RONALDO DE ALBUQERQUE E ARRAES

Alternative Evaluations of Economically Optimal Rations For
Broilers ‘

(Under the direction of Bill R. Miller)

Least cost per pound of broiler production from
finishing rations was investigated through application of
an optimizing model to gquadratic production surface
estimated from feed experiments with protein and energy.
Broiler's carcass fat and time were restrictions in the
least cost framework. Results of feed formulation derived
in the study were compared with those from linear
programming.

There was a small trade-off in economic levels of
protein and metabolizable energy as size of the bird
increased. Birds marketed at different ages, and thus
size, should be fed on different rations to achieve
least cost per pound.

It was possible to estimate least cost broiler output
as a function of time and to relate this to the trade-off
between protein and metabolizable energy. Likewise, least
cost output could be related to the level of bird's carcass
fat. Lean or fat birds are produced according to the
level of protein and metabolizable energy which change
with the production of a desired fat level.

Application of the levels of protein and metabolizable
energy from industry linear programming formulation of feed
into the quadratic programming model demonstrated that

essentially no difference in cost per pound of broiler



could be observed between the results of the two
formulations. However, the least cost broiler model pro-
jected the changing ratios of protein and energy in
response to feed price which was not found in linear
programming of least cost feed.

A sensitivity analysis on the prices of the two main
feed ingredients in the ration, corn and soybean meal,
indicated how to set the right hand side for protein and
metabolizable energy to attain an economically efficient
solution.

Relaxation of all nutrients constraints (protein,
metabolizable energy, methionine, cystine, lysine, etc.)
applied to the production response surface for protein and
energy gave estimates of economic efficiency where feed
cost/pound broiler was minimum. This effect was potentially
important in that about a one-half pound increase in
liveweight could be achieved at the common level of cost
now incurred by industry. Future research is needed to
determine if the level of nutrient constraints associated
with economic optimum levels of protein and metabolizable

energy are biologically efficient.

INDEX WORDS: Broilers, Least Cost, Protein, Metabolizable

Energy.
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CHAPTER I
INTRODUCTION
Statement of the Problem

In general, the main objective of a firm is to
maximize profits, which implies cost minimization. This
means that firms are always trying to improve technical
and/or economic efficiency in production. The broiler
industry is not an exception to this general rule as seen
by the evolutionary improvement of efficiency in broiler
production (Table 1-1). Yet, there are continuing problems
that hinder improvements in efficiency of broiler
production.

The proportion of feed costs ﬁo total cost of broiler
production has increased over time. Percentage distribu-
tion of production cost items, Table 1-2, demonstrate that
feed has accounted for a major part of production costs.
Hence, given a stable price for broilers, minimizing feed
costs per pound of broiler is of primary concern to broiler
growers seeking improvement in economic efficiency.
However, how to derive the array of feedstuffs (feed for-
mula, diet or ration) by feed cost minimization while main-

taining the minimum nutrient requirements for the required



TABLE 1-1.

U.S., 1952-1982

Source Indicators of Efficiency in Broiler
Production for Selected Years,

Technical
Time required Market Market Feed
Year to reach 3.5 lb. Age Weight Efficiency
lbs. of feed
(days) (days) (days) lbs. of
broiler)
1952 74 80 3.35 3.17
1955 65 74 3.35 2487
1958 60 68 3.44 2.56
1961 53 67 3.80 2.24
1965 49 58 3.75 2.05
1982%/ 46 46-49 3.6-4.0 2.02

SOURCES: (28, p.

l/Table 5-1.

375) .



TABLE 2-1. Percentage Distribution of Broiler Production
Costs for Selected Years, U.S., 1967-1979

3

Item 1967 1973 1979
(Percent)

Feed 62.4 74.1 1249
Chicks 19.2 12.5 11.9
Grower Paymentl/ 12.0 10.2 11.0
Fuel 2.0 .6
Medications 1.6 1.1
Vaccination 1.2
Litter .8 s s
Miscellaneous .8 1.4

TOTAL 100.0 100.0 95,82/

SOURCES: Poultry and Egg Situation, June, 1975.
1/

= Includes housing.

Z»/(35, pP. 43). The remaining 4.2% is distributed among
the other items listed.



level of growth continues to be one of the main problems
of economic efficiency in poultry nutrition. There are a
large variety of feedstuffs that can be used as source of
protein and metabolizable energy which are the fundamental
nutrients needed for chicken growth. Therefore, an appro-
priate choice of the feedstuffs will improve efficiency in
production. For instance, corn and soybean meal have been
the two principal feedstuffs used in feed-mix formulas due
to their high nutrient contents, relative low price and
availability. In general they usually represent over 80%
of the ration composition as currently derived by the
industry. However, prices of corn and soybean meal have
recently shown increased variation within short periods

of time (20). Feedstuffs prices are crucial determinants
of least cost rations and high percentages of corn and
soybean meal in the ration might not lead to an optimum
solution.

Specification of a unique ration for the entire
growing period is now regarded by nutritionists as a
misguided procedure. The biological nature of livestock
seems to indicate that at marketable weight, gain in weight
increases at a decreasing rate. That is, additional units
of feed input added result in less and less gain in weight.
Broilers appear to behave in this manner. As they increase
in size their body composition changes and the nature of
this biological change requires that during the early

growing period, rations of a higher protein and a lower



energy content must be supplied. As the birds develop
their body weight, less protein and more energy are
required in the ration. For these reasons, ration formula-
tions are now changed once or twice during the birds' grow-
ing period.

Another area of interest to feed formulators and
animal nutritionists concerns the "quality" of the final
product as measured by the carcass fat content of the
animal. To date, the assumption made for least cost ration
problems is that one pound of meat has the same value
regardless of the diet formulation. This éan hardly be
true. It is observed in practice that some enterprises
require birds weighing X pounds with not more than X%
carcass fat. Some excess fat is lost with tﬁé offal and
decreases the percent yield of the carcass. However, the
relationship between carcass gquality and diet composition
is not well defined. The productionlof carcass fat is one
variable to be investigated in this work.

It is an hypothesis of this study that the broiler
industry does not produce broilers as efficiently as it
could. Allison et. al., (2), Chao (8) and others, using
different techniques have found ration formulas with lower
costs than the ones employed by the broiler industfy. The
reason for that might be closely associated with the
techniques used to derive a minimum cost or maximum profit
broiler ration. There has not been a unique way for the

broiler industry to define the least cost ration



formulation. Present use of linear programming in the
industry determines the least-cost formulas for a given
set of specifications. Whether these specifications lead
to the least cost production of broilers is not known.
The choice and proper use of technique that relates speci-
fications to production is very fundamental to deduce such
a ration; otherwise the supposed optimum ration is not an
optimum one.

The traditional technigque of linear programming, the
most widely used practice today, deals with minimizing a
feed cost function subject to nutrient requirements thét
can be provided by the various feedstuffs available.
Certainly this technique succeeds in getting lower feed
cost, but it fails by not taking into account the perform-
ance of the bird. Moreover, the right hand side of the
constraints set (specification) from requirement tables
seems to be inadequate as pointed out by Dent (11).
Furthermore, Brown and Arscott (6, p. 69) state that
marginal analysis of production economics theory would
seem to afford a better approach than the linear programm-
ing least cost model. The way marginal analysis has been
applied on livestock raises major problems by the type
of feedstuffs that were pre-specified for the analysis.
For instance, the early work done by Heady et. al., (23)
using this technique on broilers, specifies corn and soy-
bean as the feedstuffs. Consequently, the optimum solution

is a function of the feedstuffs and their prices only.
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This method is inaccurate in that it does not consider the
level of the fundamental nutrients required in broiler
growing.

More recently, Townsley (38) has used quadratic
programming to specify optimum livestock rations. He
demonstrated that this technique is more efficient than
linear programming in defining least cost or maximum profit
ration specifications.

The economic literature on broilers is extensive.
Heady, Balloun and McAlexander (25) were the first to
develop a marginal analysis model of broiler production to
explain least-cost ration formulation and optimum marketing
weight. Their analysis was carried out by assuming that
the rate of substitution between nutrients affects the
bird's body composition in such a way that high protein
content ration is required in the early stage of growth.

As the fattening period approaches, less protein is
required and is substituted for by increased metabolizable
energy (M.E.). They also assumed that the ration is
unchanged or changed only once throughout the production
period. Production functions were estimated and least-
cost rations were determined by minimizing linear feed
costs subject to a weight gain level. The second step was
to determine the optimum level of feeding and the most
profitable marketing weight. This was done by maximizing
profits above feed costs and taking into account the re-

sults from the least-cost rations. All results in their



study were based only on the protein level of the ration,
which varied with different input-output prices. This
approach of marginal analysis to determine economic optimum
in production was applied to other agricultural commodi-
ties. Heady, Catron, Mckee, Ashton and Speer (23) studied
economic efficiency in pork production by estimating pro-
duction functions and finding rate of gain, least-cost
ration and contrasting least-cost ration with least time
ration. Brown, Heady, Pesek and Stritzel (7), in an
experiment on corn, estimated optimum levels of fertiliza-
tion and optimum ration of nutrients through estimation of
production functions. Profit maximization was the crite-
rion selected to find those optimum situations in
production.

Brown and Arscott (6) used data from an experiment on
broilers to predict the most profitable weights (above feed
costs) for a range of ration specifications. The experi-
mental design included four protein levels (16, 22, 26 and
32%) and three metabolizable energy (M.E.) levels (1200,
1400 and 1600 kcal/lb.), giving twelve different protein-
energy combinations. Data on growth and feed consumption
were obtained and pooled for estimation of weight and feed
consumption equations. Significant statistical results
were obtained. They conjugated a linear programming study
to the above model to determine the most profitable ration
based on nine and ten week feeding periods. For ten-weeks

the best ration was 20% protein and 1500 kcal/lb. of M.E.



The findings were based on given prices which, for the
authors, were crucial factors for determining the best
ration.

By using a different approach from the studies
reported above, Allison and Baird (1) elaborated an experi-
mental design used with swine to contract two common pro-
cedures in animal nutrition. The first minimized feed
cost per animal to produce a specified amount of weight
gain. The second procedure minimized feel ingredient cost
for pre-established protein and energy levels. For adding
170 1lbs. to finishing swine, the former procedure reduced’
the cost per head $6.35 from the cost obtained by using the
latter procedure which adopted current feeding recommenda-
tions for swine. For this type of feeding operation, mini-
mizing feed ingredient cost for pre-established rations may
not be a sufficient criterion for minimizing cost and
maximizing profits.

Pesti (36) conducted an experiment to test the
hypothesis that broiler weight gain, feed consumption and
feed conversion for three weeks of age broilers, depends
on the concentration of protein and energy in the feed
ration. He combined seven protein levels (from 17.3 to
25.9%) with five energy levels (from 2800 to 3600 kcal/kg)
in fourteen different combinations. By estimating a
quadratic function, having protein and energy as arguments
to explain weightigain, feed consumption and feed conver-

sion (Model A), he did not find any relevant statistical
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results. However, as initial chick weight was introduced
in the equations (Model B), the weight gain equation was
improved remarkably.

Waldroup, Mitchell, Payne and Johnson (39) conducted
a study to test the effects of dietary nutrients density
levels on broiler performance. Broilers were fed until
nine weeks of age with six dietary energy levels which were
similar to those in practical usage by broiler producers:
2970, 3080, 3190, 3300 and 3520 M.E. kcal/kg. Running
simple linear equations for each energy level, they pre-
dicted the a.moqnt of feed needed and days of age required
to attain a desired bird weight. For instance, a 1l.9kg.
broiler can be produced in the least average time of 61
days by using either 3300 or 3520 M.E. kcal/kg in the
ration, according to the estimated equations.

The studies summarized above dealt with regression
analysis and marginal analysis of production economics.
Another technique much used in developing least cost
rations for animal nutrition is linear programming analysis.
Hutton, King and Boucher (29), in an early study, developed
a broiler least-cost ration formula by applying linear
programming. From this study, selection of broiler feeds,
optimum level of nutrients and compositions of the feed
can be determined. Extensive explanations of the final
solution, price changes and feed and nutrient specification
are outlined. Given a price set and pre-determined minimum

nutrients requirements, the least-cost feed formula
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consisted of, among other results, fourteen feed ingredi-
ents (soybean meal and corn products accounted for 90% of a
pound of feed), 22.6% protein and 950 kcal/lb. of energy.

An application of Farrell efficiency analysis to
determine broiler least-cost rations was done by Chao (8).
Chao used weekly data from an experiment that applied eight
different treatments where each treatment varied diets from
the second to the eight week. For a given set of feed
ingredient prices the optimum ration or least feed cost was
determined among the observations in the experiment, and
the optimum diet was indicated. Chao's results provided a
total feed cost per pound of gain below that observed in
the broiler industry.

Allison, Ely and Amato (2 ) elaborated on an economic
analysis of broiler production to specify the most profit-
able rations and the most profitable final live-weight.
Utilizing nineteen feed ingredients previously established
for five different price situations, five energy levels
(2976, 3086, 3197, 3307 and 3417 kcal/kg) and three growth
periods, the following main results were obtained. There
were insignificant cost differences between minimizing
cost per unit of gain and minimizing cost per unit of feed.
The energy level of feed for the second and third growth.
period was the same for any of the five price levels.

Given the price structure in 1977, returns were optimized
by producing a bird weighting 1.91kg, in opposition to the

normal market weight bird of 1.72kg.
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Dent (l11l) pointed out the need to include the
performance of the animal as a way to improve the results
from applying mathematical programming to livestock ration
formulation. He also introduced the time factor into the
analysis of livestock feed response. His analysis on
bacon pigs was based on an experiment that involved four
levels of energy each combined with four levels of protein
to give a factorial design with 16 dietary treatments. A
response surface representing the daily rate of growth was
estimated as a function of energy and protein intakes;
quadratic form was the best fit. Two levels of growth
rate were selected, for pigs between 60 and 120 pounds
liveweight, for defining the least cost rations, namely,
1.00 and 1.25 pounds of daily gain per pig. The weight
range was divided into two other ranges: 60-80 and 100-120
pounds. By applying linear programming, economic results
were obtained, but the optimum ration presented a higher
protein/energy proportion for younger pigs than for older
pigs. This seems to contradict the biological nature of a
more efficient growth. With Dent's procedure, a particular
growth rate is specified and the ration that meets that
rate at the lowest possible cost is then selected.
Apparently, there exists a very large set of rations to be
searched.
Due to the inefficiency problem in attaining an

optimum ration at many steps, Townsley (38) applied quad-

ratic programming to determine optimal livestock rations
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for a quadratic polynomial response. He demonstrated
that through this procedure rations are found more effici-
ently since fewer steps are required to reach the optimum
ration.

His conclusions stem from comparing the results with
Dent's based on the same source of data. He also shows how
quadratic programming can be handled to f£ind the optimum

ration by maximizing average profit per period of time.
Objectives

The primary objectives of the study will be
accomplished for a finishing ration. It is the practice
of the broiler industry to change the ration once during
the growing period so that most'growth occurs with the
finishing ration. Thus, the specific objectives are:

1. To determine an optimal finishing ration for
broilers that produces the least feed cost per pound of
broiler;

2. To estimate the effect of bird quality, as
measured by carcass fat content, on least cost of produc-
tion;

3. To estimate least cost of production per given
period of time;

4. To compare the results from objectives 1, 2 and
3 with the results derived from linear programming feed

formulation.
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Methodology

Basic data used for estimation of response functions
were collected from experiments (Chapter IV has a detailed
description of these experiments). The experiments
generated data on broiler growth at several levels of
protein and metabolizable energy. Data on percentage of
body fat were collected at the end of 6, 7 and 8 weeks.
Also, time rate of consumption response was calculated
from the experiment data. Based on these data, estimations
of production, fat and time rate of consumption responses
were performed by appropriate econometric models.

Data on linear programming formulation results, as
well as data on broiler growth, technical feed efficiency,
time elasped to reach a certain liveweight level and fat
content of birds based on observed feed formulation, were
provided by a leading broiler firm. |

Given that the best response function for broilers
was of the quadratic type, a quadratic programming model
was chosen as the basic methodological procedure to pro-
vide results on broiler growth, time rate of feed consump-
tion, fat content and cost to compare with the results

found by the broiler firm.
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Scope of the Thesis

The present chapter has described important problems
in broiler feed formulation, what has been done in the
area and what and how this thesis has proposed to investi-
gate the problems.

In order to provide a better understanding of the
methodology used in this research, the next chapter
(Chapter II) presents the basic concepts of the theoretical
framework of production economics. Chapter III discusses
how broiler rations are formulated by linear and quadratic
programming and what information can be drawn from the
solution of each formulation. The content of Chapter IV is
a description of three experiments that will be used in the
analysis; two of which will serve for empirical estimations
of the production, fat and consumption-time responses. The
estimated equations are presented in the chapter. The
results of linear and gquadratic programming are discussed
in Chapter V. It shows actual performance of broilers fed
on rations derived from linear programming. These results
are the referrential points for comparison with the
quadratic programming solutions. Conclusions, implications

and suggestions are presented in Chapter VI.



CHAPTER IIl/
ECONOMIC THEORY OF PRODUCTION

Production economics theory provides the theoretical
sturcture for determining an optimum marketable weight
or least feed cost for livestock. Hence, this chapter will
be concerned with a brief review of the main topics of
production economics theory that will be used in the

following ahalysis of broiler production.
Some Concepts

A production relationship is a process where physical
inputs are converted into output. If there is a known
technology this relationship can be expressed as a single
valued coﬁtinuous mathematical function such as;

grcey xn)

Y=f(xl, X
where,
Xy xz,..., X ~are physical inputs (fixed and variable),
Y is the maximum output attainable from the specified set
of inputs through a technological process which is implicit

in the function £.

1/

—~ Most of this chapter is based on Ferguson (18), Chiang
(9) and Henderson and Quandt (26).

16
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The technological process of a production function
relates to the important concept of efficient production.
Further, a distinction must be made between technical and
economic efficiency. Initially, technical efficiency is
considered and later in the analysis economic efficiency
will be emphasized.

For simplicity, assume only one of the inputs is

variable input, say x all others being fixed. Assume

lf
also that there are two firms facing the same type of
production function but with different technologies. The

firms' production functions are:

Yl=fl(x) firm 1
Y2=f2(x) firm 2

fl and f2 could be, for instance, quadratic functions. 1In
this case, the explicit form of the production functions

would be:

+ a.x + a x2

¥, =3 1 2

1

_ 2
Yz-—b0 + blx + b2x

where,

agr a;r @ and b b b, are the known technological

2 or T1" T2
coefficients of each firm's production function. If ag
0 217 bl are positive and Ay b2 are negative coeffici-
ents, then the functions are plotted as shown in Figure 2-1.

b a
From the following graph, it may be said that firm
2 is more technically efficient then firm 1. There are

two simple ways to explain this. Suppose each firm is to
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Figure 2-1.

Single Input Quadratic Production
Function for Two Firms.
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use x* amount of the input x to produce Y. It is then
clear that firm 2 can produce more output than firm 1 can
since Yi > Y“i. Similarly, if each firm is to produce
Yi = Yé amount of output, then firm 2 would regquire only
x* amount of the input x, while firm 1 would need as much
as x' of x to produce that same amount of output. Before
discussing economic efficiency further definitions are
required.

Whatever method is employed to find the best optimal
solution for input usage, a particular point or level of
production must be selected. So, given any point on a
production function (or response surface), the marginal
productivity of input at that point is an important
descriptor of technology. Consider a production function

given by, Y=f(xl, X i xn). The marginal product of

2'-.

the ith input (MPi) is defined as the partial derivative

of the production function with respect to the input X,

: )
Teeer My Tk T oAk N1
1 1 L

ALY xn). As it can be

X
in the right-most expression, the marginal product of any
input is, in general, a function of all inputs in the
production process which, incidently, is not obvious in the
simple graph of Figure 2-1.

The average product of the ith input (APxi) is the
quantity of output per unit of the input used. Taking
thé production function stated above, then

fi(x X )

’ reeey
i i i

X
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Again, APXi is expected to be a function of all inputs in
f. In poultry production this concept is useful to define
production. Obviously, the change in input levels affects
marginal productivity of each input.

Another concept that helps the understanding of

economic efficiency is the isocost curve. It is defined
as the locus of all input combinations that exhaust a given
total cost. When input prices are fixed, isocost curves

are straight lines {(two inputs case). Mathematically, an

isocost line may be expressed as,

0l

= E

171 272
g, = —22 4 &
1 1
where,
ry, r, are fixed prices of inputs Xl and X, respectively

C is a given total cost.
The above equation represents a negatively sloped line
where its slope is given by the negative of the input-price

ratio, i.e.,

o

X

I
i

(ol
%
|

) 1

A graphical representation of three different isocost lines
is shown in Figure 2-2. Changes in an isocost line are
only possible if either input price-ratio or given total
cost or both vary. Assume initially that AB is an isocost

defined from a given input price ratio (r2/rl) and a given



Figure 2-2. Representation of Isocost Lines.
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total cost (C). Suppose that only the price of x,
decreases, then the new isocost line is defined by the line
AC. It is worth noting that if prices of both inputs
change propertionally, the slope of the isocost line is not
affected, but it will shift to a new level in the input
space.

