 
23.50 
47.00 
25.00 
28.00 
38· 50 
27.00 
~.50 
42 .00 
23.50 
31.00 

21.50 
33.00 
34.50 
41.50 
25.00 
48.50 
28.00 
28.50 
40.00 
27.50 
if.LOO 
43.00 
24.00 

/\( 0 \-S 7._7 
Prices 
Week II 
$/cwt. 

38.50 
23.75 
27.00 
32.50 
38.00 
18.50 
46.oo 
25.00 
28.00 
32.50 
l7.00 
~.00 
40.00 
ll.50 
29.50 

24.75 
28.00 
34.50 
38.50 
19.00 
46.50 
25.25 
28.50 
34.00 
17-50 
36;50 
43.00 
13.00 

Week III 
$/cwt. 

38.50 
23.50 
27.50 
32.50 
35 00 
16.50 
45.00 
25.75 
27.00 
30.50 
i:,.oo 
34.00 
4o.oo 
11.50 
27.75 

24.50 
28.50 
33.50 
36.00 
17,00 
45.50 
26.00 
27.50 
31.00 
15-50 
34.50 
~-50 
12.00 
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Table 4. Product Prices for Model Test, Case Study Firm, 1963. 

Prices 
Product Week I Week II Week III 

$/ovt. $}cwt. $/cwt. 

Market A 
Franks - l# cello 47.00 45.00 44.50 
F.ranks - 6fl ·bulk 46.oo 44.00 43.50 
Bologna 35.00 35.00 35.00 
Pork Sa usage 36.00 32.50 32.50 
New England 58.50 57.00 57.00 
Salami 49.00 49.00 49.00 
Special Loaf 41.00 39.00 39.00 

Market B 
Franke - JI cello 44.6o 42.80 42.30 
Franke - 611 bulk 43.70 41.80 41.30 
Bolosna 33.20 33.20 33.20 
Pork Sausage 34.20 30.90 30.90 
New EDBland 55.6o 54.20 54.20 
Salami 46.60 46.60 46.60 
Special Loaf 39.00 37.00 37.00 

Market C 
Franks - 'JI cello 46.50 414. 50 44.oo 
Franke - 61/: bulk 45.50 43.50 43.00 
Bolosna 34.50 34.50 34.50 
Pork Sausage 35.50 32.00 32.00 
New England 58.00 56.50 56.50 
Salami 1'8.50 48~50 48.50 
Special Loe f 40.50 38.50 38.50 
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Table 1. Inered1ent Procurement end Utilization Guide, 
1963, Week Ia. 

Case Study Firm, 

Qua.nt1 ty by 
Proc.e.asiwt ·pJ.an.t 

Ingredient Prioe Quantitz: 1 2 J 
$/cwt. cwt. cwt. cwt. cwt. 

Market A 
Cow Meat 39.00 * * 
Beef Bead Meet 28.00 267 58 96 113 
Mutton 31.00 558 111 168 279 

Market B 
Beer Hearts 21.50 118 118 

Plant 1 
Beef Hearts 21.50 22 22 
Beer Bead Meat 27.50 31 31 
B'eef Cheek Meat 32.00 25 25 
Plates 23.00 89 89 
958 41.48 * * 
Jovle 21.50 91 91 
Ram Fat 6.oo 19 19 

Plant 2 
Beef' Hearts 21.50 34 34 
Beef' Head Meat 27.50 39 39 
Beef' Cheek Meat 32.00 20 20 
Plates 23.00 135 135 
95s 41.50 * * Jowls 21.50 171 171 
Bam. Fat 6.oo 23 23 

Plant 3 
Beef Bead Me-at 27.50 44 44 
Beef Cheek Meat 32.00 80 80 
Platea 23.00 164 164 
Po~ Bead Meat 26.00 5 5 
Pork Cheek Meat 36.50 * * Begular Pork Trmge 25.50 386 386 
95a 4o.50 * .. 
Jowls 21.50 254 254 
Bam Fat 6.oo 47 47 
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Table 2. Ingredient Use Guide, Case Study Firm, 1963, Plant 1, Week le. 

t 
cvt. cvt. 

