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HISTORY OF LINEAR PROGRAMMING AS IT APPLIES 

TO FARM PLANNING 

Since linear programming was developed shortly after World Wa r II 

economists have found many uses for it . Agricultural economists have found 

it particularly useful in determining optimum organizations of farms, in 

specifying farm adjustments , in determining profit maximizing mixes of com-

modities , and in indicating optimum patterns of interregional resource use 

and product specialization (4,8). 

Agricul tural economists dealing with problems in farm management have 

found the technique of linear programming especially useful in f arm plan-

ning. The first attempts in 1953- 54 to use linear progranuning as a farm 

planning tool were somewhat crude and gave rather general answers . How-

ever , much of the difficulty with the early work resulted from the neces -

sity to seek solutions with the aid of desk calculators (7,15) . With the 

advent of better, more refined methods and high speed electronic computers 

with large capacities , linear programming has become extremely useful as a 

farm planning tool . 

In the recent past much of the effort in using linear progrrumning for 

farm planning has been directed into one of two areas . Either the work has 

been solely research oriented, using linear programming as a tool to solve 

a specific problem defined by the researcher or specific farms in separate 

soil associations have been programmed with a wide variety of alternatives . 

In turn, the results from these farms have been published as general guide-

lines for farms in that same association (9,10,18,22). 

Linear programming has been an excellent tool for research and for 
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setting general guidelines, but it has been used little in solving prob l ems 

or in forwa r d planning a t t he individual farm level . The advantages of 

using the tool in farm planning are many , and more and more farmers are 

becoming int~rested in its use (1, 6) . 

The r e seem to be two basic r easons why linear progranuning has not been 

used extensive ly f or individual farm p l anning . First, input- output da ta is 

difficult to es tima t e accurately f or the individua l fa rm . Most fa r me r s , 

even those who keep excellent records , do not have sufficient data to con-

struct a usable programming model (16) . In addition, historic data may be 

oi little use in es timating production coefficients when shifts in p r oduc -

tion methods or volume a re anticipated . 

Second, even if all the nec essary data were available, it would t ake 

conside r able t echnical manpower t o construct a linea r progranuning matrix 

o f sufficient size to include a ll the desired al t ernatives . 

With present and potential da t a s torage capacities of computers, it 

seems logical that some "master model" containing a wi de va riety of alter -

natives reflecting various production, cost, and management levels could be 

constructed and stored in the compute r. A farm operator or planner could 

then choose those activities which bes t describe his unique situa tion . By 

specifying important resource or fac ility constraints , he could obta in an 

optimum plan, using a given set o f price expecta tions , also stored , or a 

s et spec i f i ed by him. 

Past arguments against using previously determined input- output data, 

or budgeting da t a , h av e been directed a t the idea of non- applicability . In 

other words , i f the data is not derived f r om the individua l farm , it will 

not be accura te enough to give a usable solution . McFarquhar counter s the 
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argument by stating that derived data also involves a considerable amount 

of questionable estimating . He believes that if enough alternatives are 

considered using localized budgeting materials, one method may be as accur-

ate as the other (19) . 

During the last two years, the Extension Farm Management staff at Iowa 

State University has programmed several farm situations . These examples 

have been used primarily for teaching management principles . However, dur -

ing the presentation of the programming material, farmers often raised 

questions about the possible results of the examples under wider ranges of 

production methods , price expectations or resource constraints . It became 

evident that farm operator s prefer to compare several alternative plans 

and/or relate them to one optimum plan . 

Since linear programming typically provides only one optimum solution, 

the planner does not know how close other plans might compare in income or 

resource use . The Extension Farm Management staff at Iowa State Univers ity 

has also found that many farmers find it difficult to think in terms of 

shifting completely into or out of a given enterprise as prices or re -

sources change. Rather they prefer to hold certain enterprises constant 

while allowing others to change, given the fixed level of resources. 

If a method could be devised to allow for partial optimization, it 

could be useful for the individual farm operator who might wish to compare 

various farm plans to his present operation and to some optimum plan . Such 

a method could also prove helpful in the classroom situation in teaching 

farm management principles . 

Such a model could also allow for decreasing cost or increasing income 

activi ties . Past methods of farm planning using linear programming alone 
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have not been able to properly evaluate decreasing cost enterprises . 

Coupling such enterprises with a budgeting or partial optimization r outine 

would increase the effecti veness of such a model . 

Thesis Objective 

The objective of this thes is is to attE-mpt to con.;;:-;:-t.ct a sample linear 

programming model which would meet the goa ls just ment ioned, th1..s making 

linear pr ogramming both available and useful to larger numbers of farm 

operators . First of all, the model needs to be constructed in such a man-

ner that the bas ic input- output data can be stored easi ly or left undis -

turbed as various farm situations are programmed. 

Second , the model must be constructed in such a way that price expecta-

tions and r esource avai l abilities can be easily altered from one solution 

to the next . Activity prices , therefore , must be formula t ed in terms of 

commonly used marketing units , such as livestock prices in hundredweight 

units instead of animal units . Crop selling or buying activities must be 

in terms of tons or bushels instead of acres . 

Third , the printed output for each problem should include a written 

description of the optimum solution . Such an output report would allow 

fa r m operators or farm management specialists who a re unfamiliar with the 

mode l to understand and interpret the output report . Professional staff 

time in the field could thereby be r educed . The output report should, 

therefore , give a written , instead of a numerically coded , identification 

of the activities included in or excluded from the optimum plan . An accur-

ate description o f r esource use and income generated should also be pro-

vided . 
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Fourth, the model should be built to allow for complete budgeting, 

partial optimization, or complete optimization of a given situation. Such 

a model would permit a farm operator to try out several farm plans to com-

pare incomes or resource use or to keep certain facets of his business or-

ganization fixed while optimizing on the remainder of his r esources . 

Such a model would seem to have a wide r ange of possible uses. It 

would eliminate much of the preparatory work usually encountered in gather-

ing data and constructing a model. The possibility of optimizing , partially 

optimizing, or budgeting would give much greater flexibility with the same 

model . Because budgeting problems would be computed with a linear program-

ming method, the user could also learn the computed marginal value of 

scarce resources and the income penalties associated with activit~snot in 

the solution. This information has not been available from conventional 

budgeting methods . 
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REVIEW OF FARM PLANNING APPLICATION OF LINEAR PROGRAMMING 

As mentioned earl ier, linear progranuning first was applied to farm 

planning problems during 1953-54. The early attempts in farm planning were 

somewhat crude and did not give real insight into the nature of the farm 

businesses being consi dered, primarily because the computational methods at 

that time still f orced the planner to compute the problems with a desk cal-

culator, limiting the number of possible alternatives and production coeffi-

cients. 

King presented an example of an early attempt to use activity analy-

sis, a computational method of linear programming, in 1953 (15). One of 

his examples involved a family farm with 60 acres of cropland in the 

Northern Tidewater of North Carolina. He considered only six enterprises: 

Irish potatoes, corn,soybeans , cropland pasture used for beef production, 

fall lettuce and fall cabbage . The fixed resources specified were crop-

land, production capital, and operator labor defined in t wo-month inter-

vals. His method of budgeting the input- output coefficients entailed de-

fining factor r equirements in t e rms of $100 net revenue units . Capital re-

quirements were given in terms of yearly cash expenditure requirements to 

produce $100 of net revenue. 

With resources limited to 60 acres of cropland and $2000 of production 

capital, the optimum solution was determined to be 61.086 units of Irish 

potatoes, 16.773 units of beef, and 0.213 units of fa ll lettuce. Net 

r evenue produced was $7807.20. 

While such a model is satisfactory mathematically, its accuracy and 

applicability for farm planning purposes may be questioned. Th~ f irst item 
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that comes into question is the unit of production, $100 of net revenue, 

associated with the activities. While such a unit may give the same answe r 

as any other unit, determining and understanding the input coefficients is 

confusing . Cost - of-production data is seldom listed in any other way than 

animal or acre units. Because the production units are specified in terms 

of $100 ne t revenue, the net prices of the activities are equal. If the 

planner wished to change the price expectations or interpret the income 

penalties computed for activities not in the solution, much additional cal -

culating would be necessary to relate the price changes or income penalties 

to animal or acre units. 

Offering only six activities illustrates the potential of activity 

analysis for farm planning, but someone who wished to seriously look at the 

alternatives open to an individual farm operator would want to consider 

many more alternatives . If the six activities are the only ones the farmer 

wished to consider , a farm planning model should include alternatives with-

in potato, corn, soybean, lettuce or cabbage production. There may be as 

much difference among activities formulated within enterprises as between 

them . 

Much the same connnent could be made about the resource r estrictions. 

King included land, labor and capital, the three basic limitations in most 

businesses. If the 60 acres of l and are homogenea..is, one could scarcely 

argue with a single land restriction. The weakness of the resource r estric-

tions lies in the difference between the labor and capital restrictions. 

Labor is precisely defined in terms of operator hours available in two-

month intervals . Capital , on the other hand, is defined as a single yearly 

restric tion on production capital , which is not defined clearly. King 
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states that it includes basic production expenses, but he does not state if 

it includes other costs. Acknowledging that labor is a flow resource while 

capital is a stock resource, a single yearly capital requirement lacks pre-

cision. The various activities considered may require capita l at different 

times of the year and may cease requiring capital long before the year is 

completed. They may also generate income which in turn can be used for suc-

ceeding activities. Thus, a $2000 capital limitation may mean the peak net 

capital usage will be much less than the total limitation. 

In sunnnary, King's model serves the purpose of illustrating the proce-

dure of activity analysis . However, his model falls short of meeting the 

needs of adequate farm planning me thods. More activities need to be con-

sidered, capital usage should be more clearly defined, and the production 

units should be defined in more conventional terms. 

A much more thorough application of linear progranuning reported about 

the same time is illustrated by Bowlen (3). Bowlen ' s objective was to 

determine the crop combinations that would maximize income under various 

resource situations for the major soil associations in Iowa . He had 14 

representative townships throughout the state selected on the basis of the 

major soil association in each township. Land resources for each farm were 

limited to 160 acres, which was the most corranon size of farm at tha t time. 

For each township farm it was assumed that 154 acres would be tillable. 

The minimum acreage of hay and oats was determinedfor each farm, leaving 

the r emainder open to other crop alternatives. 

Labor resources for the operator were defined as 260 hours per month . 

Labor requirements for cropping a~tivities were determined on a monthly 

basis. The amount of labor available for cropping activities was determined 
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by first computing labor availability for field work considering the 

weather factor . After tota l available cropping labor was determined, that 

amount of labor necessary for th~ minimum hay and oat acreage on each farm 

was subtracted, leaving the r esidual labor available for other cropping 

activities . 

Two other labor resource s ituations were also consider ed . The f irst 

was for an additional 130 hours of family labor per month . The second was 

fo r unlimited hired labor available at an hourly wage . 

Capital resources were divided into thr ee lev~.~ . The first level was 

the average capital expenditure level for all Iowa farms in 1952 . The 

second level was for 150 percent of the first level . The third level 

allowed for an unlimited su;>ply of capital , which meant the farmer had 

access to all the capital he considered would be profitable in his opera-

tion . 

As with land and labor, capital requirements for the minimum hay and 

oat acreage were first subtracted, with the remainder available for other 

cropping activities . Capital coefficients for each cropping activity were 

given as a single yearly figure on a per acre basis . The capita l coeffi-

cient fo r each crop included both fixed and variable costs . 

The defined fixed costs included overhead tractor costs, tractor 

operating costs , machinery depreciation, seed costs, and building costs . 

The variable costs were defined as real estat~ taxes , machine and labor 

hire . It should be noted that a fixed labor requirement was included i n 

the capital costs of some of the cropping activities . 

The cropping activities considered were corn, soybeans , oats, and flax 

and wheat in some a r eas . Each activity was defined in terms of acre units . 
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The net price for each acre activity was total revenue minus total costs . 

Because it was not the obj ective to consider livestock enterprises , they 

were omitted. 

The results from such a model list the acres planted of each cropping 

enterprise , the monthly l abor use, and capital use . In comparison to 

King ' s model mentioned earlier, Bowlen ' s use of activity analysis for farm 

planning was superior. The manner in which Bowlen derived his labor coe:'. -

ficients was thorough and entirely applicable to farm planning models being 

used at the present time . The acre units of production are much eas ier to 

interpret in t erms oi input- output data . The land resources were realis-

tically separated into minimum required legume production, with only the 

r emaining acreage avai la~le for optimization . 

