






















































VBLS NAME 
HCFCR 
RS430 
RCFCR 

ROWS NAME 
TOTCRS 
TOTRCF 
TOTRS4 

For example, the TOTeRS figures indicate that the total amount of 
chromium and manganese was expressed as an equality in the original 
matrix (the slack is 0), and the simplex multiplier indicates that if the 
equation demanded slightly less chromium, the total price of the end 
metal would decrease 66.59 per pound. (The same indication will occur 
more graphically in the 00. D/ J report.) This is a rather high simplex 
multiplier for a problem of this sort, and it might be appropriate to re­
solve the problem with slightly relaxed chromium specification, say 
15.8% instead of 16%, to discover rapidly for the customer's information 
the cost of the specified quality. 

The report reveals, further, that the total iron (ENDFE) in the optimal 
solution exceeds the lower bound of 16,200 lbs. by 439.467 lbs., and 
similarly, that the total silicon in the optimal solution falls 129.113 lbs. 
below its upper bound of 200 lbs. But neither of these indications is as 
interesting as those that follow in this particular problem. 

The slack report indicates that all of the allowable low-carbon ferro­
chrome (2000 lbs.) and 430 grade scrap (2000 lbs. ) have been used in the 
optimal solution (hence no slack appears for either). The simplex multi­
pliers indicate that in the neighborhood of the optimal solution, slightly 
more low-carbon ferrochrome will reduce the total price at the rate of 
3.19 per pound, while slightly more 430 scrap will reduce the total price 
at the rate of 4. 69 per lb. These figures suggest that considerable 
savings might be realized if more 430 scrap and low-carbon ferrochrome 
were made available. 

The final line in the slack report -- VALUE -- is the cost of the specified 
metal: $2,141.513. 

CURRENT COST 
0.270 
0.075 
0.400 

INCR B VALUE 

0.031 
0.046 

REDUCED COST 
0.098 
0.031 
0.000 

DECR B VALUE 
0.665 

BASIS VALUE 
0.368 
0.044 
0.400 

Figure 11. DO. D/J report 
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DO. D/ J Report 

The DO. D/J report (Figure 11) consists of two parts. The first may be 
thought of as listing all the problem activities (columns) that enter the 
solution at a bound. Most often that bound is zero, an indication that the 
material, at its specific price, is not used in the optimal solution. In 
our mo'del, however, we also established an upper bound on the quantity 
of high-carbon ferrochrome (RCFCR) available for use, and the appear­
ance of RCFCR in the DO. D/J report reveals that it is present in the 
solution at its upper bound -- 2000 lbs. The report indicates that the 
bound on high-carbon ferrochrome is, in fact, forcing the price up, that 
even if the current cost of that material were up to 9.89 higher, for a 
total cost of 36. 89 per pound, additional high-carbon ferrochrome would 
result in a lower total cost for the end metal. 

The next line in the DO. D/J report indicates that no grade 430 scrap is 
used ip. the refining stage. In fact, as the' basis variables report 
(Figure 8) revealed, all 2000 lbs. of available 430 grade scrap is initially 
charged. The DO. D/J report, however, points out that some 430 grade 
scrap would be used at the refining stage if the price dropped from 7. 59 
to 4.49 per pound. Further, the next line indicates that no low-carbon 
ferrochrome is employed at the refining stage, though the figures reveal 
that the price of the material would allow it to be so employed. In fact, 
the report demonstrates that the competition for the least-cost distribution 
of the available low-carbon ferrochrome ended in a tie. As the basis 
variables report (Figure 8) indicates, the 2000 lbs. of low-carbon 
ferrochrome was divided between an initial charge (LCFCR) of 1360.449 
lbs. and a finishing charge (FCFCR) of 639.551 lbs. 

The second section of the DO. D/J report makes graphic some of the 
information from the slacks report. The first line indicates that if less 
chromium (TOTCRS) were specified, the total price (VALUE) would drop 
at the rate 66.59 per lb., in the neighborhood of the optimal solution. 
This figure provides an immediate indication of the price of quality -- it 
suggests again that a slight relaxation of specifications may result in 
significant cost reduction. 