Suppose now that instead of changing the price of an
input, the given total cost increases to C'. This will make
the isocost line shift up to DE parallel to AB keeping
the original slope. With isocost lines and isoquants thus
defined, it is now appropriate to introduce the concept of
economic efficiency between two firms. Assume that the
two firms employ the same two inputs (xl, xz) to produce a
homogeneous product (Y¥) through the same type of production
function, but, marginal productivities of the production
function are different.

Figure 2-3 shows isocost line and isoquants of two
different production responses combined on the same graph,
i.e., firm 1 and firm 2 isoquants are not on the same
production surface in the same manner as shown in Figure
2-1. Thé two firms are faced initially with an isocost
line AB. I, and I

1 2

2 respectively. In order to exhaust the same total cost,

represent isoquants of firm 1 and firm

firm 1 could produce at a higher level of output if it

dxl -r,
equated T This condition is fulfilled by firm 2
2 )
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Figure 2-3.

Isocost Line and Isoquants Measuring
Economic Efficiency For Two Firms.
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at point Ez. By producing either at point Ei or at point
Ei', firm 1 is said to be less economic efficient than
firm 2, °

In sum, one criterion of economic efficiency is that
each level of output is produced at the least possible
cost i.e., marginal rate of substitution equal to the price
ratio. Alternative techniques are available to find the

least cost of production and usage of inputs and these

techniques are discussed in the next section.
Alternative Techniques to Find Optimum Level of Production

To begin with, a simple case of one input production
is investigated. For example, broiler weight as a function
of total feed consumption only. It is plauéible to assume
a quadratic response for this case, since it is expected
that feed input is converted into broiler output at a

decreasing rate. The input output relationship could be

1/

represented by the following equation~ :

y = ao + alx + a2x2 (1)

where,
y is broiler liveweight, (kilogram)
X is feed consumption, (kilogram)

ajs a;, a, are the technological coefficients with the

following conditions: a a, > 0, a, < 0.

0" "1 2

1/

=/ Using data from experiment three (See Chapter IV) the
cubic specification was rejected. The coefficient of x3
was near zero (.00038) with standard error of .0034.
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Data from experiment three (See Chapter IV) were used

to estimate equation (1), and the estimates were:

.051 + .6334x - .0406x> (2)

(.0047)* (.0007)*

¥

I

R2 = .99

Standard errors are in parentheses,
(*) Significant at 1%.

A graphical representation of equation (2) is
depicted in Figure 2-4.

The hypothesized relationship between feed input and
broiler output is that, the higher the feed consumption
level, the lower the rate at which broiler weight
increases, i.e., the marginal physical product of feed is
decreasing throughout. However, total broiler weight
should not decrease.

Assume a perfectly competitive broiler producer
attempts to maximize profit. Let b and r be the price per
pound of broiler and feed respectively. The profit func-
tion is then given by, I = b . y - rx where the first

order condition for a maximum is:

an _ dy _ . _
EIE_ b . ax r 0
or, %% = % (3)
2
dy _ d(®o + %1¥ + ¥

dx dx

1'--/The second order condition for a maximum is attained

2 _ pa%y/ax® = 2ba, = -.0812b < 0, given b> O.

since dzn/dx 5



5.56(1b)
(2.52kg)

Figure 2-4.

17.2(1b) X
(7.8kg)

Estimated Quadratic Function:
Broiler Weight--Feed Consumption.
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=a; + 2a2x = ,6334 - .0812x (4)

By substituting (4) into (3) it comes,

< (5)

(.6334 - .081l2x%*) E

It follows from (5) that,

x* = 7.8 - r/.0812b. (6)
By substituting x* into equation (2), an optimum selling
weight of broiler, say ;*, is determined. Note from (6)
that the absolute maximum of production response can never
be optimum.

The one input production function is therefore
optimized at the point where the marginal product of feed
input equals to the feed input--broiler output price ratio
(equation (3)) according to economic theory.

For sake of this example, it was assumed that a common
mix of feed is available in the market. While there are
common feed mixes available each feed mix may give a
different production response. This is because there are
n-feed ingredients available that once combined form a
unique mix of basic nutrients. A more fundamental approach
is to find production response to nutrients in feed
ingredients.

It might be worth pointing out that minimization of
feed conversion (total feed intake per pound of broiler)
may be misleading with respect to a correctAeconomic deci-
sion. It is believed that the gquadratic function is a

good description of broiler response, then, the
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lower the broiler weight, the higher the feed conversion
will be. On the other hand better feed conversion would be
a correct principle if, for instance, total feed consump-
tion is fixed at a certain level and a search for a heavier
broiler is pursued. This latter procedure would simply
imply improvements in technical efficiency as discussed
earlier. Since increased technical efficiency always
improves economic efficiency the additional steps in
searching for economic efficiency are not always pursued.
But, for any level of technical efficiency, economic
efficiency can always be obtained through a best selection
of feedstuffs available by considering their nutrient
content, their prices their marginal productivity, and
value of products they produce.

All empirical applications of this study will be
derived from a two-input quadratic production function.
Heady and Dillon (24), Brown and Arscott (6), the pionéers
in using marginal analysis of production responses to crops
and livestocks, define a typical two-inputs quadratic pro-
duction function as: W=f (P, E)

2 2
W= f(P, E) = a, + alP + azE + a3P B a4E + aSPE (1)

where,
W is output, say broiler liveweight, P and E are nutrient
inputs, say protein intake and metabolizable energy intake

respectively.
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The linear and gquadratic part of this equation would
account for the diminishing marginal productivity of each
input. Also, an interaction term (PE) appears in the
equation to incorporate the effect of the marginal physical
product of an input being a function of the level of the
other input. The marginal product in broiler weight from
a small increment in protein may depend on the level of

energy that the broiler is consuming. That is:

fp(Pr E) a;

(MPP)p 5

- 2a3) + a_.E

a, + 2a,E + a_P

WMERY o 2 4 5

fe(P, E)

The conditions for concavity of this Quadratic

function, as outlined in Appendix A, are given by

£ = 2 < 0

i ag (2)

fee = 2a4 < 0 (3)
2 _ .2

fpp . fee - fpe = 4a3a4 a5 > 0 (4)

Equations (2) and (3) imply that the coefficients a, and

a, must be negative. From equation (4) no expectation

4

can be infered concerning the sign of a unless prior

5’
information is provided. Mathematically, it would depend

on the magnitude of a, and a,- For the case of a broiler

response though, the expectation is to have a positive

signal for a,. for protein and energy within a feasible

5
biological range. Given the expectations, it is also

reasonable to expect that a, and a, are positive for the

expectation of positive marginal productivities.
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By fixing output level at, say WO’ and rearranging

equation (1), the isoquant equation for W, is derived,

0
2 2 _
PT + (al + a5E)P 4 (azE + a,BE” - WO + ao) =0 (4)

a 4

3
Equation (4) is a simple gquadratic equation in P. By
solving (4):

2 2 1/2
oo —(al-+35E)i [él_+a5E) _4a3(a2E_+a4E __W04_a0]

(5)

2a3

An immediate characteristic of this isoquant is that it

intersects the axes. As a proof, let E = 0. Then,

5 1/2
P___[al + 3y 4 4a3 Wy ao)]

2a

# 0
3

To reemphésize, the isoguant in equation (5) is convex
to the origin as it is derived from a strict concave pro-
duction function. This means that a point of economic
efficiency can be found on the isoquant for a given total
feed cost. Since there are a number of possible levels of
feed cost, and investigation is required on the nature of
the expansion path for the quadratic function.

As proved in the last section, economic efficiency
occurs at the point where the marginal rate of technical
substitution equals to the input price ratio, i.e.,

(MPP)P r

(MRTS)PE = W—P—)E = E_g (6)

where rP and r, are the prices of protein and metabolizable

energy respectively. By substituting the marginal products



of P and E into (6),
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it follows that,

a4 2a3P + a5E _ iE -
a, , agP , 2a4E ry
Solving (7) for P:
P=(a.:zrp_ alre).+(2a4r9__ AT -
(2a3re ~25T ) (2a3re _ aSrP)
or simply,
P = K; + K,E (8)

Eguation (8) shows all combina
economic efficiency for any gi
feed cost. In other words, th
guadratic production function
line not passing through the o
This indicates that, in fact,
between protein and energy as
isoquants). It is worthwhile
practice of linear programming
ing for broilers assumes fixed
regardless of the weight which

Finding market prices for
a

metabolizable energy (re) is

ble, task. This reduces the

P
analysis straight forwardly.
It is suitable

transformed. t

1/

> < 0 and a

As a 3 4

positive.

0, a

tions of P and E to achieve
ven level of total fixed
e expaﬁsion path from a
is a positive sloped straight
rigin (X, # 0, K, > 0¥/,
there must be a trade off
the birds get heavier (higher
noting that the common
technique for feed formulat-
protein-energy ratios,
the birds will be slaughted.
protein intake (rp) and
difficult, if not impossi-
recision of using such an
The model needs then to be

o write the quadratic

then K., must be

g 2

0,
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equation (1) as a function of all available feedstuffs
that may be used to provide protein and metabolizable
energy for broilers.

In a matrix format, the quadratic form of equation (1)

W' o= IVELl a2:| P + [P E:l a3 a5/2 P (9)
E E

a5/2 a,

becomes,

- "
or: AlP + P AZP

The first expression on the right side consists of the
linear ﬁart and the second expression is the quadratic,
including interaction term, from equation (l)l/.

The transformation from the nutrient space (P, E) into
the feed ingredient space is made through the coefficients
(content) of protein and energy in each feed input. Assum-
ing that these coefficients are fixed, the [P E |' vector
can be expressed as function of the n available feeds and

2/

equation (9) is written out as~,

n
L g, X%, (10)

l-/W' includes intercept term a, of eguation (1), or, if

Liveweight = W then W' = W + a-
g-/See Chapter III and Appendix D for details on this
transformation.

0



33
The production function is then expressed as a function
of the n-feeds. Since the price of all xi's are well de-
fined, equation (1) can be analyzed to find an exact point
of economic efficiency.

When more than two inputs (n-feeds) are used in the
production process, graphical analysis to find optimal com-
bination of inputs is of no help. However, the problem
can be solved by means of the lagrange technigque. Then
mathematical problem is formulated as follows:

Maximize production W=f(xl, Xoreees xn) (l0a)

n
Subject to a given total feed cost, C= I r.X, (10b)

The lagrange function is:

1

[ e
H
w

L = f(xl, Xoreens xn) + A (C

The first order conditions for an optimal arel/

a—a}—f‘; = £, - Ar, =0 (i=1, 2,..., n) (11)
%E =C - .g rixi =0 (12)
i=1
Equations (11) and (12) embody implicity (n + 1)
equations to solve for the (n + 1) unknowns (xl,..., X A)
terms of the (n + 1) parameters (ry, ry,..., r_, c).

For any two feed inputs, say X and Xj’ equation (11)

allows the following relationship: £,

)
==
]

-HlH
-

.

L/

=’ The second order conditions are outlined in Appendix
A,
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which defines the optimal point of production where the
isocost line is tangent to the isogquant in the (xi, xj)

space. Extending this relationship to the n feed inputs:

G O S =5 U
7 T Seee.= F = 0y
J ] n n
or equivalently,
i £ f
J:_l_zr_2=___.=rlf1_'l=r_n=;\ (13)
1 2 n—-1 n

Equalities in (13) say that the optimal input
combinations occurs at the production level where the
marginal productivity per dollar spent on input i (fi/ri)
is the same for all inputs.

In other words, the above approach is formulated to
answer the question: If a broiler producing firm has
available only C dollars to spend on feed/broiler, what
is the best combination of feed inputs to formulate a
ration and what is the expected optimum broiler liveweight.
A different variation of the problem occurs when the
broiler grower is imposed, by market demand, to produce
an "exact" WO pounds broiler.

The prior discussion brings up an important theérem
in economic theory, namely the duality theorem which may
be stated for this problem as: The principle of optimal
input combination is obtained whether through maximizing
output (broiler weight) for a given total resources (feed
inputs) cost or minimizing the total resource cost of pro-

ducing a given level of output. The second part of the
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theorem is formulated as:

n
Minimize C I r.x, (14)
. i7i
i=1
Subject to Wy = f(xl, Xopoeer xn). (l4a)
The lagrange function is:
n
_— * -
L ‘E rixi + A (W0 f(xl, xz,..., Xn))
i=1
where the first order conditions are:
2L -y - a*E, = 0 (i=1, 2 n) (14b)
axi i i rosreesy
oL _ _ -
-a— - WO f(Xl, XZ,..., xn) 0-
From the equations in (14), it follows,
El = EE - = fE:i = EE = L (15)
P =
1 2 gl = &

which is exactly the same as expression (13), where,

1
A*x

A =
The duality theorem is then proved. As specification of
the problem via equations 1l0a and 10b yield the same
solution as solving 14 and l4a. Would it matter if the
price of output (broiler) is not invoked in either approach
of the duality theorem? To answer this guestion, a third
approach, namely the profit maximization approach may be

used.

A profit function can be set up as follows:

n
I = p.w- I r.x, (16)
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Substituting w in (16),

L
L

Il =3

I = p.f(xl, Xpreeos xn) - i

where p is a constant price of output, so p.f(xl, Xoreees

n
I LiXy define total revenue and total cost,

xn) and
1

L
The first order condition for an optimum is,

g
p.fi - r; = 0=

oIl

0X.
i

R

p = % (17)
The cost minimization first order conditions equations
permit expression of X, optimal solution as a function of
the input prices (ri's) and output (w). Since ri's are

fixed it can be written,

Zorgx. = g (w)
i=1

And a profit function in terms of output is equivalently
set up as,
I = p.w - g(w)

First order condition,

am _ o _ dg(w) _
= P - 0 (18)
1/ second order sondition is satisfied since
82H/3x2 = f.,. < 0 as shown in Appendix A.

il ii
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But, by definition g%%ﬂl = marginal cost (MC)
Then, (18) becomes,
p = MC (19)

Recalling equation (14) in the cost minimization

approach it was found that,

|'h| a}
[

AR (20)

1
It is claimed that A* equals marginal costl/, i.e.y
A* = MC

Therefore, from (17), (19) and (20),

H

p =M = f% = A*
: i
This result leads to the conclusions that cost minimization
and profit maximization are equivalents to find optimal
usage of inputs when output price is a constant. And by
the duality theorem, the overall conclusion is that output
maximization, cost minimization and profit maximization

are equivalent approaches to determine the optimal combina-

tion of inputs.

1/

=~ Total cost of optimum level of inputs, C = rix; and

dC/dxi =r,.

* *
ac dxi dCi/dxi

Marginal cost is defined as, mc = &€, + = %
dw dxi dw/dxi

Numerator is just r,. Denominator is marginal physical

r
product of X. s which is f;. Hence, MC =

S
=t -
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The decision of which approach is to be used in an
applied real world problem is based on the suitability of
the approach in being incorporated into a mathematical
programming technique if inequality restraints are added

to the optimization problem.



CHAPTER III

FEED FORMULATION

Feed Formulation by Linear Programming

Linear programming has been a practical and effective
technique for solving some optimization problems. Its
application is in optimizing (minimizing or maximizing)

a linear mathematical function (objective function) subject
to a set of linear inequality restraints. A typical linear

programming minimization problem can be formulated as:

Minimize (i=1, 2,..., n)

I =13
Q
ES

- g

Subject to
i

[[I =]

%bj (3=1, 2,..., m).

laljxl
In feed formulation for livestock, linear programming
is used to minimize feed cost subject to a set of nutrients
requirements where cy in the objective function of the
above formulation is the price per unit of the ith feed
(xi); aij is the feed nutrient coefficient, that is, the

amount of jth nutrient in ith

of jth nutrient.

feed; bj is the requirement

Linear programming is an effective method to find the

least possible cost that satisfies the set of all nutrient

38
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requirements and to select proportionaly the feeds to be
mixed in a ration. However, it is also true that the
linear programming technique implicity assumes constant
marginal products and constant returns to scale for
the production response which can hardly be true as demon-
strated earlier. That is, linear programming does not
allow for trade offs, for instance, between protein and
energy, the main nutrients in a broiler ration.

The broiler industry, in general, has available
microcomputers with linear programming packages that are
used to formulate rations. Feed formulations are processed
weekly depending on availability of feeds and their price
variation.

One linear programming least cost feed formulation
for a finishing ration used by the broiler industry is as
follows. Appendix C presents prices of the feed ingredi-
ents for two different periods of time, each of which make
up the objective function to be minimized. The feed
ingredients available are also shown in Appendix C. The
right hand side (bj) of each constraint corresponding to
nutrients (1-12) and feed ingredient (13-19) are shown in
Table 3-1.

The feed mix formulation in Table 3-1, made on
April 12, 1982, provided a cost/ton of $179.63
($.0898/1b.). A formulation on May 31, 1982 had exactly
the same minimum constraints and available feed ingredi-

ents. However, feed prices changed slightly resulting in



Used by the Broiler Firm on April 12,

41

The Linear Programming for Finishing Ration

1982

Nutrients and

Right Hand Side (bj)

Feed Ingredients Unit thimum(i)' Maximum (<) Actual
1. Protein % 21.7 21.343
2., Met. Energy Kcal./lb 1480 1480
3. Crude Fat % 4.1 7.904
4. Crude Fiber 2 3.9 2.505
5. Calcium % .8 .8
6. Available
Phosphorus % .4 .4
7. Sodium % .18 23 .18
8. Lysine % 1.04 1.04
9. Methionine % .42 .479
10. Methionine &
Cystine % .83 .83
11. Choline Mg/lb 708.0 708
12. Xanthophyl Mg/lb 6.0 14.6 6.236
13. Animal Fat % 20 6.0 2.469
1l4. Meat & Bone 50 % 6.0 6
15. Po Tank 50 Soy % 14.75 15.0 14.75
16. TM Mix 430 3 .05 .05 .05
17. Broiler Vit.
Mix «05 05 «05
18. LSS Solubles 12 « 15 .75
19. Fixed % « 375 =375 37D
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different actual values on the right hand side of some
constraints, such as: protein (21.7), crude fat (7.697)
and xanthophyl (6.321). The feed cost also changed

slightly to $178.75/ton ($.0899/1b.).

Feed Formulation by Quadratic Programming

As shown earlier, an optimum solution to the problem
of least cost production must lie on the expansion path of
the production function (say quadratic) which is defined
as the locus of all points with:

-ae _ ‘e

dE T

el

where,

-dP/dE is the marginal rate of technical substitution
between protein and metabolizable energy;

r, is the constant price per unit of metabolizable energy;
rp is the constant price per unit of protein.

This condition and two optimum solutions are characterized
by the points A and B in Figure 3-1. This figure,
depicited in the protein (P) and metabolizable energy (E)
space, shows two levels of pre-fixed total feed cost,

that for prices rp and r, are all combinations of P and E
on the lines FlFi and FzFé respectively. Two levels of
broiler liveweight on the production surface are repre-

17 and V_VZ. The JJ' line is

the expansion path. As indicated in Chapter II, an optimum

sented by the isoquant W

solution, say point A, can be met either by minimizing the



Figure 3-1.

Representation of Two Least Cost
Solutions on the Expansion Path
for Broiler Production Using
Protein (P) and Energy (E).

43
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total feed cost,

Z, = r P +r E
1 P e

Subject to a fixed level of bird weight (Wl),

f(P, E) = Wl

or by maximizing bird weight,

Wl = £(P, E)

Subject to a fixed level of total feed cost (Zi),
er + r E = Zi
Note that in either economic model, application of a
simple lagrange technique would lead to an optimum solu-
tion at point A or point B in Figure 3-1. However, two
problems arise. First, inequality restrictions have to be
added to the formulation in order to satisfy both nutrients
and feed ingredients requirements that may be necessary for
nutritional balance. This means that an extreme optimum
solution, say point A, may not be attained as inequality
restrictions are inserted into the world. Hence, a
mathematical programming technique needs to be employed to
search for a solution at or as close as possible to point
A. In a mathematical programming framework, the first
model described above would be difficult for application as
the production response is not linear resulting in non-
linear constraints. Second, both outlined economic models
are intractable for direct application in the sense that
prices of the nutrients, protein and metabolizable energy,

are not available. Therefore, a suitable transformation
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from the nutrient space to the feed ingredient space is
required. Consider the set of n available feed ingredi-
ents defined by the vector.

x' = (xl, Koreesy xn).

Define two n-dimensional vectors of technical coefficients

as, MI‘) = (Mpl' MpZ""’ Mpn)
Mé = (Mel, MeZ""' Men)
where,
ij, j=1, 2,..., n, is the provision of protein per unit
of the jth feed ingredient.
.. 3 =1, 2,..., n, is the provision of metabolizable

energy per unit of the jth

feed ingredient.