Beet Hearts 22 21 4.0 l 2.8 
Beet Bead Meat 89 85 16.4 4 11.4 
Beet Cheek Nest 25 25 4.S 
Plates 89 85 16.4 4 11.4 
Jowls 97 92 17.7 5 14.3 
Hem Fat 19 18 3.4 1 2.8 
Mutton 111 1o6 20.4 5 14.3 

Total 432 83.1 20 57.0 

Meat coat per cvt. ·ot tp. $21.07 $14.07 
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Table 3. Ingredi~nt Use Guide, Case Stud7 Firm, 1963, Plant 21 Week Ia • 

Total . Quant! tz Uaecl in 
Quantit . B,ol 

cwt. cwt. 

Beet Bearts 34 13 4.3 20 4.o 1 3.6 
Beef' Head·Meat 135 50 16.i. 82 16.4 3 10.7 
Beef Cheek Meat 20 7 2.3 12 2.5 1 3.6 
Plates 135 50 16.4 82 16.4 3 l0.7 
Jowls 171 49 16.1 118 23.5 4 14.3 
Ham Fat 23 23 7.5 
Mutton 168 62 20.3 102 20.4 4 14.3 

Total 254 83.3 416 83.2 16 57.2 

Meat coat per cwt. ot tp. $20.21 $21.38 $14.88 
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Table ~. Ingredient Use Guide, Oise Study Firm, 1963, Plant 3, Week Ia. 

Total Quant.1t1 Used in 
I ed1ent Quantlt B.ol.o 8 

cwt. cwt. ot fp. 

Cow Meat >* 
Beef B'esrts 118 2 3.8 36 4.1 Beef Head Meat 157 4 7.6 141 16.1 Beef Cheek Meat 80 
Pla&e 164 8 15.2 144 1§.5 Pork Bead Meat 5 5 9.5 Pork Cheek Meat ... 
Regular Pork Trmga 386 

363 98.0 95e * Jowls 254 6 11.4 191 21.8 Ham Fat 47 8 15.2 36 4.1 Mutton 279 11 20.8 179 20.5 Total 44 83.5 727 83.1 363 98.0 
Meat cost per cwt. of fp. $18.73 $20.45 $24.99 



-------- -------- ------------------ -------~-----------------------..... 

9) 

Table 4. (Continued} 

Qua.nti tl Used 1n 
IDsr.cd11D:t New Enecland Salami S:2!!c1al Loaf 

cwt. ~ Of',fp. cwt. '1 or fp. cwt. 1> of fp. 

Cow Meat * • 
Be•t !'arts 11 24.9 3 2.6 
Beef Beed Meet 12 10.4 
Beef Cheek Meat 80 25.8 
Platea 12 10.4 
Pork Head Meat 
Pork Cheek Meat * * Regular Pork Trmge. 23 7.4 
95s * * Jowls 41 13.2 16 13.9 Ham Fat 3 2.6 
Mutton 74 23.9 15 13.0 

Total * * 295 95.2 61 52.9 

Meat cost per cwt. of fp. $4o.16 $25.87 $13.02 
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Table 5. Production end Distribution Gui de, Case Study Firm, 1963, 
Week Ie. 

Production ~~l11ns Borke j; 
Product Quantity Plant 1 Plant 2 Plant 3 

cwt. cwt. cwt. cwt. 
Plant 1 

Franke - 1 lb. 405 200 162 43 
Franks - 6 lbs. 115 115 
Special Loaf 35 35 

Plant 2 · 
Franks - 6 lbs. 305 25 120 160 Bologna 500 500 Special Loaf 28 28 

Plant 3 
Franks - 1 lb. 52 52 Bologna 875 350 525 Pork Sausage 370 100 150 120 New England 140 20 75 45 Salam.1 310 50 125 135 Special Loaf 115 115 

Table 6. Company Labor Utilizatton Guide, Case Study Firm, 1963, Week Ia. 