Analysis of Bowlen ' s model in terms of its applicability to general 

farm planning situations reveals some of the same shortcomings as King ' s 

model . 

The first shortcom~ng is the lack of marketing units or activities to 

fac ilitate consideration of alternative price expectations . With Bowlen ' s 

method , a c ropping activity included the growing costs and the sale price 

per acre . With 14 different farm situations and possibly as many cost and 

yield differences, each farm situation required recalculating the net price 

for each crop activity. A method of transfer rows and crop marketing 

act ivities would have facilitated much of the detail work required for 

price or yield changes . 

Th~ second shortcoming in Bowlen's model involves two aspects of his 

oetnod of handling production capital . He indicated that each capital co-

efficient involved such costs as overhead tractor costs , tractor operating 
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costs, machinery depreciation, seed costs, building costs, real estate 

taxes, and machine and labor hire. Since Bowl en assumed a specific land 

resource and a given set of machinery, many of the capital costs he listed 

would be fixed costs to the entire business and not allocable to a given 

unit of production. The fixed costs should have been independently sub-

tracted from the total income generated , since linear programming maximizes 

returns to the fixed factors to reach an optimum plan (8) . 

Bowlen also used King 's method of listing his capital coefficients . 

The capital requirements are given as a single yearly r equi r ement for each 

crop, regardless of the length and season of time each crop activity r e -

quires capital. The ac tual variable capital required in any one time per-

iod may be much less than would be indicated by Bowlen's model, especially 

with unlimited capital. Some work has , however, been done with redefining 

capital r equirements and time periods . 

Stewart stated that more attention needs to be placed on the deriva-

tion of capital coefficients since capital is so often the crucial limiting 

resource (23) . In considering the single yearly capital coefficient , 

Stewart states : 

"It is difficult to attach realistic meaning to the re-
lationship given in this form (single yearly requirement) . 
Clearly the operating capital requirements for any farm pro-
gramme may not be expressed in terms of discrete coefficients 
fo r each activity unless there is some account taken of the 
time pattern of income from and expenditure on each activity. 
If no such account is taken , then the relationship in the 
above form (single linear relationship) violates the assump -
tion of independence which is implicity in the linear model . 
That is, unless the total farm product is sold on the 365th 
day of the year being considered, then the total effective 
capital requirements of the whole farm programme will be 
less than the sum of the capital requirements of each enter-
prise. " (23, p . 464) 
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Stewart then proceeded to set up a theoretical "capital profile '' 

similar to the manner in which labor requirements are allocated seasonally 

or monthly . The major difference is that, unlike unused labor, unused 

capital in one period can be carried forward and used in the next period . 

Ther efore , the capital profile was actually a series of cumulative bal-

ances . During the year , a production activity either r equir es more capi-

tal , enlar ging the profile, or gives up capital in the form of receipts, 

decreasing the profile. 

Nonassignable, or fixed, costs were deducted from the original capi-

tal available , leaving the residual to meet the variable cost requirements. 

With such a method, all capital costs, including fixed costs , must be met 

with the capital resource, but fixed costs are not broken down among the 

activit i es, as they are in Bowlen ' s wor k . 

Stewart then constructed a linear progranuning problem using a New 

Zealand farm with 305 acres for mixed cropping and lamb feeding . The 

activities considered were five cash crops, five intermediate crops , and 

three sheep enterprises. Capital requi r ements were listed on a monthly 

basis, star ting June 1. The solution showed capital was limiting in two 

of the twelve months . Each of the remaining months had a positive capital 

balance. 

By allocating the capital requirements on a monthly or seasonal 

basis, a farm planner might determine the months or seasons in which 

capital would be limiting. If the limiting period was short in duration, 

the oper ator might be able to gain an extension of credit use and expand 

his operation to mo r e fully utilize available capital the rest of the year. 

In such a case, the capital limitation in the restricting period might be 
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relaxed because of the positive balances maintained during the r est of the 

year . 

In summary, Stewart illustrated that single seasonal capital coeffi-

cients may not be of sufficient accuracy to describe meaningfully the rela-

tionship be tween capital requirements and availability . Bec ause capital is 

a stock resource it doesn 't follow that monthly or seasonal capital coeffi -

cients are not as important as monthly or seasonal labor coefficients . 

Capita l, like labor, may be l~miting in only one period . The capital re -

source would have a positive margina l value only in the limiting period 

and no t for the whole year as it would with the single sum coefficient . 

Xention has been made t hat farmer s ar e becoming increasingly familiar 

with linear pr ograrrnning and i ~s pot ential applications to farm planning 

problems . An example o f how farme rs ar e learning of linear progr amming and 

how it is being used to ass i st in specific farm s ituat ions i s illus t rated 

in a popular journa l by Huheey (12) . The article cites the work done by 

R. J. Becker of Arizona St ate university and Becker's earlier work a t the 

University of Pennsylvania . 

After describing what linear progranuning is and what i t can and cannot 

do , Huheey r eports the planning process using an ac tual farm situation . 

The necessary input- output data was collected by an on- the- farm visit last-

ing little mor e than an hour . Two staff members then developed the enter-

prise budgets in a matrix form . The types of activities and r esource re -

strictions used are listed in Table 1 . 

From the table one can observe immediately that no capital res tric -

tions or r equirements a r e included . The assumption was made that ca?i t al 

would not be a limiting factor within the resource r estrictions specified . 
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TI1is obviated the necessity of specifying capital rLquirements on the acti -

vities. 

Real izing that the model was built for a specific farm problem, one 

can identify severa1 shortco~ings that would lead to unnecessary dif ficul -

ties in interpretation and/or to additional computational work . First, the 

cropping activity units are divided between acre units and hundredweight 

units, depending upon whether the crop is sold or bought . Such a division 

requires that the program planner always reinterpret the results to the 

£arm operator . Also, if additional solutions are sought with crop price 

changes, the producing and selling activities would require additional com-

putational work to arrive at a new net price . 

The same argument can be applied to the dairy cow activity ii milk 

prices were to be varied . The i nclusion of several milk and grain transfer 

rows and s e lling activities with the activities defined in conventional 

marketing unit:s would simplify the interpretation of results and facilitate 

multiple price prograrr:mia3. 

Huheey emphasized the small amount of time required to derive the 

necessary input- output data, build the model , and make the machine co~puta 

tion. The farm visit took 75 minutes , constructing the matrix took eight 

technical man- hours and the machine computation took 30 seconds. Consider-

ing the small number of alternatives considered and amount of technical 

labor to build the rather small model, one wonders a t the possibility of 

increasing the efficiency further. Certainly if additional alternatives or 

price situations were to be considered , additional staff time would be 

necessary to rebuild a m~~~ .. Staff time would also be necessary to inter-

pret the results to the far.r. operator. 
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One add i tional factor was noted briefly, but no importance was given 

to it . With the Becker ap?roach each problem solution requires that a new 

set or data c a rds be written and punched . In addition to r equiring addi-

tional time, writ i ng and punching data cards risks additional errors and 

consumes time . 

Yne only way to avoid the time lost by punching , computing and check-

ing errors would be a linear programming model tha t has already been 

punched and tested . Such a model would also eliminate much of the need for 

staff t ime to set up the necessary input- output data . 
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THE CASE FARM 

The case fann selected for chis study was not an act:ual situation, but 

rather was synthesized from sev~ral actual farm situations . The case far.n 

is composed of a total of 360 acres. Out of the total acreage, 35 acres 

are in farmstead , roads and waste and 75 acres arc in permanent pasture . 

The 250 acres of tillable land are divided into two basic productivity 

levels . The higher productivity soil is composed of 200 acres capable of 

maintaining row crops three years out of five . The remaining 50 acr es of 

cropland can maintain row crops only one year out of five . Out of the 

total of 250 tillable acres, therefore, a maximum of 130 acres can be in 

row crops during any one year. 

T~e Soil Association 

The Ida ~onona soil association was chosen for the case farm . Tnese 

1 soils are found primarily in western Iowa . Because this soil type has 

rather limited production potential and includes a relatively large amount 

of permanent pasture , the question may be raised why a more productive soil 

was not selected . 

Ir was felt that, given the objectives of this study, a model contain-

ing several land classes with restricted cropping use would be mo r e desir -

able . If a model can be developed to consider these land use restrictions, 

a model to consider fewer restrictions, such as might be found in more pr o-

ductive soil associat:ions, would certainly be feasible . 

1 . See Appendix A. 
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Tabl e 2 . Seasonal l abo r supply fo r the c ase farm 

Season Hour s 

Winter 930 
D~cember 200 
January 200 
Februar y 200 
Mc.rch 200 
April 1- 15 130 

Spring 650 
April 16- 30 130 
}!ay 260 
June 260 

Surnr:'.er 690 
July 230 
August 230 
September 230 

Fall 520 
October 260 
November 260 

Yn~ Labor Supply 

The labor supply on the c ase farm was chosen t o be typical of the sup -

ply on fa rms of simil~r size . Operator l abor ave r aged 230 hours per month . 

However, it was also assumed that the operator would be will ing to work 

longer periods during planting and harvesting seasons . Ther efore, the 

operator l abor supply was set at 260 hour s per month during the peak l abor 

periods . 

Labor and capital constraints were formed for seasonal production per-

iods . Table 2 i ndicates the seasonal labor supply used fo r this study . 

Any hired labor used on the farm was available a t an hourly r ate of $1 . 50 . 
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The Capital Cocfficiunts 

The capital coefficients for the case farm reflected all cash expenses 

to the farm bus iness . Tha coe[~:cients were also allocated into the same 

seasona l pattern as i~bor require~ents . An annual requirement fo r br eeding 

stock was also included for livestock raising activities . 

If, in any p r oduction period, an activity r equired cash expenses , that 

a~ount of expense was defined as a c api tai requirement . If in the s~cceed

ing period additional expenses we r e required , only the additional expenses 

were de f ined as a capital r equirement in the succeeding pe riod . Si mi larly, 

when t he activity was concluded , no additiona l coefficients wer e defined 

for succeeding per iods . 

It was assumed that th~ case fa rm had adequate gr ain storage and live-

stock facil ities to accommodate the act ivi ties a t any level at which they 

mig~t ente r . Ther efore, no ca?ital coefficients we r e specified fo r =acili-

ties other than the amount re~uired for r epairs to maintain them . Like-

wi se, an adequate line of machinery was assumed to be ava ilable . The on ly 

machinery costs included in the capital coefficients were r epairs and 

ope r a ting costs. 

Cash Accounting System 

To ass i st in better describing the solutions obtained from linear pro-

gr amming , a system of cash account ing was defined . All capital expenses 

and r ece ipts were divided into three categories- - br eeding stock i nvestmen t, 

lives tock purcha ses and r ecei pts, and basic production expenses and r e -

ceipts . 
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Investments in breeding scock wer e scparat1.:d .::rom livestock purchas<.:s 

because , in an 01going business, breeding stock may be raised rather than 

purchased . Nevertheless, a definite investment in parent stock would be 

r equired t o start produc tion at a given time . I n addition, breeding stock 

r ep r esent a relatively liquid asset . A single-value r equirement was de -

fined fo r each activity that included breeding stock . 

The second category of ca?ital accounts was livestock purchases and 

receipts . All livestock purchased and fed for r esale required a cash out -

lay during the season purchased . By specifying the seasonal purchase cost 

of the livestock , the output report would list the seasonal cash outlay for 

all livestock purchases . Similarly, livestock receipts were credited to 

the capita l account during th~ season of sale. 

The thir d category o~ capital acco~nts --production expenses and re -

ceipts-- included such items as seec, fertilizer , fuel , repairs and other 

variable costs related to the cropping progr am, as well as supplement 

costs, veterinary and medical e>:penses, ari.d other variable expenses related 

to livestock production . Cash rental charges for land and hourly wages fo r 

hired labor were also defined as production expenses. Production receipts 

included all crop sales as well as rent payments from pasture land . 