Then, the basic nutrients, protein (P) and
metabolizable energy (E), can be expressed in terms of the
n feed ingredients by the relations,

P =M x
P

E =M x
a

or, in matrix notation,

[P:| My
= X
E M!
e
Taking the transpose of both sides,
= '
B X [Mp Me]

So, any mathematical relation defined in the nutrient

space can now be transposed to the feed ingredient space.
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The two models that lead to the same optimum levels
of protein and metabolizable energy on the expansion path
of the production function (Pi and E*¥ at point A in

1

Figure 3-1) take into account a quadratic response speci-

fied as,
W=Db. + b.P + b.E + b P2 + b E2 4+ b_PE
0 1 2 3 4 5
or,
W = W-b, = b.P + b .E + b P2 + b E2 + b_PE
0 1 2 3 4 5

Using definition of a gquadratic form, the production

function can be rewritten in matrix notation as,

W* = [plsz [P} + [P E] [by 1/2b [%}
E

E
1/2b, b,

Substituting the vectors [%] and [P E| by the relations
E

found above, it follows,

W* = [plsz Mé X + x' [ypme] by 1/2b, Mé X

Mé l/2b5 b4 Mé

or simply,
wW* = £f(x) = d'x + x'Dx.
A quadratic programming model to maximize broiler
weight for a given feed cost can now be defined as:
Maximize: W* = d'x + x'Dx
Subject to: C'x = Z
Ax < b

x>0
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where,
X: an n x 1 vector (n is number of feed ingredients
available);
d': an 1 x n vector;
D: an n x n matrix
C: an 1 x n vector of the prices of the n feed ingredients;
Z: a given fixed level of total feed cost;
A: an n x n matrix of the nutrients coefficients. &an
element of A, say aij’ specifies the amount of nutrient
i(i =1, 2,..., n) per unit of feed ingredient j(j = 1,
2isswg N)G
b: an n x 1 vector of minimum or maximum amount of each
n nutrients to achieve nutritional balance.
Minimum and maximum values for feed ingredients are also
included here as needed for nutrition.

To meet one of the goals of this study, a gquadratic
programming model (Appendix D) was applied to two different
right hand sides (b vector). It is significant to note at
this point that the b vector, c vector and A matrix may be
the same values specified for linear programming models
currently used throughout the feed industry. The model
can be explained to industry as constraining the LP pro-
blem to alternative levels of feed cost per bird, Z, in
order to produce the largest possible bird, W*, for that
cost. Thus, industry constraints used by a major firm in
the broiler industry were applied as the vector described

in Table 3-1. Also, a set of biological constraints was
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specified by Dr. Gene Pesti of the Poultry Department at
the University of Georgia. The biological constraints
vector is presented in Table 3-2. Table 3-2 contains only
constraints that differ from those in Table 3-1. So, the
constraints left out in Table 3-2 are exactly the same as
those in Table 3-1. The levels of protein and metabo-
lizable energy in Table 3-2 define the range of the
experimental data generated by the feeding experiment con-
structed for this study. The data for lysine, methionine
and methionine and lysine are referred to as a percentage
relative to the protein level in the ration, as opposed to
those similar constraints in Table 3-1 where the percent-
ages for the same nutrients refer to percentage in the
ration.

Finally an important contrast between linear and
quadratic programming formulation can be made. A charac-
teristic of the linear programming technique is that it
tends to provide optimum solutions around the lower bound
of the nutrient and feed ingredients constraints (See
Table 3-1). Under this technique, broilers withdrawn at
different time periods, consequently at different live-
weights, have been grown on the same ration. For instance,
the data in Table 1-5 show a range of observed average
broiler liveweights from 3.651lbs. to 4.051bs. for different
periods of time where broilers were fed on the same ration.
On the other hand, the gquadratic programming technigue

can predict not only the final broiler liveweight but also
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Table 3-2. Critical Biological Constraints for a Broiler
Finishing Ration that May Differ From Industry Constraints
Used in Linear Programming

Nutrients and Right Hand Side (bj)

Feed Ingredients Unit Minimum (>) Maximum (<)
l. Protein % 17«5 22.0

2. Met. Energy Kcal/lb. 1315 1542

8. Lysine % 4,35 4,35
9. Methionine 2 2.17 2.17
10. Methionine and

Cystine % 4.04 4.04

13. Animal Fat % 1.0 6.0

15. Po Tank 50 Soy

oo
-
wn
o
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it can adjust the nutritional requirements as heavier
broilers are produced along, or as close as possible, to
points on the expansion path. Along the expansion path for
increased weight, the changing marginal productivity of
nutrients the level of feed prices are the important
criteria for determining the least cost per pound of
broiler produced. In linear programming, only the feed
prices and the right hand side are important. Marginal
productivity of feed is never considered by linear program-
ming as a factor that cause the nutritional requirements
in the right hand sides to vary according to the weight
of bird that is desired or according to changing prices of
feed ingredients. A significant benefit of the quadratic
programming model is that the model determines the optimum
levels of P and E that are consistent with feed prices and

the least cost bird (Chapter II).



CHAPTER IV
DATA AND ESTIMATIONS

Data for the research were generated through two
experiments, called experiment two and three, conducted by
Dr. Gene Pesti in the department of Poultry Science at the

University of Georgia.

Experiment Two

The objective of the experiment was to characterize
the response of male broiler chickens to diets of various
protein and energy levels. Two thousand and sixteen
central Soya (Peterson x Hubbard) feather sexed day-old
chicks were used in the experiment (from a commercial
hatchery). These chicks were randomly assigned to 48 pens
with 42 chicks per pen. The birds were fed ad libitum with
nine different diets made up of five protein levels (17.5,
18.6, 19.8, 20.9 and 22.0%) and five metabolizable energy
(kcal/1lb) levels. (1315, 1374, 1429, 1488 and 1542) (Figure
4-1). These levels of nutrients were derived from the
composition of representative basal diets which is in
Table 4-1. The experiment was designed so that there were
five replicates on each ration. Observations on average

pen weights, average pen feed consumption and average
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Table 4-1. Composition of Representative Basal Diets

Test Diets

Ingredients - II IIT v
Percentage of Diet

Ground yellow corn 61.63 61.92 71.53 54.85
Poultry by-product meal 5.00 5.00 5.00 5.00
Soybean meal, dehulled 28.02 23.36 16.05 19.31
Wheat middlings - - 2.70 16.20
Poultry oil 2.68 7.01 1.50 1.50
Dicalcium phosphate - - 1.57 1.60
Defluorinated phosphate 1.49 1.65 - -

Limestcne .49 .39 .95 -88
DL-Methionine .09 .08 - .05 .07
L-1lysine (98%) - - .04 -

Mineral mix?3 .05 © .05 .05 . .05
vVitamin mixP .25 .25 .25 .25
Salt .30 .30 .30 .30

Calculated Contents (NRC, 1977)

NRC, 1977
Recommen—
dations®
Metabolizable energy . .
(Kcal/g) 3.15 3.40 315 2.90 3.20
Protein (%) 22.0 19.8 17.5 19.8 20.0
Lysine (%) 1.18 1.03 .88 .99 1.00
Methionine (%) .46 .42 .37 .40 .38
Tsand (%) .78 .71 .64 .70 .72
Lysine (3 of protein) 5.4 + 5.2 5.0 U B0 5.0
Methionine (% of protein) 2.1 251 2.1 -2.0 1.9
TSAA (% of protein) 3.6 3.6 3wl 3.6 3.6
Analyzed Contents
4 crumbles 21.4 20.7 17.3 19.0
Crude protein {‘nellets 22.9  20.0  18.2  18.6

Metabolizable energy

[
&yitamin premix provides (per kg/diet): vitamin A, 11,000 IU;
vit. Djy, 1100 ICU; vit. E, 11 IU; riboZflavin, 4.4 mg; Ca pantothenate,
12 mg; nicotinie acid, 44 mg; choline Cl, 220 mg; vit. Byo, 6.6 mcg;
vit. Be, 2.2 mg; menadione, l.1 mg (as MSBC); folic acid, 0.55 mg;
d-bistin, 0.11 mg; thiamine, 2.2 mg (as thiamine mononitrate):
etho.iyguin, 125 mg.

bTrace mineral mix provides (ppm of diet): Mn, 60; Zn, 50; Fe, 30;
Cu, 5; I, 1.05, ca, 75 {(min.) and 20 (max.).

“Por 3-6 week old broilers

dTotal sul fur-containing amino acids
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Metabolizable
Energy (Kcal/lb)

1542

1488

1429

1374

1315
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17.5 18.6 19.8 20.9  20.0 * Dietary
Protein

Figure 4-1. Nine Diet Combinations of Protein
and Metabolizable Energy Used in
Experiment Two.



54
percentage of fat in the carcass were recorded at the end

of 5, 6, 7 and 8 weeks.

Experiment Three

This experiment had the same objectives, feeding
characteristics and allocation of chickens per pen of
experiment two. However, as specified by the author, there
was a slight difference from experiment two in the protein
and metabolizable energy levels. Two extreme diets were
added to the design (Figures 4-2) in an attempt to generate
substitution effects of protein and energy over a wider
range than the usual experiment. The composition of the
basal diets were similar to experiment two.

Also, to define consumption data, observations on
average pen weights and average pen feed consumption were
recorded half-weekly from 3 to 8 weeks. Percentage of
carcasé fat was observed at the end of 6, 7 and 8 weeks as
a means of adding a quality dimension to the data base.

Data regarding available feed ingredients in broiler
operations and their prices for selected periods were
collected from a major broiler producing firm. Also, data
on average broiler liveweights withdrawn from feeding at
different periods of time were collected from broiler
producers that utilized the ration formulation of the firm

referenced above.
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Metabolizable
Energy (Kcal/lb)

1542

1486

1429

1372

1315

* *
* *
* * *
* *
* *

% Dietary
17.5 18.63 19.75 20.88 22.00 P dead 1

Figure 4-2. Eleven Diet Combinations of Protein
and Metabolizable Energy Used in
Experiment Three.
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An important difference between these two experiments
is that experiment two was conducted in the summer while
experiment three was conducted in spring.

The design of all experiments were of the central
composite type (13). Choice of this type of design seemed
to be appropriated since extreme combinations of protein
and metabolizable energy may not fit the nutritional need
of chickens (37). Furthermore, the design provides a
balance between the number of replications per treatment
and number of treatments and factors (13).

Empirical Estimates of Production Response, Fat
Response and Time of Consumption Response

Production Response

In order to accomplish the objectives through
application of quadratic programming, empirical estimates
of quadratic response were obtained from both experiment
two and experiment three. Based on the available data
from these experiments, the general form of the production
response was:

W = £(P

rst B )

rst’ “rst

where,

Wrst: Cumulative average of liveweight per broiler
th '

(kilogram) of the r pen fed on the sth ration at the end

of the tth week.
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P Cumulative average of crude protein intake

rst’

(kilogram) per broiler of the rth pen fed on the sth ration
at the end of the tth week.

Erst: Cumulative average of metabolizable energy intake

(kilogram) per broiler of the rth pen fed on the sth ration

at the end of the tth week.

The explicit specification of the production response

2 2
= - +
was, Woqp 2o alPrst T aE st a3Frse * aFrer T
aSPrst . Erst &5 € ot° According to previous applications

of this type of response to livestock (6, 9, 10, 22),

0’ al and

positive or nega-

specially to broilers, it is expected to have a
a, positive, a, and a, negative and ag
tive. It is also expected, based on other studies that the
estimate of a, (i=0, 1,..., 5) should be significant at
most at the 5% significant level and the coefficient of
determination (RZ) should be around .98.

From the way the experiments were conducted and data
were collected, time was the only fixed variable. All
other variables (feed inputs and output) are, therefore,
stochastic. This happens because each average pen was
the experimental unit and each pean was observed over time
at pre-fixed time periods. Hence, two estimation problems

might arise. The first problem refers to autocorrelated

errors. As Dillon (13, pp. 1l61-2) points out,
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"Response experiments often involve

repeated observations on the same

experimental unit; for example,

weekly readings of the liveweight

of animals in a group, multiple

cuttings of hay from a plot, crop

rotation sequences on the same field,

yields of perennial crop. With such

data sets combining cross-section

and time-series observations, the

error assumptions of ordinary least-

squares regression are likely to be

upset by autocorrelation due to

sequential observation on the same

unit not being satistically

independent."
The second problem concerns the stochastic explanatory
variables (inputs) which are assumed to be fixed in many
statistical models. As a result of these problems, biased
and inconsistent estimators could be obtained. The only
way to avoid the stochastic variable problem is to have an
experimental design in such a way that the amount of feed
intake per pen is pre-fixed at different levels, and have
data on liveweight and time elapsed to eat the feed as
recorded at those levels of total feed consumption.
Although this procedure would provide unbiased and con-
sistent estimates for the response equation, there would be
loss in terms of prediction since more dispersion on the
liveweight variable would be observed for each level of
feed consumption. On the other hand, in an experiment
where time is fixed (experiments two and three) the obser-

vations on liveweight levels follow a smooth pattern

providing good fit for prediction. In any event, working
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with biased estimators is not an uncommon problem in
applied economic research. In this regard, Gujarati
(21, p. 324) has a point:

"In reality, what is usually done is
to "assume away" the error of measure-
ment problem by supposing that they
are not present; if they are present,
we suppose that they are of suffici-
ently small magnitude so that we can
proceed with the usual estimation
procedure."

The assumptions of the model in study are then:

1. E(e }=0

rst

2. E(e # 0 for all r and s

rs,t;ers,t—l)

3. E(er sti®y St)=0 for all s and t

1 2

4. E(e ) =0 for all r and t

Il

e
rslt rszt

Therefore, given Dillon's argument and the above assump-
tions, autocorrelation has been assumed to be present in
the model and the first order autocorrelation processl/ has
been used to correct the model. Using Durbin's method

(31, p. 289), the estimates of the quadratic responses

corrected for autocorrelation are:

Experiment Two:

W = .053277 + 1.148502P + .102896E - 2.295389P2 -

(.159)* (L011) * (.939)*
~.099087E% + .25587PE
(.0031) * (L119)%*

}/First order autocorrelation process assumes that,

= + .
rs,t ~ PCrs,t-1 " Vst
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Standard errors are in parentheses,
(*) Significant at 1%,

(**) Significant at 5%.

Experiment Three:

W = .041988 + 1.457695P + .109539E - 1.758822P% —
(.1892)*  (.0118)%  (.6727)% (.0027)*
~.007404E% + .163387PE
(.0027) * (.084)**

R® = .99

Standard errors are in parentheses,

(*) Significant at 1%,

(¥**) Significant at 5%.

One of the investigations of this work is to study whether
the results derived from applying experiment three (spring)
production response are different from the one from apply-
ing experiment two (summer) production respose.

Both quadratic response are concave functions (See
Appendix A and Figures 4-1 and 4-2). The sign of the
coefficients, significance of the coefficients and magni-
tude- of R2 are according to the expected results found in
other studies and from the viewpoint of economic theory
(Chapter II).

The difference in magnitude of the estimated
coefficients between the two response functions might be
attributed to a seasona} factor (environmental temperature)

It is a biological fact that chickens tend to weighed
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less during the warmer seasons (10). This is confirmed by
the estimates of the quadratic responses. The estimated
spring response (experiment three) reaches the absolute
maximum for liveweight at 10.5 lbs. (4.7kgs), while the
estimated summer response (experiment 2) reaches that
absolute maximum at 8.3 lbs. (3.7kgs). Consequently,
results of the quadratic programming derived from the
spring experiment response will provide heavier birds than
the one derived from the summer experiment response, based

on the same feed ingredients prices and feed intake.

Fat Response

Quality of the broiler will be taken into account by
inse;ting broiler's body fat content into the quadratic
programming models. Certainly, the fat content in the
bird's carcass depends on the ration which the bird is
consuming. Birds on a high energy ration are fatter than
birds on low energy ration.

The fat equation is defined as a function showing
the relationship between bird's body fat and protein and
metabolizable energy intake. That is:

F = g (P )

rst’ Erst
where,

F : Cumulative average of a broiler's body fat (kilogram)

rst
of the rth pen fed on the sth ration of the end of the tth

week; P ‘and Er are defined as in the production

rst

response.

st
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A fat response equation can be incorporated into the
quadratic programming model as a constraint. The fat
equation was specified as,

F = bo : blP + sz.

It should be expected that bl < 0 and b2 > 0, meaning that
for a given level of energy, increase in the protein level
provides a leaner bird and, for a given level of protein,
increase in the energy level gives a fatter bird. Research
by Pesti has resulted in similar findings in prior
study (36).

Fat equations were fitted on data form experiments
two and three. All the estimation problems were investi-
gated following the same procedures used to evaluate the
production response. The equation fifted to experiment
three data was statistically poor and values of the coeffi-
cients did not match with expectations. On the other hand,
the fit on data from experiment two was statistically good
and values of the coefficients were as expected, i.e.,

F = .013651 - .088859P + .016912E R2 = .74

(. 0233)* (.0015)*
Standard errors are in parentheses,
(*) Significant at 1%.
Therefore, this was the fat equation chosen for

prediction in the gquadratic programming model.
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Feed Consumption and Time Equation

The time elasped for a chicken to consume a certain
amount of feed plays an important role in broiler feed
formulation. As an example, consider a broiler ration
formulated using two different sets of constraints (say
minimum levels of certain nutrients). If the rations
result in two different broiler liveweights, consider
that the set of constraints that gave a heavier bird might
have taken much longer than the time required to produce
the lighter bird. Furthermore, for given constraints and
prices of feed, cost per bird could have been the same.
Based on the example, an appropriate economic problem is:
given C cents feed cost that yields W lbs. broiler in T
days, is it possible to produce a W lbs. broiler with C
cents feed cost in fewer days than T? If so, resources
other than feed will be more productive. Also, gquality
of the bird as measured by fat content in the bird, might
be a factor to take into consideration. If time-consump-
tion response and fat response are included in the ration
formulation (say quadratic programming) the economic pro-
blem could be solved.

As in the previous equations, the time of consumption
equation is also specified to be a function of protein
and metabolizable energy intake:

Trsc - h(Prsc' Ersc)
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where,

Trsc: Time elasped (days) for a broiler of the rth pen

fed on the sth ration to eaz the cth kilogram of feed;

Prsc: Cumulative average of crude protein intake (kilogram)
per broiler of the rth pen fed on the sth ration at the end
of the cth kilogram of feed consumed;

Ersc: Cumulative average of metabolizable energy intake
(kilogram) per broiler of the rth pen fed on the sth ration
at the end of the cth kilogram of feed consumed.

The specification of the function h is based on the
following argument. For each additional small increase in
feed consumption, the time elasped for a chicken to eat
more food, obviously, also increases, possibly, at a
decreasing rate. Mathematically, this argument is
expressed as; let C be a certain amount of feed intake and
T be the time elasped to eat that amount of feed. Then,
the following two conditions must hold:

at . 0 and d2T

dac dC2

< 0

Besides the two estimation problems mentioned in
estimating production response the time of consumption
equation presents another one. The experiments were
designed as time being fixed, i.e., time is a fixed
variable. As such it cannot be used as a dependent vari-
able in an econometric equation. The suggestion then
is to make the time variable stochastic by examining feed

consumption at different levels and then "calculate" the
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time elasped for a chicken to eat a fixed amount of
feedi/. Appendix B describes the procedure of the calcula-
tions. Estimation of the time equation derived from experi-
ment three proved reliable estimates for prediction.
Reliability was due to the accuracy of the calculations for
the time of consumption variable when observations on con-
sumption were taken at half week intervals. The time of
consumption variable derived from experiment two when only
weekly observations were taken, was not as accurate.
Hence, only the time equation from experiment three was
used in further énalysis.

Previous works on the specification of the time of
consumption equation cite two possible functions that
satisfy the above referenced two conditions: square root
or quadratic, which are reprectively,

D

T = c0 * clP + czE + c3P + c4E

3 + CS(PE)'5

2 2
= 1 1 T 1 1 1
T = C0 * ClP + CZE 5 2 C3P *+ C]E + CSPE

Heady et. al., (25) using corn (high energy content) and
soybean (high protein content) as independent variables

in the time equation showed that the square root function
performed better than the quadratic function. Both speci-
fications were fitted in the nutrient space (P and E), and

the square root estimates did perform better than the

1/

~ Feed consumption was examined at 4.4092, 6.6139,
8.8185, 11.023 and 13.2277 pounds which correspond to 2, 3,
4, 5 and 6 kilograms, unit by which the experiments were
conducted.
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quadratic estimates. Therefore, the time of consumption

equation that was considered most accurate was:
.5

T = 4.587262 + 243.612384P + 16.578949E + 50.935784P"° +
(102.926) * (6.487)* (15.763) *
5.34376E°° - 131.133132(PE)"°>
(2.674)%* (51.485) *
RZ = .99

Standard errors are in parantheses,
(*) Significant at 1%,
(**) Significant at 5%.
The value of the coefficients match those found by
Heady et. al., (25).