Pisnt i P~aut ~ Plant 3 
Gang Gans Gens Labor Catesorz Hours Size Hours Size Hours Size 

Regula.r 813 21 891 23 1050 27 Overtime 210 21 230 23 270 27 Second Sh1f't 0 0 0 
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Table 7. Estimated Operating Statement, Case Stud7 Firm., 1963, Week Ia. 

Sales 
Meat cost 
Groes·margin 
Variable costs: 

Wages. 
Other var1eble expenses. 

Contribution to fixed cost end profit 
Fixed coats: 

Plant CH>erat1ng expenses 
Local selling general and administrative 

expenses · 
Contribution-to profit O.oss) 
Profit objective 
Over (under) profit objective 

$10,693 
16,686 

21t.,500 

8,000 32tm> 
5,300 

( $ 5.813) 



Table 8. Total Sales by Product, Case Study Firm, 1963, Week Ia. 

ComJ)a~ Plant 1 Plant 2 Plant J Product · Price Total Market Total Market· Total Market Total Market cwt. cwt. cwt. cwt. cwt. cwt. cwt. cwt. cwt. 
Franke - 1 lb. 457 200 l~ 95 A 47.00 325 llJO 140 45 B 44.60 

c 46.50 132 6o 22 50 Franks - 6 lbs. 420 1 ... 0 120 16o A 46.oo 220 6o 6o 100 B 43.70 8o 30 20 30 c 45.50 120 50 i..o 30 Bologna 
1375 350 500 525 A 35.00 Boo 200 300 300 B 33.20 300 100 100 100 c 34.50 275 50 100 125 Pork Sa usage 
370 100 1.50 120 A 36.00 200 50 8o 70 B 34.20 100 20 50 30 c 35.50 70 30 20 20 Nev England 140 20 75 45 A 58.50 80 10 4o 30 B 55.60 40 5 25 10 c 58.00 20 5 10 5 

Salallli 
310 50 125 135 A 49.00 185 25 8o Bo B 46.6o 90 15 35 i..o c 48.50 35 10 10 15 Special Loaf 178 35 26 115 A lt.1.00 150 30 20 100 B 39.00 

c 4o.50 28 

' 8 15 
\.0 
m 
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Table 9. Ingredient Procurement and Ut111&at1on Guide, Case Stud7 
Fir.m, 1963, Week II. 

Quantit1 by 
Prooesstes·Plant 

l&Pndient Price guantitz: 1 2 3 $/cvt. ovt. cwt. cwt. cwt. 

Mai-ket A 
Cow Meat 38.50 * * * Beet·Head Meat 27.00 183 !Ola. 17 62 
Mutton 29.50 600 216 119 265 

Plant 1 
Beef' lleerts 23.25 12 12 
Beef' .Head. Meat 26.50 31 31 
Beet Cheek Meat 32.00 13 13 
Platea 18.oo 154 154 
Pork Hee.rte 23.00 Je.5 45 
Pork Bea4 Meat 21.00 39 39 
Pork Cheek Meat 30.50 * * Regular Pork·Trmgs. 15.50 272 272 
95e 39.03 * • * 
Jowls 9.50 45 45 
Jlam Fat 6.oo 19 19 

Plant 2 
:Beet Head Meet 26.50 39 39 
Platea 18.00 lOli. 104 
Pork Hearts·· 23.00 26 26 
Pork Jfee.d Mee. t 21.00 46 46 
Regular Pork Trmss 15.50 89 89 
95& 38.50 * * 
Jowls 9.50 63 63 
Ham Fat 6.00 23 23 

Plant 3 
Beef Hearts 23.25 64 64 
Beef Head Meat 26.50 44 44 
Beet Cheek Meet 32.00 67 67 
Platea 18.oo 184 184 
Pork Hearts 23.00 46 -6 
Pork BH4 Meat 21.08 81t 5 2 77 
Pork Cheek Meet 30.50 * * Begular Pork Trmge 15.50 ·,a, 585 
95& 38.-50 * * Jowls 9.50 101 101 
Balll Fat 6.00 Jt.7 47 



Table 10. Ingredient Uee Guide, Case Study Firm,·1963, Plant 1, Week II. 

