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AN ABSTRACT OF THE THESIS OF

Zafar Yab Husain for Maste f Science ure
Ma jor: ricultural Economics

Title: Opportunities for savings in mixing Lebanese poultry feeds.

This case study was conducted to compare the costs of Lebanese

poultry feeds formulated under conventional and linear programming methods,
The layer rations in the case firm were studied in 1967, Three kinds of
basic data were collected: the prices of the ingredients available in the
inventory of the firm during 1967, the nutrient compositions of these
ingredients, and the ration specifications used by the firm, Information
on the formulae of the actual rations developed and sold by the firm in
1967, the costs of the formulae, and the amount marketed under each formula
was also collected.

A linear programming model involving 30 restrictions and 57 vari=-
ables was developed to determine the least-cost rations. Solutions were
obtained on the IBM 1620 Computer at the AUB Computer Center. The costs
of the linear programmed rations were compared to those of the convention-
ally formulated rations, The differences between the two gave the savings
per kilogram which, when multiplied by the volume of each formula produced,
yielded the over all gross savings. for the firm during 1967 if it had
used linear programming in formulating its rations. The savings amounted
to LL, 46,338.62.

In addition to determining the least-cost formulae, supplementary
information on the following items was generated: analysis of least-cost
rations, price stability ranges of the included ingredients, and shadow
prices of excluded ingredients and exactly met specifications. Some
practical uses to feed firms of this information were also suggested.
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I. INTRODUCTION

Commercial egg production has expanded rapidly in Lebanon over
the past decade. This is substantiated both by production and trade
statistics. Egg production increased from an average of 2.1 thousand
metric tons during 1954-56 to 18.5 thousand metric tons in 1964-66(and
to 31.9 thousand metric tons in 1967). The exports increased from
0.4 thousand metric tons during 1954-56 to 7.3 thousand metric tons in
1964-66, accompanied by a decrease in imports from 1.8 thousand metric
tons during 1954-56 to 0.1 thousand metric tons in 1964-66.(Cortas and
Sattar, 1968, p 100)

Feed constitutes a high proportion of the total cost of producing
eggs. For example, Ward and Fuleihan (1962, p 43) estimated feed costs
to be 68 percent of total egg production costs in Lebanon compared to
labor and fixed costs which accounted for 11.5 and 14 percent of total
costs, respectively. The high proportion of feed cost calls for studies
to determine how per unit costs of feed can be reduced.

Feed is produced by mixing different feedstuffs in certain
proportions so that the nutritional requirements, a8 determined through
nutrition research, are met. Literally thousands of combinations of
feedstuffs available to feed mixers can meet the nmutritional require-
ments of any particular ration. A feed mixer is interested in finding
that specific combination which is nutritionally adequate and at the
same time the least-cost possible. The presént method used by most feed
mixers in Lebanon represents a combination of past experience, common

1



sense, and "systematic" trial and error, While vast experience and
"good" common sense may yield reasonably "good" results, a feed mixer
using such a procedure has no guarantee that all nutritional require-
ments are met or that ration costs are absolutely minimum,

Fortunately, a technique called linear programming exists which,
when applied to feed mixing problems, can provide both such guarantees.
This technique has received relatively widespread use, particularly in

the U.S., , in recent years, It is a mathematically systematic procedure
whereby the least-cost combination of feedstuffs can be obtained while

meeting all the nutritiomal requirements incorporated into the system,
The general purpose of this study was to gain quantitative

insights on how much the costs of Lebanese poultry feeds could be reduced

if linear programming were used in formulating rations rather than

the conventional methods which have been used, To gain these insights,

a case study of a feed mixing firm in Lebanon was undertaken,



II. REVIEW OF LITERATURE

Linear Programming in General

Linear programming is a mathematical technique for solving
problems involving a number of linear inequalities, subject to the maxi-
mization or minimization of a linear objective function., Problems can be
solved by either transportation and/or simplex method. The discussion of
linear programming in this chapter is restricted to the simplex method
since this method was used in this study.

First, a problem involving two unknowns is solved geometrically,
later a simplex model is developed for a problem invelving four unknowns
and finally a general algebraic form is shown for problems involving

n-unknowns,

~ Geometrical Solution

Consider the following problem:

A certain firm is producing two products, X1 and Iz. Xl needs
two units of input A and five units of input B; X2 needs six units of
input A and three units of input B, Input A has a maximum availability
limit of 24 units and input B of 30 units. The profit per umit is
$ 5.00 for 11 and § 8,00 for Xz The problem is to find the combination
of Xl and 12 such that profit is maximum. This problem can be written
as follows:

Maximize Z = 5%, + 812 ‘ (II-1)
3



subject to
<
2X1 + 612 24
511 + 312 £ 30 (11-2)
X, X, =0 (11-3)
Since this problem involves only two unknowns, it can be solved

geometrically as shown below:

12

X

Figure 1, Feasible solution set for the
product mix problem,

The- restriction equations (II-2) are shown by solid lines while
the objective function is indicated by a dotted line with a slope of - 5/8.
Equation (II-3) indicates that the variables in the solution cannot be
negative. Since the restrictions are in the form of "less than or equal
to", the area of feasible solution from the first restriction in (II-2)
is given by AOE and from the second restriction in (II-2) by DOC,
AOEN DOC gives convex set OABC as the area of feasible solution when both

restrictions in (II-2) are considered, The feasible points are the one at



which the objective function is tangent or intersects the convex set
OABC. Maximization of the objective function requires that the feasible
point be the highest point in the convex set OABC. Point B(4.5, 2,5) is
the highest point in this convex set., It gives a profit of $ 42.50 as
compared to, for example, a profit of $ 32.00 at point A(0, 4) and a
profit of § 30.00 at point C(6, 0).

Algebraic Form in Four-unknowns

When the number of unknown variables increases to more than
three, the graphical method ceases to be helpful in providing solutions.
Algebraic methods are well suited to problems involving more than three
unknowns. The simplex method was developed by Dantzig(1951, pp 339-347)
to handle a problem of any finite mmber of unknowns in a mathematical
way. The following example illustrates the setting up of a simplex
linear programming model. (Heady and Candler, 1958, pp 54-68)

A farmer has the alternative of growing four crops: corn, oats,
soybean and wheat. To keep the problem simple, it is assumed that only
three kinds of inputs, namely land, March labor, and July labor are used
in production. The farmer wants to use a minimum of 50 acres of his land.
He has a maximm of 100 hours of March labor and 80 hours of July labor.
One acre of corn(xl) is assumed to require no March labor but one hour of
July labor. Similarly, one acre of oats(xz) requires one hour of March
labor and none of July labor, one acre of soybean(x3) requires half an
hour of March labor and none of July labor. The profits per acre
from com, oats, soybean, and wheat are $ 30,00, $ 10,00, $ 40.00 and



$ 12.00, respectively. The problem of the farmer is how to allocate his
limited resources without violating the availability restrictions and
at the same time to maximize his profits, This problem can be stated

in algebraic form as follows:

Ha:d.mizez=30!1+1uxz+4013+m4 (11-4)
subject to

1) ¢ I + 10 + I, = 50

oxl . lxz * 0x3 + .514 < 100 (11-5)
Ix) + @K + 2Ky + OX, < 60

X)5 Xy, X5, X, 20 (11-6)