In order to solve the economic problem raised earlier
in the section, it is necessary to have a time equation
as one of the constraints of the gquadratic programming
formulation. The non-linearity of the above time equation
makes it impossible to use in a set of linear constraints.
To avoid non-linear constraint a linear equation was also
specified and it estimates were,

T = 24.403404 + 10.511097P + 1.010951E R™ = .95
(2.352)% (.144)%*

Standard errors are in parantheses,
(*) Significant at 1%.

The square root time equation was more accurate than
the linear time equation in terms of prediction. That is,
the linear equation tended to underestimate in relation
to the predicted time from the square root egquation.

However this differential bias was estimated and used to
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adjust the linear equation that will enter as a constraint

in the feed formulation problem.



CHAPTER V
EMPIRICAL RESULTS
The Linear Programming Results

The main economic indicators showing broiler
production responses as derived from feed formulated by
linear programming (LP) were obtained from feed mill
records. Observations were obtained during two periods
on broiler average liveweight and time elasped for a bird
to reach each level of liveweight. The observations
suggested that broiler producers withdraw birds from the
feeding process at different ages. This happens for
several reasons. Producers might market birds early
because the added value might be less than the added cost
of feeding. If birds are at least a minimum weight
demanded, they might be withdrawn earlier or later to match
the schedule of the processing plant. However, the right
hand side values (see Table 3-1) of a linear programming
feed formulation cannot reflect the least cost method of
producing alternative liveweight of broilers. The LP
ration is formulated for least cost of a unit of feed with
no objective means of predicting the cost of alternative

liveweights produced by the ration.

70
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It might be worthwhile pointing out at this point

that the data on LP (production response) were observed for
all_broiler producers affiliated to the broiler firm that
formulates the ration. Given these data, the average live-
weight of 46 days old broilers 3.62 to 3.65 pounds was
computed among all producers that delivered broilers at
that age (Table 5-1).

The liveweight growth rate, in both observation
periods, was much higher from day 48 to day 49 than the
growth rate in earlier days. For example, on April 12,
the growth rate from 48 to 49 days was 7%, while the
growth rates from 46 to 47 days and from 47 to 48 days
approximately 2% (Table 5-1). On May 31, the later day's
growth rate was also 7%, but in the earlier days that rate
was 1% or lower (Table 5-1). Unless there was a minor
aggregation error, the liveweight growth rate might be
an indication that growing broilers longer (at least up
until 49 days) might be more profitable, depending on the
levels of added costs.

Birds grown on feed formulated April 12 weighed
slightly more than the birds grown on feed formulated May
31. At 46 and 47 days, the weight difference was about 1
and 2% respectively, while at 48 and 49 days that diffe-
rence increased to about 4% (Table 5-1). It is supposed
here that some seasonal factor, such as temperature, might

have influenced the growth in the two periods.



Table 5-1. Observed Average Liveweights from Industry
Records in Four Periods on April 12, 1982
and May 31, 1982

Average Liveweight

Time April 12, 1982 May 31, 1982

(days) (1lbs) (1bs)
46 3.65 3.62
47 372 3:65
48 3+81 3.67

49 4.08 3.93
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A principal result of using linear programming feed
formulation was that 72.2 cents of feed cost were required
on average to produce a 3.78 pounds broiler in an average
time between 47 and 48 déys for feed formulated on April
12 (Table 5-2). For the formulation made on May 31, 69.7
cents of feed cost were required on average to produce a
bird weighing an average of 3.72 pounds in just more than
48 days (Table 5-2). A main concern of broiler producers
is how these results can be improved. There are two ways
this can be done. First, biological research can improve
technical and, thus, efficiency in broiler production.
Second, éelecting the optimum nutrient levels that produce
least cost of broiler will point to improved economic
efficiency in broiler production.

Industry observations on linear programming
restriction levels in Table 3-1 and resulting outputs in
Table 5-1 and 5-2 will serve as the reference point for
comparison with the results that came from estimating price
efficient input levels that lead to maximum growth and
least cost of broiler production, i.e., via quadratic

programming in this instance.
The Quadratic Programming Results

In order to accomplish objective 1 of the thesis
the theoretical framework of Chapter III indicates an
investigation on whether a right hand side of basic

nutrient requirements can be specified best by industry or
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Table 5-2. Response Data from Linear Programming Formula-
tion on April 12, 1982 and May 31, 1982

Results April 12, 1982 May 31, 1982

Time Weighted Avg. Live-

weightg/(lbs) 378 3:72
Avg. Technican Feed
EfficiencyQ/(Conversion) 2.10 2.08
Ave. Feed Consumptiong/ (1lbs) 7..97 774
Feed Cost (cent/lb): Starter 9.34 9.26
Finisher 8.98 8.94
Av ., Feed Costg/ (cents
broiler) 72.2 69. 7
Ave. Feed Cost per Pound of
Broiler (cents/lb) , 19,1 18.7
E-/Time weighted ave. liveweight::? b/ ? £ - Calcula-
; ivi’, i
i=1 i=1
tions were based on Table 5-1.
E/Monthly average pounds of feed/lb. of broiler liveweight.
c/

— Avg. feed consumption=(av . technical feed efficiency).
(time eight ave. liveweight).

é-/It is assumed that the starting ration takes, on average
based on experimental data, 21% of the total feed consump-
tion. Then, ave. feed cost is computed, for instance on
April 12, 1982, as:

(.21) (7.93) (9.34) + (.79) (7.93) (8.98) = 72.2
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by biological constraints for economic modeling by
quadratic programming. Results of testing both constraint
sets are shown in Table 5-3 (industry constraints) and in
Table 5-4 (biological constraints). Data in these two
Tables were derived by using production response from
experiment three and feed ingredient prices on April 12,
1982. The decision on which constraint set provides the
least cost result is to be based on the following: given
a certain level of feed cost per broiler which set of
constraints produces maximum weight at least cost per
pound in the shortest length of time and produces the
highest quality bird (least carcass fat).

At the 69 cents feed cost level the difference
between feed cost per pound of broiler in the formulations
using industry constraints (Table 5-3) and the formulation
using biological constraints (Table 5-4) is 17.16-16.87=.29
cents/pound in favor of industry constraints. On the other
hand, at the same feed cost level the difference in rate of
consumption between the two formulation is 46.4-46.2=.2
days in favor of biological constraints. These approxi-
mate levels of difference were observed for all levels of
feed cost. Since least time is undobutly valuable but
unknown in this study, these results are conflicting and
inconclusive for making a choice.

An important point on the argument about quality
of the bird produced concerns the diet composition of the

two formulations. 1In both cases, the methematical
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programming solution provides a stable percentage of
protein in the ration, at 22%, at all levels of feed cost.
However, higher levels of metabolizable energy are found in
the industry constraints solution, which implies that a
fatter bird would be produced, given that protein is held
constant. Although fat response could be estimated from
experiment three data, estimates from other experiments
support the possibility that the difference in body fat
would be relevant. To predict the possible difference,
the fat response of experiment two was used. At 69 cents
feed cost, the industry constraints were predicted to
produce .2 pounds of body fat more than the biological
constraints.

Choosing between the two formulations was difficult
because of conflicting results and no data on the value of
time. However, due to the inference made on fat, bio-
logical constraints (See Table 3-2) were chosen to develop
further quadratic programming results. Birds that were
too fat, oily bird syndrome, was a significant industry
problem at the time of the study and further reinforces

the choice of biological constraints.

Input Prices and Least Cost of Production--Experiment Three

The selection of best constraint set was made for
one set of feed ingredient prices only. Certainly, the
setting of selected constraints in a programming problem

is one of many conditions that affects the results.
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In fact, one of the important results of this analysis
is to find out how changes in feed ingredient prices
determine protein and energy levels in the right hand
side so that feed cost per pound of broiler is minimized.
According to Table 5-=4 and 5-5 which were calculated
using feed prices on April 12, 1982 and May 31, 1982,
protein in the ration was the only factor that did not
respond to changes in feed ingredient prices occurring
during the period. Protein was steady at 22%, which was
the upper limit of biological constraint in the experiments.
On the other hand, metabolizable energy did respond to the
price change. Metabolizable energy levels on May 31 com-
pared to the levels on April 12 decreased at all values of
feed cost. At 69 cents feed cost, in the April 12 formula-
tion, the value for crude metabolizable energy was 1432
kcél/lb. For each 1 cent increase in feed cost per bird
metabolizable energy increased by about 3 kcal/lb. On the
May 31 formulation, the metabolizable energy level started
at 1428 kcal/lb. and increased by 2 to 3 kcal/lb. for each
additional 1 cent increment in feed cost. For least cost
of production the amount of crude metabolizable energy in
the ration should increase if heavier birds are produced.
In spite of the fact that protein remains constant, the
results are consistent from the standpoint of biological

requirement for chicken growth.
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The level of the protein and metabolizable energy
nutrients found in a ration are crucial to determine
other variables in broiler production. In the results
presented in Table 5-4 or Table 5-5, increased spending
on feed cost/broiler is obviously related to the greater
amount of feed intake required to produce a heavier bird.
These results indicate increasing feed efficiencyi/, as
typically measured by industry, which is consistent with
a quadratic production response. This measure of technical
efficiency is directly related to cost per pound of
broiler which is the more important goal. Feed cost/pound
of broiler increases with feed per pound of broiler as
birds become heavier. This result means that for each
additional 1 cent of feed cost per bird, the marginal gain
of liveweight is less than a unit of weight. In other
words, average feed cost per pound was always increasing
with increasing bird weight.

The relationship of changing costs over time was
examined through use of function showing rate of feed
consumption. The function was estimated by both square
root and linear time equations. According to experiment
results, at 69 cents feed cost, 46.2 days (square root
equation was required for a broiler to eat 7.75 pounds
of feed and reach 4.02 pounds of liveweight. These levels

of feed intake and liveweight were estimated to be obtained

1/

— The increases are clearly observed in the third
decimal places, which are not shown in the figures.
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in 43.8 days according to the linear time equation Table
5-4, There was an increase of .2 to .3 days, using either
the square root or linear equazion for each cent increase
in feed cost and average cost per pound per day was
increasing with time. Thus, there was a consistent bias
of 2.3 to 2.5 days between the square root and linear

equation prediction, for any given level of feed cost.

Input Prices and Least Cost of Production--Experiment Two

Certainly, the main effects of feed ingredient price
changes on the economic variables of broiler production
are similar regardless of the production function that is
analyzed. So, this section emphasizes the effect of a
production response change on the least cost of broiler
production. This effect will be investigated by comparing
the results from experiment two wizh the results from
experiment three. Table 5-4 of experiment three and
Table 5-6 of experiment two are based on comparable prices
(april 12)%.

As earlier, production response in experiment three
was more technically efficient than the production response
in experiment two. That is, to reach a certain level of
liveweight, birds grown in spring (experiment three) ate
less feed than birds grown in summer (experiment two).

This is seen by comparing 4.13 pounds broilers in Table 5-4

l-/A comparison based on May 31 prices would lead to
the same conslusions.
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and 5-6. To reach that weight under experiment three, the
least cost feed intake is B8.04 pounds at a cost of 72 cents
per bird, while to reach the same weight under experiment
two, 8.09 pounds of feed were required at a cost of 74
cents. For the same reason, the technical feed effici-
encies to produce a 4.13 pounds broiler using results of
experiment two and three were 1.96 and 1.95 respectively.

The least cost protein level did not change between
different production responses. It remained constant at
the upper limit of 22% at all levels of feed cost per bird
in both production response results. On the other hand,
with feed prices constant, the metabolizable energy level
varied with change in the production response. At any
éiven value of total feed cost, the metabolizable energy
level from experiment two response is higher than the
metabolizable energy level from experiment three response.
For instance, at 69 cents feed cost least cost energy
levels were 1464 and 1432 kcal/lb. of metabolizable energy
using experiment two (summer) or three (spring) response
function, respectively. From a biological point of view
these results may seem to be inconsistent because during
warmer seasons birds have been found to intake less energy
than during cooler seasons (10). However, from the econo-
mic standpoint the explanation for such a result is based
on the marginal productivity of energy. Consider the

production response of experiment two and three.
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The marginal productivity of energy from experiments two
and three production responses are respectively:

Summer: (MP)12= .102896 - .18174E + .25587P

Spring: (MP)]3= .109539 - .014808E + .163387P

For given levels of protein intake and metabolizable
energy intake the two marginal productivities can be cal-
culated. Calculations made for a given feed cost level
and a given amount of intake are:

69 cents feed cost: Summer (MP)]2 = .21 pounds

Spring (MP)13 = .16 pounds
As implied by economic theory, the higher marginal produc-
tivity of energy will dictate more of its use given fixed
input and output price levels. Therefore higher levels of
energy produced least cost birds at the same weight from
the production response of experiment two (summer) as
compared to sbring production.

The superiority in technical efficiency of experiment
three over experiment two reflects into economic efficiency
as measured by feed cost/pound of broiler. At any given
level of feed cost, production response in experiment three
can provide a heavier bird than the production response of
experiment two. Consequently, feed cost/pound of broiler
is lower for results derived from experiment three produc-
tion response. This result suggests that during cooler
season broiler producers should make more profit than

during warmer seasons.
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Least Cost and Broiler's Quality

Generally the heavier the bird, the more fat is found
in the carcass. The fat content in the bird's carcass is
the variable used to measure quality of the bird. To
fulfill objective two of the thesis, an economic analysis
on the possible trade off between least cost broiler and
quality of broiler was conducted. Estimated carcass fat
content of least cost birds varied from .2872 to .3186
pounds within the feed cost range of 69 to 77 cents and
bird weight of 3.81 to 4.15 pounds, Table 5-7. That range
of carcass fat indicates a basis for setting the right
hand side of a fat constraint thaz will yield an analysis
of cost effects within a quadratic programming formulation.

To remain consistent with experiment two data, five
levels of carcass fat were chosen for the right hand side
constraint, i.e., .2645, .2866, .3086, .3307 and .3527
pounds. These fat values are in a range wide enough to
produce leaner and fatter birds than birds derived from
the least cost application where fat was unconstrained
(Table 5-7). The results from imposing the fat constraint
in the optimization problem are shown in Table 5-8.

The two lowest levels of fat, .2645 and .2866 pounds,
in Table 5-8 are lower than the minimum fat level estimated
from least cost formulation in Table 5-7. At those two
values for fat, at any given feed cost, the fatter the

bird, the higher the energy level and the heavier the
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bird, given that protein was stable at 22%. To produce a
lean bird with fat constant, the protein content in the
ration must be high and the energy content must decrease
as size and age of bird increase Table 5-8.

Concerning technical feed efficiency and feed cost/
pound broiler in Table 5-8, results for .2866 pounds of
fat are superior to the results for .2645 pounds of fat,
at all levels of feed cost. Specifically, the differences
in technical feed efficiency and feed cost/pound broiler
for the two fat levels are .03 to .05 and .74 to .9 cents/
lbs., respectively, in favor of the .2866 pounds of fat
constraint.

Attention is now turned to higher levels of fat,
.3086, .3307 and .3527 pounds, which are also presented
in Table 5-8. The lower level, .3086 pounds of fat, is
included in the range of the estimated fat values from the
least cost solutions in Table 5-7, while the two highest
levels of fat, .3307 and .3527 pounds, are not. At any
of these higher fat levels, there is a trade-off between
protein and energy, as feed cost varies.from 69 to 77
cents. That trade-off means that for lower feed cost,
protein is low and energy is high; and for higher feed
cost, protein is high and energy is low. This trade-off
is needed to stabilize fat at a fixed level. Observe
what happens to protein and energy when feed cost is at
any given amount, and fat varies from .3086 to .3527:

protein decreases and energy increases. This last
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protein-energy trade off occurs in such a way that, at any
level of feed cost, the addition of fat to the birds
carcass causes: a) reduction of liveweight; b) increase in
technical feed efficiency; c¢) increase in feed cost/pound
broiler. These results suggest important implications in
broiler producing decision. In sum, high fat birds might
not be of economic advantage to produce.

Excluding the .3307 and .3527 pounds of fat levels
of the analysis, emphasis must be made on the three lowest
levels of fat, that is, .2645, .2866 and .3086 pounds. If
a decision must be made on which of these fat content is
best, several factors have to be considered. Birds With
.2645 pounds of fat are leaner and lighter and provide
higher feed efficiency and feed cost/pound broiler, than
birds with higher levels of fat, compared at any given feed
cost. Consider now a comparison between the .2866 and
.3086 pounds of fat birds. At 69 and 70 cents feed cost
birds with .2866 pounds of fat provide lower feed cost/
pound broiler than the birds with .3086 pounds of fat.
However, at any feed cost level greater than 70 cents,
the fatter birds are more economically efficient (lower
feed cost/pound broiler) than the lighter birds.

As far as feed cost/pound broiler is concerned,
.3086 pounds can be said to be the best level of fat for
feed cost at 71 cents or greater. At 69 and 70 cents feed
cost, .2866 pounds of fat would be the best level. It

is worthwhile noting that .2866 and .3086 pounds
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of fat levels are within the range of least cost
formulation (Table 5-7).

The least fat (.2645 pounds) results cannot be
discarded. Despite the higher feed cost/pound and less
liveweight, the .2645 pounds of fat broiler are of better
quality than the higher fat content birds. It leaner
birds are worth more in the market, then the least fat
broiler in the present analysis could be viable for
production. Beside that, producing a lighter and less
fat bird will probably take less time than producing a
heavier and fatter bird. This fact might improve the

viability of producing the least fat bird.

Least Cost and Least Time--Experiment Three

Incorporation of the time constraint into the
quadratic programming formulation will give information
whether broiler grown in less time have any cost advantage
or disadvantage relative to broilers grown over a larger
period. The idea is then to investigate the possibility
of reducing time to produce a specified level of broiler
liveweight.

The right hand side in the time constraint was
normalized around the estimated time from the least cost
solution without respect to time. Feed ingredients prices

on April 12 were used in the analysis. So, results in
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Table 5-4, from least cost formulation, will serve as
reference to the time constrained results presented in
Table 5-9.

As noted earlier, there was a consistent bias
between the time estimated values from the time square
root equation and the time linear equation. Since the
square root equation is more reliable for prediction,
that bias was taken into account for setting the right
hand side for time. For instance, 41 days in the linear
time "constraint' would correspond to approximately 43 days
in the square root time equation. The best estimate of
time is reported in the Tables.

The 43 and 44 days time constraint would represent
very least time results, since the values are outside
the range of the predicted time in the least cost results
of Table 5-4. The upper values of the time constraint,
45, 46 and 47 days, fall in the time range of Table 5-4.

Two special results are guite noticeable in Table 5-9:

a) For any assigned length of time,
broiler liveweight remains constant at all levels of
feed cost;
b) Broiler liveweight increases with time,
at any given level of feed cost. .
Condition b implies that there exists a trade off between
protein and energy that makes it possible to ﬁroduce

heavier birds in a longer period of time, at the same
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level of feed costé/. This result has important implica-
tion for broiler producers by current feeding practices.
Actually, some broiler producers feed broilers for longer
periods of time (see Table 5-1) to obtain heavier birds,
however, at the expenses of higher feed cost. This is so
because the linear programming technique does not incor-
porate performance of the bird in the formulation. When
a ration is formulated, it is determined by feed prices
regardless of the desired weight of bird or time desired
for feeding.

According to the conclusion in a) under least ﬁime
formulation, the least cost of feed per pound of bird is
not attained. The explanation is that, to achieve lower
cost of feed in broiler production, total broiler live-
weight must increase with feed cost. But what has been
observed in Table 5-9 is that for increases in feed cost
broiler liveweight does not change at all, given a fixed
length of time. Increases in feed cost cause a trade off
between protein and energy in such a way that different
points on a single isoquant are selected. As a consequence
of that, feed cost/pound broiler increases with feed cost.
Then, if broiler producers decided to produce in the very
least time, 43 days, the rational decision would be to

spend only 69 cents on feed to obtain a 3.61 pound broiler.

i-/It should be recalled at this point that linear
programming does not give this trade off.



99
The same rational is applied to produce broilexrs at the
second and third least time, 44 and 45 days, where 3.77
and 3.92 pounds broilers could be produced at 69 cents
feed cost.

For longer length of time, 46 and 47 days, the results
are comparable with the ones in Table 5-4 for least cost of
feed per pound of broiler. An appropriate comparison is
made between least cost and least time results at day 46.

Suppose now that 46 days is still applied, but feed
cost is reduced to 69 cents. It is shown in Table 5-9
that broiler liveweight remains at 4.05 pounds but feed
cost/pouna broiler is reduced substantially to 17.04 cents/
lb. The reasoning is that, the iso-time line being fixed,
as isocost line shifts down it reaches a higher isoquant
curve from changing the level of the nutrient inputs. In
conclusion, least time formulation can be used to improve
efficiency in broiler production by selecting better
combination of the nutrient inputs, that is, protein and

energy.