The output report would include a description of total breeding stock 

i nvestment , seasonal livestock purchases and sales, and seasonal production 

expenses and crop receipts . It will be shown later how the cash accounting 

system was used with crop and livestock market i ng activities . 
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Table 3 . Crop ~otation alternatives 

Class I Land 

Class II Land 

C- SD- C-0-M 
C-C-C-0- :M 
c - c-0- ::-1- M 
C- C- 0- M 

C- 0- M- M- M 

Cropping Activities 

The c rop activities considered were defined in a crop rotation frame -

work . Four different crop rotations were considered for the 200 acres of 

Class I productive land . Only one crop rotation was defined for the 50 

acres of Class II land . To acco~nt for total crop production and to assist 

in accounting for tr.e cash flow within the business, the crop activities 

included all variable costs for growing and harve sting the crops . However, 

the crops produced were ~ot sold from each activity but rather were listed 

in a transfer row from which they could be either fed to livestock or sold 

at the mar ket price . The crop growing and harvesting activities, there-

fore, all have negative ne t prices . The latte r reflect the total variable 

costs associated with each activity . The crop rotation alternatives a r e 

listed in Table 3 . 

The soybean yield was assumed to be 28 bushels per acre, and corn 

yields were assumed to be 80 bushels per acre for the Class I land and 70 

bushels per acre for the Class II l and . Oat yields were assumed to be 50 

bushels and 40 bushels per 4cre, respectively . Hay yields were three tons 

per acre and decreased 0 . 2 tons per acre for each additional year the land 
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remained in meadow. Table 4 lists the production coefficients for the 

cropping activities . 
1 

1\vo udditional cro? ~ctivit~cs involved crop harvesting . On~ uctiv-

ity was a corn silage harvesting activity that, in terms of costs and labor 

inputs, transferred corn grain out of storage and into corn silage. The 

activity does not realistic-lly describe the physical production methods , 

but it is mathematically correct. The second activity was a hay baling 

activity, since the hay activity listed in Tabl~ 4 is only a growing activ-

ity. 

The model was also constructed to allow for either r enting addit ional 

crop or pasture land or renting out unused rotated or permanent pasture 

land at prevailing cash re~tal rates. 

7he Livestock Activities 

The livestock enterprises consider ed in this model included beef 

cows, dairy cows, beef feeding and hog farrowing an<l/or feeding . One beef 

cow activity was considered, two dair y cow activities differing only in the 

feed rati0nsused, seven beef feeding activities , two hog farrowing activi -

ties differing only in the farrowing periods, and six hog feeding activi-

ties differing only in their timing . The production coefficients for these 

livestock activities are given in Table 5. 

Like the cropping activities , the livestock activities provide for 

neither the purchasing nor sell~ng of livestock. Rather , only the variable 

produc tion costs associated with that enterprise e~ter the C- row value . 

1see Appendix B. 
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For the beef cow activ_cy , the calves produced were offered fo r sale or 

could be fed to market weight . }',ilk from dairy activities was offered for 

sale at the market price minus marketing costs . Likewise, fo r the beer and 

hog feeding activities, the purchasing and selling activ~tics wer e separate 

from the feeding activities . All livestock marketing activities were in 

terms of hundred weight units and included the capital expenses or receipts 

discussed earlier . The complete list of marketing activities and their r e -

spective prices are listed in Tab:c 6 . 

The marketing activities were defined separately from the growing and 

feeding activities so that 1) variable price programming for livestock 

activities would be facilitated since o~ly the net price of the marketing 

ac-civity would be changed f rom one solution to the next, and 2) the shadow 

prices (i . e . , estimates of marginal value products and income penalties) 

would be reported in t erms of commonly used marketing units . 

Accounting Activities 

Along with the marketing activities, other activities were added to 

give a fuller description of what the computed solution of the farm busi-

ness organization actually contained . In terms of linear programming com-

putation, these accounting activities could be thought of as purchasing 

activit ies with a zero net price . In recording the use of hired labor and 

capital, the activities purchased the inputs at appropriate wage and inter-

est rates . Aside from activities that actually purchased an input, the 

accounting activities served no purpose in the computational procedures 

other than to make the printed output more informative . The list of 

accounting activities is given in Table 7 . 
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The accounting activities were combined with a r elatively new feature, 

the bounding device , of the com?uter program. Previously, no simple method 

existed to limit an ir .... ::.vidu.:i.l activity within che model . The new feature 

allows the planner to ?l.:i.ce a mi~~~um or maximum restraint on eech activity 

without specifying a separate restraint row for each restraint imposed . 

When this feature is combined with the accounting activities, the 

planner can specify nearly all of the restraints and desired encer?rise 

levels merely by specifying an upper or lower bound on each activity. 

As an example , the planner might desire that the final plan contain 

exactly 50 head of fed cattle , and that 20 of those should be steer calves 

on a silage ration . The planner would then specify an equality or fixed 

bound of 20 on the steer calf activity u i th the silage ration . The com-

puti ng r out i ne would first choose t~e 20 steer calves , then select the most 

profitable of all oi the remaining fed beef activities to meet the requir e -

ment of the remaining 30 head . 

Wi th the availability of the bounding feature on each activity, it 

chen becomes possible t o use the linear programming model for partial op-

timization or complete budgeting . 

The level of each ~ctivity can be specified in such a manner that no 

choices for optimization are left: co the computational procedure . The 

advantage of doing the budgeting within the linear programming framework 

is that, unlike usual budgeting techniques , the marginal value product of 

resources and the income penalties of act i vities not in the solution are 

also computed . 
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Fixed Costs 

Because one of the purposes in constructing the mod~l was to provide a 

de t ailed description of t:te co-:nputed solution , it was decided to include 

the fixed costs for the farm in the model . Since fixed costs cannot be in-

cluded with a production activity, the bounding feature of the model per -

mitted the use of separate fixed cost activit i es . With a net price of 

$- 1 . 00, the fixed cost activities are simply bounded at the same uppe r and 

lower bound as the level of the fixed costs . Where all fixed costs a r e 

accounted for in the model, the computed value of the final solution, 

whethe r budgeted or optimized, becomes an estimate of net farm income . If 

the planner desired , he co~lc also include addi tional fixed cost activities 

allowing for family living expenses . Income truces, however , would need to 

be omitted or only r oughly approxi~ated . If income taxes were debited , the 

value of the computed solution would then be an estimate of the increment 

in capita l available to start the next production period . 

The Annual Repeating Cycle 

Several possibilities for defining the planning periods are available 

to a farm planner for use in linear progranuning . Traditionally, budgeting 

and linear prograrmning applications to farm planning have used the one- year 

repeating cycle planning period . With this form of planning period, the 

optimum solution is reached inunediately and , until some resource restric-

tion changes, the organization of the farm is assumed to remain the same . 

If one we r e to start with a beginning farmer and allow his business to 

change as the supply of resources increased , the single- year repeating 
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cycle could be used if the increase in capital from one solution were made 

available as a resource i or the next problem. This method h a s its faults, 

however . If the increase in capital becomes irregular or l uYge, the optimum 

busin~ss organization may shift erratically from one solution to che next, 

making the transitions in business organization difficult to interpret for 

an actual farm situation. 

The computational procedure for more understandable business organiza-

tion transitions is that of dyna~ic programming . This iorm of progranu~ing 

allows for multi- production period or multi - year planning periods in which 

the closing business organization is transferred direccly to the beginning 

of the succeeding period . Such a programming model can describe more ful ly 

the transitions that occur as the business expands towards an optimum goal . 

However, the dynamic mocel also requires a considerably l arger input-

output matrix to allow for the multi - period planning. For a dynamic 

model, defining and storing the amount of data necessary for the kind of 

master model intended in chi3 stcdy would require many times the effor t 

needed fo r the present desired model. It was decided that at this time, 

the additional effort was not worth the additional benefit gained . 

The planning model used, therefore, was the annual repeating cycle 

model . No attempt was made to estimate a value of beginning liquid assecs . 

Rather, all capital used was simply accounted within the model . No attempt 

was made to allow for capital accumulation during the production cycle . 

Instead, all receipts and expenses were computed independently in the per-

iod in which they occurred. In other words , no capical restraints were 

specified. 

One problem encountered with the repeating cycle model is thac there 
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is no beginning and no end . Because livestock and ~rop activities overlap 

a tw12?lve month period , there is no time when all production ceases . This 

situation corresponds to the actual circumstances on a typica l grain and 

livestock farm . 
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PRESENTATION OF RESULTS 

The demonstration rr:odel was applied in four different situations on 

the case farm to test its potential use . An optimum organization of enter -

prises was sought fi r st with labor, land and livestock facilities as the 

resource constraints . This optimization is referred to hereafter as 

Situation A. The only change made for the second optimi zation, hereafter 

labeled Situation B, was to raise feeder pig prices . The third and focrth 

optimizations , labeled Situation C and D r espectively, were partial optimi-

zation problems in which hogs or beef cattle were either specifieo at fixed 

levels or not considered . 

The Printed Output 

The tables of results given in this section illustrate the format of 

the printed output that ought to be used . This fornat is not now available 

with the linear progrannning routine being used at Iowa State University (13) . 

However, because the format in which output is presented in this thesis had 

been developed for a linear programming routine previously used by members 

of the farm management staff , the assumption was made that a similar format 

could and would be developed for the present routine . 

Situation A 

As stated above , the first situation analyzed was one in which labor, 

land, and livestock facilities were resource constraints. The resource and 

facility const r a ints for Situation A a r e given in Table 8 . All of the con-

straints unique to Situation A were implemented by placing upper bounds on 
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activiti~s r3ther than speci=ying ti -column , or ri6ht- hand- side, elements . 

It W3S assumed th3t ca?ito.l would not be a liniting factor, gi..ven the 

other resource constraints. Similarly, it ~as assumed that l abor wo~ld or 

could be hired only during t~e spring and fall seasons . The assumptions 

for labor were not meant to app=oximate a realistic labor supply, but 

rather were meant co cest the potential size of the business with addition-

al labor during the periods of ty?ical labor shortag~. T~e amount of addi-

tional cropland that could be r en!:ed was restricted to the amount the 

operator could manage with his existing machinery inventory . 

The livestock facility restrictions were selected to approximate the 

buildings commonly found on many farms of similar size . The seasonal re-

strictions were placed on hog farrowing and feeding activities to keep hog 

production within the facility lir..itations during each season . 

The optimum solution to Situation A is given in Table 9. The total 

computation time required for this O?timization 1vas 1. 27 minutes . 

The optimum solution shown in the table indicates that all of the 

O?erator labor was utilized, and labor was hired in both ~pring and fall . 

Since available hired labor was not fully used in the spring and fall , how-

ever, the report indicates that labor was not restricting in t hose two sea-

sons. By contrast, Section 3 shows that the marginal value product of 

winter and summer labor is $3 . 63 and $5 . 23 respectively . 

Section 1 of t~e output report shows that a total of $54,875 . 14 was 

r equired for cash expense and livestock investment . Seasonal cash expendi -

tures, livestock purchases, and livestock receipts describe the seasonal 

cash flow . By subtracting all cash expenditures within a season, excluding 

the yearly breeding s<:ock investnent, from all cash receipts, it can be 
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shown that only in the fall season are the cash expenses greater than the 

cash receipts . Thus , if all capital for cash expenses and livestock pur-

chases were borrowed, the interest payments would be l ess than the amount 

that is cha r ged in the model because capital would be borrowed for less 

t han t he full year. It should be noted that a ll c ash receipts to the bus i -

ness dur i ng the year c ame f r om livestock sales , indicating that all c r ops 

were fed to l ivestock . No corn was bought but more than 200 tons of hay 

were purchased . Twent y- one acres of additional cropland we r e rented . 

The descri?tion of the cropping progr am indicates that corn production 

dominated t he cropping system, given the rota tion constraints fo r the land. 

Fro~ Sec tion 2 of Table 9 the income penalty for (growing and) selling one 

bushel of soybeans is $0 .53 . Th i s inGicates tha t with the crop coeffi-

c ients assumed the sale price of soybeans must increase by $0 . 53 per bushel 

beiore soybeans can begin to compe~e with corn production . The minimum 

compet ing sale price of soybeans i s also found in Section 3 in the soybean 

transfe r row. 