The next step in setting up a linear programming model is to
convert the inequalities into equalities. This can be achieved by
adding slack variables to the inequalities. The minimum restrictions
are converted into equalities by adding slack variables which indicate
the amount of surpluses. Maximum restrictions are converted into equalities
by adding slack variables which indicate the amount of deficits. Artis
ficial variables with "™ +1 " coefficients are then added to those equations
which lack "™ +1 " coefficients, to complete a unit matrix. The inclusion
of artificial variables assists the cunputér in solving problems but it
has no economic significance. These slack and artificial variables are
also added to the objective(profit) function. Since slack variables
contribute nothing to profit, they are given zero coefficients, and
since artificial variables are not wanted in the final solution, they
are given very high coefficients, denoted by - M, The addition of slack
and artificial variables to (II-4) and (II-5) yields the following:



Maxjnzeznsu:1+1uxz+4oxa+1zx + K_ + 00X, + X

4 5 6 7

-!‘Ke (11-7)

subject to

1x1+1:2+n3+1x4-]x5+ux6+ux7+]x8-59
OX) + IX; + OXy +.5K, + GKg ¢ 1Xg ¢ 0K, + OXg _ 100 (11-8)
n1+m2+zx3+ox4+0xsouxs+n7+oxa-so

The real variables are xl to 14, the slack variables are X_ to X

5
The equations in (II-7) and (II-8)

7

and the artificial variable is 18.
are in the linear programming form which can be solved by the simplex

method .

General Algebraic Form in n-unknowns

A linear programming problem involving n-unknowns can be stated

in a general algebraic form as follows:

Muximizez=-clxl+ cee +(2:_1I:l soe *cnxn (11-9)
subject to

auxl + eee ;ljxj e ‘lnxnhbl

aill'.l * s00 aijxj cese linx = bi (II"].O)
nlxl+...ajxj ces @ x ‘b

xj = 0 (j - 1,...!1) (11—11)

The above linear programming problem can be set up in a simplex
model as follows:

Maximize Z = clxl seas + ijj ese + c x + aee (11-12)

+01n+1 ese +0'In+j LE R "'Oxnm-)ﬂhm*l

subject to

‘uxl + ses # aljxj * sea t alnxn + In+1 ses In"m*l = bl



aﬂl'l + soe * aijxj * aes ¥ ainxn + uxml + o0 +xn+j +

see * Oln‘n‘_l - bi (11-13)
amlxl + [ R ] + aijj + LR + ..mxn + LN ] + xnm + LN ] +
O mel = B (11-13)
IJ 20 (I1-14)
where,

X) wee In are real variables,

X are slack variables,

LE N ] x
n

n+l +m

and In o is an artificial va;uble.

Evolution of Linear Programming

As Applied to Feed Mixing Problems

This part of the chapter traces the history of the development
of linear programming as applied to feed mixing problems. Methodological
improvements are emphasized, but only those which contribute directly to
the methodology used in this study.

Stigler was first to attempt to compute a "minimum-cost" diet.
His classical work(1945) showed that a human being could survive in the
United States on a ration consisting of wheat flour, evaporated milk,
cabbages, spinach, and dried navy beans at an anmual cost, in August
1939 prices, of $ 39.93. Since his study preceded the development of
linear programming, his computations relied on "systematic" trial and
error. And, as he acknowledged, his so-called "minimum cost" diet was
not necessarily the diet of absolute minimmr cost., In addition to
determining the composition and value of the minimum-cost diet, Stigler

also computed the actual amounts of the different nutrients in the diet



as percentages of the minimum requirements.

The first attempt to compute minimum cost animal feeds was
made by Waugh (1951). He computed minimum cost dairy rations with two
levels of protein and with and without weight controls. Since matrix
algebra was used in solving this problem, Waugh was restricted to
considering identical numbers of ingredients and ration restrictions.
The solutions gave the minimm cost combinations of the ingredients
and the costs of the rations.

The post-Waugh attempts to compute least-cost feed rations were
not limited to problems with identical numbers of ingredients and
ration restrictions. The development of the simplex method of solution
made it possible to solve problems involving larger numbers of unknowns '
than numbers of equations. Also, development and use of electronic
computers permitted the handling of much larger problems than was
formerly possible with desk calculators.

Swanson (1955) made use of linear programming in formulating
a least-cost hog feed with two levels of protein and with 17 minimum
restrictions. Twenty ingredients were considered under two different
price situations. Katzman (1956) computed a least-cost broiler ration
with seven minimum restrictions and one weight control restriction.
Eight ingredients were considered in this case, The surplus quantities
of nutrients were shown in addition to the least-cost combinations of
ingredients and the cost of the formula.

With the gain in experience in using linear programming,
additional information was generated and its uses are illustrated in

the studies cited below:



Hutton et al.(1958) developed a simplex model to formulate
a least-cost broiler feed formula meeting 12 restrictions from 34
ingredients, The solution provided the least-cost formula, its cost
and the amounts of nutrients and feedstuff surpluses and deficits,
Additional information regarding displacement rates of ingredients
and nutrient restrictions and the changes in the feed formula and its
cost was also provided, It was shown how this information could be
used to modify the least-cost formula when changes in specifications,
in ingredient composition and in ingredient prices, take place,
Bishop (1962) computed a least-cost br«.;:iler starter ration with and
without a calorie-protein ratio restriction., Other information
generated included the price ranges of included ingredients within
which the ration remained unchanged, and the necessary reduction in
the prices of the excluded inmgredients in order that such ingredients

could be included in the least-cost ration, Maddy et al.(1963) and

10

Seagraves (1963) included the price ranges for included ingredients and

the shadow prices of excluded ingredients and restrictions exactly met

in their least-cost solution, Seagraves also showed how the computation

cost on electronic computers could be reduced if the size of problem

were made less by prior calculations, Stafford (1965), and Taylor and
Daghir (1968) showed how the price ranges of included ingredients and
the shadow prices of excluded ingredients could be used as guide lines

for purchasing ingredients,

Assumptions Underlying Linear Programming
with Particular Reference to Feed Mixing Problems

Linear Programming is based on certain assumptions. A thorough
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acquaintance with these assumptions is essential for one to know if
linear programming represents a valid analytical framework for
solving problems. Otherwise, the results obtained from linear
programming may be misleading. The various assumptions basic to

the linear programming technique are widely discussed in the
literature. (Heady and Candler, 1958, pp 17-18, Dorfman, et al.,
1958, p 10, Ferguson and Sargent, 1958, pp 78=79). The most important

relative to least-cost feed formulation problems are discussed below:

Linearity and Additivity Assumption

This assumption applies to both the objective function and the
equations reflecting the restrictions. Linearity of any function
implies that the function is a straight line.

A firm whose objective function (either profit or cost) is
linear is operating in a perfect market in that a given price applies
to all possible quantities that the fim could sell or buy. For a
profit function, the linear assumption implies that regardless of how
much the firm produces, all units sell at the given market price. For
a cost function, it implies a perfect raw materials market in that the
firm pays the same price regardless of the quantity purchased, i.e.the
input price is not affected by the amount that any single firm buys,

The linearity and additivity assumption on restriction
equations, indicate in economic terms that there exists "constant
returns to scale". It assumes, for example, that if one kg of corn
supplies 3,373 calories, ten kg of corn will provide 33,730 calories.