Least Time and Bird's Quality--Experiment Three

So far, time and fat constraints have been applied
independently. Combination of time and fat constraints
in the same quadratic programming formulation was possible
by using the linear time equation from experiment three and
the fat equation from experiment two. Results froﬁ that

combination are presented in Table 5-10 through 5-18, using



100

(penuT3uod)

= e - - - -= ] = - B s e Ly

= == == = =, == == L] e == - - 9y

09°LT 08T Z6°E PP L (2420 08°12 PLLT 66°T 68°E SL°L SEET 00°¢zZ 14

0E"8T S6°T LL*E PE"L 6TFT 0z "0z SE'BT E6°T 9L°E LE~L BLET £S°1¢ (44

LT 6T T0%¢ 09°E SZ°L T6€T ES'BT IT°6T 0oz 19°€ vz L BEET L°6T 134
(o13RI) (qt (or3e1) (at (s&ep)
(q1/s31ua)) Koua (s41) (8qT) /1eoi) (3) (q1/s3u=)) \Mhona (eqT1) (89T1) /1B0M) (%) SW L,
Iaftoag -T101334 jybrem Syejur Abraug utre2301g Ia1tTo0Ig -10t1334 ybrem eyejul Abasug ugs3joxd uoT}
punog pead -3AT1 pead oIqezTl punog paad -3AT1 pead oTqezTl ~dumsuo)
/380D pead TeaTuyoal I3[jold -0ge3an /380D p9ad [EDTUyoaL I2[T0Ig —-0ge3sn Jo ejey

998T " sv9z”
(sq1) 3Ied hnuON §,I91T01d
60 = 191101§/150) po9] JUTEI}6U0) JBJ pUE JUTEA3sU0) oWt], 'BjUrexjsudo)

TeoTboford ‘' ~—S80TId SjusTperbur pesi peloa[ag ‘eeiyy jusurradxd woxj ssuodssy uorjonpoig bursn Jo s3(nssay COT-§ @T14eL
T /e T 142 T I



101

(panu ._.?..-._.:UUH

== -= B, e —= == - e - e o] = Ly

e e Lo - = - = ot - s Fo = 9

8L°LT £E6°T 88 "¢ Bv-L kST SF 61 S9°LT 06°T 16°E £V L 66FT oL"0¢ 524

oL"81 86" 1 69°¢ ZE"L 6ZG1 L6 LT Sv BT 9671 PL°E EE"L PLPT 80°61 144

o o = = -= \ahe BE'6T 41 A 9G°E 0zZ°L SSFT S°LT 34
(ot3ex) (at (oT13e1) (qt (skep)
(q1/s3u=)d) Aous (sd1) (sqt) /1edd) (%) (q1/83u=D) \m....oao (sq1) (sat) /1ean) (%) SWLL
1a1ToIg -101333 ybrem @yejul Abxaug ufra3joad Ia1toxd -ToT7334 jybrem oyejul KAbisug ure30xd uotl
punod pa2ai -3ATT paad 91qezT¥l punod paad -8ATT peag °21qezTIl —-dumsuo)
/380D po®sd TeaTuyoal JIA91101d —-oqe}sn /3500 paad [eOTUYDdL I2f10xd -0qelay Jo =3®'d

LOEE " 980E "
(sq1) 3ed Apod s,127T0Id

[PenUTIuoD) 01-5 o140l



102

*ayBTSMB3ATT I2TTOXQ/33eIUT paaj = ADUSTOTIFS po23F AMUa::uwB\m

"zg6T ‘2T TrIdv g

e == = - aa s LY

=5 i e e e EL- 9y

90" BT £0°¢C Z8°¢E 9L°L 9EST B9LT I~

== e == e S - Ve

== - - Sl = = 144
(oT3ex) (at (s&ep)
(qr/s3u=)) /a Koua (8q1) (sqT) /1eaN) (%) PUWTL
Ia[TO0Id -10T334 3ybyam eye3jur Kbisuyg ure3oxd uotT3
punog peaJ -9AT] pasd @olqezTl ~dunsuo)
/380D paeJd  [ROTUyD9L I2TToad -0ge3sK jo ajed

LZsE"

(peniuTiuC)) 01-§ 2T9RL



103

(psnut3uo))

- - - - - = -- = - - e = Ly
EE°LT 86°1 yo'v 10°8 ¥BET 00°ZZ e - == == = s 9k
98" LT [4 t6°E tS°L 62Vl Ls°1e 66°LT 66°1 68°€ SL°L 9EET po°ze Sk
LS 81 L6°1 LL°E TF L ZoFT L6°6T 29°81 S6° T 9L"E YE'L G9ET EE" T2 24
PV 6T F0"¢€ 09°¢ €L SLET ZeE‘BI LE"6T z0°¢ 19°€ 1E°L GZET A £

(o13RI) (at (ot3e1) (qt (sfep)
(q1/s3ua3D) Kous (sq1) (sat) /120%) (%) (at/siua)) \l»u:m (sat) (sq1) /1eox) (%) awT,
aa1T014d -101334 Jybtam eyejur Abxaug ursjoxd I91TOId nlwuﬁmum jybtem 8yejul Abasug ur2j01d uoTl
punod pead -3AT11 pasd 91qeZTl punod pead -9ATT paad oTqezIl ~dunsuo)
/3s0) pead [eofuyosal I9[101d -oqelon /3S0D) paad [eoTuyos] I3]T0ig -0qe 39K J0 ajey
998¢ " SvoT”
(sq1) 324 Apog s,x37T0Id
0L = I5911010/31500 poad Juleijsuo)y IBd pupP JUTRI3EUO) SWTL 'SIULEIFSUOD

125 ‘@so1yg juswiradxy woxy asuodsoy uotjonpoxrd Bursn Jo s3nsay  C1I1-G 2TARL

TeothoroTd .\MmmUﬁum sjusaIpeaxbul psa4d paios



104

(penuTtluod)

— R = — = - - i = = == -= Lb

= —-= == - - = vZoLT 16°1 90" ¥ 9L°L 8LVT z9°1¢ 9¥

¥0"8BT £6°1 88°¢ 0S°L 9€6T 6£°61 06°LT (4 T16°E is°L Z8%1 8k-0¢ 14

L6°81 10°¢ 69°€E iv°L 1St LL LT ZL"81 86°1 VLE tvL LSYT L8 8T |44

= o - - e - 99°6T tAV 4 9G6°€ oz°L SSYT SLT EV
(o13eI1) (qt (or3ex) (at (skep)
(at/saua0) £oua (sq1)  (s41) /1eo¥) (%) (ar/s3ausd) gdous (eqr)  (=91) /1e0N) (8) surtz
Ia1tTOoxd -TDT33d jybtem aye3jul KAbaaug urejoid as[yozd -JoT333 jybyem eejul Abasug wugeload uotly
punogd paad -2ATT pead 21qezil punod paad -aAT1 pead SIqezZIl ~dumsuo)
/3s0) pead  [edTuypel I311old -0qe 3 /380D paad  [edfuyse] IS[TOIg ~Oge3oW _ Jo =3ey

[0EE" 980t "

(sqr) 34 Apod 8,I9TTOIH

[PonuTIUCD] 11-5 o1ded



105

*3yBTOMBATT IBTTOIq/a3ejuT psal = Aouaroryza

933 TeoTUYOR] —
po93 TeOTUYDIL &

. L it
z86T ‘21 Trady 5

- = == == = = LY

= == = = == = 9k

e 81 z0°¢2 Z8°E EL"8 ZrsT SLLT Sk

= ] = = ) - 147

== == - - S s £y
(ot3e1) (at (shep)
(qt/s3uad) \mhucw (sqT1) (sqT1) /1eoN) (%) [WTL
Iafroag -10T333 aybiam seye3jur KBxsuyg ursjoxad uoT3y
punod pa24d -aATT paajd OSIqeztl ~-dumsun)
/380D p2ad [eoruyodal axaytold -0qe3oH Jo @3ey

LTSE”

(sqr) 3Ied &pog s,I27TO03d

{penut3uo)) [1-G SLdPL



106

(panuT3juo)d)

- - == -— == - - - -= -- -~ - LF
LSTLT 86°T PO ¥ 10°8 PBET 00°z¢ - - -= -- -- -— 9y
T1°81 ¥6°T Z6°€E 09°L ST¥PT  SE"TZ SZ°8T 66°T 68°E SLL 9EET  -00°22 Sk
€881 66°T LL"E 15°L LBET VL6T 88°BT L6°1 9L € b L ZSET z1'1e vy
ZL 61 90°¢ 09°€ v L 6SET  TI°81 L9°61 0" T 19°€ 9" L STET LE"6T 1 4

(o13R1) (ar (ot3ex) (at (s&ep)

(at/s3uad) Kous (sdt) (sq1) /1eoH) (%) (q1/s3ua)) \mhocm (sd1) (sq1) /1eoN) (%) |WTY,
xa1TOId -10T333  ybrem eyejur Abaaug utal0ag aaytoxg -¥oT1333 Jybteam  ayelur ABbasug urt230xd uoT]
punog pa2ad -aATT p224 o19ezIl punogd poad -3ATT paad O1qezTl ~dumsuo)
/380D psa4  [eofuysds] Xs1joid -0qe 39 /350D pead  [eoTuyosy I3[I01g -0qe3Ion Jo =3ey

998¢Z " Sp9C”
(sq1) 3ea LApog s,xarTORg .
fL = 19(101d/350) pood JUTEIISUOD IBJ PUB JUTEIFSUOD BUT] Tsjuteajsuo)

Teothototdg .\Mmmoﬂum sjuarpaabur

posd peiloatas ‘eoayg Juswrradxg woxy ssuodssy uoTlonpoid Bursn Jo s3jTnseay  "ZT-S STARL



107

(penuT3uo))
= e - - = = - e == = = = LE
€G°LT £€6°1 1 4 £€8°L 91ST gE -0z 6F°LT 16°1 90" ¥ PL L 1871 L9°1¢ 9v
0€E° 81 S6°T 88°€ 6S°L 6TST BT 6T 9T°8T ¥6°1 16°€E 6G°L LOFT 9z° 02 4
Fe°61 £E0°C 69°E 6F "L S6FT LS°LT 86°8T 00°2 PL°E 05" L 8440 99781 144
- . = = e ] == = -- -- A e £y
(ot13ex) (at {otr3eT) art (sKkep)
(ar/s3uad) Kous (sar)  (sd4r) /1294) (%) (ar/sus)) /qlous (sqr)  (s41) /1=24) (%) Wty
9110149 -ToT1334d ybrem a)ejul Abxaug uT®301d xa1tToxd -101333 ybtem eyeul Abasug utaloid uotl
punod paad -3ATT pead o1qezZil punogd pasd -9ATT pead orgqezTl —dunsuo)y
/380D pa2ad [eoTuyo’] IaTfold -0gel19n /3sa) peed  [eoIuyosl I9[roag -0gel19n jo =3By
Loge - 980¢F *
(sqr) 3ea Apog s,a91101d
[pAnaT1Iu0)) ¢Z1-S 2[9BL



108

‘JubremanT] I9[TOIq/93ElUT peal = ADUSTOTIFO pasl TeOFUYDSL —

/q
"ZB6T ‘2T ﬁqun¢\m

- il — el s au Ly
TLTLY [ a4 T0°¥% ¥s'8 SEVT 0L LT 9%
65781 ¢0°¢ Z8°E EL°L ZesT SL°LT Sv

= == == = - = |44

s ] s o e e £v

(ot3eI) (qt (s&ep)

(q1/s3uU=ad) \mhuau (sqT) (sqT) /1e2M4) (2) SWTL
IaTToad ~-T0F334 3ybtam aoye3jur Kbxsug uj9sjoiag uoty
punod pead -9ATT pead @oOIqezZil -dumsuo)
/380D peed [EoTuYyoRl Io]foag -oqel} an Jjo a3y

12GE"
(sqT) 324 Apog s,1aTTOIE

{penufiuod) Z1-§ Sided



109

(pePnuUT3uoD)

= == w= - = = - = - s =g = Ly

2B LT B6°T Vo' ¥ 10°8 PBET 00°ze —— - = LS e - 9F

9E°BT 96°1 Z6°E 89°L 0ovT €112 18781 66°T 68°E SL'L GEET 00°€2 Sk

0161 1072 LLoe 65°L TLET ZS'6T ST 6T 66'T 9L°¢ 8y L 6EET £6°0C 143

00°0Z 80°¢C 09°¢t 0S°L PVET 16°LT F6°6T Fo°¢ 19°€ 9t "L STET LET6T £V
(oT13e1) (At (or3ex) (atr (shep)
(q1/s3ua)) Kous (sq1) (sq1) /1e0d) (%) (at/sausd) \mhonm (sqr) (sart) /1e2M) (%) auTy
I21TOXd -T0T334d juybyem eyejul Kbxaug ugajoad Iaitoxg -101333 jybtem ayelul Kbzaug wursjoxd uoty
punogd poad -aAT1 pead oIqezTl punogd pasd -3ATT pead @[qezTl ~dunsuo)
/3s0D poaJd  [eSIuydal Isiroad ~oqelIan /3sop pead  [eoTuydsy I37101d -oqelan jo @38y

998T" A
(sqt) 3ed Apod s,121T07€
7L = 1911018/3500 poo4d Julex1suoy 3ej PUR JUTEIISUO) BUTL TSJuTeIjsu0)

TeoThoToTd ‘! ,=590T14 SIUITPaIbUI pead palosas 'S3IUL juswtIredxy woxj osuodssy uorilonpold bursn Fo sITNSAY CEI-S ATARL

/e



110

(penut3iuod)

- = = o - s - = - — = = Ly
BL*LY £6°T S0 ¥ "L 0ZST Ev 02 ELTLT [A3 90 BL L PLVT Ls*1e v
66 8T 86°T B8 "E L9t FOST B6 8T Ty 81 96°1 T6°E 89°L TSPT v0°0¢ Sv
TI6°6T vo'e 69°E (AT} 68FT STLT SZ°6T £0°2 FLE 8S°L FZPT SF°BT A4

S == S = == == == =2 - - -- e £

(ot13e1) (at (oT3e1) (at (skep)

(at/s3auad) Aous (sq1) (sqt) /T=0N) (%) (g1/s3us)) \maonm (=qT1) (sat) /T=oN) (%) SuTL

197TOId -T0T334 jybram ajyejul Kbxsum utrejoxd x21T0Ig -T0T339 3ybtom oye3lUL Kbasug urajoxad uotl

punog paad —-3ATT] peag oIqezZIl punog paaJd -3ATT pead SIqezZIl ~dumsuo)

/380 p9ad [eofuyoel Iaifoad -0qe} ol /3800 pesd  [EeOoTuyoayl II3[joid -0qe3sn Jo =3ey
) 5410 280¢€"

(sq1) 3ea Apog s,121TOIH

(PANOTIUG)) £1-G ol



111

*3yBTOMRATT IOTTOIq/3yejut peaj = fousroTija pasy [eoTuydadl

/q
"zB6T ‘ZT Trrdy g

= e = = = == Ly

S6°LT 66°T T0°'¥% 00°8 CEST 68°8T1 9%

S8°BT z0°¢ [4: R €L°L [4 4°20 SLTLT S¥

= s e - = = 144

= = - - - = (384
(ot13e1) (at (sfep)
(qr/s3u=d) \mhucm (sqT1) (sqT1) /T1edN) (%) SWTL
asfroad -T0T334 jybtem axejur Kbxsug ugf@joxd uotr3l
punogd peaad -2ATT paad 91qezyl —-dunsuo)
/180D paaj [EJTuyosal IS[TOld -oqe3sy Jo e3ey

Lzse”

(sqT1) 3ed Lpog s,131T0xd

(penut3uc)) £1-S 219eL



112

(panuTjuo))

s = e b = - s S i s - o Ly
L0'8T 86°1 Fo°v 108 VBET 00°ze e - - - - - 9y
29°81 86° 1 t6°E SLTL 9BET z26°02 LL°BT 66°T 68°E SL°L 9EET oo-eze 14
9€£°61 ¥0"¢ LL"E 89°L 9SET TE"61 I¥°6T 10°¢ 9L"E 9s°L 9ZE1 zL-oe 147
89°0¢ IL"e 09°¢E 65 "L 6CET DL LY zz oz fo-¢ 19°E 9€°L STET LE"6T 314

(ot13E1) (at (oF3=1) (qt (sfep)
(qr/s3ua)) dous (sqr)  (sq1) ALELY (%) (ar/s3usp) g5hous (sar)  (sqT) /1e2H) (%) BWTL
IaTTOIg -10T333 Jybtem oye3ur Abrsug wugejoid Ia1TOZXd -To7334 jybtem ayejulr Kbisug ur23oxd uoT3
punod paaa -9ATT poag o1qezTIl punog peag -3ATT pead oTqezZTI —dunsuo)
/3s0) pead [eofuyosadl Ia[rold —oqe3ap /380D poaj JeoTuyoe) I3[j0id -0qelap jo a3ey
98T ay9z*
(sqr) 3ed Apod s,I97T01d
=TS [ TUIH/ 507 PUSy JUTEITSUOT) J94 pUT JUTETIEUS) SWi] '63Ulexjsuoy
TeaTbOTOTE  =S3011d sjuarpaibur ﬂwwh kuum‘-mm ‘ao1y] juewtiadxy woij osuodsay uorijonpoxd Bursn Jo s3[nsey  ‘pI-§ oTdel

/!



113

(panutjuc))

S e S - = ST = = - - - o Ly

20781 P61 S0°V SB°L TIST 1e° 02 B6°LT E6°T 90"V 68°L 6SVT peE" 12 9%

18 "8T 66°T 88°¢ SL°L LBPT LL 8T ' L9°BT 86°T 16°€ 9L"L SEVT Z8°61 Sy

8L°6T ro°e 69°¢ ZsL 68FT STLT 25761 s0°Z VL E L9°tL 60V T vz sl 144

wu == = -= -= s s s = e el ot £y
(ot3EI) (at ) (or3ea) (at (sfep)
(q1/83u3D) Kous (sqT1) (sqT) /1eoi) (%) (qT/s3uad) /4 QU2 (s84T) (sqT) /T1eoH) (%) SWTL
o104 -TIDT334 aybtem @8yejul ABbiaug ur2301d I91701d -10T1334 jybtem aye3aur Kbasug uygajzoad uoTl
punogd pa9ad —-3ATT pead 91qezTl punog paad -BATT pead o1qezTl ~-dunsuo)
/150D poad  [EoIuysady I81Told -Oqelan /3s0) peag [eojuyoe] IS[I0ld -oqe319K jo a3ey

LOTtE™ 980¢ "’

(eqr) 3ed Apog s,r9T71OId

{penut3uo)) pl-G °l9el



114

*3uyBTomMaAT 191TOXq/9)e3juT paag = Kousroryjye pasg HmUﬁnzumB\m

“ZBET ‘TT Aﬂum¢\m
-- == - = - == Ly
0Z°81 8671 10°% S6°L ZpsT 20°6T 9F
TIT°6T £E0°C [A: R % 9L"L 9EST 89° LT S¥
- s - i - = 44
e - = = -- = £p
{o13e1) (at (sfep)
(ar/s3u=))  ghous (sqt1) (sqT1) /1e93) (%) auty,
19171034 -101334 jybrom oye3jul KBxsuyg uraj01Jd uoTy
punod paad ~BATT paad 91gezTl ~dunsuo)
/380) pesd [EOIUydRL I9[T01d -0qe1sn 30 °23ey
LZSE”

(sqr) 3ed Apog s,Ia[T0xd

: (penut3uoy)

PI-5 2Ta%1



115

(panuT3iuo))

- -- -- - -- -- -- - -- -- -- -- Ly
ge"81 86°1 ¥0° ¥ 10°8 FBET 007 2gZ i ] o i &= - 9%
8881 00°¢ Z6"t E8°L ELET €L 0z 2061 66°T 68°E SL°L SEET 00°2z 84
€9°6T 90°¢ LLTE 9L L TPET 01"61 89761 £E0° ¢ 9L~E €9°L STET 957 0¢ 144
65702 £E1°C 09°¢ 99°L STET £ESTLT 0502 vo~¢ T9°€ 9t "L STET LE"BT 124

(o13eT) (at (ot3ex) (qt (sdep)
(qt/s3usd) Koua (sat)  (sq1) /1eaM) (%) (qr/s3us))  ghoue (sar)  (s4ar) /1eaM) (%) swrL
aa1TOxd -I0T334 3ybram 8ye3ul Abraug ufajoid I=1703d -10F7334 jybtem @8)e3jur Kbasug ufel01d uoT’
punod paad -3AT1 peaad o1qezIl punod pead -3AT1 pead oIqezyil ~-dunsuo)
/3s0D pa2ad  [eojuyos] Ia11old ,~0qe3on /31s0) pead [eafuydal I91101d -oqe}on jo @3ey
998¢ ° sy9z”
(sq1) 3ed Apog §,I91TOId
VL = i19[101d/3800) pa@sd juTeIIsu0)d 3ed pue JUTRA3EUC) BWTL ‘BjuTeI]sucd
Teotbototd ! ,=S3DTad sjuaipeibur pead pa3lda(as a1y u=0EﬂHmmxm wox3 esuodssy uarijonpoad bursn Jo s3[NS3Y ‘S1-G arqel