Similarly , there is an income penalty fo r e ithe r buying or selling 

corn . The income penalty for selling corn is $0 . 13 per bushel . Therefore , 

the sale price of corn must inc rease by that amount before it becomes com-

petitive with feeding the corn to lives tock . One may conclude, therefor e , 

that the marginal feeding value of corn is $1 . 33 per bushe l. Such a value , 

howeve r , is gr eat er t han the purchase price of $1 . 30 for corn, and yet 

t here is a $0 . 06 income penalty per bushel fo r buying corn . The appar ent 

discrepancy is expl ained by t he fact that the r e is a seven percent inte r es t 

cha r ge on a ll production expenses . Thi s increases the c os t of purchasing 

and feeding a bushel of corn to $1 . 39 . Subtrac ting the $1 . 33 marginal 
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reeding va lue of corn le3VeS an income penalty of $0 .06 per bushel . 

The ma r ginal v a lue product of both Class I and Class II land is given 

in Section 3 of t he out~~t report . It should be noted that the ~arginal 

value product of the Class I laad i s nor~ than thr~~ t i nes that of the 

Cl as s II land . The farm planner could use these values to estimate the 

value oi an additiona l acr e of either class of land to the operator . By 

subtracting the annual fixed costs associated with each c:ass of land and 

capita lizing the r emainde r a t the desired interest rate, the break even 

purchase price could be determined for an additional acre of each class of 

l and. 

The advantages of the use of marketing activities is clearly evident 

in t he description of the lives t ock p4ogram . The ma r ke tin; activities in 

Section 1 account for the total we i gh t of each type and J~ade of livestock 

bought and sold . Of more importance , however, ar e the marketing activiti~s 

in Section 2 . 

The first livestock mar~eting activity reported in Sec tion 2 is P071 

(selling choice steer c alves) . The income pena l ty attached to this activity 

is $3 . 88 per hundredweight . The income penal ty indic ates the reduction in 

net income that would have occurred i f the operator had sold his steer 

calves after having once bought then . The r eduction in net income is a lso 

t he a:nount that must be added to the present selling price of choice steer 

c a lves to bring the selling price o f choice steer calves in line with the 

buying price. As with the income penalty for buying corn, the income pen-

alty fo r selling calves is composed of the difference in the selling and 

buying price and the interest charge on the purchase cost . 

The income penalties for the sale o f choice fed s : eers in t he summer 
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or fall indicate the r elative disadvantage of the two feeding systems 

associ ated with those two seasons . Although only one cattle feeding activ-

ity enter ed at the naxincm level, Section 3 indicates that the marginal 

value product of feeding space for an add i tional steer is $11 . 36 . 

The income penalty for selling 100 pounds of milk is $0 . 67 . Even 

though there is no income penalty associated with one of the dairying 

activi ties, the $0 . 67 indicates that an increase of this amount in the 

price of milk would be necessary to make e ither of the dairying activities 

compet i t i ve . The minimum price of milk to make dairying competitive is 

then shown in the mi lk transfer row in Section 3 . 

Stated another way , the income penalty for milk sales indicates that 

with cows producing at the l:!.,000 pounds l evel , the incone penalty per cow, 

on the margin, would be $73 . 70 . 

The optimum solution also indicated that o~ly two litters of hogs 

would be farrowed, but t hat 458 pigs would be fed . All the pigs that were 

not raised we r e purchased as feecer pigs . Given the pr oduction coeffi-

cients, the price relationships favored purchasing feede r pigs rather than 

raising them . Section 3 of the output report indicates the marginal value 

product of feeder pigs in five out of six of the feeding periods is $38 . 52 

per hundredweight . 

Situation B 

The case farm was opLimized again, using the same resource and facil -

ity restric tion as in Situation A, but the purchase price of feeder pigs 

was r aised from $36 . 00 per hundredweight , or $14 . 40 per head , to test if 

nore hogs would be farrowed instead of purchased . To have an impact on the 
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profi t nbility of purchasi-:-.g fceC:er pigs the cost would need to be equal to 

or greater than $38 . 52 mentioned above . A price of $40 . 00 per hundred -

weight, or $16 .00 per ?ig was s2lectcd . 

The advantage o:. using Taarketing activities with conventional units of 

measu r ement is i llustrated by the price adjustment in feede r pigs . To 

r aise the price to $40 . 00 per hundredweight , the ten earls that included 

the prices for the sale or purchase of feeder pigs were taken from the in-

pat data deck and re? laced with ten new cards specifyir.g the :;>40 . 00 price . 

:fo additional budget:...-.ig was necessary . Had conventional acti vity defini -

tions been used in the nodel or had the original C- row value on marketing 

activities been stated in ter.r.s other than hundredweights , raore work would 

have been r equirec . Yne O?t:..murJ solution is shown in Table 10 . The total 

compu t at ion time was 1 . 31 minu~es . 

The results fro~ Situation B reveal some of the interdependencies that 

occur in farm planning which are difficult or i mpossible to illustrate with 

budgeting alone . The iccrease in the price of feed2r pigs decreased the 

number of feeder pigs purchased, increased the number of litters farrowed , 

and decreased the total number of p:..gs fed to market . 

Along with the changes in the hog enterprise , beef cows wE:re elimin-

ated and total cash ex?enses and livestock purchases were reduced more than 

$10,000 . ~o additional cropland was rented , and the amount of labor hired 

was reduced . In addition, 33 acres of rotated pasture were r ented out . 

With all of the reductions in capital expenditur es and livestock and 

crop production , net farm income was reduced by only $290 . 78 . This small 

inco~e reduction fo r Situation B suggests that the additional capital re -

c;uired for Situation A was returning very little above the 6 a41d 7% borrow-
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ing price. 

The shift to hog farrowing increased the labor resuiremcnts during the 

winte-::- and summer periods, forcing out beef cows anc reducing crop produc-

tion . The marginal value product of both winter and suITu.~er labor was also 

increased . In turn, the higher price on feeder pigs made baling hay un-

profitable . Therefore, some rotated pasture was r ented out while the hay 

requirements were purchased . 

Two enterprises remained the same from Situation A to Situation B. 

First, corn production still dominated the cropping system on all land man-

aged in Situation B. Second, t:he maximum number of long fed choice steer 

calves were still fed . 

After optimizing the case farm unde-::- the two set:s of price expecta-

tions in Situations A and 3, two additional problems were S?ecified in 

which eit:her beef or hog p roduct:ion was fixed, and other enterprises were 

opcimized within the adaed restraint of either a beef or hog activity 

forced in at a specified level . These two situations were intended to test 

the feasibility and usefulness of the raodel was a device for part:ial opti-

mization . 

Situation C 

Situation C was specified to maximize beef production under given 

facility constraints and to eliminate all hog production on the case farm . 

All resource and enterprise constraints for Situation C are specified in 

Table 11 . 

The livestock production constraints were specified by bounding the 

livescock accounting ac~ivit:ies . Hired labor was not restricted to avoid 
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the possibility of an infeasibility or a r esult of the forced level of beef 

production . However, if hired labor and capital were both unrestricted, 

la:id r ental had co be constrained to avoid an unbounded solution . Yncre -

fore , no opportunity to rent either crop or pasture land was provided . The 

results from Situation C are given in Table 12 . Total computation time was 

1 . 11 minutes. 

In comparing the results of Situation C with Situation A, the net: in -

corae is $2 , 614 less , but the ~vtal cap ital r equirement is only $~,395 less . 

Very little summer labor and no winter is hired. About: a third of the corn 

grain crop is sold, and some corn silage was harvested . All of the r.1eadow 

was pastured rather than harvested fo r hay . 

The r estraints on hay ~nd dairy production are shovm in Section 2 to 

be costly unde r Situa.:io:i C. Adding a dairy cow would have increased in-

come by $87 . 98 . Si~ilarly, adding a litter of pibs would have increased 

income by $29 . 39 . Section 3 repeats the same information and , in addition, 

indicates that adding another beef cow would have decre&sed income by $28 . 26 . 

Forcing in all 50 beef cows in Situation C was not profitable . 

Even with the emphasis on beef production, beef feeding facilities 

have a higner marginal value i4 Situation C than they do in Situation A. 

In summarizing the partial optiraization problen in Situation C, the 

most important comparison with Situation A is that the total resources r e -

quired in Situation C are nearly as great as those in Situation A, but the 

inco~e is considerably less . 
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67 

Situation D 

The last model , Situation D, was structured so as to maximize hog pro-

duction within the facility constraints while eliminating beef feeding . A 

beef cow ac tivity was provided in the model bu t was not forced into the 

solution . The resource and enterprise constraints are specified in Table 

13. 

To make the data changes f rom Situation C t o Situation D, no data 

within the matrix were altered . Instead , a new bounds section was substi-

tuted at the end of the data deck. Ei ghteen car ds were substituted to 

specify both the new bounds and those that were unchanged from Situation C. 

The results f rom Situation D are r eported in Table 14. Tota l computa-

tion time was 1 . 15 minutes. 

The total resource demands for the plan which r esults from Situation D 

are generally less than those r equired in Situation C. Labor requirements 

are slightly less while some winter operator labor is unused . Total capi -

t al requir ements ar e r educ ed from $51,J89.82 to $35,527 . 85 . Almost half of 

the c apital r equirement in Situation D arises from breeding stock invest -

ment . 

Corn production again dominated the cropping system, and abou t one-

third of the crop was sold. Even though the tota l number of hogs fed 

equaled the numbe r fa rrowed, the optimum plan specified selling the pigs 

farrowed in February and June as feeder pigs r a the r than finishing them for 

sale as slaugh t er hogs . Additional feede r pigs were purchased in December 

to feed during a period when unused opera tor labor was available . 

The marginal value products of the facility and/or enterprise con-
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s traints indicate that a ll livestock enter prises a re still profitable. 

Dairy cows have an especially high marginal value of $125 . 12 pe r head . The 

beef feeding activity also shows a marginal income contribution of $59 . 90 

per head . It shoul d be noted that the mar ginal value product of additional 

farrowing capacity is greater in Situation D than in Situation C, where no 

hogs wer e produced . 

The inc r eases in marginal income contributions are explained by the 

fact that in Si tuation C a considerable amount of rotated pasture was re -

qui r ed to mee t the needs of the beef animals. Producing add i tional pasture 

consuming lives tock, including l itte r s of pigs , would have forced some corn 

acres into rota ted pasture . Additional pasture consuming livestock would 

be competing wi th corn production in Situation C but not in Situa tion D, 

where little pas ture was needed . 

Applicat ion of the Model 

The f our situations program.~ed illustrate several unique applications 

of a linear progranuning mode l . In terms of solving individual farm planning 

problems , the use of the partially optimized or even a comp l etely budgeted 

problem can se rve at least two purposes . 

First , the pr esent organization of enterprises for the farm under 

study can be approxima t ed with the model to determine a r esource use and 

income base with which to compare optimized solutions. The bounding of 

particular individual activi ties, as shown i n a ll fou r situations pr esented , 

would acconunoda t e such an app roxima tion o f a business organization . 

To optimize the same set of r esources would only r equire replacing the 

data cards tha t r es trict the various activities . None of the product i on 
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coefficients within the data deck need be disturbed. 

The second application of the partial optimization model would be in 

comparing alternative business organizations to either the optimum organi-

zation or the existing organization of the farm business. If the optimum 

organization indicates an unsatisfactory return to capital or some other 

resource, the farm planner may be able to specify some alternative organi-

zation in which net income is reduced only slightly while the use of re-

sources with a low marginal productivity are cut back substantially. 

The relative ease of changing resource or activity r estraints makes 

the model useful for a variety of farm planning problems . In addition to 

its potential use as a farm planning tool fo r individual farm situations, 

the model has potential in the classroom or extension situation in which 

farm organization principles are taught . Students can test various plans 

evolved by methods such as budgeting or even informed guesses against opti-

mum resource use . 

The description of tota l capital requirements and cash flow could also 

assist the farm operator in determining what his credit needs would be in 

each of the production seasons. Such a description could assist in acquir-

ing additional credit in short period of capital limitations if it could be 

shown tha t the productivity of the additional capital warranted the exten-

sion of additional credit. 

The use of the marketing activities defined in terms of commonly used 

units, especially with livestock, can assist the planner in better defining 

the prices that must be paid or r eceived to equate the profitability of al -

ternative livestock activities. These marketing activities eliminate much 
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of the additional hand budgeting formerly required to interpret the shadow 

prices from a solution . 
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SHORTCOMINGS OF THE MODEL 

Although the programming model illustrated i n the previous chapter 

gene r ally meets the original goals specified, there a r e several shortcom-

i ngs that ought to be considered . 