~uan.titz Uaed. in 
In~e41ent Total Quantity Franks Bolofja , 

cwt. "P ot tp. cwt. ot tp. 

Coy Meat * Beet lfeartm 12 
Beet Bead Meet 135 102 14.8 28 8.1 
Beef' Cheek Meat 13 
Platea 154 87 12.8 57 16.4 
Perk Hearts· 45 28 4.1 15 4.3 
Pork Read Meat 44 10 1.5 29 8.3 
Pork Cheek Meat * 
Begular Pork Tl"llge 272 207 30.4 52 15.0 
95& * Jowls 45 32 9.4 
Bam Fat 19 16 4.6 
Mutton 216 134 

. 
19.6 60 17.2 

Total 568 83.2 290 83.3 

Meat cost per cwt. of tp. $18.05 $16.44 

llev En~land 
cwt. ~ ot tp. 

* .. 

* * 

* * 

* * 
$37. 70 

t-' 
0 
0 



Table 10. (Cont1nue4) 

Q WU1t1 ty tJee4 in 
Inpredient Sal.Uii Special Loat. 

cvt. J of tp. cvt. J of f:p. 

Cov Meat 
Beef' Bearte 12 23.8 
Beef' lieed--·Meat 5 5.7 
Beef' Cheek Meat 13 25.8 
Platea 10 11.4 
Pork Hearts 2 2.3 
Pork Bead Mttat ; 5.7 
Pork Cheek Meat 
Regular Pork· Trmss .. 4 7.9 9 10.2 
95s 
Jowls 7 13.9 6 6.8 
Ham Fat 3 3.4 
Mutton 12 23.8 10 11.4 

Total 48 95.2 50 56.9 . 
Meat cost per cvt. of fp. $23.36 $11.11 

.._, 
0 .._, 
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Table 11. Ingredient Use Guide, Case Study J'ir.m., 1963, Plant 2, Week II. 

Total Quant13: Uee4 in 
lrua-e41~~ Quantttz Frau a BoloT 

cvt. cwt. J Of fp. cwt. · ot tp. 

Beet Head Meat 56 15 11.3 41 8.2 
Plates 104 22 16.5 82 16.4 
Pork Bee.rte 26 5 3.8 21 4.2 
Pork Head Meat 48 7 5.3 41 8.2 
Begular Pork· 'l'rmge '89 89 17.8 
Jowls 63 18 13.5 45 9.0 
Jlaa J'at 23 17 12.8 6 1.2 
Mutton 119 27 20.2 92 18:4 

Total 111 83.4 t.17 83.4 

Meat cost per cwt. ot fp. $15.98 $16.94 



\ff"'. 

' . 

Table 12. Ingredient Use Guide, Case Study Firm, 1963, Plant 3, Week II. 

q,tientit~ Used in 
Ingredient Total Quantity _ ~ Franke BoloB!f 

cvt. ~ of tp. cwt. of fp. 

Cow Meat * 
Beef Jfeerte 64 
Beef Bea4 Meat 106 54 11.3 43 8.2 
Beef Cheek Meat 67 
Plates 184 80 16.4 86 16.4 
Pork He8rts Jt.6 20 4.1 22 4.2 
Pork Bead Mea. t 77 25 5.1 43 8.2 
Pork Cheek Meat * 
Regular Pork Trmes 585 27 5.5 145 27 .6 
958. * 
Jovle 101 51 10.7 12 2.3 
B8lll rat 47 47 9.6 
Mutton 265 100 20.5 85 16.2 

Total 406 83.2 436 83.1 

Meat cost per cvt. ot tp. $16.49 $17.11 

Pork Sause 
ovt. "" Of fp. 

363 98.0 

363 98.0 

$15.19 

1--J 
c 
'-"' 
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Table 12. (Continued) 

In.cn"edient lew E~land 
cwt. i of fp. 

c°' Meat * * 
Beef Hearts 
Beet Bead Meat 
Beef Cheek·Meet 
Plates 
Pork Hearts 
Pork lfead Meat 
Pork Cheek Meat * * 
Begular Pork 'fnngs 
95s * * 
Jowls 
Hem Fat 
Mutton 

Total * .... 