/e



116

(panuT3iuod)
99 LT S6°T 61"V 81°8 T6FT 0z 12 99°LT L6°1 61°F 9z°8 6Zv1 00"z Ly
LZ 8T 96° T S0 v €6°L S6b1 01°02 €Z°8T 56°1 90°F 6°L SPPT 112 9F
LO"61 zZo"e g8t - ¥8°L TLPT LS5°81 Z6°8T 10°¢ 16°€E S8°L 6TPT 19°6T St
50702 vo-z 69°¢E Z5°'L 6871 S LT 6L°6T Lo°e L E SLL P6ET G081 144
=] =i e = e = e == - = — e €p
(otT3Ra) (at ’ (o13eI1) (at (sdep)
(at/s3u=d) Koua (sqr)  (sqr) /1e2M) (%) (qr/sausd)  jghous (sqr)  (=41) /1eoN) (%) auTy,
1afroxd -10T334 3ybram oyeaul Kbxaug uye@30iId IsrToad ~ToT334 3ybrom oye3juI KAbraug urejoxd uoT3
punogd pead -BATT pead OIqezTl punog paad -3ATT pead ©IqezTYl —dunsuod
/1500 poad [EoIuydse] Iafiold -0qE 319K /3800 pead  [eojuyodsy Ie[foid -oqe3on jo @3®y
LOEE" 980E "

(sq1) 324 Apod s,I8T1T101d

(penutiuo)) SI-§ STA®L



117

‘jybTomanTl JoTTOIq/aye3IUT peal = AousToriye peay Hmuﬂ::owa\m

z86T ‘ZT Trady g

FLTLT £0°¢2 LT ¥ £L"8 EPPT 26°81 Ly
SP 81 86°1 T0°V S6°L ZhsT 2061 9%
LE"6T s0°¢ [4: 82 £€8°L zeTsT ZSTLT 4
== - - - s - 144
— == == == = - 134
{o13ex) (at (skep)
(q1/83U=D) \1h0=w (s91) (sqT1) /1e24) (%) SWTL
aafyoid n:ﬁUﬁmwm 3ybrem eyejur Kbasug utre3j01d uotl
punogd pead -aATT pasa eofqezIl ~dunsuo)
/180D paad [eoTuyoal I3[T0lg -0qeIsH jo ajey
LZSE”

(sq1) 3ea Apog s,I3TToad

(penurjuo)) ST1-S *TARL



118

(panur3uo))

- W - == == -= = - = -= - FEEE Ly
96°81 86°T Vo v 10°8 PBET 00°2¢2 = i - = el -= 9%
ET"6T 10°¢ Z6"E 06°L T9¢T ¥s 0z BZ 6T 66" T 68°¢E SL*L 9€ET 00-¢e Sk
68°6T 80°¢ LL E ¥e°L LZET 06°8T $6°61 £€0°¢ 9L € Z9°L STET 96702 144
£8°0¢ ET"C 09°€E 99°L STET . ES"LT e - s - e = £v

(or3ex) (at [ ECE] (art (sfep)
(q1/s3ua)) Koue (sat) (sqr1) /1eoH) (%) (a1/sauad) \Imucm (sq1) (saTt) /1eoN) (%) 2uWTy,
IaTTOId -101333 jybtam aye3jul Kbiaug uyajoid I311038 niﬂuammu aybhtam eye3jul Kbiaug ur23101d uoT}
punod paad =9ATT peag SIqezZTl punod pe2ad -2ATT psad @T1qezTl ~dumsuo)
/180D peaJg  [eoTuyossy I31toig -0qe 319K /350D po9d  [edfuyoaj IX3][T01d -Oqe19K Jo a3iey
998¢Z" Sv9T”
(sq1) 3ed Apod s,I1I871074
GL = I811014/3S0D pasd JUTRIFSUOD JB4 PUBR FUTRIISUO) SUWT] fgIUTEIISUOD

‘garyy juswutiadxy woxjy ssuodsay UOTIONPOIJ bursn JO s3TNSo8  "91-§ 21qREL

1eotboToTH ~\Mmmuﬂum sjuatpaxbur pead paIds(as



119

(panut3juo))
06°LT S6°T 61"V 91°8 verl sz 1e 06°LT L6°1 6TV 9Z°8 6ZFT 0072 Ly
¢S 8l 8671 S0°V 10°8 08v1 06°6T Ly°B1 B6°T 90°F €0°8 0ErT t6'0¢ 9%
€761 ¥o°Z :: t6°L 9S¥%T LE"8T B1°61 £0°Z T6"E €6°L FOFT 0F 6T Sy
] = - - e i s0°02 60°¢ VL'E ¥8°L 6LET S8°LT L4
- == = - -- -- - - - -- -= oz £
(oT3eT) (at [GRECES) (at (skep)
(at/saua) Kous (sqt)  (sqat) /T1e23) (3) (ar/s3ua)) ghous (sqr)  (sarn) /1223) (3) auTy
13110349 -107334 jybtom oyejur Abxsum uyLl0ad Ia1TOId -701333 Iubtam 8yejuI Abiaug uT2301d uoty
punod poad -DATT poad 9TqezTl punod poad -3ATT paad OTqezZTl -dumnsuo)d
/180D poad  [EOTUYddL I9TT0ad -0qe3oW /1800 paad  [eaIuyoay I9[fold -oqe3su jo ajey
LOEE" 980¢€ "
(sqr) 2e3 Lpog s,121TOIg
“(panuIjuod) 91-% 2[qeRL



120

‘juybtemanTl I9[TOaq/E)RIUT pSIF =

fouatotrijys psaj TeoTUYDSL ,—

/4
"Z86T ‘ZT TTIdV o

B6°L1 86°1 L1°¥ Fz°8 LZST £E0°02 Ly

0L"8T 002 T0°% 10°8 0EST L8781 9¥

€9°61 S0°¢ [4: 83 ve'L 1Zst SULT Sy

== - - - b - |44

= e = = = L) EV
[CRETE]] (at (sXep)
(ar/sau=d) o Koua (sqr) (sq7) /1eod) (&) auty
asTt101dg -12%1333 Jybtam oye3jur KBbisug ursjoxd uoTty
punod [EET: | -9ATT pead oIqezTT ~dunsuo)
/3500 poed [BOoTuyodl I31TOoxd -0gel s 3o a3ed

Lzse*

(sqT) 3P4 Apod s,Ia[TOIg

(panuTtjuo)) 91-S STqeL



121

(panut3uo))

— == - - - s = o= i - s —— Ly
18781 86°T L2 0 T0°8 VBET 00°2Z = e - = e e 9%
6E°6T €072 Z6°E L6°L 8VET SE"0C €G°61 1072 68°€ 18°L 9ZET ¥8° 12 14
9102 1] LL'e 26" L STIET EL"8T 1Z°oe £E0°¢ 9L"E Z9°L STET 96°0¢C (44

-= - s m—— e — -= e Sl - ] - £y

(o1321) (at {ot3eT) (at (sfep)

(q1/53ua)) Koua (sq1) (sqt1) /1e0u) (%) (q1/s3u=)) \mhu:m (sqr) (sq1) /TeoM) (%) [WTT,
IaTTOoIg -T0133d aybram eyeaul Kbxaug uTr®@3l0xd aafroag -10T3349 aybtam  9xe3uI Abasug ursload uotl
punog paad -9AT1 pesg S1qezTl punod pead -3ATT poed OTIqezTl —dunsuo)
/3800 posd  [edfuyday I9110ld -0qe3sn /350D poad  [EoTuyosl IS[IO0Id ~0qe3an Jo 23ry

998¢ SN
(sqr) 3ea Lpog s,197TO01d

97 = I911030/1500 Po9d IUIEA3sU0) 3J¢g pue JUTRIISUOD SUTL TEjuTeI3suoD
Teothorord .\meuﬂnm sjuatpexbur psaa pe3oelas ‘991Ul juswtradxg woxj esucdssy uorionpoid Bursn Jo sITNS2U “11-S§ 219®8L




122

(penuTtjuc))
vi81 96°1 61" % 0z-"8 LBYT ST 1¢ FI°81 L6°T 61°F 9Z°8 6EFT 00-2¢ Ly
9L°81 002 S0 ¥ 01’8 S9FT 69°6T [ 1) 00°¢ 90° ¥ I1°8 STPT oL" o0z 9F
65 76T 90°¢ 88" 10°8 orPl 81 8T PP 6T S0 ¢ 16°€ 10°8 06ET 0Z°6T Sk
- - - w—— e = ZE'0Z Z6°1 vL € Z6°L P9ET 99°LT 144
- -- == - - -= = - - -- - - £V
(o13e1) (at (of3ea) (qt (siep)
(q1/s3uad) Aoua (sq1) (sqr) /1e2N) (%) (q1/s3u=D) \maunw (sq1) (sqT1) /1eo4) (%) suTy
1a71TOXg -ToT334 jybrem ayejur Kbiaug ufa301gd aatyord -107334 Jybram oyejul KBisug wursjoxd uot}
punod paad -3ATT pead 3[qezil punog paad -9ATT paed 9IqezyT —dumsuo)
/180D pead  Teafuyol]  Ia3yrold —OqeISN /3s0D paag Jedjuyssy Ia[roig -Oogqe3sn jo @31ey
Lote” 980€"

(sd1) 3ed

Apodg s,aaftoag

[penur3juo)) LI-S 2T9el



123

*3ybTemanT] I9[TOIq/3yRjuT pas = AduaTtoTjie pasg HmU«::oms\m

‘zseT ‘T TTAdV o

78T L6°T LT'¥% (A4} TEST Losoz Ly
S6°8T ¢0 e 10°% 60°8 STIST B9°8BT 9
68°6T s0e €8°¢g PB°L 1zst 0S°LT SV
- -- -- -- e = 12
-- -- -- -- -- -- £V
(o13R1) (at (sXep)
(gqr/s3us)) \mhoca (sqT1) (sqT1) /1eay) (%) SWTEL,
IaftTOoag -JOoT33d Jybtem e)e3jur Kbazaug ugajoxg uoT3
punogd pesd -8AT1 pead orqezTl -dumsuo)
/3s0) pesd [eojuyoel 3Ia[rolid -oqe3en Jo ajed
LETSE”

(sq1) 3eq Apog s,IsTtOxdg

(penut3wog) L1-G o14qeq,



124

/e

(ponutiuoD)

- - = L - == — == = - = s Ly
90°6T 00°2 Fo°v 80°8 TLET T8°1¢C - —— S = == o= 9%
Fo°el s0°¢ Z6°¢t vo°8 9EET LT"0E 6L°6T c0°¢ 68°€ 98°L 9TET 89°1¢ Sy
gk oc 01°¢ LL™E Z6 L STIET £EL"BT o ] = L == o 14

e (=) - == e == =i - e e = = £v

(o13e1) (at (ot3ex) . (at (sdep)
(qr/s3ua)d) Kous (sqT) (s4q1) /1eaH) (%) (q1/s3u=D) \mhunw (s91) (s41) /1eoi) (%) SUTL
1a1TO0Id -To1334d 3ybtem ayejur Abisug urajoid I81T0Id ' otoT333 jybfem 8)ejul Abxaug ufpa30xd uotl
punogd paad -9AT1 paad o1qezT1l punogd peoad -3aAT1 pa24 ©oTqezTl —~dunsuo)
/380D paag [eotuyosag I37fold -oqelap /34800 pa9d [EoTuydal ISTOIH ~0qe319H Jo 83ed
998Z " . cy9z”
(sqtr) 3ed Apog s,I9TTOId
IL = A9[t0oid/3500 Paadg FUTEX35U0) 384 PUB JUTRIJSUOD SWIT,, 'SJ1UTRIJEUOD
teotbototd * S80TiAd sjuatpaibul psag pe3loalss eIyl jusurpradxy woxjy osuodssy UOTIONPOId butsn jo s3insay  “81-G STded



125

(penuT3iuo])

BE"BT 86°1 6T ¥ 8Z°8 TLVT ¥6°0C 8E8BT 86°T 6T°F 8¢"8 9ZF1 96" 1¢ LY

10°6T 20" ¢ =00 BT"8B 0S¥vI 6F 61 96°81 z0¢ 90" ¥ 61°8 00% T 8y -0¢Z 9¥

¥8°61 80T B8 E 60°8 T A A 66°LT 69°61 Loe 16°€ 018 SLET 00761 Sv

2 = e am e == 65 °0¢C pT°C vLE 00°8 TSET 0S°LT 144

- L] = - —— o e = - = - e £
(ot3E1) (at (oT3ex) (at (skep)
(qT/s3uad) Aous (s9T) (sq1) /1e2y) (%) (q1/s3uaD) \mhu:w (89T1) (s91) /1e0¥) (%) |WTL
aart101d -101334 jybram ajyejul Abiaug utaljoxd as[t101d -T0T334 3ybram ayejur Kbisug ura3joad uotly
punogd paad -BATT paaj oTqezTl punod pa3d -3AT1 pead oTqezTI ~dumsuo)
/350D poad  [edtuyose] IS[rold -oqelsn /380D pead  [e2juyda] IS]rold -0qe31sn jo a3ey

LOEE" 980€ "

(sq1) 3ed Apog s,1=27701d

{penuTIuG)) B1-5 SI0BL



126

sjybtemant| a19[TOiq/ae3juT pesy = ADUSTOTIJa@ pes3 [BOTUUDISL —

/q
ﬁﬂh&ﬂ\m
9r 81 B6°T L1V Lz's (44 96°61 Ly
0Z°6T vo-e T0° P LT"8 66FT 67°8T 9y
== =4 - - - - 14
e - = == e == |44
- = s = - — £y
{o13E3) (at (s&ep)
(qr/saued) - Kous (sq1) (s9qT1) /1e2M) (8) swTy
Iaitoad \nnﬂuﬂuum jybtam ayejur Kbisug uye3joId uotl
punod pasd -9ATT pead o1qezTl -dunsuo)
/350D pea [eotuyds] I3TTOold -oqel ol Jo 238y

LZGE"
(sq1) 3ed Apog s, x91TOIH

{Panuf3uod) B8T-§ T9RL



127
feed ingredient prices on April 12, 1982. Each of these
was made for a given level of feed cost. As in the
previous results, time was fixed at 43, 44, 45, 46 and 47
days and fat was fixed at .2645, .2866, .3086, .3307 and
.3527 pounds.

Important results in Table 5-10 through 5-18 show
both the effect on broiler growth from reducing time to
grow a broiler at a fixed amount of fat and from reducing
amount of fat in the bird's carcass given a fixed length
of time.

Assuﬁe feed cost at 69 cents (Table 5-10). At any
given level of fat, the more time allowed for growing a
broiler, the heavier the birds. As a consequence, a lower
feed cost/pound broiler is obtained. That is, to keep fat
constant but to increase time and feed intake, there is a
trade off between protein and energy that brings the solu-
tion to a higher isogquant and improve efficiency in cost of
feed. Then, if a level of fat is selected, better economic
results are obtained from longer growing periods, as far
as only feed cost is concerned. Suppose now that time is
fixed at some length and fat is allowed to vary. In this
situation, as fat increases, broiler liveweight also
increases and feed cost/pound broiler decreases up to a
certain level of fat and then start to decrease and
increase, respectively. For example, consider feed cost and
time at 69 cents and 45 days respectively. As fat increases

from .2645 to .3527, broiler liveweight increases and feed
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cost/pound broiler decreases only up to .2866 pounds of
fat level, after then, feed cost/pound broiler increases.
Again, the reason for that is the occurence of trade off .
between protein and energy. At low levels of fat, protein
is high and energy is low. As more fat is added to the
bird, protein and energy levels are progressively decreased
and increased respectively, which is biologically consis-
tent. Consider now the extreme case of 77 cents feed cost
and hold time fixed at 46 days. Then, the most efficient
level of fat that yields the lowest feed cost/pound broiler
occurs at .3086 pounds; In conclusion, at given fixed
levels of feed cost and time, there exist the most effici-
ent level of fat which is some level between the lowest and
the highest level that were analyzed.

It is also observed in the results of Table 5-10
through 5-18 that certain combinations of fat level and
length of time were impossible to obtain. At any level of
feed cost, it was either not possible to produce an
extremely lean bird in more than 45 days or to produce an
extremely fat bird in less than 45 days. In both situa-
tions, the fat and time constraints could not be satisfied

simultaneously.

Unrestricted Protein and Energy Levels

The main goal of this work was to formulate
economically efficient rations for broilers. Attaining

economic efficiency in production should be the primary
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objective of any firm. In an attempt to show the
possibility of improvement in broiler production from the
economic standpoint, an application of the model without
restrictions on any feed ingredient or on protein and
energy was performed. However, restrictions on other
nutrients were kept. The response function was from
experiment three. April 12 feed ingredients prices were
used and production was 72 cents feed cost per bird, as
these seemed to be representative of recent industry con-
dition. The least cost results were:

Protein = 24.43%

Metabolizable Energy = 1437 Kcal/lb.

Feed Intake = 8.80 lbs.

Broiler Liveweight = 4.42 lbs.

Technical Feed Efficiency = 1.99

Feed Cost/Pound Broiler = 16.29

Rate of Consumption-Time = 49.7 days
Compared to the results in Table 5-4, where protein and
energy are constrained, at 72 cents feed cost the partially
unconstrained model certainly provided a heavier bird at a
cost per pound advantage of 1.14 cents per pound.
However, it took two days longer to obtain the larger
liveweight. Since the exact value of time in broiler
operation was not available, the results of the constrained

and unconstrained models are not strictly comparable.
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Using the data, another unconstrained model, having
only a feed cost constraint, was analyzed. In this model,
prices of corn and soybean were increased and decreased
parametrically from the original price by .45 cents/lb.
up to a 1.35 cents total increase and .90 cent total de-
crease. Results of this model provided estimates of economic
efficient levels of protein and energy, since the model
causes an isoquant (is forced) to be tangent to the isocost
line. Also, changing the prices of corn (most frequently
used socurce of energy) and soybean' (most frequently used
source of protein) served as a basis for investigating
trade-off effect between protein and energy as their
prices change.

Table 5-19 displays the results of the trade-off
analysis. Compared to the results in Table 5-4 and the
results of the partially unconstrained model at the
original prices of corn and soybean higher levels of
protein and energy and a heavier bird were obtained. These
results reflect the economically efficient point of
production. However, 53 days were needed to obtain the
4.84 pounds birds which is 3 days longer than the time re-
guired in the partially unrestricted model to produce a
4.42 pounds bird.

Results'of the Table 5-19 are consistent. If prices
of corn or soybean or both increase, the isocost line
shifts down as long as the feed ingredient is in the

solution. If either corn or soybean is not in the
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solution, its price change can only affect the level of
output (broiler liveweight) to the point where it is
excluded from the ration. Consider soybean price at
11.25 cents/lb. As corn price increases, the isocost line
rotates and touchs a lower isoquant. Another cent increase
in the price of corn (above 6.79) excludes it from the
solution; therefore, the isocost is not affected from high
price of corn.

A final analysis was made to evaluate current industry
specifications of P and E. Protein and energy levels from
the linear programming solution, i.e., 21.7% and 1480 Kcal/
1b. (Table 3-1) were analyzed in two separate models. 1In
the first of these models protein and energy restrictions
were fixed at industry levels and feed cost was set at 72
cents/brolier. These were the only constraints in the
model.

The results were:

Protein = 21.7%

Metabolizable Energy = 1480 Kcal/lb.

Feed Intake = 7.88 lbs.

Broiler Liveweight = 4.82 lbs.

Technical feed efficiency = 2.14

Feed Cost/Pound Broiler = 14.94 cents/lb.

Rate of Consumption-Time = 52.8 days
Compared to the underlined results of Table 5-19 (row 3-
Column 3) birds were lighter as a consegquence of the

imposition of the protein and energy restrictions, but,
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the results were very close to the economic efficient
point production.

In the second model, those levels of protein and
energy were applied to the restricted model of Table 5-4.
The results were:

Protein = 21.7%

Metabolizable Energy = 1480 Kcal/lb.

Feed Intake = 8.07 lbs.

Broiler Liveweight = 4.12 lbs.

Technical Feed Efficiency = 1.96

Feed Cost/Pound Broiler = 17.47

Rate of Consumption-Time = 46.8 days
With respect to broiler liveweight and time, three is very
slight difference between the above results and the ones
in Table 5-4. Concerning protein and energy levels diffe-
rence, the results in Table 5-4 would produce better
quality birds, since the levels of protein and energy

are higher and lower respectively.