First, the c apital used in each p roduction period was charged a full 

year's interest , even though the capital may have been invested during only 

two or three periods. The origina l intent was to charge only the amount of 

inte r es t due for the actual time the capital was required fo r each ac tiv-

ity. However, to do so would have required capital prof i les for each 

activity. Such an accounting system would have r ecorded the accrued 

amount of capita l required in each activity for each season . Cash flow 

accounting would have been mor e di ffi cult with the capi tal profile system, 

however . It was decided that an accounting of cash flow was mo r e useful 

than the insights into the farm business provided by a more elaborate pr o-

file of capital needs. Because o f the manner in which capital coefficients 

and capital supplying activities have been structured, however , the ac tual 

inte r est charge would be less than the cost of capital i mplied in the pr es -

ent model. 

The second problem also involves the cash f low accounting system. 

Although the marketing activities for a ll commodities are defined in con-

ventiona l marketing units and the net prices are easily changed, the 

accounting f or the c ash expenses and r ece i pts for such activities is de -

fined within the programming matrix. Therefore, when the net prices ar e 

changed , t he cash expense s ~nd r eceipts r emain the s ame . The activity mix 

i s optimized with altered ne t prices, but the expenses and r ec eip t s record 
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the original cost or sale price. The seasonal cash accounting activities 

become only approximations as the price expectations of the marketing 

activities deviate from those prices built into the cash accounting section 

of the matrix . 

At this time, the only method visualized to deal with the cash account -

ing problem would be to add a computer program that would multiply the 

units of each marketing activity on the optimum solution times the ne t 

price of that activity. The product totals fo r each activity would then be 

added to the product totals of other marketing activities that occurred in 

the same season. These totals, in turn, would be the seasonal marketing 

receipts and expenses. Receipts and expenses computed in this manner would 

reflect variations in cash f l ow when variable price programming was used . 

An additional problem encountered with the model was i n the printed 

output. The income penalties for some activities not in the optimum plan 

were sometimes difficult to trace. Two examples are soybean and beef pro-

duction. 

Soybeans did not enter the solution in any of t he four situations pro-

gramrned . However , no income penalty f or growing soybeans was printed for 

the crop rotat ion activity that included soybeans . Instead the income pen-

alty was associated with marketing the crop. In this instance, the income 

penalty was easier to interpret than if it had been printed with the crop 

growing activity . Interpretation of the shadow prices for beef production 

was not as straightforward. 

As an examp l e , the printed output for Situation A showed that the max-

imum amount of beef ca ttle were fed . Section 2 listed the income penalties 

fo r the beef feeding activities that were not in the optimum plan . How-
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ever , the only margina l value product associated with beef feeding given 

in Section 3 was for the total feeding capacity. No value was given to 

indicate which feeding activity would be the most profitable . The inter-

pr etation must be made that since a single feeding activity entered a t the 

maximum l evel, that same activity would be the most profitable one to ex-

pand . 

The conclusion is that, even though most of the desired information 

is given in the r eport, some additiona l interpretation may be necessary by 

someone who is familiar with linear programming techniques and interpreta-

tion of r esults. 

Therefore , the printed output from each fa rm pl anning problem may not 

be satisfactory to send directly to a typical farm operator. It may always 

be necessary to include an additional written interpretation or to require 

a return visit by the planner to the farm being programmed . 
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CONCLUSIONS AND SUGGESTED MODIFICATIONS 

OF THE MODEL 

Through the development of the demonstration model and pr esentation of 

several problem situations, it has been shown that a l inear programming 

model can be constructed to 1) l eave the basic input- output data undis -

turbed from one farm situation to another , 2) formulate activity prices in 

such a manner that price expect ations can be easily alter ed, 3) provide a 

readily interpr e t ab l e descriptive output repor t for each so lution, and 4) 

a llow for partial optimization or complete budgeting of a given farm situa-

tion. To make this model more applicab l e to a variety of fa rm situations , 

several additional steps need to be taken . 

The model constructed fo r this project needs additional production 

al t e rnatives . The present model allows fo r only five cropping activities , 

e i ght beef r a ising and/or feeding activities, two dai ry activities, and 

eight hog r aising and/or feeding activities. To more accurately defin e the 

alternatives for a variety of farm businesses , a greater number of crop and 

livestock ac tivities are needed. Most additional production activities 

would not require additional marketing activities since the present market -

ing activities define a wide variety of alternatives . 

Production activities are needed to define different l evel s of manage-

ment and production methods. Three levels of management should be defined 

within each production me thod . The fa rm oper a tor and/or the farm planner 

could identify the historic or potential management level fo r each activity . 

Allowing for differences i n management ability among enterprises would 

more closely approximate a farm operator ' s ability. Few farme rs have the 
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same management ability for all crop and livestock enterprises. 

In addition to increasing the number of production activities based on 

management levels and production methods, activities describing economies 

or costs of volume could be added, especially for partial optimization 

problems. If minimum leve ls of production are specified , activities that 

define increasing or decreasing costs of production would assist in more 

accurately describing input-output relationships. 

After the model has been enlarged to include a satisfactory number of 

production methods with their associated management levels and increasing 

or decreasing costs, the next step should be to store all of the input-

output data within a computer system in such a manner that any or all activ-

ities could be called out of storage for use in a farm planning problem. 

Storing the data in computer accessory would alleviate the many problems and 

potential errors associated with handling a large number of data cards . 

Solving a farm planning problem with computer-stored activities would then 

require four steps. 

First, the resource restrictions would need to be defined for each 

farm by listing the B- column row number for each non- zero resource con-

straint and its associated value. Such resources as seasonal operator 

labor, acres of each class of land and tons of permanent pasture would be 

defined in this manner. 

Second , the activities to be used for a farm planning problem would 

need to be called out of storage by punching the number of each activity 

desired on a data card . All activities not listed would not be considered 

as alternatives in solving the problem . Reducing the number of possible 

activities in this manner rather than bounding all unnecessary activities 
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at zero level would both reduce computation time and provide an output re-

port that considered only the r elevant activities . 

Third, the price expectations would need to be defined if they were 

different from those stored with the input-output data. A set of price ex-

pectations would be provided within the stored data, but if t he farm planner 

and/or operator desired some changes, those price expectations would need 

t o be specified by listing the activity number, the C-row, and the changed 

price. 

Fourth, all facility constraints and minimum or maximum levels of pro-

duction would need to be specified by bounding the necessary accounting 

activities. Upper bounds would need to be specified to define the physical 

capacity of livestock or crop facilities. Lower or f ixed bounds would need 

to be specified for minimum or fixed levels of production for partial opti-

mization problems. In some instances it would be desirable to specify 

minimum or fixed levels of production of a specific production activity 

rather than of the accounting activity. All bounding would be done as it 

is with the present model. The program should be designed so that upon 

completion of each farm planning problem, all resources, s e lected activi-

ties, specified prices, and bounds would be e r ased before a new problem was 

encountered. There would be no chance of carrying restrictions or price 

expectations from one problem to another. Instead, each problem would be 

handled independently of any other preceding or following it. 

After a satisfactory method has been deve loped to store the input-

output data and select activities from it, the next step would be to design 

information sheets for the farm operator or planner to specify the neces -

sary information to solve a planning problem. The sheets should be des i gned 
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Tabl e 15 . Examp l e of initial information sheets 

Fi rst page 

Resources Available 

Hours of operator labor available f rom December 1 to April 15 
Hours of operator labor avai l able from April 15 t o June 30 
Hours of operator labor available f rom July 1 to September 30 
Hours of operator l abor avail able from October 1 to November 30 
Acr es of Cl ass I l and in farm 
Acr es of Class II land in farm 
Etc. 

Activities to be considered f rom catalog 

POOl , P002 , P003, P004, P005 , P006 , P007 , 
P008 , P012 , P013 , P014, P015, P016, P017 , 
Etc. 

Sell corn , bushe l 
Buy corn, bushel 

Pr ice Expectations (net a t farm prices) 

Sell soybeans, bushel 

920.0 ---
650 . 0 ---690 . 0 
520 . 0 
200 . 0 
50.0 

1.15 
1. 25 
2 . 60 

20 . 50 ---20 . 00 
Winter sale price of 220# market hogs , cwt. 
Spring sale price of 220# ma rket hogs , cwt . 
Purchase price 450# choice steer ca lf, cwt . 
Sale price 1050- 1125# choice fed steer , cwt . 
Etc . 

---

Maximum acr es of corn 
Maximum acr es of soybeans 

Production Limita tions 

130 . 0 
50 . 0 

Minimum acr es of corn 
Minimum acres of soybeans 

31. 25 
27.75 

80 . 0 
20 . 0 
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Table 15 (Continued) 

Second page 

RHS 

B ROl 
B R02 
B R03 
B R04 
B R21 
B R22 

COLUMNS 

POOl, P002 , P003 , P004, POOS, P006, P007, 
P008, P012 , P013 , P014, P015, P016 , P017 

P050 
P051 
P054 
P096 
P097 
P070 
P072 

BOUNDS 

UP 
UP 

P030 
P031 

c 
c 
c 
c 
c 
c 
c 

130 . 0 
50 . 0 

LO 
LO 

P030 
P030 

920.0 
650.0 
690.0 
520.0 
200 . 0 
50.0 

1. 15 
- 1 . 25 

2 . 60 
20 . 50 
20 . 00 

- 31. 25 
27 . 75 

80 . 0 
20 . 0 
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in such a manner that the operator or planner would answer speci fic printed 

ques tions rel a ting to resource constraints, activity selection, price ex-

pectations, and minimum, fixed, or maximum l evels of production. The 

answers printed in the blanks following the questions could be copied on a 

second page with carbon paper. The second sheet, listing additional nec-

essary column and row identification numbers, could be detached and used 

a s a guide for punching the data cards . Such a system would help elimin-

a te much of the intermediate work usually needed to transla te informa tion 

gathered on the farm to data sheets before card punching is done . An 

example of the type of information shee t described above is shown in Table 

15. 

Before such data sheets could be used, however, a maste r catalog would 

need to be printed identifying all stored activities by number and name and 

def ining a ll production coefficients. From this catalog , the farm opera-

tor and/or planner could choose those activities desired as possible al -

ternatives . In addition, the stored set of price expectations would be 

lis t ed so the operator could decide whether he wanted to define a different 

set or select the stored set . The master catalog would be printed in much 

the same f ormat as the present "Suggested Costs and Re turns for Use in Farm 

Budgeting" but, of cour se, would contain much more detailed informa tion 

(24) . 
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APPENDIX A 

Descr iption of the Monona- Ida- Hamburg 

* Soil Association Area 

The Monona- Ida- Hamburg soil association area covers about 2,900 square 

miles or 5 percent of the state. It extends from Plymouth County on the 

north to Fremont County on the south. It is most extensive in Woodbury, 

Monona, Harrison and West Pottawattamie counties but also occurs in parts 

of seven additional counties. 

The topography of the area is characterized by narrow, gently- sloping 

ridges and steep side slopes which gradually change to well - defined allu-

vial valleys . Deeply entrenched streams and gullies are conunon in the 

alluvial valleys . In the Missouri River bluff area , very steep upland side 

slopes have eroded to form small natural benches called catsteps . 

Nearly all upland soils of the area formed from thick deposits of 

loess which covered the rolling glacial till plain. Till- derived soils 

such as Shelby and Adair occur but are manor. A few areas of Malvern , a 

soil developed from Loveland loess, also occur . Silty materials eroded 

from the uplands formed the parent materials of the stream valleys . 

The native vegetation was primarily prairie , although some small trees 

and shrubs grew on some steep east and north- facing slopes . 

Monona , Ida and Hamburg are the major upland soils. Napier and McPaul 

are two of the major soils of the stream valleys. 

Monona are well - drained soils that occur on the gently sloping narrow 

* Source : (20 , pp . 55- 58) . 



www.manaraa.com

91 

ridges and strongly sloping side slopes . Slopes of 5 to 14 percent are 

most common, but these soils do occur on slopes r anging f rom 1 to 30 per -

cent. The surface l ayer is a very dark brown silt loam 8 to 14 inches 

thick . The surface layer is f requently partially or completely removed by 

erosion. The subsoil is a dark brown to brown silt loam. The subst ratum 

is silt loam loess which may be calcareous at depths of 30 to 100 inches. 