Meat cost per cwt. of tp. $37.91 

Quant1 ty Used in 
.. Salami 

cwt. ,, of tp. 

64 24.6 

67 25.7 

20 7.7 

35 13.4 

62 23.8 
248 95.2 

$23.43 

9 

18 
4 
9 

30 

3 

18 
91 

5.5 

10.9 
2.~ 
5.5 

18.2 

1.8 

;i.0.9 
55.2 

$11.35 

......, 
0 
+-
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Table 13. Production and Distribution Guide, Cese Stud7 Firm, 1963, 
Week II. 

Production 
Product Quantit7 

Plant 1 
Franks - l lb . 
Franks - 6 lbs. 
Bologna 
Nev Engl.and 
Salami 
Special Loaf 

Pl.e.nt 2 
Franks - 6 lba. 
Bologna 

Plant 3 
Franks - 1 lb. 
Bologna 
Pork Sausage 
Nev England 
Salad 
Special Lost 

ovt. 

395 
287 
350 
20 
50 
88 

133 
500 

Q.87 
525 
370 
120 
260 
165 

Selling Market. 
Plant 1 Plant 2 
. evt. 

290 
140 
350 
20 
50 
50 

100 

cwt. 

105 

120 
500 

137 

150 
75 ' 

125 

Plant 3 
cwt. 

147 

13 

350 
525 
120 
45 

135 
16~ 

Table 14. Company Lebor Utilization Guide, Case Study, Firm, 1963, Week II. 

Plant 

Labor Category Hours 

Regular 813 
Overtime 0 
Second Shift 813 

1 
Gang 
Size 

21 

21 

Plant 2 
Gans 

Hours Size 

727 
0 
0 

19 

Piant 3 
Gans 

Hours Size 

1050 
0 

1050 

27 

27 
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Table 15. Estimt\ted Operating Statement, Caee Study Firm., 1963, Week II. 

Salee 
Meet cost 
Gross margin 
Variable costs: 

Wae;ea 
Other variable expenses 

C ontr1but1on to t1xed coats and pofi t 
Fixed coats: 

Plant operating expenses 
Local eell1ng,-general·an4 administrative 

expense 
Contribution· to-profit (lose) 
Profit objecth~e 
Over (under) profit obJect1Te 

$12,653 
20,301 

24,500 

10,000 

$149,069 
66,660 
82,-.09 

~ 
14;955 
13...JQQ 
T.225 



Table 16. Total S&lea by Product, Case Study J'irm.,1963, Week II. 

COmlU~!!l 
Plant 1 Plant 2 Plant 3 

Product Price 'fotel Market T·otal Market Total Market Total Market 

cwt. cvt. cwt· cwt. cwt. cwt. ovt. cwt. cwt. 

!Pranks - l lb. 
882 290 2~ 350 

A 45.00 480 140 140 200 

B 42.80 270 90 80 100 

c lt4.50 132 60 22 50 

Franke - 6 lbe. 
it-20 140 120 160 

A 4~.00 220 60 60 100 

B 41.80 80 30 20 30 

c 43.50 120 50 40 30 

Bologna 1375 350 500 525 

A 35.00 800 200 300 300 

B 33.20 300 100 100 100 

c 34.50 275 50 100 . 125 

Pork Sausage 370 100 150 120 

A 32.50 200 50 80 70 

B 30.90 100 20 50 30 

c 32.00 70 30 20 20 

New England 
l~ 20 75 45 

A 57.00 80 .10 40 30 

B 54.20 ~ 5 25 10 

c 56.50 20 5 10 5 

Sal8Dl1 
310 50 125 135 

A i.,.oo 185 25 80 80 

B a.6.60 90 15 35 40 

c ~-'° 
35 10 10 15 

Special Loaf 
253 50 38 165 

A 39.00 150 30 20 100 

B 37.00 75 15 10 50 

c 38.50 28 5 8 15 
I'-'.-' 
c 
-.J 
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Table 1:7. Ineredient Procurement and Utilization Guide, Case Study Firm, 
1963, Week III. 