The linearity assumption is closely related to an "independence"
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assumption, In this case, the -independence assumption indicates that
the amount of individual nutrients physically available from a given
ingredient is independent of the quantities of that ingredient used
in a ration, Another implication of independence is in terms of
physiological availability of nutrients from different ingredients,
The physiological independence assumption implies that nutrients
from given ingredients are physiologically available irrespective of

what other ingredients are present in the ration formula,

Divisibility

This assumption implies that the restrictions and the objective
of the problem can be represented by continuous functions rather than
discontinuous points in space. It implies that a feed mixer can mix
the different ingredients in any proportion and also produce the feed

in any propertion,

Single Valued Specification Levels

Only one minimum or maximum level is assumed for any given
nutrient and feedstuff specification in a feed mixing problems The
levels are usually those which have been shown to support the maximum
possible physical preformance of the chicken. But the "law" of
diminishing returns implies the possible inappropriateness of this
assumption, In particular, it suggests the possibility of greater
economy in production if the levels used of certain specifications
are less than those which support maximum possible physical

performance,



III. METHODOLOGY

The general objective of this study, as stated above, was
to compare, for a specific feed mixing firm, the costs of poultry
rations formulated with (a) conventional and (b) linear programming
methods. To achieve this general objective, the following specific

objectives were considered:

Specific Objectives of the Study

1) To find the actual cost of the mixed feeds when the
conventional method was used.

2) To find the cost of the mixed feeds if linear programming
had been used under identical feedstuff market conditions and with
nutrient specifications identical to those used in the conventional
formulations.

3) To compare the ration costs under the two systems and to
compute the savings if the feed mixing firm had used linear programming
during 1967 to formulate its layer rations.

4) To generate additional information such as: analysis of
least-cost rations, price stability ranges of included ingredients,
shadow prices of excluded ingredients, shadow prices of exactly met
specifications, and to show their practical uses to poultry feed mixers,

13
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Description of Case Stud

This study was restricted to one firm and one product. Its
main purpose was simply to demonstrate the potential for savings from
the use of linear programming in formulating least-cost poultry feed

formulae.

Criteria_ for Selection of Firm and Product

The firm under study was selected on the basis of three criteria:
the willingness of its management to supply necessary data, the complete-
ness and apparent accuracy of the information in its records and the
frequency of reviews of its feed formulae.

The importance of the first two criteria is self-explanatory.
The frequency of reviews is closely related to the period of time over
which the study was made. More than one review is needed to guard
against the possibility of studying a ration formulation situation which
for some reasons might have been atypical. In this case, the fimm
reviewed its formulae ten times in 1967,

The product was selected on the basis of production volume.

The larger the volume of production, the larger is the likely saving

if an improved method of ration formulation is adopted, and the greater
should be the interest of a feed mixing firm in changing its formulation
procedures, The firmm under study produced both layer and broiler feed.
The volume of the former was twice that of the latter; mccordingly,

feed for layers was selected for this study. The firm produced two
kinds of layer feeds: a high protein feed and a low protein feed. These

two feeds are henCeforth referred to in the study as L-1 and L-2,
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Collection of Required Data

The following seven kinds of information were collected through
personal interview from one of the responsible employees of the fimm:

1) Ingredients available in the inventory of the firm during
the period of study, January to December, 1967.

2) Prices of the ingredients available for each month for the
same period.

3) The nutrient composition of each of the ingredients
available in the inventory of the fimm.

4) Nutrient and ingredient specifications comsidered by the
firm when formulating its rationms.

5) The number of different formulae used throughout the year
and the period over which each was used.

6) The ingredient mix of the actual formulae used by the fimm
and the cost of each.

7) Volume of feed produced for each feed formula used by the
firm.

The fimm placed primary reliance on the nutrient compositions
from "Analysis Table for Feed Ingredients". (Hubell, 1965) For
locally produced ingredients, however, the firm supplied modified

nutrient compositions.

Adjustments Made to the Original Data

The actual amounts of the nutrients present in each feed
formula used by the firm were first computed and compared with the
nutrient specifications reported by the firm. This analysis revealed

that some of the nutrient specifications were not met. But a valid
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cost comparison of the rations formulated under two different methods
requires that the basic data used in both calculations be the same.
Therefore, the reported specifications were modified, when necessary,
to be consistent with the actual feed formula produced. The most
important modifications were first discussed with the management of the
feed firm. These revised restrictions were then used in the least-cost
formulation with linear programming.

One additional modification was made. In the original feed
formulae, yellow corn was used at a level high enough to insure an
adequate amount of xanthophyll, and so no explicit xanthophyll require-
ment was reported by the firm, But, for the programmed formulae in
which white sorghum was available, a minimm specification for xantho-
phyll at 5.00 mg/kg was required to prevent the relatively lower cost,
but also xanthophyll-free white sorghum from completely replacing yellow

corn in the ration.

Linear Programming Applied to Case Study

In chapter II, the linear programming (simplex) method was
explained in general and as it applies to least-cost feed formulations.
This part of the methodology focuses on the specific adaptation of
linear programming to the feed mixing firm under study. This involved
setting up a linear programming model and a reprogramming schedule. A

discussion of each follows.

Set up the Linear Pro Model
As mentioned above, the firm under study produced two kinds
of layer feeds. The linear programming models for the two layer feeds,
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L-1 and L-2, are described separately as follows:

1) L-1: The setting up a linear programming model requires
three kinds of data, namely prices of ingredients, nmutrient composition
of ingredients and nutrient and ingredient specifications., Table 1
shows the ingredients available with their prices for the months of
Jamuary to December, 1967. The 11 ingredients available to the fimm
during 1967 are numbered in the linear programming model I31 to 141.
Some of these ingredients were not available during certain months of
the year. In such instances, the ingredients were assigned artificially
high prices of 10,000 L.P./kg to insure that they would not be included
in the least-cost solutions. The objective function for each of the ten
feed formulae for L-1 and L-2 was established as follows:

Minimize Z = %{-’1 cijxj, (=0, woanve 57) (III-1)
where,

cij = cost of variable j in L-1l.i or L-2.i

Ij = amount of variable j in least-cost feed formula

Table 2 shows the nutrient composition of the 11 ingredients.
These are shown in the linear programming model in Appendix B in col 31
to col 41.

Table 3 shows a total of 30 specifications for each of the ten
L-1 rations. The 30 specifications include 16 minimum restrictions (made
up of 14 nutrient and two ingredient specifications), 13 maximm restric-
tions (made up of 10 nutrient and three ingredient specifications) and
one "equal to" restriction for weight control. The 13 minimm restric-

tions are shown in the first 13 rows while one minimum restriction is

shown in row 28. The two minimum ingredient restrictions are shown in



Table 1. Monthly prices (L.P./kg) of ingredients
available in the inventory of the firm during

1967.