Ida soils occur on narrow divides and steep side flanks on slopes of 

6 to 30 percent . Slopes of 10 to 20 percent are common . They are calcar-

eous throughout the profile and do not have B horizons. In uneroded areas, 

the surface layer is a very dark grayish- br own calcareous silt loam 6 to 10 

inches thick. The substratum is yellowish- brown calcareous silt loam 

loess. In mos t cultivated areas , the surface layer has eroded away and the 

substratum is exposed . 

Dow soils have surface layers which are similar to the Ida soils in 

color and texture but have calcareous olive gr ay silt loam substrata . They 

are monor soils in the area . 

Hambur g soils occur on steep (30 to 60 percent) ca tstep slopes adja-

cent to the Missouri River bottomlands and along drainageways which outlet 

into the bottomland. They formed from thick, coarse loess with prairie the 

principal vegetat i on . They have a ve ry thin calcareous, dark brown silt to 

silt loam surface layer over a substratum of calcareous, pale brown coarse 

silt loess . 

Castana soils are forming from ca lcareous colluvial materials which 

washed or slumped down from the steep Hamburg and Ida soils . They occur on 

High upland footslopes primarily of 10 to 30 percent . They have very dark 

brown to very dark grayish- brown surface layers 20 to 24 inches t h ick that 
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are ca l careous in the lower part . The substratum is a calcareous yellowish-

br own silt loam. 

Napie r soils occur a l ong upland drainageways and narrow streams and on 

footsl opes . These well - dra ined soils occur on slopes of 1 to 10 percent . 

Napier soils have a very dark brown sil t loam surface layer , 20 t o 30 

inches thick, and moder ately permeable , dark brown sil t loam subsoi l and 

substratum. I n some a r eas r ecent sediments have formed a l ayer up to 10 

inches thick on the surface . 

McPau l soils are fo rming f rom alluvial materials i n stream valleys . 

They consist of 24 to 36 i nches or more of l i ght color ed sediments over 

buried dark colored s ilty clay loam soi ls . 

A mode r a t ely high percentage of thi s assoc i ation is used fo r culti -

vated crops. The steep slopes, including the catsteps bordering the 

Missouri River valley and some of i ts main tri bu t ari es , a re in permanent 

pasture. Some a r eas of shrubs and trees occur . Yields a re low f r om both 

pastur e and t i mbe r on t hese steep slopes . 

The valleys , less steep side slopes and the ridges a r e usually culti-

vated . Some of the streams in the area have been strai ghtened to permit 

cultivation of much of t he va lley land . Gullying i s a serious pr oblem 

throughout mos t of t h e association , as gu llies enl arge rapidly and a ttain 

huge proportions. Nitrogen and phosphorous are commonly needed. Ida soils 

are especially defici ent in availab l e phosphorous. Lime is not gener al ly 

needed s ince mos t of the soils are neutral or sl i ghtly acid . Gently sloping 

to sloping Monona soils are often ac i d and may need lime. The slopi ng soils 

of the area are very e rosive and r equire terracing, contour listing and 

other soil conse rva tion practices f or adequate e rosion control. 
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APPENDIX B 

Allocation of Production Coe f f icients 

for Crop and Livestock Activities 
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APPENDIX C 

Name and Numerical Code of All 

Activities and Restr a ints in the Model 
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Activities fo r Demonstration Mode l 

POOl HOURS WINTER OPERATOR LABOR USED 

P002 HOURS SPRING OPERATOR LABOR USED 

P003 HOURS SUMMER OPERATOR LABOR USED 

P004 HOURS FALL OPERATOR LABOR USED 

POOS HOURS WINTER LABOR HIRED 

P006 HOURS SPRING LABOR HIRED 

P007 HOURS SUMMER LABOR HIRED 

P008 HOURS FALL LABOR HIRED 

P009 TOTAL CASH EXPENSE AND LIVESTOCK INVESTMENT 

POlO WIKTER CASH EXPEl\TDITURES 

POll SPRING CASH EXPENDITURES 

P012 SUMMER CASH EXPENDITURES 

P013 FALL CASH EXPENDITURES 

P014 BREEDING STOCK INVESTMENT 

POlS WINTER LIVESTOCK PURCHASES 

P016 SPRING LIVESTOCK PURCHASES 

P017 SUMMER LIVESTOCK PURCHASES 

P018 FALL LIVESTOCK PURCHASES 

P019 WINTER CASH RECEIPTS 

P020 SPRING CASH RECEIPTS 

P021 SUMMER CASH RECEIPTS 

P022 FALL CASH RECEIPTS 

P023 WINTER LIVESTOCK RECEIPTS 

P024 SPRING LIVESTOCK RECEIPTS 
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P025 su~~1ER LIVESTOCK RECEIPTS 

P026 FALL LIVESTOCK RECEIPTS 

POJO ACRES OF CORL~ 

P031 ACRES OF SOYBEAi~S 

P032 ACRES OF OATS 

P033 ACRES OF MEADOW 

P036 NUMBER OF DAIRY COWS 

P037 NUMBER OF BEEF COWS 

P038 NUMBER OF CATTLE FED 

P039 NUMBER OF LITTERS OF PIGS 

P040 NlJr1BER OF HOGS FED 

P050 BUSHELS OF CORN SOLD 

P051 BUSHELS OF CORN BOUGHT 

P052 BUSHELS OF CORN FED 

P053 TONS OF CORN SILAGE HARVESTED 

P054 BUSHELS OF SOYBEA..~S SOLD 

POSS TONS OF HAY BALED 

P056 TONS OF HAY SOLD 

P057 TONS OF HAY BOUGHT 

P058 ACRES OF CROPLA.m RENTED 

103 

P060 ACRES OF ROTATED PASTURE RENTED OUT 

P061 ACRES OF ROTATED PASTURE ACQUIRED 

P062 ACRES OF PERMANENT PASTURE RENTED OUT 

P063 TONS OF MEADOW USED AS PASTURE 

P070 CWT. CHOICE STEER CALF BOUGHT 

P071 CWT . CHOICE STEER CALF SOLD 
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P072 CWT . CHOICE YEARLING STEER SOLD IN FALL 

P073 CWT . CHOICE YEARLING STEER BOUGHT 

P074 CWT . CHOICE YEARLING STEER SOLD IN SUMMER 

P075 CWT . CHOICE YEARLING STEER LONG FED SOLD IN WINTER 

P076 CWT . COMMON YEARLING STEER BOUGHT 

P077 CWT . GOOD YEARLING STEER SOLD 

R)78 CWT . CHOICE HEIFER CALF BOUGHT 

P079 CWT. CHOICE HEIFER CALF SOLD 

P080 CWT. CHOICE FED HEIFER SOLD 

P084 CWT . MILK SOLD 

P086 CWT. FEEDER PIGS BOUGHT IN OCTOBER 

P087 CWT. FEEDER PIGS SOLD IN OCTOBER 

P088 CWT . FEEDER PIGS BOUGHT IN DECEMBER 

P089 CWT. FEEDER PIGS BOUGHT IN FEBRUARY 

P090 CWT . FEEDER PIGS SOLD IN FEBRUARY 

P091 CwT. FEEDER PIGS BOUGHT IN APRIL 

P092 CWT. FEEDER PIGS SOLD IN APRIL 

P093 CWT. FEEDER PIGS BOUGHT IN JUNE 

P094 CWT. FEEDER PIGS BOUGHT IN AUGUST 

P095 CWT. FEEDER PIGS SOLD IN AUGUST 

P096 CWT. MARKET HOGS SOLD IN WINTER 

P097 CWT. MARKET HOGS SOLD IN SPRING 

P098 CWT. MARKET HOGS SOLD IN SUMMER 

P099 CWT. MARKET HOGS SOLD IN FALL 

PlOl 5 ACRE ROTATION OF C- SB-C-0-M ON LAND I 

Pl02 5 ACRE ROTATION OF C-C- C- 0-M ON LAND I 
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Pl03 4 ACRE ROTATION OF C- C- 0-M ON LAND I 

Pl04 5 ACRE ROTATION OF C- C- 0-M- M ON LAND I 

PlOS 5 ACRE ROTATION OF C- 0-M-M-M ON LAND II 

Pl28 DAIRY COW ON GRAIN AND HAY RATION 

Pl29 DAIRY COW ON SILAGE , GRAIN Al.~ HAY RATION 

Pl40 BEEF COW ON PASTURE 

PlSO CHOICE STEER CALVES LONG FED ON PASTURE 

Pl51 CHOICE STEER CALVES ON GRAIN ~1) HAY RATION 

Pl 52 CHOICE STEER CALVES ON SILAGE, GRAIN AND HAY RATION 

Pl53 CHOICE YEARLING STEERS ON GRAIN AND HAY RATION 

Pl54 CHOICE YEARLING STEERS ON SILAGE , GRAIN AND HAY RATION 

Pl55 COMMON YEARLING STEERS ON GRAIN AND HAY RATION 

Pl56 COMMON YEARLING STEERS ON SILAGE , GRAIN AND HAY RATION 

Pl57 CHOICE HEIFERS ON GRAIN Al\1D HAY RATION 

Pl68 SOW Al~ TWO LITTERS FARROWED IN DECEMBER AND JUNE 

Pl69 SOW AND TWO LITTERS FARROWED IN FEBRUARY AND AUGUST 

Pl80 FEEDER PIGS STARTED IN DECEMBER 

Pl81 FEEDER PIGS STARTED IN FEBRUARY 

P182 FEEDER PIGS STARTED IN APRIL 

P183 FEEDER PIGS STARTED IN JUNE 

P184 FEEDER PIGS STARTED IN AUGUST 

Pl85 FEEDER PIGS STARTED IN OCTOBER 

P200 REAL ESTATE TAXES 

P201 MACHINERY DEPRECIATION 

P202 BUI LDI NG DEPRECIATI ON 
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Rows for Demonstration Model 

ROl HOURS WINTER OPERATOR LABOR AVAILABLE 

R02 HOURS SPRING OPERATOR LABOR AVAILABLE 

R03 HOURS SUMMER OPERATOR LABOR AVAILABLE 

R04 HOURS FALL OPERATOR LABOR AVAILABLE 

R09 HOURS WINTER LABOR TR. 

RlO HOURS SPRING LABOR TR . 

Rll HOURS SUMMER LABOR TR . 

Rl2 HOURS FALL LABOR TR. 

Rl3 WINTER CASH EXPENSES 

Rl4 SPRING CASH EXPENSES 

RlS SUMMER CASH EXPENSES 

Rl6 FALL CASH EXPENSES 

Rl7 WINTER LIVESTOCK PURCHASES 

Rl8 SPRING LIVESTOCK PURCHASES 

Rl9 SlJ!-f1ER LIVESTOCK PURCHASES 

R20 FALL LIVESTOCK PURCHASES 

R21 ACRES LAND QUALITY I 

R22 ACRES LAND QUALITY II 

R24 CORi1' ACRES 

R25 SOYBEAN ACRES 

R26 OAT ACRES 

R27 MEADOW ACRES 

R29 CORN BU . HARVEST TRANSFER 

R30 CORN SILAGE TR. TONS 
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R31 SOYBEAN TR . BU . 

R32 MEADOW TR . HAY EQ . TONS 

R33 HAY TR . TON 
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R34 PER.."1A.~ENT PASTURE TR . TONS HAY EQUIV. 

R35 FEED CORN TRANSFER BU . 

R38 MILK TRANSFER CWT . 

R39 CHOICE STEER CALF FEEDER TRANSFER CWT. 

R40 CHOICE YEARLING STEER FEEDER TRAL~SFER CWT. 

R41 COt-mON YEARLING STEER FEEDER TRANSFER CWT . 

R42 CHOICE HEIFER CALF FEEDER TRANSFER CWT . 

R43 SUMMER CHOICE FED BEEF TR.A.~SFER CWT . 

RL..4 FALL CHOICE FED BEEF TRAXSFER CWT. 

R45 SPRING GOOD FED BEEF TRANSFER CWT. 