InF!dient 

Market A 
Cow Meat 
Beef Head Meat 
Mutton 

Plant 1 
Beef Hearts 
Beef Head Meat 
Beef Cheek Meat 
Plates 
Pork Hearts 
Pork Bead Meat 
Pork Cheek Meat 
Regular Pork Trmge 
95s 
Jowls 
B$Dl Fat 

Plant 2 
Beef Hearts 
Beef' Bead Meat 
Plates 
Pork Hearts 
Pork Bead Meet 
Re-gular Pork Trmgs 
958 
Ham Fat 

Plant 3 
Beef Hearts 
Beef Heed Meat 
Beer Cheek Meat 
Plates 
Pork Hearts 
Pork Head Meat 
Pork Cheek Meat 
Regular Pork Trmse 
95a 
Jowls 
Ham Fat 

Price 
$/cwt. 

38.50 
27 .50 
27.75 

23.00 
27.00 
32.00 
16.oo 
23.75 
21.75 
28.50 
13.50 
39.03 
9.50 
6.oo 

23.00 
27.00 
16.oo 
23.75 
21.75 
13.82 
39.50 
6.00 

23.00 
27.00 
32.00 
16.oo 
23.75 
21.75 
28.50 
13.50 
38.50 
9.50 
6.oo 

Quantity 
cwt. 

* 
114 
600 

21 
31 
13 

175 
35 
39 
* 

272 

* 
7 

19 

26 
39 

117 
3 

46 
302 

* 
23 

74 
44 
67 

17lt 
33 
84 
* 

585 
* 

35 
. 47 

Que.ntiy by_.Pr~cessing Plant 
1 2 3 

cwt. 

* 
68 

226 

21 
31 
13 

175 
35 
39 
* 

272 

* 
7 

19 

31 

cwt. 

141 

26 
39 

117 
3 

46 
200 

23 

cwt. 

* 
46 

233 

* 

71 

* 

74 
44 
67 

174 
33 
84 
* 

585 
* 

35 
47 

~ l 
i ·1.·1.:1 
~ 

t•' .~.i --------------------
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Table 18. Ingredient Use Guide, 
Week III. 

Total 
In dient Quan tit 

cwt. 

Cow Meat * 
Beef' Beerte 21 
Beef Head Meat 99 74 
Beef' Cheek Meat 13 
Plates 175 108 
Pork Hearts· 35 27 
Pork·Read Meat 39 34 
Pork Cheek Meat * 
Regular Pork TrJ18S 303 174 
958 * 
Jowls 7 
Ham Fat 19 
Mutton 226 132 

Total 549 

Meat cost per cwt. of' f'p. 

109 

Case Study Firm, 1963, Plant 1, 

guantitz 
Bol land 

cwt. ·ot.tp. 

'* * 
7 2.0 

11.2 21 6.o 

16.4 57 16.4 
4.1 7 2.0 
5.2 4 1.1 

* * 26.4 lo8 31.0 
* * 

16 4.6 
20.0 70 20.1 
83.3 290 83.2 * * 

$16.93 $15.50 $37.50 



110 

Table ie. (Continued) 

Quantitr Used in 
Insredient Sala:a1 Special Loe.f 

cwt. ~ of tp. cwt. ~ Of fp. 

CCN Meat 
:Beef· Bee.rte 12 23.8 2 2.3 
:Beef Bead Meat 4 4.5 
:Beef 'theek Meat 13' 25.8 
Plates 10 11.4 
Pork Hearts 1 1.1 
Pork Beacl Meat 1 1.1 
Pork Cheek Meat 
Regular Pork·Trmee 4 7.9 17 19.3 
95& 
Jowls 1 13-9 
Ham Fat 3 3.4 
Mutton 12 23.8 12 13.6 

Total 48 95.2 50 56.7 

Meat cost per cwt. of fp. $22.73 $10.68 
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'!'able 19. Ineredient Use Guide, Case Study Fira, 1963, Plant 21 Week llI. 