18

Var. Titi

Ingredients No . Feb. Mar. Apr. May June
Yellow corn (U.5.A.) 131 25.00 25.00 25.00 25.00 25.00 25,00
Wheat bran (Local) X32 14,50 14.50 14.50 14.50 14.50 14.50
Feather meal (Local) X33 41.00 41.00 41.00 41.00 41.00 41.00
Soymeal (50%, U.S.A,) X34 62.70 62.70 62.70 47.80 47.80 47.80
Oats (Pac. Coast, U.S5.A,) X 19.00 19.00 19.00 19.00 19.00 19.00
St. bone meal (Egypt) xgg 30.00 30.00 30.00 30.00 30.00 30.00
Limestone (Local X37 2,70 2,70 2,70 2.70 2.70 2.70
L.M.A.F. 138 51.40 50.04 49,09 48.97 48.69 48.69
Mav-12-A X - - - - - -
L.M.A.C, # Igg# 53.62 53.62 53.62 53.62 53.62 53.62
ghite sorghum (Local) X 40 - - - - - -
arley (Local) X4 - - 24.30 25,70 24.40 24.40
Table 1. (Continued)
Ingredients July Aug. Sept. Oct. Nov. Dec.
Yellow corn (U.S.A.) 25.00 25.00 25,00 23.00 23.00 23,00
Wheat bran (Local) 14.50 14.50 14.50 15.50 14.50 14.50
Feather meal (Local) 41.00 41.00 41.00 41.00 41.00 41.00
Soymeal (50%, U.S.A.) 40.70 40.70 40.70 39,10 39.10 39.10
Oats (Pac. Coast, U.S.A.) 19.00 19,00 19.00 17.00 17.00 17.00
St. bone meal (E t) 30,00 30,00 30.00 25.00 25.00 25.00
Limestone (Local%yp 2,70 2,70 2,70 2,70 2.70 2.70
LM.A.P. 48.69 49.50 49.54 47.83 47.26 47.26
HaVHIZ-A# - - 57.43 57.43 57.43 -
L.M.,A.C. - - - - - -
White sorghum (Local) - 22,00 22,00 - - -
Barley (Local) 28,20 28,20 24,70 24.70 - -

# See page 26 for explanation.
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rows 14 and 15. The first 16 minimum restrictions require 16 slack
variables with -1 coefficients and 16 artificial variables with +1
coefficients. The 16 artificial variables are in col 1 (xl) to col
15 (Xls) and col 28 (128) and the 16 slack variables are in col 42
(X42) to col 57 tIST). Only three rations, L-1.4, L-1.5 and L-1.6,
have two minimum ingredient restrictions; the rest have only one minimum
ingredient restriction. In order to convert the row 15 minimum restric-
tion into a maximum restriction for the seven rations, the coefficient
of slack variable in col 56 (156) was changed from -1 to +1 and the price
of that ingredient was changed to 10,000 L.P./kg to prevent it from
coming into the solution. The minimum restriction in row 28 has an
artificial variable with a +1 coefficient in col 28 (xzs) and a slack
variable with a -1 coefficient in col 57 (X57). The weight control
restriction in row 30 has an artificial variable with a +1 coefficient
in col 30 (x30)' The 13 maximum restrictions require 13 slack variables
with +1 coefficients. These are in col 16 (116) to col 27 (127) and col
29 (129). Thus there are a total of 30 rows and 57 columns in this model.
In the objective function, the slack variables are given zero coefficients
and the artificial variables, coefficients of 10,000, This is because
slack variables do not add any cost to the formula and the artificial
variables are not desired in the final solution. The model, thus
developed is shown in Appendix B.

2) L-2: A similar linear programming model was developed for
L-2 rations. However, certain changes were made due to changes in
ingredient restrictions. Table 4 shows the specifications for L-2.1 to

L-2.10 rations. It also shows that L-2,]1 and L-2.2 rations have a
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minimm restriction for a new kind of ingredient, a concentrate. Since
the computer camot handle more than 31 rows, one of the concentrates,
Mav-12-A in row 15 with a minimum restriction in the previous model,

was replaced by the new concentrate, L.M.A.C. for L-2,1 and L-2.2 rations

in row 15 and col 39 (X For the rations 1L-2.3 to 1-2.10, L.M.A.C.

39)'
was removed from row 15, col 39 and Mav-12-A was replaced, since the
new concentrate was no more used in any one of the subsequent rations,
while Mav-12-A was used in the later rations. The nutrient composition
of L.M.A.C. was also removed from col 39 and that of Mav-12-A was
replaced in its original column,

The solutions for both L-1 and L-2 rations were obtained on the

IBM 1620 Computer at the AUB Computer Center.

Setting up the Reprogramming Schedule

The reprogramming schedule was developed to represent an
appropriate sequence of ration reformulations. The schedule reflects
each point of time throughout the year where changed market and/or
specification conditions dictated that a new feed formula be computed.
The following changes were considered while developing the reprogramming
schedule for the layer rations:

1) Changes in speicifcations: Every time the specifications
changed, a new feed formula was developed using linear programming,
subject to the condition that the amounts of nutrients present in the
last formula did not meet the changed nutrient specifications, This
was done to insure the validity of cost comparison which requires that
formulae to be compared should have used the same 'basic data for

computations.
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2) Changes in prices of ingredients: Just because the prices
of some ingredients changed, did not necessarily imply that a new formula
be computed. The prices of included ingredients can change within a
certain range, without requiring reformulation of a ration. Also,
excluded ingredients will stay out of a ration as long as their market
prices exceed the corresponding highest feasible prices in the previous
solution. Accordingly, a new formula was developed as a result of
changes in prices of ingredients when the new prices of included ingre-
dients were outside the lower and upper limits of prices as given in the
previous solution or the new prices of excluded ingredients were lowered
below the highest feasible level indicated in the previous solution.

3) Changes in the kinds of ingredients available: If a new
ingredient became available at a certain point of time and was a
possible substitute for another ingredient, the ration was reformulated.

Reprogramming schedules were developed for both L-1 and L-2
rations. These reprogramming schedules for L-1 and L-2 are shown in
Tables 5 and 6. Since the restrictions for all the ten rations in both
L~1 and L-2 were different from each other, each was programmed.

The first column in Tables5 and 6 shows fhe ration number and
the month. The second column shows the month and the third column shows
the changes in prices of ingredients in the month shown in col 2., The
last column shows whether a new formula was developed or the same
formula remained valid and only the cost of the formula was computed
according to the price in the month shown in col 3., If only the cost
of the formula was computed in a certain month, then the formula was
valid for that month. The solid lines separate the formulae from each

other which have different specifications,
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Table 5. Reprogramming schedule for L-1 ratiomns.

Ration

Number Month Changes in prices (L.P./kg) Rema rks

L~1.1 Jan. Jan. = New formula L-1.1
Jan. developed.

L-1.1 Jan. Feb. L.M.A.P. at 50.04 Onl;r coat.recoml.)uted

for L-1.1 Jan.
1~1.1 Jan. Mar. 1) L.M.A.P. at 49.90 Only cost recom].mted
2) Barley at 24.30 for L-1.1 Jan.

L-1.1 Jan. Apr. 1) Soymeal at 47.80 New formula L-1.1

2) L.M.A.P, at 48,97
3) Barley at 25.70 Apr. developed.