CHAPTER VI
CONCLUSIONS

Objectives of the thesis were pursued based on
estimations of production responses, feed consumption rate
and fat response. The response data were incorporated
into a quadratic programming model of restricted economic
and biological efficiency. The good statistical estima-
tions of responses from a feeding experiment designed for
the study projects good reliability of inferences made
on broiler liveweight, feed consumption over time and
broiler carcass fat. The best production response for
broiler was broiler liveweight characterized as a quad-
ratic function of protein and energy. Therefore, quad-
ratic programming was the basic technique used to find
optimum operational points in broiler production. Optimum
production points were found from maximizing production
(broiler liveweight) given a fixed level of cost (feed
cost/broiler) and a set of inequality constraints on
nutrients and feed ingredients. Economic theory was
used to show that such a model will project cost per
pound of broiler production within specified time
intervals and for given levels of broiler quality as

measured by broiler carcass fat. However, because of
134
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inequality constraints in the model, strict economic effi-
cient levels of protein and metabolizable energy used in
production cannot be attained. Several constraints such
as calcium, fiber, phosphorus, etc. are necessary for
adequate chicken growth. Application of the technique
should provide results closer to economically efficient
solutions that will be found in the current techniques of
linear programming. Although, levels of protein and energy
currently used in least cost feed mix problems prove
to be well within economically efficient ranges.

From the objectives that were proposed and studied
and given that broilers are currently grown for varying
lengths of time and marketed at average liveweights vary-
ing from 3.65 to 4.08 poﬁnds, the major conclusions of
this study are:

a) Finishing rations should vary in nutrient
composition with size of the bird desired. This is con-
sistent with selecting a point on the expansion path of
production response. Using data from either of two experi-
mental designs (called experiment two or experiment three),
the ration change was characterized by an increase in the
metabolizable energy of 2 to 3 kcal/lb for each additional
cent in the feed cost/broiler and consequent increase in
bird weight. The protein level remained constant at the
upper limit allowed (22%) at all values of feed cost/

broiler.
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b) Changes in feed ingredients prices in the period
between April 12 and May 31, 1982 did not change the levél
of protein (remaining at 22% at all levels of feed cost/
broiler), but did reduce the efficient level of metabo-
lizable energy by 4 to 7 kcal/lb of feed. The ingredients
prices in the period did not change enough to significantly
affect the ration composition. From April 12 to May 31 the
price of corn increased 2.6% and price of soybean meal
decreased by only .72%. Although these two feed ingredients
correspond to about 72% of the ration, the small price
change affected only the reduced level of metabolizable
energy and would have reduced the least cost weight of
broiler by only .08 pounds at a common level of industry
feed inputs (72 cents feed cost/broiler). Large effects
of changes in corn and soybean meal prices were documented
in a trade off analysis of protein and energy use (Table
5-19). Based on the price set of April 12, 1982 where corn
and soybean meal were 5.43 and 11.25 cents/lb. (under-
lined values in Table 5-19), price of corn and soybean meal
were parameterically increased and decreased by a rate
of .45 cents/lb. The increase and decrease in corn price
were from 5.43 to 6.78 cents/lb and from 5.43 to 4.53
cents/lb respectively. The price of soybean was increased
from 11.25 to 12.60 cents/lb and decreased from 11.25 to
10.35 cents/1lb. Changing the price of soybean meal by an
increment of .45 cents/lb in the range of 10.35 to 12.15

cents/lb, with the price of corn fixed at 5.93 cents/lb,
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caused decreased of .10% of protein and 2 kcal/lb of
metabolizable energy. Liveweight remained constant at 4.84
pounds. On the other hand, when price of soybean meal is
fixed at 11.25 cents/lb, and price of corn is increased

from 4.53 to 6.33 cents/lb by increments of .45 cents/lb,

the protein level is increased gradually by .10% and the
level of metabolizable energy is progressively decreased by
5, 8, 11, and 14 kcal/lb. Liveweight also progressively

is decreased by .08, .06, .05 and .02 pounds. Therefore,
prices of corn and soybean meal may incicate levels

of protein and metabolizable energy and broiler liveweight
if prices of other feed ingredients do not change.

c) Rations formulated in summer were different from
rations formulated in spring. Results of the experiment
three (spring) and experiment two (summer) with either
April 12 or May 31 prices indicated that experiment two
provided 30 to 35 kcal/lb of metabolizable energy more
than experiment three. However, feed intake was .15 lbs
lower in summer than in spring. The results on feed intake
were consistent with empirical finding on temperature
stress on birds where feed intake is lower in warmer
seasons. Biologically, the difference in metabolizable
energy appears inconsistent. However, economic analysis
showed that the marginal productivity of metabolizable
energy intake was higher in summer than in spring, dictat-
ing a higher use with feed ingredient prices fixed.

Moreover, birds from the spring experiment
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average, .ll lbs more than the brids from the summer
experiment. In conclusion, at any given feed cost/broiler,
feed cost/pound broiler was lower in spring than in summer,
i.e., birds grown in spring had least cost per pound
relative to birds grown in summer.

d) It is possible to specify a ration that will grow
a bird in a given length of time. The ration for a specific
bird size will produce a bird that has least cost per pound
under that restriction. At any constrained length of
time, broiler liveweight was held constant at all levels
of féed cost/broiler. In 43, 44, 45, 46 and 47 days,
broiler liveweight was fixed at 3.61, 3.77, 3.91, 4.05
and 4.19 pounds respectively. Therefore, if a bird's
carcass fat is not a factor, for a given length of time
and the respective broiler liveweight, feed cost/broiler
can be reduced as a direct consequence of a trade off
between protein and metabolizable energy. This trade off
was such that for each one cent reduction in feed cost/
broiler, protein and metabolizable can be increased by
.30% and 12 kcal/lb respectively and feed intake decreased
.08 to .09 pounds, so that liveweight remained unchanged.
This is so because in the restricted model, production
occurs in an economically inefficient point. Then, as
feed cost line shifts down different points on the same

isoquant are selected. Certainly, there was a limit in
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the trade off. 1In the longest length of time of 47 days
a 4.19 pounds broiler could not be produced with less than
73 cents of feed cost/broiler.

e) Control of a birds carcass fat is possible by
ration. Response functions estimated by the study show
that lean or fat birds are produced according to the levels
of protein and metabolizable energy which change with the
production of a desired fat level. The two lowest levels
of broiler body fat analyzed, .2645 and .2866 pounds, were
certainly associated with high protein (22%) and low
metabolizable energy (between 1386 and 1454 kcal/lb). At
the lowest level of fat, metabolizable energy varied from
1326 to 1386 kcal/lb. which correspond to range of feed
cost/broiler of 69-77 cents. However, the reduction of
feed cost/broiler from 77 to 69 cents was accompanied by
a reduction in broiler liveweight and feed cost/pound
broiler from 3.76 to 3.66 pounds and from 20.48 to 18.85
cents/lb. respectively. As fat production was increased to
the upper levels, .3086, .3307 and .3527 pounds per bird,
less protein and more energy were in the ration. At 72
cents feed cost broiler of fat is increased from .3086 to
.3527 pounds, protein was reduced from 21.49 to 17.95%
and metabolizable energy was increased from 1493 to 1530
kcal/lb. For any given level of feed cost, the feed
cost/pound broiler can be lower for a leaner bird, as a
result of a trade off between protein and metabolizable

energy. At 72 cents feed cost/broiler, as fat level is
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increased progressively from .2645 to .3527, feed cost/
pound broiler is respectively: 19.46, 18.56, 18.27, 18.46
and 18.90 cénts/1lb. For all levels at feed cost/broiler,
fat level at .3086 pounds per bird provided the lowest
feed cost/pound broiler. Therefore, producing leaner
birds might meet the goals at profit maximization of the
producer and satisfaction of the consumers.

f) simultaneously combining time and fat constraints
in the model, any combination of fat or lean bird per
length of time can be obtained within the feed cost/broiler
levels that were studied. The leanest bird (.2645 pounds
of fat) grown in the shortest length of time (43 days)
could be produced with 69 cents feed cost/broiler weighting
3.61 pounds the bird would have a feed cost per pound of
19.11 cents. The characteristics of the ration were 19.7%
protein and as low as 1338 kcal/lb of metabolizable energy.
It would be possible to keep feed cost/broiler and broiler
body fat at low levels of 69 to 72 cents and .2645 and .2866
respectively, while increasing length of time up to 45
days to produce heavier birds weighting 3.89 to 3.92 pounds.
In the range of 69 to 72 cents feed cost/broiler, .2866 of
broiler body fat provided, in general, the lowest levels of
feed cost/pound broiler; for time varying from {3 to 45
days. For higher levels of feed cost/broiler, the lowest
levels of feed cost/pound broiler occurred for highep level
of fat and longer length of time. Feed cost/broiler of

73 cents, .3086 pounds of fat and 46 days provided the
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lowest level of feed cost/pound broiler which was 17.98
cents/lb.

g) There was indication that the right hand side for
protein (21.7%) and metabolizable energy (1480 kcal/lb.)
used in linear programming feed formulations by the
broiler firm studied is not far from the economic efficient
point of production found without nutrient restrictions.

By entering those levels of protein and metabolizable
energy in the right hand side of a protein-energy
restricted model and using 72 cents feed cost/broiler, the
result was 4.82 pounds broiler while the economic effici-
ent point of production, using same data, occurred at

4.84 pounds broiler. Now, entering those values of protein
and metabolizable energy in the general restricted (model)
the result was a 4.12 pounds broiler. Without these
restrictions, it was demonstrated (Table 5-4) that a 4.13
pounds broiler and 22% protein and 1441 kcal/lb. metabo-
lizable energy could be obtained. The lower level of

energy in the model would provide a better quality bird.
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Appendix A. Condition for the Existence of Concave
Production Function and Convexity of the Isogquants

Let Y=f(x1, Kyeony xn) be a general production
function for n variable inputs to be maximized subject to
a constraint that g(xl, x2..., xn)=0. Then, for this con-
strained optimization problem, the function of £ is said
to be a strict concave function if the determinants of the
principal minors of the following bordered hessian matrix
alternate in sign starting with plus. That is,

[ ]
£ £ "'fln g1

£17 £12 9 £11 15 £33 93

£21 22 92 | 505 £21 F22 £33 92| <0;...
97 9, 0 £31 £32 £33 93

- - Lgl g9y 93 0

For a two inputs production function to be maximized
subject to a given total input cost, C, the lagrange
function, first order conditions and the bordered hessian

matrix are:
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2
L=f(xl, xz) + A(C - -E rixl)
i=1
8L o f -2p, =0 (i=1, 2)
Ix. i i o
L
2
55, = _
ﬁ——C—lErixl—O
i=1
£17 £10 14
f £ -r
& & 12 *22 "% (1)
—rl —r2 0

The condition for a maximum (concavity of £) is then

det H > 0. Subtituting r =fl/l and r =f2/l into (1) and

1 2

expanding det H it comes,

-f, -f £ £ -f £
_ ey 2 1 2 2 + 5

e N s S Y L il el wl S PG
det H= L (£ €. £, = £26.. - £..£. + £.£.£..) > 0

2 =L 1522 1i%3 iEa%qa
Since Az > 0, the condition for det H > 0 is

—£2f 4+ 26 F f._ - £..£2 5 0

1%22 [ a1 1152

or equivalent, by multiplying through by minus 1:

£.. - 262 F _ + £..£2 > 0. (2)

£1%59 1£2%12 1152

Let Y=f(xl, xz) define a production function for two
variable inputs. By taking the total differential of this
function and equating it to zero in order to explicit the
slope of an isoquant, it is then obtained:

dy = £,dx; + £,dx, = 0 (3)
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Rearrange terms in (3) and get:
g L/

o G
dx., fl (4)

Equation (4) represents the slope of an isoquant.
Since fl and f2 are positive for a strict concave function,
a typical isoquant derived from a concave function up to
the point of its absolute maximum is downward sloping.

However, the concavity of the isoquant is given by the

derivative of (4) which is:

- dxl dxl _
d2x1 -a(E,/£,) l-(fzz + £, d‘xz) £, -+ £y 3% )f% (5)
~ . 2
2 - )
dx2 dx2 fl

Substituting (4) into (5) it becomes:

5 [(fzz - flzfz) . _(flz fllfz)f—l
i £y . £y T2
2 2
dx2 fl
2 2
= wck. {Efzzfl _f12f1f2)_(f12f1f2_fllf2j
Iy
2 f2 6
_-L [fzzfl - 26 £ + £ 2] (6)
=

l-/This,ra;tio defines the marginal rate of technical
substitution of input Xq for input X2.



150
It has been shown in equation (2) that the expression
in brackets in (6) is positive. Therefore,

which implies that an isoquant of a concave pro-
< 0

2
d Xy

dxg

duction function is convex to the origin.
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Appendix B. Calculation of the Time Variable

The basic assumption for the calculation of time
elapsed for a chicken to eat a certain amount of feed
within a short period of time is that the daily consumption
rate is fixed within that period. This assumption is
more accurate the shorter the period of time.

The equation used for calculation of the daily feed
consumption is:

= t -
Ct = Ct (1 + r) n o

where,

Ct and Ct are total feed consumption at the end of
n o

periods t_ and t_;
n o]

r is the daily feed consumption rate (pounds per day);

t_ and t_are total elasped time (t_ > t_ and £t - t_ =
n o n o n o

three to fouf days at most).
The application of the formula is as follows: For a

given diet and a prior fixed feed consumption levle, say C,
find, in the experimental data, two consecutive levels of

feed consumption (Ct and Ct ) that include C. Then the
n o

daily feed consumption rate r* may be calculated as,

c, =¢. (1+r9H'n” %
n to
Applying log to both sides,
log ¢, = log C,. (1 + e*) 5 < %y

n O
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Using properties of log,

log Ct = log Ct

+ (. =t ) log (1 + r¥*)
& 5 n o

Rearranging terms, determine the rate as;

1+r*=(c, /e )% " %
n (@]

To find the time elasped for a chicken to eat C - Ct
o

of feed, say t*, use the known rate r* back in the equa-

. . — t*
tion, i.e., C = Ct (L + r*)
o}

log C = log Cp + t* log (1 + r*)

_ O
log (C/Ct

t* = 2
log (1 + r¥*)

Therefore, the time elasped to consume C of feed in

t0 + t*. An example: Consider observed data for broilers

on a particular diet (protein 18.63% and metabolizable

energy = 1486 Kcal/lb. Let C = 6.6139 lbs. Two consecu-

tive levels of feed consumption that include C are

C, =C,, = 7.33037
n
C, =C,q = 6.186722
(o]
t - t, = 42 - 38 = 4.
Then, 1 + r* = (7.3304/6.1867)1/%
1.043319

'—I
+
%
o
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and the rate is .043319 and t* is,

.06677
* = 202007 =
£ .042407 1.5745

So, the time elapsed to eat 6.6139 lbs. of feed is,

to + t* = 38 + 1.6 + 39.6 days

Finally, a check on the accuracy of r* is carried out

by predicting C say C* from C that is,

42° 42 387

o 6.1867 (1.043319)% = 7.330397

42
Hence, C42 = C

il

*42 = -.000027, which shows that the

technique is wvery accurate. This level of accuracy was

observed for all diets and levels of C.



Appendix C. Prices of Available Feed Ingredients On

April 12 and May 31, 1982

Feed Price (cents/kqg)
Ingredients April 12 May 31
Corn (Xl) 11.9711 12,2797
Animal fat (x3) 33.6205 34.7228
Pro pak (x4) 37.4345 37.4347
Po tank 50 soy (x5) 27.3594 27.4696
Meat of bone 50 (xs) 24,802 24.6258
Soybean meal (xB) 9.3696 9.3696
Grind limestone (xll) 1.9842 1.9842
Defluor phos (xlz) 29.0128 29.0128
Salt, plain (xl3) 6.2832 6.2832
Choline cl 35 (xl4) 41.8878 “41.8878
Methionine mha (xls) 264.5547 230.824
Wheat midds (xls) 12,4782 10.2735
Feather meal (xl7) 27.5578 27.668
Gluten feed (xla) 14.1537 14.1537
Poultry by prod (xlg) 28.5499 28.5499
Rice mil feed (x20) 6.3934 6.3934
Dried whey (le) 28.8806 28.8806
Soy hulls (x22) 9.9208 9.9208
Wafer meal (x23) 12.1254 12,1254
Poultry tm (x,,) 28.6601 29.5419
Broiler vit. mix (x25) 317.4657 303.1356
Fixed ingredient (x26) 264.5547 264.5503
Tm mix 430 (x27) 2204.58 3295.85
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Appendix D. Description of a Quadratic Programming Feed
Formulation Model
The purpose of the appendix is to describe and show
how to set up quadratic programming for a broiler feed
formulation that will yield least cost/pound of broiler
under given constraints. The problem maximizes production
response, w=f(P, E) subject to a set of nutrient and feed
ingredients restrictions, and a given level of feed cost/
broiler. For simplicity, consider only two feed ingre-
dients, corn and soybean meal, production response of
experiment three and April 12 prices. The composition
of corn and soybean meal are:
. Metabolizable /
Protein (%) Energy (Kcal/g)~
(P) (E)
Corn (xl) 8.6 3.4392

Soybean meal (XB) 48.5 2.425

The production response to estimate liveweight of
a broiler (w*) from experiment three can be expressed in

matrix notation as (See Chapter III):

P| +
-E-—

+ [P ﬁﬂ[f1.758822 .081693]

W* = [[1.457695 .109539]

3
—E—

.081693 -.007404

l-/To match with the results of a complete gquadratic
programming, metric system unit is used.
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To define this function in the feed ingredient space,

use the nutrient coefficients, i.e.,

]‘.086 . 485 X,
i | (2)
L3.4392 .425 Xg

P
E

Er=

P
E

Substituting the wvector or its transpose from equation

two into the production response, equation one, and
writing out the results, broiler liveweight is expressed
as a function of corn (xl) and soybean meal (x8) as:

w* = ,502088 Xq + .972614 Xg -.052257 xf

2
~.265095 Xg + .01893 X %g (3)
i 3 ; . 1/ .
This is the function to be maximized—. Fat and time equa-
tions are also transformed from the nutrient space into
feed ingredient space.

Fat equation:

I

Fat .013651 - .088859P + .016912E

53
E

.013651 + [-.088859 .016912] (4)

By substituting the vector{% from (2) into (4) and writing

E

the result out:

Fat = .013651 + .050522 X - .002085 Xg

Time equation:

Time 24.403404 + 10.511097P + 1.010951E

- (5)
24.403404 + [10.511097 1.01095}]’17‘
BE

Il

l-/The quadratic programming package (Rand QP 30) used

can only be applied for minimization problems. Hence the
function is multiplied by minus one and minimized without
altering final results.
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By substituting the vector from (2) into (5) and writing

the result out: -

Time = 24.403404 + 4.380817 X, * 7.549438 Xg

Protein and energy constraints must likewise be
transformed into feed ingredient space. Consider an
example for protein less than or equal to 22% and metabo-
lizable energy greater than or equal to 2.9 kcal/g.

For protein:

< .22 (6)

or,

-.134 x, + .265 x

1 <0 (7)

For metabolizable energy:
3.4392 x., + 2.425 x
L 8 > 2.9

xl + XS -

or, -.5392 xl + .475 x8

s 0 (9)
where equation 7 and 9 are appropriate constraints for
equation three.

The cost constraint at 72 cent feed cost/broiler is
readily written in feed ingredient space by multiplying
cents per kilograms of each ingredient times the amount
of ingredient to be used.

11.971 x, + 24,802 Xg = 72

The same general procedure would be followed if a larger

number of feed ingredients is used.
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Next, a print out of a complete gquadratic programming
run on the Rand QP 360 package is described. It was
made using experiment three production response, April 12,
1982 prices and 72 cents feed cost/broiler.

There are 26 restrictions in the model named Rl’
Ryr+.., Ryg™ which are stated in lines 1392-1417 of the
print out. A plus sign and a blank preceding the restric-
tion name refers to less than or equal to and equality
restriction type respectively. SLINEAR in Line 1391
corresponds to the linear part of the objective function.
It is always, preceded by a dollar sign.

The restrictions are:

R, : protein > 17.5%

R,: protein < 22.0%

R3: metabolizable energy > 2.9 kcal/g
4¢ metabolizable energy < 3.4 kcal/g
crude fat > 4.1%

R.: curde fiber > 3.9%

calcium > ,8%

: calcium < .9%

Ry: available phosphous > .4%

R.n: sodium > .18%

R .: sodium < ,23%

11 -

R..,: lysine 4,35%

l/Note that R.:, R and R

197 Rps were unused.

25
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R methionine = 2.17%

13°

14° methionine and eystine = 4.04%

15° choline > 1560.87 mg/kg

16° xanthophyl > 13.23 mg/kg

17° xanthophyl < 32.19 mg/kg

: feed cost = 72 cents

™ @ W oW W

18

Restrictions R20 to R29 refers to restriction of the

percentage of a feed ingredient in the ration

Roo? Xy 2 1.0%
Ry1® %3 < 6.0%
R22: Xg < 15%
R24: Xe = 6.0%
R26= X109 T .75%
R27: Xop = .05%
R28: Xoe = .375%
R29: Xog = .05%

Lines 1420 to 2197 describes the coefficients of
each feed ingredient in the objectives function and in
the constraints. Take X, as an example, .502088 in line
1420 is the coefficient of Xq in the linear part of the

objective function; .089 is the coefficient of Xq in

the restriction R and so on; .0522571 and .142266, in

ll’
lines 1447 and 1448 are the coefficients of the terms

xf and XXy in the nonlinear part of the objective func-

tion, and so on.
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Lines 2200-2225 refer to the right hand side of the

constraint. As shown earlier in the example for corn and
soybean meal the right hand side of all constraints in zero
except the feed cost constraint which in this case is 72
cents.