Total S,uant1 tl Used in 
In dient Quen:t.1 Fra. 8 B 8 

cwt. cwt. of fp. cwt. of fp. 

Beef Hearts 26 9 4.2 17 3.4 
Beef' Beed Meet 39 15 6.9 24 4.8 
Platea 117 35 16.2 82 16.4 
Pork Bearts 3 3 .6 
Pork llead Meat 46 10 4.6 36 7.2 
Regular Pork 'l'rmge 200 43 19.9 157 31.4 
lle.m Fat 23 23 10.6 
Mutton 141 44 20.4 97 19.4 

'l'otal 179 82.8 416 83.2 

Meat cost per cwt. of' fp. $15.41 $16.03 



Table 20. Ingredient Use Guide, Case Study Firm, 1963, Plant 31 Week III. 

Total ~uant1y Used in 

IW2:recl1 ent Quantit Franks Bolo 
cwt. owt. of fp. cwt. ot tp. 

Cow Meat * 
Beet Hearte 74 8 1.5 

Beef' H~d Meat 90 48 11.2 35 6.7 
Beet Cheek: Meat 67 
Plates 174 70 16.4 86 16.4 
Pork Hearts 33 17 4.0 13 2., 
Pork Bead Meat 84 22 5.2 51 9.7 
Pork Cheek Meet ... 
Regular Pork Trmge 656 82 19.2 159 30.3 
95& * 
Jowls 35 
Ham. Fat 47 47 11.0 
Mutton 233 69 16.2 85 16.2 

Total 355 83.2 437 83.3 

Meat cost per owt. of rp. $15.53 $16.12 

Pork Sauea 
owt. ot fp. 

363 98.1 

363 98.1 

$13.24 

I-' 
I-' 
f\) 
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Table 20. ('Continued) 

Qu8fltit_y Used in 
Insre41ent Nev England Salami Special Loaf 

cwt. ~ of tp. cwt. i ot fp. cwt. i of fp. 

Cow Meat 
Beef' Hearts 
Beef Bead Meet 
Beef Cheek Meat 
Plates 
Pork Hearts 
Pork Bead Meat 
Pork Cheek Meat 
Regular Pork Trmge 
95e 
Jowls 
Ham Fat 
Mutton 

Total 

Meat cost per cwt. of fp. 

* * 

* * 

* * 

* * 
$37.71 

64 

67 

20 

35 

62 
248 

24.6 

25.8 

7.7 

13.5 

23.8 
95.4 

$22.85 

2 
7 

18 
3 

11 

32 

17 
90 

. 1.2:· 
4.2 

10.9 
1.8 
6.7 

19.4 

10.3 
54.5 

$10.55 

I-' 
I-' 
\J· 
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Table 21. Production and Distribution Guide, Case Study Firm, 
1963 1 Week III. 

Production Selli!!fI Market-
Product guantitz Plant l Plant 2 Plant j 

cwt. cvt. cwt. cwt. 

Plant l 
Franks - 1 lb. 455 290 16; 
Franks - 6 lbs. 204 140 64 
Bologna 350 350 
New Engl.and 20 20 
Salami 50 50 
Special Loaf 88 50 38 

Plant 2 
Franke - 6 lbs. 216 120 96 Bolog,na 500 500 

Plant 3 
Franks - 1 lb. 427 77 350 Bologne 525 525 Pork Sausage 370 100 150 120 New England 120 75 4; Salami 260 125 135 Special Loef 165 165 



l I 

Table 22. Company Labor Utilization Guide, Case Stud7 Firm, 1963, 
Week III. 

Plant 1 Plant 2 Ple.nt 3 
Gang Gang Gang 

Labor Ca tee;ory Hours Size Hour a Size Hours Size 

Regular 813 21 891 23 1050 27 
0Tert1.me 0 0 0 
Second Shift 813 21 0 915 24 

Table 23. Estimated Operating ,_·ltatement, Case Study Firm, 1)16.5, Week 111. 