1-1.1 Apr. May 1) L.M.A.P. at 48.69 Onlg'r cost reconq.:uted
2) Barley at 24.40 for L-1.1 Apr.

L-1.1 Apr. June No changes -

L-1.2 June June New formula developed

L-1.2 June July 1) Soymeal at 40.70 Only cost recomputed
2) Barley at 28.20 for L=1.,2 June.

- -

L-1.2 June  Aug. 1) L.M.A.P. at 49.54 New formula
2) White sorghum at 22.00 L-1.1 Aug. developed.

L-1.3 Aug. Aug. - New formula L-1.3
developed Aug.

L-1.4 Sept. Sept. - New formula L-1.4
Sept. developed.

L-1.5 Sept. Sept. - New formula L-1.5
developed.

Uct. 1) Yellow corn at 23.00
2) Wheat bran at 15,50

3) Soymeal at 39.10 New formula L-1.5

4) Oats at 17.10
5) L.M.A.P. at 47.83 Oct. developed.

6) White sorghum n.a.
7) Barley at 24,70

L-1.5 Sept.




Table 5. (Continued)
Ration . -
Number Month Changes in prices (L.P./kg) Remarks
L-1.6 Vct. Oct. - New formula L-1.6
Oct. developed.
L-1.7 Cct. Oct. - New formula L-1.7
Oct. developed.
L-1.7 Oct. Nov. 1) Wwheat bran at 14.50 New formula L-1.7
2) L.M.A.P. at 47.26 Nov. developed
3) Barley n.a. ‘ :
L-1.8 Nov. Nov. - New formula L-1.8
Nov. developed.
L-1.9 Nov. New formula L-1.9
Nov. developed.
L-1.9 Nov. Dec. No changes -
L-1.10 Dec. Dec. = New formula L-1.10

Dec. developed.
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Table 6. Reprogramming schedule for L-2 rations.

SR EIN Month Changes in prices (L.P./kg) Rema rks

Number

L-2.1 Jan Jan. - New formula L-2.1
Jan. developed.

L-2.1 Jan. Feb. No changes Only cost recomputed
for L-2.1 Jan.

L-2.1 Jan. Mar. Barley at 24.30 Both cost and formula
L-2.1 Jan. applies.

L-2.1 Jan. Apr. 1) Soymeal at 47.80 New formula L-2.1
Apr. developed.

L-2.1 Apr. May Barley at 24,40 Both cost and formula
L-2.1 Apr. applies.

L-2.1 Apr. June No changes -

L-2.2 June June - New formula L-2.2
June developed.

L-2.2 .}une July 1) Soymeal at 40.70 Only cost recomputed

2) Barley at 28.20 for L-2.2.June.

L-2.2 june Aug. 1) White sorghum at 22.00 New formula L-2.2
Aug. developed.

1-2.3 Aug. Aug. - New formula L-2.3
Aug. developed.

L-2.4 Sept. Sept. - New formula 1L-2.4
Sept. developed.

L-2.5 Sept. Sept. - New formula L-2.5
Sept. developed.

L-2.6 Sept. Sept. - New formula L-2.6
Sept. developed.

I:.-Z.G éept. Oct. 1) Yellow corn at 23.00

2) Wheat bran at 14,50

Soymeal at 39.10
OQats at 17.00
White sorghum n.a.
Barley at 24.70

- New formula L-2.6

Uct. developed.
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Table 6. (Continued).

Rati ; ;

Nunb:: Month Changes in prices (L.P./kg) Remarks

L-2.6 Uct. Nov. 1) Wheat bran at 14.50 Only cost recomputed

2) Barley n.a. for formula L-2.6

Oct.

L-2,7 Nov. Nov. - New formula L-2.7
Nov. developed.

L-2.8 Nov. Nov. - New formula L-2.8
Nov. developed.

L-2.9 Nov. Nov. - New formula L-2.9
Nov. developed.

L-2.9 Nov. Dec. No changes -

L-2,10 Dec. Dec. - New formula L-2.10

Dec. developed.




IV. RESULTS AND DISCUSSION

The linear programming model developed in chapter III was used
to fornulate least-cost L-1 and L-2 rations. The least-cost rations
formulated by the linear programming method and rations formulated by
the firm through its conventional method are shown in Tables 7 and 8.
These tables also compare the costs under the two systems and show
the savings which the firm could have rea.lized during 1967 if it had

used linear programming in formulating its rations.

Conventional Versus Linear Programming Formulae

Table 7 shows the conventional and the linear programming
formulae with their costs (L.P./kg) for L-1 rations. Two kinds of
differences which occur between the conventional and the linear
programming formulae are: differences in the amounts of the ingredients
common to both formulae and the addition of new ingredients in some of
the linear programming formulae which were not used in the conventional
formulae. Yellow corn was generally used at higher levels in con-
ventional compared to linear programming formulae except in formulae
L-1.6 October, L-1.7 November, and L-1.10 December. The higher levels
of yellow corn in the conventional formulae were usually compensated
for by lower levels of wheat bran, soymeal and/or cats. In all cases,
the costs of the linear programmed formulae were lower than those of the

conventional formulae. However, the savings from the linear programmed

32
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formulae as compared to the conventional formulae varied from a maximum
of 0,9056 L.P./kg for ration L-1.1 January to a minimum of 0.0074
L.P./kg from ration L-1.6 October.

Table 8 shows the conventional and linear programming formulae
with their costs (L.P./kg) for L-2 rations., The same two kinds of
differences were observed in this table as were explained in the case
of Table 7. The linear programming fornmlae were characterized by
lower levels of yellow corn, somewhat smaller reductions in wheat bran,
small positive changes in soymeal, and more of oats and white sorghum,
whenever available, except for formula L-2,10 December where the
patterns were reversed. In all cases, the costs of the linear programmed
formulae were lower than those of the conventional formulae with the
savings varying from 0.5745 L.P./kg for formula L-2.5 September to

OOMG L.P./kg for fomuh I.PZQl Jmmry'o

Cross Savings for L-1 and L~2

Rations during 1967

Tables 9 and 10 show the number of equivalent working days each
formula was used for L~-l and L-2 rations. The nﬁmber of equivalent
working days was computed, assuming 25 working days in a month., These
figures were used for computing gross savings in 1967 for each formula
as shown in Tables 11 and 12. The term "gross" is affixed to savings
to indicate that the costs of computing the linear programmed rations
have not been deducted from the "savings". The first column in the

tables, shows the ration number and the month in which it was used.

The second column gives the savings (L.P./kg) resulting from the use of
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Table 9. Formla dates for I~l1 rations
and the number of equivalent
working days for which each
formula was used by the firm
during 1967.

Formula Starting Daté Finishing Date Equivalent working
Number Days
I-1.1 1.1 26.6 146.67
[~-1.2 27.6 17.8 42.02
I~1.3 18.8 31.8 11.37
L-1.4 1.9 5.9 4.17
-1.5 6.9 11.10 29,69
[~1.6 12.10 17.10 4.83
L~1.7 18.10 21.11 . 28.77
I-~1.8 22.11 22.11 0.83
~1.9 23.11 27.12 28.43
1~1.10 28.12 31.12 3.22

Total 300.00

Table 10, Formula dates for 1~2 rations
and the mumber of equivalent
working days for which each
formula was used by the firm

during 1967.

