





















































COST RANGE REPORT

The cost range (COST.R) report (Figure 20) indicates, -

for each ingredient used in the optimal 'solution, the
following data: current cost, highest cost before
the quantity in the optimal solution changes, what
ingredient would enter the optimal solution at that
highest cost, the lowest cost before the quantity in
the optimal solution changes, what ingredient would
leave the optimal solution at that lowest cost.

The quantity of each ingredient in the optimal
solution (as given in the basis variables report) will
remain unchanged within the cost range indicated by -
HIGHEST COST and LOWEST COST. For example,
41,483 1bs. of bull meat (M1) would be used in an
optimal solution even if its cost rose to 44.87¢ per
1b. Similarly, the same amount would be used if
the cost dropped to 43.29¢ per 1b. If the price of
bull meat exceeded 44.87¢, however, some of the
bull meat in the optimal solution would be replaced
by beef navels (M4). If the price dropped below
43, 29¢ per lb., some of the beef cheek meat (M3)
would be replaced by bull meat.

The cost range report provides a good measure
of sensitivity to ingredient price changes, since it
indicates at what price the optimal solution will
change and what ingredient may be used most
appropriately to substitute for unavailable or
overpriced stock.

DO.D/J REPORT

The DO.D/J report, often called the reduced costs
report, consists of two parts. The first part
(Figure 21) lists all the ingredients (column
activities) which are solved at a bound or limit.
Often the bound is zero — that is, the ingredient is
not used at all in the optimal formula (or basis).
In this case, the report indicates the ingredient's
current cost and the amount it must drop before it
reaches a level at which the ingredient may be
introduced into the basis. When an upper bound
restrains or limits the amount of an ingredient,
the report indicates the highest price at which that
material would remain in the basis at its bound.

"Referring to Figure 21, the first line indicates
that no cow meat (M2) is present in the optimal
formula because its current price of 43.00¢ per b,
is too high. If the price were to drop 3.57¢ to 39.43¢
per lb., this ingredient would enter the optimal ,
formula. Beef navels (M4) would only have to
decrease from the current price of 23.50¢ per lb.
to 23.32¢ per 1b. to be used.

The reduced costs report is an excellent tool for
management in determining what should be bought
or sold, and its value if used in a product.

COST R CURRENT HIGHEST HIGH LOwW LOWEST
NAME COST COST VARIABLE VARIABLE COST
M1 . L4450 L4487 M3 Ml 4329
M3 .3950 .3986 ML WATER .1965
M9 .3950 4692 M8 M3 .3919
Figure 20, Cost range report
REDUCED COSTS |
NAME CURRENT COST REDUCED COST BASIS VALUE
M2 . 4300 .03575 . 39425
Ml . 2350 .00181 .23319
M5 .3525 . 11609 .236L41
M6 . 4900 . 12686 .3631L
M7 .3125 . 10677 .20573
M8 . 4500 .07278 .37722
M11 .5200 .10905 .41095

Figure 21, DO.D/J report — nonoptimal variables analysis
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The second part of the DO.D/J report (Figure 22)
provides a list of all constraint mnemonics and, for
each constraint, indicates the cost of changing the
right-hand side of the expression by one unit. This
part of the report provides an analysis of the impact
that specifications (constraints) have on the cost of
the product. In Figure 22, the first two lines reveal
that minimum protein and the minimum fat con-
straints do not affect the cost of the solution, since
both were solved at above the minimum. The
maximum fat restraint forces the cost up. In the
neighborhood of the optimal solution, an increase
of one pound of fat in the specification would result
in a 36.828¢ saving in the total cost of the formula.
Similarly, a decrease of one unit of bind value
required would result in 0.752¢ saving in the total
cost. These figures graphically reveal the cost of
the constraints and suggest that resolutions with
slightly relaxed specifications may result in signifi-
cant cost reductions.

OUTPUT ANALYSIS

The data used in the sample problem is typical for
‘the industry. Ultimately, the computer-prepared
formula will be compared to standard formulas,

and whatever additional ingredients or constraints
are required to allow for a valid comparison of
quality and cost should be incorporated into the
model. As a basis for such comparison a blend
analysis summary may be computed as in Figure 23.

RHS ANALYSIS
I NCREMENT DECREMENT
TYPE/NAME VALUE VALUE
MINIMUM PROTEIN ——-- .00000
MINIMUM FAT .- .00000
MAX IMUM FAT .36828 —na
MINIMUM BEEF R .00000
MINIMUM PORK .- .01606
MAX IMUM BEEF AND .00000 S
PORK CHEEK MEAT
MAX|MUM WATER 41010 -
MINIMUM BIND ———— .00752
MINIMUM COLOR .- .00000

Figure 22. DO, D/] report — requirements (RHS) analysis

SUMMARY

The solutions produced by linear programming
affect virtually every major company operation.
This data can provide the basis for improving
purchasing, inventory control, quality control,
pricing, cost analysis and, of course, mix

computation.

In inventory control the LP solution can be used
to update the inventory balances. The updated
inventory figures then serve as the basis for re-
plenishing inventory through purchase or internal

INGREDIENT WEIGHT (LBS.) FAT (LBS.) PROTEIN (LBS.) COST ($)
M1 L1.483 3.651 8.338 18.46
M3 3.671 0.418 0.672 1.45
M9 7.388 1.611 1.271 2.92
M10 27.612 25.320 0.249 1.93
DI 6.000 0.000 0.000 1.1k
WATER 13.846 0.000 0.000 0.00

Figure 23. Blend analysis summary
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production and for updating the LP models to reflect
- ingredient availability. The same information can
be used to provide statistical estimates of ingredient
usage, and rarely used items can be isolated for
possible removal from the product line.

In purchasing and cost analysis, the cost ranges
produced by LP can be used to:

e Determine how much the cost of an ingredient

can fluctuate without affecting the cost of the mix

e Indicate the cost of substituting a nonoptimal

ingredient for an optimal one

e Determine the maximum price at which an

ingredient can economically be purchased
or produced

Linear programming can provide information
necessary to analyze these factors on a day-to-day
basis.

Equally important, however, is the experimental
analysis of the same factors in order to study the
effect of a variety of possible conditions on the
costs of blending a particular product. Linear
programming is as applicable to hypothetical
situations as it is to real ones, and this is one of
its most powerful advantages. Experimental models
may be originated, or existing ones modified, to
show results of many different courses of action
before a change is actually made. For instance,
the cost of a meat blend normally goes down as the
fat percentage increases. Through LP, this re-
lationship may be studied in depth to determine a
maximum fat level. - Further, it has been shown
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that an increase in protein can result in a decrease
in cost because protein absorbs water. This and
other substitutions of a variety of "equivalent" or
new ingredients may be similarly studied through
LP with a minimum of "trial and error'.

The extent to which linear programming can be
used in the meat-packing industry will depend upon
the ability of the individual company to merge the
data produced by this technique into existing decision-
making processes. The advantages of linear pro-
gramming extend far beyond the blending problem.
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