R46 CHOICE FED HEIFER TRANSFER CWT . 

R47 WINTER CHOICE FED BEEF TR . CWT. 

RSO FEEDER PIG T~~SFER CWT. DECEMBER 

RSl FEEDER PIG TRANSFER CWT . FEBRUARY 

R52 FEEDER PIG TRANSFER CWT . APRIL 

R53 FEEDER PIG TRANSFER CWT. JUNE 

R54 FEEDER PIG TRANSFER CWT . AUGUST 

R55 FEEDER PIG TRANSFER CWT. OCTOBER 

R56 MARKET HOG TRANSFER CWT. WINTER 

R57 MARKET HOG TRANSFER CWT . SPRING 

R58 ~RKET HOG TRANSFER CWT. SUMMER 

R59 MARKET HOG TRANSFER CWT . FALL 

R60 WINTER CASH RECEIPTS 
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R61 SPRING CASH RECEIPTS 

R62 SUMMER CASH RECEIPTS 

R63 FALL CASH RECEIPTS 

R66 DAIRY COW CAPACITY READ 

R67 BEEF COW CAPACITY HEAD 

R68 FED BEEF CAPACITY HEAD 

R76 ROG FARROWING CAPACITY LITTERS 

R77 HOG FEEDIXG CAPACITY HEAD 

R80 WINTER LIVESTOCK SALES 

R81 SPRING LIVESTOCK SALES 

R82 SUNMER LIVESTOCK SALES 

R83 FALL LIVESTOCK SALES 

R84 BREEDING STOCK INVESTMENT 

R85 CAPITAL RESOURCE ROW 
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APPENDIX D 

Coeffi c i ents Used in Demonstration Model 

Listed by Activity and Restraint Number 
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POOl c o.o 
POOl RO ! l . 00COOO 
::>OO l R09 - 1 . 000000 
?002 c c. o 
P002 RC2 1. COOC ·JO 
PC02 R l :J - 1 . 000000 
PC03 c o. o 
PC03 RG3 1 . 000000 
P003 R ll - 1 . 000000 
P004 c 0 . 0 
PQ04 R0 4 l . OCOCOO 
PC04 R l2 - 1.CCOOCO 
P005 c - 1 . scoooo 
P005 R09 - 1 . 000000 
POOS Rl3 l . 5000GO 
P006 c - l . 50COOO 
P006 R lQ - 1 . 000000 
P006 R 14 l . SCOCOO 
P007 c - l . 51)0000 
PC07 R 11 - 1 . 000001) 
PC07 Rl5 l.5:)08CO 
P008 c - 1. 500000 
Pt'.!08 Rl2 - 1. cocooo 
P008 Rl6 1 . 500000 
Po cg c o. o 
P009 R 85 - 1 . 000000 
POlO c - O. C70COO 
POlO Rl3 - 1. 000000 
POlO R 85 1 . 000000 
POll c - C • .J7'JOOO 
PCll R 14 - 1 . 0GOOJO 
PO 11 R85 1 . 000000 
P012 c - 0 . 07COOO 
PC12 Rl5 - 1. 000000 
P012 R85 1. 000000 
P013 c - C. 070000 
P013 Rl6 - 1. OC.0000 
P013 R85 l . OCOCOO 
P014 c - 0 . 060000 
P014 R 84 - 1 . 00000() 
P014 R85 l . OCOOOO 
P015 c - C. C70000 
P015 Rl7 - 1. ocoooo 
P015 R8 5 1. ocoooo 
P016 c - C. 070000 
POl 6 Rl8 - 1 . 0COOOJ 
P016 R85 1 . 00000('1 
P017 c - C. 070000 
P017 Rl9 - 1 . 000000 
P017 R8 5 l . JOOOOO 
P018 c - C. 0 70000 
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POl& R 2C - 1. 0GOOG') 
P018 R 85 1 . 00000".) 
P019 c 0 . 0 
PC19 R6C - 1 . 000000 
P02C c o . o 
P02C R 61 - 1 . 000000 
PC21 c o . o 
P021 R 62 - 1 . 000000 
P022 c o . o 
P022 R63 - 1. 000000 
P023 c o . o 
PC23 R80 - 1. oocooo 
P024 c o. o 
P024 R8 1 - 1 . 000000 
P025 c o . o 
PC25 R82 - 1 . 000000 
P026 c o . o 
P026 R83 - 1 . 00000 0 
P030 c c . o 
P030 R24 - 1. 00000 0 
P031 c: o . o 
P031 R25 - 1 . 000000 
P032 c o.o 
P032 R26 - 1. GOCGOO 
P033 c o . o 
P033 R27 - 1 . COOOGO 
P036 c 0 . 0 
PC36 R66 - 1 . oococo 
P037 c o . o 
P037 R6 7 - 1 . 000000 
P038 c o . o 
P038 R68 - 1. 000000 
P039 c o. o 
PC39 R76 - 1. 000000 
P040 c o. o 
P040 R 77 - 1 . oocooc 
POSO c 1 . 200000 
P050 R29 1 . cooooo 
PC50 R60 0 . 6')0000 
PC50 R6 1 0 . 600000 
PG5 l c - l . 299999 
P051 R 14 1 . 299999 
P051 R 2<; - 1 . 000000 
PC52 c o . o 
P052 R29 1 . 000000 
P052 R35 - 1 . coo coo 
P053 c - C. 950000 
P053 R 11 c. scoooo 
PC53 R12 - C. 120000 
P053 R 16 C. 95000C 
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P053 R 29 5. 599S99 
P053 R30 - 1 . 000000 
P05 4 c ?. . 7CCC00 
P05 4 R31 l . OOOCOO 
P054 R6 1 2 . 7COOOO 
P055 c - A. 65rJO'J 
P055 RlO 1 . 200000 
POSS R: 1 l. 299S99 
P055 Rl4 2 . 5000CO 
PO 55 Rl5 4 . 150000 
P055 R32 l . OGOOCO 
PC55 R33 - l . OCOOO•) 
PCS6 c 18 . 000000 
P056 R33 i. . OOOCOO 
POS6 R62 ie . ooocoo 
PC 57 c - 20 . 000000 
P0 57 Rl 3 20 . 000000 
P05 7 R33 - 1 . 00COOO 
POSS c - ?O . OOCOOO 
POSS Rl6 2C . OGOOCO 
P058 R 21 - 0 . 500001) 
POSS R22 - 0 . 5CCC00 
P060 c 15 . 0COOOO 
P060 R32 2 . 799999 
PC6C R62 15 . 0CC'COO . 
P06 1 c - 1 5 . 0000CO 
P061 Rl5 1 5 . COOOOO 
P061 R32 - 2 . 79999Q 
P062 c 6 . 6SOOOO 
P062 R3 4 1 . 250000 
PC62 R62 6 . 650000 
PC63 c o. o 
P063 

. 
R32 l . OOOOCO 

P063 R3 4 - 1 . ocoooo 
P070 c - "30 . 500000 
P070 R20 30 . 500000 
P070 R 39 - 1 . 000000 
PC71 c 28 . 750000 
P071 R3~ 1 . 000000 
P0 71 R 83 28 . 750000 
PC72 c 27 . 500000 
P0 7 2 R44 l . OCOCCO 
P072 R83 27 . 500000 
P073 c - 27 . 000CCO 
PC 73 R20 2 7 . 0C'COOO 
P0 7 3 R40 - 1 . 000000 
P0 7 4 c ?.7 . 500000 
P0 74 R4 3 1 . 000000 
P07 4 R82 27 . SOOCOO 
P0 7 5 c 27 . SCOOOO 
P0 75 R47 1 . 000000 
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P075 R80 2 7 . 5000CO 
P076 c - 24 . COOCG0 
PG76 R2 J 2 4 . COCOOO 
PC 7 b R4 1 - 1 . 000000 
P0 7 7 c 25 . 5000C•O 
P0 77 R4 5 1 . 000000 
P07 7 R8 1 'ZS . 5COCCO 
P0 7 o c - 28 . 000000 
P078 RZO 28 . 000000 
PC 7 8 R42 - 1. 0CCOOO 
PC 79 c 27 . 000'JOO 
PC79 R42 1. 000000 
PC 79 R83 2 7 . COOOOO 
PC80 c 25 . 500000 
POSG R4 6 1. ooccoo 
P08 0 R A2 2 5 . 5COCOO 
P08 4 c 4 . 500000 
P08 4 R3R 1 . 000000 
P08 4 R80 l . 6<70000 
P084 R 8 1 C. 940COO 
P (Jo L.. R82 1. 12000') 
P084 R83 0 . 750000 
P086 c - 36 . 000000 
P086 R20 36 . CGCOOO 
P036 R 55 - 1. OOOC00 
P Co 7 c 36 . 000000 
P08 7 R5 5 l . JOOGOO 
P08 7 R83 36 . COOCOO 
P088 c - 36 . 0000CO 
P088 Rl7 36 . 000000 
POS8 R 50 - 1 . 000000 
DQ89 c - ~c . OCOOCO 

P089 Rl 7 36 . 00GOOO 
P089 R 5 1 - 1 . 000000 
P090 c 36 . 000000 
P090 R 51 1 . OC·00".:10 
P090 R80 36 . 000000 
P09 1 c - 36 . oocooo 
P09 1 R l 8 36 . CCOCOO 
P09 1 R 52 - l . OCOOJO 
P09 2 c 36 . 0CC-COO 
P092 R 52 1 . 000000 
P092 R8 1 36 . 00COOO 
P0 9 3 c - 36 . C00000 
poq3 Rl B 36 . 0COOOO 
?093 R53 - 1. 000000 
P09 4 c - 36 . 000000 
P09 4 Rl 9 36 . 000000 
P09 4 R5 4 - 1 . 000000 
P095 c 36 . 0COO OO 
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P095 R54 l . 1)0000<) 
P095 R82 3c . OOCOOO 
P096 c 19 . 000000 
P096 R56 l . GOC0'.)0 
P09b R 80 19.CCOOCO 
PO 97 c 19.00COOO 
P097 R 57 1.000000 
P097 R 81 19 . 0COOOO 
P092 c l c; . oc ·J001) 
P098 R58 l . O')OCOO 
PG98 R82 19 . 000~0 ·'.) 

P099 c 1 9 . 000000 
P099 R 59 1 . 000000 
PC99 R83 lS.C OCOOQ 
PlO l c - 124 . 00000C 
PlOl Rl O 9 . 0000GO 
PHll R 11 6 .2CO COO 
PlOl R l2 7.299999 
p 101 Rl3 7 . 500000 
PlOl R 14 64 . 1 9G997 
p 10 l R l5 7 . 900000 
PlOl Rl6 44 . 399994 
PlOl R 21 5 . GOCOOO 
PlOl R24 2 . 00000') 
PlO: R 25 ! . 000000 
P:Ol R 26 l . 0COOOO 
p 101 R 27 1 . 000~)00 