Formula Starting Date Finishing Date  Equivalent working
Number ' Days
I~2.1 1.1 26.6 146.67
12,2 27.6 17.8 42.02
-2,3 18.8 31.8 1137
L~2.4 1.9 5.9 4,17
I-2,5 6.9 17.9 9.67
L~2.6 18.9 12.11 45.90
-2.7 13.11 21.11 7.72
1-2.8 22.11 22.11 0.83
I~2.9 23.11 27.12 28.43
1~2.10 28.12 31.12 3.22

Total 300.00




Table 11. OCross savings for L-1 rations

during 1967.
Formula Savings (L.P./kg) Volume (tons) Cross savings
Number (LL.)

L-1.1 Jan-Mar 0.9056 1725.00 15621.60
L-1.1 Apr-May 0.5799 1150.00 6668 .85
L-1.1 June 0.5799 498,28 2889.55
L-1.2 June 0.2361 76.66 181.00
L-1.2 July 0.2486 575.00 1429.25
L-1.2 Aug 0.3848 314.76 1211.18
1-1.3 Aug 0.2548 259.21 660.47
1-1.4 Sept 0.2469 95.83 236.61
L-1.5 Sept 0.5070 479.16 2429 .37
L-1.5 Oct 0.2484 203.66 - 505.90
L-1.6 Oct 0.0074 111.09 8.22
L=1.7 Oct 0.0187 259.21 48,47
1~1.7 Nov 0.0476 402.49 191.59
L-1.8 Nov 0.3185 19.16 61.04
L-1.9 Nov-Dec 0.5366 653.23 3505.27
L-1.10 Dec 0.2409 74.06 178.41

Total 6896.80 35826.98

Average savings/ton LL. 5.19




Table 12.

during 1967.

Gross savings for L-2 rations

Formula Savings (L.P./kg) Volume (tons)

Gross savings

Number (LL.)
l~2,1 Jan-Mar 0.0026 1500.00 39.00
L=2.1 Apr-June 0.0818 1433.00 1172.19
L~2.2 June 0.4250 67.00 284.75
L-2.2 July 0.4907 500.00 2453.50
L-2.2 Aug 0.5302 289.80 1536.52
L=2.3 Aug 0.5516 210.20 1159.46
L-2.4 Sept 0.3268 80.64 263.53
IL-2.5 Sept 0.5745 193.55 1111.94
L-2.6 Sept 0.1018 209.68 213.45
I=-2.6 Oct 0.0293 500,00 146,50
L-2.6 Nov 0.0225 199.99 44,99
L-2.7 Nov 0.0208 149.99 31.19
1L-2.8 Nov 0,3693 16.67 61.56
1L-2.9 Nov-Dec 0.3360 568.81 1911.19
L~=2.10 Dec 0.1269 64.52 81.87

10511.64

Total 5983.85

Average savings/ton 1L.1.76

42
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linear programming. Some of these figures were taken from the last rows
of Tables 7 and 8, The third column shows the volume of feed produced
for each ration formula., These figures were computed by multiplying equi-
valent working days each formula was used, by the volume of feed produced
by the firm each day. The daily feed productions were 23,33 and 20.00

tons for L-1 and L-2 rations, respectively. The last column is the product
of columns 2 and 3.and gives the gross savings that could have been real-

ized if linear programming rather than conventional method were used by the
firmm. These gross savings amounted to LL. 35,826.98 for L-1 rations and

LL. 10,511.64 for L-2 rations or a total of LL 46,338.62% This total

gross savings was for two-thirds of the firm's volume of business. The average

gross saving per ton was LL. 5.19 for L-1 rations and LL, 1,76 for L-2 rations.

Sugp_lementag; Information
Supplied by Linear Programming

The linear programming method supplies supplementary information
other than just the least-cost formula and cost, such as: analysis of
least-cost ration, price stability ranges and shadow prices. This informa-
tion can assist management in making various decisibns concerning ingre-
dient procurement and inventory control. The supplementary information
for least~cost L-1.1 January ration is shown in Appendices C, D, E, F,
and H. Selected items, along with examples of practical interpretations

are described below.

1. The costs of computation are well under ten percent of this figure.
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Nutrient Analysis for Least-Cost Ration

Appendix D shows the analysis of the least-cost L-1.1 January
ration, The first column shows the names of the formula specifications
and the second column shows the values for these specifications. The
third column shows the amounts of specified nutrients present in the
least-cost solution. The last column indicates the differences between
columns 2 and 3. The positive figures reflect surpluses of nutrients
and feedstuffs, relative to the specification levels, while negative
figures indicate deficits, The zero values indicate thse specifications
exactly met in the final solution. The number of zeros in the last
column is equal to the mumber of ingredients in the least-cost solutions.
This follows from the linear nature of the problem in that it takes seven
ingredients to fulfill seven specifications, exactly. These seven
specifications which were exactly met are critical in that changes in
the levels of these specifications would affect the cost of the least-
cost solution. The other 23 specifications which are either in surplus
(of the minimum restriction) or deficit (of maximum restriction) do not
affect the cost of the least-cost ration.

The values shown in the last column of Appendix D can also be
read from columns 1 and 2 of Appendix C. The first value in col 2
of Appendix C is 2.003, and it can be identified as the surplus for
xanthophyll by col 57 as shown in row 1, col 1 of Appendix C, The
specifications with zero values in Appendix D do not appear at all in
col 2 of Appendix C. The other values in col 2 of Appendix C can be
interpreted with the help of the key to the variables used in the linear
programming model as given in Appendix A.



-The practical use of such an analysis is obvious in that one
.can see at a glance the amounts of different nutrients and feedstuffs
present in the least-cost ration. Another advantage is that solutions
obtained through linear programming are quality controlled. This is
because the various specifications are for sure met (apart from
deviations in the composition of feedstuffs) in the linear programming
solutions. No such guarantee exists for ration formulae obtained

through the "systematic" trial and error method.

Price Stability Ranges

Price stability ranges indicate the limits over which the prices
of included ingredients could fluctuate, one at a time, without
necessitating changes in the least-cost feed fornmla. They also indicate
which variables would be introduced and which would be eliminated from
the solution if the prices were to fall outside the limits indicated.

Appendix E shows the price stability ranges for included
ingredients in the least-cost solution for L-1.1 January. The market
price for soymeal (13‘) was 62.70 L.P./kg and the lower and upper price
limits for soymeal are 52.39 and 93.24 L.P./kg. .If the price of soymeal
were to go below 52.93 L.P./kg, the quantity of soymeal in the ration
would increase., A surplus of choline (15 4) would result and wheat bran
would no longer be in deficit, i.e. xzz would go out of the solution.