Sales 
Meat cost 
Gross margin 
Variable costs: 

Wages 
Other variable expenses 

~ontribution to fixed costs and profit 
Pixed costs: 

l>lan t opera t in6 ex_l-Jenseti 
Local selling, c..eneral and. administra ... 

tive e!(penses 
Contribution to profit (loss) 
lr o f i t obj e c t iv e 
Over (•,nder) J;rofit objective 

$12,723 
20,242 

24,500 

10,000 

32 ,965 
52,481 

34,200 
17,981 
16,500 
1, 1+81 
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Table 24. Total Sales by Product, Case Study Firm, 1963, Week III. 

Compa& Plant 1 
Price Total Market Total 

cwt. cvt. cwt. ovt. 

Franks - 1 lb. 882 290 242 350 
A 44.50 480 140 140 200 
B 42.30 270 90 80 100 
c 44.oo 132 60 22 50 

Franke· - 6 lbs. 420 140 120 160 
A 43.50 220 60 60 100 
B 41.30 8o 30 20 30 
c 43.00 120 50 40 30 

Bologna 1375 350 500 525 
A 35.00 800 200 300 300 
B 33.20 300 100 100 100 
c 34.50 275 50 100 125 

Pork Sausage 370 100 150 120 
A 32.50 200 50 80 70 
B 30.90 100 20 50 I 30 
c 32.00 70 30 20 20 

New England 140 20 75 45 
A 57.00 80 10 40 30 
B 54.20 4o 5 25 10 
c 5.6.50 20 5 10 - 5 

Salami 310 50 125 135 
A 49.00 185 25 80 80 
B 46.60 90 15 35 40 
c 48.50 35 10 10 15 

Special Loaf 133 50 38 45 
A 39.00 80 30 20 30 
B 37.00 35 15 10 10 
c 38.50 18 5 8 5 

...... 

...... 
O", 
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1. Description of l.t11 exi ble-.Formula :Proo.uc t :B'ormula ti on 
1-ia tr ix. 

Number Activity Description 

Cowmeat used. 

Beef hearts used. 

Beef head meat used. 

Beef cheek meat used. 

Lean beef trimmings used. 

flates used. 

.blade meat used. 

Pork hearts used. 

fork head meat used. 

Pork cheek meat used. 

negular pork trimrnings used. 

S:;:.>ecial pork trimmings used. 

Ninety-five percent pork trimmin~_, s used. 

Jowls used. 

Ham fat used. 

:Mutton used. 

trotein in product. 

Internal moisture in product. 

Spice in product. 

Moisture added to product to be evaporated 

during smoking process. 

Moisture added to product under control 

of constraint 6. 

Total moisture added before smokine process. 
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Table 1. (Continued) 

23 

24 

Row Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total meat used in product. 

r11otal product. 

Constraint Description 

Meat use ~ummation. 

~inimum meat used. 

119 

::>ummation of pI'otein content of ingredients 

used. 

Summation of fat content of ingredients 

used may not exceed the stated percentage 

of finished product. 

Summation of moisture content of ingredients 

used. 

~oisture restriction for the product: 

(internal moisture) + (added moisture) = 

(4 x protein content) + (.10 x finished 

product). 

dummation of beef ingredients used must be 

at least tne stated percenta5e of total 

product. 

Total pork ingredients used must be at least 

the stated percentage of total product. 

Maximum percent of mutton permitted to be 

used. 

Maximum percent of hearts permitted to be 

used. 



( 

( 

Table 1 (Continued) 

B. 

12 

13 

14 

15 

16 

1: 7 

120 

Maximum percent of head meat perm{tte4 to 

be used. 

1f1aximum percent of cheek meat permitted to 

be used. 

Maximum percent of plates permitted to be 

used. 

Spice content of total product. 

Moisture level for smoke house evaporation. 

~otal water added to the product shall equal 

the amount of added moisture permitted by 

constraint 6 plus the amount which will be 

lost in smoking the product. 

Total product shall equbl the sum of total 

meat used, spice used, and moisture added. 