p 1() 1 R 29 - 1 8 5. 00CO•JO 
PlOl R 31 - 28 . 000000 
PlOl R32 - 3.000000 
Pl02 c - 140 . 0499SB 
Pl02 R l O 10 . 799999 
Pl02 R 11 5.099999 
Pl02 Rl2 e . s9999q 
P102 R:!.3 7 . 500GCO 
Pl02 Rl4 61 . 899994 
Pl02 Rl5 9 . 349999 
Pl02 Rl6 61 . 299988 
Pl02 R 21 5 . 000000 
P l02 R24 3 . 00000;) 
Pl02 R26 l. 000000 
Pl02 R 27 l. ooocoo 
Pl02 R29 - 265 . 0GOOOO 
p 10 2 R 32 - 3 . 000000 
Pl03 c - 92. . 6q9997 
Pl03 R 10 7 . 7COOOO 
Pl03 R 11 4 . 900JOO 
Pl 0 3. Rl2 5 . 900000 
Pl 0 3 Rl3 5 . 500000 
Pl03 R l 4 47 . 099991 
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PlG3 Rl 5 7. 900COO 
Pl03 Rl6 38 . 199997 
Pl03 R 21 4 . OCOO".:'O 
Pl03 R2 4 2 . 000000 
Pl03 R 26 1 . 000000 
p 103 R2 7 l. 000000 
p 103 R2q - 1 85 . 000000 
P103 R32 - 3 . 0G'JOOO 
Pl04 c - 10 2 . c999S7 
Pl04 RlO 7.7 0CCC'J 
Pl04 R 11 5 . 400000 
P l04 Rl2 5 . 90COOO 
P l 04 Rl 3 5 . 500000 
Pl04 R 14 50 . 009991 
Pl04 Rl5 a . 9oonoo 
Pl04 R 16 3 8 . 199<J97 
Pl04 R 21 5 . 000000 
P!.04 R24 2 . ocoo00 
Pl04 R26 1 . 000000 
Pl0 4 R27 2 . 000000 
Pl04 R2 9 - l BC . 000000 
Pl04 R 32 - 5 .799<;99 
Pl05 c - 6 A. 349991 
Pl05 RlO 4 . 59S999 
Pl OS R ll 5 . 700000 
Pl05 Rl2 3 . 2000.JO 
PlOS R l3 3 . 5COOCO 
PlOS R14 3 8 . 299 988 
p 105 Rl5 6 . 450000 
PlOS Rl6 1 8 . 099991 
Pl05 R22 s . cooooo 
p 10 5 R24 1. 000000 
Pl05 R.26 l.O~COCO 
p 105 R 27 3 . COOO'JO 
PlOS R ? 9 - 90 . 0000CO 
Pl OS R 32 - q . 4GGOOO 
Pl2 8 c - 125 . 899994 
Pl28 ROq 3C . 399994 
Pl28 R lO l 'io 599999 
Pl28 R 11 17 .1 99997 
p 12 cl Rl2 12 . 799999 
Pl28 Rl3 54 . 0COOOO 
Pl28 Rl4 21 . 00000J 
Pl28 R l5 27 . 000000 
Pl28 R. 1 6 24 . 000000 
Pl28 R33 6 . CGOOOO 
Pl2 8 R34 2 . OC•)OGO 
P12 8 R 35 65 . C0C000 
Pl28 R38 - 110 . 000000 
Pl28 R46 - 2 . 549999 
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Pl2S R66 1 . 000001) 
P l2 8 R84 490 . 0')COO') 
P 129 c - 1 3C . 899SS4 
Pl29 R09 "3C . 399994 
Pl29 R 10 1<'1 . 599999 
Pl29 Rll 17 . 199997 
P l 29 R 12 12 . 79999CJ 
Pl29 Rl3 57 . 000000 
Pl29 Rl 4 21 . soooco 
Pl29 R 1 5 27 .000000 
0129 Rl6 2 5 . SOOOCO 
Pl29 R30 7 . 7 0000G 
P l2 9 R33 3 . 5S9999 
P l2 9 R34 2 . 000000 
Pl29 R35 45 . 0C0COO 
Pl29 R38 - 1 10 . 000000 
P l 29 R46 - 2 . 5lt9999 
Pl29 R66 1.000000 
Pl29 R8 4 490. CiCOOOO 
Pl40 c - 21 . 0000•)0 
P140 R09 3 . 5000·)0 
Pl4C Rl1 3 . 000000 
Pl40 R 11 1 . 500000 
Pl40 Rl2 G. 5COOOO 
Pl40 Rl3 8 . 75000'.) 
Pl40 R l4 4.419999 
Pl40 Rl5 5 . 580000 
Pl4C Rl6 2 . 250000 
Pl40 R33 1 . 799999 
Pl 4C R34 3 . 7 99999 
P _.;.c R35 2 . 000000 
Pl40 R 39 - 2 . 020000 
Pl40 R42 - 1. 000000 
Pl40 R46 - l.4C00J0 
Pl40 R67 1 . 000000 
P l 4C R8 4 294 . 569824 
P 150 c - 22. 099991 
Pl50 R09 4 . zcooo :J 
p 150 R l IJ 2 . 299999 
Pl50 R 11 2 . 000000 
P l 50 Rl2 2 . 5COOCCl 
Pl 5C Rl3 5 . 650001.. 
P15G Rl4 4 .1 50CC0 
Pl50 Rl5 2 . 000000 

- p 1 50 Rl6 7 . 549999 
Pl50 R 33 1 . 200000 
P l 50 R 34 1 . 299999 
Pl50 R35 4 6 . C00000 
Pl50 R 39 4 . 5000CO 
P l 50 R47 - l L 2 5000::' 
Pl SO R6 8 l . 000000 



www.manaraa.com

117 

Pl51 c - 26 . 439987 
Pl5 1 R09 4 . 2JCOOO 
P 1 5 1 R l ') 2 . C9999CJ 
P151 Rl2 1 . 0 00000 
PlS l Rl3 i o . 1:,0000 
Pl:H Rl4 4 . 2000CO 
P!S l R15 5.700000 
Pl51 Rl6 3 . 049999 
P151 R33 C. 800000 
P15 1 R35 62 . 000000 
Pl51 K39 4 . 500000 
P151 R44 - 10 . socooo 
P151 R68 1. 000000 
P152 c - 27.93S987 
P152 R09 4 . 200000 . 
Pl52 RlO 2 . 099999 
Pl52 R 11 1.70000() 
P152 R 11- 1 .799999 
Pl52 R 13 11. 500000 
P 1:S2 R 14 4 . 2000CO 
Pl52 Rl5 5 . 700000 
P l 52 Rl6 3 . 799999 
Pl52 R30 4 . COOOOO .. 
Pl52 R33 0 . 300000 
Pl52 R 35 40 . 00000') 
P152 R 39 4 . 50GOOJ 
Pl52 R4 4 - 10 . 75000~ -Pl'.>2 R68 1 . 000000 
Pl53 c - 21.409988 
p 153 R09 4 . 20000(' 
P153 R 10 2.2ccooo 
P153 Rl2 1 . 599999 
P153 R l3 l C. 900000 
Pl 53 R14 3.750000 
Pl53 R l 6 5 . 049999 
P 1 53 R33 1. 000000 
Pl53 R 35 60 . 000000 
Pl53 R40 6 . 349999 
P l 53 Q.43 - ll . 5GOOCO 
P153 R68 1. 0000GO 
Pl54 c - 2 3 . 659988 
P154 R09 4 . 2JOOCO 
Pl54 R10 2 . 200000 
P154 R 11 o . 8occoc 
Pl54 Rl2 1 . 599999 
Pl54 Rl 3 l l . 40CCOO 
Pl54 Rl4 4 . 250000 
Pl54 Rl5 0 . 7 50J OO 
Pl54 Rl6 5 . 54999 9 
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Pl54 R30 4 . ?50000 
Pl54 R33 0 . 30)COO 
Pl54 p 35 4C . OOOOOO 
Pl54 R40 6 . 34<.:J999 
Pl54 R43 - 12 . 000000 
?154 R68 l . OOC-000 
Pl5 5 c - 1 6 . 5<'9995 
Pl55 R09 4 . 200000 
Pl55 Rl 2 l . 59999Q 
t> 15 5 R l 3 8 . 349999 
Pl55 R l 6 6 . 599999 
Pl55 R33 o . 8coooo 
Pl55 R 35 42 . 000000 
p 1 55 '<. 41 6 . SOCCOO 
Pl55 R45 - 1 c . 25cooo 
Pl55 R68 1 . l)OOOCO 
P l 56 c - l S . 509995 
Pl56 ROq 4 . 200000 
Pl56 RlO 0 . 400000 
P156 Rl2 1 . 599999 
P l 56 Rl3 1 0 . 349999 
Pl56 R 16 7 . 599999 
Pl56 R30 3 . ?500CO 
Pl56 R 33 C. 300000 
Pl56 R35 30 . 0COO~O 
Pl56 R. 4 l 6 . 5000CO 
Pl56 R45 - 10 . 849999 
Pl56 R68 1. occooo 
Pl57 c - 2 2 . 939<.187 
Pl57 RC9 4 . 200000 
Pl57 RlO 2 . 20~000 

Pl57 R 11 O. ACCCOO 
Pl57 Rl 2 1 . 000000 
p 1::>7 R l 3 10 . 549999 
Pl57 Rl4 4 . 7Q9999 
Pl57 R 15 1. 500CCO 
Pl5 7 Rl 6 3 . 7500Q') 
Pl 57 R 33 0 . 80000() 
Pl57 R 35 47 . oooooa 
P l 57 R42 4 . 200000 
Pl57 R46 - c . 700000 
Pl57 R68 l . OCOOOO 
Pl6 8 c - 90 . 69999 7 
Pl 68 R09 11 . 700000 
Pl68 RlO 5 . 799999 
Pl 68 Rll 4 . 500000 
Pl 68 Rl 2 1 . 000000 
p 168 . R l3 1 23 . 369995 
P l 68 R l4 33 . 549S88 
Pl 68 Rl 5 12 . 349999 
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Plb& R l6 21.420993 
Pl6S R32 0 . 5000CO 
Pl68 R35 6t. . COCOOJ 
Pl6i3 R 51 - 2 . 599999 
Pl66 R 54 - 3 . 000000 
Pl68 R58 - 3 . 2999S9 
P l 68 R 76 2 . ocoooo 
P l 68 R84 77. 000000 
Pl69 c - 90 . 699997 
Pl69 R09 l l . 7GOOCO 
P l 69 R 10 1. 299999 
Pl69 R 11 9 . 000000 
Pl69 Rl2 l . 'JOC'OOO 
Pl69 Rl3 35.299988 
Pl69 Rl4 15 . 750000 
P l6S Rl5 29.C9999 1 
Pl69 Rl6 l C. 549999 
Pl69 R32 0.500000 
Pl69 R35 64 . CCOOC0 
Pl6 S R 52 - 2 . 5<;9999 
Pl69 R55 - 3 . 000000 
P169 R59 - 3 . 299999 
P l 69 R 76 2 . 000000 
Pl69 R84 77 . 000000 
Pl80 c - 7 . 1749S9 
Pl 80 RO::/ 1. 099999 
P180 Rl3 7.1 7499q 
P l 80 R35 11. 400000 
P l 80 R50 C. 400000 
Pl8G R56 - 2 . 200000 
P l 80 R77 l . OCOCOO 
Pl81 c - 7. 174999 
P l 81 R09 C. 650000 
D18 1 RlO 0 . 450~00 
Pl 81 Rl3 4 . 8G999q 
P l 81 Rl4 2 . 360000 
Pl81 R 35 l l . 4COC00 
Pl81 R 51 0 . 4COOOO 
P l 81 R57 - 2 . 200000 
p 18 1 R 7 7 1.000000 
Pl32 c - 7. 174999 
Pl82 R09 0 . 150000 
Pl82 RlO 0 . 750000 
P l 82 R 11 0 . 200000 
Pl82 Rl4 5 . 7400CO 
Pl82 Rl5 1. 434999 
Pl82 R35 1. 400000 
Pl82 R52 C. 4COOQC 
P l 82 R58 - 2 . ?00000 
Pl 8 2 R 77 1 . 000000 
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Pl83 c - 7 . 1749';9 
Pld3 RlO C. 35C000 
p 1.:33 R 11 C. 750000 
f> 183 Rl4 2 . 4CGO:JO 
PlS3 Rl? 4.77500'.) 
Pl83 R35 ll . 4GOOOO 
Pl&3 R 53 0 . 400000 
Pl83 R 58 - 2 . 2CCOOO 
Pl83 R 77 l . OCOOOC 
PlS4 c - 7 . 174999 
Pl84 R 11 C. 650000 
Pl84 Rl2 0 . 450000 
Pl84 Rl5 3 . 84S999 
Pl84 Rl6 3 . 325000 
Pl84 R35 11. 400000 
PlS4 R 54 C . 400000 
Pl84 R59 - 2 . ?00000 
Pl 64 R 77 i. nooco0 
Pl85 c - 7 . 174999 
Pl85 ROS 0 . 450COO 
Pl85 Rl2 C . o5~COO 
p 18 5 Rl~ 3 . 325000 
Pl85 R 16 3.84-9999 
Pl85 R 35 ll . 40COOO 
Plo5 R 55 C. 400000 
Pl 35 R56 - 2 . 2COO'JO 
Pl85 R 77 L O\:COOO 
P20C c - 1 . 000000 
P200 R l 3 0 . 5(0000 
P200 Rl5 C. 500000 
p 20 1 c - 1. 000000 
P20 2 c - 1 . 000000 
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