On the other hand, if the price of soymeal were to go above 93.24 L.P./kg,
less of soymeal would be used. A surplus of methionine (x“) would occur
and methionine and cystine would no longer be in deficit, i.e, x19 would
go out of the solution, |

The lower and upper limits for L.M.A.P. are 25,23 and 51.40



L.P,/kg as compared to its market price of 51.40 L.P./kg. If the price
of L.M.A.P. were to go below 25.23 L.P./kg, more of L.M.A.P. would
come into the solution, thereby resulting in a surplus of L.M.A.P.
over its minimum restriction as indicated by the introduction of
variable X.., the surplus variable for L.M.A.P. At the same time
limestone (X37) would be eliminated from the solution. On the other
hand a price of L.M.A.P. above 51.40 L.P./kg, would not affect the
amount of L.M.,A.P. in the ration since it already is at its minimum
restricted level.

The practical use of price stability fanges is in deciding when
a ration must be reformulated. If the price of any one of the included
ingredients falls outside its respective lower or upper limit, 2 new
least-cost ration formula has to be computed with the changed prices
of the ingredient. Thus, the price stability ranges can be used as
guidelines for reprogramming. Reprogramming schedules based on this
principle were developed in chapter III and are shown in Tables 5 and 6
for L-1 and L-2 rations.

Appendix E shows that some ingredients have narrow price stabil-
ity ranges while others have wide ranges. A practical implication of
this information is on purchasing decisions. It appears reasonable to
suggest that narrow price ranged ingredients need to be studied more
carefully than wide price ranged ingredients when purchasing and

inventory decisions are made.

Shadow Prices of Excluded Ingredients ,

The shadow price of an excluded ingredient shows the amount by

which its price would have to drop before it could be profitably
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included in the leist-cost ration formula. The shadow price of steamed
bone meal for I-l,]1 Januwary ration is shown as-25.88 L.P./kg in row
31, coluam 36 of Appendix C, The shadow prices of excluded ingredients
for 1-1 and I-2 rations are shown in Appendices F and G.

The price of steamed bone meal would have to drop by 25.88
L.P./kg before it could be profitably included in the least-cost ration.
Another imterpretation of shadow price is in terms of penalty cost of
using an excluded imgredient. If steamed bone meal is used at one per-
cent lewel in the solution at its present market price of 30,00 L.P./Kg,
the cost of the ration would increase by 0.26 L.P./kg.

The practical implication of shadow prices for excluded ingre-
dients is that these prices can be used as guidelines for purchasing
ingredients ., A feed mixing firm should not purchase steamed bone meal
unless its price drops to 4.12 L.P./kg (30.00 - 25.88). At any higher
price the firm would iacur a higher cost ration if it includes steamed
bone neal inm its ration formula. If an excluded ingredient is on
inventory, its shadow price would indicate the penalty cost of using up

its stock.

Shadow Prices of Exactly Met Specifications

The shadow price of an exactly met specification imdicates the
amount by vhich the cost of the formula would change if the specification
were changed by ome umit. The cost of the formula would increase if the
minimum restriction were increased and would decrease if it were lowered.
The reverse pattern of changes in the'cost of the formula applies for
changes in maxinum restrictioms. |

The shadow prices of exactly met restrictions are shown in the
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last row and their respective column of Appendix C. Appendices H and I
show the shadow prices of exactly met nutrient specifications for L=l
and L=2 rations,

Three minimum and two maximum nutrient specifications were
exactly met in ration L-1.1.January which are shown in the third column
of Appendix H., The shadow prices for these five nutrient specifications
vary from a lowest value of 0,002 L.P./unit change in metabolizable
energy to the highest value of 38.77 L.P./unit change in methionine.

The shadow price of methionine indicates that if its specification
were increased by 0,01 % from its present levei , the cost of the
formula would increase by 0.387 L.P./kg. Similarly, if the maximum
specification of crude fiber were decreased by 1 # from its present
level, the cost of the formula would increase by 0.061 L.P./kg.

The shadow prices shown in Appendices H and I vary from nutrient
to nutrient. In order to compare the values for the differemt nutrients
on an equivalent basis, the shadow price for each nutrient was multiplied
by one percent of the specification level for the nutrient and the
average values were obtained. These values, shown parenthetically below,
indicate that the same four nutrients: methionine, metabolizable energy,
crude fiber and calcium were the most critical for both the L-1 and
L-2 rations. For L-1 rations, methionine (0.0772), crude fiber (0.0225)
and calcium (0.0092) were critical in all 14 rations while metabolizable
energy (0.0654) was critical in nine rations only. For L2 rations,
methionine (0.0825) and metabolizable energy (0.0689) were critical in
all 13 rations while calcium (0.0005) vas critical in 12 rations and
crude fiber (0.0014) was critical in nine rations.



The practical implication of the shadow prices of exactly met
nutrient specifications are three fold: one is to explore by nutri-
tional research, the possibility of changing the levels of the nutrient
specifications to favor maximum economical performance; these levels
might differ from the more commonly used levels that favor maximum
physiological performance. The other is the possibility of reducing
the levels of critical nutrient specifications with a combination of
non-critical or less critical nutrients. The level of methionine
may be reduced by a combination of certain levels of pyrodixine giving
similar performance results as the higher level of methionine alone.

Still another possibility is that of meeting the critical
nutrient specifications through synthetic sources rather than through
natural sources. The shadow price of methionine for L-1.1 January
ration indicates that the cost of one kg of methionine by the included
ingredients in the least-cost ration is LL,38,78. The 1967 equivalent
price of pure synthetic methionine in Lebanon was about LL.11.25/kg.
This suggests the possibility of a substantial economic advantage from

supplementing layer rations with synthetic methionine.



V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

This case study of a feed mixing firm in Lebanon compared the
costs of the layer rations actually developed and sold by the firm in
1967 with those that would have been incurred if linear programming had
been used in its ration formulations, Three basic kinds of information
needed for formulating rations were collected from the firm: prices of
the ingredients available in the inventory of the firm during 1967, the
nutrient composition of the ingredients, and the nutrient specifications
for its rations, In addition, data om the costs of the actual formulae
and the volume produced under each formula were collected,

A linear programming model was developed with 30 restrictions
and 57 variables(including real, slack, and artificial variables). The
solutions were obtained on the IBM 1620 Computer at the AUB Cemputer
Center, The costs of the linear programmed formulae were compared with
those of the conventional formulae and the savings/kg. were multiplied
by the respective volumes of feed produced, The sum of these products
yielded the gross savings which the firm would have realized during 1967,
The gross savings were L.L. 46,338,62 for the firm studieds

Additional information such as: nutrient analysis of least-cost
ration, price ranges of the included ihgredients, shadow prices of ex—
cluded ingredients and of exactly met speciﬁeation‘s were computed and

their practical uses were explained,
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Conclusions

‘These conclusions were derived from the case study in 1967 of

Layer rations in one feed mixing firm in Lebanon. The inability to
evaluate the representativeness, from a statistical standpoint, of the
feed firm and the feed formulation conditions it experienced in 1967,
precludes any necessary general validity in Lebanon of the substantive
conclusions below. The first conclusion, however, almost assuredly
has general validity since the management in the case firm studied is
in all likelihood above average for Lebanon. With these reservations
in wind, the following conclusions are drawn from the results of this

stady as discussed in the last chapter.

Sa s

Substantial savings are possible in Lebanon through the use of

linear programming in formulating poultry rations.