Lines 2232-2261 describe a SAS program. It was
possible to write a program in the QP 360 package to
separate the primal variable solution (feed ingredients)
and store it on a disc in vector form. Hence a SAS program
in matrix form was written using that solution vector to

make further transformations. The SAS program is as

follows:

Lines . Description

2239 A 27 x 1 vector of the feed ingredients in the
solution including the ones with zero value;

2240 An 1 x 27 vector of d's;

2241-2244 A 27 x 2 matrix of coefficients of protein
and metabolizable energy of the 27 feed ingre-
dients:

2245 An 1 x 2 vector of coefficients of the linear
part of the production response;

2246 A 2 x 2 matrix that defines the non-
near part of the production response;

2247 A 2 x 1 vector of protein and metabolizable

energy intake;

l‘/The author is grateful to Mr. John Mackert for

writing this program.
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Lines Description
2248 Total feed intake in kilograms;
2249 A 27 x 1 vector of percentages of each

feed ingredient in the ration;

2250 Calculation of broiler liveweight from the
linear part of the production response;

2251 Calculation of broiler liveweight from the
non-linear part of the production response;

2252 Broiler liveweight from the linear and non-
linear parts of the production response;

2253 An 1 x 2 vector of protein (%) and metabo-
lizable energy (kcal/kgqg);

2254 An 1 x 2 vector..4535925 is the conversion
factor of kilogram to pound;

2255 Broiler liveweight in kilogram (.041988 is

the intercept of the production response)l/;

2256 Broiler liveweight in pounds;

2257 Metabolizable energy in kcal/lb:

2258 Total feed intake in pounds;

2259 An 1 x 2 vector of coefficients of the

linear time equation;

2260 Estimate of time without intercept term;
2261 - Estimate of timei;
1/

~ Estimate of time can be done in a single statement
by combining expressions in lines 2259-2261.



//NRCPX72 JOB ,'GAHLINHA',USER=AECINST,
// PASSWORD= ,TIME=(,30) ,NOTIFY=AECINST
/! EXEC FORTHG,REGION.GO=750K,PARM='SIZE=725000',DSET='WEBSMA.BIGQP’
//LOADERIN DD DSN=AECINST.QUADPROG,DISP=SHR
//SYSLOUT DD SYSOUT=*
//FT15F001 DD DSN=AECINST.RON(NRCPX72),DISP=0LD
//GO.SYSIN DD *
BEGIN
ROWS
SLINEAR
+R1
+R2
+R3
+R4
+RS
+R6
+R7
+R8
+R9
+R10
+R11
R12
R13
R14
+R15
+R16
+R17
R18
+R20
+R21
+R22
+R24
R26
R27
R28
R29

X1 LINEAR -.3502088
X1 R1 .089

X1 R2 -.134
X1 R3 =.5392
X1 R4 .0392
X1 RS .6

X1 R6 -1.4

X1 R7 .765

X1 R8 -.865
X1 R9 3

X1 R10 .174

X1 Ril -.224
X1 R12 L0941
X1 R13 -.02338
X1 R14 -.02256
X1 R15 965.62
X1 R16 -8.82
X1 R17 -10.14
X1 R18 11.9711
X1 R20 -.06

00131000
00132000
00133000
00134000
00135000
00136000
00137000
00138000
00139000
00139100
00139200
0013%200
00139400
00139500
00139600
001358700
00135800
00139900
00140000
00140100
00140200
00140300
00140400
00140500
00140600
00140700
00140800
00140900
00141000
00141100
00141200
00141300
00141400
00141500
00141600
00141700
00141800
00141900
00142000
00142100
00142200
00142300
00142400
00142500
00142600
00142700
00142800
00142900
00143000
00143100
00143200
00143300
00143400
00143500
00143600
00143700
00143800
0C143900
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R21 .01

R22 =15

R24 -.06

R26 -.0075
R27 .0005

R28 .00375
R29 .0005

X1 .0522571
X3 . 142266
X4 -.0273825
X5 -.00347303
X6 -.0242027
X8 -.0181935
X10 .0104318
X15 -.103761
X16 .0145733
X17 -.0483244
X18 .00235827
X19 -.0223359
X20 .00306261
X21 .0192648
X22 -.00133754
Xa23 .0581631
LINEAR -.845203
R1 .175

R2 =22

R3 -4.816
R4 4.316

RS -95.9

R6 =3.9

R7 .8

R8 .9

R9 b

R10 .18

R11 -.23

R12 0.

R13 05

R1l4 0.

R15 1560.87
R16 13,23

R17 -32.19
R18 33.6205
R20 .94

R21 -.99

R22 =13

R24 -.06

R26 -.0075
R27 .0005

R28 .00375
R29 .0005

X3 440803
X4 -.223299
X5 -.124998
X6 -.189228
X8 -.167182
X1o .0163291
X15 -.504278
X16 .00745614

00144000
00144100
00144200
00144300
00144400
00144500
00144600
00144700
00144800
00144900
00145000
00145100
00145200
00145300
00145400
00145500
00145600
00145700
00145800
00145900
00146000
00146100
00146200
00146300
00146400
00146500
00146600
00146700
00146800
00146900
00147000
00147100
00147200
00147300
00147400
00147500
00147600
00147700
00147800
00147900
00148000
00148100
00148200
00148300
00148400
00148500
00148600
00148700
00148800
00148900
00148000
00142100
00142200
00149300
00148400
00149500
00149600
00145700
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]

.32794
.0429576
-.206291

. 00444829
.0309028
-.0315613
.157367
-1.1876
-.431

13.23
=32.19
37.4345
-.06

.01

=+ 15
-.06
-.0075
.0005
.00375
.0005
627996
.323122
.355658
.336696
.0302997
.613368
.0834178
.534739
.131673
.393567
.0336245
.0539556
.0749647
-.00853172
-1.0935
=325
.28
-.4289
-.0711
=37
-1.4

=1

.0

-
o

00149800
00149900
00150000
00150100
00150200
00150300
00150400
00150500
00150600
00150700
00150800
00150900
00151000
00151100
00151200
00151300
00151400
00151500
00151600
00151700
00151800
00151900
00152000
00152100
00152200
00152300
00152400
00152500
00152600
00152700
00152800
00152900
00153000
00153100
00153200
00153300
00153400
00153500
00153600
00153700
00153800
00153900
00154000
00154100
00154200
00154300
00154400
00154500
00154600
00154700
00134800
00154900
00155000
00155100
001552C0
00155300
00153+00
00155300
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-.06
-.0075
.000s
.00375
.0005
.249803
.268016
.255334
.0253796
.485969
.0686235
.427391
. 106499
.315727
.027&13
.0452549
.0603955
-.00175309
-.970337
=.325
.28
.6954
-1.1954
-5.9
-l.4
-7.2

71

=35
=35

.5

=225
.54

.92
-621.67
13.23
~32.19

00155600
00155700
00155800
00155900
00156000
00156100
00156200
00156300
00156400
00156500
00156600
00156700
00156800
00156900
00157000
00157100
00157200
00157300
00157400
00157500
00157600
00157700
00157800
00157900
00158000
00158100
00158200
00158300
00158400
00158500
00158600
00158700
00158800
00158900
00159000
00159100
00159200
00159300
00159400
00159500
00159600
00159700
00159800
00159900
00160000
00160100
00160200
00160300
00160400
00160500
00160600
00160700
00160800
00160900
00161000
00161100
00121200
00161300
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X10

X23
LINEAR
R1

R2

R3

R&

.279694
.0230003
.559448
.0675371
475175
.112758
.345785
.0280611
.040752
.0649943
-.0246831
-.972614
-.31
.265
475
-.975
3.2

=35

.6

-7

el

.172
-.222
-1.05025
.32945
L4894
-1205.88
13.23
-32.19
24.802
-.06

.01

=. 15
-.06
-.0075
.0005
.00375
.0005
.265095
.0229166
.523938
.0657878
48742
.10778
.327751
.0270541
.0406771
.0618725
-.0180987
-.217953
.105
=.15
1.8418
-2.3418
B

-2.4

.66

-.76

00161400
00161500
00161600
00161700
00161800
00161900
00162000
00162100
00162200
00162300
00162400
00162500
00162600
00162700
00162800
00162900
00163000
00163100
00163200
00163300
001634C0
00163500
00163600
00163700
00163800
00163900
00164000
00164100
00164200
00164300
00164400
00164500
00164600
00164700
00164800
00164900
00165000
00165100
00165200
00165300
00165400
00165500
00165600
00165700
00165800
00165900
00166000
00166100
00166200
00166300
00166400
0016€500
00166600
00166700
00156800
00156900
00167000
00167100
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X10

X10

.00480629
.0293356
.0101795
.0346674
.0116131
.0283702
.00349644
.00870728
.00603325
.0118315
.175

&2

2.9

-3.4

4.1

=38
-37.2
37.1

4

.18
-.23

.0

.0

.0
1560.87
13:23
-32.19

‘1.984

-.06
.01
=15
-.06
-.0075
.0005
.00375
.0005
W
)
2.9

3.4

00167200
00167300
00167400
00167500
00167600
00167700
00167800
00167900
00168000
00168100
00168200
00168300
00168400
00168500
00168600
00168700
00168800
00168900
00169000
00169100
00169200
00169300
00169400
00169500
00169600
00169700
00169800
00169900
00170000
00170100
00170200
00170300
00170400
00170500
00170600
00170700
00170800
00170900
00171000
00171100
00171200
00171300
00171400
00171500
00171600
00171700
00171800
00171900
00172000
00172100
00172200
00172300
00172400
00172500
00172600
00172700
00172800
00172900
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4.1
=3.9
=31.2
31.1
-17.6
-5.32
5527
.0

.0

.0
1560.87
13.23
-32.19
29.013
-.06
.01
-.15
-.06
-.0075
.0005
.00375
.0005
-175
=, 22
2.9

00173000
00173100
00173200
00173300
00173400
00173500
00173600
00173700
00173800
00173900
00174000
00174100
00174200
00174300
00174400
00174500
00174600
00174700
00174800
00174900
00175000
00175100
00175200
00175300
00175400
00175500
00175600
00175700
00175800
00175900
00176000
00176100
00176200
00176300
00176400
00176500
00176600
00176700
00176800
00176900
00177000
00177100
00177200
00177300
00177400
00177500
00177600
00177700
00177800
00177900
00178000
00178100
00178200
00178300
00178400
00178500
00173600
00178700
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-

X15

X16

X22
X23
LINEAR
R1

R2

R3

R&

RS

-.23

.0
-260784.81

b
.18
-.23
3.48
-78.264
-76.768
1560.87
13.23
-32.19
264.5547
-.06

.01

=,15
-.06
-.0075
.0005
.00375
.0005
1.12565
. 104651
.910198
.200051
647562
.0469313
.0510761
.118419
-.111433
-. 6454241
.01
-.055
.9489
-1.4489
s, 1

00178800
00178900
00179000
00179100
00179200
00179300
00179400
00179500
00179600
00179700
00179800
00179900
00180000
00180100
00180200
00180300
00180400
00180500
00180600
00180700
00180800
00180900
00181000
00181100
00181200
00181300
00181400
00131500
00181600
00181700
00181800
00181900
0182000
00182100
00182200
00182300
00182400
00182500
00182600
00182700
00182800
00182300
00183000
00183100
00183200
00183300
00183400
00182500
00183600
00183700
00183800
00183900
00184000
00184100
00184200
00184300
001684400
0018%500
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X17
X17

X17

X17
X17

4.1

.66

=~ d T

.17

.175

=, 225

. 14775
.21705
.3686
485.03
13.23
=-32:19
12.4782
-.06

.01

=15
-.06
-.0075
.0005
.00375
.0005
.0234696
. 104804
.030398
.081396
.00855477
.0183487
.0164432
.0168094
-1.45094
-.605
.56

.034
-.534
=5.9
-2.4

.6

=.7

= 35
-.52

L47
2.393
1.3596
.8012
679.04
13.23
=32.,19
27.5578
-.06

S
-.06

-, 0075
.0005
.00375
.0005
.765634
.179093

00184600
00184700
00184800
00184900
00185000
00185100
00185200
00185300
00185400
00185500
00185600
00185700
00185800
00185900
00186000
00186100
00186200
00186300
00186400
00186500
00186600
00186700
00186800
00186900
00187000
00187100
00187200
00187300
00187400
00187500
00187600
00187700
00187800
00187900
00188000
00188100
00188200
00188300
00188400
00188500
00188600
00188700
¢0188800
00188900
00189000
00189100
00189200
00189300
00139400
00189500
00189600
00189700
00189800
00189900
00190000
00150100
00190200
20190200
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X19
X19

X19.

X19
X19
X192
X19
X19
X19
119
X19
X19

X139
X19

LINEAR

.554749
.0441058
.0612776
.103736
=.0501955
-.504225
-.045

.0
1.2245
-1.7245
2.4

5.6

5

-.6

.19

.173
=.223
.687

. 2664
L4228
41.91
=13.225
=5.735
14.1537
-.06

.01

=.15
-.06
-.0075
.000s5
.00375
.0005
.0456859
-133284
.0119402
.0207563
.0257118
.00352756
=1.20425
425

.38
=.1093
-.3907
=79
-1.4
=24

2.6

=16
=1..07
1.02

.04

.182
.324
-4391.51
13.23
32439
28.5499
-.06

00190400
00190500
00190600
00190700
00190800
00190900
00191000
00191100
00191200
00191300
00191400
00191500
00191600
00191700
00191800
00191900
00192000
00192100
00192200
00192300
00192400
00192500
00192600
00192700
00192800
00192900
00193000
00193100
00193200
00193300
00193400
00193500
00193600
00193700
00193800
00193900
00194000
00194100
00194200
00194300
00194400
00194500
00194600

00194700°

00194800
00194900
00195000
00195100
00195200
00195300
00195400
00195500
00195600
00195700
00195800
00195900
C0196000
00196100

171



R21 .01

R22 -.15

R24 -.06

R26 -.0075
R27 .0005

R28 .00375
R29 .0005

X19 .405216
X20 .0334636
X21 .0503594
X2z .0765052
X23 -.0222004
LINEAR -.154117
R1 .11

R2 -.139 $
R3 2.3048
Ré& -2.8048
R5 =1.3

R6 23.5

R7 .72

R8 -.82

RS .34

R10 .14

R11 -.19

R12 .12535
R13 .06237
R14 .11644
R15 1119495
R16 13.23

R17 =32.19
R18 6.3934
R20 -.06

R21 .01

R22 =15

R2&4 -.06

R26 -.0075
R27 .0005

R28 .00375
R29 .0005

X20 .00323538
X21 .00627834
X22 .00659487
X23 .00364227
LINEAR -.395211
R1 .049

R2 -.094

R3 .9688

R& -1.4688
RS 3.8

R6 3.1

R7 -.06

R8 -.04

R9 .19

R10 =:25

R11 S2

R12 -.4019
R13 .10942
R14 .02004

00196200
00196300
00196400
00196500
00194600
00196700
00196800
00196300
00197000
00197100
00197200
00197300
00197400
00197500
00197600
00197700
00197800
00197900
00198000
00198100
00198200
00198300
00198400
00198500
00198600
00198700
00198800
00198900
00199000
00199100
00199200
00192300
00199400
00199500
00199600
00199700
00199800
00199500
00200000
00200100
00200200
00200300
00200400
00200500
00200800
00200700
00200800
00200900
00201000
00201100
00201200
00201300
00201400
00201500
00201500
00201700
50201800
002019G0
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X21

X22

X2z

X22

X22

X22

X22
X22
X22
X23
X23
X23
X23
X23
X23
X23
X2

X23
X2

X23
X23
X23
X23

205.05
13.23
=32.19
28.8806

-.06
-.0075

.0005

.00375

. 0005
.0146067
-.000978256
-.568371
.075

=012

=.958

00202000
00202100
00202200
00202300
00202400
00202500
00202600
00202700
00202800
00202900
00203000
00203100
00203200
00203300
00203400
00203500
00203600
00203700
00203800
00203900
00204000
00204100
00204200
00204300
00204400
00204500
00204600
00204700
00204800
00204900
G0205000
00205100
00205200
00205300
00205400
00205500
00205600
00205700
00205800
00205900
00206000
00206100
00206200
00206300
00206400
00206500
00206600
00206700
00206800
00206900
00207000
00207100
00207200
00207300
00207400
00207500
00207600
00207700
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X25
X25

.0647544
.0

175
=22

2.9

-3.4

4.1

=3.9
-19.2
191

N

.18
.23

.0

.0

.0
1560.87
13.23
-32.19
28.6601
-.06
.01
=15
-.06
-.0075
.0005
.00375
.0005
.0

175
=.22
2.9

.0
1560.87

1323

00207800
00207900
00208000
00208100
00208200
00208300
00208400
00208500
00208600
00208700
00208800
00208900
00209000
00209100
00209200
00209300
00209400
00209500
00209600
00209700
00209800
00209900
00210000
00210100
00210200
00210300
00210400
00210500
00210600
00210700
00210800
00210900
00211000
00211100
00211200
00211300
00211400
00211500
00211600
00211700
00211800
00211900
00212000
00212100
noz12200
00z12300
20212400
00212500
00212600
ooz12700
00212800
00212900
00213000
00213100
00213200
00213300
00213400
00213500
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Xa7

-32.19
317.4657
-.06

.01

-.15
-.06
-.0075
-.9995
.00375

=32.19
264,5547

2204.58

-.086

00213600
00213700
00213800
00213900
00214000
00214100
00214200
00214300
00214400
00214500
00214600
00214700
00214800
00214900
00215000
00213100
00215200
00215300
00215400
00215500
0215600
002157C0
00215800
00215900
00216000
00216100
00216200
00216300
00216400
00216500
00216600
00216700
00216800
60216900
00217000
00217100
00217200
00217300
00217400
00217500
00217600
00217700
00217800
00217900
10218000
00218100
00218200
00218300
00218400
00218500
00218600
00218700
00218800
00218900
00212000
00219160
00212200
CC21P300
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X27 R26 -.0075 002159400

X27  R27 .0005 00219500

X27 R28 .00375 00219600

X27 R29 ~%9995 00218700

END 00219800
RHS 00219900
R1 Q. 00220000

R2 0. 00220100

R3 0. 00220200

R4 0. 00220300

RS 0. 00220400

R6 0. 00220500

R7 Q. 00220660

R8 0. 00220700

R9 0. 00220800

R10 a. 00220900

R11 0. 00221000

R12 0. 00221100

R13 Q. 00221200

Rl4 0. 00221300

R15 0. 00221400

R16 0. 00221500

R17 0. 00221600

R18 72. 00221700

R20 .0 00221800

R21 .0 00221900

R22 .0 00222000

R24 .0 00222100

R26 .0 00222200

R27 .0 00222300

R28 .0 00222400

R29 .0 00222500

END 00222600
PRMCDE USE 0042222234 FOR PRINT CONTROL 00222700
0042222234 00222800
ERRCRS 00222900
SOLVE 00223000
EXIT 00223100
//SASSTEP EXEC SAS 20223200
//DISK DD DSN=AECINST.RON(NRCPX72),DISP=0LD 00223300
//SYSIN DD * 00223400
DATA VECTOR; 00222500
INFILE DISK; 00223600
INPUT X 1-20; 00223700
PROC MATRIX PRINT; 00223800
FETCH CON72; 00223300
ONE=1 1111111111111111212111111111; 20224000
PE=.086 3.4392 ; .12 3.0864 / 0 7.716 / .606 2.7778 / .5 3.2289 / .5 2.20022%100
.502 4.2438 / .485 2,425 / .36 1.5983 / .07 1.0582 /00 / 00 / 00 0022-200
g0/ .80/ .165 1.9511 / .78 2.866 / .22 1.6735 / .6 3.0093 / .06l 00224300
.126 1.9312 4 .12 .7716 /' .1 3,858 y 0O /00 /700 /00 00224400
L=1.457695 .109539; 00224500
J=-1.758822 .0816935 / .0816935 -.C074029; 00224600
N=(PE'#*CON72}; 00224700
TCON=(ONE*CONT2); 00224800
00224900

n0223000

00225100+
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WT=(W1 + W2);
PCT=(TCON¥**=~1)%N;

KGLB=0 .4535924;
WTT=(WT + .041988);
WTLB=(2.2046226%WTT);
PCTLB=(KGLB*PCT);
TCONLB=(2.2046226%TCON) ;
TCOE=10.511097 1.010951;
TT=(TCOE*N);
TTT=(24.403404 + TT);

1

00225200
00225300
00225400
00225500
00225600
00225700
00225800
00225900
00226000
00226100
00226200
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