The last two lines in the DO. D/ J report reveal that the bounds on 430 
grade scrap and low-carbon ferrochrome are forcing the price up. The 
report indicates that in the neighborhood of the optimal solution an in­
crease of 1 lb. of low-carbon ferrochrome would result in a 3. 19 saving 
and an increase of 1 lb. of 430 grade scrap would result in a saving of 
4.69. ,We have already discussed the possibilities for action suggested 
by such information. Re-solution without constraints provides the 
producer with accurate data upon which to base scrap purchasing decisions. 
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CURRENT HIGHEST LOWEST 
NAME COST COST HI-VAR LO-VAR COST 

STSCP 0.020 0.535 RS430 TOTAL 0.023-
SP430 0.075 0.106 RS430 INFINITY-
LCFCR 0.400 0.415 TOTRCF RS430 0.382 
CRSI 0.270 INFINITY TOTRCF 0.249 
LIME 0.010 INFINITY TOTRCF 0.005-
FCFCR 0.400 0.400 RCFCR TOTRCF 0.371 

Figure 12. Cost range report 

Cost Range Report 

The quantity of each raw material required (given in the basis variables 
report) will remain unchanged within the cost range indicated by the 
COST. R report (Figure 12). For example, 13,669.628 lbs. of steel 
scrap would be required in an optimal splution even if this material cost 
up to 53. 59 per lb. instead of 29. In the event that steel scrap did in 
fact exceed 53.59, some of it would be replaced by 430 grade scrap 
added at the refining stage (RS430). The lowest point in the cost of steel 
scrap -- that is, the point at which some other variable would enter the 
solution -- is a negative nwnber and hence is irrelevant to this problem. 
Note, however, that the extremely large highest-cost figure for steel 
scrap results from the limitation of the other three raw materials to 
20001bs. each. In fact, when the same problem is solved with no con­
straint on the quantity of 430 grade scrap available, the cost range report 
shows that the highest cost of steel scrap is 6.19, at which point low­
carbon ferrochrome enters the solution at the refining stage. 

Similarly, the cost range for initially charged 430 grade scrap is 10.69 
to 09. If the material were to exceed 10. 69 per lb., some of it would be 
employed at the refining stage (where, currently, none of it is used). 
There is no feasible lowest cost for this material. 

The cost range report provides a good measure of sensitivity to price 
changes, since it indicates at what prices the optimal solution will 
change, and what raw materials may be used most appropriately to sub­
stitute for unavailable or overpriced stock. In our problem, the most 
interesting information in the report is the lowest cost of the chrome 
silicide additive (CRSI). The additive will be used no matter how expen­
sive it is (because we have provided no other source of silicon), but if it 
drops below 24.99 (a drop of only 2.19) it will cause a change that will 
reduce the amount of 409 per lb. low-carbon ferrochrome required -­
additional chrome silicide supplying a portion of the required chromiwn. 
Hence, the producer is warned that a good purchase in chrome silicide, 
at the price indicated, for the production of this particular steel may be 
more profitable than a purchase of additional low-carbon ferrochrome, 
for instance. In any case, he can provide himself with detailed and 
accurate data by re-solving the problem using the lowest-cost price of 
chrome silicide. 
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Summary 

The various output reports not only inform the producer of the specific 
optimal solution of the problem at hand but also alert him to a variety of 
relationships anyone of which fuay profouridly influence the total cost of 
the end metal. The computer enables the producer to rapidly re-solve 
the same problem with a number of variations suggested by the output 
reports. He can, in effect, use the program as a model to aid in the 
solution of a series of different problems. What if the price of each raw 
material varies? What if certain inventory purchases are possible at 
specific prices? What if quality controls vary? The LP program pro­
vides data which enables the producer to make the most judicious policy 
decisions in matters of furnace charging, quality control, inventory 
control, purchasing, and product research. It makes possible continuous 
management study -- resulting in decreased costs, increased efficiency, 
and maximum profits. 
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