Conpetitive Positions of Ingredients

The ingredients with the strongest competitive position for use
in Jayer rations were yellow corn, white sorghum (when available), wheat
bran, sats, and limestone. They were a part of all the least-cost rations.
On the other hand, barley was included in none of the least-cost rations;

this indicates its weak competitive position.

Shifts in Ingredients Combina tions

In general, the levels of yel}ow corn in the linear program
fomulae were less than those in the conventional formulae., To compensate

for this, higher levels of wheat bran, soymeal and/or oats were usually used
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in the least-cost rations,

Nutrient Substitution
The high shadow price of some nutrient specifications points to
the possibility of these nutrients being provided from synthetic, rather

than natural, sources. Methionine is one such example,

Non-critical Nutrient Specifications

Six nutrients were always in surplus in the least-cost rations:
fat, protein, lysine, riboflavin, pantothenic acid, and niacin, The
requirements controlling the levels of these n‘utrientl, therefore, were
not critical in determining the specific ingredient combinations of least

possible cost,

Recommendations

This part of the chapter is subdivided into two parts: recom-
mendations for poultry feed mixers in Lebanon and recommendations for

further research,

Reconmendations for Poultry Feed Mixers in Lebanon

It is recommended that poultry feed mnng firms in Lebanon
adopt linear programming in formulating their rations, Substantial
direct savings would thereby result, Furthermore, use of supplementary
information generated by linear programming would permit more economical

feedstuff procurement and inventory control decisionse

Recommendations for Further Research

The model used in this study was restricted to its present size
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as this is the first such study made under Lebanese market conditions.
Another reason is the limitations of the present capacity of the computer
to handle a matrix of larger size, The present model could be expanded
to take into consideration additional restrictions of practical
importance to feed mixing firms, Some of these aspects are suggested
below:

The model used in this study does not take account of possible
limits on the quantities of ingredients on inventory of feed firms nor
of possible limits on the minimum amounts of feedstuffs that can be
purchased in single lots, Both limitations often are of practical concern,
They can be built into a linear programming model through the introduction,
where appropriate, of maximum and minimum ingredient availability
restrictions, These restrictions may in turn create the problem of over-
or under-utilization of the capacity of the feed mixer., Such capacity
problems can again be handled by imposing appropriate maximum and/or
minimmm restrictions. However, one should be careful when making
restrictions on ingredient use and plant size to aveid inconsistencies
which might creep into the model,

Firms producing peultry feed, generally produce more than one
product, Bishop(1963) found that the costs of least-cost solutions by
linear programming could be reduced if multiple product restrictions
were included in the model rather than computing least-cost rations
for each product individually, The linear programming model can be ex-
panded to include multiple product restrictions for the firms producing

more than one product,
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The specification ranges within which a formula does not change
can be found by solving the dual of the problem. This would indicate the
lower and the upper limits over which the exactly met specification levels
could vary without the shadow prices for the specifications losing their
validity, Such information would be of a particular use to a feed mixer,
who because of the season of the year, needs to modify the levels of

certain of his ration specifications,
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APPENDIX A

Key to the variables in the linear

programming model used
in this study

Artificial variables for

Metabolizable energy
§% Fat
X Protein
Ii Lysine
X5 Methionine
XG Methionine plus Cystine
X7 Calcium
Phosphorus (Available)
Xg Vitamin A
0 Riboflavin
Pantothenic Acid
2 Niacin
3 Choline
4 L.M.A.P.
5 Mav-12-A or L.M.A.C.
8 Xanthophyll
30 Weight

Slack(deficit) variables for

/.
@

Crude fiber
Metabolizable energy
Methionine
Methionine plus Cystine
Calcium

Phosphorus (Available)
Wheat bran(Local)
Feather meal(Local)
Oats(U.S.)

Arginine

Glycine

Tryptophane

Vitamin Bl2

PENEETEY

wHH

[ Ll )
L3N

b
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Real variables for

APPENDIX A(Continued)

Yellow Corn(U.S.A.)
Wheat Bran(Local)
Feather meal(Local)
Soymeal (50%, U.S.A.)
Oats(U.S.A.

St. bone meal(Local)
Limes tone(Local)
L.M.A.P,

Mav-12-A or L.M.A.C.
White sorghum(Local)
Barley(Local)

Slack(surplus) variables for

§42
343
44

45

346
x47

48
149
x50
15l

52
X3
§54
155
156

57

Metabolizable energy
Fat

Protein

Lysine

Methionine

Methionine plus Cystine
Calcium
Phosphorus(Available)
Vitamin A

Riboflavin
Pantothenic Acid
Niacin

Choline

L.M.A.P,

Mav-12-A or L.M.A.C.
Xanthophyll
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Limits
Limits
Limits
Limits
Limits
Limits
Limits

of xss
of X34

of 137

of x38

of 133

of 132

of x31

- APPENDIX E

Price stability ranges for included
ingredients for L-1.1 January

17.060
52,393
-930.042
25,233
33.592
13,640

24,207

ration

19.546 x42- 119
93,241 X54- x22
6,582 116 -x22
51.400 xSS- 137
43.337 146- 119
17,347 xzo- 148
29.418 X, - X, o

70

200 “48
X6~ %19

+ X=X

20

Xi9~ X38

X0 %48
X4~ %19
X~ X9



APPENDIX F

Shadow prices of excluded ingredients
for L-1 rations produced

during 1967

Ration Number Feather meal St, bone meal Barle

(X33) (X36) g
L-1.1 Jan - 25,88 -
L-1.1 Apr - 21.14 4.11
L~1.2 June 2.69 26,12 5.64
L-1,2 Aug 7.87 25.87 9.79
1-1.3 Aug T7.87 25,87 9,79
L-1.4 Sept 7.87 20.87 6.29
L-1.5 Sept 7.87 20,87 6.29
L-1.5 Oct 6,60 16,57 5.04
L-1,6 Oct 6.60 16.57 5.04
L-1,7 Oct - 15,79 4,66
L-1.7 Nov - 15,78 4,68
L-1.8 Nov 727 22.82 -
1-1,9 Nov 6,32 21,05 -
L-1,10 Dec 11,90 19.99 -




AFP

ENDIX G

Shadow prices of excluded ingredients
for L-2 rations produced

during 1967

Ration Number Feather meal Soymeal St. bone meal Bar1e§
(Xy5) () (Xqe) (X
I-2.1 Jan - 9,70 27,79 -
L-2.1 Apl" 3.49 - 27.30 7.63
L-2,2 June 7.98 - 26,69 6.12
L-2.2 A'I.lg 7.87 - 26.01 9091
1-2,3 Sept 7.87 - 25,87 9.79
IFZ.‘ sept 7.87 - - 6.43
IPZ.S sept 7.87 - 20-87 6.29
L~2,6 Sept 7.87 - - 6,43
1=2,6 Oct - - - 4,99
L=-2,7 Nov - - 17.92 -
L-2,8 Nov 9,43 ~ 21,29 -
1-2,9 Nov 9.43 - 21,29 -
1L-2,10 Dec 7.26 - 17,82 -
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APPENDIX J
List of abbreviations

American University of Beirut
Calorie

Column

International Business Machine
International Unit(for Vitamins)
Kilogram

Lebanese Pound

Lebanese piaster

Maximum

Milligram

Minimum
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